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"I know that I myself have contributed 
handsomely to the notion that education 
is the best or even the only way to put 
the world outside to rights. In a report 
on scientific manpower, which dissected 
the ills of science and technology, the 
Committee of which I was Chairman came 
down unhesitatingly, and with my encour- 
agement and firm approval, in favour of 
university education as the only pract- 
icable way of curing the woes of British 
industry. Academics did not much like 
the idea, but not so far as I can make 
out, because they doubted the power and 
influence of education. They simply 
didn't like the implicit criticism of 
universities. 

It is right,of course, that educationists 
should believe in what they do, and 
forgivable if they somewhat oversell their 
wares. But it is a dangerous situation 
when they acquiesce in an illusion. For 
it must soon become all too clear that 
a society where education is doubled 
and quadrupled does not suddenly become 
different and better. There are a few 
signs of such a realisation already." 

Professor M.LI. Swann (1970) 
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PREFACE 

1. The Origins of the Study 

This study was conceived as an examination of hew new 

entrants to some of the new scientific and engineering occupa- 

tions responded to the demands made on them in their employment 

and draws on the experiences of recently graduated scientists 

and engineers and their managers in the British electronics 

industry. The intention was to use sociological methods in the 

analysis of phenomena widely believed to present serious social 

problems. The manner in which these occupations developed and 

the manner in which recruitment and employment was organised have 

been widely believed to illustrate both the importance of the 

relationships between scientific research, advanced technology 

and higher education in any major industrial country and the 

particular weaknesses in the British response to the prerequisites 

for advanced industrialisation. 

Among the many analyses and opinions about an appropriate 

science policy for a country beset by economic difficulties two 

allegations have been made with considerable frequency. The first 

claim was that science and engineering graduates were reluctant 

entrants.to British industry, and the second claim was that 

those graduates were ill -equipped to cope with the demands of 

their industrial employers. These preferences and skills were 

often attributed to the 'aristocratic' preoccupations of the 

educational system, particularly the universities, and formed 

part of a larger view which attributed British economic malaise 

to cultural anachronisms, hangovers from a pre -industrial 

society or at least from an earlier period of industrialisation. 



- 2 - 

A corollary of this view was that change should be pressed on 

the educational system as a cure to the problems of highly - 

qualified manpower and as part of the cure to the wider problems 

of slow economic growth. The period 1964 -1968 was one in which 

these views were articulated with considerable clarity, passion 

and frequency. In opposition the Labour Party used the theme of 

failures in the application of scientific and technological 

expertise to launch a critique of British institutions and at 

the General Election of 1964 presented itself as the party which 

would harness the talents of scientists, engineers and professional 

managers to 'modernise' Britain. On achieving office, the new 

Labour Government appointed a new Committee on Manpower Resources 

for Science and Technology to advise the Minister for Technology 

and the Minister for Education and Science about the nature of 

the manpower situation. From 1964 -1968 this Committee produced 

an impressive body of papers which were a cumulative indictment 

of the educational system and proclamation of a crisis in a national 

'shortage and maldistribution of engineers and scientists.(1) 

(1)The Committee undertook responsibility for the 1965 Triennial 
Survey and then produced three main reports which analysed the 

flows of potential scientists and engineers through schools, 
through universitiés, and flows out. of the national economy. 
The main reports cited in this study are: 
Report of the 1.6 Triennial Manpower Surve of Engineers, 
Technologists, Scientists and Technical Supporting Staff London 
H.M.S.O. 1966 Cmnd 3103 (The 1965 Triennial Manpower Survey) 
Enquiry into the Flow -of Candidates in Science and Technology 
London H.M.S.O. 1968, C:,.nd 3541 (Chairman Professor Dainton) 
The Flow into Employment of Scientists, Engineers and Technologists 
Report of the Working Group on Manpower for Scientific Growth, 
London H.M.S.O. 1968, Cmnd 3760 (Chairman Professor Swann) 
Brain Drain, Report of the Working Group on Manpower for 
Scientific Growth, London H.M.S.O. 1967, Cmnd 3417 (Chairman 
Dr. F. E. Jones) 
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In the context of this debate about the British economy, science 

policy and manpower resources I was a new voter in 1964, graduated 

with an economics training in 1966 and decided to employ the 

research tools developed by sociologists in their studies of 

socialisation into occupations to illuminate the processes of 

recruitment and adjustment to industrial employment for graduate 

scientists and engineers. This decision in 1967 rested on the 

belief that a sociological analysis could aid in understanding 

processes which were widely believed to exhibit serious social 

problems.(2) 

Social problems typically attract the attention of comment- 

aries of people from a wide variety of social po$itions and 

employing a similarly wide variety of perspectives. In the 

manpower debates of the mid -1960s two particularly influential 

perspectives were those used by the manpower forecasters and 

the economists, and these two sets of perspectives offered 

opposed interpretations of the manpower situation and, to a much 

lesser extent, opposed policy directives.(3) The manpower 

(2) My early sociological interests on moving to Edinburgh 
University in the exercise of managerial authority became 
focused more closely on the exercise of managerial authority 
vis a vis expert authority and eventually the processes 
of making claims to expertise. This change in focus came 
during a year of course work and further reading and in 
which the interim reports of the Swann and Dainton 
Committees appeared and prdsented their views on the 
problems of making and securing the expertise of scientists 
and engineers to promote the British economy. 

(3) Indeed later in the study some remarkable similarities will 
be illustrated in their policy directives despite 
differences in interpretation, see chapters 4, 5 and 6. 
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forecasting view was particularly influential and, in the 

hands of the Committee on Manpower Resources for Science and 

Technology, the manpower forecasting tools produced a diagnosis 

broadly in line with that proclaimed by the Labour Party - a 

national manpower situation of crisis proportions requiring 

urgent action. In their reports the Committee argued that there 

was likely to be an overall shortage in the supply of engineers 

and scientists, that the way in which these engineers and 

scientists were. distributed across-sectors of employment was 

detrimental to the needs of industry and teaching, and that 

the skills of those entering industry had serious deficiencies. 

From the pattern of flows into employment the Committee inferred 

models of choice which corroborated popular opinion about the 

deficiencies in the educational system. The other allegation, 

about the deficiencies in attitudes and skills, rendered these 

graduate employment choices intelligible, even if regarded as 

undesirable. Few systematic studies were brought to support 

this latter allegation and it rested for the most part on the 

complaints voiced by industrial employers in the press, conferences 

. and journals, and ultimately in evidence to Government manpower 

enquiries. Against the body of coñventional wisdom generated by 

the manpower forecasters, politicians, industrialists and others 

in the post -war period, the =economists raised objections. For the 

most part these objections were methodological. Economists were 

dubious of claims of shortage when no evidence was brought of 

salary movements.(4) Since such salary data was scanty the 

(4) See for example, 
J. Jewkes, 'How Much Science' Advancement of Science 
September 1959. 
A. T. Peacock 'Economic Growth and the demand for qualified 
manpower' District Lank Review, June 1963. 
M. Blaug 'Approaches to ,; ducational Planning' Economic 
Journal, June 1967. 
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economists had difficulty on the; substantive issues and their 

criticisms were mainly expressions of agnosticism about shortages. 

My undergraduate training as an economist inclined ne to view this 

sceptism of economists with sympathy, yet a brief acquaintance 

with a sociological ., erspective prompted some doubt about the 

benefits of a narrowly conceived economics approach, which 

placed reliance on the efficacy of the market for solutions 

to manpower allocation problems.(5) 

Sociological studies offered sources for both substantive 

criticisms of the manpower forecasting view and methodological 

objections to the approaches of manpower forecasters and economists. 

Some studies suggested that the manpower forecasting should have 

given priority to studies of utilisation, rather than the 

(5) To some extent the selection of manpower forecasters and 
economists to illustrate the substance of the debate about 
scientific and technological manpower is an 
oversimplification of the variety of participants and the 
variety of views within those groups of people who could 
be distinguished as manpower forecasters and economists. 
Manpower forecasting as an ared of study attracts those 
who would call the selves economists but it has tended also 
to attract large numbers trained in the natural sciences 
or technologies. It is this group which have tended to 
be influential in Government advisory bodies with rather 
simplistic manpower forecasting models. Somewhat more 
sophisticated models have been used by sortie of the 
economists such as Herbert ?ernes and the 6.g.C.11. 
Mediterranean Studies. Again there is a variety of 
paradigms within contemporary economists and the economists 
who have consistently and critically scrutinised the 
activities of manpower forecasters tend to be associated 
with the neo- classical tradition in economic thought. 
The selection of these two intellectual'framework the 
engineering oriented manpower forecasting and the neo- 
classical oriented economics, and their respective 
protagonists can be justified in terms of their coherence 
as a bodies of opinion which received serious consideration 
by other participants. 
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simplistic study of employer demand, likely graduate supply, 

and projected shortfall. These studies suggested that there 

might be a sufficiency of scientists and engineers to achieve 

existing purposes if they were organised in a different manner. 

At the societal level these studies drew attention to the 

distribution of manpower by type of employment, and, more 

significantly, studies at the industry and company level revealed 

the persistence of organisational forms ill -suited to the 

explicitly stated aims of the organisation.(6) Other occupational 

studies of scientists and engineers reported on the sources of 

satisfaction and dissatisfaction in industrial work and noted a 

widespread feeling among industrial scientists and engineers that 

their talents were underutilised.(7) Both manpower forecasters and 

economists proceeded by analysing situations in terms of their 

own imposed concepts and, while such methods have been used by 

sociologists, a strong sociological tradition emphasises the 

importance'of seeking understanding of social action through study 

(6) See, for example, the comments by Cotgrove about the 
preoccupations of manpower advisory committees with universities 
and degree- qualified scientists and engineers compared 
to the colleges of technology and technician levels of 

manpower. 
S. E. Cotgrove Technical Education and Social Change London: 
Allen & Unwin 1958. 
The important organisational studies were those by T. Burns 
and G. M. Stalker The Mana:ement of Innovation London: 
Tavistock 1961 (2nd edition 1966) and J. Woodward Industrial 
Organisation: Theory and Practice London: Oxford university 
Press 1965. 

(7) See for example, J. Gerstl and S. P. Hutton Engineers: 
The Anatomy of a Profession London: Tavistock 1966 
and the papers by S. Cot %grove and S. Box in G. Walters 
and S. Cotsgrove eds. Scientists in British Industry 
Bath: Bath University Press 1967. 
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of the definitions and cleanings which people give to their situation 

and on which their cticns are based.(8) From this basic premise 

it seemed appropriate to seek insights into the social problems 

of recruitment and utilisation through the perspectives of those 

who confronted the tasks of making the transition from university 

to industry. There appeared to be a case for a study in a science - 

based industry which asked managers why they recruited graduates 

and how they were employed and which asked graduates about their 

experiences of education and employment as a complement to those 

studies which proceeded to infer models of behaviour from limited 

kinds of data. 

Having undertaken a. study of managers and recruits in the 

electronics industry, the central theme of the thesis is that the 

issue of utilisation was much the more socially significant 

issue in the 1960's. It is argued that the relative neglect of this 

issue in preference to predictions about future supply and demand was 

symptomatic of the way in which manpower issues were defined as 

social problems by the manpower forecasters. the approach of the 

manpower forecasters was one which fostered naive beliefs that 

(8) Thebenefits of this approach became evident during my 
undergraduate courses in sociology from David Lockwood 
and John H. Goldthorpe, for they demonstrated the 
importance of understanding the reactions of car assembly 
line workers to their work situation through the workers' 
perspective on that situation rather than through concepts 
imposed by the researcher. As they stated the position 
"We reject the idea that workers respond or react in any 
automatic way to fe ;tures of their work situation, objectively 
considered; and we emphasise the extent to which the 'realities' 
of work are in fact created through workers' own subjective 
interpretations ". J. H. Goldthorpe 'Attitudes and'behaviour 
of car assembly workers' British Journal of Sociology Vol. 17 

No. 3 September 1966. The benefits of such a 'social action' 
approach were strengthened in Edinburgh by Tom Burns and 
his discussion of the strategies of the various groups in 
an industrial organisation, see T. Burns and G. M. Stalker 
op. cit. 
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increasing the flow of numbers was a major part of the solutions 

to problems in the employment of scientists and engineers, 

facilitated employer broadsides against the educational system, 

presented a view of the educational system as a ready tool of 

Government policy in the search for remedies, and assumed that 

graduate complaints about industrial employment would be consider- 

ably alleviated when educational changes had been made.(9) As the 

study proceeded it became evident that the distortions in the 

analysis of the Committee on Manpower Resources had severe 

limitations for understanding the recruitment and adjustment 

of graduate scientists and engineers to industrial employment 

and that policy proposals based on their analysis(vere conducive 

to the kind of disillusionment depicted by Professor Swann in 

the passage quoted on the fly -leaf. 

(9) One example of the employer broadside was the much- quoted 
address by Paul Chambers, then Chairman of I.C.I. to the 

National Union on Teachers in the Chuter rde lecture, 1964. 

He emphasised industrial requirements for abilities in 
decision- making and the formation of character, and 
proceeded to criticise universities as being in the hands 
of those largely sheltered from the need to take decisions 
and productive of graduates unable to take decidions. 
However, this impediment did not deter I.C.T. from being 
one of the largest employers of scientific and engineering 
manpower in Britain. 'Education and Industry' Nature No. 
4942 July 18th 1964 pp. 227 -30. Examples of graduate 
discontent appeared in numerous letters to journals and 
press, and even in the advert of one scientific weekly 
New Scientist entitled 'Graduates misplaced ... send your 
tales of woe to the Deputy Editor ... '. One recent 
lengthy account Of graduate disenchantment was addressed 
'Industry - you are not just making proper use of us' and 
came from a graduate who turned to lecturing after two 
years in industry. The burden of his complaint was the 

lack of opportunity to make decisions. Times March 10th 
196). 
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At the time of writing up the thesis in 1972 many of the 

participants to the earlier debates have redefined the social 

problem of manpower resources for science and technology, 

many of those who had predicted future 'shortages' in the early 

1960's were announcing a 'surplus' of scientists and engineers at 

the turn of the decade.(10) This has not been without discute 

and some have argued that the present situation could be seen as 

a temporary recession or 'an inability to make an essential 

investment in the future.(11) Despite controversy about the 

importance of the first of the two allegations of the 1960's, 

many commentators still retain their views about the deficiencies 

of and need for change in the educational system. On these 

points the thesis has contemporary relevance as a contribution 

to that re- thinking wlich Professor Swann thought important and 

necessary and as a caution against the predilection for seeing 

the educational system as a ready tool of Government and 

industrial policy. 

2: Outline of the Study 

In considering the perspectives of graduates as they move from 

universities and colleges to industrial employment it is important 

to know More of the historical context in which this kind of 

transition has come to be seen as a serious social problem. The 

public debates themselves have become part of the taken- for - granted 

assumptions which shaped graduate perspectives. Therefore in Part 

One, which sets the context for a study of scientist and engineers 

(10) See, for example, the change in views of theSecretary of the 
Manchester University Appointments Service, B. F. 
Holloway, in two of his articles in the New Scientist. 
'The Threat of Ma power S rvation' 12th : ovember 1.64 and 'Great Expectations 20t1ii ay 19 I. 

(11) C. Layton Ten Innovations ondon: Allen and Unwin 1972. 
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entering industry, I begin with an account of the development of 

the debate about scientific and technological manpower in post -war 

Britain. The purpose of this chapter is to show the way in which 

issues of science policy were debated in a fragmented manner 

such that manpower questions could be discussed in a compartment- 

alised fashion, thus trends in national efforts in 'Big Science' 

or 'Big Technology' or defence R and D could be largely ignored 

by the manpower forecasters.(12) This tendency to compartmentalise 

public debate complemented the tendency of manpower forecasters 

to neglect study of the demand for and the existing utilisation 

of scientific and_engineering manpower and concentrate attention 

on the supply side and the educational system. As a contrast 

to the manpower forecasting approach through inferences from 

statistical studies it is argued that the manpower issues can 

be approached through direct recourse to people involved. Indeed 

when the manpower forecasters used such methods in a study of 

the 'Brain Drain' they began to enquire directly into the salaries 

and work experiences of scientists and engineers and their 

analysis and proposals placed less emphasis on change in the 

education system and more emphasis on change in industrial 

employment.(13) 

While chapter one outlines the context in which studies 

of scientists and engineers became of wider social interest, 

chapter two reviews the then available sociological literature 

and three outlines the design and conduct of the fieldwork which began 

(12) For some comments on the 'fitful' nature of the debate 
about science policy see L. Gunn "Organising for Science 
some relevant Questions ". Minerva, vol. 5, no. 2, 1967. 

(13) See the 'Brain Drain' op. cit. 



with a pilot study in the Scottish electronics industry and followed 

with a main study in electronics companies in the South East of 

England. Of the contemporary British sociological studies it 

appeared that they were dominated by research which was either 

directed to elaborate on concepts developed by Americaí 

sociologists of science or directed to present descriptive 

studies with little theoretical framework. In both cases it 

appeared that these studies had serious limitations in advancing 

understanding of British manpower problems. While the studies 

by Professor Cotgrove and his colleagues achieved some important 

advances they appeared too heavily entangled in imported 

American concepts to explain the process of adjustment to industrial 

employment in Britain. (14) The 'anatomical' studies, on the 

other hand, presented a great deal of descriptive material and 

then produced interpretations 'from out of the hat'.(15) These 

interpretations tended to either echo the American sociological 

commentary that scientists (and engineers to a lesser extent) were 

committed to values of the scientific community centred on the 

(14) S. Box and S. Cotgrove 'Scientific identity, occupational 
selection, and role strain' British Journol of Sociology, 
Vol. 17, 1966. 

(15) See, for example, J. Gerstl and S. P. Hutton op. cit., 
and two studies, available in brief and preliminary form 
as appendices to the 'Swann Report', by R. K. Kelsall 
and his colleagues and E. Rudd and S. Hatch. These 
studies become available in book form at a later date - 

R. K. Kelsall, A. Poole and A. Kuhn Graduates: the 
Sociolo-,y of an Elite, London: Methuen 1972 and E. Rudd 
and S. Hatch Graduate Study and After, London: 
Weidenfeld and Nicholson 1968. 



-12 - 

university and antithetical to industry or invoked 'conventional 

wisdom' about the consequences of a British university education.(16) 

The decision to adopt an alternative theoretical approach was 

prompted by dissatisfaction with a sociological approach which 

emphasised the stability of values and commitments, by criticisms 

of this kind of approach in explanations of scientists and 

engineers in American industry, and by the explanatory power of a 

sociological approach which emphasised the susceptibility of values 

and commitments.to situational change and emphasised the importance 

of family, educational and work experiences in the shaping of 

(16) See for example, Rudd and Hatch op cit. p.10-17° 
Gerstl and Hutton managed to introduce both 
views, perhaps not surprisingly, for Gerstl was a 

visiting American sociologist and Hutton was a professor 
of mechanical engineering and member of the Committee 
on Manpower Resources for Science and Technology, 
see Gerstl and Hutton op. cit. p.16 and p. 12. 
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perspectives and committments.(17) The steps from this basic 

theoretical framework to the more detailed formulation of 

questions and hypotheses in the study and the procedures for 

contacting twenty -three managers and forty -seven recruits in the 

pilot study and with fifty -four managers and one hundred and 

seventy recruits and conducting interviews in the main study 

are outlined in chapter three. 

(17) Some highly pertinent criticisms of the American literature 
were made by Norman Kaplan in his paper 'Professional 
Scientists in Industry: an essay review' Social Problems 
Vol. 13, No. 1, 1965. The sources of an alternative 
approach lay in the work of Everett Hughes and the Chicago 
studies of Howard S. Becker, partly because in some of his 
papers he made direct reference to engineers and partly 
because he wrote some rather more formal statements of 
the approach, see his collected papers in Sociological 
Work London: Allen Lane Press, 1970. 
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The full design of the main fieldwork was developed during 

the course of the pilot study whose confirmation of the fruitfulness 

of the theoretical perspective and illustration of the importance 

of the utilisation problems are outlined in appendix two. 

Part two comprises four chapters addressed to the detailed 

examination of graduate occupational preferences and the 

allegations of anti -industry bias leading to shortages of 

scientists and engineers in industry. This examination is put into 

the context of.a discussion of the various labour market 

institutions. Chapter four shows the extent to which much of 

the discussion of 'shortage in the manpower debate was conducted 

at cross- purposes because of different sets of assumptions held 

by manpower forecasters and economists about the working of these 

labour market institutions. The kind of 'evidence' collected 

to support cases further underlines this point and it is 

argued that the results of further data collection stimulated 

by the debate tends to support the scepticism of the economists. 

Discussion of the nature of the industrial demand for graduate 

scientists and engineers is continued in chapter five, where it 

is argued that the variety of rationales and practices in 

graduate recruitment illustrate the weaknesses of the use made 

of employer evidence in forecasting studies and point the way to 

a discussion of utilisation issues. Set against the perspectives 

of managers on graduate recruitment are the graduate perspectives 

on entry to an occupation which are introducec4 n chapter six. 

In this chapter the models of occupational choice developed by 

manpower forecasters and economists are examined against the 

perspectives of graduates and it is argued that both models exhibit 
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weaknesses, the former in a neglect of the influence of financial 

factors in occupational choices and the latter in a sole 

preoccupation with financial factors. In contrast to these 

approaches it is argued that an adequate theory of occupational 

choice would incorporate a fuller specification of the resources 

which individuals bring to the labour market and the financial 

and non -financial costs and rewards for participation in that 

market. 

Chapter seven begins with an examination of the 

relationships between advanced industrialisation and education 

postulated by the Committee on Manpower Resources and their 

assumptions about the impact of the experience of higher 

education. The Committee suggest that industrialisation entails 

an expansion of educational o_opbrtunity, and increased vocational 

content in education, and the extension of educational provision 

beyond the terminal dates of full -time provision into a life -long 

experience. By their preoccupation with deficiencies in the second 

of these developments in Britain I argue that the Committee 

underestimated the relevance of the other two developments to the 

manpower debate and once more busied themselves with educational 

reform.tc the neglect of change in industry. Examination of the 

reported experiences of scientific and technological education 

suggests that the Committee misunderstood the impact of higher 

education on students. 

Part three covers the entry to the world of work and deals 

with the process of induction into industrial work and the 

development of cbmmittments, and in this way deals with the 

substance of allegations about deficiences in attitudes :_nd skills 

among graduate entrants to industry. 
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The development of coi:.mitments forms the core of discussion 

in chapter eight, nine and ten where the suggestion of Burns 

that individuals bring along a variety of private ends which 

condition the nature of their availability as resources to 

organisations is followed up by an examination of the extent to 

which new recruits developed committments to meeting the demands 

of their employers (chapter eight), to meeting the demands of 

advancing their own careers and status (chapter nine), and to 

meeting the demands of colleagues and fellow practitioners for 

standards of professional competence (chapter ten). (18) 

The extent of coinmittments among new entrants to their 

companies and the achievement of managerial purposes is examined 

in chapter eight by the use of a social psychological model of 

influence processes and the conditions under which organisations 

are likely to be successful in their attempts to secure the 

commitments of new recruits. Here it is argued that although 

managerial preferences about appropriate induction procedures closely 

resembled the strategies indicated in the model, an examination 

of graduate experiences suggests that industrial practice falls 

short of these preferences and the graduate perspectives suggest 

a consequential growth of interest in careerism as a solution to 

the induction crisis. 

The growing interest of industrial companies in career 

structures and career development can be traced to the growth 

oflarge scale organisations with large administrative hierarchies 

and the different time horizons for the application of mental 

compared to physical labour. In chapter nine the complaints of 

(18) See Tom Burns 'The Plurality of Social Systems' in 
J. Lawrence ed. Operations Research and the Social Sciences 
London: Tavistock 1966. 



- 17 - 

company recruiters abut the indifference of interviewees to 

their 'careers' are explained in terms of the different life 

cycle positions and perspectives on the labour market of recruiters 

and potential recruits. The subsequent development of interest 

in careers is related to the experience of employment and the 

consequences of this interest for commitments to the company 

are elaborated. 

The extent to which the much reported mis -match between 

graduate scientists and engineers and their highly qualified 

employers can be understood in terms of employee efforts to 

secure conditions of employment described as professional and 

derived from notions of university practice are examined in 

chapter ten. From this examination 'suggest that industrial 

scientists and engineers are more likely to use university - 

derived conceptions, such as those of scientific and engineering 

creativity, in their efforts to secure greater degrees of control 

over their work situation rather than as expressions of their 

desire for university employment per se or any other approximations 

to basic research. 

Finally in Part IV I draw together some conclusions from the 

study in a chapter which has suggestions for future directions 

in the study of manpower issues and the sociological study of 

engineers and scientists. 



PART O N E 

THE SOCIAL AND SOCIOLOGICAL CONTECT OF 

STUDIES OF ENGINEERS AND SCIENTISTS 



CHAPTÌ R Ni G 

LAl'i'LJER R_,SGURCES F R aClúrCi AND TECHLGGY :S A SCCIAh 2zL LEN 

1. Introduction 

Public enthusiasm and support for science and technology 

became striking in the advanced industrial countries after the 

Second World War. Despite some contemporary rumblings of 

discontent about the fruits of this support and some of the social 

evils which have accompanied economic growth, the levels of support 

in the budgets of most advanced industrial nations remain at 

high levels. The relatively slow rate of economic growth in 

Britain through the 1950's and 1960's stimulated a great deal 

of concern about national efforts in the support of scientific 

and advanced technological research and developments and attempts 

to secure the benefits of R & D through applications in industry. 

This context of economic crisis has resulted in the definition 

of a manpower crisis and provoked the search for readily formulated 

and administratively simple solutions in the manpower problems. 

The central argument in this chapter is that this search has 

resulted during the post -war period in a preoccupation with the 

supply of manpower and the educational system to the neglect 

of the ¡Manner. in which demands for manpower are presented and 

the utilisation of scientists and engineers in industry. 
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The political context of the manpower debate is outlined 

in the first section where it is argued that the decision of 

the Labour Party to contest the 1964 election on a theme of 

science and modernisation created a receptive national audience 

for the alarmist views of the manpower forecasters, moreover 

the absence of a coherent political analysis permitted an equally 

myopic analysis of the manpower situation. While the account 

of events down to 1964 is given more detailed attention in 

Appendix one, this chapter takes up the critiques made of the 

manpower forecasters by economists in the 196:..»s and concludes 

with a discussion- of the utilisation of highly- qualified 

manpower, and the view that study of these issues might prompt 

a different emphasis for policy and political action. 

2. 1964: Manpower resources as a political issue. 

While material and manpower resources had been regarded 

as significant issues since the Second 'World War, they took on 

an added political significance in the years immediately preceding 

the 1964 ueneral olection. The Labour Party took the issue of 

resources and organisation for civil science and technology 

as a major point on which to press criticism of the 

onservative uovernment's record. the science and technology 

platform served important functions for the internal unity of the 

Labour r'arty, a unity w__ich could be best furthered by a degree of 
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vagueness in the policy. The degree of vagueness in policy, 

the context of political debate and beliefs about economic 

crisis created a situation in which was a search for dramatic 

and ready solutions, some of w::ich were forthcoming from the 

manpower forecasters in the years after 1964. 

Most post -war British Governments have issued at least 

one widely -quoted declaration stressing the importance of 

encouraging science and technology in an industrial society 

and aware of some disquieting parallels between British efforts 

and those of other industrial countries. For example these 

speeches were made by the post -war Labour Government and continued 

by the Conservative Administrations. 

"...The Government attach the very greatest importance 
to science. We recognise the contribution which science 
has made to the prosecution of the War and the achievement 
of victory, and we are no less desirous that science 
shall play its part in the constructive tasks of peace 
and of economic development. "(l._.) 

"The prizes will not go to the countries with the 

largest population. Those with the best systems of education 
will win. Science and technical skill give a dozen men 
the power to do as much as thousands did fifty years ago. 
Our scientists are doing brilliant work. But if we are to 

make full use of what we are learning, we shall need many 
more scientists, engineers and technicians. I am 
determined that this shortage shall be made good. "( 2 ) 

Despite the efforts of various governments in the post -war 

period, by the early 1960's the Labour Party was agreed in the 

diagnosis of a scientific, educational and industrial crisis 

confronting britain. 

(1 ) 

(2 

Speech by Herbert Morrison to the House ofCommons, November 
30th 1945. (citedin N. Vig op. cit. p. 15). Herbert Mor- 
rison was Lord President of the Council, the Cabinet 
Minister with responsibility for Government Civil Science. 

Speech by Sir Anthony Eden, Prime Ninister, at Bradford 
16th January 1956. The speech was cited in the introduction 
to the White Paper on "Technical Education ", Cmd.703 

rill p.4. 
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While the Labour Party was united in its proclamation of a 

crisis, there was muc; less clarity in the policy for the yjost 

election period. Several commentaries have linked the 

favourable ,ostures on the Labour Party on science and 

technology issues to the party's need for an electoral strategy 

to contrast against the Conservative Party and to unite several 

different groups in the party. The modernisation of the economy 

through the application of scientific and advanced technological 

knowledge and skill was a convenient banner to hoist against a 

Government led by an aristocrat. Within the Labour Party there were 

those, such as Anthony Crosland, who believed that the nature of 

capitalist industrial society had changed significantly such 

that a new interpretation of socialism was required, and there 

were opposed views which saw thé essence of capitalism as essentially 

unchanged. The groups holding these views had been in heated 

contention during the late 1950's with the 'Revisionist' 

group wishing to dissociate the party from 'primitive' techniques such 

as nationalisation and the 'Left -wing' opposed to an attack on the 

party constitution. The policy document, "Labour and the Scientific 

Revolution ", prepared by the National Executive Committee in 

1963 offered the policy to paper over the breaches. To the 

'Revisionists' the policy implied greater degrees of sophistication 

and exertise in the control of the economy, and to'Left Wingers the 

policy implied considerable extensions of the public ownership. 

While commentators disagree in the degree of emphasis they place 

on opportunism or traditional concerns as motives in the Labour 

i'arty's adoption of the 'Scientific revolution', they are agreed 
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that the Party hac': given insufficient c.ttention to the 

prospective implementation of these plans.( 3) 

Some of the weaknesses in _ri_r planning became evident 

in the creation of :inistries which lacked a clear brief yet 

were heralded as adrinist_ ative innovations to tackle glaring 

problems. In opposition, Richard Crossman, then Shadow Minister 

for Eduction and Science, had proposed 'a real Ministry of 

Science' with responsibilities for higher education, science 

research and technology. Eric Robinson, an ardent campaigner 

for expasion in the non- university institutions of higher 

education, has linked the switch of Crossman to another 

responsibility after the Labour victory in the General Election 

to the successful efforts of an university pressure group on the 

Labour Party, a pressure group fearful of Crossman's intentions 

towards the direction of expansion.(.4) In office, the Labour 

Government adopted a single Department of Education and Science, 

to cover all levels of education and the supervision of the 

research councils, and a Ministry of Technology,, to "guide end 

( 3) For a writer who tends to emphasise 'opportunism' see 
N. Vig (Science and Technology in British Politics op. cit.) 
and for writers who point to the Fabian. traditions and 
policies for national efficiency or the Marxist traditions 
of 'scientific socialism' see the studies by H. Rose and 
S. Rose (Science and Society op. cit.) and V. Bogdanor ( "The 
Labour Party in Opposition 151 -1964" in V. Bogdanor and 
R. Skidelsky ed. The Age of Affluence 1951 -64 London: 
Macmillan 1970). 

( 4) E. Robinson op. cit. p. 33. 
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stimulate a major effort to bring advanced technology and new 

progress into industry. "(.5) In tLeir commentaries on this 

period both Vig and theRoses conclude that these two Ministries 

become diverted from their original purposes with regard to the 

science -technology relationships partly because of inadequate 

prior preparation of briefs and partly through the pressure of 

other priorities. They argue that the Ministries for Education 

and Science became preoccupied with the programme for comprehensive 

schools and the demands of primary schools. The main speech 

directed to the manpower issue and the attempt to breakfrom 

traditional patterns of higher education probably did more to 

raise anger and dismay than to indicate a direction 

for educational reform. In a speech delivered amid the euphoric 

atmosphere of the cententary celebrations of the Woolwich 

Polytechnic, Mr. Crosland urged attention to the technical 

colleges rather than universities more likely sources of 

industrial manpower.( 6) The suggestion that universities 

were not socially responsive drew the anger of the universities 

and the suggestion that there was a 'binary system' of higher 

education in which the 'public sector' (technical and further 

education colleges) might receive more favoured treatment than 

the 'autonomous sector' (universities) brought dismay from the 

former C.A.T.'s whc had been transferred from the 'public sector' 

to the 'autonomous sector'.( 7) Subsequently Mr. Crosland 

( 5) Labour Party Election Manifesto, cited in N. Vig op. cit. 

P. 53. 

( 6) Administrative memorandum No. 7165 (6.5.65: The Role in 
Higher Education of Regional and other Technical Colleges 
engaged in advanced work. This was an administrative 
version of the speech and suggested the policy implications 
of the Government thought. 

( 7) P. Venables "Dualism in higher education" Universities 
Quarterly vol 20 no . 1 1965. 



attemzted to clarify his charge -,ì1 t universities were not 

socially -responsive and to remove some of the odium, in that 

view in another speech at Lancaster university.l-8) Meanwhile 

the white raper, 'A Plan for rolytechnics and other Colleges ", 

approved in the year between the two speeches, was criticised 

in the 2olytechnics as 'ambiguous, uncertain and half-hearted.'(-9) 

On other fronts vdnisten3joined in the campaign to boost the 

national effort in raising . anpc,wer resources for science and 

technology. whey drew attention to the 'wastage' of potential 

scientific and engineering talent by region, l-the north bast), 

and by sex, gable female school- 1,-!avers), and they attempted to 

boost the image and social status of the engineer.(10 The other 

idnistry, the ,inistry of Technology, it was alleged, had a poor 

start because of the poor brief given to its first sinister, 

rrank Cousins.(11) the initial brief consisted largely of 

sponsorship functions for four industries - computers, machine tools, 

k. -8) A. :;rosland 'The structure and development of _.igher 

education' 20th uanuary 1967, reprinted ás an appendix to the book 
by m. Robinson top. cit. pp. 249 -56). Mr. Crosland has regretted 
the uoolwich speech for clumsiness and suggested that was the 
result of a new , sinister ill- advised by his department. kSee Iú. 

r,ogan The Politics of Education: Edward Boyle and Anthony Crosland 
in conversation with :aurice Kogan Harmondsworth: Penguin 19 71. 

(-9) E. Robinson op. cit. p. 13. 

(10) Mr. Edward Short, Secretary of State for Education and Science 
after I':r. Crosland, spoke at Newcastle upon Tyne on the 'national 
disgrace' of girls shunning engineering, and the high level of 
engineering work typified by the use of aside rule rather than 
spanner among contemporary engineers, (quoted in the-Times 
Educational Supplement 25th March 1969). Similar speeches were 
made by the Ministers of State for Education, hrs. Shirley 
Williams and ìir. Gerald Fowler in 1968. 

(11) Vig suggested four factors which resulted in disappointment 
and criticism of the new Ministry. These were the delays in 
setting up the Ministry, difficulties in staff recruitment (or 
new tasks, inadequacy of pre- electi,.n plans, and the restriction 
by the Ministers that their tasks were long term rather than shirt 
term. (N. Vig op. cit. p.146). Rose and Lose added that no little 
criticism was crowned by personal antagonisms against the r.inister 
a fori.er trade union leader. (H. Rose and S. Rose op. cit. p.114. ) 
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electronics Lnd telecommunications - which was in line with the 

concept of a Ministry to foster new technology. Another 

conception of the Ministry gradually took precedence, however, 

and this was the concept of a Ministry to promote efficiency 

in existing industry. This trend, apparent under Mr. Cousins, 

became more apparent under the new Minister, Anthony Wedgtwood 

Benn, and the trend stemmed from both the exigencies which 

confronted Government in existing industries and the realisation 

that technology, could not be fostered in isolation from existing 

industries.(1j2) On the manpower side, the Ministry_of Technology 

( 12) Some reflections made by Wedgwood Benn included the 

comment that the Ministry was essentially one for industry with 
a technologicaJ/f!avour.( "Mintech: some key decisions needed" 
The Times 18th September 1970). The new Conservative Government 
in 1970 did reorganise ministries and re -named the Ministry 
of Technology under a Minister of Trade and Industry. Of course 

most commentators have their own blueprint to offer for the 
appropriate structure ofGovernment furrtions and some idea of the 

many combinations and permutations canvassed during this 
period can be guaged from yet another variation offered during 
this time by an industrialist, Dr. F. E. Jones, the managing 
director of Nullard, a major company in the electronics 
industry. In a desireto switch more R. & D. from Government 
lobs to industry, Dr. Jones ventured, 'Applied research and 
development outside these spheres of government should be 

administered by a 'real Ministry of Technology', that is a 

Ministry that had an oversight of research, development, production 
and marketing - which would mean a combination of the present 
Ministry. of Technology, the Department of Employment and 
Productivity, and the Board of Trade.' The novelty of these 
remarks lie in the inclusion of the Department of Employment 
and Productivity and the exclusion of an education department 
in the manpower side of the equation. The views expressed in 
a public seminar on science and technology organised by the 
Conservative Party were quoted in 'Strengthen industry's role 
in R. & D. says Mullard chief', The Times 13th November 1968. 
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joined in the efforts to boost the social status of engineers 

and engineering studies. These efforts included units for 

"technocentres" as showcases "to make the whole nation more 

technologically minded ", calls for the greater representation of 

engineers in industrial decision -making and in public life, and 

publicity of the attractions of a career in engineering, for 

example, engineering as a step to management.(13) 

In many ways the progress of policy formulation with regard 

to science and technology appears one of fumbling and the 

gradual realisation that the problems of industrial reorganisation 

.would require long -term solutions. Progress towards those long- 

term solutions was hampered by the imposition of policies in 

the short term to check the rate of economic growth and the 

balance of payments problem which accompanied faster growth. 

In such a situation of apparent crisis and considerable frustration 

for solutions a group which could offer 'ready' and 'practical' 

(13) The ciomments about technocentres came in a report 
commissioned by the Ministry of Technology from architects and 
public relations practitioners to think up ways of brightening 
technology's image. (See Gerald Leach 'Benn plans cathedrals 
of technology' Observer 27th April 1969). Gerald Fòwler, then 
joint parliamentary secretary at the Ministry of Technology, 
observed -that had the presidents of ANerica's top 500 
companies had engineering or other technical degrees, while the 
comparable figures for other countries were Belguim (50%), 
France (40 %) and Britain (12 -20%) (these observations from 
a lecture to faculty and students of Queen Mary College, 
London, were quoted in theGuardian November 1968). `l here 
was considerably more optimism from the joint survey by the 
Ministry ofTechnology and the Council of Engineering 
Institutions of Professional Engineers which revealed that about 
70% of all engineers were under the age of 44 and that over 
30% were engaged in senior or top management functions. 
A graph of responsibility functions against age indicated 
that 50% of all engineers were engaged in junicr and 
senior management by the age of 33, and 22% were in top 
executive positions by the age of 47. 



- 10 - 

solutions was likely to achieve considerable influence over a 

wide audience. A group was available in one of the Government 

advisory bodies on manpower, and, using the techniques of 

short -term manpower forecasting, this group presented a formidably 

detailed statistical analysis of the problem together with 

proposed remedies through action on the educational system. 



3. 1964 -1968: The Committee on Manpower Resources for Science 
and Technolo7y ..nd evidence for a s::ortage of engineers 
and scientists. 

Having set the administrative boundaries with a split between 

science and technology, the Labour Government sought tc omeliorate 

any potentially damaging affects of this division by cross - 

membership of Committees. The use of this device was most evident 

in the creation of a Committee on Manpower Resources for Science 

and Technology to report to both the Council for Science Policy, 

(the C.S.P. which in turn reported to the Department of Education 

and Science), and to the Advisory Council on Technology (the 

A.C.T.)which in turn reported to the Ministry of Technology. (1 4) 

The Committee on Manpower Resources for Science and Technology 

set to work with a good deal of vigour to initiate a review 

paper of the manpower problems, undertake the descriptive and statistical 

work of the 1965 Triennial Manpower Survey and select problems 

for investigation in the 'swing away from science' in the schools, 

the flow of highly qualified manpower overseas in what was termed 

(114 -) The 1947 Advisory Council on Sciente Policy (ACSP) was 
decomposed to form the Council for Science Policy (CSP) and 
the Advisory Council on Technology (ACT), and the Committee 
on Scientific Manpower dissolved to form the Committee on Manpower 
Resources for Science and Technology. By 1966 it was felt 
that another link was needed above the CSP and the ACT and 
this was -forged through the /Advisory Council on Science and 
Technology (ACST). The Com ytee on Manpower Resources for :science 

and Technology sat under the overall chairmanship of Lord Jackson, 
with the various subcommittees under Professor Swann, Professor 
Dainton and Dr. F. E. Jones. 
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the 'brain drain' and was a matter of heated political 

controversy.(15) In one respect the work of the Jackson Committee 

was incomplete, the Working Group on the Utilisation of 

Engineers and Scientists in Employment did not publish a 

report before the disabandonment of the Committee after the 

1970 General Election.(16) Some issues on the utilisation of 

engineers were raised in the Jones Report which tends to give a 

rather different emphasis in the diagnosis of the problem and 

set of remedies from those advocated in the Swann Report, 

although both Committees tended to see their analyses and 

remedies as complementary to each other. In this section I shall 

examine two of the available reports of the Jackson. Committee 

and the way in which they defined a crisis situation in 

manpower resources,and some of.the neglected issues of 

utilisation are taken up in the following section. 

(a) The Triennial Manpower Survey 1965. 

By comparison with the 1962 Triennial Manpower Survey, 

the Jackson Committee estimated an increase of 14.6% in the active 

stockof engineers, technologists and scientists from 273,000 to 

313,000 (divided fairly evenly between engineers and scientists), 

(l5) A Review of the Scope and Problems of Scientific and 
Technological Manpower Policy Cmnd 2800 Committee on Man- 
power Resournes for Science and Technology London; 
H.M.S.O. 1965. The main reports on which this study 
draws have been listed already (see Preface, cage 2) 

and for convenience in subsequent pages the various 
committees will be referred to by the name of the 

chairman. 

(16) This Committee was mentioned in the report of the Swann 
Committee. (Swann Report Cmnd 3760 op. cit. p. 5. ). 
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and an overall increase in employment of 15% from 183,000 

tc 211,331, (see table 4). Over the same period, there were 

sharp contrasts in the extent of growth in different sections. 

Growth was highest for universities and further education 

establishments, (18,273 to 24,612, i.e. 35 %), and lowest for 

manufacturing industries (86,221 to 98,540 i.e. 14 %), and in 

schools, (27,443 to 25,939, i.e. 5 %). Within the manufacturing 

sector there were variations from the mechanical engineering 

sector with the lowest increase (19,282 to 21,278 i.e. 10%) to 

the electrical and electronic engineering sector with the 

highest increase (18,054 to 21,048 i.e. 17 %) (.see table 4). 

For the future the Jackson Committee could predict supply 

with fair accuracy over a three year period by an estimate of 

numbers on courses started and an allowance based on past 'wastage' 

rates. Although the Committee felt that the new supply would 

contribute a relatigely small proportion to the total stock, 

(for example only 18% of the 313,000 qualified scientists and 

engineers over the period 1962 -5), they decided to concentrate 

on new supply rather than the total stock and efforts at re- training 

because of'finite educational rdsources'a7). Estimates of 

employer demaridtraere derived from questionnaires to employers 

similar to those in past triennial manpower surveys. The 

estimated overall increase in demand of 50,400 (i.e. 24 %) 

engineers, technologists and scientists greatly exceeded the 

expected rate of growth of stock of 14.6 %. Moreover, the Jackson 

Committee was particularly gloomy when they broke the figures 

down by sector for the estimated increases for manufacturing 

(17) The Triennial Manuower Survey op. cit. p.31. 



- 1.4 - 

industry (overall 26 %) and schools (21%) seemed unlikely to 

be fulfilled when viewed against recent growth rates of 14% 

and 5% respectivelyi(see table 4). Drawing from the statistics 

on unfilled vacancies, the Jackson Committee proclaimed, 

"A new balance of employment on the lines of employer's 
demands must be achieved and means devised for attracting 
and retraining larger numbers of qualified manpower in 
industry and school teaching. "(1.8) 

Several lines of policy and means proposed for further 

investigation included review of the growth of universities and 

further education, review of the utilisation of government 

research establishment personnel with a view to possible transfer 

to sectors in shortage, review of industrial employers' policies, 

and for the longer term, investigation of undergraduate courses, 

retraining facilities and technical employment. 

(b) The Reports of the Working Group on Manpower for Scientific Growth 

The Swann Committee produced an interim report which 

gave its terms of reference, ( "to discover whether there was 

any imbalance in the employment of qualified engineering, 

technological, and scientific manpower between universities, 

research councils, and Government laboratories, and industry 

and education "), and additional statistical information with 

which to assist interpretation of the 1965 Triennial 

Manpower Survey.(.1.9) The task was attacked under the 

following headings: 

(1) the pattern of flows into employment; 

(2) the pattern of demand; 

(18) The 1 65 Triennial Man power 'Survey, op. cit. p.39. 

(19) Interim Report of theWorking Group on Manpower Parameters 
for Scientific Growth Cmnd 3102 London H.M.S.O. 1966. 
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the influence of existing policies and practices 
on the pattern of flow involving (a) the growth 
of science and technology faculties in the 
universities, (b) theeffect of _post- graduate awards 
and research grant policies, and (c) attitudes to 

industry and teaching. 

Among their provisional findings the Committee discerned 

differences in the flow into employment by discipline (see table 

5) and by class of degree (see table 6). Taken together these 

differences had a compound effect such that the Committee 

noted that on the whole a higher proportion of the most 'able 

graduates' compared to 'less able' graduates took courses which 

led to higher degrees, and thereafter except for chemistry and some 

engineering schools, the majority remained in higher education 

or entered Government research and a high proportion went to the 

U.S.A. The Swann Committee came to a number of tentative 

conclusions and recommendations in much the same vein as those in 

the Triennial Manpower Survey, these included revision of the 

scale and kind of support for post -graduate training, exhortations 

to industry and schools to attract and retain 'graduates of high 

qualify', and -investigation of possible redeployment from other 

sectors such as Government research establishments. 

Some two years later, the Swann Committee announced that tour 

new data without doubt reinforce the conclusions that we drew 

earlier', in particular, 'our two most important findings were 

that in general the career most sought after by graduates with the 

highest ability was research, whether in universities, in 

Government establishments, or abroad; and that the sectors where 

demand was numerically greatest (industry and schools) did not 

attract the ablest graduates in proportion to their needs.'(20) 

(20) TheFlow into Employment of Scientists, Engineers and 
Technologists Cmnd. 3760 op. cit. p. 



TABLE 7 

Pupils on 'A' Level Courses in the First Ye-.r of the Sixth Form 1 %2 -1971; 
Number and as a Percentage of Total and of Yuten;.ial Population' Boys and 

Girls 

January of year Numbers in thousands 

Actual Estimated 

1962 1963 1964 1965 196$ 1967 1968 169 1;70 1971 
. 

Number 
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Science group 32.7 35.9 '.0.1 3F.4 37.5 36.5 1. 34:5 1. 33.5 1. 32.7 1. 31.7 
2. 35.4 2. 35.6 2. 36.0 2. 36.7 

Non- F%:ience 
group 35.3 45.3 54.5 55.9 58.3 61.3 1. 63.2 1. 66.7 1. 71.4 1. 76.1 

2. 62.7 P. 65.7 2. 70.0 2. 74. 

Mixed group 7.8 9. 12.4 14.3 15.3 18.4 1. 19.3 1. 21.6 1. 24.3 1. 27.1 
2. 18.8 2. 20.5 2. 22.3 2. 24.4 

Total 78.8 90.6 107.0 108.6 111.0 116.2 1. 117.0 1. 121.8 1. 128.4 1. 134." 
2. 116.9 2. 121.8 2. 128.4`2_, 134.9 
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:Mixed group 1.1 1.3 1.6 1.8 2.1 2.7 2.8 3.1 3.4 3,7 
Total 11.5 12.6 13.5 13.9 15.4 16.9 17.6 18.6 19.6 20.6 

*Excluding pupils in independent schools not recognised as efficient. 

_Source: Enquiry into the flow of candidates in science and 
. technolo;'y into higher education Crnd 3541 ..110. 
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Indeed such was the confidence that the language of the main 

report became more colourful as the Committee was 'disturbed' by 

'serious imbalances' and a'positively dangerous situation'. 

The Swann Committee was confirmed in its view of impending 

crisis by the views of the Dainton Committee which examined the 

flow of candidates in science and technology into higher education. 

The Committee detected a fall by 1967 of 3,500 pupils on first 

year science courses in the sixth form compared to the peak year 

of 1964 with 40000 (see table 7 ). The Committee made two 

projections for the four years down to 1971. The first projection 

was based on the distribution of sixth formers starting A levels 

between three groups of subjects - science, non -science and 

mixed subject courses. The second projection was based on the 

proportions of the potential population (i.e. those qualified) on 

all courses in each subject group. The two methods gave different 

results because of the decreasing size of the underlying potential 

sixth form population after the passage of the 'bulge' cohorts. 

The first projection gave a rapidly declining share of first 

year sixth form placed to science pupils and a drop in absolute 

numbers, while the second projection, which related the behaviour 

of sixth formers to the base population, indicated a slight rise 

in ahsolute numbers. The Dainton Committee focused attention 

on the first projection and urged action on the educational system.(21) 

(21) The Flow of Candidates in Science and Technology into Higher 
Education. Cmnd 3541 op. cit. 
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In their move to policy proposals the Swann committee 

distinguished between short term and long term measures and both 

included recommendations for changes in the educational system 

and industrial employment. It was the educational system which 

was singled out for particular emphasis in these recommendations 

fór it was the educational system which was believed to be amenable 

to policy control, at least more readily capable of registering 

immediate short -term solutions. 

"Our recommendations, aim at an immediate amelioration of 
present difficulties and at longer term reforms designed to increase 
the ability of scientists, engineers and technologists to meet 
the requirements of future employment, some of which are as 
yet unknown. Since it is the educational system which can 
most readily respond to change, it swill fall mainly to educational- 
ists, particularly those in higher education, to consider what 
action to take; but industry must also recognise its needs and 
move accordingly." (22) 

The short term measures for education included proposals 

for slowing down the growth of post graduate places in science 

and engineering, and changing the balance in postgraduate studies 

away from research towards taught courses. This latter proposal 

was related to proposals to encourage collaboration with industry. 

For industry there were exhortations to conduct 'vigorous 

recruitment', 'full and effective employment', 'attractive and 

challenging careers' and 'steady policies for research and 

development'. The Government was urged not to use the principle 

of 'fair comparison' for the settlement of public sector salaries 

to narrow differentials and thereby nullify industrial efforts 

to recruit vigourously, (due allowance should be paid to the 

relative lack of freedom and Lecurity in industrial employment). 

(22) The Flow into Employment of. Scientists, Engineers and 
Technologie ts Cmnd 3760 op. cit. p. vii. 
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The Government was urged to look at pension rights and their 

effect on mobility between sectors. Of the five :.:ensures 

proposed for the longer term, four were directed to the 

educational system and one to Government directly. Universities 

were urged to 'make every effort to accomodate students to study 

undergraduate science, engineering and technology to maintain 

growth in graduate numbers. Universities were urged to broaden 

first degree courses in science, engineering and technology to 

give students some understanding of the working of soci- 

ety and to initiate study of curricula to this end. Study 

of curricula was recommended too in order to mount post -experience 

courses. For Government the recommendations were further study 

and the development of forecasting techniques. 

(4) Post -mortems and criticisms. 

The work of the Committee on Manpower Resources for Science 

and Technology lent itself to the kind of headlines which told 

of impending crisis and called for urgent political action, and 

sustained the view that such action was possible on the educational 

system. Althoùgh the Dainton Committee did not make projections 

beyond 1971, others took up their forecasting tools to project 

the disappearance of sixth form science by 1984 and produce the 

further coincidence that Orwell's distopia had no word for 'science'.(23) 

(23) Dr. H. G. Judge,- principal of Banbury School in a goeech to 
the Royal Society of Arts, March 5th 1969. (Cited in the Times 
Educational Supplement 14.3.69). Even Professor Dainton toyed 
with the concept of '1984' and projections to that date in a 
speech to the North of England Education Conference (cited in 
The Times Educational Supplement 10.1.69). What is most surprising 
is that he did not believe that the science sixth form would 
disappear because salaries offered to scientists would be 'too 
good to miss . This confidence in the ::;ar-;et is surprising in 
view of the later criticisms of economists that forecasters 
ignored the functions of salaries in allocating labour. 
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The work of the Committee was not with4mt contemporary critic- 

isms, however. These criticisms were various in nature, for some 

related to the analysis of failures in the educational system 

and some related to the analysis of the labour market and indus- 

trial problems. Perhaps the most consistent of these criticisms 

were those made by the economists who had a relatively coherent 

analytical framework from which to advance an alternative 

interpretation of the situation. 

In an editorial 'The Times' newspaper detected failures in tlr 

educational system on strictly 'educational'grounds but doubted 

the value of manpower forecasts, so that the Dainton Committee's 

proposals for greater breadth in ctrricula could be accepted :rres- 

pective_ of manpower arguments. 

"One does not have to be a Powellite to be suspicious of 
assertions to the effect that momentum can be sustained i 

forty -five per cent of undergraduates nead science and engineer- 
ing but not if only thirty -eight per cent do so. 

"Fortunately the validity of the central recommendations 
of the Dainton Committee do not depend on the removal of these 
speculative doubts. For they have strictly educational 
merits which are independent of argument about manpower needs 
or the dominant activities of some future society. "(24) 

In the House of Lords; too, the reports of the Committee on 

Manpower Resources for Science and Technology received a mixed 

reception. (25) Lord Wynne Jones, Professor of Chemistry at 

(24) "Not so popular science" TheTimes 1.3.68. 

(25) house of Lords: Official Report 1969, vol. 300, pp. 879-902 

and 922 -1013. 



Newcastle University, cautioned that the crisis was not one 

of supplying university places in science and engineering but 

of students to fill them and he complained that there was a 

preoccupation with the few in higher education and a neglect 

of the many younger age groups, for example, the neglect of 

science in primary schools. In another criticism of narrow 

perspectives, Lord King's Norton, Chairman of the Council for 

National Academic Awards, complained of the Swann Committee 

preocupation with universities and nedoct of the potential 

of sandwich and C.N.A.A. courses. Lord Ritchie Calder accepted 

the relative unpopularity of science and explanation in terms 

of the inhumanity of some sdentific and technological 

developments advanced by the Dainton but added another contributory 

factor, an economic factor. He suggested that "science" had 

been oversold in terms of the pay packet returns to the individual 

and the limitations of the earning potential of a scientific 

or engineering training were being realised in schools. In 

contrast to these commits which concentrated on the supply side and the 

educational system , whether pointing to primary schools or 

polytechnics, Tord Byers drew attention to failures in the 
vat 

utilisation of graduates in industry, to failures to provide 

the attractive challenges and rewards for graduates or even to 

communicate these opportunities to universities where they exist. 

. A sharp and serious criticism of the science and engineering 

lobby and the manpower forecasters for asserting 'shortage' without 
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adequate knowledge of existing utilisation was launched by 

The Economist in 1968. During 1968 representatives of the Royal 

Society, the Confederation of British Industry, the Council of 

Engineering Institutions, the Institute of Physics and the Physical 

Society and the Royal Institute of Chemistry collaborated in a 

report Engineers, Technologists and Scientists in the National 

Economy, in which they drew attention to national crises and 

shortages in a manner similar to that advanced by the Committee 

on Manpower Resources for Science and Technology.(26) Under the 

heading "Don't they read ? ", The Economist accuses this "roll of 

honour of British science" of "trotting out all the familiar 

bromides of the last ten years" without reference to all the 

available evidence fof the D.E.C.D. Secretariat had prepared 

background papers for the meeting of Science Ministers for 

March after two years' research,(27). A central finding of the 

p.E.C.D. Study was that when the qualified manpower of the non - 

university institutions was added to the totals of the 

university sector Britain turned out more scientifically qualified 

men per head of the population than the United States. This 

drew from The Economist two comments, fir: ;tly, that how this 

scientifically qualified manpower was employed was the central 

puzzle, and secondly, that the scientific establishment was 

insular and out -of- touch. Lord Jackson replied that the latter 

comment was impertinence and that it was obvious that the nation 

needed greater numbers of people with scientific awareness.(28) 

(26) Engineers Technologists and Scientists in the National 
Economy, London: Royal Society, 1968. 

(27) "Don't they read' TheEconomist. 15.6.68 p.68. 

(28) Lord Jackson letter to The Economist 29.6.68. p.4. 
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How to achieve 'scientific awareness' or what degree of 'scientific 

awareness' dwelt still on the issue of utilisation and substitutions 

between different kinds of manpower. In its review of the Swann 

Report, The Economist was _3repared to accept some of. the Swann 

Committee complaints abcut lack of preparation for industry 

in university first degree courses but suggested that the step 

which linked British university teaching to the ills of the 

economy did not necessarily follow.(29) Instead an alternative 

was presented which linked American advantages in the application 

of scientific and engineering knowledge and skills to the availability 

of a larger number of graduates per 1000 of the working population 

in the U.S.A. and to a sufficiency of scieneein Arts -based degree 

courses to provide the managers with the scientific awareness which 

Lord Jackson and others sought. 

In 1969 the work of the Committee on Manpower Resources for 

Science and Technology received. two post- mortems, Both emerged 

from the Higher Education Research Unit (H.E.R.U.) of the London 

School of Economics. One commentary by Michael Hall was larkely 

view 

in agreement with the analysis of the Swann Report, but chided 

the Committee for a lack of resolve in pressing changes on the 

educational system; the other commentary, by Dr. Gannicot and 

Professor Blat, was sharply critical of the lack of intellectual 

or economic content in the anlysis, illustrated the way in which 

what purported to be evidence o:: 'shortage' for the Swann Committee 

could be interpreted as evidence of 'surplus', and cautioned 

(2.9) "Scientists in the Wrong Jobs" TheEconomist 28.9.68. 
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against pressing any changes on the educational system on the 

basis of the Committee's work(3 0). As economists, Ganicott 

and Bleu.g singled out the nature of Committee membership as a 

.science lobby of science and engineering professors committed to 

advocacy of expansion for science and technology education and 

critical of social science expansion, and industrialists from 

the electronics and aerospace industries who blew up the 

special problems of their industries into a national Brain Drain. 

In criticising the manpower forecasting frame of reference of the 

Committee, Gannicott and Blang stood in a line of economist 

critics of repeatéd alarms of shortage made by the manpower 

forecasters. The economists felt that 'shortage' was an economic 

concept and that evidence should be sought from the workings of 

the market by such indicators as salary movements.(31) Although 

(30) It may be one of the ironies of a sponsored research that 
both commentaries stemmed from studies sponsored by the Committee 
on Manpower Resources for Science and Technology. Michael Hall 
was the director of a study of manpower utilisation in the 

electrical engineering industry, to which mark Blang was 
economic consultant. By the time the study had reached the 

stages of analysis and report, Michael Hall had moved over to 
establish the Institute of Manpower Studies at Sussex 
University. The Report itself completed largely by the 
economists offered little suppórt to the analyses of the 
Jackson Committees. 

(31) J. Jewkes op. cit., A. T. Peacock op. cit., and M. Blaug 
op. cit. K. Gannicot and M. Blang "Manpower forecasting since 
Robbins: a science lobby in action" Higher Education Review 
vol 2 No. 1 1969. 
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the economists were justifiably sceptical of the case presented 

by the advisory bodies using manpower forecasting techniques, 

they went further to belabour the advisory bodies as ideologues 

of science and advanced technology, eager to raise resources 

and rewards for scientific and technological interests.(32) 

By the same token it could be argued that the enthusiasm for 

markets represented another brand of ideology. 

It is interesting to review the way in which the problem, 

or rather the definition of the problem, of manpower resources 

for science and technology changed over the years from the 

Percy and Barlow reports to the Swann report and the manner of 

changes in their solutions. To the Percy and Barlow Committees 

there was little distinction between categories of shortage 

in the sense that there was elVTOverall shortage of scientists, 

engineers,technologists and technicians. The crisis foreseen 

by the Jackson Committee in the Dainton and Swann Reports was 

rather more curious however, for theyrefened to a potential problem 

rather, than a present problem. Moreover, rather than an overall 

problem of shortage what the Swann report foresaw was a sectoral 

problem of shortages in industry and schoolteaching, and what 

gave greatest concern to the Swann Committee was the relatively 

low proportion of physics graduates with 'good degrees' who 

entered industry or schoolteaching. In manyrespects the narrowing 

of the scope of the problem could be contributed to large 

expansions of the educational system and the provision of larger 

numbers of graduate scientists and engineers to meet employers 

demands, or perhaps more accurately to meet the demand of school - 

leavers for education and qualifications believed appropriate to 

(32) See especially K. Gannicot and M. Blaug Op. oit. 
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employment. Indeed it might be asked to what extent there was 

likely to be a problem of the kind envisaged by the Swann 

Committee since the expansion of postgraduate studies, particularly 

in technology, were prompted by the concern of the Robbins 

Committee to strengthen technology, and such expansion would be 

a problem in the short run but not the long run for 

industrial recruitment. 

In a number of respects the later reports show an increase 

in sophistication, the many tables of the Swann and Dainton 

reports contrast sharply with the lack of statistical information 

available from the early post -war committees. Yet in a number of 

other respects the Government advisory bodies had made little 

progress for attention had been concentrated on forecasting 

employer requirement 

educational system. 

advanced very little 

such that guidance could be given to the 

In a sense the manpower committees had 

beyond a passive 'pegs and holes' view of 

manpower planning. The number and nature of the holes, the 

likely vacancies in employment, were taken as given by employers 

in the medium *term forecasts. And it is important to note that 

the medium term (based on employer reports) rather than the 

longer term forecasts (based. on 'independent' judgement) were 

the more likely source of cries of alarm after the early post- 

war years. In these medium term forecasts the manpower committees 

became part of the industrial employers' chorus for the creation 

of a 'buyers'market' rather than the 'sellers' market' for 

scientific and technological manpower which had existed in the 

early post -war years. The Manpower Committees had done very 
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little to promote what has been termed 'active manpower planning'.(33) 

One reason for the persistence with the passive approach to 

industry on the part of the manpower committee lay in their 

belief that the educational system could be more readily 

controlled than the practices of industrial employers. In this 

area the manpower committees appeared unaware of the ignorance of 

why students choose education or particular kinds of education 

and the consequences of ;articular kinds of education. The 

Swann Committee had followed the Percy Committee in that both saw 

failures to gain the farthest possible application of science to 

industry, and both saw the pbblem as partly attributable to the 

educational system, and both set about designing an educational 

system more responsive to industrial needs. One of the greatest 

weaknesses of the work of the manpower committees over the inter- 

vening twenty years was that they undertook little investigation 

of those industrial needs. The need for studies of utilisation 

had been emphasised by Carter and Williams in their lengthy 

studies of the national deployment of scientific and technical 

knowledge in the 1950's.(34) 

(33) For axeview of the 'state of the art' of manpower planning 
see C. J. P .ArkiEs 'A Review of Manpower Planning', Mimeo, 
Institute of Manpower Studies, July, 1971. 

(54) C. F. Carter and 3. Williams Industry and 'T'echnical Progress, 
London: Oxford University Press 1957; .Science in Industry, 
London O.U.P. 1959 
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5. The Utilisr.tion of Qualified Scientists and EnFineers. 

How scientists and engineers are employed in the national 

economy can be taken up in any ways, for example, an 

examination could be conducted at different levels of analysis 

from macrosocial studies of the distribution of scientists and 

engineers across employment sectors to the more macrosocial 

case studies of employment in particular industries or companies, 

or even work groups. In their more detailed work, the Jackson 

Committee concentrated on macrosocial. studies of sectoral 

distribution. The economists have tended to concentrate their 

attention on aggregate studies since they have had interests in 

policy relevant studies at the national level. However, both 

groups did conduct studies at the microspopic level which yield 

interesting material for the sociological study of utilisation. 

Reliance on market evidence to indicate appropriate policy 

rests on the belief that a market operates and is likely to ensure 

a relatively efficient distribution of resources. In the manpower 

forecasting distinction between 'demand' and 'need' lies a 

fairly pointed criticism of the adequacy of the market. 'Demand' 

was taken to be something akin to the economists' use of the 

concept although when employers were asked about employment in 

three years' time they were told to assume that supply would be 

available and this use_does not involve the employer making any 

indication of his willingness or ability to bid in the market 

through operations on his salary -offers. For the manpower 

forecaster 'need' Was defined by reference to 'stated objectives 

of an organisation or community'.(35) In their usage of the 

(33) For definitions of these concepts see The 1965 Trienr.i.al 
Manpower Survey op ,cit. p. 17. 
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concepts the manpower forecasters suggested that 'demand' (what 

employers wanted) was always less than 'need' (what the nation 

ought to have) and so planners could not rely on the market to 

ensure that 'needs' would be met. Perhaps the most lucid and 

persuasive of critics of the market mechanism in recent years has 

been Professor J. K. Galbraith and his study of The New Industrial 

State. He presents an account of the relationship between 

industry, education and tho state in an advanced industrial 

society.Ob) Galbraith pointed to the relationship between 

production and consum tion emerging in the 1930(s and the cc.noequent 

need seen by industrialists to discover new wants by market 

research, to stimulate demand by advertising, and develop new 

goods by research and development to encourage demand in new 

directions. The state must become involved to a significant 

degree in the case of research and development, he argued, both 

as guarantor of demand in the product market to support heavy - 

development costs and as provider of educatid manpower in the 

labour market to support the research and development effort. 

In the U.S.A. Galbraith argued that this occurred because it was 

feasible to support industrial R & D 

especially in the period since 1945. 

Russian sputnik in the cold war skies 

through the defence budget 

The appearance of th._: 

considerably strengthened 

arguments in favour of the Federal Government's underwriting 

of the educational supply to industry. Galbraith adopts a 

somewhat curious stance in his analysis, however, for while he 

holds to a logic of industrial development and the thesis that 

industrial societies are becoming alike under the influence 

(36) 
J. K. Galbraith The New Industrial State London: Hamish Hamilton 
1967. 
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of technological prequisites, he wishes to maintain that in 

capitalist societies the market mechanism has produced a perverse 

mix of 'private affluence and public squalor' which is not 

inevitable and which can be remedied by public choice. It lias 

already been indicated that research and development in Britain 

has been heavily weighted to Government and defence purposes. 

That this has been so seems a matter of political will and not of 

technological determinism nor of anonymous market forces. It 

does mean that 'where the ultimate products for which R & D is 

undertaken are provided out with the market system, as public goods 

in the case of defence, to dismiss the concept of'need'as 

'metaphysical' is cavalier and to assume that industrial employers 

are both competent in the employment of qualified scientists and 

engineers and are enforced to be competent by market pressures 

requires justification. These are the kinds of justifications 

which might be provided by a study of pattes of utilisation. 

Even from the evidence of their. studies, the 'problem' of 

sectoral maldistribution of the graduates presented by the Swami 

Committee appears to have been a disappearing problem. As one 

might have expected.from the Galbraith analysis the distribution 

of scientific and engineering manpower in Britain was heavily 

skewed towards Government s.pported projects which might be 

termed 'Defence', 'Big Technology' and 'Higher Education'. In 

each of these areas the 1965 Triennial Manpower Survey and the 

Swann Report suggested that there was likely to be either a 

static level of demand for the medium term future or a slowing 

down of the rate of increase (for example, in Defence R & D they 



pointed out likely redundances in Government military but did not 

discuss consequential impacts on defence - funded R & D in industry), 

and the J.G.C. memorandum on guidance for the quinquennium 

indicated a slowing down of the rate of expansion in post graduate 

studies. Much of the 'Brain Drain' could be attributed to 

various. Government decisions not to engage in the large 

committments of national resources necessary for 'Big Technology'. 

In this way the recent inability of industry to gain 'fair shares' 

of 'able graduates' vis á vis Government research and higher educa- 

tion was likely to diminish. 

However, the Swann Committee did recognise that competition 

between sectors (and other countries) for manpower would continue 

and that industrial employers shou-ld consider improvements in 

employment. Of course this was. the point to cite the evidence 

of utilisation studies and all that the Jackson Committee had 

.undertaken was the collection of impressions from the 'Brain 

Drainers' and a report on the design of a 'matching section' 

between academic study and industrial employment for production 

engineers.(37) The comments of those who had left for 

employment in the American defence or space industries included 

reference to the lack of challenge or responsibility in work 

available to them in British industry and the Jones Committee 

(3'7? Brain Drain Cmnd 3417 op. cit. 
Education and Training Requirements for the Electrical 
and Mechanical Manufacturing Industries London: H.M.S.O. 

1966. 
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laid the balance of recommendations for reform on the industrial 

rather than the educational system. 

From the nature of the earlier debate between manpower fore- 

casters and economists about the evidence of shortage and the 

nature of the popular complaints against the inadequacies of the 

educational system in its responses to industrial needs it seemed 

worthwhile to undertake a study of utilisation and some steps 

towards advancing our knowledge of the employment of scientists 

and engineers in industry. Two points in the debates gave an 

empirical focus for study - these were the notion of 'best 

practice' industry and the other was the acknowledgement by 

the awann Committee of the often heard comment that the failure 

of graduates to enter industry was not so much the cause as the 

result of the present state of much of that indu_try.h(33) 

One of the industries most frequently cited as an example 

of a science -based industry, with large expenditures on R & D 

and significant proportions of qualified scientists and engineers 

in its labour force has been the electronics industry. Of the 

trio of aircraft, chemicals and electronics, the electronics 

industry has been regarded as a significant portent of the future. 

Its most famous products, radar and computers, appeared as 

peculiarly powerful demonstrations of that fusion of scientific 

knowledge and technical skill in the Second World War, and the 

industry was a centrepiece for the attention of the newly- created 

Ministry of Technology in 1964. Un the manpower issue it appeared 

something of a critical case for this industry had the fastest 

rate of growth of output in the early 1960's and the most pressing 

(38) Swann Report Cmnd 3760 op. cit. p. 
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demand for qualified scientists and engineers. The electronics 

industry had the gro,,test sh rt ges of ali branches of manufacturing 

industry when measured by vacancies as a percentage of employment 

of qualified engineers and scientists in the 1965 Triennial 

Manpower Survey.(39) From this, one might expect that close 

attention would be paid to manpower utilistion in this industry. 

Thus in any attempt to assess the salience of the 'shortage' and 

'utilisation' issues and the prospects for stimulating change 

in industry through operations on'the educational system the elec- 

tronics industry seemed an appropriate starting point. 

Once the industry had been selected, the other question of 

which scientists and engineers to select for study was resolved 

by the desire toy follow up the allegations about preferences 

and competence. This implied the.choice of a sample of graduates 

as close to the timing of choices as possible and as close to 

the point of entry to employment as possible. And since the 

interpretation of reactions to industry was frequently made in 

terms of the consequences of a science or an engineering education 

it was desirable to have a sample with opportunities to compare 

those with a science and these with an engineering background. 

- Examining what happened to new entrants to industry and in what 

ways they experienced disillusionment and disappointment seemed 

an appropriate way to approach the Swann Committee comment the -.t 

current entrants were put off industry by the reported experiences 

of past generations. If problems were experienced in a 'best 

practice' industry then their study might be related to other 

industries. 

(39) 1965 Triennial ::anpower Survey Cmnd 3103 op. cit. p. 11. 
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6. 'ihe transition tc the world of work: a su'aary of Drol len s 

related. 

So far it has been argued that any discussion of the malaise 

of the ._ritish economy will touch inevitably on the relationships 

between the educational system, particularly the tertiary stages, 

research in science and technology, and industrial production. 

indeed it has been seen already that these relationships have 

formed the core of a number of t.roposed long -term solutions to 

the problems of the British economy. Those accounts, which can 

be readily caricatured, would maintain that it is the 'engine room' 

of a society which affords the standard of living in that society. 

Iioreover, Britain would be characterised as a technological 

society one in which the critical resources to be utilised 

are not material but human, in fact the resourcefulness of her 

skilled manpower. Provision of skilled manpower is made through 

the educational system, and if society is to be changed through 

the activities of industry or to fulfill the preconditions of 

a-logic of industrial development then those changes can be brought 

about through changes'in the impact to industry from the educational 

system. The educational system in this account can be seen as 

a tool of policy for educationalists, industrialists and government, 

a means of effecting derived change. It has been seen too that 

strands of this model are evident in the numerous reports of the 

Committee on ' eanpower Resources for Science and Technology, 

most explicitly in the Swann Report. Idhile difficulties in these 

relationships between the educational system and industry have 

become much- discussed social problems, they are relationships 

which present significant theoretical problems in the social 

sciences. 

Part of the criticism levelled by the economists at the 

various Committees who have advised Governments on forecasts of 
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scientific and technological manpower forecasts since 1,;47 

was that their analysis, their cause and effect reasoning, was 

an indulgence in layman's social science. Yet in one respect 

both the t;ommi tees and the economists critics shared a common 

approach in digging through the statistics to establish :;nd then 

inferring models of individual and group behaviour compatible 

with the trends. A central problem in this 'as if' analysis 

comes in the r::c.Ve from description to prescription when it 

cannot be assumed that a p-- rticul:r correlation will hold in all 

circumstances ,.nd a knowledge of causal processes becomes im,_,ortant. 

Despite the considerable importance attached to occupational or 

career choice, progress towards an adequate, testable tineory 

has remained limited. Cne of the fruitful efforts has lain in 

the sociologists' concept of'socialisation' which has been 

employed in explanations of 'how individuals are guided toward, 

trained for, and inducted into certain occupational roles.' Thus 

the social problems of 'shortage' or 'reluctant entrants' becomes 

a sociological problem about the conditions under which individuals 

develop committments to aparticular occupational role. The 

other social problem about 'ill- prepared industrial recruits' 

or 'disgruntlement at problems of utilisation' becomes a sociological 

problem about the kinds of perspectives which recruits develop 

to deal with the demands of their employers in industrial settings. 

both the manpower dommittees and the economists adopted relatively 

simple -minded views about the ease with which scientists and 

engineers were to apply scientific knowledge and technological 

skills to industry, the manpower committees with an exaltorated 

optimism in the power of education and the economists content to 

assume that em:;ioyers knew what w.-,s required and could re lily 

translate these demands tonew entrants. 
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The way in which the utilisation issues were tien uo in 

sociological study is outlined in the two following chatiters and 

appendix two presents soie of the data from the pilot study in 

1967 -8 which suggested that the issue sh. -uld be pursued further 

in the main study. 



CHAPTER TWO 

THE UTILISAT'ICN CF PROFESSIONAL IiANi CWER AS A SCCICLuGIC:>L i'iiùLi H 

1. Introduction. 

In the early post war period the problems of securing scientific 

and technological manpower for industry were seen as part of the 

wider natural problem of simply educating, training and using 

larger numbers of scientists and engineers in the national 

economy. By the 1960's the problems of industry were seen more 

distinctly as sectoral problems, (along with schoolteaching), and 

the problem was defined by the Government advisory bodies as one 

in which 'academically able'scientists, (and to a lesser extent, 

engineers), tended neither to choose nor be suitable for industrial 

employment. This definition of the problem rested on a set of 

assumptions about values and motivations which werd inferred from 

statistical studies of behaviour, (for example, flows into 

employment), and the comments of employers. The case for a 

disaggregated study which enquired directly into the meanings 

which employers and recruits gave to the transition of graduate 

scientists and engineers to industrial employment has been 

argued in Chapter One already. There it was pointed out that 

the issues of occupational choice were defined as social problems 

against a background.cf beliefs about shortages of scientists and 

engineers. Furthermore it was pointed out that at root the pat- 

tern of employment among the 'academically able' physics graduates 

was given greater prominence by the Swann Committee because 

they believed that this revealed the pattern of preferences shared 

by most graduates, in other words they believed that most 

graduates sought to identify themselves with universities and 

research. 
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The starting point for a sociological enquiry is the definition 

of the research problem and then a refinement such that the problem 

can be tackled with the resources at hand. Since the resources were 

heavily constrained by time,I decided that the issues of 

choice would not receive priority in the research design. 

Instead I decided that 'unsuitabiïity'should receive priority 

for investigation, since this appeared a more serious charge and 

the utilisation issues would remain whatever short run solutions 

were found to 'numbers' problems. Having decided to concentrate 

on a case study of the utilisation of recent graduates in science 

and technology in industrial employment, there were a number of 

problems about how to contact a suitable industry, set of 

companies and recruits. 

The remainder of this chapter outlines the way in which the 

social problem of a 'mismatch' between the requirements of 

industrial employers and their graduate recruits was 

sociological analysis. In the following section the 

of American sociologists is briefly examined since a 

these writers tended to present a consistent view of 

defined for 

literature 

number of 

a clash 

between the values of science and industry and suggested that 

there might be problems for the individual socialised into 

holding the values of science and who moved into industrial 

employment. Overall, however, these writers pointed to the 

development of accomodations which would permit the more 

effective employment of scientists and engineers in industry. 

This interpretation of conflict between industrial scientists 

and engineers and their employers in terms of a value clash 

became something of an orthodoxy and the way in which ithas 



influenced British studies of scientists and engineers in 

industry is z:ken up in the third section. Explanations of 

conduct in industry in terms of a value clash had considerable 

weaknesses both at a theoretical level, because of their 

presumptions about the relative stability of value orientations, 

and at an empirical level, because of the development of these 

approaches in an American context of employment. In the following 

chapter an alternative conceptual framework which emphasises 

the susceptibility of value orientations to change as 

situations change is outlined. This approach is shown to generate 

a number of questions about the kind of settings in which employers 

recruit and induct new employees and questions about the resources 

and strategies available to recruits in coping with their new 

situation. 
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2. Orthodoxies in the study of scientists and enri.neers in 
industry. 

Frequent reference to American studies of scientists and 

engineers in industry is understandable because American industry 

has employed large numbers of scientists and engineers and 

because American universities have large departments of 

sociology, psychology and business wLo have studied the 

problems which arise in a novel situation, that of the quite 

dramatic increases in expenditure on R & D by industry following 

the second world. war. Although the role of research worker 

engaged in product development first appeared in the 

laboratory of Thomas Edison and his self -educated inventors, 

the wartime employment of university -trained scientists on the 

"Manhatten project" provided a new kind of model for the 

employment of scientists and engineers in the development of 

a new technology; scientists and engineers committed to a 

common purpose could be given conside able autonomy and massive 

funds to achieve new technological developments. Such a view 

applied to industry brought some disappointments and over time 

the prescriptive management literature changed from advocacy of 

the view -that scientists must be accepted on their own terms to 

the view that scientific research could be managed.(1) During 

(1) Norman Kaplan detected such a shift in the writings of 
Peter Drucker, .a muchLrespected writer on management, over the 

.decade 1953 to 1963, ( "Organisation: will it choke or promote 
the growth of science" in K. Hill ed. The Mana:;ement of Scientists 
Boston: Beacon Press 1964 p.izo ). In his 1963 paper 
Drucker wrote of the 'fables of research ,r,anage,:.ent' and the 

lessons which were being learned. Edward Roberts felt that, 

even at the later date, Drucker's views and those of .:iany man- 

agers were devised more from folklore and wisdom than 'a well 

supported dossier of facts andfigures.' ( "Facts and Folklore 
in Research and Development" Industrial Mana7ement Review 
Vol. 8, No. 2, Spring 1967 p.5.) 
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the 1950's sociologists studied the extent to which there was 

developing a culture of industrial science in which values and 

norms defined what could be legitimately expected of scientists 

by industrialists and vice versa. In this approach it was 

assumed that a moral order was important to regulate the integrity 

of technical contributions, and the sociologists attempted to 

distinguish tine values and norms of science. Empirically the 

normative order was associated with the university in which 

scientists were trained nd the sociologists attempted to assess 

the extent to which industrialists were ,:;repared to grant the 

degrees of autonomy and conditions of work associated with a 

university. If this autonomy and these conditions were not 

forthcoming then it was expected that scientists would not be 

able to contribute to the development of science. Since 

industry was not presumed to be greatly interested in the 

advancement of science per se, conflict between scientists and 

industrialists was predicted and indications of dissatisfaction 

among scientists in industry were interpreted as evidence of a 

dlash between the values of science and industry. 

In the early 1960's three studies appeared which become 

the core.of a sociological orthodoxy, for, despite different 

origins and research strategies, these studies provided a 

common account of the scientist in industry and a common inter- 

pretation using the concept of a 'value clash'.(2) Marcson, 

(2) W. Kornhauser Scientists in Industry Berkeley: University 
of California 1960. S. Marcson The Scientist in American 
Industry Princeton: Princeton University cress 1960. A. Strauss 
and-L. xainwater The 2rofessional Scientist: a study of the 

:Imerican chemist Chicago: Aldine 1962. 
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based in an Industrial Relations department 
2 
focussed directly 

on authority relations in an intensive study by participant 

observation of one large laboratory in the American West Coast 

electronics industry. Using very different methods the study by 

a large team under the direction of Strauss and Rainw,ter stemmed 

from a commisssion from the American Chemical Society for a study 

of its members. These researchers followed an early qualitative 

survey with a p,stal questionnaire to 9,981 members (every ninth 

member) which yielded 2,789 usable responses across seven categories 

of membership from academic scientists to chemical engineer. 

The study by Kornhauser was less closely related to primary 

materials gathered by the author and attempted a general 

synthesis of recent researches.(3) From these diverse modes of 

enquiry emerges a view of the industrial scientists as members 

of a profession whose relationship with their industrial employers 

is fraught with the tensions of a clash of values. 

Kornhauser identified industrial scientists as members of 

a profession exhibiting the distinctive traits of a profession 

and endeavouring to fulfill the functions of a profession in 

the maintenance of standards. 

"A primary function of professionalism is the protection 
of standards of excellence in the face of pressures for 
quick and easy solutions. It serves this function by 
developing expertise, autonomy, committment and respons- 
ibility.úmong the practitioners in significant areas of 
human endeavour-."(4) 

(3) An important weakness in the Kornhauser study is the way 
in which his own research in government, industry and academic 
laboratories is submerged in the general synthesis with»ut a 
clear identification of samples and findings. 

(4) W. Kornhauser op. cit. p. 1. 
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The various developments were elaborated further, for example, 

'expertise' lay in the growth of specialised knowledge, 'autonomy' 

was essential to allow those who possessed expertise to exercise 

free judgement, 'coramittment' was developed in the individual 

during the lengthy training period enquiring expertise and was 

evident in a lifetime practicewhere practice was in part its own 

reward, and finally, 'responsibility' was the quid pro quo 

offered by practitioners to society as a bargain for the autonomy 

granted and an assurance that the power conferred by expertise 

would not be exploited for personal gain. Having set out his 

ideal type of the professions Korkhauser had to distinguish 

scientists as members of a profession. This was done in a rather 

curious manner. Kornhauser acknowledged that scientists in basic 

science do not have clients since contributions to knowledge 

are made to fellow practitioners, and he used another sense of 

professional, that of the contrast between the Eighteenth 

Century amateur scientist and the full -time salaried (i.e. 

professional) of the Twentieth Century to put the pure 

scientists into his category of member of a profession. The 

normative order which regulated the conduct of pure scientists 

Kornhauser derived from the work of Robert Merton and his 

colleagues. Kornhauser wished to exclude applied scientists 

and engineers from his category of profession since they did not 

exhibit those characteristics of autonomy and internal democracy 

in their social control of their professional affairs which 

Kornhauser believed characterised the pure scientists. However, 

Kornhauser acknowledged the comments of others that these groups 

claimed to be members of a profession and at many points in his 
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subsequent analysis he includes as one homogeneous group, the 

pure and applied scientists and the engineers. Two important 

questions about this analysis are, firstly, how could Kornhauser 

and his fellow writers distinguish a cientific prcfession out of 

a seemingly diverse range of educationally and occupationally 

experienced employees, and secondly, how this group carie tofollow 

the normative order of science, that is, Lasic or pure science. 

On the first point Kornhauser was somewhat ambivalent. At 

some points he quoted from studies which portrayed the engineer 

with greater feelings of security in industry compared to the 

scientists and as committed to the performance of a wide range 

of skills in a particular::.organisation compared to the narrow 

specialisms which the scientist sought to practice before an 

audience beyond his particular organisational boundaries.(5) 

At other points, however, Kornhauser acknowledged that 

engineers sometimes claimed to be professionals and in his dis- 

cussion of professional societies he suggested that the increased 

relevance of science to engineering and the increased utilisation 

of science for practical ends has meant that engineering societies 

have become more intellectual and the scientific societies more 

progmatic.(6) At some points then, Kornhauser argued that 

the differences between engineers and scientists have become those 

of degree rather than kind.(7) Strauss and Rainwater in their 

coverage of the American Chemical Society included scientific 

and engineering qualifications but did not elaLorate on the 

(5) 
Kornhauser ibid p.30. 

(6)Kornhauser ibid pp.84-86. 

(7)Kornhauser ibid p.16. 
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consequences of different educational consequences for professional 

claims and experiences. iínreson included a high proportion of 

engineers in his sample of scientists but did not find any 

distinctions sufficiently imwortant to merit comment.(8) In 

a somewhat earlier paper, another sociologist had argued that 

engineers did experience conflict with their industrial 

employers with its origins in a value -clash, but argued as 

Kornhauser did, in optimistic vain that mutual accomodaticns 

were minim icing the extent of conflict. 

"In general the marginal man is a man torn between 
two cultures whose value systems are in some respects 
incolpatible In this sense the engineer too is 
marginal. His marginality derives from the peculiarity 
of his profession; the two cultures to which he is marginal 
are the scientific cultures and the business culture. 
The engineers' case is, however, if anything more severe 
than that of the traditional 'marginal man'. His is 
more like the marginality of the child of intermarriage 
where mother has one cultural background, father 
another ... 

"As industrial procedures become technically 
complex, the engineer's organisational role becomes 
more central. In terms of organisational requirements, 
therefore, its cultural and psychological marginality 
are anachronisms. This lag has unfortunate consequences 
for professional responsibility and satisfaction. And 
the course of the log must be either in a' stereotype 
of management which presents the sharing of responsibilities 
and recognition or in professional education which makes 
the engineer untrustworthy as a responsible member of 
the organisation. "(9) 

(8) S. Marcson op. cit. appendix on method. 

(9) H. A. Shepherd "Engineers as marginal meni' Journal 
Engineering Education vol. 47 no. 2 March 1957. 
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Although defining what is and what is not a profession and 

then which groups are to be assigned to the category is both a 

fruitless and presumptuous activity in which many sociologists have 

engaged,,the decision to include scientists and engineers 

together merits examination.(10) 

Although Kornhauser exhibits ambivalence, he manages this 

uneasy posture with little discussion of the basis of specialised 

competence, and few questions about how, why, and where it is 

acquired and legitimated. This ignores the variety of scientific 

and engineering disciplines and the levels of skill as Measured 

by bachelor and doctorate qualifications and one British study 

listed no fewer than ninety -four degree tities.(11) More importantly 

the problem of how boundaries might be drawn by engineers and 

scientists themselves and how these conceptions enter in the 

shaping of conduct. How boundaries might be drawn and how unity 

could be maintained across diversity was seen as a central question 

by Strauss and his colleagues.(12) Warner. in a brief section of 

(10) The task is presumptious because 'profession' is a highly 
valued status in our society and sociologists are net gatekeepers 
to privilege, and the móre fruitful lines of enquiry lie in 

asking why some group should claim privileges and why they 
expect that it should be granted. Everett Hughes stated 
this belief many years ago. (Men and their Work Glencoe: 
Free Press 1958 p.44). One of the pitfalls of the structural - 
functionalist theoretical approach, in which Kornhauser and 
the other writers work, is a tendency to aassume a set of 

functional prerequisites which are Let by a particular group 
and then accept the ideology of that group about the way in 
which 'needs' are to be met. 

(11) D. A. Sheppard Scientists and Engineers and their choice 
of job 1956 -19,9 Department of Education and Science London: 
H.M.S.O. 1966. 

(12) A. L. Strauss and Rainwater op. cit. ch. 2. 
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the final report suggested that such unity might be mentioned 

at a symbolic level where the scientist, whatever the humdrum 

nature of his work, could recall his initiation as a 'believing 

young man' and identify with the eminent men cf science.(13) 

The questionnaire material was somewhat inappropriate to elaborate 

on these points and they remain open for further investigation. 

The other question about the 'orthodoxy' of 'value clash' 

explanations arises in the. specification of the values and norms 

of the profession of science, when and how these were acquired, 

and the way in which professional practice was orgaised such 

that the community-of fellow practitioners attempted to sanction deviance. 

The much quoted source for these norms was Robert Merton, who, 

in turn, derived the -norms by inference from "countless writings 

on the scientific spirit" and deep study of the 'Scientific 

Revolution'.(14) The four norms identified by Merton - communism, 

universalism, disinterestedness, and organised scepticism 

composed the. 'ethos of science'; "that affectively toned complex 

of values and norms which is held to be binding on the man of 

science. "(15) 'Communism' referred to the common ownership of 

goods and limited intellectual,property rights of the scientist. 

'Universalism' demanded that truth claims be subjected to 

'preestablished impersonal criteria', in other words, men of 

(13) £bid pp. 190 -8. 

(14) W. Kornhauser op. cit. ch. 1, S. Marcson op. cit. ch. 2. 

1. K. Merton's paper was originally published in 1942 and reprinted 
as "Science and Democratic Social Structure" (Social Theory and 
Social Sructure Glencoe: Free Press 2nd ed. 1967.) 

(15) R. K. Merton op. cit. p. 551. 
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science should not recognise 'Aryii.n Science' or 'Marxist- Leninist 

Science'. 'Disinterestedness' was ari institutional demand that 

scientists should not achieve personal gain. Finally, 'organised 

sceptism' required that a scientist should suspend judgement 

until a 'detached scrutiny of beliefs in terms of empirical and 

logical criteria' had been completed. Together with technical 

norms of empirical evidence and logical consistency, Merton 

believed that a reasonable degree of conformity to the moral 

norms would lead, to the achievement of the institutional goal of 

science, the extension of certified knowledge. Merton believed 

that these norms were transmitted by precept and example, and 

reinforced by sanction such that they were internalised by the 

scientist. From this analysis it is easy to conclude that such 

a community of scientists would be in conflict with industry which 

does not share the goal of the advancement of certified knowledge 

nor recognise the relevance of norms designed for that purpose. 

Yet there are some important steps which are required in this 

extension of the analysis, for example, why should scientists in 

industry share the goals of academic science and seek to implement 

these norms.(16) Marcson suggested some sources of committment in 

(16) Elsewhere I havd argued that observations on these matters 
were coloured by the sociologist's viewpoint as an academic. 
There was a tendency to confuse science and scholarship, for 
example, in the frequent mistranslation of Weber's paper 
'Wissenschaftals Beruf' as 'Science as a Vocation' and the 
assumption that what Ober said about the academic scholar 
in Nineteenth Century Germany was relevant to the scientist. 
( "The expert: some comments on the literature on scientists 
and engineers" Technology and Society Vol. 5 No. 2 1969 Op. 77). 
For some comments in a similar vein, see N. Ellis "The 
occupation of science" Technology andSociet.y vol. 5 No. 1 1969. 
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the scientist's graduate training, work involvement, membership 

in professional societies.(17). The consequences of graduate 

training were assumed rather than demonstrated, and while 

Kornhauser thought professional societies important he did not 

believe that they were essential to the effective functioning 

of a community of industrial scientists, but he did not examine 

the ways in which such a community might sanction the behaviour 

of fellow members such that they behaved in conformity or sought 

to conform to the Mertonian imperatives.(18) 

Kornhauser pointed to four areas in which the industrial scientist 

was likely to experience difficulty with his industrial employer - 

the setting of goals, the use of controls and incentives and 

the degree of influence of scientists. It was argued that the 

scientists would disagree with management about the criteria for 

important and worthwhile research, the scientist was likely to 

emphasise contributions to basic research, and hence engage in 

disputes about high quality v. low cost research, long term v. 

short term programmes, and so on. Two patterns of control were 

outlined and the bureaucratic organisation based on the principle 

of hierarchy was contrasted against the colleagueship of professional 

(17) S. Marcson op. cit. ch. 6 "Professional Needs of Scientists ". 

(18) Kornhauser provided examples of the way in which professional 
societies could sanction the scientist's adherence to the normative 
order of science - "By conducting technical study through 
publications and meetings, professional associations provide 
stimulation of the individual's work, recognition of his 
contributions, and support of his identification with the 
community." (Kornhauser op. cit. p. 86). 
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bodies where judgements were vested in a body of peers. Within 

ti,e community of science, contributions to certified knowledge 

were held toy rewarded by solicitations for research papers and 

marks of honour and esteem, whereas the industrial organisation 

sought new or improved devices and offered rewards of enhanced 

income, authority and promotion in the hierarchy of offices. 

Finally there was likely to be conflict of allegation and counter - 

allegation over the extent to which the research of the scientists 

could and should influence in company actitities. Despite the 

initial statement of potential for conflict, Kornhauser concluded 

his study on an optimistic note where recognition of mutual 

dependence on the part of both scientists and industrial organisations 

prompted efforts to devise alternative structures which secured 

the effective contributions of scientists to organisational 

goals and yet granted some degree of autonomy to the scientists. 

These accomodations were in the definition of new professional 

goals which broadened the scope of professional activity, new 

professional controls, which sought to accomodate professional 

and organisational goals, new professional careers such as dual 

career ladders and a broadening of the definitions of professional 

responsibilities. Marcson was more pessimistic, and suggested 

that if accomodations took place then most of the shift in 

outlook was undertaken by the individual scientist or engineer 

rather than his employing organisation.(19) 

(19) Accounts of optimism and pessimism imply, of course, that 
these writers were committed to the view that scientists 
ought to he employed in industry and that industry ought to 

recognise the demands for autonomy as legitimate. Merton argued 
the case for industrial support of basic research on the 
grounds of 'potentials of relevance', an argument which 
justified industrial interest in science but argued that basic 
research must be accepted on the scientists' terms.( "Basic 
Research and Potentials of Relevance" American Behavioural 
Scientist Vol. 6 1963). It should be noted that to some extent 
differences in pessimism and optimism arose because Kornhauser 
was writing of classes of employees and the differences between 
the employment of professional scientists and engineers vis a 

vis other groups, whereas Marcson was writing of individual 
new entrants. 
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There were, however, contemporary studies which gave a 

different account of the position of engineers and scientists 

in industry to that offered in 'the orthodoxy!, and drew attention 

to the variety in the conceptions of science. Krohn defined the 

population of scientists as holders of Phd degrees permanently 

occupied at least part -time on research, and took a thirty per 

cent random sample from the working scientists spread across 

academic, industrial and government employment in the twin city 

area of Minneapolis -St. Paul. (20) In his interviews he included 

eight attitude scales to examine three main issues: (a) the 

conception of science (whether there was a change in the conception 

of research as properly conducted by individuals to the idea 

that it belongs to large -scale, formally organised research 

projects); (b) the .conception of the scientific role, (whether 

there was a change from the conception of the scientist as an 

independent intellectual to the notion of a salaried 

scientific professional); (c) the conception of the appropriate 

organisation for scientific research, (whether there was a change 

from the justification of research by the value of knowledge for 

its own sake to justification by its utility in the achievement of 

general human welfare). Krohn found that these conceptions of 

science, scientific roles and appropriate organisation for 

science did vary according to the institutional location of the 

scientist, for example, on all eight scales those scientists in 

industry had what Krohn termed 'less traditional attitudes'. 

(20) R. G. Krohn 'The Institutional Location of the Scientist 
and his scientific values' IRE Transactions on Engineering 

Management E M 8 No. 3 September 1961. : 
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Thus the industrial sample identified science with large scale, 

formally- organised projects, incorporating scientists as professional 

team members, and directed to utilitarian ends. In another study, 

West concluded that even academic scientists were very limited 

advocates of the institutional imperatives identified by 1.ierton 

and suggested that scientists were developing a conception of 

the moral order appropriate to the context of Twentieth Century 

Science.(21) What these studies challenged was the interpretation 

of conflicts and showed that the scientist leaving university and 

entering industry need not hold the view that 'science' is to be 

conducted by individuals for its own sake but could hold other viable 

conceptions of science. Yet these studies by Krohn and West 

did not appear in the mainstream of sociological literature and 

tended to be cited subsequently as supports (rather than criticisms) 

of the Kornhauser thesis of an 'adjusted' and 'accomodated' 

world, of a world in which science and business and scientists 

'and businessmen) were learning to live with each other albeit 

with tensions.(22) 

Other studies of the 1960's attempted to explore the nature 

of the accomodations. Evan started from the assumption that the 

scientist has been trained in basic.research in the university 

and on entry to industry will experience role strain (a 'felt 

difficulty in fulfilling role obligations') but assuming that 

role obligations will vary across departments he hypothesised 

that role strain would be least in basic research, greater'in 

(21) S. S. West 'The ideology of academic scientists' IRE, 

Transactions on engineering management E M 7 1960. 

(22) The Studies were reported in Transactions onEngineerin 
Management of the Institute of Radio Engineers. 
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applied research, and greatest in development. The crucial 

aspect of obligations was taken to be the extent of 'organisational 

pressure' indicated by the managerial efforts to achieve company 

goals.(23) Checking the hypothesis in the three departments (basic 

applied and development) of the relatively small research 

organisation of a large chemical comoany, Evan found a curvilinear 

relationship with more role strain in the applied department than 

in either basic research or develoment. Instead of interpreting 

his findings in terms of the disjuncture between aspirations 

and expectations using the concept of 'relative deprivation', 

Evan suggested that the contrast between applied research and 

the other departments could be understood in terms of the 

ambiguity in the employment relation for applied researchers. 

This ambiguity in the manager -scientist relation lay in the 

absence of a set of mutual expectations, the lack of a moral norm 

of reciprocity. Such norms were available in the model 

relationships of patron- artist (applicable to basic research) 

and employer -employee (applicable to development) but the 

professional -client model was not applicable to the scientist 

or engineer in the applied research department. La Porte had 

started his study of a West Coast aerospace industrial complex 

by hypothenizing seven sources of strain in the relations between 

managers and scientists but found only two sources evident.(21+) 

(23) W. M. Evan "Role Strain and the norm of reciprocity in 
research organisations" American Journal of Sociology Vol. 
LXVIII No. 3 November 1962. 

(44) T. La Porte "Conditions of strain and accomodation in 
industrial research organisations" Administrative Science 
Quarterly June 1965. 
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Indicators of accomodation (the high productivity of research 

papers, low turnover, favourable company attitudes held by 

scientists) prompted two revised hypotheses in which recognition 

of mutual dependence and administrative and managerial structures 

were thought influential, and La Porte suggested that the separation 

of major functional roles within the organisation allowed 

considerable autonomy to the research lab from the control 

procedures of the productioncepartment, for example, in account- 

ing and administrative fa'ci]ties. Another study by a social 

psychologist cautioned against assuming 'what people.say reflects 

the actual situation', Taguiri maintained that the counter images 

of scientists and manager held by scientists and managers were 

distorted by the tensions in the relationships.(25) Taguiri saw 

some structural changes prompting rapprochement, (the development 

of a science and profession of management using computer technology 

in decision -making, the acquisition of managerial experience 

by scientists in non- profit organisations, the increased contact 

of university scientists with 'outside' organisations), his 

suggestion seems very close to a suggestion that improved 

communication would lead to a ,diminution of conflict without 

regard to the tensions which led to.the use of distorted 

stereotypes. The tendency of these studies of 'accomodations' 

was to draw attention to the variety of specific contexts of 

employment, (non profit organisations other than universities), 

to the variety of departments within industry, (from basic research 

(25) R. Taguiri 'Value orientations of Scientists and Managers' 
in F. Ch-th, bailey and Wolek eds. Administering Research and 
Development New York: Taintock 1965. 



19 - 

to development) to the variety of arrangements to co- ordinate 

organisational departments, (from mechanisms for insulation to 

mechanisms for integrating departments), and by implication 

the tendency was to limit the relevance of the approach through 

value- clash. 

While one line of refinement to the value clash thesis has 

been to study more closely the demands of industry, another line of 

refinement has been to study the process by which these demands were 

communicated to the new entrant. La Porte and Taguiri drew attention 

to the similar social and educational backgrounds of recruits to 

managerial and technical positions and suggested that a homogeneity 

of outlook would ameliorate tensions. Other researchers had 

looked at the socialisation process in industry and concluded 

that whatever his initial orientations towards basic research, the 

new recruit underwent an enculturation process by which he learnt 

to temper his technical considerations with economic considerations 

,and then 'sell ideas'to superiors and colleagues.(26) 

Despite frequent reference to these studies in sociology 

texts and the sense in which their interpretations could be 

cited as orthodox interpretations they appeared a poor starting 

point for research on the transition to industrial employment 

in Britain. There were not only doubts about the relevance of the 

'value clash' treys as an explanation of the mis -match between 

American scientists (and engineers) and their employers, but there 

(26) R. Avery "Enculturation in Industrial Research" I.R.E. 
Transactions on Engineering Management Vol. EM7 No. 1 1960. 
This was in line with the view of Marcson mentioned earlier. 
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were a number of aú_itional features about British education 

and British industry which encouraged caution. In addition to the 

studies by Kro r1- and West, considerable scepticism of the 

Kornhauser- Nareson- Strauss and Rainwater view was expressed 

by Norman Kaplan. Kaplan doubted the usefulness of the 

conception of a profession of science, _luestioned the validity 

of the assumption that all scientists would prefer to be in 

basic -research activities, pointed to the vague, blanket use of 

relationships between autonomy and creativity and the neglect 

of specification about levels of supervision in the discussion 

of hierarchical and collegial control.(27) In the British 

context, postgraduate studies were not so extensively developed 

as in the United States, so that university trained scientists 

and engineers entered industry at the bachelor -level of education. 

Another source of contrast was that American industry supported 

a greater level of basic research than British industry. This 

meant that a priori one might expect a number of different 

effects in Britain. British industry did not purp -rt to offer 

(27) Kaplan could comment, therefore, on the unnecessary lengths 
to which American industrialists attracted scientists, who were 
not particularly committed to basic research, with the 
persuasive appeal of the basic research facilities in this 
organisation and then launch induction pro_ grammes and counselling 
sessions to persuade them tonmove to applied research 
or development, (personal communication). It appeared that 
some American employers believed a ver.iion of the Kornhauser/ 
early Drucker thesis. (See Kaplan's published critiques, 
"Organisation: will it choke or, promote the growth of 
science" op. cit., and "Professional Scientists: an essay 
review" op. cit.) 
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basic research and this might be reasonably known and the 

aspiring basic researchers would seek either academic or Govern- 

ment employment. British scientists and engineers did not tend 

to have the acquaintance with research gained through post 

graduate studies and therefore at the bachelor level might be 

less likely to seek basic research environment compared to 

American doctorate level manpower, but at the British doctorate 

level, the lack of breadth resulting from lack of course work and 

the high prestige of British academic contributions to basic 

research might be expected to encourage a greater desire for 

basic research settings among British PhDs compared to American 

Phds. Thus while Kornhauser appeared irrelevant at bachelor - 

level - the level relevant to discussions about the bulk of the 

entrants to British industry and a university-industry 'problem 

of responsiveness - it might have a 'grain of truth' at the Phd 

level. This point appears to have escaped a number of British 

sociologists who attempted to test the Kornhauser thesis on 

samples of undergraduates.(28) 

(28) Box and Cotgroverse.d a sampleof third year undergraduate 
chemistry students to examine degrees of committment to the 
'ethos of science' and mixed up bachelor level and doctorate 
level manpower in the examination of accomodations in an 
industrial sample. (S. Box and S. Cotgrove "Scientific Identity, 
Occupational Selection, and Role Strain" British Journal of 
Sociology vol. 17 No. 1 March 1966 and S. Cotgrove and S. Box.) 
Ellis too, makes the leap from an American context to a British 
context and claims that Kornhauser's work "contains the supposi- 
tion that industrial scientists have generally internalised 
the values of 'pure' science during their undergraduate 
training" ('The Occupation of Science' op. cit. p. 35 
my emphàsis). In contrast it should be remembered that Krohn 
explicitly defined a scientist inter alia by his possession 
of a Phd. 
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3. The British Context and studies of scientists and engineers. 

The American studies which appeared potentially fruitful, 

because of their location of the mismatch between industrial 

scientists and industrial employers in student socialisation 

into a set of values and norms anti- thetical to industrial 

research, were much less promising on closer examination. The 

contemporary British studies were somewhat disappointing as a 

guide to understanding the transition of graduate scientists and 

engineers to industrial employment for, although these studies 

provided a good deal of information, they were conducted 

either in a- theoretical framework or were toc closely preoccupied 

with the American theoretical approaches and problems. Both kinds 

of study have severe limitations for the sociologist and policy - 

maker. The a- theoretical studies which had accurate description 

as a guide to policy as their aim leave the policy maker free to 

make his own interpretation of the facts, but the researchers tend 

to import theoretical perspectives on an ad hoc basis when they 

publish their reports for broader consumption, and the views of 

Kornhauser and 'value clash' appeared among the impots. On the 

other hand some contemporary theoretical studies were too closely 

related to the American studies to distinguish alternative theoretical 

frameworks which could guide interpretation of their data.(29) 

(29) See the comment by Norman Kaplan on the final report of the 
Cotgrove and Box studies ( "Truth and Cliche in the Sociology of 
Industrial Science" Minerva vol 9 No. 3 July 1971). 
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Three studies, in the tradition of social accounting by 

use of social surveys attempted to provide accurate description 

to guide educational policy. Hutton (a professor of mechanical 

engineering) and Gerstl (airisiting American sociologist) set out 

to examine the nature of the mechanical engineer and the main 

types of work at various stages of his career, prompted by the 

establishment of a new department of mechanical engineering and 

the opportunity to reflect on the syllabus.(30) The researchers 

used interviews to obtain a sample of 977 members of the Institution 

of Mechanical Engineers in 1962. From the survey Gerstl and 

Hutton identified four main problems for the mechanical engineer- 

ing profession in the status of the profession, engineering 

education, recruitment, and the utilisation of skill. These 

were the familiar topics in the manpower debates outlined in 

chapter one. There was the alleged confusion in British society 

about the occupation of the engineer and identification with 

low status manual groups, an alleged failure to recruit from the 

most talented groups, the over -emphasis in engineering education 

on technical knowledge and skills, and the widespread feeling 

among professional engineers that their work could have been done 

by those with less technical training. Because the initial 

aim was descriptive, the explanations tended to be post hoc and 

at points referred to the compatibility of their own findings, 

such as the technical orientations of new entrants, with the 

(30) J. Gerstl and S. P. Hutton Engineers: the Anatomy of a 
Profession London: Tavistock 1966. 
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analysis by Kornhauser.(31) Yet it seems paradoxical that the 

writers should start by defining engineering as a profession, 

conclude that it was not recognised as such in society and 

propose renewed efforts by engineers to convince the public 

of the professional standing of engineers. In seeking common 

cause with Kornhauser, these writers linked engineers and 

scientists with a common set of problems. The two other 'fact - 

finding studies' were utilised by the Swann Committee in their 

report. The study by Rudd and Hatch was directed to provide 

information on graduate studies and employment under seven 

headings - wastage and time taken, employment patterns and 

changes of employment, emigration, salaries and relationship 

of studies to work - which were thought of potential use to the 

researchers' own study, the university appointments boards' 

secretaries, government departments and other users in industry.(32) 

The researchers' finding that the graduates in industry (here 

they did not distinguish between engineers and scientists) were 

least satisfied with their work was felt to be consistent with 

Kornhauser's study. Although Rudd and Hatch cautioned that their 

questionnaire had not explored thoroughly the reasons for the 

greater discontent of their industrial respondents they felt 

(31) Gerstl and Hutton admit their own study started from very 
modest and pragmatic origins, became much ..roader, and the 
study which 'began in the same year that Kornhauser's work was 
published was probably influenced more at the stage of inter- 
pretation thaA in design by Kornhauser's work.. 

(32) A preliminary account of the study appeared as Annex G 
'The careers of graduates beginning postgraduate study in 

1957-58' in the report of the Swann Committee The Flow in 
Employment or Scientists, Engineers and Technologists, and 
the full stut;, appeared in the same year E. Rudd and S. Hatch 
Graduate Study and ifter London: Weidenfeld and Nicholson 1968. 
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that the reasons given for leaving jobs in industry were consistent 

with the Kornhauser and 14erton analysis of professional values 

of 'autonomy' and 'communism',in conflict with industrial 

employer demands for specific work and secrecy.(33) In both the 

Gerstl- Hutton and Rudd -Hatch studies, then, the 'facts' of 

fact - finding studies were interpreted as consistent with the 

study of Kornhauser. The other study cited by the Swann Committee 

was carried out by Kelsall, Pople and Kuhn in the University 

of Sheffield. While the Rudd -Hatch samples of graduate students 

were probably more closely comparable to the samples studied 

in American industry, the Kelsall study dealt with first degree 

education and employment and was prompted by the desire for 

information by the University Appointments Boards.(34) 

In one sense it is erroneous to see a study as simply 'fact 

finding' for facts are theory- laden. Data is gathered within 

a conceptual framework which directs the researcher to ask some 

questions and not others, to cite some others and not others. 

Thus the relationship between social researcher and policy maker 

As becoming of research interest itself as social scientists 

become increasingly engaged as advisers to policy makers. In 

the cases quoted, however, the relationships were those between 

sociological researchers and an advisory body, but they do raise 

(33) E. Rudd and S. Hatch ibid. p. 169 -170. 

(34) A preliminary account of the study appeared as Annex G 
'The National Survey of 1960 Graduates' in theSwann report 
(The Flow into Em-,loyment of Scientists, Engineers and Tech- 
nologists op. cit) 'nd the full study appeared as R. K. Kelsall, 
A. Poole, and A. KuJn Graduates: the Sociology of an Elite 
London: Methuen 1972. This study, like that of Rudd and Hatch 
was financed by grant from the Department of Education and 
Science. 
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questions about the intelligibility of schemes of explanation 

between sociologists and laymen. This becomes most evident. 

in the Kelsall study. Professor Kelsall in a number of earlier 

studies had used social doss as a major independent variable 

and the 1972 final report placed considerable emphasis on 

social class in explanations of orientations to education and 

work. Yet social class does not appear in the material extracted 

for the Swann Committee. If it had been included it is a matter 

for conjecture'whether the Swann Committee would have appoaçhed 

the issue of shortage through concern about 'wastage' rates in 

education. 

In contrast to these largely a- theoretical studies, two 

other British studies were more directly linked to the sociological 

literature on scientists and engineers and were conducted as 

critiques of the Kornhauser thesis. The study by Box and 

Cotgrove shifted attention from socialisation within industry to 

socialisation within the educational system. They set out to 

examine the relative imurtance of observance of Merton's norms 

of science - autonomy and communality - and the extent of a 

committment to acareer in science by means of a questionnaire 

sent to two hundred London University third year chemistry 

students.(35) From the 1966 replies they devised a threefold 

classification of scientists into: 'public scientists' (to whom 

all three factors were important),'arivate scientists' (to 

whom autonomy and career committment were important, but who 

placed less value on communality), and 'instrumental', (who 

would use their skill for career advancement, but be prepared to 

(35) S. Box and S. Cotgrove "Scientific Identity, Role Strain 
and Occupational Choice" op. cit. 
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abandon a scientific career). Of the 'public scientists' 28% 

said that they would prefer to work in industry and 72% in an 

university or government laboratory while in contrast the 'private 

scientists' opted for industry (46 %) and university or 

government (54 %) and the 'instrumental scientists' opted for 

industry (51 %) and university or government (49%). A question 

about rewards from work reveled beliefs that industry offered 

better financial, social and technical conditions while universi- 

ties offered more autonomy and better professional conditions. 

A parallel study of chemists in employment included an investiga- 

tion of company recruitment policy and methods and concluded that 

companies sought ,potential executive material rather than pure 

research ability, from this the investigators concluded that 

industrial selection favoured the 'instrumental' or 'private' 

scientist. Further Box and Cotgrove concluded that-the process 

of choice (on the part of students)_ and selection (by companies) 

would minimise role strain: the frustrated 'public' scientist 

of the literature was an accident. Some accidents were likely 

because of the large numbers involved and shortages of industrial 

recruits, but Box and Cotgrove had drastically revised the relevare 

of Merton,. Barber and Kornhauser for the British context of 

first degree graduates in industry. The theoretical impasse of 

the orthodoxy become more apparent in the work of Ellis.(36) 

(36) 'A preliminary account of his study was given by Ellis 
in a paper to the Science Studies Unit at the University of 
Edinburgh. In his approach Ellis had been strongly influenced 
by Cotgrove but the title of his eventual doctoral thesis 
suggests the extent to which he had moved in his view of the 
scientist in industry and adopted a perspective in marked 
contrast to the structural functional approach of other writers. 
( "The Scientific Worker" upublished doctoral thesis, University 
of Leeds, 1969.) 
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Ellis criticised the Kornhauser approach for its view of science 

as 'o/Socially integrated occupation' and preferred a view of 

science as an 'amalgam of many diverse elements'. Within the 

amalgam Ellis included applied research and development as well 

as pure research., and noted that the distinction between 'technol- 

ogist' and 'scientist' on the basis of degree discipline had 

little meaning in many labs. For Ellis, the central conclusion 

from his studies was 'that holistic generalisations of any kind 

about the nature of the industrial;scientisthave a limited 

heuristic value'. Yet Ellis did return to the holistic question, 

"If the industrial scientist is neither the 'aspiring academic' 

nor the 'professional' what is he ?" His answer, in paraphrase, 

was to suggest that an industrial scientist is often a frustrated 

technologist aspiring to management. The frustrations stem 

from the deceitfulness in the educational system which funnelled 

him off to pure science, leaving him to compete on unequal terms 

with the engineering graduate in his eventual occupation and 

open to doubts about his competence. 

There appears a danger from these two British studies of 

a view in which academic conceptions of science are deemed 

irrelevant to the industrial scientist. Box and Cotgrove 

produce an account which is altogether too neat, with conflict 

the result of faulty socialisation or accident. While they 

might assume that socialisation processes within industry operate 

to mitigate the consequence of 'the accident', for example a 

process of enculturation guiding the 'public' scientist in 

industry to become a 'private' or 'instrumental' scientist, 

it is possible to hold that the 'instrumental' scientist could 
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react to industry by becoming either a 'private' or even a 'public' 

scientist. Box and Cotgrove assume a stability of orientation 

which is a misleading oversimplification. It is a misleading 

oversimplification to assume that the scientist must opt wholly 

for one orientation or the other, and does not allow that the 

conception of himself offered may change according to his situation.(37) 

There is , however, considerable support for the view that the 

scientist would have considerable difficulty in sustaining 

this identity in the face of employer opposition. While the 

(37) For example in the pilot study, one graduate, who sought 
to emphasise his analytical skills and expressed some disdain 
for the empiricism of industrial engineers and declared himself 
as a professional in terms of his scientific approach to problems, 
could criticise his friends who remained,in university as 
impractical and irrelevant. His definition of himself as an 
analytical or empiricist engineer depended on the context of 
the discussion - industry or university - and where he saw his 
relative advantage. Some sociologists use the concept of a 
reference group in altogether too rigid a manner, for example, 
Bott in a study of families and their social networks noted 
considerable inconsistencies in the invocation of norms of 

conduct by use of reference groups and suggested that the 

vagueness was an asset in permitting flexibility in differentia 
circumstances and noted that 'malleability was possible 
because the reference groups themselves were frequently absent 
from the situation in which they were invoked. See E. Bott 
Family and Social Network London: Tavistock 1957. 
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Box and Cotgrove study achieved severe weakening of the 

functionalist interpretation, Ellis seemed prepared to sweep 

away too much of the orthodoxy in his doubts about the relevance 

of academic conceptions of science to industrial scientists. 

He does not allow that they may play an important part in 

conflicts with industrial management. Ellis saw the conflicts 

as the familiar ones of all in large -scale organisations sub- 

ordinate to management, a view which does not admit that some 

scientists and engineers clpim a special position in the 

organisation nor explain why they expect privilege-to be granted. 

Norman Kaplan, an early critic of the orthodoxy,hinted perceptively 

at the need for a model of scientists and engineers in industry 

which incorporated their use of academic conceptions of science 

as a strategic device in their conflict with industrial 

management. 

"Perhaps they use the values of science and the desire 
for more autonomy in order to increase their power within 
the organisation and not at all to become better basic 
scientists. "(38) 

There were two earlier British studies which adopted a 

different approach to the study of scientists and engineers 

Pro that of the Kornhauser- Cotgrove studies. Instead of a 

debate about whether industrial scientists or engineers were 

members of a profession or professions, Prandy and Burns viewed 

claims to professional status as claims to a position of 

relative privelege involving a bargaining relationship with 

others. 

Prandy studied the position of the scientist and engineer 

(38) N. Kaplan "Professional Scientists: an essay review" 
op. cit. p. 97. 
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in the authority and prestige structure of British industry and 

whether scientists and engineers espoused either a r!class" ideology, 

(emphasising the conflictual elements in their employment 

relations), or a 'status' 

aspects of the relations 

structure), in relation 

of employment.(39) 

with members of a 

!ietallargists), a 

ideology, (emphasising harmonious 

and acceptance of the authority 

to their age, education and conditions 

From his postal survey and interviews 

professional association (the Institution of 

trade union (the Association of 

Workers) and a professional union (The Engineers' 

Prandy found support for his main hypothesis that 

Scientific 

Guild), 

where 

engineers and scientists either shared directly in the 

exercise of authority, or where their work situation gave them 

a feeling of being close to management, they saw themselves as 

part of a graded hierarchy, espousing a status ideology which 

tended to find its concrete expression in membership and approval 

of professional institutions. Where engineers and scientists 

did not experience these conditions, but experienced work 

conditions which emphasised their subordination, their attitudes 

and ideology resembled more closely the class type with the 

recognition of a conflict of interest with the employer and 

likely trade union membership. In linking ideologies and positions, 

Prandy found that the status or harmonious ideologÿ tended 

0 be related to administrative functions, private industry, 

full -time university education, and older respondents whereas 

the class or conflictual ideology tended to be related to 

technical (especially routine such as production rather than 

R & D) functions, the public or Government sector, part -time 

(39) K. Prandy Professional Employees London:Faber 1965. 
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technical college edcuation, and younger respondents. Even where 

dissatisfactions and conflict were expressed,discussion of action 

to sedure better conditions was only half- hearted for the young 

graduate engineers and scientists could aspire to the exercise 

of power shortly by individualist advance and the only collective 

efforts thought necessary were those to publicise and convince 

managements, governments, and the gener<.1 public of the emminence 

and distinctions of scientists and engineers. Thus graduate 

scientists and engineers inignt be expected to express dissatisfactions 

and be engaged in conflict with their employer over their claims 

to a special position in industry, but these conflicts were 

unlikely to be of a deep and abiding kind. 

A fascinating account of the way in which industrial scientists 

cultivated lay conceptions of eccentricity, to the extent that "the 

'prima donna' scientist was a much more familiar figure in the 

electronics industry than he appeared to be in universities ", 

was given by Burns and Stalker in their study of the electronics 

industry.(40) Many industrial scientists sought to be more 

academic than the academics in their efforts to differentiate 

themselves from other members of the industrial-organisation. 

In return many managers accepted this frientific identify for, 

while it allowed the scientist a degree of eccentricity and 

waywardness to infringe company regulations, it allowed the 

manager to exclude the scientist from managerial control on the 

grounds of irresponsibility; those who break rules cannot be 

allowed to make rules. Burns went on to interpret the position 

of the industrial scientist. 

(40) T. Burns and G. M. Stalker op. cit. p. 176. 
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"The industrial scientist's special position is due 
to his semi -detachment from the industrial concern and to 
his new importance in the whole economic and social system 
of modern society. 

"The industrial scientist is now a me:iber of a 
distinctive group in the national population, rapidly 
growing in numbers (which seem nevertheless to remain 
perpetually short of national needs), accorded to very 
considerable share of public and political attention, 
and inevitably conscious of the importance and power 
attached to the technological contribution. This aware- 
ness has its effect on the general demeanour of the 
industrial scientist, particularly in his dealings with 
industrial managements, through whom the claimant needs 
of society for his services are expressed and who are the 
media by which these highly valued services may be trans- 
lated intoeffective action. 

"To this general influence on the position "and 
demeanour of the industrial scientist, two other 
relevant factors can be added. More perhaps in Great 
Britain, where the initiative in the expansion of 
technology has lain outside industry, than elsewhere, 
the industrial scientist conceives himself as a member of 
a professional group the bounds of which extends over the 
institutions of higher education and government service 
as well as of business. 

"Secondly, the technology is new, and therefore 
fairly unfamiliar. In the greater part of industry, 
which had little direct dealings with new technology 
and industrial scientists before the war, preconceived 
notions about the kind of activity and the kind of 
person typical of the profession are bound to exist, 
and these have not necessarily been brought into 
conformity with reality. "(41) 

In this generic term, 'industrial scientist', Burns links 

scientists and engineers in research and advanced development 

functions, and appears to make three points of substance in his 

analysis: firstly, the industrial scientists do make a claim 

for a special statusin industry; secondly, this special status 

claim is not to be understood by reference to beliefs that the 

legitimate tasks of a scientist is with accretions of certified 

knowledge but the familiarity with other settings in which 

scientific skills are employed gives the scientist a different 

(41) T. Burns and G. M. Stalker op. cit: p 175. 
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perspective and bargaining position vis a vis his employer 

compared to other industrial employees; and thirdly, the relations 

of industrial scientists and their managers must be understood 

by reference to the context of British industry and not by a - 

historical and a-cultural analysis. There is one further method- 

ological point here, which is that hny investigation of the 

special position should proceed through the examination of the 

claims and definitions of the situation advanced by the participants 

themselves. 

In attempting to explain the failure of companies to adopt 

the appropriate management structure to cope with the exigencies 

of changing markets and changing technology, Burns saw the problem 

partly in the failure of some managing directors to interpret 

correctly their task and organisational needs and partly in 

their failure to secure the committment of organisational members 

to a new pattern of working relations. Frequently organisational 

members had other preoccupations in advancing their careers 

or the interests of their department in conflict with other 

members of the organisation for control of resources. The 

availability of different schemes of action to the new entrant 

to industry - for example, to develop committments to his 

employer and the working organisation, to develop committments 

to his present status and career advancement, to develop 

committments to the internal politics of the organisation, to 

develop committments in his professional skills and the approval 

of his fellow -practitioners - point up the importance of 

investigating the graduate scientists' and engineers' ways of 

coping with the:;demands of their situation and the allocation 

of their resources between committments. 
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In this review of earlier studies of scientists and engineers 

in industry, dissatisfaction has been expressed with these 

approaches which have sought to explain conflicts between 

industrial scientists and engineers and their managers by 

reference to a clash between adherents of different value 

systems. This thesis was modified by British researchers to 

the extent where they believed that such conflicts were minimized. 

Yet conflicts exist if we are to accept the evidence of concern 

about graduate scientists and engineers in industry described 

in chapter one, and the social problem was frequently attributed 

to the university training of the scientists and engineers. In 

the next chapter a conceptual framework will be presented which 

.offered alternative research strategy to that available in the 

'orthodoxy'. This strategy directs attention to the way in which 

the new recruit develops a perspective to shape his conduct in 

a new situation and draws attention to the variety of demands 

as perceived by respondents and the way in which his responses 

are conditioned in part by past experiences. 



CHAPTER THREE 

THE DESIGN OF THE STDY 

1. Introduction. 

The clearest attempts to understand social interaction 

through the eyes of the participants have been linked to the 

Chicago School of Sociology and some of their most important 

achievements have been in studies of occupational groups. (1) 

The Chicago sociologists have demarcated a distinctive area 

of study in the sociology of occupations, drawing attention 

to the nature of work and the features of the work situation 

which encourage dr discourage interaction, the social problems 

which arise in occupations and the relation between occupations 

and the moral order. The concept of 'career' has had a prominent 

place in their analyses of occupations as they draw attention to 

the dynamic processes of social change and career structures at 

the societal level and the typical developments in career lines, 

career stages and career contingencies at the individual level. 

In a study of medical students making -out in their college 

situation, Becker and his colleagues introduced the concept of 

'perspective' to refer to the complex of ideas and actions which 

were developed to responses to a novel and problematic situation 

and seemed to guide further participation in the situation. 

,(1) The underlying theoretical framework of this group of 
writers owes much to the conception of man and social inter- 
action developed by the philosopher, Mead. (For a review of 
Mead's work, see Herbert Blumer "Sociological implications of 

the thought of George Herbert Mead" American Journal of Sociology 
vol 71 1965 -6). In the field of occupational studies the 
central figure has been Everett Hughes, supported in many 
studies by Howard S. Becker and Blanche Geer. (Hughes' papers 
over._ a number of years were collected in the volume Len and 
their Work op. cit. and some of the Liany studies undertaken 
within this frame of reference are represented in the volume 
of essays in honour of Hughes by his students, H. S. Becker 
est. al. ed. Institutions and the Persón Chicago: Aldine 1968.) 
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Within the perspective, three further elements were singled out 

for attdntion. The 'definition of the situation' was a somewhat 

loose expression but drew attention to the processes by which 

the individual (or group) explored the possibilities for behaviour 

in a situation and noted the constraints which faced him, and 

thereby developed a descriptive account of the character of the 

situation. In addition to these ideas and dispositions to act 

in a situation, the perspective referred to 'actions' specified 

as appropriate to the situation and to 'criteria of judgement' 

by which responses might be judged. These researchers emphasised 

the dynamic aspects of behaviour of social behaviour and showed the 

way in which situations were explored in ideas and actions in the 

development of a perspective. 

"We use the term perspective to refer to a co- ordinated 
set of ideas and actions a person uses in dealing with some 
problematic situation, to refer to a person's ordinary 
way of thinking about and acting in such a situation. 
These thoughts and actions are co- ordinated in the sense 
that the actions flow reasonably, from the actor's perspective, 
from the ideas contained in the perspective. Similarly, the 
ideas can be seen by an observer to be one of the possible sets 
of ideas which might form the underlying rationale for the 
person's actions and are seen by the actor as providing a 
justification for acting as he does ". (z) 

(2) H. S. Becker, B. Geer, E. C. Hughes and A. Strauss Boys 
in White: Student Culture in Medical School Chicago: University 
of Chicago Press 1961 p. 314 
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This emphasis can process and the relationship between per. s:;ecti.ves 

and situations forms the basis of an approach which is in 

marked contrast to many of the earlier studies quoted. Instead 

of a presumption about the stability of value committments 

there is an emphasis on change, and instead of the emphasis 

on detached observation or closed -ended questionnaires there is 

an emphasis on eliciting the respondent's view of his world 

in his own terms. 

From within this conceptual framework the interest of 

rnapy groups in control of the educational system is readily 

understandable for, as Willard Waller observed, education 

largely consists of the art of imposing definitions of the 

situation on the young. (.3) An interest in the abandonment 

of perspectives and the development of new perspectives or in 

efforts to redefine situations for others implies an inquiry 

into the mechanisms for change and stability in a situation. 

Becker's concept of 'situational adjustment' draws attention 

to the expected and unexpected contingencies which prompt an 

alteration in perspectives. Becker's other concept of 'committment' 

draws attention to the continuity in an individual's behaviour 

despite situational change, and the committed individual is 

defined as one who opts for consistent lines of activityrather 

than opting for feasible alternatives. Any explanation of his 

choice must be in terms of what he holds valuable in the situation. 

The questions which are most readily posed on the transition 

from university to industry within the Becker approach fall into 

two sets, the first set relate to aspects of the social structure 

,(3). W. Waller The Sociology of Teaching New York: W.iley_science 
edition 1965 (originally 1932) p. 296. ^ 



- 4 - 

and the second to the processes of adult socialisation and the 

development of perspectives. The questions on social structure 

ask about the kinds of situations in which socialising institutions 

(such as universities and industrial companies) place recruits 

and the kinds of demands made of new entrants as these institutions 

sought to manage their passage into a different kind of person. 

Examination of the development of perspectives means an examination 

of what it is in a situation that requires the individual to act 

in a certain ray and form a particular definition of the situation. 

In terms of the transition between two situations the questions 

are about the kinds of things which provoke adjustment ór about tine 

kinds of things of sufficient value to encourage consistency 

and hinder change. 

2. The Social Structure of Socialisation Settings. 

Dismay at the failure of production departments to maintain 

their share of employment of the increasing numbers of highly 

qualified manpower moved the Committee on Manpower Resources 

for Science and Technology to set up a Working Group on Engineer- 

ing Training and the Requirements of Industry. The report of 

this group calle d for the provision of 'matching sections' 

to assist the passage of graduates between university and 

the production departments of industry. (4) While the'Bosworth 

Report' urged special attention to the settings for entry to 

production departments, the 'Jones Report' called for closer 

attention to induction procedures in all departments employing 

professional manpower.\(51 Studies of the way in which different 

.4), Education and Training Reauirements for the Electrical and 
Mechanical hanufacturing Industries op. cit. 

.(5) Brain Drain op. cit. p. 58. 
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societies and social groups provide support and share the burden 

of status transition with the novice have long been studied by 

social anthropologists.() The sociological literature has 

been more closely related to analysis of the efforts of organisa- 

tions such as prisons and mental hospitals to change the status 

of the inmates and draws attention to a number of dimensions 

along which situations may be compared.,(7) (See Table 1.) 

One of the most significant dimensions along which settings 

may vary is the extent to which the organisation defines the 

new entrant as a learner or a worker. The kind of definition 

might be guaged from the presence or absence of formal training 

schemes, and the importance of these definitions would lie in 

the extent to which they matched the graduate's self- conception, 

for example, whether ór not he saw himself as qualified by his 

university training alone. From the available literature it was 

expected that the definition of the learner and the use of formal 

training schemes would be more likely for the development 

compared to research labs. However it was expected that the 

physics graduate would more readily accept the status of learner 

compared to the engineering graduate. The content of socialisation, 

(6) See, for example, the passage by Meyer Fortes quoted in 
M. Stein The Eclipse of Community New York: Harper Torchbooks 
1960 p. 240 -2 and the essay by Max Gluckman 'Les Rites de 
Passage' in M. Gluckman ed. Essays on the Ritual of Social 
Relations Manchester: Manchester University Press 1962. 

(7) . E. Go.1fman Asylums Harmondsworth: Penguin Books 19 (origin- 

ally 1961).S. Wheeler 'The Social Structure of Socialisation 
Settings' in O. Brim and S. Wheeler Socialisation after Childhood 
New York: Wiley 1966. 



TABLE 1 

Some Major Dimensions of Socialisation Settings 

1. Whether the balance of emphasis is on learning or working. 

2. Whether the socialisation process is considered develop.- 
mental or requiring resocialisation. 

3. Whether the socialisation process is undergone in cohorts 
or on an individual basis. 

4. Whether the socialisation process is serial or disjunctive. 

5. Whether the scope of change envisaged in the socialisation 
process is narrow or broad. 
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the nature of the 'lessons to be learned' is closely related to 

the pattern of relationships in which socialiser and socialisee 

are woven. Here, an important dimension is whether the process 

of learning is seen as developmental, building on earlier defini- 

tions and actions, or as requiring resocialisation following 

desocialisation, that is, as requiring some unleaning before 

new definitions and actions can be learned. In the managerial 

or company literature there was rarely acknowledgement of a 

deliberate effort to desocialise the new graduate, to strip away 

what was believed by managers to be the appropriate identity 

carried by the recruit from his university background, although 

dlaims to do this emerged in interviews. Two other dimensions 

referred to the extent to which the recruit could gain the support 

of either fellow recruits or past cohorts of recruits. Here it 

was expected that the advantage would lie with recruits in 

those organisations or departments which recruited in numbers 

such that recruits could gain such support, although it did not 

appear a priori whether this could aid the organisation in its 

efforts to secure loyalty to managerially prescribed goals or 

aid the development of a counter -culture. There were no clear 

expectations about the scope of socialisation efforts. Some 

studies have pointed to the efforts of socialisation agents to 

direct not simply role socialisation, (a training for the perform- 

ance of a specific task), but a status socialisation, (a broader 

pattern of training with its associated life styles), such 

examplesinclude the nursing training schools. Vale such efforts 

were conceivable in managerial training schemes they were not 

antidipated in induction schemes or the work situation of 

scientists and engineers. 



- :7 - 

3 Situational Adjustment and Committment. 

To conceive of the entry of graduates into industry as a 

'crisis' might appear overly dramatic and an unwarranted invocation 

of the imagery of the 'fatal turn' yet there is a lengthy 

tradition in sociology which used the concept of 'crisis' to 

simply refer to an occasion calling for the direction of 

resources to solve a problem, a stimulus to situational 

adjustment. (8) Recently psychiatrists have broadened the range 

of variables iri their studies (notably in the psycho -social' 

theories of Erikson), and directed their attention to 'normal' 

events and efforts to provide support services in status 

transitions.(9 )) 

In the psychiatric literature the concept of 'task' was used 

to refer to demands which prompt adjustment. (See table 2.) 

(ß) E. H. Volkhart ed. Social Behaviour and Personality: con- 
tributions of W. I. Thomas to Theory and Social Research New 
York: Social Science Research Council 1951. 

(9) E. Erikson Identity and the Life Cycle: Selected Papers 
Psychological Issues Monograph vol. 1 No. 1 New York: Inter- 
national ' 'universities Press 1959. 
G. Caplan Principles of Preventive Psychiatry London: Tavistock 
1964. 
E. Silber -.ed. al. "Adaptive behaviour in competent adolescents: 
coping with the anti6ipation of college" Archives of General 
Psychiatr# vol. 5 1961. 
E. Silber et. al. "Competent adolescents coping with college 
decisions" Archives of General Psychiatry vol. 5 1961. 
One example of a study by sociologists influenced by these 
writings is R. Rapoport and R. Rapoport 'Work and Family in 
the Contemporary United States" American Sociological Review 
1965. 



TABLE 2 

Central tasks in the critical role transition from university to industry. 

1. Defining the situation. 

2. Developing technical skills to cover the broader range of 

tasks. 

3. Developing social skills in conduct with colleagues and 
peers. 

4. Searching out opportunities to demonstrate skills and 
competence. 

5. Learning the-criteria to assess performance. 

6. Developing accomodations to new authority relations. 

7. Developing a self -image consistent with the new situation. 

8. Developing a rhythm of life appropriate to different 
time horizons. 

9. Developing leisure pursuits outside work if geographically 
mobile. 

10. Developing an orientation on the future and careers. 

11. Developing skills to meet the approval of fellow -professionals. 



One way in which a situation mightbe less problematic 

for an individual lies in the extent to which it is predictable 

and appropriate measures can be taken. For example, in all those 

aspects of thEkituation which require information it might be 

expected that some steps to acquire such relevant can be taken 

if the situation is foreseen. Thus the information about the 

timing of career choices available in the Swann Report suggests 

the expectation that engineers have begun tc anticipate the 

termination of studies and to collect information at an earlier 

date than the Ñrsicists . 

Whereas the American sociological literature pointed to a 

growing similarity in the skills and orientations, there was a 

strong emphasis on the differences between scientists and engineers 

in the british manpower literature, and, these differences were 

emphasised often in a linked expression of dismay about the 

relative rates of expansion of science andtechnology graduates. 

Engineers were considered to have a more broadly based 

education and it might be expected that they would more readily 

broaden their definition of their tahks, skills and competence 

than physicists. Whereas there was no a priori reason to suspect 

that social skills might be differentially acquired as the 

result of different educational discipline experiences, it was 

expected that the engineers would experience a greater desire 

to work in groups andacquire social skills than the physicists. 

In the case of authority relations it was expected that conflicts 

might centre on the degree of autonomy granted in carrying out 

projects rather than in the choice of projects since it was 

expected that on entry the recruit would accept assignments 

to be directed to him. While it was expected that a geographically 
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mobile group might experience shifts in their out -of -work 

life these were not expected to be significant issues for the 

majority of graduates. 

In the attempt to take on an organisational role, there 

appeared to be two potential sources of problems for the recruit. 

The first source lay in 'role conflict'.'(10) Such conflicts 

may be of many kinds, for example, where the individual has two 

supervisors who make contradictory demands or where one supervisor 

makes contradictory demands. These problems were minimised in 

the companies in the pilot study by the assignment to only one 

supervisor and in some companies by attempts to vet supervisors, 

again role conflicts created by an individual having more than 

one role tended to be minimised by giving the newcomer only one 

assignment. The problems which were evident were those of 

person -role conflict where some graduates attempted to maintain 

a definition of themselves and their situation at odds with the 

role demands of supervisors. The other set of problems can be 

summed under the heading of 'role ambiguity'. It has already 

been suggested_in the discussion of the development of perspectives 

that the individual seeks information in his new setting to enable 

him to participate- information about the character of the 

situation, what is demanded of him, what kinds of activities 

would meet those demands, and what would be the consequences 

of his action for himself and others in the organisation. Ambi- 

guity arises where this information is either non -existent 

(10) R. L. Kahn, 0. M. Wolfe, R. P. Quinn, J. D. Snoek and 
R. A. Rosenthal Oranisational Stress: Studies in Role Conflict 
and Ambity PIew York: Wiley 1964. 
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or is inadequately communicated, in the latter case this could 

be a deliberate withholding of information until the newcomer 

has 'proved' his worth and loyalty. Although analytically 

distinct, role conflict and role ambiguity may arise together, 

for example, where conflicts can lead to uncertainty and 

ambiguity. While the most obvious conflicts seemed to arise 

in the non-R & D departments, the R & D lab seemed a setting 

with a large degree of inherent ambiguity. Crossing an organisational 

threshold as newcomer required a search process by the 

interviewer, but his search was the more difficult when the manager 

insisted that in R & D the able entrant must define his own 

situation and create his role, the very aim of the departments 

in creativity and innovation implied an ill -defined setting. 

In these situations of 'conflict' or 'ambiguity' the next 

step in the research was to try to examine the strategies which 

new entrants employed in their attempts to 'cope' or 'make out'.'(11) 

One likely possibility appeared to be to undertake to relate the 

new situation to past problems and employ the perspectives 

successful in the past. Of course this strategy could earn 

the disapproval of managers who saw a failure to make adjustments 

to the new situation and interpreted the response as a reluct- 

ance to leave university specialis ms. The potential for 

change in such a strategy lies in the response to the breakdown 

of the symbolic relationship and the attempt to work at the 

metaphor.(12) Another strategy which could be expected in the 

(11) 'Coping' is the terni used by Kahn and his colleagues 
(Organisational Stress) for the processes which Becker and his 
colleagues term 'making out' (Making the Grade New York: Wiley 
1968). 

(1Z) D. A. Schon The Displacement of Concepts London Tavistock 
1963. 



assertion of familiarityih.the midst of the novel situation 

would be an emphasis on continuity with the past. Acquiring 

vacation experience in industry could be another strategy to 

cope with the move to industry. In this case learning about 

the organisation in advance and likely tasks in advance could 

generate confidence in one's ability to cope with industry and 

be a measure to clarify some of the ambiguity about the situation. 

which might otherwise obtain. Vacation experience wtas not the 

only potential source of information about the future, the 

reported experiences of other students, family members, friends 

and university teachers could suggest ways in which adjustments 

would have to be made. Box and Cotgrove emphasised the importance 

of such 'anticipatory socialisation' in the reduction of role 

strain in industry. Other studies have suggested that some 

distinctions ought to be drawn in the kinds of 'definitions 

of the situation' available before entry to a situation, for 

example, while students may know that industry has a major 

goal in the production of goods such that profits accrue to the 

company they may not know how those high level definitions of 

.industry are translated into the lower level specific role 

demands or what activities meet these demands.(13) In all 

these strategies which attempted to relate the present to the 

past or to anticipate the future in the present, the general 

conse nsus of opinion available in manpower debates tended to 

03) See the distinction drawn by Israel between technical - 
instrumental and expressive- ideological expectations concerning 
roles. ('Problems of Rolelearning' in J. Berger, M. Zelditch 
and B. Anderson eds. Sociological Theories in Progress Vol. 1 

Boston: Houghton Mifflin 1966.) 
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suggest that the engineer had advantages compared to the scientist 

in being able to summon resources from his educational experiences 

more readily relevant to industrial situations. Thus it could 

be expected that engineers were more likely to have had industrial 

vacation experiences (a requirement in some courses) and 

industrially experienced tutors. 

From the sociological and psychiatric literature another set 

of strategies appeared as ways of coping with the novelty evident 

in a new situation. One possibility was that graduates would 

selectively Perceive favourable elements in the situation, for 

example, while they might regret the reduced autonomy in their 

work situation compared to that of the student they might 

emphasise the benefits of being a wage -earner. With regard to 

those elements of the situation, two strategies appeared 

possible, one strategy was to hope that satisfactions might 

accrue in the future, while the other was to lower the level 

of aspiration in line with likely satisfaction, what has been 

termed the growth of 'realism'. 

While the analysis of the first set of strategies, (relating 

the present to the past and anticipating the future), was 

expected to draw attention to the resources which graduates 

brought to their work situation, the analysis of the use of 

the second set of strategies was expected to introduce some 

discussion of the 'cost' to the individual of effectiveness 

in meeting situational demands. Here it was hoped to analyse 

the causes and consequences for the individual and the 

organisation of the kind of 'disillusionment' and'disanchantment' 

reported in the 'Jones Report', popular science journals and 

newspapers.(1k), The discussion of 'costs' was intended to carry 

(14) See Chapter One. 
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the,corollary of a discussion of 'benefits' and the development 

of ' committments'. 

The development of committments, or consistent lines of 

activity, was seen as problematic in two ways in the manpower 

debates. There was firstly, the regret that the more able 

graduates tended to enter post graduate study, academic or 

government employment in greater proportion than entered 

industry, and secondly, there was regret that graduates in in- 

dustry did not develop committments to industry and there was 

some alarm about the numbers who entered the 'braindrain' and 

left British industry or espoused their disenchantment. One 

of the major sources of committment encouraging attempts to stay 

within the educational system or hindering adjustment to industry 

was cited by the manpower committees as the knowledge and skills 

imparted in the educational system. This appeared to be a hypo- 

thesis that salary was relatively unimportant in educational and 

occupational choice. Two central questions for investigation, 

then, were to what extent salary was not an important factor 

in edùcational and occupational choices and to what extent 

certain kinds of knowledge and skill inhibited adjustments to 

industrial demands, for example, across a total sample of 

engineers and scientists and in comparisons of scientists and 

engineers. Among other factors which have been regarded as 

important in the development of occupational committments are 

job interest and social prestige.(15) Job interest was a factor 

thought important in the 'Jones Report' with its recommendations 

to look for 'challenging jobs', but it appeared to 

(15_) Blanche Geer 'Teaching' International Encyclopaedia of 
the Social Sciences (ed. D. Sills), New York: Macmillan, 1968. 
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industrialists that what graduates found interesting was unlikely 

to assist in the completion of projects. The low social prestige 

of engineering studies and engineering occupations become a 

point of concern to the manpower committees through the 1960's 

and a topic for investigation was whether this low social prestige 

inhibited the adjustment of the graduate scientists to industrial 

employment and an association with engineering and technology. 

One important source of enoouragement to the development 

of a committment evident in the literature was a successful 

situational adjustment. While a crisis can be viewed as a threat 

to the individual, the crisis literature emphasised that a 

crisis presents an opportunity for enhancement; the mastery of 

a new and problematic situation can be the opportunity for the 

development of a new committent. Be.rlew and Hall hypothesised 

that new managers assigned to relatively .demanding jobs would 

perform better, be more successful, than those assigned to 

less demanding jobs, and found substantial support for their 

hypothesis in the correlations between degree of challenge in 

the task and degree of success at the end of first and 

subsequent years.;(16) While this might be suggestive 

of one line of answer about why 'successful', (that is those 

marked out as 'academically able'), remain in research in 

:(16) The researchers used a variety of measures of success 
including salary and supervisor appraisal, a panel of 
assessors on challenge in jobs, and checked for'prior selection 

of the potentially able to difficult or more visible jobs. 
D. E. Berlew and D. T. Hall "The Socialisation of Managers: 
the affects of expectations on performance' Alfred P. Sloan 
School of Management Working Paper 125 -65 Cambridge: M. I. T. 

1965. 

ivP 
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university, this was not the central concern of the study or 

sample studies. Where this research appeared relevant was in 

turning back the issue of the development of committments to the 

analysis of situations, particularly socialisation settings 

and the kinds of tasks presented to new entrants by industrial 

managers. Exploring what graduates saw as a challenge, whether 

that challenge Gould be identified in their work situation seemed 

to be the uoint at which sociological analysis begin to gxobe 

the issues of utilisation raised in the Jones Report. 
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.lf. The Conduct of the Pilot and Main Study. 

The intention of undertaking a study of utilisation, in 

order to probe thedifficulties experienced by industrial man;,ge- 

ments and their recruits, the attempts to introduce educational 

and organisational solutions by companies and the perspectives 

developed by graduates recruits, posed a number of problems about 

the scope of the study and samples to be studied and the tech- 

niques of enquiry. 

The first decision on scope was to limit the enquiry to 

a case study of the recruitment and adjustment of graduate 

scientists and engineers within one advanced industrial sector, 

rather than to attempt cornpa.risons between industry and govern- 

ment establishments or within industry between branches. With 

the resources at my disposal I expected that these latter kinds 

of comparison would yield too many variables and too few cases. 

The industrial sector sought was one which was an advanced 

,sector which employed large numbers of-scientists and engineers 

where the problems evident in manpower discussions had arisen 

and where solutions were being attempted; and where both problems 

and solutions might serve as prototypes for future industrial 

developments. The electronics industry appeared an admirable 

case for study, the industry employed significant proportions 

of scientists and engineers and,. as óùtlined in chapter one, had 

developed from the movement of university- trained scientists 

to industrial employment. The levels of employment and expenditure 

on R & D rendered this industry highly 'research intensive'. 

(see table 3). The high rate of growth of output (10.0 %) was 



TABLE 3 

Innovative Effort and Output in British Manufacturing Industry 

Industry Research 
Inten- 
siveness 

Innovative Effort Net Output 

Qualified (Q.S.F.) 

Expenditure (ß:M) Manpower thou - 
Q.S.E. Per sands 1965 
as % Cent 
total 

1963 
aer 

& 

19óE -5 

Plant 
and mach 
-inert' 

on R & D Total 
ment 

EM. 
' year 

growth 
rate 

Aircraft 39 138 10 --. 4.2 6.9 2.7' 312 4.5 

Electronics 14 71 (25) 7.1 11.8 3.6 382 (10.0) 

Instruments 
clocks 6 10 (10) n.a n.a 157 (7.5) 

Chemicals 5 55 181 7.2 17.4 4.6 952 5.4 

Motor 
Vehicles 4 32 60 0.7 2.8 721 5.8 

Electrical 
Engineer- 
ing 4 ' 26 (45) 3.5 9.2 1.9 593 (5.0) 

4echanical 
Engineer- 
ing 2 31 (100) 5.2 21.3 1.2 1,318 (5.0) 

[ron and 
Steel 2 10 70' (1.5) (6.0) 627 (4.4) 

hips 1 3 4 n.a n.a 208 1.2 

n.a. = not available. 
() = estimated value. 
* = an index developed by the Central Advisory Council for Science 

and Technology. 
Source: (1) adapted from Technolo4ical Innovation in Britain Report of the 

Central Advisory Council for Science and Technology. Cmnd 

1968 p. 25. 

adapted from Committee on Manpower Resources for Science and 

Technology Report on the 1965 Triennial Manpower Survey of 

Engineers, Teci_nolaaiets, Scientists and Technical_ Su:;partin, 

Staff Cmnd 3103 1966 p. 60. 
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accompanied by a high rate of growth of employment of qualified 

Scientists and Engineers (Q.S.E.'s) (15 %), but the voracious 

appetite for Q.S.E.'s still left this industry with the highest 

rate of vacancies for .S.E.'s (17%) of any sector of industry 

as reported in the 1965 Triennial Manpower Survey. This meant 

that the industry would be a a itical case in which to examine 

the social significance of the 'shortage' and 'utilisation' issues. 

If it could be found within this industry that there were 

serious difficulties and unease about the employment of existing 

graduate manpower then it could be argued more strongly that 

manpower research, commentary and policy should be addressed 

more closely to utilisation issues rather than to efforts to 

create a buyer's market for qualified manpower by crying shortage 

and urging educational change. However it was expected that the 

electronics industry would provide examples of efforts to 

improve the utilisation o, qualified scientists and engineers, 

this expectation derived from my belief that experiences of 

shortage would encourage 'good housekeeping' and the ethos 

of the industry as progressive and efficient on all aspects 

of company policy. Traces of this ethos have been seen in the 

way the electronics industry is quoted as an example of good 

relations with universities, for example in the evidence of 

Advisory Council on Science Policy to the Robbins Committee. 

A'study of attitudes and practices4British management attempted 

a characterisation of 'thrusters' and 'sleepers' to distinguish 

those "attitudes and practices which are likely to be associated 

with a high and sustained growth in firms and thus in industry 
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as a whole: ((17) The researchers concluded that 

"If shipbuilding is outstandingly an'industry in 
which a long and stormy history has left a legacy which 
makes it hard for new attitudes and practices to take 
root, electronics is outstandingly the opposite.Here 
the rate of expansion and the technological progress- 
iveness of the industry provide an atmosphere in which 
modern practices may be expected to flourish in conjunction 
with exceptional rates of growth and profitability."-(18) 

Having decided on an industry the next sample decisions 

were required to select companies and graduates. The companies 

were approached as likely employers of scientists and engineers 

in Scotland and as self -declared employers of large numbers 

of graduates with sizeable annual intakes in the main study. 

Companies were then chosen on the basis of the kinds of co- operation 

offered, and the selection of establishments was largely 

determined by company convenience. Companies were given an 

indication of my research interests and azequest for interviews 

with (i) British -born and British -educated (ii) male (iii) bachelor 

level graduates (iv) in physics or electrical engineering (v) who 

were in their first job in R & D (vi) within two years of leaving 

university. 

For the pilot study (Autumn 1967- Spring 1968), discussions 

with the Ministry of Technology (Scotland) and Scottish Council 

(Development and Industry) yielded a list of potential graduate 

recruiters in the Scottish electronics industry. Of seventeen 

(12 A P.E.P. Report Attitudes in British Management Harmondsworth: 
Penguin Books 1966 (originally published by P.E.P. 1965) p. 12. 

(18) Ibid. p. 226. The study tended to concentrate on small 
firms, however, and the firms in my own study were in the 
medium to large range, at least in the main fieldwork. 
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companies contacted, five made no replÿ, four companies had no 

recent ; raduates, three companies had no graduate 

recruits but offered interviews with personnel, training and 

technical staff, and seven companies offered interviews with 

managers and recruits. An outline of the seven companies and 

establishments visited is given in table+. The establishments 

could be distinguished into the larger establishments employing 

over a thousand staff and hourly paid workers and the smaller 

establishments with under five hundred employees in their 

Scottish establishments. All the large establishments were 

part of companies with readily -recognised household names, and 

although the two instrument companies might have been little 

known outside the electronics industry they could claim to be 

among the largest companies in the world in their specialised 

field of instrument manufacture. A significant feature of the 

table is the extent of foreign ownership which is explained by 

the strenuous efforts to promote electronics in Scotland as part 

of regional policy.(19) While the initial intention had been 

to concentrate"on R & D labs it became evident that few 

companies carried out advanced development work in Scotland and 

fewer still carried out research. Thus the enquiry became 

broadened by the inclusion of some graduates working outside 

R & D in production or marketing (i.e. applications engineering 

which is an advisory service to marketing and includes extensive 

lab work). The composition of the .pilot sample is given 

in table 5. In some companies "graduates" were sent for 

interview who did not meet the sample frame specification. Some 

of these interviews provided additional information and insights 

(190) Some further account is given of these efforts ir. appendix Two. 
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on the organisation but have been excluded from the direct 

analysis of graduate experiences. The industrial designer, 

holding college qualifications could comment on engineers and 

lab organisation and assist interpretation of the engineers' 

responses but his own educational experiences were too disimilax 

for inclusion. Where the graduate was in his second job but was 

within two years of graduation he was included in the anlysis 

for some purposes if he met the other criteria. One source of 

disappointment in the pilot study was the paucity of physics 

graduate which limited the possibilities for the comparisons 

between engineering and physics graduates which were in the forefront 

of the manpower debate; (table 6). 

The pilot study was largely completed by Easter 1968 and 

the main fieldwork with larger samples was designed to begin 

in the Autumn of 1968 when the graduate intake would begin 

employment after the summer vacation. 

A list of companies who claimed to recruit large numbers 

of graduate physicists and electrical /electronics engineers 

for employment, in R & D in the electronics industry was derived 

from the Cornmarket Directory of Opportunities for Graduates. 

Of thirteen companies contacted, two made no reply, three made 

direct refusals because of the threatened disruption of their 

activities, one made an indirect refusal by the specification 

of restrictive conditions and another had no central records but 

the belief that few graduates had been recruited. In all,six 

companies offered opportunities for interviews with recent 

recruits and managers at some of their establishments. The 

next stage of uampling was undertaken by personnel departments 



- 21 - 

who nominated establishments and graduate recruits within 

establishments. Some indication of these establishments and 

activities is given in table 7. One of the problems in this 

process was that the nature of comparisons which could be drawn 

from the eventual sample was constrained, for example, one company 

nominated all 1967 graduates while another had undertaken little 

recruitment in 1967, and some companies included their research 

establishments while others did not. Where it was possible 

1 attempted to gather information about the total intake and 

those presented for interview to assess the extent of representa- 

tiveness. Thus there were three stages of sampling at 

which bias could enter - the selection of companies, the 

selection of establishments, and the selection of graduates. 

Again the companies were widely acknowledged as leading companies 

in the electronics' industry and did not appear a- typical of those 

engaged in the capital goods sector, which has been the 

sector of the industry which has enjoyed greatest economic 

significance, growth of output and employment of graduates 

compared to the consumer goods sector. In one respect the 

activities of graduates may have been more biased towards 

military-work than was typical of the industry programme by 

the late 1960's. (20) Personnel managers generally explained 

the selection of establishments as indicative of company 

activity with convenient access to numbers of graduates. For 

the development labs this was probably accurate for the 

companies and the industry. Since the production departments 

visited were those of the semi- conductor sector the forms of 

organisation of mass ixoduction of integrated circuits or transistors 

,(20) More information is given on the industry's growth and 
vari .us sectors in chapter five. 
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could be somewhat different from.prcduction departments for 

computor or missile production. Some of the major electronics 

companies, including two of those in the sample of companies, 

have established large central research laboratories with 

five hundred to six hundred employees and organisationally 

independent of product divisions. i+orresearch labs of this size 

were visited. The other four companies of this sample maintained 

several research labs which were _,rganisaticnally linked to 

product divisions although physically isolated in some cases. 

in size the research labs, visitea at three of these four companies, 

had sixty to two hundred and fifty employees. The significance 

of this point about research labs lies in the probability that 

the large independent labs undertook a greater volume of 'private 

venture' and fundamental research compared to small labs linked 

to product divisions and more dependent on internal or external 

contract research of a directly applied science or advanced 

development nature. Hence if scholarly orientations to research 

were to be sustained they would be more likely in the large 

independent research labs than the small labs of this sample. 

The last stage of sample difficulty was in the selection of 

graduates. In companies A, B, C and D there was little 

difficulty for interviews were undertaken with the total popula- 

tion available in that establishment. "(21) In companies E and F 

the intention was to limit the enquiry to a few divisions which 

(21) Non -availability arose sometimes because a graduate had 
left the company, was absent because of illness, a visit to 
another establishment or company, or attendance at a course. 
Another source of discrepancy between columns 8 and 9 is my 
exclusion of unused interviews from column 9. 
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left a sampling problem. Graduate recruits were selected by 

departments Lnd the personnel department and it is unclear 

whether any bias arises in this procedure.,(22) Bias could 

arise from the selection of graduates to impress the 

interviewer leading to overstatement of able and fully utilised 

graduates or the selection of these without assignments leading 

to an overstatement of cases of underutilisation. Since I could 

not detect such bias it seems reasonable to accept respondents 

as representative of those entering the companies in those years. 

The sample of graduates gathered in this way did include 

sufficient numbers of university educated physicists and engineers 

to make comparisons between groups on the hasis of educational 

experiences and sufficient numbers of researchers and development 

engineers to make comparisons possible here. The numbers 

become very small when broken down by department and educational 

experience, however. Here again the sample frame became distorted 

by the inclusion of production and application lab recruits 

largely at company requests. I was somewhat ambivalent about 

the distortion since entry to non -R & D was a frequently discussed 

social issue and seemed valuable for study but the prospect of 

small numbers was an inevitable disadvantage. Personnel 

departments tended to class_.afy their personnel into categories 

such as professional, technician, craft, and so on, rather than 

,(22) In company E I had interviews with 27 of approximately 
140 entrants to the four divisions over the two years 1967 -68. 
In company E it was intended to use 3 divisions with total 
populations but after the start of interviews a divisional 
manager objected and a hasty selection was provided from other 
divisions. 
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TABLE 9 

(a) Distribution of respondents by educational discipline across functional 
departments 

Educational 
Discipline 

r 
Department: 
Research Development Production Application Totals 

Engineering 10 90 4 4 108 

Physics 18 23 8 3 52 

Maths 3 3 - - 6 

Others 3 1 - - 4 

Totals 34 117 12 7 170 . 

(b) Distribution of respondents by education qualification across functional 
departments 

V 

Educational 
Qualification 

I 
Department: 
Research Development Production Application Totals 

College dip. - 4 °- 4 

HND 1 4 - 5 

Dip Tech - 2 - 2 

BA /BSc /Tech 31 105 9 7 152 

+postgrad dip - - 2 2 

+MSc 1 2 - 3 

+PhD 1 - 1 2 

Totals 34 119 12 7 170 
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by educational qualifications, so that some non -graduates were 

included in the sample.,(table 8) 

It is apparent already that the nature of company 

co- operation was very important to the study. Some difficulties 

arose in the pilot study from restrictive conditions on 

interviewing, for example, interviews at the rate of one per 

week or in instalments of a half hour per visit. These problems 

did not arise in the main fieldwork, the companies in the South 

East of England provided full days of hour long interviews, 

here the problems were those of crowded rather than empty 

timetables. One source of difficulty in most companies in both 

pilot and main studies was the lack of various kinds of statistical 

information - for example, graduates as a proportion of the 

labour force, 'recruitment costs and graduate turnover - in a 

readily available and usable form. Frequently this was because 

the information was not collected in appropriate form since it .. 

was not seen as relevant to organisational purposes. It would 

havebeen.available most probably if I had had the resources to 

collect it. Thus the main sources of information had to be those 

which were readily available and did not impose search costs 

on the company or myself, these were the recruits and their 

managers rather than company records.((23) The state of these 

manpower statistics in companies tended to reinforce suspicions 

about the value of employer returns to the manpower forecasting 

enquiries, given doubts about the accuracy of information about 

the existing situation then it appeared likely that forecasts- -: 

were likely to be guosses, ('least cost estimates' in Blaug's terms). 

,(23) Curiously in some establishments respondents were able to 
tell me of other recruits who could be called for interview 
who were not on the personnel or training department lists. 
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The reliance on interviews as the main method of data 

collection in the study of the perspectives of managers and 

recruits has been mentioned already. In the case of managers 

these were all open ended interviews to cover a short list 

of topic headings and lasted about an hour, for the graduate 

recruits the hour -long tape recorded interviews were supplemented 

by self- administered questionnaires. In the pilot study the 

interview guide of thirty -seven open ended questions was 

supplemented by 'a brief questionnaire which was handed out at 

the ends of the interview, for the main study the number of 

questions was increased in both the interview and questionnaire, 

but the essentially open -ended nature of the interview was 

retained. The response ratE for the questionnaires was 

high, 152 (90%) of 170 administered, and it was unfortunate 

that the actual interview and questionnaire instruments were 

not 'piloted' since the subsequent experience suggested that 

more extensive use could have been made of the questionnaire,. 

The interview.ppeared to provide a context, and stimulus, to 

the completion of the questionnaire. 

Attempts to understand the processes by w::ich people attach 

meaning to the situations which they encounter have been under- 

taken often in the Chicago tradition by the use of the researcher 

directly to enter the situation himself in some form of participa- 

tion and observation. This approach appeared both inappropriate 

and impractical for my enquiry, participant observation would 

have meant concentration on fewer companies and establishments 

and limited the scope for generalisations about a number of 

companies and the industry, and ultimately about the manpower debate. 
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Furthermore the frequent reservations abut the disruption to 

company activities caused by Government surveys and university 

studies cast considerable doubt on the likelihood of securing 

industrial consent.C24) The essentially open -ended nature of 

the interviews was directed to obtain the definitions of the 

situation developed by recruits and to probe for examples of 

the specifics of situations encountered. This approach rested 

on the belief that people do not internalise abstract norms 

but images of themselves in concrete relationships and 

subsequently abstract principles. (25) Tape recording the 

interviews was a considerable aid in permitting concentration 

on the interview and probes to responses without the distraction 

of recording and gave a verbatim account, although transcription 

complicated the time scale of data collection.q26) 

(24) The desire of some personnel departments to window- dress, 
for example, by claims that all recruits were busily employed 
and that interviews must be strictly time -tabled, was under- 
standable in the context of the manpower debate. They were 
presented with an opportunity to declare that industry was 
the wealth- creating sector and universities existed on 
sufferance to someone from a university. 

(25) See the discussion by Daniel Miller 'The study of social 
relationships: situation, identity and social interaction' 
in S. Koch ed. Psychology: Study of a Science Vol. 5. This 
approach may be contrasted with that adopted by Cotgrove and 
Box. They attempted to assess the relevance of some norms 
governing their respondents' behaviour in some questions 
about hypothetical situations in their mailed questionnaire. 
Respondents were asked to consider the behaviour of Smith 
an industrial research scientist and express their degree 
of agreement with his conduct by one of the precoded answers. 
This rather abstract approach appeared quite unsuitable for 
new entrants. It is not clear that the responses were informa- 
tive in Box and Cotgrove's analysis in any event. See S. 

Cotgrove and S. Box Science, Industry and Society op. cit. 
p. 188. 

(26) Obviously some transcription had to be done in the 

evenings after interviewing to release my stock of tapes for 
further use, but the bulk of transcription was carried out from 
January to April 1969 after the 225 interviews carried out from 
mid -September to the end of December 1968. 
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Perhaps a central question about the research design remains, 

this concerns the extent to which dynamic processes can be studied 

by examinations conducted at a point in time. Ideally the 

dynamic processes of status transition and occupational social- 

isation should be studied longitudinally by observations or 

interviews repeated over time. The benefits of this kind of 

study can be appreciated in the study by rarnes of a sample 

of final year science students from Edinburgh University who 

were followed.into employment.(27) This study design enabled 

Barnes to: study situational adjustment and the development of 

committments both before and after the situation changed. 

Yet where Barnes could control for educational experiences 

he could not control for eventual employment. In my own case 

I had decided on a critical case study of an industry and it 

appeared impossible to contact the entrants within university.(28) 

Given that the sample was contacted in industry the study is 

open to the charge that this was a study of 'change recollected 

in tranquility'. This appears less serious when it is remembered 

that the graduates were within two years of graduates and were 

still within the process of adjustment and were not seriously 

troubled by difficulties of memory in recall. 

( 7) S. B. Barnes 'Making Out in Industrial Research' Science 
Studies volino.2 April 1971. 

(28) A priori it might appear possible to ask companies for a 

list of people to whom employment often had been made in the 
Spring, interview before finals and then interview in employ- 
ment in the Autumn. However there was reason to believe 
that 'late deciders' on employment might include a high 
proportion of the most reluctant entrants to industry which 
would distort the sample. 



PART TWO 

ENTRY TO THE LABOUR MARKET 



CHAPTER FOUR 

CONTRASTING VIEWS ON THE WORKINGS CF THE LABOUR i1ARKET 

1. Introduction. 

In Part I, chapter one outlined the way in which the provision 

of adequacy in the numbers and quality of scientific and engineering 

manpower came to be defined as a social problem following the 

Second World War. It was evident that there were some shifts 

in the definition of the problem from one of overall shortage 

to one of sectoral misallocation, and in the 1960's-this was 

expressed as concern that graduate scientists and engineers tended 

neither to seek nor be suitable for industrial employment. 

Chapter two took up the discussion of suitability and showed the 

way in which some sociologists in the U.S.A. and Britain located 

this problem in the conflicting definitions offered by industrial 

employers and university- trained scientists and engineers of the 

appropriate employment relationship for scientists and engineers 

in industry, and the definitions maintained by scientists and 

engineers were traced to the conceptions of science and engineer- 

ing which theyacquired in universities. While the American 

sociologists referred to the development of 'accomodations' 

in industry which reduce conflicts, the British sociologists 

held that processes of choice and selection in the labourmarket 

would minimise the numbers of scientists and engineers in 

industry who held views in conflict with those of industrial 

employers. While this solution might minimise conflict it did 

not solve the manpower problem seen by the Committee on Manpower 

Resources for Science and Technology since the kind of equilibrium 

achieved through:: the choice and selection of suitable candidate 
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would not satisfy the industrial demand, The solution advanced 

by the Committee was to secure more candidates who were suitable. 

The Committee believed that 'shortage' stemmed from the conceptions 

of scientific and engineering work fostered in the universities, 

and that many of the employment problems in industry arose when 

would -be pure researchers became reluctant recruits to industry. 

Two other themes in Part I consisted of critiques of the way in 

which the social problem was defined, for example, in the manpower 

forecasting view. of numbers and the sociological orthodoxy on 

the formation of preferences. These themes were related because 

the critique of the 'shortage case' consisted largely of the 

argument that the utilisation of existing resources should receive prior 

examination, and this utilisation involves a discussion of suit- 

ability which leads to a discussion of the way in which preferences 

are shaped. The pilot study provided some limited support for 

the argument that a number of companies in one advanced sector 

had problems in the utilisation of graduates which appeared 

more significant than problems of shortage, that the problems 

were experienced by the graduate recruits as discrepancies between 

expectations and experiences of work, and finally, that these 

expectations derived in part from university experiences but were 

not related to a desire to be academic scientists or engineers. 

In some ways it was paradoxical that Box and Cotgrove should 

have seen the workings of the labour market as a palliative for 

employment problems when economists were turning to discuss the 

inadequacies of the labour market, especially the inadequacies 

in the distribution of formation and foresight on which the Box 
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and Cotgrove model set such store.(î) Since the .,Jerversity of 

the mis -match between education and industry was expected to 

emerge in the labour market it could be expected that economists 

would enter the jousts. When the Committee on Manpower Resources 

for Science and Technology proclaimed evidence of market 'shortages', 

economists rushed iñ, if only to preserve the purity of their 

concepts. 'Shortage' is a term with a number of different meanings 

among laymen and economists and its use always holds the 

possibility of 'a debate at cross -purposes. The criticisms'v.entured 

by Professor Bla.iig and his colleagues were not simply rebukes 

about the quantity and quality of evidence, but criticisms 

of the kind of evidence and the conceptual framework within 

which it was collected. . Blauug expressed the differences most 

succinctly in his comment that the differences resolved into 

"nothing less than a totally different view of how economic 

systems work. "(2) 

This chapter will discuss some of the various contemporary 

definitions of 'shortage' and the criteria which would justify 

usage in such cases. In the third section the uses of the term 

and supporting evidence offered by the Swann Committee will be 

examined, followed by a fourth section which checks the Swann 

Committee evidence against the favoured definitions and criteria 

of economists. The way in which searches for evidence stemmed 

from contrasting views of the workings of economic systems 

will be explored in section five, and a final section will 

(1) G. Stigler 'Information in the Labour Market' Journal of 
Political Economy Supplement 1962. 

(2) M. Blattz An Introduction to the Economics of Education 
Hammondsworth: Allemane Press 1971 p. 216. An earlier state- 
ment of this view can be found in M. Blau.g 'Approaches to Edu- 
cational Planning'Economic Journal pp.271 -272 June 1967. 
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summarise the policy proposals made by the manpower forec :sting 

Committee and their economist *critics. 

This chapter serves an introduction to chapters five, (on 

the company experience of the labour market), six, (on the graduate 

experience of the labour market), and seven, (on the response 

of the educational system to industrial demand), dealing with 

the labour market for graduate engineers and scientists in 

Part II. Those chapters present material relevant for a check 

on the assumptions about company market strategies and graduate 

job seeking behaviour made in the analytical models of forecasters 

and economists and relevant to speculation about the likely implica- 

tions of policy proposals. 
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2. Definitions and evidence of 'shortage'. 

One economist, Folk, has, identified eight different uses 

for the concept of 'shortage' among economists and laymen.(3) 

(1) a salary rise shortage 

(2) a dynamic shortage 

(3) a controlled price shortage 

(4) a shortfall in projected supply 

(5) inadequate number to achieve national goals 

(6) inelastic supply 

(7) a limited pool of talent 

(8) a shortage arising from misallocation or onalutilisation. 

(1) a salary rise shortage. 

For the economist this phenomenon would simply represent 

the working of the labour market as demand increases faster than 

supply at recent market salaries and the competition between 

employers leads to a rise in salaries, such am adjustment process 

is thought to be resolved generally without intervention. 

(2) a dynamic shortage. 

For the economist this kind of shortage emerges when 

salaries are temporarily too low to clear the market as in the 

case of -.the salary rise shortage. In asserting a dynamic 

shortage the economist would look for evidence of the sluggish- 

ness of employer- response, for example, in the unwillingness 

of employers to engage in wage competition in a labour market 

marked by digopsany (few buyers). For the policy maker concern 

might be expressed at the speed of the adjustment process and 

efforts might be directed to speed up the process. 

(3) The very clear and comprehensive account of the U.S. litera- 
ture and debates in Folk's study have considerably influenced 
the presentation of this chapter. Chapter one 'The shortage 
and public policy' in The Demand for Scientists and Engineers 
Lexington,C.onn: Heath 1970. 
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(3) a controlled price shortage. 

There was a belief among some of the engineers quoted in 

the pilot study that the company work on Government contracts 

carried the requirement that the company observe with esrecial 

stringency the Government incomes policy, such a case could lead 

to a controlled price shortage with employers unable or willing 

to pay the market salary and labour going to other employers 

(e.g. non -Government contractors in industry). 

(4) projected su,.inly shortfalls. 

These shortages formed the substance of the fears in post- 

war Britain about the demand and supply of highly- qualified 

manpower for various surveys showed an arithmetical difference 

between projected requirements and projected supply. 

(5) inadequate numbers to achieve national goals. 

Although it is extremely difficult to state the goals of a 

society, governments make statements of economic objectives, for 

example, in statements about a desirable rate of economic growth. 

Such a statement could lead to the comment that society had 

insufficient numbers of trained engineers and scientists to 

achieve the desired objectives.(4) 

(6) a limited pool of talent. 

The critics of the Robbins report mentioned in chapter one 

raised a frequent slogan that 'more means worse' and a claim 

that a limited proportion of the population would have the 

ability to cope and benefit from higher education.(5) This view 

(4) See, for example, the discussion of indicative planning in 
The National }Jan London H.M.S.O. 1965 Cmnd 2764 pp.1 -21. 

(5) See, for example, the correspondence included in The Times 
Educational Supplement started by Professor Jones, a professor 
of natural.philosophy at Aberdeen University, whose initial 
article complained of the lowering of the average quality of 
students by expansion, the starving of industry of potential 
recruits, and the expansion in 'soft' subjects. 'Where Robbins 
went wrong' The Times Educational Supplement 27th February 1970. 



T - 

had its corollary in the view that there would be a limited 

number able to undertake scientific and engineering occupations. 

(7) a shortage arising from misallocation or malutilisation. 

An economic definition of shortage arising from misallocation 

or malutilisation would be where scarce engineers and scientists 

are "employed in activities that are neither profitable to their 

employers nor useful in a wider sense of social utility."(6) 

Folk gives four examples of widely- criticised activities 

among U.S. Federal Government contractors in "gold- plating" 

(overspecification and search for excellence at any price), 

"brochuremanship" (the employment of resources in the preparation 

of contract proposals), "stock- piling" (hoarding teams of 

scientists and engineers to bid for contracts, and the "du;li- 

cation of effort" (the prolonging of projects on cost plus 

contracts). The first and fourth of these criticisms imply 

that the companies are not in a competitive situation and would 

call for very different policy approaches from the kind of shortages 

evident in the working of market adjustments. 

The kind-of policy proposals made then depend very much, as 

Bla3z.g suggested, on the view taken on the workings of the labour 

market and in the next section the beliefs of theCommittee on 

Manpower Resources for Science and Technology will be distilled 

by an examination of their use of the concept of shortage and the 

kind of evidence brought to support their argument. 

(6) H. Folk op. cit. p. 3. 
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3. The Swann Committee and evidence cf a 'shortage'. 

The Swann Committee saw a shortage of scientific and engineer- 

ing manpower in three of the senses defined. The most obvious 

sense in which they saw a shortage was the discrepancy between 

the numbers estimated as required for employment and the number 

likely to be available for employment, especially in the long 

term. There was also a shortage defined in terms of difficulties 

in meeting national goals, for the Committee drew a distinction 

between the 'needs' of the economy and employer 'demands' and 

suggested that employer demands understated national, need. In 

their references to the demand and supply for schools the 

Committee suggested the existence of a controlled price shortage 

where there was resistance to applying differentials to science 

teachers vis á vis other teachers, and they hypothesised that a 

similar situation might occur in industry where it was thought 

that any salary increases by industrial employers wuld lead 

to stalemate as universities and Government would apply for 

increases on a principle of 'fair comáarison'.(7), 

The techniques for illuminating the existence and extent of 

a shortage used by manpower forecasters are closely -related 

to their view of how the labour markets operate. The Committee 

on Manpower Resources for science and technology made estimates 

of the future enrollments of schoolchildren in science studies 

in the Dainton Report and could make estimates of university 

outputs for three years ahead in the Swann Repert.(8) As guides 

(7) The Flow into Employment of Scientists, Engineers and 
Technologists Cmnd. 3760 op. cit. p. 68 and pp. 82 -3. 

(8) The substantive results of these projections and shortage 
have been raised in chapter 1. 
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to planning, however, the manpower forecasters have concentrated 

attention on the demand side, using four main techniques to derive 

estimates of future manpower requirements: 

(a) the employers' opinion method; 

(b) the incremental labour- output ratio (ILOR) trend method; 

(c) the density -ratios method; 

(d) the international comparisons method; and 

(e) target production forecasts. 

Of these techniques, the Committee on Manpower Resources for 

Science and Technology placed most reliance on the employer 

opinion method through the questionnaires to employers for the 

triennial manpower surveys. The substantive evidence derived 

in this way, of past shortfalls between the numbers 

employers expected to be in employment and the acttal numbers 

eventually employed and discrepancies between the projected 

rates of growth of employment and past rates of growth of 

employment in industry and schools, has been presented in section 

3 of chapter one. The criticises that have been made of this 

method includes doubts about the significance of the responses 

to employers when meidium-i or long term estimates of labour 

requirements are requested of them. The absence of detailed 

personnel records of existing staff prompted Layard and his 

colleagues to doubt the value of responses which employers might 

make and the paucity of manpower planning in companies revealed 

in a Ministry of Labour study strengthened these doubts.(9) 

Other doubts about the employer response method arise from the 

way in which the statistics are aggregated by the Committees. 

For example where product markets are characterised by oli gopo i 

it is not clear what kinds of assumptions are being made by 

(9) See P. R. G. Layard et. al. Qualified Manpower and Economic 
Performance op. cit. 36. and Electronics Manpower Studies 

No. 5 Ministry of Labour: H.M.S.O. 1967. 
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employers about their relative market shares and even in comu±itive 

markets some indication of estimated production levels would provide 

a check on the internal consistency of projections. 

The Committee suported the evidence gathered by employer 

questionnaires and discussions with industrialists by evidence 

gathered by two other techniques, the density ratios method and 

international comparisons. In a version of the density ratios 

method, the Committee took the data on the. proportions of 

various categories of manpower across different sectors, for 

example the proportion of engineers and scientists employed in 

research and development in manufacturing industry and the 

proportions employed in more general functions thoughout the 

economy. While it was evident that absolute numbers rose in 

R & D from 21,700 -34,000 over the period 1956 -65 the proportion 

of the total numbers of engineers and scientists employed in 

R & D manufacturing industry fell from 44,.5% to 38.5jo.(1O) 

Moreover the Committee quoted a study of the Electronics industry 

in which engineers and scientists were expected to become a larger 

proportion of the managerial and supervisory staffs.(11) On 

the assumption that this was a best- practice industry, the Committee 

could forecast similar trends in the ratios of engineers and 

scientists to other qualified staff being taken up in other 

industries. The forecasts from best practice had an element of 

international comparison in the study commissioned by the 

Committee which enquired into the employment of engineers and 

scientists in the U.S.A.(12) This latter study made comments 

(10) The Flow into Employment of Scientists Engineers and Tech- 
nologists Cmnd. 3760 op. cit. pp.55 -57. 

(11) Electronics op. cit. 

(a2) M. C. McCarthy The Employment of Highly Srecialised Graduates 
Science Policy Studies No. 3 London: Department of Education and 
Science 1968. 
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on shortages in qualitative terms, about deficiencies in education 

and training, as well as observations on a numbers shortage and 

these qualitative issues will be taken up more fully in chapter 

seven in the discussion of the kind of resources which graduates 

bring to their employment situation. The objections to the 

density- ratios and international comparisons techniques stem from 

the assumptions that the ratios are stable functions, for example 

that from two observations one could draw a straight line, and 

the assumption /some practices could be singled out as best 

practices. 

Because they_use different conceptions of shortage economists 

tend to look for different kinds of evidence by different techniques 

in order to evaluate the state of the labour market and their 

criticisms of manpower forecasting techniques among policy makers 

have been consistent on methodology since the late 1950's. 
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4. Economists nd the evidence of aishorta ̂e. 

As Folk observed economists tend to start from an assumption 

that "a competetive economy allocates resources to their most 

remunerative use's," and in consequence pay most attention to 

salary changes as indicators of the efficiency of the market.(13) 

The senses in which economists tend to see a shortage are the 

'salary rise shortage' and'dynamic shortage' or in those situations 

where impediments hinder the smooth functioning of the market, 

such as the 'controlled price shortage','inelastic supply' .or 

'misallocation' problem. An early economist critic cf manpower 

forecasters, Peacock, reviewed the work of Zuckerman's Committee 

on Scientific Manpower, the predecessor of the Committee on Manpower 

Resources for Science and Technology, and suggested that an 

economist looking for evidence of a labour shortage would use 

three main indicators - salary rises, substitutions of other forms 

c 

of labour or capital for the scav'e labour, and installments of 

production output.(14) In this section the evidence of the 

Swann Committee and other commentators will be examined to see 

how far these criteria were met. 

(1) Salary movements. 

The Swann Committee was quite candid in their relative 

uhconcern about their state of knowledge of salary movements. 

"We have not attempted to examine detailed evidence on 
the movements of salaries of scientists and technologists 
in different sectors, or their interaction. Salaries are 
not, of course, the only consideration in the relative 
attractiveness of occupations; and, even if they were a major 
factor, industry must necessarily be under the constraint 

(13) H. Folk op cit p. 2 -3. 

(14) A. T. Peacock "Economic Growth and the Demand for Qualified 
Manpower" District Bank Review June1963. 
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of obtaining an adequate return for outlay. We do not know 
how flexible industrial salary structures can be, and how 
readily they can reflect demand, and we think these points 
should be studied further. "(15) 

The Committee went on to urge observation of a principle 

of 'fair comparison' which gave due weight to the non -pecuniary 

disadvantages of industry vis a vis universities and government. 

The lack of salary statistics in Britain is well -known but the 

degree of unconcern was somewhat surprising. The Jones Committee 

was prompted to explore relative salary levels by the frequent 

citation of salaries in popular explanations of the 'Brain Drain' 

and the Jones Committee observed that these were differences 

in both absolute salaries and salary structures in the U.S.A. 

and U.K. which were probably a major influence among 'at least 

half of those who emigrated'.(16) The Swann Committee collected 

no similar data on salaries in different sectors in Britain and 

did not check the workings of the principle of 'fair comparison'. 

The Kelsall Study gave reported characteristics of their own 

jobs as seen by scientists and technologists, and on this there 

was little difference in the scored rating by technologists in 

universities compared to scientists and technologists in industry 

although the scientists in universities gave a markedly lower 

rating to their own salaries. Certainly these reports on job 

characteristics gave support to the belief that there was wide 

variety in perceived characteristics of sectors but could not 

indicate now characteristics were perceived in other sectors and 

how important characteristics were in job choice. The Swann 

(15) The Flow into Employment of Scientists, Engineers and 
Technologists Cmnd 3760 op. cit. p. 63. 

(16) Brain Drain Cmnd 3417 op. cit. pp. 27 -29. 
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Committee then took the view that other factors were important 

in occupational choice, (but did not demonstrate the point), 

and hin ted that salary movements would not reveal shortages, 

(but did not check for evidence). 

Some economists did attempt to gather salary data, and 

claimed evidence of a dynamic shortage. Peck pinted to 

upward salary movements for engineers and scientists despite 

market imperfections which would impede market response.(17) 

Not only were companies likely to perceive shifts in the supply - 

demand balance slowly and respond with a lag and reluctance to 

raise salaries to_ newcomers when equity might enjoin increases 

to existing staffs, both problems common to all companies, 

Peck emphasised that the degree of concentration'of a few buyers 

of labour in the manufacturing industry was likely to caution 

employers against self -defeating salary bidding.(18) Folk 

found no obvious shortage of scientists (whether measured by 

salary rise, salary level or job vacancy) but found evidence 

of persistent shortage of engineers.(19) He found that engineers 

earned about the same' as chemistry and physics graduates, but over 

the period 1955 -64 he detected a more rapid increase in engineers' 

earnings than -among any other group studied which would indicate 

a shortage. 

(17) M. J. Peck 'Science and Technology'in R. Caves ed. Britain's 
Economic Prospects New York: The Brookings Institution 1968. 

(18) M. J. Peck ibid Some other researchers found that 
companies favoured new recruits rather than experienced recruits 
in part because of equity problems with existing staffs and in 
any event were reluctant to respond to difficulties in recruit- 
ment by salary increases because of the disturbance to existing 
salary structures. A similar view is in H. Murray and D. 
Armstrong 'Report of a Pilot Study on the Mobility of Scientists 
and Technologists' (personal communication). 

(19) H. Fik 'The response of higher education to economic needs' 
Policy ConFere.nce of Highly Qualified Manpower Paris 1966 Paris: 
OECD 1967. 



Cne of the problems in the collection of salary data is the 

choice of which data to collect, for example, in the ch::ice 

between starting salaries, mean or median salaries, or some 

measure of lifetime earnings. Where new supply accounts for a 

substantial proportion of annual recruiting and companies are 

reluctant to engage in competition among Experienced staff the 

a 
movement of starting salaries might be taken as/particularly 

sensitive indicator cf the state of the market. Of course the 

important point is to examine the starting salaries of those with 

other qualifications or those in other functions, for example, 

a student makinga choice of university subjects may take account 

of the starting salaries for engineers and the starting salaries 

for economists or the graduate engineer may choose between a 

taxed industrial income or an untaxed research grant. Collection 

and use of mean salary data is in some ways a poor substitute 

data since the distribution of earnings across occupations or 

industries is compounded by age factors, and youthful industries 

may have younger, inexperienced and relatively more lowly paid 

employees. Computations of the life -time earnings have received 

considerable attention from economists in recent years and 

where age data is available the.mean salary data can be used to 

give an estimate of expected earnings over the lifetime with due 

allowance for.the probability of survival. From this statistic 

various refinements could take account of the different shapes 

of time streams bÿ'the use of a discount rate (present value 

of lifetime earnings). Another refinement' is to regard the costs 

of education as negative earnings and then calculate the discount 

rate w :ich equates the discounted value of the costs of a °articular 

kind o r level of education with the discounted value of the 

future earnings anticipated from it. This latter approach has 
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been dubbed the 'rate of return' approach by Blaag and it is this 

measure which Blau.g has advanced as a distinctively economic 

approach to supply and demand qustions about highly qualified 

manpower. Rates of return could be calculated for private 

decisions (from post -tax earnings and out -of- pocket expenses) 

and for social decisions (from pre -tax earnings and taking all 

resource costs into account) as guides to policy decisions.(20) 

Despite the limited nature of available statistics, the 

researches of the Higher Education Research Unit at the L.S.E. 

have attempted to calculate private and social rates of return. 

From the data collected in the Industrial Manpower Project on 

the electrical engineering industry, Magid.n and Layard attempted 

calculations of the social rates of return to the different 

routes of qualification for employment in the industry on the 

grounds that the scale of provision for each route "could and 

should be varied if it were found too low or too high "(21). In 

order to judge what, might be a reasonable return on invested 

capital the researchers took the ten per cent norm required of 

nationalised industries, and against this norm Maglen and 

Layard found little support for the Swann Committee proposals 

for expansion in undergraduate education, although they could 

support the concern expressed by the Swann Committee about post- 

graduate education. 

(20) See for example M. Blaug 'Approaches to Educational 
PLanning' op. cit. and the extended discussion in.his Introduction 
to the Economics of Education op. cit. where Blaug advocates 
the use of a variety of approaches as complementary tools in 

manpower planning. 

(21) L. Maglen and R. Layard "How profitable is engineering 
educ:..tion" Higher Education Review vol. 2 No. 2 Spring 1970 p. 52. 



TABLE 1 

Present value of lifetime salaries by subject, 1966 -69 
(to age 18; 10% discount rate) 

Subiect 1966 1967 1968 1969 1966 -69 Growth Rate 
£ £ £ £ 

Chemistry 8453 9059 9214 9608 113.7 

Metallurgy 8574 9261 9436 9879 115.2 

Physics 8709 9639 10055 10174 116.8 

Mathematics 8802 9684 10355 10378 117.5 

Mechanical Engineering 8370 8915 9324 9792 116. 9 

Production Engineering 8296 9306 9677 9907 119.4 

Aero Engineering 8390 9620 10120 10470 124.8 

Electrical Engineering 8426 8967 9303 9704 115.1 

Chemical Engineering 9239 10209 10314 10511 113.2 

Civil Engineering 9484 9873 10453 11110 117.1 

Source: R. Klinov -Malul 'Enrolments in Higher Education as Related 
to Earnings', British Journal of Industrial Relations vol. 9 no. 1 March 1971 
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"In very general terms, the social rates of return 
to science and engineering education suggest that the 
expansion of full -time first degree courses has been of 
about the right magnitude, while post -graduate education 

been over -expanded. part -time education for H.N.C. 
has at least as high a pay -off as full -time education, 
and there is no clear case for deliberately discouraging 
it in favour of the mote costly full -time courses ".(22) 

Klinov -Malul, in an attempt tb study the degree of responsive- 

ness of student enrollments in higher education to rates of return, 

collected salary data from the Cornmarket Careers Centre which 

throws some doubts on the existence of a shortage in economic terms 

during the peribd of the Swann Committee's deliberations.(23) 

Although the author was aware of the limitations of her small 

samples she found -a maximum wage differential across the ten 

science and engineering disciplines covered of only £1,500 on 

median life -time earnings (i.e. less than £100 per annum even on 

a 5% interest rate) and this permitted the tentative conclusion 

that a shortage was not erident. 

"... the first conclusion is that, at a ten per cent 
discount rate there is no evidence of substantial shortages 
or surpluses in any of the professions covered, since their 
present (lifetime earnings) values are very similar, Also, 
since for the last five years no significant change took 
place in the. ranking of subjects by income, a dynamic 
process of a relative shortages being created cannot be 
observed. "(24) 

Moreover the' limited evidence which is available on earnings 

across non -science and engineering courses does not support the 

Swann Committees' perturbation of the more rapid expansion among 

social science disciplines foreseen by the U.G.C.memorandum of 

general guidance.(25) 

(22) L. Maglen and P. R. G. Layard ibid p. 65. 

'(23) R. Klinov-Malul "Enrollments in Higher Education related 
to earnings" British Journal of Industrial Relations Vol. IX 
No. 1 March 1971. 

((24) Klinov-Malul ibid. p. 86. 

(25) Kli.nov- I4alul cites a study of 4,000 applicants to the Corn - 
market Centre during the latter half of the year 1969 in which 
insignificant differences were found in a cross -sectional analysis 
of income differentials among graduates ,in engineering, economics and 
humanities. 



TABLE 2 

Percentage change in earnings revealed by Engineering Professional Institute 
Surveys compared with figures for all workers 

Date Age 

Under 
26 

26 -30 31 -35 36-40 41-45 46 -50 51 -55 56 -60 61 -65 
DE all 
worker 
index 

Obser- 
vations 
exceedin 
DE index 

1966 -68 13.7 11.5 13.4 11.1 11.8 11.9 8.8 11.6 11.2 11.0 8/9 

1968 -71 27.7 25.7 24.4 23.5 20.0 20.5 24.4 16.7 16.7 33.5 0/9 

Source: E. G. Whybrew 'Recent Trends in the Labour Market for the Highly 
Qualified', unpublished paper, Unit for Qualified Manpower D. E. mimeo 
13 November 1972 

TABLE 3 

Percentage change in earnings revealed in Surveys of Professional Groups 
compared with figures for all workers 

% earnings change 
Group Age Date ` 

(a) (b) 
of group in DE index 

Engineers all 1955 -59 33.2 21.5 
(Engineers Guild) 1959 -62 22.9 17.0 

1962 -65 19.1 23.5 

Physicists all 1951 -53 10.7 14. 0 

(Fellows of Institute) 1953 -56 25.8 25. 8 

1956 -60 20.5 22.0 
1960 -64 40.4 24.6 

Source: E. G. Whybrew ?Recent Trends in the Labour Market for the Highly 
Qualified'. Bid. 



TABLE 4 

Median Salaries of Physicists (Fellows of the Institute of Physics) by 
Age in University and Outside 

1968 £ p. a. 
26 -30 31 -35 36 -40 41-45 46 -50 51 -55 56 -60 61 -65 No. in 

Sample 

Physicists 

All (2352) 2735 3303 3594 4065 4258 3895 4086 970 

University e e 3470 3710 3880 4290 4250 n 259 

Source: J. Bibby 'Rewards and Careers ", Higher Education Review vol. 3 no.1 
Autumn 1970 

TABLE 5 

Extent of Secondary Earnings among Physicists, by Class of Employer 

1968 
Secondary income as percentage of total income 
(Percentage of employees in range) 

" 

None <10% 10 -20% >20%o Total 
Physicists 

45 

87 

40 

11.5 

10 

1 

5 

0.5 

100% 

100% 

University 

Industry 

Source: J. Bibby "Rewards and Careers', Higher Education Review vol. 3 no. 1 

Autumn 1970 
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The data on salaries in different sectors reveals that the 

graduate scientists who entered university employment were on 

the whole in more a favourable salary situation than those graduate 

scientists who had entered industry. Table 4 was extracted from 

a study by Libby and based on the surveys by the institute of 

Physics in 1968. Moreover Bibby shows that the salary surveys 

counter the notion that the top decile salary in industry is 

higher than that in university, this finding in conjunction with 

the evidence that salary dispersioi i_. associated with universities 

was lower than elsewhere suggested that the likelihood of a 

satisfactory salary was higher than elsewhere. A further point 

in favour of university employment sas been the ease of access 

to the outside earnings and table 5 contrasts this ease of access 

for supplementary earnings for physicists in university and 

industry. 

Thus the salary data which has been collected following 

the demise of the Manpower Committees does not suggest a significant 

Shortage of scientists and engineers in the mid 1960's nor indications 

of a movement 'towards shortage. 

(ii) Substitutions. 

Substitutions to alleviate shortages in the case of engineers 

and scientists are almost wholly concerned with the substitution 

of different levels and kinds of qualified manpower.(26) 

(26) In R & D in general and electronics in particular the 
opportunities for higher capital investment to free scientists 
and engineers are few. In some cases it has been argued that 
capital'substitutions' would require more qualified manpower 
in planning, design and production. Some possible areas of 
substitution do exist, however, such as in computer aided design. 
Electronics op. cit. p. 34. 
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Although the Swann Report did not directly comment on evidence 

of efforts by employers to súbstitute technicians for professional 

level engineers and scientists or efforts to redesign jobs to, 

economise on scarce qualified manpower, there were several 

points at which they were forced to reconsider pertinent topics 

such as the relation between education and occupation. The 

confusion experienced by the Committee in approaching the variety 

of empirically observable relations is understandable. This 

variety emerged in the Committee's consideration of-four issues: 

(1) Science and engineering qualifications vis a vis other 

disciplines; 

(2) Science vis a vis engineering qualifications; 

(3) full -time vis a vis part -time routes to qualification; 

and (4) technician and professional qualifications. 

The :'.unease-_ about the larger growth rates forecast for social 

science university places expressed by the Swann Committee has 

been mentioned already, yet the Committee noted in their report 

the numbers of graduate scientists and engineers employed in 

"managerial and other'non -specialist' capacities" and the employ- 

ment of some arts graduates in production functions.(27) The 

Committée put through the problems here, however, by proposing 

that undergraduate courses were too specialised to favour such 

flexible patterns and proposed more broadly -based ('generalist') 

courses where the bases were necessarily science disciplines in 

a 'scientific society'.(28) Again the Committee noted that 

employers did not categorise their staff in terms of educational 

qualification, but in terms of functional. role. The Committee 

(27) The Flow into Employment of Scientists, Engineers and Tech- 
nologists Cmnd 5760 op. cit. pp. 56 -57. 

(28) ibid pp. 73 -75 and p. 111. 
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went on to observe that these occupational roles tended to be 

in engineering and technological functions rather than scientific 

functions which contrasted with rates of growth of numbers 

qualifying in the recent post. To this the Committee saw a 

similar sol..tion in broader courses as furnishing the base from which to 

enter whatever occupational speciality arose. Another manpower 

forecaster regarded this whole discussion of 'generalism' and 

''specialism' as a h,dging operation and urged the Committee 

to see the rather simple relations between education and occupation 

of rigid coefficients where 'generalism' implied an-engineering 

course and the obvious policy implication was nct to dilute 

science courses but prune science departments and boost engineeri +,g 

departments.(29) The concentration of the Swann Committee 

on university sources for qualified manpower has been noted 

already, and it stands as something of an ironic curiosity 

that a Committee working to ameliorate the separation of the 

worlds of- education and industry should so strikingly reflect the 

myopia of that separation in a survey of only half the supply 

of engineering manpower. Already the pilot study and the 

earlier study by the Ministry of Labour in the electronics 

industry suggested that in the case of vacancies in some skills 

and functions industrial employers looked to part -time rather 

than full -time courses for manpower.(30) Moreover the rates 

of return study quoted earlier which suggested appreciable 

returns to part -time question the ready and unthinking approval 

of a' switch in emphasis to full -time study on economic grounds. 

(29) M. Hall 'Research v. Industry' Higher Education Review 
vol 1 No 2 1969. 

(30) Electronics on. cit. pp. 30-32. 
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The 1965 Triennial Ianpower Survey claimed to be breaking new 

ground in its survey of technician employment, and was a little 

surprised to estimate that possibly one -tenth of the entire 

stock of %. S. E. 's was engaged in technician capacity.(31) 

The Committee found this statistic difficult to interpret and 

worthy of further study, especially in the light of the Council 

a tfs.ny 
of Engine:ïring Institution's/to create an educational caste 

system, establishing "different educational streams leading on 

the one hand and on the other to supporting roles." The 

Committee suggested that these efforts might founder because of 

difficulties in creating sufficient status and career opportunities 

for the supporting -roles but supposed that a proportion of the 

S. E.'s enganged as technicians were as a training role or 

only recently qualified. While this interpretation may be correct 

(and later discussion of the field work material offers support 

for the training hypothesis) it requires some efforts to square 

with the claim of a shortage. The shortages of manpower experienced 

in the b.S.A..led to extensive efforts to redesign engineering 

and scientific work and make greater use of techrricians.(32) 

Where there was an apparent substitution of Q. S. E.'s for 

technicians this Light suggest that there were more urgent 

shortages of technicians or 'surpluses' of professional level 

engineers and scientists or simply that the prevailing assumptions 

about the relations between education and occupation bore little 

relation to industrial practice. 

(31) The 1965 Triennial anpower Survey op. cit. p. 29. 

(32) R. A. Bauer Second u.rder Consequences: A Methodological 
Essay on the Impact of Technology Cambridge: ÁI.T r -ess 1969 
chs. 8, 9. 
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(iii) Production Curtailments. 

The Swann Committee gave little evidence of downward revisions 

of production intentions, indeed the Committee indicated that 

their fears were largely for the future.(33) The Ministry of 

Labour study indicated little evidence of the shelving of 

projects, but did suggest that training functions and management 

development were inhibited.(34) However it could be argued that 

industrial training has been a cinderella in industry for quite 

other reasons than those of a manpower shortage, and this has 

been supported in the electronics industry by the widespread 

belief that these training needs among young engineers and 

scientists should be met by moves of individuals between rather 

than within companies and by job experience rather than formal 

courses.(35) 

(33) The Flow into Employment of Scientists, Engineers and 
Technologists Cmnd. 3760 p. 2. 

(34) Electronics op. cit. p. 32. 

(35) The shortages of manpower experienced in the late 1950's 
and early 1960's may have discouraged retention of the two year 
graduate aJprenticeship schemes and favoured the on- the -job 
training schemes, although a number of factors appear to have been 
at work. See the fuller discussion of these issues in chapter 
seven. 
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5. 'Contrasting views of the workings of economic systems.' 

Sufficient has already been written to indicate that manpower 

fórecasters have been sceptical of the market mechanism and sought" 

direct intervention to cure what they saw as economic ills. In 

his offer of advice to the Committee on manpower Resources for 

Science and Technology one manpower forecaster exclaimed, 

"To wait for public consciousness of employment implies 
an impracticable delay. The individual's knowledge of the 
education he requires lags considerably behind the education 
itself. To wait for salary differentials to indicate 
educational direction, is towait for eternity. Some 
mechanistic interference with higher education.is in its 
own long term interests. "(36) 

Such a 'mechanistic' view might be expected to find particular 

sympathy as both a congenial conceptual framework and satisfying 

to vested interests for a Committee composed of seven engineering 

and science professors and seven senior managers from science 

based industries.(37) 

Implicit in the Swann Report was a model of occupational 

choice in which the subject choices of schoolboys (and schoolgirls) 

were made in the main with little reference to eventual occupations. 

They were seen to be largely the outcome of expressed preferences 

for activities enjoyed in their own right. Those who were most 

able in these academic exercises were expected to seek occupations 

in academic institutions when grants ceased and earnings began, 

especially when intrinsic research were linked to positive 

rewards of social prestige and not offset by salaries compensations 

elsewhere. Further the choices were seen to be structural such 

that there would be extremely long lags in the supply side 

(36) M. Hall op. cit. p. 13. 

(37) See M. Blaug An Introduction to the Economics of Education 
op. cit. p. and K. Gaunicot and h. Blaug op. cit. p. 56. 



TABLE 6 

Contrasting views of the workings of the labour market 

The Man -power forecasting View of 
the World 

The Date of Return View of 
the World 

The Education Market 

1. Students acquire more education 
for consumption reasons 

2. Students choose major subjects in 
ignorance of, or with no regard to, 
career prospects 

3. All education is specialised and 
specialisation starts early 

4. All input- coefficients in schools 
are fixed: complete indivisibility 
and specificity of teachers, plant 
and equipment 

The Labour Market 

5. The demand curves for different 
skills shift discretely 

6. Near zero elasticities of sub - 
stitution between skilled men 

7. Near zero elasticities of demand 
for different skills 

1. Students acquire more education 
for investment reasons 

2. Students are well -informed and 
attentive to career prospects 

3. All education is general and there 
is no specialisation at any age 

4. All input- coefficients in schools 
are variable: complete divisibility 
and non -specificity of teachers, 
plant and equipment 

5. The demand curves for different 
skills shift smoothly 

6. Almost infinite elasticities of 
substitution between skilled men 

7. Almost infinite elasticities of 
demand for different skills 

Source: M. Blaug An Introduction to the Economics of Education p. 216 
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from the entry of a fourteen year old schoolboy to scientific 

specialisms in school to the emergence of a graduate engineer or 

scientist at some eight years later. Of course the cycle could 

be seen as longer if one took the entry point to secondary 

school and postgraduate or industrial experience as the entry 

end closure points, and the degree of specialisation in 

irrelevance in schools and the necessity for industrial training 

would inclrñ:e some to take the longer view. 

On the demand side the Swann Committee were inclined to 

take the view that sustained economic growth would require a 

related increase in manpower and that this manpower would be 

largely qualified in engineering and science disciplines with 

little opportunities for substitution. Moreover the Committee 

was confirmed in a view that the pace of technological change 

was increasing such that contemporary full -time education could 

not be regarded as a durable asset and required attention to 

continuing education.(38) 

Against this manpower forecasting view lilau.g has contrasted 

an alternative conception of the labour market which he sees as 

a distinctly economic approach and presented both views in tabular 

form, (see table 5). Admitting th.e early specialisation in 

schools and paucity of counselling services in Britain, Blaug 

contended that schoolboys in making subject and occupational 

choices do have regard to life -time earnings. In other words 

whatever the imperfections there were significant features 

(38) See'Annex D on Technological Innovation of the Swann 
Committee report where professor Pippard gave examples of 
innovation in physics- based industry and Dr. Month selected 
examples from chemistry -based industry. The Flow into Employment 
of scientists, Engineers and Technologists Omnd 3760 op. cit. 
pp. 100 -105. 
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of a market for analysis to have to take account of the costs of 

enquiring and providing education and the private and social returns 

to investment in education. Blaug was careful to point out that these 

polar cases represented a continuum rather than a dichotomy with the 

'real world' somewhere between them and the problem of analysis to form 

an estimate of this position as a basis for policy. 
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6. From Analysis to Policy: Manpower Forecasters and Economists 

Manpower forecasters sometimes make distinctions between conditional 

or unconditional forecasts of what will happen and projections of what 

might happen. The Swann Committee claimed to be making projections but, 

faute de mieux, came to treat them as forecasts unless preventive measures 

were taken. (39) Moreover although the Committee admitted areas of ignorance, 

for example, on salaries as evidence of demand and as activators to employment, 

the Committee felt that there was a sufficiency of appropriate evidence to 

guide their policy proposals. 

"Our evidence is less complete than we would have 
wished ... nevertheless the evidence that was available 
confirmed to us our earlier findings ... and revealed a 
potentially dangerous imbalance whose redress could not 
wait upon more refined studies ". (40) 

Given their agnosticism about shortages and different conceptions of the 

labour market it is interesting that the long term policy proposals of the 

Swann Committee and the economists look very similar with their common 

emphasis on flexibility and counselling. (41) In the following chapters 

on the labour market and Part III on aspects of utilisation,material from 

the electronics study will be presented which I shall use to assess these 

policy proposals in the concluding chapter. (42) 

(39) cf. The Flow into Employment of Scientists, Engineers and Technologists, 
Cmnd 3760, op. cit., p. 10, 15. 

(40) ibid., p. 44. 

(41) See Chapter One for the outline of the proposals for educational reform. 

(42) See Chapter Eleven, section 3. 



CHAPTER FIVE 

COLPAP?Y PERSPECTIVES ON THE LABOUR i.:.'1 &,JT 

1. Introduction 

In this chapter attention is focussed on the way in which industrial 

needs are articulated into demands in the labour market, and by implication 

takes up the issues of the manpower forecasting case that the market 

might inadequately reflect industrial need. While the manpower debate 

could be said to have marked progress in the disaggregation of the early 

all embracing manpower categories, there appears to have been little 

attention paid to studying how companies behave. Although the Swann 

Committee dealt with the whole economy they observed a need for dis- 

aggregation in their attention to best practice industries. The case 

for selecting the electronics industry for study stemmed in part from 

its citation in the Swann and similar reports,from the widespread beliefs 

about the strategic importance of the industry discussed in Chapters 

One and Two, and the sense in which it should have exhibited some of the 

features of a critical case. From its rapid growth rate one might have 

expected indications of 'shortage' for manpower and from its science - 

basis and origins in the movement of scientists out of university one 

might expect evidence of the 'best practice' and precedents for others. 

This last point links to the central theme of this study of utilization, 

in that one might have expected from this industry evidence of the market 

strategies of companies in the face of shortage and the coping strategies 

of graduates as they moved from university to a science -based industry, 

reputed to be much closer in sympathies to the university environment 

than many other industries. 

In this chapter, concerned with the market responses of companies, 

the next section examines how far selection of the electronics industry 
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provides a study more favourable to either the neoclassical rate of 

return view or the manpower forecasting view of the economic system. 

Subsequent sections examine the objectives and behaviour of companies 

in the labour market in the policies and practices of recruitment, and 

a final section summarizes company experience. 
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2. The Growth and Structure of the Electronics Industry 

In some respects the electronics industry was a kinder topic to 

the neoclassical economists than to the forecasters. A relatively new 

industry born out of war -time radar it exhibited all the characteristics 

of an industry whose recruits had no obvious specific training but who 

were culled from a variety of sources. Although there were research 

methods applied to the exploitation of electrical phenomena towards the 

end of the nineteenth century, the efforts in the early twentieth century 

were largely bound up with the radio industry and with the development 

of television in the 1930's. At this stage the industry was not generally 

termed electronics but 'wireless techniques'. In tracing the originsof 

the industry's title one writer has pointed out that the terminology was 

very much coined by the scientists. 

"Before 1959 the adjective 'electronic' was used 
almost exclusively by physicists and referred to 
the electron and its properties rather than to 
electron devices. 'Electronics' came into general 
use after the Second World War as the name given to 
the applications, outside the main field of radio, 
of the electronic devices which had then been 
produced: thermionic tubes and photocells. The 
electronics industry, conceived in peacetime research 
was born in the blast of war and has grown in vigour 
and size every since. "(1) 

Thus the term electronics was carried into new usages by the large numbers 

of physicists who had been mobilised from the universities into government 

establishments on radar research. (2) Inevitably such new usages were 

not_: without dispute, for example, the appropriate um of the term 

(1) S.B. Handel, The Electronic Revolution, Harmondsworth: Penguin Books, 
1967, p. 72. See also J. Wiesner, 'Technology and Society' in H. Woolf, 
Science as a Culture, Baltimore: John Hopkins University Press, 1964. 

(2) An account of this mobilization is Liven in M.M. Poston, D. Hay, and 
J.O. Scott, Design and Development of 'Weapons: Studies in Government and 
Industrial Organisation, London: HMSO and Longmans, 1964, Chs. XIII and 
XIV, especially pp. 452-457. 



'electronics' was debated within the Institution of Electrical Engineers, 

and in the field of radar the British scientists and engineers sought to 

establish their definitions and usages, for example, thersought to impose 

their own early term 'radiolocation' and emphasise their contribution to 

the war effort vis -a -vis the American term 'radar' and 9merican efforts (3). 

Within the very broad field of electrical engineering it appeared that 

the electrical engineer was less well equipped than the physicist to cope 

with the new activity, for example, a speaker to the Institution of 

Electrical Engineers pointed to the deficiencies in physics and chemistry 

in the university courses of the electrical engineering departments aimed 

largely at the electrical engineering industry and suggested that 'one 

aim in planning education for the higher grades should be to produce 

physicists with a radio engineering sense'.(4) Not only were there new 

kinds of specialism and specialists, the organisations in which they were 

employed were relatively new to the activity. For while a great deal of 

the research and development had been undertaken in Government laboratories, 

in part because of the inadequacies of industrial lab standards and 

facilities, the subsequent exploitation of much of the wartime electronics 

development was undertaken by the pre -war electrical companies who boosted 

their efforts on military contracts in the late 1950's.(5) The search for 

(3) On the debate over teminology see, for example, the discussion in the 
Institution of Electrical Engineers, 'Industrial applications of electronic 
techniques', Journal of the Institution of Electrical Engineers, Vol. 95, 
Part I General 1948, pp. 381 -393. In order to establish the priority claims 
of the British scientists and engineers and to hasten the flow of information 
from the secret military research the Institution of Electrical Engineers 
organised a 'Radiolocation Conference', see the Journal of the Institution 
of Electrical Engineers, Vol. 93, Part IIIe 'Radiolocation' 1946, 

(4) J. Grieg, 'Apprenticeship and Training Systems in the Radio Industry', 
radio section discussion meeting 20th March, 1945. Journal of the 
Institution of Electrical Engineers, Vol. 92, Part III, Radio 1945, p. 260. 

(5) On wartime weaknesses see, M.M. Poston et al., op. cit. pp. 4-28 -9 and 
on post -war companies see, C.JHarlow, The European Armaments Case: A 
Survey, Part I and II, London: The Institute for Strategic Studies, 1967. 



appropriate organisational forms for these new specialisms and specialists 

formed the substance of the enquiry by Burns and Stalker into the 

Management of Innovation, now a classic among innovation studies. The 

adoption of unsuitable organisational structures had a frequent consequence 

in failure to cope with the technology and market and resulted in company 

abandonment of their effots. The penalties of market failure discouraged 

the retention of hostility to graduates among the large electrical 

engineering companies and discouraged the refusal to adopt career development 

policies among companies with traditions as 'jobbing- shops' in radio 

production.(6) Granted that no one knew what was the best training for 

an electronics engineer or which firms were the best employers then, 

according to the neoclassical economic model, the market was the most 

efficient system designed to use resources when no one individual or small 

group of individuals knew best.(7) When all the bits of information 

useful for a solution were widely dispersed then the market was the most 

efficient means of bringing them together. The market represented the 

societal analogue in terms of 'openness' to the 'organic' organisation.(8) 

In other respects, however, the electronics industry has a suitable 

case for the manpower forecaster. As an industry it was been somewhat 

difficult to define in term of products and has been more readily defined 

in terms of processes, and it was the diffusion of those processes to 

other industries which was seen as the industry's major potential 

(6) Graham Turner, Business in Britain, London: Eyre and Spottiswoode, 
1969, p. 304 and pp. 331 -332. 

(7) See Grieg's observation in 191+5 that the 'incoherent growth and 
newness' of the radio industry precluded any attempt to establish rigidly 
defined methods of training and grading, op. cit., p. 259. 

(8) Cf. the concepts of 'organic' and 'mechanistic' organisation in 
T. Burns and G.M. Stalker, op. cit. 



contribution to the economy by its Economic Development Comm: . (9) 

A similar view shared by the 'Working Group on Manpower of the E.D.C. 

could lead to a Say's Law view of the output of the electronic industry 

and the assumption that supply would create its own demand, for 'over- 

production' for the electronics industry proper would simply facilitate 

the more rapid diffusion of electronic processes to other industries by 

the diffusion of competent personnel. (10) 

During the 1960's the industry enjoyed a very rapid rate of growth 

in the value of gross output at approximately 10¡: per annum, yet even 

this figure was an understatement in real terms because technological 

(9) The following information on the statistics of the industry has been 
gathered from a number of sources, notably those of the Economic Development 
Committee for the electronics industry. Unfortunately much of this 
statistical work was only available during the course of the study so that 
although the general characteristics of the industry were known at the 
outset the detailed statistics were not available and the available 
statistics were always several years out of date. N.E.D.C., Economic 

Assessment to 1972: Industrial Report by the Electronics E.D.C., London: 

H.M.S.O., 1970; E.D.C. for Electronics, Electronics Industry Statistics 
and Their Sources, London: H.M.S.O., 1968; E.D.C. for Electronics, Annual 
Statistical Survey of the Electronics Industry, 1968, 1969, London: H.M.S.O., 

1969, 1970; E.D.C. for Electronics, Electronics and the Future, London: 

H.M.S.O., 1966; C. Freeman, "Research and Development in Electronics 
Capital Goods ", National Institute Economic Review Mo. 3L, November, 1965. 

(10) E.D.C. for Electronics, Qualified Manpower in the Electronics Industry: 
a preliminary report. Report of the Working Group on Scientific and 

Technological Manpower (Chairman: Professor G.D. Sims), London: H.M.S.O., 
1971, p.l0. Electronics Research Council, The Relations Between 
Universities and Industry in Electronics, Report of a forking Party on 

the Relations between the Universities and Industry in Electronics Research 
and Development (Chairman: Professor C.W. Oatley), London: Department of 

Trade and Industry, 1969. Both these documents are highly informative 
on the bodies in the manpower field and the plethera of working parties 
which were enquiring into the links between higher education, scientific 

research and industry. The latter report illustrates how working parties 

having started operations became aware of other working parties ploughing 
the same furrow. 



TABLE 1. Value of Out ut of the Electronics Industry (1966-1969 ) m. 

1966 1967 1968 1969 

Capital equipment 374 410 473 534 

of which Civil 240 236 351 394 

Defence 134 124 142 140 

Telecommunications 131 174 192 206 

Consumer goods 79 87 126 119 

Components 229 213 262 295 

of which Active 79 82 102 118 

Passive 150 131 160 177 

Total Output 
(net of duplication) 673 762 904 991 

Gross Output 813 884 1053 1151 

Source: NEDO, Annual Statistical Surve of the Electronics 
Industry, 1970, p.2. 



innovation had been combined with falling prices. From the perspectives 

of the late 1960's this overall rate of growth was expected to continue, 

especially in the capital goods although even here it was expected that 

some sectors such as numerical control would expand more rapidly and 

others such as radar move slowly The industry is generally distinguished 

into four broad sectors - capital equipment, telecommunications, consumer 

goods and components - whose growth of value of output is ;riven in Table 1. 

Of these sectors, telecommunications and consumer goods received negligible 

representation in the study. (11) The consumer goods sector is largely 

covered by domestic radio and television and it has been responsible for 

a decreasing proportion of the overall electronics output (in 1968 less 

than one quarter) and has faced a saturated market with only the hope 

of colour television for increased sales. Telecommunications is 

increasingly included alongside the statistics of the capital goods 

electronics industry although the capital investment requirements of the 

main customer, the Post Office, have been mainly for electro- mechanical 

equipment. Growth in this sector is largely dependent on the chosen 

technologies of this main customer. The components sector which has 

been the subject of considerable enquiry, awe and speculation has the 

least satisfactory statistics. Components output, which goes mainly 

to the capital and consumer equipment manufacturers, is distinguished 

into active components (those devices capable of controlling the flow 

of electrons in a circuit such as valves and tubes, transistors and 

integrated circuits) and passive components (all other components 

incorporated into an electronic circuit such as resistors and capacitors). 

(11) Only one graduate in an applications lab did some work in the 
consumer goods sector and three graduates came from the division of a 
company which worked in the telecommunications sectors, unfortunately a 
further eight interviews were cancelled there because of an internal dispute 
between the divisional manager and the personnel department. 
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great deal of fascination has been created by the integrated circuits, 

the miniature active components, stimulated by military and space effort 

demands for light, portable and reliable components. (12) Lacking the 

stimulus of a large military demand and Vietnam or space exploration 

programme the British manufacturers have been largely dependent on the 

other rapid growth sector of computers, another sector which has received 

specific government assistance. (13) The capital goods sectors contain, 

some of the older and best documented sectors of the industry. Radio 

communications and broadcasting equipment under the name of 'wireless 

techniques' are over 50 years old and radar has been established for 

30 years. For long the mainstays of the industry, these sectors have 

been declining in relative importance. As mature sectors they do not 

have the growth of newer sectors and their markets are largely in the 

public sector, dependent on Government (British and foreign) capital 

investment programmes in defence, transport, and communications. The 

newer sectors of computers and data processing, numerical control and 

instrumentation were those on which the Labour Party set great store in 

plans to 'modernise the means of production'. The major factors in 

this subsector were the level of industrial and commercial investment, the 

extent of government support in its role as the biggest purchaser (taking 

about l)% of the home market) and sustainer of the research and development 

programme, and the share of home and overseas markets which could be 

achieved in the face of the massive sway held by American producers, 

in fact by one American company I.B.M. which held a near monopoly. One 

continuing tendency in the capital goods sector has been the switch from 

(12) They are widely photographed in prestige and recruiting literature 
against ladybirds, ants, stamps, and small coins. 

(i3) In this way the economic fortunes of these two advanced industrial 
technologies were closely linked and dependent on government good -will. 
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military to civil markets. Table 1 showed that despite an absolute 

increase there has been a relative decline in the importance of the 

defence markets. (114) The defence forces have remained the largest single 

customer, but the greatest impact of military expenditure has been in 

support of the industry's research and development programme. (15) In 

recent years the research and development programme has risen to over 

£100 million per annum, and although the 1968 position might be nearer 

30%, the military portion was estimated at around 60 - 70? in 1964. (16) 

Although the military element has been declining, the electronics E.D.C. 

has repeatedly sought assurances about government support for civil R.8: D, 

and it has already been seen that in telecommunications and computers 

the government was a significant customer. The situation drew the 

following comment from the electronics E.D.C. in 1966: 

"The Government is inescapably involved in the future 
of the capital goods sector: it does a substantial 
amount of research into electronics itself and directly 
finances research in universities; it pays for about 
60 per cent of the development carried out by the 
capital goods sector and accounts for about 140 per cent 
of its turnover (including R & D); its negotiations 
with other governments can determine the British share 
in cooperative military and civil ventures, it influences 
the demand for electronic equipment by its promotion of 
general technical advance and by its policies for public 
sector agencies; it affects the supply of manpower both 
in the short term as a large employer and in the long 
term through its educational policies." (17) 

The nature of government involvement could encourage the view that this 

(11+) The implications of this change were matters of concern to the 
various representatives of the industry, for example, in those documents 
already quoted of the Economic Development Committee. These industry 
representatives who sought ways in which defence requirements could be 
linked to civil markets and extensions of the defence market by relaxation 
of embargoes on sales to the Eastern bloc or South Africa. See, for 
example, the annual report of the Electronic Engineering Association cited 
in The Times, 5.14.68. 

(1s) See the comments of industry representatives in an early 1960's study 
on the likely consequences of disarmament reported in the study by the 
Economist Intelligence Unit, The Economic Effects of Disarmament, London: 

The Economist Intelligence Unit, 1963. 
(16) The 19614 figures come from Harlow (op. cit.) and the 1968 figures I 
have estimated from the 0.E.C.D. statistics 
(17) E.D.C. for Electronics, Electronics and the Future: A Report on the 
Industry by the Electronics E.D.C., London: H.ILS.O., 1966, p. 6. 
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industry corresponds more closely to the world of the manpower forecaster 

and that a manpower forecaster armed with a knowledge of the government 

utility function would be favoured indeed! 

A priori, the structure of the industry would appear to favour the 

manpower forecaster's view. Output was highly concentrated (i.e. 1968) 

with six companies responsible for 644) ß of the total output. It was 

estimated (i.e. 1967) that 250,000 of the total 350,000 were employed 

in ten major companies each employing over 10,000 employees. (18) In 

addition to these factors the degree of geographical concentration with 

nearly 6 of the labour force employed in the South East and East Anglia 

region could encourage the view that companies would be reluctant to 

engage in price competition for labour, given that the costs of movement 

to a nearby company might be low. The total number of qualified 

scientists and engineers ( Q.S.E.'s) in electronics reached almost 17,000 

in 1968, representing approximately 15 of all Q.S.E.'s employed in 

manufacturing industry, and during the 1960's the growth to this level 

had been achieved by the fastest rate of growth of Q.S.E. manpower for 

any industry. `.`chile absolute numbers have increased in all employment 

functions, the percentage of Q.S.E.'s employed on R & D has fallen from 

68.5 in 1959 to 4.9.4 in 1968. This rise in employment in management 

functions, in production and marketing departments was another factor 

which could support a Say's Law view that an increased supply of Q.S.E.'s 

would facilitate the movement of people with 'science mindedness' into 

non -technical employment.. 

(18) There have been considerable changes in the ten companies quoted by 
Gee and Lcllwain such that by the time of the fieldwork in 1968, G.E.C., 
Elliott Automation, English Electric, and A.E.I. were linked together, 
Mullard and Pye had merged, and only Plessey, S.T.C. and Ferranti remained 
intact, C. Gee and O. McIlwain, "Electronics: a show case" in A. Robertson 
ed. Business and Industry: A Penguin Survey, Harmondsworth: Penguin Books, 
1967. 
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It is difficult to conclude from this review of the growth and 

structure of the electronics industry that a study of the operations of 

the labour market for graduate scientists and engineers among companies 

in the industry markedly favours either the manpower forecasters or the 

rate of return economists. While the heavy involvement of government 

as customer and provider of funds for R & D and the degree of concentration 

in industrial structure might suggest that the price mechanism has not 

been central in the allocation of resources, the importance of the 

defence work has been diminishing and the companies have been very much 

aware of the high degree of international competition, indeed it could 

be argued that the development of a high degree of concentration in the 

industry had been hastened by government but brought about ultimately 

through the operation of market forces. 
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3 Company Recruitment Policy and Strati 

It has been suggested that there are four ingredients in a successful 

recruitment policy, and these have been spelt out as: 

"(1) a clear conception of the kind of work for which 
candidates are to be chosen, together with the 
qualities and qualifications needed to carry it 
out; 

(2) knowledge of where to look for possible recruits; 
(3) knowledge of how to look for them; and 
(43 means of recognising and assessing, in the 

candidates pr4senting themselves, the qualities 
and qualifications ". (19) 

What emerges from the accounts given by company personnel of graduate 

recruitment is not a commonly held clear conception at all, but a variety 

of reasons, some of which are mutually inconsistent. On the first two 

ingredients, for example, there are various kinds of work for which graduates 

are recruited, sometimes these are readily identifiable jobs and in other 

cases simply as a 'good man' who might find his own niche, and moreover 

universities are not the only source of recruits for any of these jobs. 

Any large scale organisation will be concerned to fill the positions in 

the organisational structure in terms of various functional activities, 

for example, research, development, production, test, marketing, sales, 

and so on, and also in terms of the hierarchical ordering of occupational 

activities such as craft, technician, professional technical and managerial 

levels. These positions require incumbents not only at a point of time 

but for any large -scale organisation there will be an eye to the long -run. 

Policy in its long -run aspects must make assessments of future production 

and the pattern of production, staff turnover, education and training 

and so on. The elaboration of this variety - from recruitment for 

different functional areas, at different levels, and over different time 

(19) K. Azumi, Higher Education and Business Recruitment in Japan, New 
York: Columbia University Teachers College Press, 1969. 
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horizons - will be organised in this section under the headings of our 

policy ingredients. 

(a) i`vhy graduates are recruited 

Shortly before undertaking the main study, one reason for recruiting 

graduates in the electrical and electronic industries was explained to 

nie by a senior personnel manager. His explanation was in the form of 

a fable which began with an employer's need for a window- cleaner. An 

educational institution eager to mount courses, watched the movements of 

the window- cleaner and organised courses in upward arm circling and knees 

bend to dtivelop appropriate muscles. After a few years the eduction 

institution became renowned for the large number of Olympic athletes 

among its graduates, but these athletes tended to scorn the occupation 

of window- cleaner or emerged convinced that the possession of educational 

qualifications was the key to a successful career as a window -cleaner. 

Even this latter group found considerable difficulty in relating their 

education and training to the occupation. The employer recruited at 

the gates of the college still, largely because he felt that a successful 

confidence trick had been played on the athletes. They had been convinced 

of the need for even higher standards of fitness and if the employer wanted 

to recruit what he considered, in some pristine sense, 'bright people' 

then he must wait patiently for them to emerge from the educational system. 

Moreover he must organise his recruitment around the decision of 

educationists about the appropriate time to release athletes and employment 

categories, for example, the fifteen year olds, the sixteen year olds, 

and so on, with more recently the twenty -five year olds. The moral of 

the story was to underline the differing standards of excellence in the 

academic institutions and the world of industry, and to point up the 

existence of educational provision at best irrelevant or at worst 

productive of harmful attitudes. It was at best irrelevant because the 

employer wanted 'bright people' and 'bright people' tended to be sucked 



into the educational system, hopefully with their original brightness 

undimmed. It suggests that the development of hither education should 

not be seen as in response to the increased knowledge and skill requirements 

for occupations, the growth of the educational system is much more the 

kind of tertiary activity permissable with increasing affluence. 7ihilst 

there might not be whole- hearted support for this pointed critique of 

the educational system among other industrialists, many do draw attention 

to the way in which industry is being shaped by the termination dates of 

schooling. They claim that the bright boys who entered at fifteen and 

who were subsequently groomed within the organisation now emerge from the 

educational system at a later stage. (20) Now if the relationship between 

education and industry ever corresponded to the initial state implicit 

in the story above and if the expansion of educational opportunity has 

been as great as is implied then it might have been expected that the 

discussion about industrial manpower would include the whole range of 

industrial functions and the sources of recruits. Some recent developments 

in across -the -board training following the Industrial Training Act of 1961+ 

indicate both a reluctance to rely on employer wisdom about training and 

efforts to go beyond elitist preoccupations. (21) 

Despite the changes in employment trends noted earlier the majority 

of graduates are still recruited for R & D functions. Universities as 

institutions most centrally concerned with basic research are expected 

to provide engineers and scientists capable of coping with change. After 

all there is a little challenged view frequently propounded by academics 

(20) See the comments made by the industrial representatives at the various 
conferences of the Committee of Vice -Chancellors and Principals, especially 
the Home Universities Conference 1962 (printed London 1963) and "Industry 
and the Universities - aspects of interdependence ", 1965 (printed London 
1966). 

(21) This preoccupation with highly qualified manpower was criticised by 

Stephen Cotgrove, Technical Education and Social Change, London, Allen and 
Unwin, 1958. 
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that to be a good teacher the scientist must undertake research or stagnate. 

One training officer having explained the problems of change confronting 

his organisation, saw the solution as stocking up with 'brainpower' and 

wondered where that could be found in the event of university inability 

to supply the requirement. 

"In this industry the case for recruiting graduates 
is pretty clear -cut, and it is important to say this 
industry. All new development and the science behind 
this engineering activity is moving so fast that the 
set of rules, laws and equations used last year is 
obsolete next year. The state of the art is changing 
so fast that the engineer has to have a good brain. 
In some areas the changes are faster than in others, 
in mechanical engineering things change more slowly 
and you can gently lead a person of lower intelligence 
to employ the principles of ten years ago to build 
another bridge. This is not true of transmitters 
where each year the solid state devices go higher and 
higher on the power and frequency scale and you get 
more and more problems, new problems. So in electronics 

we need more brainpower than, say, in mechanical 
engineering, with electrical power in the middle. And 
we would like to try to identify the high flyers as 
soon as possible because they are the future of the 
industry." 

In a sense this was a vote of confidence in the accuracy of the educational 

system as a selection and filter process and an acknowledgement of a 

pyramid of prestige among educational institutions with universities at 

the peak. The themes, of recruitment for future purposes rather than 

immediate tasks and the qualities of 'bright people' with a training in 

coping with change, were repeated several times, not only in R & D, but 

in production and applications departments too. 

"Because we work in a field where what we do today is 
out of date tomorrow, we need people with the imagination 
and breadth of training to be able to grasp ideas in one 

area and transfer them to another. It is no good having 
a lab full of people with H.N.C. who know in great detail 

what we did this year and five years before but haven't 

the basis to strike out to do what might be done. Also 

we haven't much research backing in our area so that we 

have to do a lot of our own original thinking. This is 

where the graduate makes the difference. He has been 

made aware of a wider knowledge in his course, so that 

he is probably able to tackle new problems, and new 

concepts. The H.N.C. might be a little cross that they 
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are not on the monthly staff whereas graduates are, 
I try to explain that graduates are not rewarded for 
the present but for their potential." (Development 
lab manager) 

"It's not so much their state at the time but the 
minds that come along. They tend to be more flexible 
and adaptable." (Croup leader, application lab) 

"I've got a number of people who come off the bench. 
About them lots of things are very good, their 
experience in industry, what they've done and seen. 
But they haven't got the questioning mind that I 
expect from graduates. Ior a new process the graduate 
decides from first principles, often the man from the 
bench will get these in the end but he makes a lot 
of boobs doing it. Graduates I expect to get there 
faster." (Production manager, semiconductors). 

These comments about 'brainpower' and coping with change were repeated 

several times over and suggest a world where technological change is not 

only rapid but jerky and dramatic in the manner of the manpower forecasting 

model. However there is considerable debate about this topic. It 

should be remembered that the applications and production departments 

were for semiconductors technology which has had appreciable technological 

change in recent years, a development engineer in his mid -thirties will 

have experienced changes from valve to transistor and to integrated 

circuit technology. 7ithin this area of quite appreciable change there 

was still controversy about the ease of coping with change, for example, 

in one company a development manager boasted of the ease of switching 

an establishment (all departments from development to production) from 

production of transistors to production of integrated circuits in two 

years with negligible redundancies, and, on the other hand, the training 

officer of another establishment talked of his therapeutic sessions among 

graduate production engineers depressed about their technical futures. 

The ;Ministry of Labour study found that one manufacturer employed graduates 

in line supervision because of production complexities but this was less 

common now that "technology had 'settled down". (22) Among the capital 

(22) Electronics, op. cit. p. ll. 
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equipment manufacturers integrated circuits were expected to lead to 

a shift in required skills from circuit design to systems design. (23) 

Yet there were sharply differing implications drawn from these changes 

reported in the ï;îinistry of Labour study from those who saw possibilities 

to retrain circuit engineers into systems engineers to those who wished 

to start afresh from a different multi -disciplinary base. (24) There 

have been numerous doubts about the likelihood of graduates coping with 
study 

change, for example, the criticisms in the pilot/about closed -ended 

problems and written exams implied a rote learner overidentified with 

narrow disciplines. However, in terms of the manpower forecaster versus 

rate of return debate even in this most volatile of technologies it 

appears that the rate of change has been sufficiently smooth for adjustments 

to be managed although the present balance of full -time versus post - 

experience education could be altered to ease such adjustments. 

The suggestion that graduates are the ones most likely to cope with 

change in the long -run and one employed for their potential raises 

questions about their assignments in the short -run and the whole question 

of the fixed technical coefficients and inelasticities of substitution 

between different kinds of manpower assumed by the manpower forecasters. 

In line with the general trend in manufacturing industry, most of the 

(23) Whereas in the past the development engineer needed the analytical 
ability to handle solutions and turn them into practical terms, which 
involved designing circuits which put a lot of discrete components 
(i.e. transistors) together to form a particular function, a company can 
buy often a complete package, an integrated circuit, which does the 
function to a known specification. This has the implication that the 
circuit design is transferred to the component manufacturer and links 
to the work of chemists and physicists, while the equipment manufacturer 
has less need of the circuit designers' analytical skills and looks for 
a wide- ranging and broad knowledge of manufacturing processes and 
philosophies in his engineers. 

(24) Electronics, op. cit., p. 13. 
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companies visited had abandoned the formal two year graduate apprenticeship 

and placed greater emphasis on on -the -job training, often following a 

few weeks induction. About jobs the Jackson Committee was somewhat 

perplexed at the number of graduates, or rather the estimated one -tenth 

of the total stock of Q.S.E.'s who were reported in technician roles in 

the 1965 Triennial Manpower Survey. The Committee sought comfort in the 

explanation that these Q.S.E.'s were young graduates in training. In 

view of the acclaimed shortages of scientists and engineers the pattern 

was puzzling. Among the several possible explanations were (1) the 

training conclusion, (2) the possibility that the technical content of 

technician roles had become so complex that the 'brainpower' associated 

with graduates had become necessary, (3) that university expansion had 

involved lowering standards ('more has meant worse') and so contemporary 

pass /ordinary degree graduates were appropriate for technician roles, or 

(4) given a shortage of technicians, employers had substituted Q.S.E.'s 

for technicians in the sense that this group, defined by qualifications, 

had not been associated with this role, defined by activities. There 

were also several admissions from managers that minimal formal training 

schemes did allow the possibility that Q.S.E.'s, especially recent graduates, 

were employed by technicians 'willy -nilly'. 

"There may be something in graduate complaints about 
doing non -graduate work, and they may be justified 
to a certain extent. We don't have many lab 
assistants. We could be criticised in that we take 
on new graduates and we use them as lab assistants, 
but it's our way of training them. It's O.K. 
provided that we are careful that the work is there 

when they are capable. Otherwise there is a danger." 
(Research lab manager) 

While a through -put of graduates in training might release some of 

the shortages of supporting staff and provide valuable training experience, 

in so far as it does represent training there is a requirement for training 

supervision as well as job instruction from senior engineers. Attempts 
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to relieve this pressure have included a search for graduates with 

experience. The latter solution was evident in warm praises for sandwich 

course students and higher starting salaries offered for 'thin' sandwich 

course over full -time course students, and a small premium on the starting 

salary to those with "relevant vacation experience" compared to those 

without. Again some of the disquiet about physicists appears to come 

from the belief that the physicist is less industrially experienced and his 

"course less industrially relevant than for the graduate engineer so 

that he requires more "kitting out" in lengthier and more costly induction 

and training courses. One reason for recruiting physicists, then, is 

similar to the need for 'brightness' theme in our moral tale in that it 

is believed that "bright children" or "children with high I.Q.'s" enter 

the most prestigious subjects and industry needs their brightness not 

their subject specialism. Similarly some companies recruit among Arts 

graduates with Science G.C.E. A levels for conversion to production 

engineering and production management in the belief that the 'bright' are 

now going into Arts and Social Science specialisms. However the requirement 

for Science G.C.E. A levels suggests a threshhold of background and 

competence in scientific disciplines is thought a necessary condition for 

even the 'bright'. Some recruiters would go further, however, and suggest 

that in the research areas the phypicist has a superior training and has 

more relevant skills in technologies such as microelectrons. It could 

be argued that the increasing demand for computing skills, maths and logic 

might make the physicist a more attractive employee. The two manpower 

enquiries, by the Electronics E.D.C. Working Group and the Oatley Committee, 

reported the opinions of employers that they were finding more physicists 

and fewer electronics /electrical engineers available than they would wish 

to employ. (25) The Oatley Committee noted a change in the balance of 

(25) Qualified Manpower in the Electronics Industry: a preliminary report 
op. cit., pp. 11 -12 and The Relations Between Universities and Industry in 

Electronics, op. cit., pp. 41-49. 



TABLE 3. Discioli ne '?.ix_ in the Electronics industm. 

Electronics Engineers 

Physicists 

1959 1968 

3400 7950 

1600 2665 

Source: The Relations between Universities and Industrzin Electronics 
P. ¿f4. 
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electrical engineers and physicists in the direction of increased 

proportions of electrical engineers (from rates of approximately 2:1 to 

3 :1 over a decade). For these reasons the working parties suggested 

more career advice in schools and universities and greater opportunities 

to switch courses such that industry might avoid some of the conversion 

costs for those 'physicists' who become 'electronics engineers' in the 

industry. Another factor which weighed with these observers was the 

Swann Report observation that through the 1960's the physicist was more 

likely to seek academic or government employment in preference to industry 

than the engineer. The Oatley Committee, however, noted that the statistics 

of this period were unrepresentative and drawn from a period when the 

expansion of university departments of physics and of electrical engineering 

was at its height. A further point of interest cvhich emerged from the 

studies by Hutchings was that some electrical engineering departments 

selected physicists in preference to electrical engineers because it was 

believed that an undergraduate physics education was a better preparation 

for research than the undergraduate engineering education. (26) 

7Jhile the balance of scientists and engineers in research and 

development against other departments has been changing, recently 

qualified graduates were recruited for the most part directly to research 

and development departments .(27)From here their future was envisaged as 

likely to be in one of three main directions, a wholly technical career, 

a movement into technical management, or a move into management in other 

departments such as production or marketing428)F.E. Jones, the managing 

director of Mullard and a member of the Committee on Manpower Resources 

(26) The discussion of occupational choice in the following chapter will 
take up the point that the manpower forecasters discuss preferences as 
though they exist independently of structures of opportunity. D. Hutchings, 
(personal communication). 

(27) cf. Electronics, op. cit. 

(28) Conceptions of careers among graduates are discussed in Chapter Eight. 
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for Science and Technology, has claimed that some of the i.iullard research 

expenditure was justified in that it brought researchers to Mullard who 

could be tempted to other depal Lents. (29) One of the companies visited 

included a similar view of the research lab as an internal recruiting 

ground in its recruiting literature and added that turnover through the 

lab would allow recruitment of 'a new generation with new ideas and 

enthusiasm'. These kinds of recruiting policies have drawn a number of 

criticisms. Thomason has observed that labs used for internal recruitment 

may engender low morale among researchers on unessential research and 

Box and Cotgrove have discerned an overreadiness to subscribe to the 

belief that researchers' productivity declines as a simple function of 

age. (30) Thus while the appeal to the young may be flattering, the 

debilitating effects on older researchers may encourage the aura of the 

cul -de -sac about industrial research. (31) This policy effort to transfer 

personnel out of technical functions in R & D to managerial functions 

raises more questions about substitution, because graduate scientists 

and engineers are competitors for managerial positions with Loth non- 

graduate scientists and engineers and graduates from other disciplines. 

Salary and activity surveys suggest that graduate scientists and engineers 

proceed more readily to managerial positions than those qualified through 

the part -time HNC and professional institution route. In R & D management 

(29) See the reported speech and interview with Dr. F.E. Jones, The 
Observer, 17.11.68. One careers writer has claimed that some larger firms 
will employ 10 to 20 per cent more engineers than they actually need as 

provision for long -term succession, Mark Byron, Sunday Times, 17th August,1969 

(30) G.F. Thomason, "The Recruitment and Selection of Scientists" in 
G. Walters and S. Cotgrove eds.,Scientists in British IndustrE, Bath: 
Bath University Press, 1967. S. Box and S. Cotgrove, "The Productivity 
of Scientists in Industrial Research Laboratories ", Sociology, vol. 2, 

no. 2, 1968.. 

(31) See also the comments of Geastl;.and Hutton about short technical 
career ladders among mechanical engineers, J. Gerstl and S.P. Hutton, 

op. cit., p. 89. 
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there may be little scope for the substitution of graduate economists or 

other social science graduates yet these possibilities exist in other 

functions. &iany criticisms have been voiced in recent years about 

scientists and engineers in technical project management from the criticisms 

about their abilities in project management to the doubts about the 

relevance of their skills to some of the major industrial problems. 

"The success of science in industry has much to 
commend the scientist, but the arrogance which 
this apparently induces in scientists outside 
their scientific expertise is to be condemned. 
Modern industry is a complicated integration of 
various disciplines, scientific and non -scientific, 
involving personal and impersonal qualities which 
are capable of adopting scientific or logical 
analysis to cater for situations but requiring 
judgement for others. In an integrated commercial 
enterprise of which our major companies constitute 
good examples, it requires little call on the 
scientist to fight his way into the organisation 
to establish his right to be there. The problem 
is rather to find the right place for the scientist 
in the company team, a place which may not be 
uniquely determining or important in all matters 
affecting the viability and working of the industrial 
company.... Today, probably the major problems 
exercising management are the provision of managers, 
labour relations and scales; for none:: of these is 
science qualified to play the leading role." (32) 

These comments go further than those which suggest scientists were sought 

for high I.Q..'s which might be found in other groups and hint at some of 

the disillusionment with scientists whose skills did not offer universal 

panaceas but who tended to cast themselves as paragons. The Swann Committee 

itself recommended that economics, sociology and so on, should be included 

in what were termed 'generalist' courses. In one sense the whole discussion 

of 'specialist' versus 'generalist' courses was a bet -hedging exercise 

which retained all the assumptions of a close identification of science 

or engineering education with industrial employment and yet attempted to 

(32) H.M. Finniston, "The Contribution of Research to Industry ", in 

G. Walters and K.-Hudson, eds., Technology and Society, Bath: Bath 
University Press, 1965. 
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introduce a degree of flexibility to cope with the range of substitutions 

possible. (33) 

High company turnover seemsdifficult to reconcile with policies of 

recruitment for the future. Inevitably questions are raised about the 

interests of companies retaining recruits. PMlanagement views of a 

desirable length of stay were often expressed as at least five years, but 

the experience was that considerable numbers left after two years. 

'Considerable' was the impressionistic phrase usually employed by respondents, 

for at establishment level ignorance of precise turnover figures was evident 

in the collection of discrepant figures in different departments or the 

collection of manpower statistics in an unusable form. It has been 

estimated that the average mean period of employment for new graduates 

in the electronics industry during the 1960's has been two years. (34) 

The apparent contradiction of long -term recruitment set against short -term 

retention could be resolved if the companies regarded the early employment 

period as a continuation of the search process and sifted recruits such 

(33) In contrast to the Swann and McCarthy reports which advocated a 
science -based 'generalist' course one technological university decided 
to call its graduates from a newly- designed course 'technological 
economists'. Professor Bradbury speaking about the Stirling University 
course in a radio discussion saw the dilemma of titles - "We had to 
decide whether we were going to make a scientist who knew some economics 
or an economist who knew a vocabulary of science, and we settled for the 
second of these two." Gerald Leach, "Tomorrow's Engineers ", Third 
Programme Broadcast, 3rd March 1969, B.B.C. Tape No. TLN 10 T4873. Ironically 
enough, McCarthy, a science graduate, was joint author with another member 
of the Committee on Manpower Resources for Science and Technology of a 
book on technological economics, D.S. Davies and M.C. McCartb , Technological 
Economics. 

(34) H.A. Dorey and R.D. Scrambler, "Educating the Electronics Engineer", 
International Symposium on Management and Economics in the Electronics 
Industry, 17th - 20th March, 1970, London: Institution of Electrical 
Engineers, 1970, p. 215. 
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that it retained those judged to have relevant abilities. The rather 

tentative introduction of staff development officers and the then haphazard 

appraisal procedures implied that this could not be assumed to be standard 

policy or practice. Another interpretation of turnover is that, given 

the lack of consensus about desirable skills in the electronics industry, 

the graduate should move between companies to acquire a variety of role 

and skill definitions. A philosophical conclusion might be drawn that 

'the industry must be in some sort of balance because we pinch theirs and 

they pinch ours', and the losses to an individual company represent an 

increment to the industry's stock of experienced engineers and scientists. 

The importance of such moves to further training was strongly emphasised 

by a group leader from a development lab. 

"In three years a man has gained a lot of experience 
and then he develops at a steady rate, so that unless 
he is promoted I wouldn't expect him to stay. I 

did stay, but I wouldn't expect anyone else to stay 
longer. It's a bit strange to say this, but I think 
that someone should have three years here and then three 
years in a similar allied company, and he will have 
doubled his experience. To stay six years within this 
company will give only the equivalent of four or five 
years' experience. I have found a move within divisions 
in this company a considerable change in approaches. 
You find in these people who have moved around companies, 
it need only be once or twice, a much broader outlook. 
They know that there is more than one way of tackling 
a problem." 

This comment came in a company where turnover figures were on the 'secret 

list' and determined efforts were being launched from the personnel 

director to retain a higher proportion of recent recruits. The most 

usual lesson which appeared to be derived from the experience of higher 

turnover appeared to be a recipe to exacerbate turnover, for managers 

assumed a high turnover and took on more graduates than could be accommodated 

In these large organisations the mixture of policy aims, a short - 

run policy which characteristically leaves the long -run to take care of 

itself with a rationale that turnover adds to the industry's stock of 

experience and a long -run policy of stocking up with 'brainpower' and 
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potential entrants to the higher echelons of the company, was only just 

beginning to summon attempts at resolution in the form of staff development 

policies. Any resolution would be the outcome of a debate between the 

various interests of the organisation, the technical and personnel, the 

establishments and head office. The 1968 situation favoured the short - 

run interests of the establishments. The notion that companies have 

simple production functions which employ inputs in fixed ratios is something 

that may appeal to the linear programmer or the manpower forecaster but 

has little correspondence to method or outcomes in these political 

processes. 

(b) and (c) Where and how graduates are recruited 

`,While graduates are recruited for their native wit, exposure to 

courses encouraging problem -solving, believed mall bility to company 

purposes and lack of complications for the company structure compared to 

experienced recruits, an additional reason for graduate recruitment is 

that there were more channels of recruitment by which companies can contact 

the potential employee as a student than as an experienced graduate. While 

all the large organisations engaged in prestige adverts in the daily and 

technical press to project a distinctive image of the company, more 

specifically in recruiting campaigns in the national and technical press, 

technical and recruitment contacts with universities, it was the contact 

with undergraduates through the university and college appointment boards 

which provides an institutional contact unparallelled for experienced 

engineers or technicians. (35) 

(35) As an example of prestige advertising two of the large electronics 
companies have mounted national press adverts which announce "Ferranti - 
First in Advanced Technology" and "Marconi is Advanced Technology ". 
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In all of the companies studied university recruitment was centrally 

coordinated. In response to an enquiry from a central personnel department 

bids for staff would be made in November. The central personnel department 

could provide a check on the figure by totting up bids and comparing this 

figure with past totals and past intakes. In one company, the personnel 

department made an estimate of 'true demand'. This figure emerged after 

recruiting fewer than the November establishment bids total on the suggestion 

of the Personnel Director, a count of the unfilled vacancies in the 

following October was added to the total intake, and it was found that 

initial bids overestimated 'true demand' by nearly twenty -five per cent. 

Another possible check on departmental bids was the request for a job 

description with a comment on career potential for recruitment interviews. 

The first kind of check may lead simply to exercises in 'making allowances' 

for personnel director cuts in initial bids and the second check may mean 

only that 'errors' become 'plausible errors'. There were peculiarities 

to the nature of manpower utilisation in the capital goods sector of the 

electronics industry stemming from the defence portion of R & D work. 

One tendency among defence ontractors is to hoard labour between contracts 

to keep teams together and to take on labour in other cases in order to 

win contracts, so that graduates may be recruited for a contract which 

does not materialize. Another effort of the lab manager is to include 

as many as possible of his staff on the ministry- funded contracts but 

have senior engineers on more than one project and attempt to maximise 

the numbers on private venture work. Since the juggling of men and man- 

hours is the task of the department manager much of the initiative on 

manning issues must rest with lab managers at the establishment level. 

While the company may achieve some overall balance between estimates and 

eventual employment the pattern of employment may bear little relation to 

department bids. Table 4 gives some indication of the variations between 
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sixteen departments on one establishment recruiting electrical engineers, 

physicists and mathematicians, while the majority of departments recruited 

fewer than estimated some recruited over their bid and may be the result 

of a last decision to take on potentially very able candidates and in the 

hope of finding a vacancy later. The 'offLers' and 'accepted' columns 

indicate another source of discrepancy for companies calculate this ratio 

and send out offers on the basis of past ratios. Since the ratio is not an 

immutable statistical law companies can be embarrassed by too few or too 

many acceptances. (36) Another study of a technologically advanced 

company found errors of up to 2Oó in management forward estimates of 

manpower required against outcomes on a two year basis, again errors were 

in both positive and negative directions. (37) Errors of this kind on 

very short term estimates of one year and two years throws more doubts on 

the employer returns to the triennial surveys and suggests that manpower 

forecasters should undertake more studies of the manner in which estimates 

are made and the kind of variables which determine different patterns 

in different industries. (38) Obviously some important source of differences 

(36) One motor vehicle manufacturer was embarrassed because their offers 
were based on estimates of turnover based on past experience and between 
department bids and offers the company raised enineering salaries which 
cut turnover. The company embarrassed by acceptance of non -vacancies 
then began to withdraw offers and acquired an odious reputation around 
appointment boards. Other companies cope with their over -estimates by 
funding suitable college courses or 'making work' to avoid damage to their 
recruitment reputations. 

(37) I.M. Gascoigne, "Manpower Forecasting at the Enterprise Level ", British 
Journal of Industrial Relations, vol. 6, part 1, 1968. 

(38) It must be borne in mind that 91 of the 170 interviewed were employed 
on defence related work which appears to be a disproportionate sample of 

the electronics industry and increasingly so if a shift away from defence 

support continues. However, similar problems may occur on the government 
civil contracts too, so these practices may continue. 



TABLE 4 . The pattern of vacancies, interview offers and acceptances 
across departments in one company. 

Department Vacancies Interviews Offers Accepted Joined Discrepancy 
col. 
-(2J 

1 34 308 115 41 40 + 6 

2 12 114 15 3 3 - 9 

3 2 8 5 1 1 - 1 

4 4 2 2 0 0 - 4 

5 8 164 46 11 11 + 3 

6 8 212 30 9 9 + 1 

7 8 184 30 11 11 + 3 

8 2 6 1 1 1 - 1 

9 4 20 1 0 0 - 4 

lo 20 150 38 10 10 - 10 

11 10 174 38 12 12 + 2 

12 12 134 IE1I 8 8 - 4 

13 1 1 1 0 0 - 1 

14 0 2 2 2 2 + 2 

15 24 169 62 23 23 - 1 

16 0 3 0 0 0 0 

Totals lt; î 1671 43 0 131 - 18 
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between and within industries is the company structure and the extent 

of discretion granted to either establishments and departments against 

head office and centralised personnel departments. While the personnel 

manager of one company could. claim a large share of the responsibility 

for doubling the intake of graduates over the previous ,,ear's total in 

order'to liven up the company and set enthusiastic graduates snapping at 

management's heels in five year's time', in most of the companies visited 

initiative lay with she short -run requirements of departments or divisions. 

This was especially true in those companies where graduates entered 

directly on to employment and the departmental budget rather than on to 

the personnel or training department payroll. 

During January to April, representatives from the personnel 

departments visit universities and colleges across the British Isles. 

Considerable disquiet has been increased in recent years over these initial 

visits to universities and colleges, and they have earned the somewhat 

disparaging title of the 'milk run' or'the circus', and some technical 

interviewers despise the process as a 'rat race'. The administrative 

burdens of the exercise are appreciable and one company visited ¿3 

universities and 30 colleges in an initial sift of 2,000 candidates for 

100 vacancies, from Table 4 the administrative tasks of a company at the 

company second interview are appreciable as 640 candidates required 

1671 interviews with the various departments. Some companies, in an 

attempt to reduce the administrative burden of what may be several thousand 

interviews, have considered the use of pre -selection forms. (39) This 

has been much to the disquiet of Appointments Board officers who feared 

a raw deal for some graduates in pre -selection. There may be drawbacks 

(39) This has been particularly favoured among the large oil companies, 
see the reported discussion among members of the Standing_; Conference of 
Employers of Graduates (S.C.O r p The Times, 9.9.69. Employers , . s. reported in 1. e '_imes 2 
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even to the companies, however, as one personnel officer noted, 

"'e had wondered if we could eliminate some of the 
interviewing by some form of preselection at university, 
but it's very difficult because on the circus or milk - 
round many have got no idea what they want. They soon 
learn - maybe they just learn answers and it's a game. 
In any event it's possibly easier for us to choose 
than for them to choose because of our knowledge of 
the jobs and post graduates." 

These difficulties of ill- informed candidates become compounded when it 

is felt that the final year allows little time for candidates to become 

knowledgeable and companies try to avoid second interviews beyond the 

Easter vacation. Another attempted solution is to create more information 

by encouraging Appointment Board's officers and students to visit companies 

earlier and arrange Christmas vacation interviews, thus bringing forward 

points of choice into less crowded timetables. 

Criticisms are sometimes made of the 'milk round' as inadequate for 

information purposes, cumbersome in administration, and expensive in costs. 

Occupational psychologists may have just cause in their points about 

information and canvass various selection instruments for employer use 

and a strengthening of the counselling services of the University Appointment 

Boards, but the points about costs are less easy to substantiate. (40) 

Employers do not pay the full economic costs of recruitment in that they 

do not pay for the distribution of information and interview facilities 

made available at the university by the Appointments Board. One of the 

major objections to pre -selection forms by employers was that these forms 

would lead to increased administrative costs being placed on the Boards 

and when the Sussex University Appointments Board attempted to impose 

charges on visiting employers it was forced to back down by a threatened 

employer boycott and lack of support among the other Vice Chancellors and 

(40) R. Williams, "Industry as a Career: What Students Think ", New Society, 
26.3.70. 
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Principals. Calculations of costs of company second interviews usually 

include hotel and rail expenses on company visits, personnel visits to 

universities, graduate travel expenses, even flowers and cigarettes, but 

rarely the cost of managers' time on second interviews at company interviews. 

The general impression given by one personnel officer was that graduate 

recruitment when compared to other forms of recruitment was not expensive, 

and 'expensive' is surely a term implying a comparison of alternatives. 

"We really don't know the costs of recruitment per man, 
we had an accounting error so that we ended up holding 
a finger to the air and finding a figure. I would say 
it's an inexpensive way of recruiting. Our labour 
pools are in the colleges and we visit them there, we 
ought to see quite a number of people in one visit. 
We then get a number to the company in the Easter 
vacation, again there is a concentration of the market 
to the company. And over a period of six weeks or so 
we have a pretty intensive time, after the first week 
we have a pretty well- organised system, to cope with 
events. Compared to normal recruiting methods, by, 
say, advertising or paying agencies fees for the man 
they put forward, we do pretty well out of it. It's 
not strictly comparable. On the one hand you've got 
experienced people, and on the other inexperienced 
people. But any firm that is alive and is going to 
remain so is going to take on graduates, and they will 
become increasingly important to it." (Personnel Officer) 

If we examine the alternative ways of contacting recruits contacting 

school leavers has the disadvantage that the labour pools are scattered 

in many schools and schoolóhildren are believed to be enmeshed within the 

educational system till graduation. Sponsored school leavers on university 

courses is attempted but only in a relatively small way by a number of 

companies. (41) Again recruitment during the undergraduate career has 

limited potential because it is realised that vacation employment is 

often a deterrent to employment and some companies limit numbers in 

(41) For some indications of the extent of these practices in a variety 
of industrial sectors, see, Industry, Science and Universities, Report 
of a Working Party on Universities and Industrial Research to the Universities. 
and Industry Joint Committee (Chairman: Mr. P. Docksey) London: C.B.I. 

1970. 
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attempts to give worthwhile experience. The recruitment of experienced 

engineers has no institutionalised market, the professional institutions 

have been loathe to enter too readily into placement functions and their 

conferences serve this purpose in only a limited way. (4.2) There has 

been a considerable growth of management selection consultants, advertising 

agencies and employment agencies from the setting up of Management Selection 

Ltd. (M.S.L.) in 1955 to the 123 similar services in the Directory of 

British Recruitment Services in 1969. The services tenito specialise 

in different ways - the management selection consultants have tended to 

specialise in personnel earning above 22,000 per annum (i.e. at late 

1960's rates) and charged between 10 - 15% of the recruited manager's 

salary, registers, dealing in the salary ranges £1,000 - 23,000 per annum 

and charging about 250, gave access to a particular category on the 

register, and finally the advertising agencies were generally employed 

to place a volume of advertising equivalent to l0;ó of the recruited 

personnel's salary. Insofar as it is possible to make comparisons 

between costs of recruiting relatively inexperienced and experienced 

personnel (bearing in mind the earlier points about training costs and 
that 

advantages of mailability), the general impression is/recruiting graduates 

direct from university is less costly than recruitment at a later point 

in time. (43) There was, however, a more interesting comparison drawn 

in interviews with managers about the costs of recruitment and this was 

a comparison between the costs of recruiting technicians and graduates, 

(42) A small service was set up by the professional institutions to cope 
with post -war resettlement but it was not considered a proper {uncl;on 

for full development. The Department of Employment Scientific and 
Technical Register has had a patchy record and is undergoing reorganisation. 

(4.3) T.E.P. Rogers and P. Williams, The Recruitment and Training of 

Graduates, London: Institute of Personnel Management, 1970. 
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where the assumption is that non -graduates are the main sources of 

technician employment. One lab manager commented on the lack of an 

institutionalised labour market for technicians and a major problem in the 

unpredictability about supply. 

"The ways of getting graduates are more well- defined. 
We have a thorough campaign each year and our lab has 
a good reputation for getting graduates in, or so I 

am told. The lab assistants just turn up and are not 
the sort you get by adverts in the national press. 
Aso we are not sure when they are going to come, 
whereas with graduates we know we are going to get a 
certain allocation." (Research lab manager) 

While some writers have referred to the abundance of anectotal evidence 

that graduate scientists and engineers are recruited for prestige reasons 

and then employed on routine work and seen this as irrational behaviour 

on the part of the company, the nature of the labour market suggests that 

there may be a simple economic rationale in recruiting graduates for 

technician work. Although many managers emphasised that the graduate was 

recruited for his potential contribution in the long run, the manner in 

which the exercise was costed and regarded as inexpensive and the avail:. - 

bility of familiar routine demands of recruitment suggested important 

short run implications too. It meant that the technical department in 

making up its bid for manpower to the central personnel department could 

rely on an input from the annual recruitment campaign and need not conduct 

a thorough scrutiny of its needs in terms of categories of manpower 

distinguishing technician and professional. The work load need not be 

scrutinised and then manpower sought accordingly, the situation more 

closely resembled one in which staff were sought and the tasks allocated. 

(o) Selection criteria in recruitment 

The final aspect of recruitment policy to be considered is the 

means used by company representatives to recognise and assess the qualities 

and qualifications in candidates relevant to company purposes. Discussion 



of these points in interviews with managers suggested a number of different 

perspectives on recruitment and the analysis of these perspectives put 

into sharp relief the potential sources of confusions and crossed purposes 

in manpower debates. Technical staff involved in interviewing often 

made remarks about their search for "first class men ", "the cream" or 

"the self -starter ". It was not clear how far performance on these criteria 

related to academic brilliance. It was not clear how far industrial 

complaints about a shortage of "good graduates" related to the Swann Report 

findings about the reluctance of "the more able graduates ", although the 

Swann Committee had little difficulty in juggling from statements about 

"the highest academic attainments" to the ambiguous phase "best graduates" 

in their interim report. (Li4) Putting these ambiguities forward forces 

attention on the central question of the relationship between educational 

experiences, educational qualifications and occupational competence as 

seen by company recruiters. 

For the manpower forecaster there appeared to be a simple set of 

positive correlations between length and level of education and occupational 

competence, and, academic competence attested by academic qualifications 

and occupational competence, all of which were confirmed by employer 

demands. The manpower forecasters admitted some doubt about the relationships 

when they were critical of educational courses and echoed the criticisms 

of employers, however, while they made proposals for reform their use of 

the concept of 'need' suggested that employers were not always aware of 

the benefits which could be gained from the employment of highly qualified 

manpower. For the economist there has been evidence in numerous studies 

of a positive association between levels of education and earnings, and if 

(44) Interim Report of the Working Group on Man over Forecasters for 
Scientific Growth, Cknd 3102, op.. cit., pp. 24 -26. 
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labour markets could be assumed to be competitive then earnings could be 

taken as satisfactory measures of productivity. (45) These latter studies 

have usually been oflevels of education, for example, primary v. secondary 

or subdegree v. degree level studies and and not within the degree category, 

for example, by class of degree. However, there is some evidence that in 

periods of labour market contraction those with a higher class of degree find 

less difficulty in obtaining employment than those with lower class degrees 

and this indicates a similar trend of employer preferences. (L6) 

The problems which remain in the economic analysis are an explanation 

of the link between education and productivity, of how educated manpower 

contributes to an organisation, and some justification for the assumption 

that labour markets are competitive. (47) 

Explaining the link between education and productivity tends to fall 

outside the scope of economic analysis but sociological studies of 

university groups and non -university educated have offered two lines of 

linkage, one through the formally prescribed courses offered by teachers 

and the other link through the develópment of competence in coping with 

the informal organisation of college life. The first line of argument 

contends that courses develop skills relevant to the occupation and could 

cite the similar arguments of the managers in the earlier section of this 

chapter, for example, that the development of analytical skills in 

universities facilitated a competence in coping with novel situations 

(4+5) A review of this literature is available in M. Blaug, An Introduction 
to the Economics of Education, op. cit., pp. 23 -27. 

(4.6) E.G. Whybrew, op. cit. 

(47) A very forthright paper addressed to these issues and the topic of 
this section is that by M. Blaug, "The correlation between education and 
earnings what does it signify ? ", Higher Education, vol. 1, no. 1, February 
1972. 
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compared to the greater emphasis on rote -learning and mastery of existing 

techniques for standard situations in the H.N.C. courses Moreover the 

facility for learning makes the graduate a more versatile employee. (48) 

The other line of argument is that students acquire skills and abilities 

relevant to middle class occupations from aspects of college life not 

conventionally regarded as part of the curriculum. (2+9) One important 

skill comes in the organisation of resources to meet competing demands 

from teaching staff and other personal interests and another in planning 

on longer time horizons than were familiar in schools, for example, by 

terms and vacations. These qualities, the ability to organise and 

discipline oneself to work independently over a longer time period, 

were among the qualities claimed by the engineers as benefits of college 

experience in the pilot study. One skill not mentioned in the Scottish 

pilot study, but mentioned frequently in the English study, was that of 

making friends. In the English study many of the graduates referred to 

the move from school to university as the occasion of their first move 

away from home into a world of similarly situated people where friendships 

were not 'givens' of family or neighbourhood but developed with the 

fashioning of social poise and confidence, in contrast the bulk of the 

Scottish respondents had lived at home during their university years. (50) 

(4.8) Some engineering and training staff in the British Thomson Houston 
Company studied the progress of 200 entrants to the company design department 
and concluded that honours graduates developed more rapidly and more 
favourably compared to the H.N.C. qualified. W.J. Gibbs et al., "Postgraduate 
activities in electrical engineering ", Institution of Electrical Engineering, 
Proceedings Part I, 1952, p. 206. 

(L19) M. Dalton, Men ho Manage, New York: John Wiley & Sons, 1959, pp.161 -169, 
and H.S. Becker, "Non College Youth ", in Sociological Work, London: Allen 
Lane The Penguin Press, 1971. 

(5o) Residence at university and away from home although not thought of as 

part of the curriculum has been an important component of the conception of 

a university education in England, see, A.H. Halsey, "The Sociology of 
Education ", in M. Smelser ed. Sociology: An. Introduction, New York: John 
Wiley & Sons, 1967 (especially "The English Idea of a University ",. pp. 411 - 
)1)). 
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While the American studies have laid some emphasis on the acquisition of 

managerial skills, such as dealing with ambiguity and compromise, in 

student organisations, this kind of experience was little mentioned in 

either of the Scottish or English studies and this infrequency may be 

attributable to cultural differences or the tendency for the American 

studies refer to all students and my sample of engineers and physicists 

may have had lower propensities to participate in other than specifically 

engineering or scientific societies compared to students of other disciplines. 

That non -graduates do rise to positions of seniority in industrial 

organisations suggests that if it is important to experience independence 

from parents, to develop persistence, ambition, abilities to budget time 

and energies, and skills in manipulating people and bureaucratic rules, 

then these skills can be acquired outside college. However the substantial 

point remains that the opportunities to acquire the relevant skills and 

experience are more readily available to university students than their 

non -university contemporaries. (51) Certainly the criticisms advanced 

by managers in the pilot study indicate that a college education was not 

an unmixed blessing and that the postulated link between education and 

productivity was complex and not without critics who would argue that 

university experiences inculcated skills not readily applicable to industrial 

problems. The problem then is why are graduates recruited and is the 

labour market not competitive and are there other explanations of the 

positive correlation between earnings and education. 

(51) Some direct comparisons between universities and trade schools have 
been made by Becker (Non College YoutYi', op. cit.) but a more interesting 
comparison for our purposes is that of the Colleges of Advanced Technology 
( C.A.T.$) and universities, as the former underwent development from 
Colleges of Technology to C.A.T.s and then to Technological Universities. 
The C.A.T. student had less independence in the organisation of his time- 
table and a much more circumscribed social life compared to the university 
student. (See M. Jahoda, The Education of Technologists, London: Social 
Science Paperbacks, 1967 (original edition 19635-and P. Harris, The 

Experience of Hi her Education, London: Routledge and Kegan Paul, 1964). 
These topics are t yen up again in the following chapter. 
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Testing whether labour markets are competitive has been approached 

through two main methods, by observation, that iS by testing the predictions 

of labour market behaviour from competitive theory, and on the demand side 

by interviews with employers to question their motives particularly the 

assumption about profit maximisation. The results of - testing are mixed 

but a tentative conclusion appears to be that competitive theory is 

successful in predicting long run changes in occupational wage differentials. 

(52) In exploring employer behaviour I was interested to know how 

managers treated educational qualifications and other criteria from 

interviews. Some support for the view that academic abilities and other 

desirable qualities came in one company report an recruitment. Interviewers 

had been asked to give a composite letter grade (on a six point scale A. to 

C) on the ability, personality and potential of the candidates, and the 

report noted that interviewers had tended to make offers to B+ candidates 

but had been more successful with B candidates. Since the report mentioned 

that the numbers of 'good honours degree' graduates had been "a fair 

proportion" (i.e. 37) of candidates but many had declined often these 

might be assumed to feature B+ candidates. Unfortunately,, the latter 

grades included an allowance for ability and it is difficult to sort out 

weightings. Although technical interviewers asked questions about project 

work and university courses, many felt content to regard the university or 

college degree (or more accurately attendance at a university or college 

and the prospect of a degree since interviews preceded finals), as an 

indicator of acceptable levels of skill. They were interested in the 

degree of commitment to these skills, asking at what age the candidate 

became interested in engineering as an occupation, and whether his studies 

(52) M. Blaug, "The Correlation between Education and Earnings: what 
does it signify ? ", op. cit., p. 63. 
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were supplemented by engineering hobby interests or reading, all of which 

were taken as indicators of ambition and attitude. The important function 

of the degree result (or grade on internal university exams) was that it 

provided an objective measure among all the subjective ratings, and as 

the ultimate touchstone of 'hard data' it was the basis of salary scales. 

Only one company attempted to incorporate in a formal way the interviewer 

assessments into salary offers. (53) While personnel departments in 

some years write to all those who declined offers and seek responses to a 

checklist of reasons for refusal to gain information about salaries and 

recruitment procedure, it is a very limited check on company selection. 

In order to form a more complete view of company selection it would be 

important to follow the careers of both those who declined offers and 

those who were refused offers. 

There is a strong likelihood too that if reports are correct in that 

industry does not attract the 'more able' graduate, and by definition 

takes the 'less able' graduate, then even graduate interviewers will play 

down the importance of academic ability and emphasise those personality 

and attitudinal criteria which have, they may feel, been important in 

their own success. It was a view heavily underlined by a department 

head. 

"I am greatly disappointed in the graduates we recruit, 
not in their technical ability, there's nothing wrong 
with their technical ability. :;We've never had a 
problem to my knowledge that couldn't be solved. By 
and large the people here are clever people and I think 
that graduates are clever people. \Vhat I regret is 
the total lack of ambition and drive, about one in 
twenty is interested in making something and interested 
with some ambition. They want to be led ... I've 
never been trained to interview but I interview vast 

(53) Salary offers were greater by degree class (1st class honours - 

£1225, 2nd class honours - .£1200 and 3rd class honours or ordinary degrees - 
£1175) and candidates were graded on interview (A -275, B-£50, C -225), such 

that C grade 1st class honours and an A grade ordinary degree graduate 
could be on the same salary level - £1250. 
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numbers, and I always get the people I go for. 
I ldok for a genuine enthusiasm - I hate the 
cliches but that's what I look for. I tell 
them what we do - I can't explain everything in 
ten minutes so I expect lots of questions, drive, 
aggression maybe. If they are determined then 
they can do the job, nothing is so difficult ... 

... I'm a bit cynical about graduates at the moment. 
I don't think they are as good as I was - if you 
want the straight answer. I got a lousy degree, 
a pass degree in physics. I never did my work at 
university, had a fabulous time of it and thoroughly 
enjoyed myself. I crammed in the last two weeks 
and got through by the skin of my teeth. But that 
doesn't seem to matter - it's the attitude that 
counts." (Development lab manager) 

'Attitudes' are undoubtedly important factors in occupational and 

organisational success, but one might wonder how far a shortage defined 

by this manager as a shortage of 'ambitious' graduates could be alleviated 

by an increase in the supply of 'more able' graduates. This point about 

interviewing practices reinforces the earlier point that there is some 

danger in regarding the industrial company as having a unity of purpose, 

just as there were potential differences of interest between head office 

and establishments, there was a potential difference between the senior 

management policy in graduate recruitment and practice when policy was 

interpreted by interviews. For example, one H.N.C. qualified recruiter 

complained that graduates, especially those with higher degrees, were 

'too clever' and looked for design faults when testing or using equipment 

and overlooked simple construction errors and his preference was for 

'practical people' rather than 'highly academically qualified'. 

"When it comes to industry, to electronics in 
particular, it's a practical business and there 
is something to sell at the end of it. You 
have to be able to go out on site at all hours 
of day and night, get your soldering iron out, 
look at wiring schedules and modify them. It 
doesn't matter whether you are a Ph.D or not you 
have to be able to do it. On TSR -2 I had a 
quarter of a million pounds to spend and graduates 
under me, the difference between them and me was 
that I had experience and they hadn't. I was 
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willing to attend to trivialities, elementary things 
like earthing impedance, lengths of earth wire, and 
so on, the graduates were looking for logical errors 
or programming faults or some major environmental 
error, they couldn't screw themselves down to basics. 

I advocate that if they are going to get anywhere they 
have got to go through the basics. You should put 
them on problems likely to throw these problems up, 
let them burn their fingers, help them over this, and 
then you've got the best men you can have. 

Among graduates I like the six months sandwich type. 
";then it comes to doing a job, getting products through 
the door to everyone's satisfaction then he is a damn 
sight better at it than the full -timer. He is not 
so technical, and he doesn't have this false impression 
that the qualification is the thing that matters and 
he's got his qualification with experience. 

I'm a bit of a rebel here, but I've seen both sides 
of the coin. I know the people I prefer to have here. 
A lot of managers and other engineers think that people 
are N.B.G. unless they've got a degree, but on the 
practical side of the industry I think the reverse is 
true." 

There is, however, in the last comment the germ of an explanation 

for graduate recruitment which runs counter to the competitive explanation. 

The tendency for recruiters to select in their own image can be linked to 

those theories of organisation which suggest a high degree of discretionary 

behaviour available to managers in modern corporations and suggest that 

some graduate recruitment is undertaken for prestige reasons; within 

the organisations graduates like large desks and pretty secretaries are 

a perk to the department head and to the company they add an aura to 

prestige adverts and rivalry with competitors. (54) While the argument 

suggests that education is relevant to occupational performance, another 

explanation agrees that there is a positive correlation between possession 

of educational qualifications and occupational performance but that it 

(54) D. Pym, "The misuse of professional manpower ", in D. Pym, ed., 

Industrial Society: Social Sciences in Management, Harmondsworth, Penguin 
Books, 1968, pp. 94 -95. 
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is a spurious correlation for it is 'brightness' which is really measured. 

The essence of the window cleaner story in the earlier part of this 

chapter was that employers were right to recruit highly qualified people 

because the capacities of intelligence, independence and persistence 

which had brought educational success were capacities important for 

occupational success and which had been available to employers among 

schoolleavers in a more restricted educational system. In other words, 

the capacities were measured by, but not created by, more educational 

courses, and as Dore put it, these higher earnings of graduates represent 

'not the earnings of capital, but a form of differential rent." (55) There 

is much stronger support for the view that the educational system acts as 

a very expensive ritualistic testing system in the developing countries 

than in the advanced industrial countries. (56) ,pile there was certainly 

evidence that educational qualifications were used as a form of skill 

labelling few of the managers were as extreme as to believe that the 

content of schooling was wholly irrelevant. And while degrees were used 

as "hard data" (against subjective interviews) and "rule of thumb" guides 

there was evidence that companies did change salaries in response to new 

educational developments and the attempt to match up honours degree graduates 

with R & D and ordinary degree graduates indicated some consideration of 

course relevance. Such conventional hiring practices as ways of reducing 

the search costs for labour were evident in the earlier comments about 

the visibility of universities and the graduate labour market too, and 

remained a source of constraint on the range of manpower substitutions 

(55) R. Dore, "Deschool? Try using schools for education first ", 

IDS Discussion Paper No. 6, Institute of Development Studies, May 1972. 

(56) See R. Dore, ibid., for comments on the developing countries and 
I. Berg, Education and Jobs: The Great Training Robbery, New York: 
Praeger 1970 for comments on the American situation. 
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considered even though it did not approach the de;ree of miseducation 

and malutilization apparent in the ritualistic education and testing of 

the developing countries. (57) 

(57) In Blaug's attempt to explain the correlation. between education and 
earnings he proposed three possible lines of explanation - (1) the 

'economic', broadly the competitive market view,(2) the 'psychological', 
broadly the educational system as a ritualistic device which merely 
confirmed native abilities, and (3) the 'sociological', which has two 
variants, one that length of schooling is correlated with social class 
origins and the other is that education imparts social values which are 
rewarded by the ruling elite. Blaug's view is that the less the market 

approximates competitive conditions the greater the validity for the 
other two interpretations, and of course, as this study suggests, 

various imperfections in the labour market admit a grain of truth in 

all three arguments. Since this chapter has concentrated on employer 
behaviour I have said little about the supply side and social class. 

In passing it should be noted that Blaug's labels of 'economic', 

'psychological' and 'sociological' are arbitrary and he 'has' to invent 

the latter two arguments because psychologists and sociologists have 

not argued them, whereas a familiarity with the literature of these 

disciplines reveals that their practitioners have at some point argued 

all three cases, for example, the Davis and Moore explanation of 

inequality in society was a rather simple- minded 'economic' account. 

K. Davis and W. Moore, "Some principles of stratification ", American 
Sociological Review, vol. 10, no. 2, 1945. 



. The Experience of Recruitment 

For those companies in the Autumn of 1968 there appeared no 

outstanding shortages in the overall number of graduates recruited. As 

other studies noted there were shortages of graduates in particular 

disciplines and shortages of 'good graduates'. (58) Several companies 

have noted that there are difficulties where graduates are either in 

short supply vis -a -vis the many demands for them or where those available 

are unaware of the employment opportunities open, for example, the 

electronics industry has increasing demands for mathematicians and still 

requires mechanical engineers although the latter tend to believe that 

mechanical engineering problems in the industry are trivial. As already 

indicated the complaint about the shortage of 'good graduates' is 

difficult to interpret,. t one level it appears, as Carter and Williams 

observed, as simply a complaint about genetics and the perennial feeling 

that the world needs more intelligence; (59) Certainly many of the 

companies had experienced rejection of their offers, and enquiries seeking 

explanations for refusal found that a significant proportion were from 

those continuing to postgraduate research, for example, and one company 

report noted that this factor had been fourth in 1965 but was first in 

frequency of mentions in 1968. Yet the companies regarded this as a 

temporary phenomenon of university expansion and another company drew 

significance in the trend in the ratio of offers to acceptances which had 

been around 4tl in the early 1960's but dropped to 2.5:1 in 1968, and 

was under 2:1 in 1971. Of course, it could be argued that the experience 

of these companies was a- typical of the industry and they may be more 

successful recruiters of graduates. However since 90% of the total annual 

(58) H. Murray and D. A[tistrong, op. cit. 

(59) C.F. Carter and B. Williams, Science in Industry, Oxford: Oxford 

University Press, 1959. 



TABLE 5. Unfilled vacancies for 0. S. E. and technicians as a 
percentage of total employment of Q.S.E. and technicians. 

Electronics 1 l Kanufacturinp. 

1965 1968 1965 1968 

p,. .E. 17.5 10.7 9e2 6.2 

Technicians 5.4 5.8 4.4 2.6 

Source: Electronics EDC, Qualified Manpower in the Electronics Inudstry: 
2,_preliminary report., London: NEDO, 1971. 



recruitment of technologists to the engineering industry was generally 

to the larger firms with over 1,000 employees and liven the degree of 

concentration of output in the industry it seems reasonable to take their 

experience as representative. (60) Moreover, the Electronics E.D.C. 

concluded that the industry's overall demand for Q.S.E. level manpower 

was being satisfied by the late 1960's, although they had reservations 

that 'needs' might be higher than 'demand'. (61) The elimination of 

shortage, attributed partly to the slowing down of growth in postgraduate 

studies and employment in the education sector and partly to the rise in 

the output of graduates, was traced by the E.D.C. Committee in the decline 

in unfilled vacancies in the industry (see Table 5). However the 

significant factor Which made the electronics industry different from most 

industries considered in the manpower debates was the extent of merger 

and rationalisation in the 1960's. All of the companies visited had 

been involved in mergers recently or engaged in large scale rationalisation 

of activities. The consequence of these changes for recruiters and 

recruits were frequently unsettling, recruiters in several companies 

carried a memo from the Personnel Director which advised that only 

reassurance and no information was available on the merger and in one 

company recruits offered four different variations for the name of their 

common employer. (62) Again it should be remembered that while companies 

might be in balance, individual establishments could experience shortages 

(60) The figures on recruitment cover all the branches of engineering 
sending return to the Engineering Industry Training Board, (Report and 
Accounts 1968 -1969, p.. 16). 

(61) Electronic EDC, Qualified Manpower in the Electronics Industry; 
a preliminary report, London: NEDO, 1971, p. 10. 

(62) In one company the memo stated: "The integration process has not 
gone far enough yet for any valid statements other than that the merger 

will be to the benefit of all concerned." 
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and others be overmanned, for example, one company had undertaken internal 

transfers following the closure of an establishment. 

Notwithstanding the uncertainty about manpower requirements 

engendered by rationalisation in the industry, there appear a number of 

other sources of difficulty for the manpower forecaster, for example, in 

the lack of records, the rudimentary state of company manpower planning, 

and use of conventional 'rules of thumb', and the tendency for the ill - 

analysed short term interests of establishments to dominate recruitment 

practice. Set against this examination of recruitment policy and 

practice, the frequent appeals by manpower forecasters and university 

professors that 'industry must give clear guidance to educationists on 

its requirements' appears as both another indication of the typical 

manpower forecasting optimism about the ease of translation of occupational 

requirements into educational specifications and naivzté about the complex 

processes by which recruitment policies are translated into practice. 



CH. -TER úZ1 

GRADUATE PERSrECTIVES ON THE LABOUR MARKET 

1. Introduction 

In this chapter attention is shifted from the examination of company 

perspectives to the development of graduate perspectives as they attempted 

to shape their passage through the labour market and into employment. The 

central themes of the chapter are a critique of the models of occupational 

choice used by the manpower forecasters and the neoclassical economists 

for the narrow range of variables considered in their models, and an 

exposition of the development of graduate perspectives which prescribe 

a short -run preoccupation and tentative commitment on entry to jobs. 

The models of occupational choice implicit in the Swann Report and 

explicit in economists' criticisms are outlined in the second section. 

The third section examines some of the data from the study by Cotgro ve 

and Box of chemists in university and industry and shows the way in which 

a sociological approach differs from that of the manpower forecasters and 

the economists and leads to somewhat different policy conclusions. Data 

from the study of entrants to the electronics industry is presented in the 

fourth section in an examination of the social context of occupational 

and educational choices and orientations to work. On the first topic 

it is argued that the manpower forecasting case understated the importance 

of influences on choice outside the educational system and on the second 

topic it is argued that different educational experiences are associated 

with different orientations to work but that few graduates could. be said 

to be 'frustrated academics'. The importance of the distribution and 

access to information among graduate decisions -makers in shaping a 

conditional commitment to occupations and employers is emphasized in the 



fifth section and the final section concludes with a review of experiences 

and hints of disillusionment among graduates about the discrepancies 

between the 'conventional wisdom' and experience. 



2. Models of Occupational Choice in the Manpower Debate 

Why schoolchildren and students made choices which resulted in the 

'swing away from science' and a 'marked preference for postgraduate studies 

and employment in research in university or government' was a central 

question in the manpower debate and was largely approached by inferring 

models of choice which would explain the flows into higher education and 

into employment. The statistical account of these flows was presented in 

Chapter One and the very broad schemes of contrasting interpretation of 

the economic system were discussed in Chapter Four, here I am concerned 

with the models of occupational choice and the way in which, although aware 

of a whole complex of factors associated with educational and occupational 

choices, the models of choice were grossly simplified with emphasis on 

the shaping of preferences within the educational system for intrinsic 

rewards and prestige in the manpower forecasting model and the emphasis 

on financial reward in the economic model. 

The Dainton Committee emphasized that choice was a continuous process 

and outcomes were really the result of a series of choices. This view 

of choice brought out the significance of early specialisation for it 

implied a lengthy time lag between stages of choice such that some choices 

could be made without cognisance of their implications for later choices. (1) 

Over this time period the Committee identified two main sources of influence 

on children in their decisions about subject choices, personality variables 

and various sources of influence in institutional settings. The former 

were not of particular concern since they were outside the control of 

the policy -maker, moreover, there appeared to be some evidence that many 

children were interested in science around 8 or 9 years of age. (2) 

(1) Enquiry into the Flow of Candidates in Science and Technology into 
Higher Education, Cmnd 3541, paras. 130 -132. 

(2) Ibid., paras. 133 -134. 



Attention was concentrated, therefore, on the institutional variables since 

they appeared to be associated with the relevant time period and subject 

to policy control, and the main culprits for the'swring away from science' 

were cited as the schools and universities where schools imposed specialisatic 

to enable able pupils to meet university entrance requirements. Competition 

for university entrance encouraged the teaching of science largely as an 

examination subject such that to pupils it was a dull memory slog on 

out -of -date curricula. (3) Two sets of extrinsic factors were considered 

in choice - the image of science and career prospects - but the main weight 

of the argument was on the curriculum as a determinant of educational 

choices. It was thought possible that the more rapid expansion in social 

science study was because 'they deal with people and with society' whereas 

the 'objectivity of science and the purposefulness of technology have 

become identified, for some, with insensitivity and indifference, ' and 

here the Committee identified 'idealism' as a powerful motivator in the 

young. (4) Another possibility conveyed was that the study of science 

had become identified solely with a career as a research scientist such 

that it was not worthwhile to anyone who had other ambitions or was 

undecided. (5) However these points about the image of science or careers 

were not taken as central points because the Committee did not believe 

there was sufficient information and tended to the view that schoolchildren 

were ill -informed. Thus the Committee's proposals were for a two part 

reform, firstly, for a massive public relations exercise to convince pupils 

of the benefits of science and the variety of careers, to convince 

employers of the benefit of employing scientists, and secondly, for the 

(3) Ibid., paras. 148-150. 

(1+) Ibid., paras. 151 -152. 

(5) Ibid., paras. 155 -156. 



actual reform of curricula such that they are more attractive and for 

later specialisation such that better informed choices could be made. (6) 

The Swann Committee endorsed the Dainton Committee's analysis of 

early specialisation as a limit on the range of occupational choice to 

the detriment of the national supply of scientific and technological 

manpower and in their own analysis of the flow into employment they placed 

similar stress on the importance of educational institutions. In addition 

to their work with official statistics, the Committee offered two main 

pieces of evidence on choices from the Kelsall survey of graduates, the 

first about the timing of choices and the second on the characteristics 

of jobs. 

Analysis of the changes in job intentions during the undergraduate 

careers of the Kelsall respondents confirmed the Swann Committe in the 

belief that education played a special role in shaping performances and 

choices. It was apparent that a higher proportion of the scientists 

(47%) than technologists (35%) could recollect entering university with 

an 'open mind' about future jobs, by graduation the proportions with 

'open minds' had fallen to about lo/. Analysis of net changes by 

discipline and class of degree showed that among both scientists and 

technologists obtaining first class or upper second class degrees, the 

increases were in the proportions intending to take up university teaching 

and research compared to other occupations. (7) 

In their comments on the Kelsall data on characteristics of their 

own jobs as seen by scientists and technologists, the Swann Committee noted 

(6) Ibid., paras 162 -171. 

(7) Since the Kelsall data came from a study six years after graduation, 
students were recalling events after ten years in some cases. The other 
interesting point is that the timing of change came before final degree 
results so that if academic ability is influential it stems from prior 
exams, coursework, and so on, on which the student assesses his likely 

abilities. 
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that no sector was unattractive on salary (that is, no sector had a 

negative score), although schools appeared relatively poor by comparison 

to the other sectors. The Committee noted favourable university views 

of the congeniality of colleagues and working conditions, the opportunities 

for intellectual development and increasing one's specialised knowledge, 

and the scope for initiative and freedom to develop one's own ideas. On 

salaries technologists in universities gave a net score comparable to 

that of the scientists and technologists in industry, although scientists 

in universities recorded a lower score. Again on novelty and variety 

in employment a relatively low score from scientists in universities 

contrasted with the higher net scores from scientists and technologists 

in industry and the even higher net score of technologists in universities. 

An obvious limitation of the data is that it does not give respondents' 

assessments of other sectors on these same items nor had the Committee 

collected salary data, yet there was sufficient pattern for the Swann 

Committee to find broad accord with the patterns of employment and evidence 

of 'the marked attractions of a job in a university and the lesser 

attractiveness of industry'. (8) Again this was a matter of inference 

since the data did not give an amount of instructions or reasons for 

occupational choice and the Committee inferred that the salient charact- 

eristics in choice were the nonfinancial factors. 

The Swann Report spelt out the mechanisms by which the educational 

system had shaped these preferences, and, although the Committee urged 

industry to bid for the attentions of graduates, a change in the direction 

of choices was seen to imply a change in the mechanisms of influence. At 

root the educational system shaped skills and the conception of the way 

(8) The Flow into Employment of Scientists Engineers and Technologists, 
Cmnd 3760, op. cit. p. 88. - 



skills could be employed, and this occurred because there was an encouragement 

to look for intrinsic rewards in work, a lack of encouragement for other 

sectors, and the espousal of a scale of prestige in university which was 

inimical to industry. Again specialisation was the bogey, which encouraged 

particular skills and narrowed occupational horizons. 

"From the age of about 15 or thereabouts these 
students receive little formal education outside 
their specialities, and it is hardly surprising 
that they may emerge with little knowledge of, or 

interest in the problems of the society of which 
they are to become responsible members. They 
may see little place for themselves except in the 
specialities in which they have been trained. 
Are they to be blamed for preferring the academic 
world here or abroad (even without a permanent 
post) to industry or schoolteaching in this country ?" (9) 

Whether consciously or not university teachers were seen to influence 

students in their choice of occupations by precept and example. 

"We believe that a new and enlightened attitude 
to industrial problems will not be achieved unless 
a significant part of the teaching of these courses 
is given by men currently engaged in industry and 
seconded to universities part -time for this purpose. 
There must be day -to -day contact between teachers 
and students if the ethos of industry is to be 
conveyed with the same impact that university 
teachers unconsciously achieve in imparting their 
own attitudes." (10) 

Through their design of courses, example in teaching and research, and 

relative lack of contact with industry, the university teachers added 

weight to what was a widespread view of the relative prestige of occupations 

which attached greatest merit to university research. 

"It is of great importance to change a widespread 
belief that academic research is the only respectable 
outcome of a scientific education." (11) 

(9) Ibid., p. 75 -6 

(10) Ibid., p. 65. 

(11) Interim Report of the Workin Group on Manpower Parameters for 
Scientific Growth, op. cit., p. 26. 
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Perhaps one of the grosser leaps in imaginative reconstruction for a 

model of choice underlying the pattern of flow appeared in the Interim 

Report where it was suggested that the factors so far discussed in choice 

did not apply only to those who entered university employment but were 

motivators for the majority of graduates. 

"The trend away from industry is most marked in 
those with the highest academic attainments, and 
least apparent amongst those with the lower class 
of honours degrees or ordinary degrees. Never- 
theless such trends amongst the best graduates 
inevitably suggest the patterns of first choice 
and ambition amongst the majority." (12) 

This assertion about choice and ambition was neither inevitable nor 

supported by any further investigations of samples of scientists and 

engineers. In their subsequent investigations and recommendations the 

Committee did not investigate why there were differences between disciplines 

in the pattern of flows or the timing of job intentions. Such investigations 

which might have revealed differences in motivations were largely bypassed 

in favour of concentration on analysis by class of degree. As argued 

already this approach concentrated attention on the able physics graduates 

and then proceeded by generalisation to all graduates. The policy 

conclusions of this analysis were similar to those of Dainton, that 

educational and occupational choices were largely determined within the 

educational system (courses and teachers), at least to the extent that 

there was a social problem, and that those lay within policy control. 

The starting point for the economist was altogether different from 

that of the manpower forecaster, Gannicot and Blaug held that financial 

costs and benefits were important to pupils and students. 

(12) Ibid., p. 24. 
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'Te assumed that pupils and students were acting 
as if they were making perfectly rational decisions 
in a world where they are well informed and whose 
demand for educational manpower is transmitted 
smoothly through the price mechanism." (13) 

From these assumptions the 'swing away from science' could be interpreted 

as the response of students who recognised that the yield on their academic 

training in science was no longer attractive, in other words, the phenomena 

were compatible with a relatively low or declining rate of return. 

Similarly the entry of increasing proportions of the academically able to 

further education and training could be interpreted as students' "perception 

that they will now have to undergo a lengthier training period than 

colleagues in relatively scarcer disciplines in order to achieve equally 

remunerative employment." (14) Gannicot and Blaug relaxed some of these 

assumptions, they allowed that there could be impediments to the rapid 

market clearance on the demand side (external economies may not be 

perceived by employers), and in Britain they admitted impediments on the 

supply side (the long lead time in an educational system with early 

specialisation). However one assumption which they did not relax was the 

central assumption that the student planning calculus dealt wholly with 

financial factors, despite denials to the contrary. 

"This is not an oversimple rejection of all non- 

economic factors: the assumption is simply that, 
on the margin, students implicitly calculate the 
net financial advantage of choosing one career rather 
than another." (15) 

If non -financial factors were to be acknowledged the assumption should have 

been that students calculate the sum of financial advantages and dis- 

advantages and non -financial advantages and disadvantages. The non -financial 

(13) Gannicot and Blaug, op. cit., p. 72. 

(14) Gannicot and Blaug, op. cit., p. 71. 

(15) Gannicot and Blaug, opl cit., p. 71. 
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factors could be ignored if it could be assumed that they were unimportant 

in job choices or that net financial and non -financial rewards were 

positively correlated. In their polemic on the manpower forecasters 

Gannicot and Blaug made no such case and their own argument is open to 

a charge of special pleading for the importance of economic analysis. A 

more limited case for the importance, if not dominance, of economic factors 

advanced by Blaug was that parents were interested in their children's 

financial well -being and saw education as a means to this end. Against 

possible objections that there is inadequate information for precise 

calculation of rates of return by economists and still less for school- 

children and parents, the Blaug notion of planning assumes only that 

students can realistically estimate two points on their lifetime earnings 

profile. Those points are the starting salary and a salary at an age 

comparable to that of parents, typically in the mid- forties. While 

refining the case on economic factors these proposals still omit non- 

financial factors in choice, and still leave open a number of questions 

about the financial factors, for example, do parents seek more educational 

qualifications for their children in terms of very broad classes of jobs 

or are they attentive to differences in disciplines and do they attempt to 

match disciplines and qualifications to particular occupations? Another 

question is whether different factors have different weights at different 

times, do economic considerations become more important as students 

approach entry to the labour market? Whilst various sources may offer 

information about average salaries, the individual may have to make some 

estimate of his own abilities vis -a -vis the average student, and the 

likelihood of gaining entry. The reforms of Gannicot and Blaug were 

directed to improve the responsiveness of the labour market in particular 

the flows of information on which decisions were to be made, for example, 



they proposed less specialisation in courses to broaden the array of 

potential occupations and introduce flexibility on the supply side, 

occupational choice delayed to a point nearer to occupational entry, 

vocational counselling to improve information about job opportunities, 

loans rather than grants to prompt consideration of economic returns and 

scholarships to attract to particular disciplines. One point which becomes 

apparent in examining the reforms is that the models of choice were mixed 

with considerations of how claims are made and ought to be made, 

In terms of the continua m of manpower forecasting and neoclassical views 

of the economic system presented in Chapter Four, Blaug saw educational 

reform consisted of shifting the system to the right, towards greater 

reliance on the market to guide the allocation of educational provision 

and manpower. 
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3. Occupational Choice, Social Origins and Occupational Socialisation 

As Blaug has observed economists and sociologists have tended to 

be interested in different aspects of the education -occupation linkages, 

where economists take tastes and the preference hierarchy for education 

and occupations as givens and proceed to use partial equilibrium analysis 

to investigate the consequences of a change in one or other factor in the 

market, the sociologists take the tastes and preference orderings as the 

subject of their enquiry. The sociologist goes further, however, and 

holds that the socialisation processes by which tastes and preferences 

are developed are distinguishable from choice processes only in an analytical 
occur 

sense for choices¡wd.thin the context of sequences of choices with potential 

for broadening and narrowing which date back to birth and early childhood 

experiences. The sociological approach to manpower questions then has been 

distinguished by studies of the social origins of members of specific 

occupations and studies of socialisation processes for entry to particular 

occupations. The first approach shifts the emphasis away from the 

individual decision -maker and examines the extent to which the members of 

a specific occupation are drawn from distinctive social groups. This 

approach relates closely to the second approach of studying socialisation 

processes since the discovery of a distinctive social background among 

occupational recruits would prompt questions as to whether some social 

groups provide particularly distinctive learning environments, in terms 

of the available knowledge, skills, values, and attitudes relevant to 

that occupation. Both kinds of study, studies of social origins and 

studies of socialisation processes, serve to examine the constraints on 

mobility in labour markets and impediments to reliance on market 

mechanisms for the efficient allocation of resources. 

Box and Cotgrove made a heroic attempt to follow the analytical 

distinction between occupational choice and occupational socialisation in 



TABLE 1. ape of scientist }erception of conditions in universit;¿, 
and industrial laboratories expected deTree result and 
future emplo Eal; preference. 

Type of Favourable 
employment 

Scientist conditions 

Public Better professional 
freedom in university 

Professional freedoms 
more or less equal 

Expected 
degree 
result 

Future Employment 
preference = 1C0 

University Industry 

High 80 20 20 
Low 7 93 15 

High 67 33 3 
Low 20 80 5 

46 54 43 

Private Better professional 
freedom in university 

Professional freedoms 
more or less equal 

Instrumental Extrinsic research 
more or less equal 

Extrinsic rewards 
better in industry 

High 26 74 19 
Low 17 83 23 

High 22 78 11 

Low 30 70 7 

23 77 60 

High 25 75 

Low 25 75 4 

High 22 78 11 

Low 12 88 8 

18 82 27 

Source: S. Cotgrove and S. Box, Science, Industry and Society, p. 83. 

Note: High means First or Upper Second, Low means any other response. 
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their study. (16) Assuming the background of characteristics at the 

point of career choice, Cotgrove and Box gave prominence to efforts to 

implement a particular self -concept. This meant a central place to the 

values students held and the way in which occupational settings matched 

those values, and the students' estimates of their chances of achieving 

their preferred employment. This model of occupational choice could be 

expressed in two propositions: 

1. "In choosing between alternative occupations, a 
person will rank the occupations in terms of the 
relation between his values and the perceived 
characteristics of the occupation; the higher 
the coincidence between the characteristics and 
his values the higher the rank." 

2. "The higher a person perceives the probability 
that he will obtain employment in the higher - 
ranked occupation, the more likely he is to 

choose that occupation." (17) 

The scientific identities distinguished by Box and Cotgrove were outlined 

in Chapter Three, and it will be recalled-that 86% of their sample of 

372 London University chemistry students were distinguished into "public 

scientist ", "private scientist" and "instrumental scientist ". Table 1 

from the Cotgrove and Box study shows some support for their model with 

its three main types of scientific identity, perception and evaluation of 

job conditions, and expected academic achievement. Those who identify 

with what Cotgrove and Box term "public science" (vii, hold a more favourable 

view of university employment on opportunities for public and professional 

freedom), and expect a "good degree result" (i.e. first or upper second 

class honours), are likely to opt for University employment and conversely 

those who see scientific skills as largely a means of securing an income, 

perceive higher extrinsic rewards in industry, and do not expect a "good 

(16) Cotgrove and Box, Science, Industry and Society, London: Allen and 
Unwin, 1970, pp. )2 -90. 

(17) S, Cotgrove and S. Box, ibid., p. 70. 
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degree" will opt for industry. (18) In their explanation of how these 

preferences are shaped Cotgrove and Box leave a number of open questions, 

however. 

One of the central questions which Cotgrove and Box admit is the 

direction of influence in the relationship between preference for academic 

careers and espousals for a particular set of "value orientations ". Box 

and Cotgrove admit that expected class of degree is associated with 

preferences for academic career and preference for academic career is 

associated with an identity as a "public scientist ". Instead of the stress 

laid on prior value orientations as determinants of occupational reliance 

favoured by Cotgrove and Box, it is possible to argue that students with 

the expectation of a "good degree" realised that an academic career was 

within reach, and projected themselves into a possible occupation and all 

its consequential activities, such as publication, to produce the kind of 

questionnaire response found by Cotgrove and Box. (19) 

Unfortunately when Cotgrove and Box examined socialisation processes 

in order to understand why students came to hold one or other of these 

distinctive orientations to science, the researchers concentrated their 

attention wholly on the "public scientist ". (20) Their study of "public 

scientists" was relevant to the manpower debate, in the sense that the 

correlations between academic achievement and scientific identity suggests 

that this group of public scientists contained some of those "able 

(18) Cotgrove and Box, ibid., pp. 69 -85. Between the 1966 paper and the 

book in 1970 the authors changed "instrumental" to "organisational" to 
avoid pejorative overtones. 

(19) The desire to publish may simply represent recognition that publications 
are important to career advancement in academic settings rather a subscription 
to a set of values and norms which enjoin free access to knowledge. 

(20) Their preoccupation with this problem was understandable given the 
sociological standpoint of Cotgrove and Box, their emphasis on the role of 

values in social action, and their starting point as a critique of 

American sociological studies of scientists, (see the discussion of 
Chapter Two). 
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scientists" reluctant to enter industry about whom the Swann Committee 

expressed concern. Identification of the variables influential in shaping 

the preferences of those reluctant to enter industry would interest the 

manpower forecaster and policy -maker anxious to operate on variables 

amenable to control by public policy to move "good degree" entrants to 

industry (or schoolteaching). Yet equally, however, the manpower forecaster 
a 

and policy maker should be interested in the variables which shape / "private" 

or an "instrumental" orientation, particularly if this is associated with 

entry to industry, and the policy -maker might seek to operate on these 

variables to encourage greater numbers to enter industry (albeit with 

"good degrees ") . A considerable number of variables were found to bQ 

influential in the shaping of a "public scientist" from the influences of 

university, both staff and peer groups, to the individual's experiences of 

family social class, birth -order and religious beliefs. The variables 

were combined in a theory in which scientific identity was a coping response 

to experienced social marginality. The position of the working class 

student was defined as marginal in "the university which is dominantly 

middle class ". Whether the situation was experienced as marginal would 

depend on the nature of the student's links with his home background And 

his resources of social skills to negotiate his passage through the middle - 

class milieu, on this latter point biographical features such as birth 

order and childhood isolation were seen as important influences in the 

development of these social skills. The role of "dedicated scientist" 

was seen as potentially attractive to the working class student - a 

classless image, a premium set on dealing with things rather than people, 

and a high visibili j of the role for students. The biographical factors 

of childhood isolation or birth order could, of course, operate for some 

middle -class children and leave them relatively disadvantaged in social 

skills. Box and Cotgrove found support for both sets of hypotheses: 

firstly, working -class students who experienced marginality (and, additionally 
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were first -born and experienced childhood isolation, were non -religious, 

and identified with public scientists or university) were more likely to 

be classified as public scientists, and secondly, those middle -class 

students who were classified as public scientists were more likely to 

have experienced childhood isolation and lacked social skills. The central 

conclusion was that, "if we control for other socialising factors, working - 

class students are more likely to become committed to public science." (21) 

The policy proposals which Cotgrove and Box make from studies of 

scientists based on their model of occupational choice have some interesting 

differences and similarities to those of the manpower forecasters and 

the economists. In the first place they identified differences in 

preferences among students with some placing greater emphasis on non- 

economic rewards and others placing greater emphasis on the economic 

rewards of a scientific occupation: the "public scientist" is defined as 

one who places greater emphasis on the prestige and honorific rewards 

from colleagues and the personal and intrinsic rewards of crying "eureka ", 

for the "private scientist" the intrinsic rewards were more salient than 

colleague approval, while the "organisational scientist" was one who saw 

his scientific skills as resources to secure extrinsic rewards mostly of 

a material kind. (23) 

Clearly industry can attract the organisational scientist, but what 

of the public scientist or private scientist. Cotgrove and Box with 

their beliefs in the stability of orientations feel that industry must 

(22) Cotgrove and Box, ibid., p. 62. 

(23) Of the public scientist, Cotgrove and Box write, "The public scientist 
is one who is developing his skills as a scientist and making a public 
contribution to a body of knowledge ... the public scientist is also 
characterised by a disinterestedness, in other rewards, which takes the 

form of a deep 'commitment' to science." (Ibid., p. 28) . 
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accept them on their own terms, that is, industry must offer facilities 

for fundamental research and opportunities for publication, and they observe 

that British industry is less forward- looking than American industry in this 

respect. This proposal can be compared to the Jones proposal that industry 

should offer research and then attempt to convert the scientist to other 

activities. Their proposals differed from the Swann Committee proposals 

in a direct criticism of industry and an advocacy of changing industry to 

meet the needs of students. In another respect Cotgrove and Box give 

similar stress on the importance of the university and its amenability to 

policy change. While the policy -maker could do little directly to alter 

the social class, birth order, degree of childhood isolation, or religious 

beliefs in a simple and direct manner, Cotgrove and Box saw the university 

experience as subject to policy control. Educationists could reduce the 

relative visibility and attractiveness of the role of 'public scientist' 

and'pure science' activity vis -a -vis an industrial career and applied 

science, and by provision of new kinds of institutions and courses, the 

technological universities and sandwich courses or more industrially 

relevant three year courses, the universities could change the kind of 

skills and perspectives with which graduates emerged. The researchers 

saw the scope for change as being limited but since universities were 

influential to some extent and the aim was not to convert all scientists 

but only a proportion they were optimistic. Their findings support the 

view of Blaug that some students may view their educational decisions as 

investment decisions and cast doubt on the Swann Committee inference that 

all students seek research, indeed any employer who tempted 'organisational 

scientists' with fundamental research and then attempted to convert them 

to other functional areas would perpetrate an unnecessary and expensive 

conversion. 

A later paper by Cotgrove reveals an interesting shift of position 
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on the assumption about the influence of educational experiences and 

hence about their amenability to policy control. (24) Starting from 

within the same theoretical framework of values:as determinants of career 

choice and the university as a major source of exposure to values, Cotgrove 

and Fuller attempted to study differential socialization on 'full time' and 

'sandwich' courses and drew on samples of chemistry and engineering 

students. (25) Since a higher proportion of sandwich course students 

compared with full time students in both first and final years were 

intending careers in industry, the authors concluded that the influence of 

courses on occupational socialisation and occupational choice was small, 

and they suggested that questions should be directed to what participants 

seek from the educational system rather than making the assumption that 

the educational system can readily shape taste and choice. (26) While 

one might have wished that the authors had retained an analysis across 

courses and disciplines instead of a concentration on courses, the more 

limited role ascribed to educational institutions modifies the views of 

the earlier Cotgrove and Box study. 

(24) S. Cotgrove and M. Fuller, "Occupational Socialisation and Choice: 
the effects of sandwich courses ", Sociology, vol. 6, no. 1, January 1972. 

(25) The students were drawn from three technological universities and 
three technical colleges, one civic university provided supplementary 
chemistry students. The effects of this kind of sample are not clear, for 
example, whether there are differences in the orientations to industry of 
civic university chemistry students and those of technological institutions 
on full time courses in any event. A much more critical question mark 
against the study is the lack of explanation about the extension of the 
Cotgrove and Box typology of scientists to engineers. The nomenclature 
has changed slightly and the 'public' has become 'academic', perhaps 
this was thought more readily applicable to engineers but it is not clear 
whether the authors are making a further break with the Martinian approach 
which identified a value complex distinctive of the institution of science 
rather than a value complex associated with scholarship. 

(26) While Cotgrove and Box might have reached similar conclusions by 
examination of the 'private' and 'organisational' scientists, the same 
point should have been apparent to the Swann Committee from the evidence 
of differences in the timing of occupational choice in the Kelsall survey. 



=î_E 2. (a ) Faculty distribution of home undergraduate entrants 
in 1955 (excluding medical students: by social class 

G.B. 

Percentage 

Arts, 
Arts Science Technology science and 

technology 

Father's occupation 

Non- manual 58 28 14 100 

Manual 4-9 33 18 100 

Source: Committee on Higher Education, Appendix 2(A), p. 136. 

(b) Sub ects studies by interenerationall mobile and 
stable graduates Men only . 

Stable Mobile 
je 

Arts 27 29 
Social Science 18 9 

Science 26 33 
Technology 27 28 
Other 2 1 

All subjects 100 100 
N = (4292) (2422) 

Source: R.K. Kelsall et al., Graduates: The Sociology of an Elite, p. 191. 

TABLE 3. Motives of inter:enerationall 
wanting hinher education 

mobile and stable Praduates 

`otive Stable graduates Mobile graduates 
ó 

Instrumental 28 33 

Expressive 49 4.5 

Both types 77 78 

No. keen to go to 
university 

Note: Instrumental: 

Expressive 

(5005) (2539) 

To qualify for a career, for a better chance to get on, 

to better myself, etc. 
To broaden my education, pursue my subject, develop 

academically, for family reasons (e.g. tradition), 

for the fun of university life, etc. 

Source: R.K. Kelsall et al., Graduates: The Sociology of an Elite, p. 192. 
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Studies of the social origins of students in different faculties 

revealed quite marked differences as early as the Robbins study of the 

1955 entrants to universities which reported a higher proportion of male 

students with fathers in manual occupations in faculties of science and 

technology (see Table 2). The Kelsall study of entrants to university in 

1960 revealed a similar pattern of more graduates from working class homes 

(i.e. where fathers had had manual jobs) among science faculties than 

among graduates from other faculties (see Table 2). Commenting on the 

attraction of science and technology faculties for students from working 

class backgrounds, Kelsall and his colleagues observed, 

"More men from manual backgrounds who graduated 
in 1960 took a degree in Science or Technology 
than did those whose fathers had white collar 
jobs. Technology seemed to appeal equally to 
men with upper or lower social origins, than 
those whose fathers had white collar jobs. 
Technology seemed to appeal equally to men with 
upper or lower social origins, while those from 
the lower middle (other non -manual) class studied 
science in preference to technology. One explanation 
for this comes to mind. Sons of higher white collar 
workers, of whom about a quarter studied technology, 
possibly saw their study as the key to high managerial 
positions in industry, while those with manual 
backgrounds probably recognised its similarity to 
the kinds of work their fathers, uncles and others 
they knew were doing. For the middle group neither 
of these factors operated. Science, though was less 

attractive to some of the upper class than it was to 
those with working or lower middle class origins." (27) 

This suggests that students from different social backgrounds bring to 

the educational gystem different resources of skill and knowledge of 

occupational opportunities which shape, in part at least, their motives 

for entry to the educational system and the kind of demands which they 

make on it. Responses to the question about motives for entry to university 

were coded by Kelsall and his colleagues into several categories, two of 

(27) R.K. Kelsall, A. Kuhn and A. Poole, "The Young Science Graduate ", 
Universities Quarterly, Summer 1971, p. 354. 
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Which were 'instrumental', (for example, as a career qualification or for 

social advancement), and 'expressive', (for example, to broaden one's 

education or the fun of university life), and the distribution 

of responses showed a greater propensity to instrumental rather than 

expressive motives among the upwardly mobile compared to the non -mobile 

graduates (see Table 3). (28) 

The studies of the Robbins report and Kelsall dealt with university 

graduates only, other studies of the post- Robbins institutions, the 

technological universities, report that engineering departments enrol 

greater proportions of students from working class backgrounds than the 

departments of pure science, and both engineering and science departments 

have greater proportions of these students than do the arts or social 

science departments. 

(28) The authors observe that the non -mobile may simply assume the 
existence of material rewards and so concentrate responses on the expressive 
motives. R.K. Kelsall, A. Poole, and A. Kulin, op. cit., pp. 55 -56. 
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L. Entrants to the Electronics Industry 

In this section the experiences of my sample of entrants to the 

electronics industry provide the data for an analysis of two major 

assumptions in the Swann Report. The first assumption was that the 

educational system was the crucial source of influence in decisions about 

educational courses and occupations and the second assumption was that 

those university -influenced preferences among all graduates were for 

academic research. In examining the first assumption the analysis 

continues the main point of the last section in showing the relationship 

between social background and education as determinants of entry to an 

occupation. Examination of the orientations to work among these entrants 

to the electronics industry reveals gross over -simplification in the 

charge that many of the entrants to industry were 'frustrated academic 

researchers' although it can be seen that experience of higher education 

is associated with orientations to work which were likely to be frustrated. 

(i) The social context of occupational and educational choices 

In attempting to date their first thoughts on following engineering 

as an occupational activity those who had engineering qualification were 

more likely to cite an earlier period in their academic career than those 

with a physics qualification (see Table, columns 19, 20). The 

overwhelming majority of the engineering graduates had decided on an 

engineering occupation before university. For some, these considerations 

were dated in the early 'teens while a slightly larger number pointed to 

their period in the sixth form especially the period about G.G.F. 'A' level 

examinations. In contrast, the occupational considerations were largely 

dated in their first year in university, in many respects their comments 

gave the impression of thought prompted by the realisation that the 

termination of the three year course was close. 
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Turning to the comments about factors involved in the choice of 

occupation some further interesting patterns emerged. Three graduate 

engineers who reported 'early choices' were more likely to refer to 

'being mechanically- minded' or to hobby interests such as building crystal 

sets and radios than to their academic aptitudes such as 'being good at 

physics'; (see Table 4, columns 9, 11). In other words it appears that 

the 'early choosers' tended to cite resources from outside the formal 

educational system, and the 'late choosers' tended to cite their resources 

developed and confirmed within the formal educational system. (29) Again 

by contrast the physics graduates rarely cited hobby interests or 

'practical orientations' in their considerations but emphasised skills 

developed within the educational system, (see Table 4-, columns 9, 11 v 10, 

12). The sense in which the educational system provided resources to 

overcome problems which were posed in an orderly chronological sequence 

was well- expressed by a physics graduate, who was somewhat unusual among 

the physics graduates in that he did have a hobby interest in electronics. 

"It was three months before finals when I became 
interested in microelectronics, before that I was 
interested in electronics, I enjoyed model- making, 
and I liked working with small units, but the 

thought of engineering just never occurred. You 
tend to get into a pipeline at school and the 
subjects you do best you go on to do at university. 
In my case this was physics and chemistry so I 

wound up doing a general degree at university, 
that's fair enough, that's what I liked doing. 
Then I found I liked doing electronics, although 
the amount of electronics in the undergraduate 
course was negligible, so I did an M.Sc course at 
(another university). I had hoped to go on and 
do the Ph.D course but the exam results were not 

so good, so I didn't go on beyond the M.Sc." 

The point about the hobby interests was that they did not appear to take 

(29) Included under 'academic aptitudes' for engineers are those which 
referred to being not 'good enough' at maths or physics, whereas the 
physicist comments were almost wholly comments about arts v. science 

distractions and abilities. 



TABLE 5. Direct and indirect occuoational recruitment among a 
sample of entrants to the electronics industry. 

Father qualified 
scientist 

Father 
professional 
engineer 

University 

Eng. Phys. Other 

Ex -Cat 

Eng. Phys. 

Technical 

College 

Eng. Phys. Totals 

2 

9 

1 

2 

- 

- 1 

- 

1 

- 

1 

- 

1 

3 

15 

Direct 11 3 - 1 1 1 1 18 

Father science 
teacher 2 1 3 

Father 
non -professional 
engineer 16 9 2 1 1 2 31 

Indirect 18 lO 2 1 1 2 324- 

Total 29 13 2 2 2 3 1 52 

Respondents 85 11)1 7 5 16 3 169 
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on significance for educational and occupational choices until a wholly 

academic frame of reference had to be abandoned and then industry and 

engineering became possibilities. 

The more ready reference to parental influences and contacts with 

engineering among engineering graduates compared to physics graduates cannot 

be explained by a higher degree of occupational self -recruitment or 

different social class backgrounds among the sample, since these were 

broadly comparable (see Tables 5 and 6). There does appear a slight 

difference in the social class backgrounds of university -educated scientists 

and engineers, for, although 60¡ of both groups came from non -manual 

backgrounds, within the non -manual groups a higher proportion of the 

engineers had fathers in the professional and intermediate categories and 

the physicists had a somewhat higher proportion in the lower'non -manual 

category', (i.e. inspectoral, supervisory, and routine non -manual 

occupations). (30). 

So far it appears that some different patterns of choice emerge with 

distinctions between 'early choosers' and 'late choosers' and distinctive 

frames of reference associated with the timing of choice, furthermore 

these patterns of choice appear related to study in engineering and physics. 

Some writers have criticised the whole rate of return approach to education 

on the grounds that students do not make choices to acquire education but 

simply carry on to acquire it. An examination of the language and 

imagery used by my sample of respondents to characterise their move from 

school to university gave some impressive support for this passage as 

'non- decision'. 

(30) Their distribution across social backgrounds is roughly comparable 
to that in the Kelsall survey although non -responses in a postal survey 
made comparison difficult. The Gerstl and Hutton study of mechanical 
engineers found among their younger graduates (i.e. born post -1928) that 
70g came from non -manual homes and 3070 from manual homes, more detailed 
examination of the white collar group is difficult because Gerstl and Hutton 
use a different occupational classification. (See J. Gerstl and S.Y. Hutton, 
op. cit., p. 27.) 



T4BILE 7., Alternatives Considered to Continued Partici ation in 
Higher Education by Educational Back-,round percentages). 

University Ex -Cat Tech. Coll. 
Eng Phys Eng Phys Eng Phys 

(a) Considered alternatives 
to higher education 

Yes 

No 

23 9 45 40 31+ 34 

77 91 57 60 66 66 

N = 

100 100 

(T) ( +-) 

100 100 100 100 

(7) (5) (15) (3) 

(b) Alternatives considered 

Industry 

Armed Forces 

23 9 43 20 34 34 

3 

N = 

100 100 100 100 100 100 

(7 4) (L_) (7) (5) (5) (3) 

(c) Technical College 
considered as alternative 
to university or Ex -Cat. 18 14 - 40 

(74) O:/1) (7) (5) N = 
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"I never questioned that if I could get to university 
then I should go." (Graduate engineer) 

"No, I didn't really have any ambitions. I followed 
the trend. I took 'A' levels, got three, found I 
had the ability to go and so stayed on." (Graduate 
engineer) 

"I was told I had the ability to go and so worked 
to go. There were no strong alternatives at the 
time and it seemed natural to go." (Graduate engineer) 

"I just followed the system as far as it went - 
you have the appropriate 'highers' and it just 
seems to follow." (Graduate physicst) 

"Going to university was the easy way out. You've 
got to do something when you leave school - you've 
either got to go to work and attend interviews all 
over the place or go to university which is much 
easier." (Graduate physicist) 

"Although I knew I wanted to do a degree I was not 
sure what I. wanted to do after a degree. It was 
a case of '0' levels, 'A' levels, and natural science 
so I went for a physics degree." (Graduate physicist) 

"It was just the case of the path of least resistance - 
the easiest thing to do. People advising me said go - 
so I just went." (Graduate physi©st) 

"I always thought I would go to university. I never 
thought otherwise, of a job at '0' or 'A' levels. 
Ivy attitude was always that when I failed an exam I 
would stop." (Graduate mathematician) 

Here again, however, there was some suggestion of pattern in the use of 

this imagery of 'decision' and 'non -decision' with just under two -thirds 

of the university physicists and just over half of the university engineers 

characterising their passage as 'automatic'. A direct question on 

alternatives considered before entry to university revealed more e tensi ve 

searches among the engineers than the physicists. These searches appeared 

in two ways, firstly, more of the engineers had considered employment as 

an alternative to higher education, and, secondly, more of the engineers 

had considered further education or technical colleges as alternatives to 

university education (see Table 7). 

So far it appears that there were two important factors in educational 
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and occupational choices, social background and academic ability, whose 

influence was not fully explored in the manpower debate. The patterns 

of choice among the graduates and the quoted comments are consistent with 

a view that decisions about education and occupation are 'forced' on 

pupils or students when they do not have the resources to compete in the 

academic arena and claim the prizes of academic success, namely the 

opportunity to stay within the arena and defer choice. Competence depends 

on the kind of resources which the pupil can bring to the competition and 

two kinds of competence discussed already in earlier sections are competence 

in social skills and academic skills, for example, it was suggested by 

Box and Cotgrove that experience of relative failure in social skills 

might prompt the able working class student to compete on his relative 

strengths in numerate skills in science subjects. Doubts about social 

competence prompted one graduate to have resisted school pressure to seek 

entry to Oxford or Cambridge. 

"If the school had had its way I would have gone 
to Oxford or Cambridge but I wrenched myself out 
of it at the last moment because I decided I 
wouldn't be able to stick the place because I 

come from a mediocre background. Certainly 
I've been happy in what I've done, I've always 
been able to cope with it." 
(Graduate engineer - Southampton University). 

If the level of competence is in doubt then the individual can engage in a 

calculation of the costs and benefits from continued participation. Where, 

however, there were no doubts about either social or academic competence 

then academic participation could continue 'without decision'. 

"I come from what would be called a working class 
background, my father works manually, so that 

means I come the hard way. But is not really 
the hard way, if you get three 'A' levels and 

are reasonably competent then you are O.K. It's 

not difficult if you get into the right stream - 

class doesn't come into it." 

(Graduate physicist - Bristol University) 

Data was not collected on academic ability in schools (e.g. 'A' level 



TABLE 8. Orientations to work b department of employment (percentages). 

The importance of 
different kinds of 
job opportunities 

R & D Non- R & D 

Research Development Production Applications Total 

To grow and learn new 
knowledge and skills 

To work on difficult and 
challenging problems 

To have congenial co- 
workers or colleagues 

To have freedom to carry 
out my own ideas 

To make full use of my 
present knowledge and 
skills 

To make a lot of money 

To work under chiefs of 
high technical competence 

To build my professional 
reputation 

To work with colleagues 
of high technical 
competence 

To advance in administ- 
rative status and 
authority 

To contribute to broad 
technical knowledge in 
my field 

To work with people 
rather than things 

To work on problems of 
value to the nation's 
wellbeing 

To get away from the 
area in which I grew up 

To associate with top 
executives in the 
organisation 

To remain in the area 
in which I grew up 

N = 

87 87 30 86 36 

84. 77 80 86 79 

70 71 50 72 69 

67 58 80 86 63 

57 56 40 72 56 

70 4-7 90 57 55 

64. 55 40 29 55 

44 48 50 4-3 4-7 

4-7 43 30 72 44 

37 40 90 57 41 

44 30 20 29 52 

20 27 70 29 29 

27 25 15 25 

14. 15 20 15 15 

8 4.0 11 

3 
- 

(3o) (105) (io) (7) (152) 
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results), so that this model cannot be tested on social background, ability 

and instrumentalism in decision- making. However, a model of this kind 

has been developed and substantial support found for it by Andrew McPherson 
in 

(51). The central point of the discussion here, and /McPherson's study, 

is the support given for Cotgrove's conclusions from his later study that 

many of the influences on occupational choice lie outside the control of 

courses and teachers. 

"... the important question may be not 'what 
does education do to people ?' but 'what do 

people do with education ?' And solutions 
which place over -much reliance on the educational 
system may fail." (32) 

(ii) Orientations to work 

The claim of the Swann Committee that all science and engineering 

graduates would prefer academic research to other occupational activities 

is difficult to test directly because it is difficult to disentangle 'free' 

from 'realistic' choice. However, it is possible to examine the orientations 

to work, the kinds of satisfactions and rewards sought from work, among the 

sample of entrants to the electronics industry in an attempt to discover 

whether any of the factors could be said to suggest a desire for academic 

research. 

The most striking feature of Table S is the emphasis given to work 

on difficult and challenging problems, and the definition of themselves as 

problem -solvers. The next feature of note is that while the use of 

present knowledge and skills is important, of even greater significance is 

(31) A.F. McPherson, "Some methodological and substantive conclusions from 
a longitudinal study of the educational and occupational behaviour of 
Scots entering tertiary education ", in K. Svalastaga, ed., Sociological 
Microjournal - Volume 6, University of Copenhagen: The Sociological 
Institute (forthcoming). 

(32) S. Cotgro ve and M. Fuller, op. cit., p. 68. 
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learning new knowledge and skills. In that sense these graduates did 

reek a relationship between their academic training and their employment 

but claimed to be available to learn the skills relevant to coping in the 

new situation. Rather more importance was attached to the congeniality 

of colleagues as distinct from their competence but both items were held 

important. Indeed it was the competence of the supervisor rather than the 

competence of colleagues which was sought. This pattern of congeniality 

and competence may be understandable in terms of what was sought from these 

relationships if the roles of colleague and supervisor were analogous to 

the roles of fellow- student and supervisor in college. The supervisor 

was the essential source of work assignments, advice on lines of attack 

on problems and assessment for career and salary progress, whilst the 

colleague was the source of potential friendships. Against the responses 

about the intrinsic rewards of the jobs, the responses on salary received 
advance 

more guarded enthusiasm, and /in organisational status was not regarded as 

of significant importance by many, and certainly not by association with 

senior executives. The central conclusions from this pattern of response 

was that these graduates sought opportunities to make a successful transition 

to their new industrial work situation but that they did not seek 

opportunities to develop long -term careers with their present employers. (33) 

The assertion that scientists and engineers differ in their 

orientations to work has considerable support in the social psychological 

literature. Marquis summarised a number of studies by researchers on 

populations of undergraduates and graduates at M.I.T. and reported some 

(33) There were a number of differences in the rank order if responses 
were taken only in terms of extreme importance, for example, salary 
dropped considerably 
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distinctions found between freshmen scientists and engineers. (34) The 

scientists scored higher on those tests of theoretical orientation, tolerance 

of ambiguity, aesthetic interests and desire for autonomy, while engineers 

scored higher on tests of the desire for economic achievement and power, 

the need for order and certainty, social extraversion and extent of 

engagement in organisational activities. By graduation the differences 

had been maintained or intensified, and while both groups wanted high 

salaries, good facilities and resources for work, security, and treatment 

from employers as individuals, there were a number of important differences 

as scientists placed emphasis on autonomy and professional aspects of 

their work such as keeping up, publication and earning respect in their 

field and engineers placed emphasis on organisational advancement and 

a challenging job solving practical problems. 

When attention is turned to studies of scientists in industry, the 

Cotgrove and Box typification of the 'organisational scientist' seems 

little removed from the organisationally status -seeking engineer. Yet 

Cotgrove and Box did not use their typology in their discussions of 

strategies of adaptation. In his study, Ellis went further to suggest 

that if comparisons were made of groups in their work setting, then there 

appears to be little difference between the kinds of work and research 

sought by engineers and scientists. (35) This finding challenges the 

notion in the Swann Report of scientists in industry harbouring secret 

yearnings for the academic life to the consternation of their employers. 

The Ellis argument that there was little difference between the work 

preferences of scientists and engineers and only a difference in their 

(34) D.G. Marquis, "Scientists in a technology- oriented organisation - 

their expectations, incentives, and career patterns ", Alfred PO Sloon 

School of Management Working Paper No. 191 -66, M.I.T., May 1966. 

(35) M. Ellis, "The Occupation of Science ", op. cit. 
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skills and ability to secure these ends suggests a weaker relation between 

preferences and skills than has been argued in this study. The Pelz 

and Andrews study of American scientists and engineers in a variety of 

different settings from universities to government and industry found 

that both engineers and scientists in industry had low scores of indices 

of 'science orientation' and 'professional orientation' but that engineers 

had much higher scores on 'status orientation' than the scientists. (36) 

In the analysis of the sample of entrants to the electronics industry 

I have attempted to distinguish between educational experiences (engineers 

v. physics) and employment settings (research v. development). Unfortunately 

when only the university educated group is considered the sample is very 

small, nevertheless examination of the orientations to work suggest 

some differences which might be substantiated in further research. There 

is support for the Pelz and Andrews finding in that the engineers in the 
more 

development labs were those /strongly interested in organisational 

advancement and the enhancement of professional reputations than the 

physicists in either research or development and the engineers in research. 

Again there was a contrast in the style of approach to 

work and the engineers in the development labs were more interested in 

'acceptable results' and more clearly less interested in breadth of work 

than the engineers in research and the physicists in either research or 

development. Some further points of difference in styles of approach to 

work appear between graduates in research labs and graduates in development 

labs, for example, both engineering and physics graduates in development 

labs were less interested in working with 'general principles' and 

'abstract concepts' than the engineering and physics graduates working in 

(36) D.C. Pelz and F. Andrews, Scientists in Organisations: Productive 

Climates for Research and Development, New York: John Wiley and Sons, 
1966, p. 94 -5. 
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research labs. These kinds of difference in orientations to work between 

workers in the research and development labs suggest that it is misleading 

to lump together all lab workers in industry under the heading of R & D in 

a discussion of orientations to work. 

There are several points at which post -hoc reconciliation of the 

Ellis study and my own findings might be possible, for example, the nature 

of industries and populations studied, the laboratories studied, and the 

age groups of respondents. There are differences in the extent to which 

industries support research and development and the kinds of research 

supported, for example the greater importance of development activities 

in the electronics industry compared to the chemical industry might mean 

Cheol 
that the Ellis study had more 1 research on electronics research 

labs than electronics development labs. It has been stated that chemists 

enter industry more readily than physicists, and may move more readily 

into organisational careers. (37) Finally the Ellis study contained a 

much wider age distribution such that some of the scientists might have 

experienced all those enculturation processes in which scientists 

redefined their situation and the kind of orientational perspectives 

which it was feasible to hold. This would have increased the likelihood 

of different responses to questions about orientation to work in the Ellis 

sample compared to a sample of recent recruits. Finally it should be 

noted that Ellis concluded that the scientists were 'frustrated technologists' 

that is, they were technologists by orientation but insufficiently skilled 

to meet these role requirements as competently as university trained 

engineers. I have argued here that the situation is somewhat more 

complicated than this, that there are some differences in orientations 

towards work which are distinguishable. Obviously there appears to be 

(37) The Flow into Emploìrment of Scientists, Engineers and Technologists, 

Cmnd 3760, p. 25. 
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some matching in orientation to work situations by self-selection and 

selection by management and a check on whether these orientations are the 

product of education or work situation should be done by before -and -after 

study, the available analysis of the open -ended interview material after 

entry to work suggests that physicists do bring a different orientation and 

style of approach to their work in the first year at least but this is not 

to be confused with a desire for academic research. (38) 

(38) The analysis of this data is taken up in Chapter Nine over the 
adjustments to the work situation. A second best to the panel study would 
be cross -sectional data from those about to enter and those in employment. 
In my own study there were simply too few numbers in the sample for this 
kind of analysis and it is second best since different cohorts may have 
different experiences which are not controlled in the analysis. 
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5. Information in the Labour Market 

The models of occupational choice considered at the beginning of the 

chapter were all 'rationality models', individuals were construed as making 

deliberate choices, which were compromises between values or preferences, 

expectations about feasible jobs on the basis of their knowledge and skills, 

state of the labour market, and so on. In contrast to this purposive 

model which portrays the individual decision whittling away alternatives, 

some writers have proposed a model of choice on which outcomes are the 

result of chance, situational pressures. While the Blaug (economic) and 

the Cotgrove and Box (sociological) models were explicit in their 

assumptions of rationality, the Committee on Manpower Resources manpower 

forecasting model came closest to proposing the fortuitous, irrational 

model of choice. In some of their comments about 'choice by schoolboys' 

they imply that these choices are the result of whim, yet at other points 

they admit a subjective rationality in that choice is simply the result 

of ignorance, in other words different choices would have resulted if 

other information had been available. In all these models the distribution 

of information was crucial and in policy proposals all the commentators 

made proposals to change the distribution of information. Yet once the 

notion of 'bounded rationality' is introduced, once it is admitted that 

rationality is only to be discussed in relation to a frame of reference 

which is determined by the limits on the decision - maker's information, 

then it is important to investigate the sources of these limits in 

information and the way in which a definition of the situation is shaped. (39) 

It is apparent that many of the graduates feel that their passage through 

the educational system was conducted with little information about 

(39) The concept of 'bounded rationality' was introduced by J. March and 
H.A. Simon, Organisations, New York: John Wiley & Sons, 1958. 



T _:rE 10. Sources of most Èuidan_ce for subject choice among a sample of 

schoolchildren 

Source Intendin: university applicants 

Lower 6th Upper 6th 
rt 

Family 

School Staff 

Other people 

Self 

8.2 

11.7 

2.8 

77.3 

7.5 

13.8 

1.6 

77.1 

Total 

IT 

l005 100 ç 

(282) (630) 

Source: M. McCreath, "Factors influencing choices of higher education ", p. 17. 

TABLE 11. Sources of serious discussion on what to do after school 

Source Intendine universi ti a-o . 
licants 

Lower 6th 
c 

Upper 6th 

Family 50.4 t,_7.6 

School Staff 18.1 24.8 

YEO or CAO 6.7 4.3 

Other people 4.2 8.9 

No answer 0.5 

Not yet discussed 20.6 114_.0 

Total l00;ó 100 

(282) (63o) 

Source: M. McCreath, "Factors influencing choice of higher education ", p. 18. 
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alternative courses and occupations. There were two reactions to this 

situation, one was the disillusionment evident among some graduates about 

the press and official statements on the shortage of scientists and engineers 

and favourable career prospects which contrasted with experiences, and 

the other reaction, which is discussed in this section, was to take a 

tentative view of entry to the occupation and conceive of it as part of 

the search process. 

Numerous studies have supported the Dainton Committee view of 

educational choices made with little guidance by shoolchildren and 

occupational decisions made largely on the basis of education without 

'professional' career guidance. (40) A recent study by McCreath enquired 

into the sources of guidance for pupils in sixth forms and recorded the 

opinions of pupils that choices were largely self- determined (see Table 10). 

A further question on sources for serious discussion on what to do after 

school - revealed that most discussions occurred within the family, and 

that school discussions became more important as pupils progressed through 

the sixth form (see Table 11). The more frequent use of the 'professional' 

careers advice, the youth employment or careers advisory officer, by the 

intending entrants to the college of further education compared to the 

intending university entrants tends to confirm the earlier interpretation 

of the educational system as an automatic passage for the 'able pupil'. (ìi) 

"In discussions on what to do after school the 
most useful talk was twice as likely to have been 
with the family than with the school, though 
exactly what was meant by 'useful' we cannot tell 
from the data. Because of the extent to which 

(L,0) See the discussion by the Dainton Committee and their reference to 
several studies including that sponsored by the Royal Statistical Society. 
Enquiry into the Flow of Candidates in Science and Technology into Higher 
Education, Cmnd 3541, op. cit., paras. 136 -144. 

(41) The Robbins Committee had commented on the inadequate knowledge used 
by students in university applications and the tendency among students to 
have avoided careers advisors was noted by A.D. Hall, D.C. Larbalestier and 
L. Massey, "that advice do students get ? ", New Society, 3.11.64. 
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the boys and girls said they had not discussed 
their plans, the inconsistencies about what they 
said they had done and the general vagueness 
about what they would do after school, it seems 
likely that a sizeable proportion of the pupils 
had been carried along through the system without 
much thought for the future." (42) 

One methodological point about these studies is that they rely entirely 

on the student as focal person and source of information and it is not 

clear how far they might be subject to distortion from a cultural bias 

towards taking individual responsibility and asserting independence from 

parents, for example, even engineers who could claim descent from a 'line 

of engineers' stressed their autonomy in choice of occupation. 

"There was no pressure on me. I was told to do 
what I like. All my family are engineers - 
mechanical engineers - father, brothers, grand 
father and back for generations. So the 
upbringing has been engineering, although it was 
never thrown at me." 

"I was brought up in a family of engineers, my 
father and brother are both mechanical engineers. 
But there was never any bias that I must become 
and engineer." 

Only 30 of the 170 entrants to the electronics industry could recollect 

definite parental preferences for occupations, and with only five exceptions 

these were all occupations with which one or other parent had had direct 

contact. (43) Where parental pressure was recalled, it was as 

encouragement to continue and succeed in the educational system. 

"I think I was very fortunate, they (parents) 

were extremely understanding and never tried to 
direct me to any job - but they directed me to 
university. They said that a person of my 

capabilities would be wasted if I didn't become 
an expert in a particular field." 
(Graduate engineer) 

(42) M. McCreath, "Factors influencing choice of higher education ", 

Research into Higher Education 1970, London: Society for Research into 

Higher Education, 1971, p. 1 . 

(43) These contacts ranged from fathers who were engineers who preferred 

engineering for their sons to mothers who were nurses /midwives who 

preferred medicine for their sons, while those of the five exceptions 

mentioned parental views of teaching as a 'safe and secure job'. 
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"So long as I got to university, it was left 
to me." 
(Graduate physicist) 

"My parents are working class and what they 
wanted for me was a good safe profession. The 
attitude of my father now, like that of any 
working class person, is that I work for a 
company where I get sick pay if I am ill, 
there's no redundancy or if I got sacked I 
would just fill in a form and go off to Canada 
or something like that. There are no worries. 
There is freedom from fear. As for industrial 
science, he knows nothing about the job, if 
they are not scientists then few people do." 
(Graduate physicist) 

Taken together with the quoted studies these comments suggest that parental 

aspirations were important in a threshold sense, especially important to 

encouraging persistence beyond the terminal date for compulsory school at 

15 (and beyond '0' levels at 16). Once the sixth form has been reached 

students were guided much less by parental aspiration or information. 

The important point for the parents was that social advancement was 

achieved or a social position was maintained and educational qualifications 

were thought the means to that end. Advancing or maintaining a position 

did not mean a particular occupation but a broad category of occupations, 

for example, those with security and those without, and those distinctions 

parallelled closely those between white collar or non -manual and blue 

collar or manual occupations. Thus while parents influenced demand for 

education, they appeared less likely to directly influence demand for 

particular disciplines or choice of particular occupation. In this 

connection it is interesting that the McCreath study revealed a strong 

contrast between the extent to which parents were heavily involved in 

discussions about post -educational careers but little involved in decisions 

about educational courses (compare Tables 10 and 11 ). While students 

from a variety of different social backgrounds emphasised their 

independence in decision -making, the self -styled working class students 

were frequently emphatic about parental inability to advise on subject 

and career choices. 
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"They thought it was a good thing for me to 
go to university. They are only working -class 
type people and didn't really understand, they 
thought it was like school. They didn't know 
much about the differences between Science and 
Arts and Engineering. It was just University 
to them." 
(Graduate engineer) 

"I usually find very few people outside physics 
know what physics is, people outside tend to 
think of a physicist as a cross between a 
physiotherapist and a chemist. my parents 
don't really understand, nor do they understand 
I've got a job that's nothing to do with it." 
(G- raduate physicist) 

"I think it's the old story of the father being 
denied education he thought he would give it to 
his son, but you could say I am a product of the 
welfare state. Coming from a working -class 
background one could almost say that everything 
is against you, there are no books, no technical 
experience. The only thing you can rely on is 
the education you receive at school and university 
and one's own bent. That's the only thing that 
keeps you going. Parents just let you get on 
with it. I could have become anything, doctor 
or teacher, so long as in their eyes it was a 
respectable profession, so long as it was a 
recognised profession. I remember being 
interested in astronomy, and their comment was 
that no one wanted astronomers." 
(Graduate engineer) 

Of course this latter comment should alert us to the probability that 

family influences are exerted in a variety of subtle ways, from the general 

provision of a rationale for further education and a rationale for the 

rationality of long -term planning to the fund of myths and stories about the 

family background in engineering or accounts of how one's bent was apparent 

in childhood play. (WI) 

(4+) For a theoretical account of the links between parental experiences 
of the labour market and preferences for children's education, see, M. Lane, 
"Exploring Educational Choice ", Sociology, vol. 6, no. 2, May 1972. 
B. Jackson and D. Marsdon provide an illuminating account of the incompre- 
hensibility of a working class parent about his child's studies and the 
embarrassment of a teacher who had never had to make replies to questions 
such as 'What is Physics ?'. B. Jackson and D. Marsdon, Education and the 
Working Class, Harmondsworth, Penguin Books. 



-37- 

Schools have been heavily criticised by those concerned about the 

shortage of engineers and scientists. Science teachers have been 

criticised as instruments of both a conscious and unconscious bias against 

engineering, sometimes unconscious because of their ignorance of university 

and industrial engineering. (45) In an earlier period the bias of the 

Arts dominated schools was criticised for the failure of the technical 

schools created by the 191,E Education Act. (i6) Following the numerous 

representations made to the Robbins Committee about the ignorance and bias 

towards technology, further efforts were made to encourage the development 

of courses in technology in the schools. (4.7) Where all these exhortations 

to provide more career advice in schools appear likely to founder is in 

their underestimation of the commitment of schoolchildren to short term 

perspectives in coping with their day -to -day school situation and the 

economy of effort which the use of these same perspectives entails. In 

this respect the introduction of engineering into the school curriculum 

might facilitate the same patterns of 'automatic move' from school 

engineering to university engineering as hold for the able physics student 

and thus a different kind of solution to manpower problems. 

University teachers of physics have earned criticism of conscious 

and unconscious bias against industry and engineering similar to that 

launched against their school colleagues. Yet the striking point about 

the job searches initiated by graduates is their reliance on the formal 

networks in the labour market, the Appointments Boards, rather than the 

informal networks, such as lecturers, friends or other students. (48) 

(1+5) Electronics E.D.C., Qualified Manpower in the Electronics Industry: a 

preliminary report, op. cit., p. 15 -16. 

(4-6) See, for example, Or. Banks, Parity and Prestige in English Education, 

London: Routledge & Kegan Paul, 1955, pp. 240 -218 and S.L. Payne, Britain's 
Scientific and Technological Manpower, London: Oxford University Press, 1 O. 
(47) G.T. Page, Engineering Among the Schools, Oxford: Institution of 

Mechanical Engineers, 1965. 

(48) For a discussion of the concepts of formal and informal networks in 

this context, see, A. Rees, "Information Networks in Labour Markets ", 
American Economic Review, Papers and Proceedings. 



TIBLE 12. Information channels used in 'ob seekin b educational 
institution and discipline. 

University 

Eng. Phys 

Education 

Ex -Cat. 

Eng. Phys. 

Tech. Coll. 

Eng. Phys. 

1. University /College 
Appointments 
Board 59 1+3 7 2 3 

2. Teaching Staff 12 16 1 1 1+ 

3. Adverts in 
national daily/ 
weekly press 14 17 - - 8 3 

t,.. Adverts in 
technical press 7 11+ 1 - 3 

5. Employer visits 
to University/ 
College 59 31 5 3 8 

6. Vacation 
employment 19 9 2 - 

7. Other students 8 11 1 - 2 

8. Family and 
friends 3 6 - - 2 - 

9. Friend in 
company 7 - - - 

10. ',Wrote directly 
to Company 7 19 - 2 6 

11. Government 
agencies 

12. School 

1 2 - - 

1 - - - 

N 77 43 7 5 12 3 
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The channels of information as to how he might satisfy his preferences. 

The channels of information through which the engineers and physicists 

from the three types of institutions, the universities, ex -cats and 

technical colleges, sought information about future employment are given 

in Table 12. Mention has already been made in company recruitment strategy 

of the relative ease of recruitment of graduates for professional employment 

Her 
compared with the recruitment of /experienced engineers or technicians. 

Appropriate to these comments then are the preponderence of references to 

use of appointments boards and employer visits to universities, whilst 

these two channels are usually associated they were not always linked by 

these respondents. 

Of the other sources of information used there are contrasts between 

the university engineers and physicists, with the latter group giving the 

impression of more readily seeking information about jobs. Some of these 

contrasts are rather curious, for example, the physicists appeared to seek 

the comments of their teachers and fellow students more frequently than 

the engineering graduates. Intuitively one might expect that university 

engineering staff have more information about industrial employment than 

physics lecturers, and similarly engineering undergraduates by more 

frequent vacation employment in industry might be expected to have more 

information about industrial employment than physics undergraduates. It 

might be this factor of a relative lack of information which was perceived 

by the physics undergraduates and prompted them to use as many information 

channels as possible, even frequently writing to the company directly. 

The paucity of references in all cases to other students should not 

underestimate a student 'grapevine' of information and folklore about 

companies, since such information may be Volunteered rather than sought. 

Information was not gathered systematically on the quality of 

information gathered in each of these channels. The appointments boards 
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vary across universities in terms of the kind of service which they seek 

to offer, from the relative emphasis placed on counselling and placement 

for current undergraduates to the follow -up of past graduates and services 

to them. The general impression gained was one where the appointments 

boards were used for their placement services and the undergraduate used 

interviews to gain information about jobs and companies. (4.9) The 

interviews represented an opportunity for both the student and the company 

to gain information about each other, and the student developed a strategy 

for both eliciting information and presenting himself as desirable. The 

student made choices about companies largely on the basis of information 

which he gathered during interviews about salary, projects currently 

under way and expected in the near future, and working conditions, and 

the information which he gathered during his tour. The importance of 

this form of contact with the company, the personal scrutiny, was further 

underlined by references by over a third of the respondents to 'a 

favourable impression of company recruiters' in their reasons for choice 

of company, in contrast to the paucity of references to personal knowledge 

of the company, or recommendations from appointments boards or teachers. 

The many comments about the lack of information available to students 

made in official pronouncements and numerous surveys had their counterparts 

in graduate ciriticism of the lack of information in school and university 

and in the development of a perspective on entry to the labour market as 

a continuation of that search process. The situation was defined as one 

in which the essential problem was to find out what kinds of demands were 

()+9) In the past adverse criticism has been made of this ring -holding 
function of the Appointments Boards (see, for example, one article in 
career journal, D. Hilton, "Lack of Advice, no enthusiasm: results of 
university survey ", Choosing a Career, November 1965.) A number of the 
Boards have been attempting to change this situation by giving greater 
emphasis to their counselling services, see, for example, W.P. Kirkman, 
"Role of University Boards Changes Emphasis ", The Times, 2.10.70. 



-4o- 

made in industry and what kinds of activities were feasible (see Table 13). 

Thus, overall, 113 respondents took the exploratory view and only 38 

respondents were confident that they had sufficient information. 

The educational backgrounds of these respondents provides some further 

speculative suggestions about information for over half of the satisfied 

groups came from the Technological institutions (the ex -cats and technical 

colleges) where the graduates had gained personal knowledge of industry 

and particular companies. Although a large proportion of the university 

engineers had had experience of the electronics industry, unlike the 

Scottish sample, few had returned to companies of which they had had 

a 
vac/tion experience. Thus for the bulk of the university engineers and 

physicists entry to industry was seen as a very tentative commitment. 

"I wasn't sure what I was going into - what 
industry was. I just wanted to make my way 
as far as I could with the capabilities I had. 
Thinking about it now, my plans are to stay in 
this sort of job. It seems unusual that I have 
found a job I enjoy doing so early on." 
(Graduate physicist) 

"I wanted to see what industry was like and to 
make a decision then whether to stay with it 
for the rest of my life, or whether I might 

turn to other pastures such as setting up my 

own concern. I didn't give it much thought 
really - as long as I get some qualification, 

I'll see how I go from there." 
(Graduate engineer) 

There was a commitment in the sense of a lengthy period of academic 

training which was presumed to hold some relevant knowledge and skills and 

offer a recognisable role in an organisation, but this was a short -term 

commitment to the least costly mode of transition, and for the longer -term 

the graduate could hope to broaden his knowledge and skills such that 

commitments would be renegotiable. The essential task in the short -term 

was to gain reassurance that one's knowledge and skills were indeed 

relevant and that one could cope. 



TABLE 13. View of Entry to the labour market as continuation of 
parch bz educational institution and discipline. 

(a) s_decuaci of Information 

Education 

University Ex -Cat Tech Coll 
Eng Phys Other Eng Phys Eng Phys Totals 

View that 
sufficient 
information exists 5 44 - 3 - 7 - 19 

View of entry 

as 

exploratory 62 29 8 4 2 6 2 113 

N 67 33 8 7 2 13 2 132 

Nonrespondents 18 11 1 - 3 3 1 37 

(b) Reactions to inade uate information 

Education 

University- Ex -Cat Tech Coll 

Eng Phys Other Eng Phys Eng Phys Totals 

a) first jbb as 
opportunity to 
look round 31 

b) first job as 
opportunity to 
gain experience 18 

c) Intention to 
review after 
3 years 9 

d) complaints 
about lack 
of 

information 10 

18 

7 

1 

6 

1 

1 

3 

- 

- 

- 

2 

- 

4 

1 

- 

1 

1 

1 

63 

29 

11 

17 

No. of multiple 
responses 68 29 9 Li- 

2 6 2 120 

N 62 29 8 4 2 6 2 113 



"I think I would have preferred a social science - 
economics - and to work for a firm that was really 
customer oriented like Proctor and Gambol. I'm 
not unhappy - I don't know that might have been 
pushing myself beyond the limit. On a technical 
job you can have confidence from the technical 
background which you can't get from a non -technical 
background and a managerial job. I think this 
technical background gives help because results 
are more clearly defined." 
(Graduate engineer) 

Further confirmation of the short -term explanatory perspective dominant 

among the graduates came from responses to a question about plans and 

ambitions on leaving college. Responses were coded to the extent that 

they showed a preoccupation with the 'immediate future' and the first job 

on leaving university, or considered second and subsequent jobs and 

indicated thoughts about 'intermediate' stages of the career, or finally, 

whether the respondent thought in terms of 'peak' or ultimate stages of 

a career. (50) The results of this examination confirmed a perspective 

which closed off the future and dealt wholly with the transition and the 

demonstration of competence in a new work milieu (see Table 13). 

(50) This analysis was prompted by a reading of the study by R. Rapoport, 
E. Lawman and T. Ferdinand, "The Power of Choice: Careerline decisions 
of Technologists' Class of 1964", (personal communication). 
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6. The Experience of the Labour Market 

Entry to the labour market was the first opportunity for the entrants 

to the electronics industry to gain personal experience and information 

about the state of the market which could be set against the dominant 

folk wisdom that there was a shortage of engineers and scientists. To 

form some judgement on the state of the labour market numerous cues 

could be used, the extent of efforts by employers to organisation 

recruitment campaigns and interview procedures, the number of job offers 

received against applications made, and the salary offered. Later this 

information could be supplemented by observation of work organisation, 

the kinds of job opportunities offered and the availability of complementary 

manpower, and salary progression. Of course, in forming an impression 

of the state of the market the salient point for the individual graduate 

was a view of the market for his personal talents but this was formed 

against an awareness of the market for graduate scientists and engineers. 

While there was general satisfaction about their entry to the labour 

market, there was evidence of disappointment among those who had been in 

industry for a year and the disappointment centred on both the discrepancy 

between salaries and what they expected in a situation of market shortage, 

and discrepancies between job expectations and experiences. 

Paradoxically in this sample a higher proportion of the engineers 

appeared 'open -minded' about jobs in approaching the labour market than 

among physicists (see Table 14) . However this contrast to the Kelsall 

finding might be attributable to the higher proportion of 'good degree' 

graduates among the engineers compared to physicists in the electronics 

sample. Overall one -third of the sample had not made definite decisions 

against any particular employment sector at the outset of their job 

search. The most definite of these decisions against an employer, against 

schoolteaching and against the civil service, can be interpreted with the 
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aid of the interview material and earlier descriptions of job opportunities. 

The civil service was associated with 'red tape' and constraints on 

freedom and initiative, factors which were not associated so strongly with 

Government research. Schoolteaching was resisted because it appeared to 

be an abandonment of skills as a scientist or engineer, and to present a 

lack of intellectual stimulus for further learning, remarks in this view 

were summed up in the comment that 'teaching's a job to retire into'. 

While opposition to schoolteaching appeared greatest among the physics 

graduates, the lesser extent of 'decisions against' among engineers may 

be attributable to a complete lack of consideration about teaching among 

engineers for few engineers have entered schoolteaching on graduation 

and engineering is not a 'school subject' in the same way as physics. (51) 

Such a degree of antipathy for teaching could not be of comfort in the 

context of a shortage of science teachers, but although the absence of 

'decisions against' among a large minority of the physicists might suggest 

sufficient numbers available who could be attracted to teaching, the 

advisory committees were not seeking to make switches between industry and 

schools (52) 

At the time of graduation, 11 of the sample had sought and 9 achieved 

some form of graduate study. (53) After the experience of industrial 

employment another'12 were seeking further academic study, of these 5 

were seeking Ph.D study, largely to secure some control over the organisation 

(51) Statistics on the proportions of physics and electrical engineering 
graduates entering teacher training and schoolteaching can be found in 
U.G.C. Reports, published annually since 1963, First Employme nt of 
University Graduates, H.M.S.O. 

(52) For further comments on the lack of attractions of science teaching 
for science pupils and students, see the studies by Andrew McPherson, 
'The Dainton Report: A Scottish Dissent', Universities Quarterly, June 1968 

(53) See the description of the sample in Chapter 2, 3 had undertaken Ph.D 
study, 3 had been on M.Sc courses, and 3 obtained postgraduate diplomas. 



TABLE 15. Reasons for taking_ their first job b company. (percentages). 

Reason 

A 

Establishment 

Comzev 

B C D E 

1 2 3 4- 6 7 8 9 Total 

1. Reputation 
for training 

0 18 0 0 12.5 18 5.5 8.5 82.5 20 

2. Offer of 

training 0 18 4.0 9.1 50 23 21 4.5 87 32 
3. Recommended 

by 
Appointment 
Board 18 18 0 9.1 0 13.5 16 17.5 45 10.5 

4. Recommended 
by Teaching 
Staff 0 0 10 9.1 12.5 4.5 5.5 13 13 8.5 

5. Location of 
Works 72.5 36.5 50 63.5 58.5 36.5 31.5 39 35 4-3.5 

6. Type of 

Products 
Triade 91 27 40 27 50 91 68.5 56.5 78 62.5 

7. :Torking 

conditions 82 545 10 45.5 41.5 86.5 47.5 95.5 61 67.5 
8. Starting 

Salary 82 72.5 70 72.5 71 72.5 42 30.5 35 57 
9. Good 

prospects 91 4.5.5 80 27 37.5 77.5 4.7.5 48 52 54 

10. Impression 
of 

Recruiters 36.5 27 30 27 33.3 18 37 52 43.5 35 
11. Person (e.g. 

fiance in 
area) 9.1 36.5 20 0 12.5 0 10.5 22 8.5 12.5 

12. Vacation 
work 9.1 9.1 20 9.1 25 9 0 4-.5 4.5 10 

13. Personal 
contact 
with 
company 9.1 0 0 9.1 4- 9 0 45 85 5 

14. Company 
ideals 9.1 18 0 0 4- 0 0 4-.5 8.5 4-.5 

15. Industry's 
future 100 36.5 60 54.5 4-1.5 95.5 26.5 69.5 4-3.5 58 

16. Company 

reputation 54.5 63.5 30 27 25 41 26.5 52 65 4-3 

17. Field of 
work 18 9.1 10 27 16.5 18 31.5 8.5 30.5 19.5 

18. Other 0 0 10 0 0 0 0 0 0 0.5 

AT (11) (11) (10) (11) (24-) (22) (19) (23) (23) (154) 



of their work and personal life and move into university or technical 

college teaching and research, and the remainder sought M.Sc courses (t,) 

or postgraduate diplomas, largely to enhance their economic position in 

industry. 

Although a high salary did not feature among the more significant 

of the aspects of jobs in which graduates were interested, salary appears 

to take on :come significance as a discriminator between companies (see 

Table 15). The nature of work and relationships to skills and preferences 

were clearly important for the large numbers who endorsed 'working conditions' 

and 'type of products', despite the curiously low numbers attaching 

importance to the 'field of work', Among their reasons for choice of 

company. Both Short term and long term salary factors appeared important 

in the numbers endorsing the 'starting salary offered' and the 'favourable 

impressions of the future'. Of companies where starting salary was not 

so important (D, E, and F), there were some peculiar factors of salary 

structure in two companies, for example, in company E comparatively low 

starting salaries were accompanied by guaranteed minimum increments over 

the first two years, and, in company F, respondents accepted that they 

bore part of the training costs by accepting lower salaries. Not 

surprisingly, and yet ironically, the favourable future was associated with 

the most recent technologies, computers and microelectronics (A, C, and E)0 

The irony has lain in economic viccissitudes which have affected these 

branches of the industry since 1968. Some of these factors mentioned in 

choice of company underline earlier points about the nature of information 

in the labour market available to graduate job hunters, for example, few 

of the graduates had personal knowledge of companies and relied to a 

considerable extent on company reputations, which made companies more 

visible and reduced search costs, and the information and cues which could 

be picked up from the interviews and company recruiters. 



An index of success in the job search proved impossible because 

job seekers frequently withdrew applications when they had received a 

satisfactory offer. Uhile other studies have found that students expecting 

'poorer degrees' begin to look for jobs earlier than those expecting 'good 

degrees', it is difficult to assess the consequences of different job 

strategies. (54) It is evident that physicists were likely to apply for 

a larger number of jobs than QnJ; ,1(LQ rs which reflects both the greater 

anxiety of those expecting poorer degrees and the greater ignorance of 

physics students. Although a few graduates could claim variations in 

salary offers of up to 2150, the benefits of shopping around did not 

appear very great in financial terms in the face of standard salary scales 

based on degree results and the costs of search. (55) For the most part 

the respondents were satisfied with their current salaries, and some even 

claimed that they were overpaid in terms of their current productivity. 

Where dissatisfactions with salary began to appear they did so among those 

who had been employed for a year and also had either experienced salary 

increments or discussed increments with fellow recruits or older engineers. 

"For what I do, and bearing in mind the cost of 
living, I am sufficiently well paid. I could do 
a lot more here but there aren't the opportunities. 
And if you compare my earnings with the salary of 
an accountant I am not particularly well paid. 
The thing that appalls me is the nature of the 
increments - they give you 250 and think they've 
done you a favour." 

In several companies the graduates received a cost of living increase 

which had followed a comparable increase secured by the manual workers or 

(54) D. Sheppard, Scientists and Engineers and their Choice of Job 1956-59, 
Department of Education and Science, H.T,I.S.0., 196 

(55) Although some graduates could claim financial gains from multiple 
interviews with one journey funded by several companies this had to be 

set against the loss of revision time and risks of detection, for example, 
one university appointments board invited companies to report on its 
graduates to prevent 'fraud'. 



TABLE 16. Satisfaction with current salary by company 

Satisfaction with 
current salary 

Company Total 

A B C D E F 

Yes 97 67 81 62 63 71 73 

No 3 30 19 33 30 29 24. 

Don't Know 3 - 5 7 - 2 

100 100 100 100 100 100 100 

N =_ (31) (37) (21) (21) (27) (28) (165) 
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draughtsmen through their trade union. These experiences prompted further 

thoughts about the nature of rewards, and often disgruntlement about 

relative rewards for manual workers and graduates. One theme which emerged 

from the entrants of a year's standing was some disappointment that there 

was a discrepancy between the widely- publicised shortage of engineers and 

scientists and salaries experienced. 

"If it's a capitalist system then it's really 
a matter of supply and demand. And from what 
I had read I imagined that the country was short 
of scientists and engineers, but it can't be 
true otherwise salaries would be higher." 
(Graduate engineer) 

"I feel as though I've been cheated because I 
have been doing a useful job for the community. 
We've always been told that we are necessary 
and I feel I should have the regard which this 

entitles me to." 
(Graduate engineer) 

The important point about these interpretations, however, was that 

they tended to be associated with dissatisfaction about work consignments 

and underutilisation. 



CHAPTER SEVEN 

THE ISPONSE OF THE EDUCATIONAL SYSTEM 

1. Introduction 

The desire to design a higher educational system that was responsive 

to the needs of industry has been an important aim of many Government 

advisers and educational planners since the Second World War. The stated 

aims of the Advisory Committees and Government spokesmen quoted in Chapter 

One amply demonstrate this point. Paradoxically, however, as these bodies 

have seen that an increasingly sophisticated technological society implied 

an increasing dependence on the educational system for the preparation and 

selection of its members for occupational roles, they have pointed to an 

increased difficulty in carrying out this function. The Committees saw 

that an increasingly sophisticated economy implied a longer period of 

education and training, a longer gestation period between the commitment 

of resources and the output of qualified manpower. Thus the educational 

planner has to commit resources before outcomes can be judged. An 

added difficulty for the planner has been the lack of detailed knowledge 

of manifold influences on pupils and students through this lengthy gestation 

period. It is small wonder that a situation of great uncertainty has 

generated a -great deal of controversy over appropriate educational 

policy. (1) 

(1) This is simply in the area of debate about appropriate ends to 
agreed ends. In the discussion of educational plans and policy there 
has been the other major dimension of the debate about desirable ends. 
References to manpower needs have been defended against a preoccupation 
with materialistic ambitions and in this context the pleasure of the 
Dainton Committee that they could reconcile liberal education and manpower 
needs is readily understandable. 
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The Committee on ?anpower Resources for Science and Technology took 

as the underlying rationale for their policy proposals a model of the 

relationship between the educational system and the development of an 

advanced industrial society which implied a 'logic of industrialism'. 

To the Committee this model suggested the direction of educational 

developments and gave some yardstick against which the British educational 

system could be judged. The efficacy of their proposals for change 

rested on the assumption that the educational system could be used as 

an instrument of social policy. ';,'hen the central features of the model 

and the extent of educational change are examined then there is a somewhat 

paradoxical result, because on close examination there are some important 

points at which the educational system has not been subject to policy 

control and yet there have been striking changes in the British educational 

system which could be seen as making closer links between the educational 

and economic systems. Of the three themes in the development of the 

educational system in industrial societies - growing links between 

educational courses and occupations, increasing provision of education and 

training beyond terminal dates, and increasing educational opportunity - 

the manpower forecasters were preoccupied with educational courses in 

criticism of the educational system and neglected industrial response to 

educational and training developments and the way educational change cannot 

proceed without broader societal change. 
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2. Manpower Forecasters and the Educational S stem 

Q-) The analysis of trends in the educational system 

If there was to be a lengthy gestation period in the education and 

training of qualified manpower and if employers could not be expected to 

see too clearly into the future then the manpower forecasters felt that 

they should undertake to provide an oracular vision. Armed with a model 

of the relationships between the economy of an advanced industrial society 

and its educational system, the Committee was able to examine these 

relationships in Britain compared to other advanced industrial societies. 

Thus international comparison between educational systems permitted 

commentary on the British educational system additional to information 

provided by employer surveys. 

The central point in the model was the increasing dependence of a 

sophisticated technology and complex economy on professional experts and 

skilled technicians and the increasing importance of the educational system 

for preparation of highly- qualified manpower. The international comparisons 

confirmed this view for the Committee. 

"It is possible to identify in the experience 
of countries which give a higher education to 
a larger proportion of the population than 
does the United Kingdom a marked shift in the 
spectrum of employments. Jobs formerly done 
by craftsmen are done by others more scientifically 
based and requiring more sophisticated skills 
and thus appropriate to technicians; and jobs 
previously done by technicians are replaced by 
those appropriate to qualified manpower." (2) 

Moreover the Committee commissioned an analysis of the relations between 

occupational requirements and university courses in the USA and UK by 

M.C. McCarthy. (3) This survey confirmed the Committee vier that over and 

(2) Report of the 1965 Triennial Manpower Survey, Cmnd 3103, op. cit., p. 18. 

(3) The study undertaken by Mr. McCarthy of I.C.I. was available in 
abbreviated form in an annexe to the Swann Report (Annexe F), and in fuller 
form as The Em lo «ent of Hi hl S.ecialised Graduates: A Com.arative Stu . 
of the UK and the USA, Science Policy Studies No. 3, London: HMSO, 19.8. 



beyond the requirements for scientifically and technologically qualified 

people wholly employed in the application of their specialisms there was 

a need for all members of society to have a scientific or technological 

background. 

".... we see the study of science and technology 
as a desirable preparation for an increasingly 
wide spectrum of occupations extending well 
beyond the traditionally vocational employment 
in these subjects and into fields outside science 
and technology as such." (4) 

A second development was for educational opportunity to be extended to 

an increasing proportion of the population. 

"The day is past when universities were for the 
elite only. With a rising proportion of the 
population entering higher education, employers 
will increasingly have to seek able new recruits 
from this source, to fill an ever -widening range 
of jobs." (5) 

The rapid technological change associated with advanced industrialism was 

linked to shifting the balance of formal provision of education and training 

from an almost exclusive preoccupation with pre -occupational education 

prior to some terminal educational age towards the provision of more post 

experience and part time education and training, towards the conception 

of life -long education. 

"On the one hand the inexorable march of science 
and technology demands from all qualified people, 
whatever their subsequent function, a broad grasp 
of scientific fundamentals. On the other hand, 
the growth in industry of highly specialised 
technologies makes the need for specific instruction 
in these fields, both in educational institutions 
and in industry, more and more acute. These 
two requirements will together pose a severe burden 
on the educational system and it becomes increas- 
ingly evident that both requirements cannot be 

satisfied within an undergraduate education lasting 

only three years." (6) 

(4) The Flow into Employment of Scientists, Engineers and Technologists, 
Cmnd 3760, p.3. 

(5) Ibid., p. 3. 

(6) Ibid., p.32. 
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It can be seen that the three trends are closely interrelated, for 

technological change requires both lengthy training and retraining for 

larger proportions of the population and the scientific and technological 

awareness to cope with both societal change and personal development. 

While employer questionnaire returns could guide forecasts and educational 

priorities for the short -term, it was believed that this model could be 

used to predict the general shape of the educational system in the long run, 

and assess trends in Britain. In this analysis greatest attention was 

concentrated on the specialised nature of courses. Yet this point of 

concentration was amongst the most confused and confusing parts of the 

Report. The degree of ambiguity in the concepts used allowed subsequent 

commentators to salvage something of note from the report, however, when 

the forecasts of 'shortage' of QSE's in the future were dismissed after 

two years. On educational opportunity the Swann Committee looked at the 

increase in the provision of places and was reasonably satisfied with the 

extent of increased educational opportunities. The Swann Committee was 

not tempted by thoughts of 'shortage' to examine 'wastage'from the educational 

system and the manpower implications of who is to be educated. The central 

weakness of the Swann Report, however, was the lack of regard for the 

implications of life -long education and the way in which industrial 

organisations must conceive of themselves to a much greater extent as 

part of the educational system if life long education is to be adopted. 

While the Swann Committee defined these issues as part of the utilisation 

issue and the work of another committee, it is surprising that more 

attention was not given to an analysis of the adequacy of industry's 

response to its own educational and training needs when so much emphasis 

was put on the importance of general education with supplementary 

specialist training at a later date. While the Swann Committee appeared 

aware of the deficiencies in the utilisation of highly qualified manpower 
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mentioned in the Jones Report, the failure to press the weaknesses in 

the industrial response in education and training seems to stem from the 

Swann Committee conception of what was politic; namely, that the 

educational system could be controlled and directed whereas industry could 

not. The counter theme of this chapter is to illustrate the extent to 

which the educational system could not be controlled and directed, and 

the extent to which industry could be controlled and directed. 

(ii) The student experience of higher education 

One of the crucial areas of lack of control over the educational 

system is the way in which the student's experience of the educational 

system is conditioned by factors external to the system and beyond planning 

direction. The central points of the Swann Committee view of the student's 

experience have been rehearsed already, all that is necessary is the 

reminder that they assumed that students' conceptions of themselves and 

prospective courses were largely shaped within the educational system by 

courses and teachers. (7) The weakness in this analysis was the negléct 

of those influences outside the educational system and the presumption 

of a harmonious and influential sway of teachers over students. 

(7) See Chapter 6, section 2. 



3. Vocationalism 

The general notion that the educational systems of most industrial 

nations have undergone considerable transformation during the course of 

industrialisation has been a popular theme for sociologists, and in 

expoundingthis theme a certain issue has been the extent to which 

older conceptions and traditions in education have been compatible with 

the requirements of the changing economy. (8) Inevitably a great deal 

of this literature is both descriptive and normative in its portrayal of 

educational systems. Burton Clark in an analysis of American and Russian 

educational systems portrayed developments in the context of the 'cold war' 

and drew attention to the dilemma of a democratic society in competition 

with a totalitarian society where education was directed as an instrument 

of the state, and he commented that in the U.S.S.R., 'the linking of 

education to the economy is little restrained by traditional conceptions 

or by commitment to liberal education.' (9) The constraint of a commitment 

to liberal education in the USA was welcomed by Burton Clark as a necessary 

handicap and check on 'technical barbarism', the potential for myopia in 

social affairs, politics, and cultural understanding among men acute in 

technical judgement only. (10) In contrast to this characterisation of 

the American and Russian educational systems, Baran and Sweezey conceived 

of the American system as dominated by the capitalist economic system and 

lacking the humanistic cultural traditions of Russia. (11) Mile debates 

(8) An early selection of papers which drew attention to these transform- 
ations is contained in the collection of essays edited by A.H. Halsey, J.E. 
Floud in C.A. Anderson, Education, Economy and Society. Later studies 

have attempted a broader comparative approach and attempt to develop 

typologies of educational systems. One example of a typology which 
attaches considerable importance to the dimensions by which response to 
economic demands can be assessed has been elaborated by Hopper, ( "A 

Typology for the classification of educational systems ", Sociology, vol. 2, 

no. 1, 1968. 

(9) B.R. Clark, Educating the Expert Society, San Francisco: Chandler 

Publishing Co., 1962, p. 57. 

(10) Ibid., pp. 288 -291. 

(11) P. Baran and P. Sweezey, Monopoly Capital, Harmondsworth: Penguin 
Books, 1968, pp. 293 -324. 



have raged about the USA and USSR, most writers have agreed with Burton 

Clark on England that 'Cultural tradition restrains the change, since 

Oxford and Cambridge, national centres of an aristocratic tradition of 

liberal education, have long dominated English higher education.' (12) 

The usual discussion of this cultural constraint has been posed as a 

contrast between the economy's demands for the specialist knowledge of 

experts and the efforts of educators to promote 'the general powers of the 

mind' and furnish'cultivated men and women' with a liberal, broadly -based 

education. 

In this context of sociological and popular discussion, the manpower 

forecasters have seen it as paradoxical that they, the mediators of 

industrialists' demands, should announce that British education is too 

specialised and that employers really support a liberal education through 

a broad -based general education. (13) The paradox was more apparent than 

real, however, and owed much to the use of the term 'general' which could 

evoke many different conceptions for many different commentators. 

In one sense the universities have always had a vocational bias, 

for in the preindustrial period they were linked to the provision of 

entrants to clerical orders. The universities were important too in the 

in the development of 'gentlemen' as future members of the gentry; the 

curriculum of philosophy and mathematics associated with the shaping of 

character was thought admirably suited to the development of the gentry 

for their roles as leaders. (14) Through the eighteenth century and early 

(12) Burton Clark, op. cit., p. 57. 

(13) See, for example, the rather smug view induced by this line of thought 

in B.J. Holloway, "Higher Education and Employment: a view from the 
interface ", in F.R. Jevons and H.D. Turner, eds. ; "ghat Kinds of Graduates 

Do We Need ?, London: Oxford University Press, 1972, pp. 3 -7. 

(14) V.H. Green, The Universities, Harmondsworth: Penguin Books, 1969. 



nineteenth century considerable criticism was voiced about Oxford and 

Cambridge, about their closure to non -Anglican groups and the perfunctory 

attention to research and examinations. Increasingly the attention of 

critics was turned to developments outside Oxford and Cambridge, to the 

promotion of research in the Scottish and German Universities and to the 

scientific research and teaching encouraged in the non -conformist academies. 

Curiously, however, the very reforms intended to promote competence in the 

British civil service in the 1860's and 1870's were a stimulus not to the 

development of a new vocational education but to a revival of interest in 

classical educational forms and reform of Oxford and Cambridge. The 

association of these curricula with high status positions confirmed their 

suitability as educational devices to socialise and select recruits for 

elite positions aa a meritocratic basis. The irony of the situation has 

been noted by Elliott. 

"The non -vocational element was turned into a 
means of vocational preferment by the form 

adopted for the competitive systems in the 

civil and military services, by the prestige 

accorded to classical education in some of 

the more traditional professions, such as 

the Church, and by its general acceptance 

as a symbol of status and ability. The 

introduction of competitive examinations, 
designed to open recruitment into elite 

positions, had the effect of formalising and 

institutionalising the connection between the 

occupational elites and social elites." (15) 

Moreover, Elliott gives an account of the way in which the older professions 

took on the characteristics of the gentry and the 'gentlemanly ideals' and 

differentiated themselves from those in commercial or industrial careers. 

"The ideology of liberal education, public 

service and gentlemanly professionalism was 

elaborated in opposition to the growth of 

inudstrialism and commercialism." (16) 

(15) P. Elliott, The Sociology of the Professions, London: Macmillan, p. 49. 

(16) Ibid., p. 52. 
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Thus the 'non- vocationalism' of universities appears to have been fostered 

in the late nineteenth century, to have been part of the development of a 

new rationale for the universities, to have been defined in part by contrast 

with industrial vocational training, and to have been so successful among 

adherents that the self- consciously innovatory efforts of the new provincial 

universities to provide industrially and commercially oriented education 

were countermanded. That courses available in universities have not 

remained the essentially Arts based general courses associated with most 

conceptions of liberal education, stands as a reminder that commitment to 

liberal education_has not been the whole story of university development. 

An important feature of increased specialisation and the apparent pre- 

ponderance of single honours courses has been the growth of occupational 

professionalism among university teachers themselves. On the other hand 

the concept of a 'liberal education' and the 'cultivated man' has been an 

important feature of the debate about the educational system and the social 

order, and a general education as part of the effort to 'civilize' 

technologists appears to have lain behind the somewhat begrudging entry 

of technological studies to universities in the nineteenth century. (17) 

More recently considerable controversy was stimulated by the portrayal by 

C.Y. Snow of a society where the social elite no longer enjoyed the 'lingua 

franca' of a classical education but were divided by numerous specialist 

languages. (18) 

(17) See Ashby's comments on the influence of Oxford educational thinking 

on educationists and the reluctance to develop separate institutions for 

technological studies. E. Ashby, Technology and the Academies, op. cit., 

p. 63. 

(18) Rosinski has argued that Latin Studies were more than 'an expression 

of mere social snobbery'. He related the structure of the Latin language 

to the analysis of complex situations and the ready appreciation of their 

central features and the importance of this common language among statesmen, 

generals and merchant princes. (See H. Rosinski, Power and Human Destiny, 

London: Pall Mall Press, 1965, pp. 137 -9.) 



While 'general education' has been seen by sociologists as part of 

the conception of 'liberal education' which has served as the hallmark of 

the social elite in Britain, the use of the terms 'specialist' and 'generalist' 

have more pedestrian origins in the Swann Report. McCarthy distinguished 

two kinds of employer needs - one for 'specialist' skills and the other 

for 'generalist' skills. (19) Both concepts could be defined by either 

educational or by employment characteristics. In educational terms, the 

'specialist' had concentrated in one subject of study largely to the 

exclusion of others whereas the 'generalist' had studied a variety of 

subjects. In employment terms, the 'specialist' had studied to the 

equivalent of graduate level in a narrow range of specified disciplines 

or undergone lengthy training whereas the 'generalist' occupation could 

be undertaken after relatively short specialist training by someone of 

appropriate intellectual powers and personal qualities. McCarthy then 

attempted to quantify the extent of both types of educational provision 

and employment opportunities in Britain and America and concluded that 

under 20% of graduates in Britain emerged from generalist studies in the 

1960's compared to the 65 -75;'ó of American students who received generalist 

education. It is important to note that McCarthy set out with the 

presumption that 'generalist' studies must relate to society, and by a 

process of presumption and definition considered only 'science -based 

generalist' education. In considering employment opportunities, McCarthy 

concluded that science -based specialists were engaged mainly for R & D 

and in neither country did the proportion of qualified scientists and 

engineers in manufacturing industry in R & D exceed 42ó. The Swann Committee 

seized on the McCarthy report with somewhat incongruous logic. Beset by 

(19) M.C. McCarthy, op. cit., p. 5. 
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a desire to break the presumed automatic lirlc between 'good degree' results 

in specialist courses and employment in research, especially in universities 

or government, and promote the prospect of careers in industry, the Swann 

Committee linked 'generalist' jobs and 'generalist' education in the 

characteristic fixed input -output coefficients of manpower forecasting. 

Although McCarthy could only hint at evidence that companies with different 

educational structures, (i.e. differing proportions of staff with 'specialist' 

and 'generalist' education) had different degrees of economic success, 

the whole frame of reference for the Swann and McCarthy discussion of 

'generalist' study was the relevant base for subsequent specialisms and 

contributions to economic productivity, and universities were urged to 

consider broader first degree courses. 

While the status conferring aspects of general education in the 

nineteenth century considered by sociologists were not discussed in the 

Swann Report, they emerge more clearly in the discussion of 'specialists' 

and 'non -specialists' in the Report of the Working Party on the Training 

and Experience Appropriate for Graduates Entering Industry. (20) The 

report distinguished the intake from universities to industry into two 

classes: the 'specialists' ( "those who may well pursue their own discipline 

for the whole of their industrial life "), corresponded closely with 

McCarthy's 'specialists', and the 'non -specialists' ( "those, whether initially 

specialists or not, who will move towards broader responsibilities in 

industry ") correspond to McCarthy's category of 'generalists'. Although 

there were promptings to universities to make industrial careers 'visible' 

by encouragement, to emphasise techniques in the application of knowledge 

(20) This cumbrously titled body was set up by the Confederation of 

British Industry and the Committee of Vice -Chancellors and Principals of 

the Universities of the United Kingdom after their joint conference of 

1965. 
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to a greater extent than at present and to encourage teamwork, the report 

appeared to have reasonable satisfaction with provision for education for 

specialist employment. Education for non -specialist employment was less 

clear in conception but took on some of the emphasis on character formation 

and qualities for leadership associated with older conceptions of 'general' 

education. 

"Industry defined its requirements somewhat 
broadly - it wanted good all -round men of 
well -developed critical ability who would 
have the capability of taking part in the 
decision -making which management implies. 
The men must be of good character, disciplined 
and such presence that they can exert personal 
influence over their subordinates. The real 
objective of industry is to get more of the 
better people. It particularly wants trained 
intelligence so that the individual has learned 
how to go on educating himself and is capable, 
therefore, of being moved rapidly into broader 
areas .... 

For the specialists, fairly precise definition 
of the work to be undertaken in industry is 
possible. For the others this is not so. 
It is not depth of knowledge in a particular 
subject which is required, but high intellect 
and, in particular, skill in human relations .... 

There is real need for steps to be taken to 
ensure that a greater number of the best graduates 
enter industry. 

The situation could be improved if undergraduates 

were made more aware of the meaning, scope, and 

challenge of industry. This could be brought 

about by the introduction of studies such as 

the Role of the Graduate in Society, and 
continuation of these throughout first degree 

courses." (21) 

However it is interesting that this Working Party made ho general 

presumption that the broad general knowledge and development of intellectual 

abilities important for non -specialist employment should be on a 'science- 

(21) Report of the Working Party on the Training and Experience Appropriate 
for Graduates Entering Industry, Supplement to the C.B.I. Education and 

Training Bulletin, December, 1967. 



based generalist' course. One of the striking points to have emerged 

from several studies of managers in British industries is the paucity of 

qualifications in technical or scientific subjects. (22) The 1956 Acton 

Society researchers developed a scale for ranking 'advantageous' and 

'disadvantageous' factors in promotion, in which 'technical qualifications' 

ranked bottom and 'arts degree, Oxford or Cambridge' ranked top of the 

advantageous category. (23) The Swann Committee anticipated criticism of 

their proposals for further 'generalist' education from those who perceived 

a conflict between studies in 'breadth' and the qualities of logical and 

rigorous analysis developed by studies in 'depth'. Such an attack came 

from two prominent professors of electronic engineering. Professors Sims 

and Farvis roundly condemned the recommendations for 'generalist' education. 

"The'great culture swindle' which suggests 
that the 'butterfly' mind, fertilised by 
flitting from one subject to another, is 
the best kind to have, needs to be countered 
very firmly - and the sooner the better." (21) 

The professors who provided manpower for the industry with one of the 

largest demands for specialist skills in R & D (albeit with an increasing 

proportion of Q.S.E.s outside R & D), saw the task of university as that 

of providing a relevant vocational preparation with 'optimisation' of 'syllabus 

content' and 'teaching techniques' in response to 'job analysis' and 'job 

'specification'. (25) The Swann Committee version of 'generalist' studies 

(22) For a brief review of these studies, see Theo Nichols, Ownership, Control 
and Ideology, London: George Allen & Unwin, 1969 (Ch. 7, "Technocracy 
without Technocrats "). 

(23) Ibid, p. 83. 

(24) G.D. Sims and W.E.J. Parvis, "Education, Manpower and the Electronics 

Industry" in Management and Economics in the Electronics Industry. 

Proceedings of an International Symposium, I.E.E. Conference Publication 62, 

Institution of Electrical Engineers, 1970, p. 283. 

(25) Ibid., p. 277. While the language owes much to the audience and 
occasion, the underlying conception of education -occupation remains heavily 

coloured by the engineering approach to manpower- forecasting. 
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was relegated to a minor role 'for those who are unsure of what they 

want to do'. (26) A manpower planner, Hall, criticised the use of 

'generalist' and 'specialist' categories for education as a fudge of the 

issues, he pointed out that McCarthy and the Swann Committee took two 

terms with established interpretations in university and industry and gave 

a third and novel twist. Hall doubted McCarthy's claim that specialisation 

was even greater in engineering studies than in science courses and 

contended that 'generalist' in industrial terms implied the engineer rather 

than scientist, and his conclusion was that when the weight and balance 

of faculties in universities were restructured away from pure science 

towards applied science and engineering then the balance of course provision 

would be corrected. (27) Subsequent study of first degree courses in 

physics has revealed evidence of a wider variety of course structures 

than was apparent to the McCarthy study. Although this can be partly 

attributed to new universities and technological universities not considered 

by McCarthy, Hutchings found considerable experiment in older physics 

departments. (28) Perhaps of greater importance was the lack of association 

between course structures and sector of employment which suggests that 

these relationships are more complex than formerly recognised. (29) 

The search for alternatives to existing courses appears to have been 

proceeding within the universities prior to 1968, but the Swann Report 

may come to be remembered as a catalyst in this trend. Part of the 

success of the Report lies in the ambiguity of the phrase 'generalist 

(26) Ibid., p. 278. 

(27) M. Hall, "Research v. Industry ", op. cit., pp. 11 -13. 

(28) D. Hutchings, "First degree courses in physics ", The Physics Bulletin, 

vol. 22, 1971. 

(29) The association between industrial employment and sandwich or applied 

physics courses could be attributed to prior decision by the student rather 

than the influence of course structure, ibid., p. 345. 
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education' which could appeal to the industrialist concerned about the pre- 

vocational training of a manager or professional administrator and the 

academic anxious to assert the importance of liberal education. When the 

Swann Committee provided examples of 'generalist' courses they included 

at least three different kinds of course which could appeal to very different 

groups. In this category of 'generalist' education, McCarthy included 

the long -standing ordinary degree which offered a conventional curriculum_ 

in a main field to a sub -professional level. Such courses have tended to 

incur odium as inferior substitutes for the 'real thing', however. (30) 

In the second kind of course, the Swann Committee came close to advocacy 

of the 'specialist' course supplemented by 'tool' subjects, for example, 

social science subjects 'to acquaint the student in some depth with at 

least a few facts of the working of society'. (31) A third variant was 

the specially designed course which attempted to'interweave several diverse 

disciplines to show their interrelationships and relevance'. (32) Perhaps 

the most radical proposal in the Swann Report was contained in a memorandum 

submitted by a member of the Committee, Professor Pippard, who proposed 

a two year degree course which should be a general course, of a specially - 

designed type, whether Arts or Science, which could be followed by more 

specialised courses. (33) Although the Swann Committee found the proposals 

'stimulating and provocative', they did not endorse them in the main body 

of the report because they were 'hardly practicable, requiring too much 

of an upheaval in our accustomed habits to be readily acceptable'. (34) 

(30) See, for example, the comments of the Swann Committee on the low 

status of the ordinary degree, The Flow into Employment of Scientists, 

Engineers, and Technologists, p. 78. 

(31) Ibid., p. 76. This was akin to the Sims and Farvis recommendations. 

(32) Ibid., p. 76. 

(33) Ibid., Annexe E. 

(34) Ibid., p. 78. 



TABLE 1. Full -Time Students b T / e of Facult 1919 -1968 Great Britain 

L211.21111 

1929 -30 1938 -39 1950 -51 

percentages 

1960 -61 1967 -68 1919 -20 

Arts (including 
theology, fine 

art, music, 

economics, 
education) 

23.8 44.8 38.7 37.2 25.4 16.5 

Social Studies 
(including social 
administration, 
business studies. 

11.5 18.8 

Pure Science 19.4 17.1 15.2 21.1 25.5 28.1 

Hedicine 33.4 23.3 30.3 21.0 14.5 10.5 

Technology 
(engineering, 
applied 
chemistry, 
architecture). 

21.3 12.5 13.6 15.8 19.5 23.8 

Agriculture 2.0 2.2 2.3 4.9 3.6 2.3 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

(24,768) (32,682) (38,368) (65,831) (81,330) (144,956) 

A.H. alsey, ed., Trends in rritish Society p. 225. Source: p 
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Professor Pippard has continued advocacy of his ideas as part of a rationale 

and moral commitment for universities in an age of mass tertiary education.(35) 

Proposals for two year degree courses have gained a lobby in recent years 

on a variety of arguments from the strictly educational to the cost conscious, 

for Fippard a likely bonus was that science courses would not deter those 

students who baulked at the specialisation of natural science courses and 

chose social sciences. 

Advisory Committees on scientific manpower and industrialists shared 

a common uncertainty about the social science.faculties. The natural 

scientists saw them as rival claimants on full -time students and resources 

but potentially useful adjuncts to natural science courses, while the 

industrialists suspected that their popularity owed something to their 

existence as 'soft options' but suspected these faculties that attracted 

some 'bright students' too. Amid these debates about the vocational 

relevance of studies and the cultural constraint of older conceptions of 

education in England on shifts towards a balance of vocational studies, 

it is instructive to examine the changes in the distribution of students 

between faculties (Table 1). By 1968 pure science was the most popular 

grouping of subjects for men, followed by technology and social studies, 

this compared to the hegemony of medicine, followed by arts and technology 

in 1920. After the First World ;gar the Arts faculties expanded to take 

a larger proportion of the male students compared to medicine and applied 

sciences. This development was attributed by the U.G.C. to the weak 

economic situation and the security of teaching. However, during the 

1930's the trends in proportions were reversed and Arts subjects have 

taken a declining share of male graduates. The pure science subject group 

(35) A.B. Pippard, "The structure of a morally committed university ", in 

J. Lawler, ed., Higher Education: Patterns of Change in the 1970's, 

London: Routledge &: Kegan Paul, 1972. 
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had a declining share in the inter -war period but re- emerged after the 

Second World h Tar to become the most popular group in 1968. The Applied 

Sciences and Technology suffered a comparable decline during the inter -war 

period and re- emergence in the post -war period. These statistics illustrate 

the sources of two points of concern, the position of technology vis -a -vis 

pure science at the beginning of the 1960's and the position of science 

and technology vis -a -vis social studies at the end of the 1960's. When 

all first degrees (men and women) in science and technology were considered 

by the Robbins Committee, the proportion of those in technology was lower 

in Britain (365) compared with other advanced countries (Canada 655, 

Germany 68;, and USA 49%). (36) By the end of the 1960's the moderately 

increased shares for pure science, applied science and technology, the 

latter especially inflated by the ex -Cats, were contrasted against the 

formidably increased share of students in Social Studies with some unease 

by the Swann and Dainton Committees. Yet these two sets of judgements on 

the extent to which the educational system has responded to the manpower 

requirements of the economy appear distinctly partial. The first neglected 

the importance of part -time education as part of the educational system 

and the second neglected the relevance of social studies graduates to 

staff the bureaucracies of advanced economies. The study by O.E.C.D. 

statisticians, ps in Technology, included qualifications gained by part - 

time study in the United Kingdom on the grounds that the tendency to 

regard all post high -school education as university education in the USA 

concealed the variety which was distinguished by more rigid distinctions 

in Europe. With this broader classification for comparison the results 

(36) There were other factors too (of lower 'A' level qualifications, 
higher wastage rates and unfilled places mentioned in Chapter One) which 
perturbed the Committee. 



TABLE 2. Number of Persons with University Degrees in Labour Force: 
U.S.A., E.E.C., 

Total number Degrees in (2) 
University science and -- x 100 

Degrees technology (1) 

(1) (2) (3) 

U.S.A. 

E.E.C. 

United Kingdom 

5,170 

2,175 

662 * 

1,106 

711 

250 

21.1+ 

32.7 

37.8 

Source: OECD, Gaps in Technology: Analytical Report, p. 30 

hote: * 755 of persons who finished full -time education aged 20 or over. 

TABLE 3. Number of first degrees (or degree equivalents) delivered 

in higher education in U.S.A., E.E.C., and U.Y. - 196L 

Overall Total Pure Tech- (2) Total Population 

Total Science Science nology --- x 100 Popu- 20 -2) 

and 
Tech- 
nology 

(1) lation 
20-24 5 

U.S.A. 547.3 110.9 62.5 38.7 20.3 13.520 2.704 

E.E.C. 148.5 56.2 13.0 39.3 38.0 12.000 2.400 

United 748 32.6 12.3 19.5 43.6 3.556 711 
Kingdom 

Source: OECD, Gaps in Technology: Analytical Rehort, p. 43. 
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were disturbing for the 'conventional wisdom'. (37) The statistics on 

the numbers of persons with university degrees (or equivalents) and the 

numbers of these degrees (or equivalents) in science and technology for the 

U.S.A., United Kingdom and various E.E.C. countries reveal both the massive 

gap between the U.S.A. and other countries in overall numbers of graduates 

and the much higher proportion of these degree holders qualified in science 

and technology in the United Kingdom compared to the U.S.A. (Table 2). 

::hen the O.E.C.D. team examined the level of effort in the British 

educational system in 1964, the year which marked the beginning of the work 

of the Committee on Manpower Resources for Science and Technology, there 

were some further remarkable comparisons (Table 3). Firstly, there was 

greater emphasis on pure science compared to technology in the U.S.A. and 

greater emphasis on technology compared to pure science in Britain, and, 

secondly, the considerable stress on science and technology qualifications 

as a proportion of all qualifications was even more pronounced among the 

new cohorts than in the past. Finally, in an examination of enrolment 

and graduation rates, the O.E.C.D. team concluded that 'in relation to 

the size of its age group the United Kingdom is training 0,5 more 

technologists than the United States'. (38) 

There is one point remaining in this consideration of vocationalism 

and the nature of response in the educational system, the process of 

change in the occupational structure itself. Tables 4 and 5 indicate the 

(37) O.E.C.D., Gams in Technology: Analytical Report, O.E.C.D.: Paris, 

1970. It will be recalled that a prepublished version of this paper was 
cited by The Economist in its criticism of the alarmist views of various 
scientific bodies on the manpower situation. Prepublication copies were 
cited by Hall and Blaug in their critiques of the Swann Report too, (see 

Chapter One, section 4) . 

(38) Ibid., p. 37. 



TABLE 4. Occupied Population by Socio -Economic G- roues, England and 
Tales, 1951 - 61. 

Socio -economic group 
1951 

Males ('000s) 

1961 

1951 - 1961 
average annual 
compound 
change. 
Males 

A. ,`r:iculture 

1. Farmers 270 280 0.1 

2. Agricultural workers 690 4-70 - 3.7 

B. Non- agricultural 

I. Non-manual 

3. Higher administrative 
professional and 
managerial. 450 660 3.2 

4. Other administrative 1290 1620 1.2 

5. Shopkeepers 500 580 1.5 

6. Clerical workers 690 810 1.7 

7. Shop assistants 480 570 1.2 

8. Personal Service 310 330 0.2 

H. Manual 

9. Foremen 470 530 1.2 

10. Skilled workers 5070 5370 0.5 

11. Semi- skilled workers 1580 1430 - 1.0 

12. Unskilled workers 178o 1740 - 0.2 

13. Armed forces 480 260 - 5, 

Total 14060 14650 0.4 

Source: R. Knight, "Changes in the occupational structure of the 

working population ", Journal of the Royal Statistical Society, 

Series !?, 3 1967, p. 410. 
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scope of changes in the structure of the occupied population. The overall 

trends towards a decrease in the proportion of the labour force in 'blue 

collar' occupations and increase in the proportion in 'white collar' 

occupations and the pronounced change in the higher administrative, 

professional and managerial group are shown in Table 4. The bias towards 

the application of scientific and technological skills in occupational 

changes can be guaged from the breakdown of professional groups in Table 5, 

where the largest increase was among the professional engineers (8.-6). 

The more modest increase among scientists (3.05) was an understatement of 

the influence of scientists because it did not include qualified scientists 

in 'non -science' occupations. Changes in the lower professions reflect 

similar trends towards scientific and technological occupations with a 

large increase among lab technicians. Mile trends are incontestable, 

there is controversy about the mechanisms of change. :'There the Swann 

Committee interpreted the trends as a shift from jobs requiring little to 

those requiring more education, (for example, from craftsmen to technicians, 

and from technicians to qualified manpower) for the U.S.A. over the period 

1940 -1960, Folger and Ham estimated that, overall, '.... about 856,` of 

the rise in educational attainment may be attributed to increased educational 

levels within occupations and only l55 to shifts in the occupational 

structure from occupations requiring less education to occupations requiring 

more ....' (39) Such a conclusion throws open the discussion of causes 

of educational expansion, and it seems that employer demand for more 

qualified manpower forms only part of the explanation alongside social 

demand for education and the leverage gained by the academics and occupational 

groups themselves for attempts to raise their social status. 

(39) J.K. Folger and C.R. Nam, "Trends in Education in relation to 

Occupational Structure ", Sociology of Education, Fall 1964. 



TABLE 5. Changes in selected professions 1951 -61: Numbers and average 
of change. England and Wales. annual compound rate 

Professions 

'ambers (1000s) 
Ial e s 

1951 1961 

1951 - 61 
Average annual 
change j 

Higher Professions 

32.5 38.8 1.8 

22.8 26.2 1.4 

35.8 1111-0 2.1 

76.5 8.7 1,5.6 

31.0 42.2 3.1 

40.8 54.8 3.0 

31.8 47.4 4.0 

19.1 30.2 4.7 

19.1 19.8 0.4 

2.4 3.6 4.1 

4..; 5.0 2.3 

, 1.0 34.1 37.8 

122.0 186.6 4.3 

32.0 27.6 0.8 

. l 47.6 104.0 8.1 

in the occupational structure of the 

Religion 

Law 

Medicine 

Professional 
Engineers 

Surveyors 

Scientists 

Qualified 
Accountants 

Auditors, Editors 
journalists 

Lower Professions 

Nursing 

Trained nurses 

Assistant nurses 

Student nurses 

Medical auxilliaries 

Teachers (including 
university and music 
teachers) 

Artists, actors and 
musicians 

Laboratory technicians 
n.e.s. 

Source: R. Knight, "changes 

"orking population ", Journal of the Royal Statistical Society, 

Series A, 3, 1967, p. 414. 
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4. Life -Long Education and Training 

When the Swann and McCarthy Reports pressed for less specialised forms 

of undergraduate education they saw the corollary as more specialised 

postgraduate training. The pace of technological change was such that 

even those with specialised undergraduate courses employed wholly in 

research would need further training too. Whatever the kind of education 

or employment, the Swann Committee declared that 'post experience education 

and training are an essential part of the educational reform we are urging'. 

(40) At this point the attempted usurpation of political responsibility 

by educational reform, a matter of later regret for Professor Swann, 

becomes especially clear. The Swann Committee decided that educational 

change was a necessary condition for industrial change and that the 

educational system could be directed more readily than industry with its 

multitude of different technologies and companies. (14) In this section 

I want to argue that industrial education and training, and education 

could be, and has been, tackled more directly through political measures 

directed to industry, through the Training Boards. 

(a¡ Training in the Electronics Industry in 1968. 

The general trend in the industry to abandon graduate apprenticeship 

schemes has been mentioned already in Chapter Five. At the time of the 

fieldwork most of the companies were considering change in their induction 

and training schemes, partly as a consequence of the dissatisfaction with 

the graduate apprenticeship schemes carried over from company activities 

in electrical engineering and partly as a response to E.I.T.B. recommendations. 

(14.0) The Flow into Employment of Scientists, Engineers and Technologists, 
p. 80. 

(41) Ibid., pp. vii, 2, 76. 



Table 6 Proportions experiencing different kinds of training experience (percentages) 

Training experienced Company 
A B C 

Establishment 

1 2 3 4 5 21 

Direct Entry only 

Training Schemes 

1 Training School /College 
(a) Day relea.-e 
(b) Less than one month 
(c) Over one ronth 

2 Training Project 

3 Perambulatory Tour 

18 

- 

I - 

- 

- 

i - 

82 

82 

- 

- 

- 

- 

- 

18 

40 

6u 

100 

- 

- 

33 

6o 

45 

100 

100 

100 

82 

18 
- 

- 

- 

54 

43 

N 

100 
(11) 

100 
(11) 

100 100 
(10) ' (11) 

100 
(27) 

100 

(23) 
100 
(22) 

100 
(27) 

100 
(28) 

Note: the various elements in a scheme ere not necessarily mutually exclusive. 
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Graduate apprenticeships had been a recognition that graduates needed 

further training but tended to be deflected to attempts to impose craft 

skills rather than an acquaintance with craft skills. Across companies 

arrangements being tried ranged from direct entry schemes to various 

shortened forms of perambulatory tour round departments and various kinds 

and lengths of off -the -job course. Table 6 indicates the proportion of 

respondents in each establishment who experienced the various elements of 

training schemes and some companies operated very elaborate schemes, for 

example, company F had a three -part training scheme of company college, 

technical college and project which could be taken in whole or part. 

Company recruiting literature stressed that the new training schemes 

were designed with flexibility to meet individual needs and placed emphasis 

on 'direct entry', that is, assignment to a full -time permanent post in 

a department rather than entry to a training school or college course or 

entry to a tour of company departments. 

"Every newcomer to the organisation receives 

training appropriate to the job to which he 

is assigned .... The company believes in 

creating the situation in which people can 

thereafter develop themselves." (A) 

"Planned practical experience .... tailored 

to each graduate's needs .... varying in 

duration for each individual from one month's 

induction to a full 24- month's practical 

training." (B) 

"It is frequently found to be in the mutual 

interests of the company and the graduate 
recruit, that, instead of joining programmed 

training schemes, they should enter directly 

into laboratories or development or engineering 

departments. There they are able to make 

immediate use of their scientific or techno- 

logical qualifications while simultaneously 

receiving specific training in the work of 

the department." (E) 

The assessment of individual needs included some fairly standard criteria, 

for example, the sandwich course student was more likely to have direct 

entry compared to the full time student and the engineer was more likely 
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to have direct entry compared to the physicists. In addition, on employment 

criteria, direct entry was favoured for those entering research departments 

and a full two -year scheme, usually including a tour of departments, was 

retained for those entering production or commercial departments and some 

mix of training elements over a shorter period for those entering development 

departments. 

In 'direct entry' schemes, training was largely given in the form of 

'job instruction' so that the crucial points for the newcomer were the 

process of job assignment and supervision. (42) Graduates saw the former 

as the crucial point and, in contrast to the company claims that it was 

tailored to individual need, saw the outcome as determined by 'luck'. 

However, the graduates tended to interpret the possibilities as either 

'direct entry' where one could be 'lucky' or graduate apprenticeships where 

disappointment was likely. 

"I took direct entry. It is a matter of luck 
sometimes; I saw a chap come in the same year, 
I wouldn't like his job and I don't think he 
does. He doesn't get enough to do. Graduate 
apprenticeships, I think in theory are ideal. 
I tried to get one here but they offered me 
direct entry, you tend to get thrown in at the 
deep end. Graduate apprenticeships are ideal, 
but from what I've heard they are a bit of a 
let down in practice." 

Even among those with favourable experiences of first projects which had 

drawn on their existing knowledge and skills, unease merged when it became 

apparent that there was an element of luck in subsequent assignments which 

meant that learning became haphazard. 

"I would like to have more formal lectures on 

different topics because at the moment training 

is haphazard, it depends on you. So far I have 

not got down to any study since I left university 

largely because I was fed up of study and didn't 

(42) These issues are taken up again in Chapter Eight. 
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know in which direction to go. I would 
like to see more planned education for 
engineers and assistant engineers in industry. 
I think it's coming. I've been on one or two 
computer programming courses, but I'd like 
to know more about the direction of the job." 

"I have the nagging feeling that this is all 
very well and I've been here a year but if 
I stayed three years I would be chopped and 
changed about. I could become good at all 
sorts but not expert at anything. That 
would be O.K. for a year or two, but if I 
tried to change jobs then I would have no 
real experience to offer. I could only take 
up a similar job." 

If direct entry was criticised as haphazard, the same charge could hold 

for those companies which attempted to supplement training through on- the -job 

instruction with off- the -job courses. Such off- the -job courses varied 

considerably from a short 'rapid reading course' to a day- release management 

course within the company over the first year to a three -month course in 

production The problem of ad hoc supplements was that they 

were not necessarily seen as relevant to the newcomer's situation. In a 

company where an attempt was made in an induction course to give a rationale 

for the courses this was clearly appreciated. 

"I didn't realise I was going to be trained 
so long. my first idea was that I wanted 
to get on a job. I had been doing nothing 
for umpteen years and I wanted to see if I 
could do something. But looking back I 
think the lecture courses were a good idea - 
it was also good that they weren't any longer. 
I realise what I am doing and why I am doing 
it. It givesyou the basic computer technology 
and very good programming experience...." 

Two companies (A and 0 attempted to give the broader view of company 

activities and extend the period over which the newcomer could choose his 

preferred area of employment. In these schemes the two or three assignments 

of three months each were much shorter than the two year tour but still 

tended to arouse complaints about the passive role to which a newcomer 

was assigned. 
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"I've only been in the department three 
weeks, working for a one -man team. He 
is very busy at the moment so he's not 
given me a lot of time. I am just reading 
up at the moment with no specific problem. 
This is work on coding systems, pulses to 
go along telephone lines such that they can 
be decoded at the other end.... At the moment 
T am being treated as an errand boy - we 
want these things duplicated would you go 
over to stage 2 and get them done. I would 
prefer to be given a defined project, this 
would depend on my being in a more permanent 
group, and I might be asked to find out about 
codes, then within certain parameters to design 
a possible error correcting code for so many 
errors." 

"I came with few practical skills, so I plod 
round, look at the departments and see how 
they do things. There's very little 
responsibility given to me because I am just 
learning. I wish they would give us more 
freedom, give me a problem rather than just 
looking over somebody's shoulder. Obviously 
I couldn't solve a whole problem - I've too 
little experience. But really I want my own 
problem rather than somebody else's." 

From these comments it might be expected that the extensive use of projects 

in company F would be welcomed, but it is important to note that these 

were group 'design and make' projects rather than individual design projects. 

The projects were recalled as both enjoyable and invaluable devices for 

learning about company resources and organisation. The reservations which 

were expressed dwelt on the anti -climax experienced after the project 

as the trainees entered work departments. 

"The project was quite good. It gives you 

a chance to see round the company and see 
how it works. I don't think the project is 

quite the same environment as working in 

R & D. In the project you' have overall 

responsibility to sell the finished product 

to the customer, in R & D you are responsible 
for only a small part." 

"I did the project and I enjoyed that. Because 

I had industrial experience I became one of the 

influential people in the group. But the 

project was too good - too interesting. The 

actual job has been a let -down since, and one 

also finds that you are not so important and 
authoritative in groups." 
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For these projects a company department acted as a customer to a group of 

graduate trainees, in turn the trainees were responsible for the allocation 

of their x,1500 budget, their own internal organisation as a group and the 

design and manufacture of a completed device over a four month period. (45) 

Approximately half of the 1967 graduate intake to company F undertook at 

least one of the three modules of the training programme and approximately 

one quarter took all three modules over an eleven month period. The 

commitment of resources to this training scheme on a large scale meant that 

organisationally significant projects became available in contrast to 

those companies where training projects might be designed on an ad hoc 

basis for a few entrants. 

Collective training schemes were important sources of social contacts 

for the newcomers to a company. Evan has suggested that the opportunities 

to discuss the transition to a new setting with fellow- newcomers would 

not only facilitate role transition, but have a bonus for the company in 

low turnover. (44) The study was based on a technology training programme 

in an American engineering company. Examination of turnover rates in 

company personnel records revealed that the turnover rate declined with 

departments where there were three or more new entrants (although turnover 

was slightly higher in those departments with two entrants than those with 

a single entrant). Admitting the need for a check on the causal 

mechanisms of peer group interaction through interview data, Evan felt that 

(43) The underlying rationale behind the course closely approximated the 
thinking of the 'Bosworth' training schemes, see, Education and Training 
Requirements for the Electrical and Mechanical Manufacturing Industries, 
op. cit., and Bosworth's comments on "The Education and Training of the 
Technologist" in the Gulbenkian Educational Discussion in Universities 
Quarterly, March 1962. 

(44) 'N.M. Evan, "Peer Group interaction and organisational socialisation: 
a study of employee turnover ", American Sociological Review, vol. 128, 
no. 3, June 1963. 
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the statistical data supported his hypothesis of a negative relation between 
peer group interaction and turnover. (L.5) '`]bile interview data provides 

evidence of the importance of peer group interaction in facilitating the 

role transition from student engineer to employed engineer, it does not 

support the view that this support necessarily encourages commitment to 

the organisation. Some indication of the importance of peer group support 

can be gained by quoting comments from the extreme contrasts in socialising 

among a 'design and make' project group and the lonely situation of an 

isolated entrant. 

"The project in itself provided the group 
with a bond, this sense of involvement was 
present from week one, and continued to 
grow as the project matured. The group 
activity included a four mile run one 
evening a week, with a swimming session 
on another evening. A military discipline 
being maintained throughout!" 
(Graduate project report) 

This situation contrasts sharply with the comments of a graduate about 

out -of -work life in a company without a collective training scheme. 

"At the moment I spend my time in the 
evenings, Monday to Friday, doing nothing, 
except perhaps cooking, washing, living 
in a bedsitter. This is more or less 
the suspended state I am living in. It's 
not permanent. At weekends, I see old 
university friends, not necessarily friends 
still at university. I've got half a 
dozen really close friends who I can go 
off to see somewhere." 

In one company, the lecture on company personnel policy by the personnel 

director was followed by graduate questions as to why they had to 'clock 

on', an aspect of employment which was resented as unbecoming for graduates. 

(1+5) Evan examined the possibility of a third variable affecting turnover, 
for example, the characteristics of departments, the nature of assignments, 
and scholastic performance. Holding constant peer group interaction, 
scholastic performance was found to be related to turnover but less 
important than the peer group variable. 
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The collective support of fellow graduate trainees focussed considerable 

hostility on company personnel policy which led on to salary policy and 

payment where secrecy about salary levels and promotion criteria '.and 

weekly wage payments were resented. Although a new title of 'junior 

monthly staff' was created, with monthly salary and a lab arrival book 

substituted for 'clocking on', the embarrassment to the personnel director 

led to a reappraisal of the group training scheme, doubts about the 

desirability of allowing 'inflated aspirations having their collective 

airing' and some arguments in favour of a 'direct entry' only scheme. 

Other examples of conflict with a company stimulated by peer group 

interaction were found in the various folk -tales about careerism which 

advocated frequent moves. 

(b) Criteria for the assessment of training schemes 

There are obviously a variety of ways in which training schemes 

could be assessed from the simple- minded psychological approaches which 

ask if trainees 'feel more competent' to economic approaches through 

estimation of financial costs and benefits. Yet another approach is to 

examine the likelihood that schemes will provide training experiences 

appropriate to organisational objectives through various principles derived 

from learning theory. (46) 

Earlier discussion of opportunities sought in work revealed an 

extensive motivation to learn among graduates but reasons for joining 

companies revealed only two companies distinguished for training schemes. 

To the graduates the essence of desirable training was for individually - 

tailored, flexible schemes which involed planned experience. But several 

(46) Some notes on this third approach have been sketched by E.H. Schein, 
Organisational Psychology, Englewood Cliffs: Prentice Hall, 1965, pp. 34 -35. 
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of the schemes failed to give a clear rationale for the various elements 

of training and failed to provide occasions on which the newcomer could 

assess his developing competence. Only one company conceived the 

relationship between the graduate newcomer and supervisor as a tutor -tutee 

relationship, and since supervisors were largely allocated on the basis of 

work available the provision of coaching and guidance was very uneven 

both in quantity, and quality and source. Where trainees were attached 

to the training department budget then formal responsibility lay with the 

training department, but at the level of senior engineer, section leader 

or department head there was considerable latitude for interpretation of 

relationships with the newcomers from those where the task was seen as 

simply job supervisor, to those where it was seen as a mentor who guided 

the newcomer through up- ending experiences and any new learning. (47) 

The central criticism of industrial training schemes was that, having 

abandoned the traditional conceptions of apprenticeships as 'ideal in 

principle but impossible in practice', companies were tending to allow 

training to go by default, and justify reliance on 'direct entry' as that 

combination of what graduates sought and was educationally desirable. 

The addition of various ad hoc courses at local colleges unless clearly 

related to an overall programme could draw cynical comment from trainees. 

"I've had one four week course and three 
lectures and I've been here eighteen months. 
As far as I know there is no training 
course. I was told you join as an assistant 
engineer for two years and have graduate 
training. I wanted graduate training, I 
was promised it - not in writing of course, 
they never put anything in writing." 

(47) For another typology of training schemes and the mismatch between 
graduate and managerial perspectives, see E.H. Schein, "How to break in 
the college graduate ", Harvard Business Review, November - December, 1964. 



- 30 - 

"I was under the impression I was going 
to get graduate training. I am told I 
am getting it, but it really seems to be 
just a tax fiddle on the part of the 
company. From what I can see of the 
direct entry graduates and those on 
graduate training they are doing exactly 
the same. There is not really a course 
of any description." 

Given the weak commitment to conceive themselves as part of the 

educational system with reference to new entrants, industrial demands 

that universities should produce graduates capable of 'self -development' 

becomes understandable, along with demands that universities put more 

emphasis on applied skills and project work. (48) 

(c) The Engineering Industry Training Board and industrial training 

Rapid technological change, fears of international competition, and 

studies of training provision in other countries were all stimulants to 

an interest in industrial training, and the passage of the Industrial 

Training Act through the House of Commons without a division in 1964 by 

a Conservative Government signifies the extent of concern. While 

greatest concern centred on craft apprenticeships, the manpower studies 

of the A.C.S.P. and the unwillingness of industry to match expansion of 

'sandwich courses' in technical colleges with industrial places had drawn 

attention to technician and technologist training. Thus the Industrial 

Training Act, which empowered the i9in;ster of Labour to establish a 

Training Board with wide powers, was a political response to apparent 

weaknesses in industrial training. 

(48) Against these views the Oatley Committee declared that the primary 
tasks of the university was the teaching of analytical skills and that 
any project work or practical skills must be seen as secondary and subordinate 
objectives, The Relations between University and Industry in Electronics, 
o . cit., pp. 9 -13. 
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The Engineering Industry Training Board ( E.I.T.B.) was among the 

first of the training boards. As a pioneer the Board attracted the praise 

and blame of observers and served as a model for subsequent boards. The 

centre piece of controversy has been the levy -grant system by which the 

Board raised a 21% payroll levy (i.e. wages, salaries and directors' fees), 

the bulk of which was paid back as grants to companies for approved 

training. Several categories of grants covered the main transferable 

skills (craft, technician and technologist) with general grants for other 

kinds of training and supplementary grants to encourage particular kinds 

of training, for example, to cover shortages such as those of systems 

analysts. (49) 

Since the return of a Conservative Government in 1970 pledged to 

restore economic vigour through encouraging a competitive marketplace, the 

Training Boards have faced an uncertain future. The C.B.I. listed four 

criticisms for discussion before the National Economic Development Council 

(N.E.D.C.) Which included (a) high administrative costs and bureaucratic 

complexity, (b) inflexibilities and impracticalities in training 

recommendations, (c) inequities in grant -levy schemes, and (a) the problems 

of training in small firms. (50) Although there appears little substance 

in the first charge, the Electronics E.D.C. had criticisms comparable to the 

remaining charges to make of the E.I.T.B. (51) Because of the scope of 

E.I.T.B. coverage it was felt that the electronics industry was neglected 

(49) The operation of various categories of grant and the desire of the 
board to encourage particular kinds of training meant that a company could 
claim grants exceeding its levy contribution. In the case of the E.I.T.B. 
there was a bar which prevented earnings beyond 150; of the levy. The 
Board has attempted to avoid 'freezing' company capital by raising the levy 
and paying the grant in one operation by use of estimates. 

(50) Quoted in Rodney Cowton, "Industrial Training Boards under the 
Microscope ", The Times, 7.10.68. 

(51) Economic Assessment to 1972: Industrial Report by the Electronics 
E.D.C., op. cit., pp. 57 -58. 
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at the expense of mechanical engineering interests, and further that an 

industry marked by rapid technological change was prone to suffer the Board'E 

bureaucratic inflexibilities. As one example of inflexibility it has 

been claimed that the Board tended to favour off- the -job training in its 

weighting of grants to the financial disadvantage of an industry which 

placed great emphasis in on -the -job training. Moreover the E.D.C. urged 

that large firms be allowed to operate their own schemes without detailed 

scrutiny and that the Board concentrate on the less able and less willing. 

The .I.T.B. has gone a long way to meet all these criticisms and the 

rounds of negotiations begun in 1969 have led to a policy of 'disengagement' 

from the detailed mechanics of the schemes by creating more exemptions in 

the short term and efforts to develop a long term strategy to influence 

key decisions, provide relevant facilities on a national scale and advisory 

services. (52) The general aim of the E.I.T.B. changes was to seek a 

compromise which would remove irksome comptints about administrative 

complication, inflexibility and small firm difficulty. Yet the details 

of proposals which both remove irritation but retain incentives and sanctions 

to provide training outcomes seen as desirable from a frame of reference 

broader than that of the individual employer, have yet to appear. 

(52) The first levy cycle took a 21% levy from all firms with emoluments 
above £5,000 and the raising of the exemption level to 225,000 in 1972 
removed half the companies from the register. While they did not qualify 
for general grant these companies could be aided by specific grants. The 

general policy statements for future strategy were listed, for example, 
the national activities included training recommendations, a training 
advisory service, model training schemes, training workshops; the Board 
saw key areas in the maintenance of supplies of those with transferable 
skills such as craftsmen, technicians and technologists, increasing supplies 
to cover temporary shortages such as systems analysts, and encouraging 
innovatory training especially where company capital costs are high, and 
assistance in the identification of company needs was seen as possible by 

the financial incentive or penalty and the provisions of consultancy 

services. Engineering Industry Training Board, Report and Accounts 1970 -71, 

pp. 29 -34. 



In 1967 the Board issued recommendations for the training of 

professional engineers which became mandatory for grant approval in 

1969. (53) These proposals form another set of criteria to judge the 

1968 situation. In effect the pre- Training Board situation could be 

judged. The 1969 conditions provided for: 

"(a) Appropriate treatment of the elements - 
induction, engineering practice, design 
appreciation, work organisation, objective 
training; 

(b) the training facilities and arrangements 
are adequate to ensure the achievement of 
the training objectives; 

(c) student log books are maintained; 

(d) The student engineer has access to a 
professional engineer who acts as his 
industrial tutor; 

(e) written training programmes exist for the 
student engineer; 

and (f) records of the training conducted are 
entered in the training register." (5!i) 

In_ these provisions point (a) referred to the course content and the 

subsequent points referred to both the kind of support services for student 

engineers (industrial tutors, written programmes, and general facilities), 

and the various devices by which the Board could scrutinise training schemes, 

(log books and training registers). The course content was intended to 

be flexible and give recognition to the variety of possible combinations 

of education and training from the three -year full -time university courses 

through to the various 'sandwich' arrangements, but it was intended that 

recommended items should be covered at some point. Even if it were assumed 

that the company would be responsible for only the final element, 'objective 

(53) The Board has not yet issued recommendations for scientists or those 
in research departments, although these have been in preparation. 

(54-) Engineering Industry Training Board, The Training of the Professional 
Engineer, Booklet No. 5, Watford: E.I.T.B.,, 1968. 



TABLE 7. Trainin facilities reported br firms claimin grants for 
19 0 -7 to 19 9 -70: Scientists and Technologists. 

1000 or more employees 

1966 -7 1967 -8 1968 -9 1969 -70 

(1) (10) (11, (12) (13) 

Number of firms reporting 

employment of scientists 

and technologists 

Number of firms reporting 

1. Use of formal selection 

tests 

2. A formal induction course 
for every new employee 

3. Job analysis to derive 
training programmes 

4. A senior manager or 
technologist responsible 
for training of technologists 

5. Written records for each 
trainee's progress 

6. Individual counselling 
by a senior technologist 
or manager for each 
technologist 

7. Giving training for college 
based sandwich course 
students 

8. Paid vacation training of 

at least six weeks per 
trainee 

524 520 518 495 

238 X57 331 382 

299 336 362 386 

152 178 231 319 

1 ;1i /; 466 465 1+51 

394 417 418 

355 1+35 458 448 

318 348 351 329 

335 339 336 296 

Source: Engineering Industry Training Board, Report 
and Accounts, 1970 -71. 
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training'; the Board proposals stand in dramatic contrast to company 

practice. Objective training was preparation 'specifically for an 

identified first post of responsibility' and involved job description, job 

analysis, a training specification, and an objective training programme 

normally controlled and evaluated by the department in which the first 

appointment was to be made. It was precisely this lack of company 

commitment to educational or training programmes which was apparent in 

the 1968 study. 

(d) The Impact of the E.I.T.B. and its training recommendations. 

The establishment of the Training Boards and levy -grant schemes has 

changed the relationship between companies and their training departments. 

From the position of simple overhead costs training departments have become 

responsible for the management of significant budgets by a Government 

policy which .redistributed resources within the company. 

Some estimate of the impact of the E.I.T.B. can be made through 

examination of changes in training provision in the E.I.T.B. reports. 

Table 7 reports on training facilities for technologist training in companies 

claiming grant over the period 1966 -1970 in the broadly based engineering 

industry. The important statistics are those relating to the large 

companies since they are responsible for 90¡à of the total annual recruitment 

of technologists. On the mandatory fulfillment of recommendations 

for grant there was a fall in the number of trainees as previous schemes 

were found unsatisfactory, although it was claimed standards for the 

remainder had risen455)Analysis of the various kinds of facilities provided 

(55) The numbers of scientists and technologists given training fell 

from 13,552 (1965 -6) to 15,004 1969 -70) despite a rise in employment 

from 60,450 (1965 -6) to 63,973 (1969 -70). 
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shows increases which together with improvement of quality suggest a 

twofold improvement. The increases in the number of companies claiming 

to base training programmes on job analysis (row 3, from 152 to 319 from 

1966/7 to 1969/70), to maintain written records (row 5), to provide 

individual counselling for trainees (row 6), and to hold formal induction 

courses (row 2), all suggest greater attention to the analysis of training 

provision and greater attention to support facilities. In the last resort, 

of course, the task of 'policing'company training provision would prove 

too daunting for the training board staff and the statutory control of 

industrial training does rest on securing considerable industrial goodwill 

and cooperation. In their annual reports the E.I.T.B. was aware that 

in some companies training efforts were directed to grant recovery rather 

than compliance with the spirit of training provision but believed that 

the general response was favourable. 

Concentration on the new supply of qualified manpower was justified 

by the Committee on Manpower Resources on the grounds that the facilities 

for retraining the existing stock were sparse. This view about retraining 

marks a parallel case on the allocation of responsibilities between education 

and industry which has been discussed here in relation to the new supply 

only. (56) It marks a reluctance to spell out industrial responsibilities 

and an attempt to shift the burden on to the educational system. (57) 

(56) 1965 Triennial Manpower Survez, 22.1 _211.1 

(57) See the discussion of 'Those Responsibility ?' by Lord Jackson of 

Burnley, "The Magnitude of Occupational Obsolescence in Engineering and 
Sciences" in S.S. Dubin , ed., Professional Obsolescence, London: The 

English Universities Press, 1971. 



TABLE 8. The ercentae of People of Various A'es Receivin- Full -Time 
Education ^neat 7,ritain 1870 - 19 2. 

1870 1902 1938. 1962 

10 year olds 40 100 100 100 

14 year olds 2 ; .38 100 

17 year olds 1 2 4 15 

19 year olds 1 1 2 7 

Source: Committee on Higher Education, p.11. 
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5. Educational Opportun 

At the end of the Second World the the Barlow Committee do Scientific 

Ilan ower was convinced that there were resources of talent not experiencing 

higher education. At the beginning of the 1960's the Robbins Committee 

advanced a similar view and deliberately attempted to destroy the notion 

of a 'limited pool of talent'. Perhaps the experience of the post- 

Robbins expansion lulled the Swann Committee to neglect 'wastage' from the 

educational system; the overall expansion in the universities appears to 

have been taken as adequate and criticism was concentrated on the 

distribution between courses (Social Studies versus Science and Technology). 

Yet despite overall expansion in the education system and larger proportions 

entering higher education than ever before, there remain two important 

types of wastage of children of high ability, one thx uga sex and the other 

through social class. 

The overall extension of higher education was documented in the 

Robbins Report (Table 8) where the proportion of nineteen year olds in 

higher education rose from 1 in 1870 to 7; in 1962. A common presumption 

accompanying expansion has been that educationdopportunity has been extended 

to children from working class backgrounds, yet the Robbins Report revealed 

that the same proportion, a quarter of university students, came from homes 

of manual workers in 1926 and 1961. (58) On the other hand, this cannot 

be interpreted as a situation of no change, for example, Lacey has documented 

the consequences of increased vocational interest in education by the 

middle class in increased competition for grammar school places and the 

stability of the working class share in one grammar school. (59) 

(58) Higher Education, 

(59) C. Lacey, Hi Mown Grammar, op. cit., pp. 26 -31. 
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Given a potential for the working class share of university places to fall 

in the face of increased middle class competition it could be argued that 

the long terra stability was a small gain. (60) Yet it must be remembered 

that changes in the occupational structure have brought a diminution of 

manual occupations so that the stable share has been maintained from a 

declining population and thus represents a real gain, although smaller than 

anticipated. Since the non -university sector has been responsible for 

a substantial proportion of professional engineers it is important to see 

what has happened here. Hordley and Lee have argued that the technical 

colleges and professional institutions have permitted through part -time 

study a significant opportunity for working class children to proceed 

through educational qualifications to professional occupations by an 

'alternative route'. (61) Although the argument lacks data for conclusive 

support, these researchers suggest that comparing pre -191+5 and post -191+5 

situations there has been an increase in working class opportunities 

through technical education. Future prospects are somewhat unclear, 

however, since the Council of Engineering Institutions (C.E.I.) ceased to 

recognise the H.N.C. for exemption from Professional Institution membership 

examinations in 1962. While some have argued that part -time study was 

unsuitable for advanced courses, others have interpreted the move as an 

indicator of both the exclusive preoccupation of professional institutions 

with status claims in a drive for an 'all graduate profession', and the 

willing compliance of technical colleges eager to slough off part -time 

studies and ape universities. The status enchancing efforts of professional 

institutions and technical colleges and the apparent failure to extend 

(60) F. Parkin, Class Inequality and Political Order, London: PvlacGibbon 

and Kee, 1971, p. 110. 

(61) I. Hordley and D.J. Lee, "Social Change in Technical Education ", 

Sociology, vol. 4, no. 1, January 1970. 
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educational facilities more than proportionately to those previously 

disadvantaged would not matter to manpower requirements or an economic 

view of the manpower situation if we did not have our earlier evidence of 

the propensity of distinct social groups to enter scientific and technological 

higher education. (62) The importance of 'wastage' to manpower issues 

was heavily underlined by McPherson in his studies, 

"The real causes of our shortage of trained 
manpower lie firstly, and primarily, in the 
failure of the educational system to retain 
highly intelligent pupils from homes of 
lower socio- economic states beyond the 
minimum school -leaving age." (63) 

The other major wastage of able pupils from the educational system has been 

girls, for example, one study has shown that "in a situation where nearly 

all the girls who pass two or more A -level science subjects in school wish 

to go to university, only ¿-C of them, compared with about 7 of boys 
with similar qualification are admitted." (64 ) And a significant point 

to note about the girls is that they have not made significant use of 

the "alternative route ". (65) This discussion of educational opportunity 

suggests that when shortages of particular groups of highly qualified 

manpower are being discussed, the analysis should contain some reference 

to "who is educated" as well as "how many" if there are distinctive patterns 

in the social background of recruits. 

(62) See Chapter Six, section 3. 

(63) A.F. McPherson, "Swings and Roundabouts" (personal communication). 
In a detailed study of twelve comprehensive schools some researchers have 
shown that one third of the most able pupils - those who appear in the top 
fifth of the national distribution of ability - were leaving school at 16. 
This pattern was despite proportions of those voluntarily staying beyond 
16 being above the national average in the nine schools studied. J.M. Ross, 
et al., A Critical Appraisal of Comprehensive Education, Slough: N.F.E.R. 1972. 

(64) C. Davies, Chan es in Subject Choice at School and University, London: 

Weidenfeld and Nicholson, 19 9, p. ii-5. 

(65) I. Hordley and D. Lee, op. cit., pp. 21+ -25. 



TABLE 9. Numbers attaching' hi:,h importance to various Toals of 
college education. 

University Ex Cat Tech College 

Eng. Phys Í Eng Phys Eng Phys 

(a) Provide 
vocational 
training 42 (58) 17 (40) 5 2 9 

(b) Develop social 
skills 39 (54) 23 (54) 3 1 5 

(c) Provide basic 
general 
education 52 (72) 36 (34) 5 5 to 3 

(d) Develop 
intexßt in 
social 
problems 21 (29) 14 (33) - 1 2 1 

(e) Develop Moral 
values 12 (17) 8 (19) - - 3 2 

N 72 41 7 5 13. 3 

TABLE 10. Numbers lacing first in rank order various goals of college 

education 

University 

Eng 
ó 

Phys Cr;' 

Ex Cat Tech College 

Eng Phys Eng Phys 

(a) Provide 
vocational 
training 

(b) Develop social 
skills 

(c) Provide basic 
general 
education 

(d) Develop 
interest in 
social problems 

26 (36) 9 (22) 4 1 6 1 

10 (14) -6 (15) - - 1 - 

33 (45) 26 (63) 3 4 4 2 

(e) Develop moral 
values 3 (4) - 

N 72 (100) 41 (100) 
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6. The Student's Experience of Education 

Just as it has been argued in the last section that factors beyond 

the control of the educational authorities have shaped the development of 

the educational system, so it can be argued that the wider society conditions 

the student's participation in and experience of higher education. In 

presenting this interpretation of the experience of many students I am 

arguing that academics have a much more circumscribed influence over their 

student's conduct than is claimed by those who see the answer to social 

problems in education. 

The industrial recruits were asked to indicate what they felt the 

main purpose of a college education ought to be, and were asked in the 

first instance to indicate the degree of importance wiiici they would attach 

to various goals and then were asked to rank order these goals. For 

present purposes the main contrasts lie in comments about vocational 

training and general education, where a higher proportion of both engineers 

and physicists attached high importance to general education rather than 

to vocational education (table 9). Similarly when it came to rank 

ordering, a higher proportion of both engineers and physicists put priority 

on the provision of general education than put priority on vocational 

training (Table lo). Comparing between disciplines the physicists were 

more likely to place emphasis on general education compared to vocational 

training than the engineers on both a scale of importance and a rank order. 

And this contrast between the former physics students and former engineering 

students held across institutions, from universities to technical colleges. 

This emphasis on vocational training among the engineers as the prime aim 

of college is consistent with our earlier findings that engineers were 

more likely to have decided on their chosen occupation earlier than the 

physicists, and most cases this was before university. If we turn to 

estimates of the importance attached to benefits derived from college 

attendance and the rank ordering of those benefits then the vocational 



TALE 11. Numbers attaching; high importance to various benefits gained 
from college attendance 

a) Opportunities to study 
in a particular field 

b) Qualifications to ensure 
a reasonably secure/ 
well paid job 

c) A broader outlook on 
life 

d) Opportunities to work 
in a university 
atmosphere 

e) Personal freedom and 
social life 

f) Training for a 

particular job 

N 

Eng 

University 

Phys 

Ex Cat 

Eng Phys 

Tech College 

Eng Phys 

69 (83) 37 (88) 6 3 13 3 

70 (84) 38 (90.5) 6 3 14 3 

67 (81) 40 (95) 5 5 8 3 

42 (51) 20 (47.5) 3 3 6 2 

69 (83) 33 (78.5) 4 4 11 1 

26 (31) 7 (17) 2 1 7 - 

83 (100) 42 (100) 7 5 16 3 

TABLE 12. Numbers attaching primacy in rank order to various benefits 
gained from college attendance 

Ex Cat 

Phys 

Tech College 

Eng Phys Eng 

University 

á 
Phys 

i7 

Eng 

a) Opportunities to study 
in a particular field 22 

b) Qualifications to ensure 
a reasonable secure/ 
well paid job 35 

c) A broader outlook on 
life 21 

d) Opportunities to work 
in a university 
atmosphere 2 

e) Personal freedom and 
social life 5 

f) Training for a 
particular job 5 

(24.5) 

(39) 

(23) 

(2.2) 

(5.5) 

(5.5) 

15 

16 

12 

4 

2 

- 

(3005) 

(32.5) 

(24.5) 

(8) 

(4) 

4 

1+ 

1 

- 

- 

1 

2 

1 

1 

- 

1 

10 

3 

- 

2 

2 

1 

- 

- 

Number of multiple responses 90 (100) 

N. 85 

49 

42 

(100) 7 

7 

5 

5 

16 

16 

3 

3 

Note: multiple responses arose when some respondents ranked some benefits 

of equivalent importance. 
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benefits of college attendance emerge as important again for both groups 

(Tables 11 and 12). Vocationally relevant qualifications emerged as the 

most important benefits among both engineers () and physicists (34; ), 

but few felt that they had gained training for a particular job as an 

important benefit (Table 11). Two interesting comparisons between the 

engineers and physicists were the higher proportions of physicists who 

saw the benefits of university education in the 'study opportunities in 

their particular' field (295 v. 

outlook on life' (25 v. 235). 

All these responses about 

offer some indirect comments on 

24 %) and the acquisition of 'a broader 

the nature of college purposes and benefits 

the earlier 'generalist' versus 'specialist' 

studies controversy. In the last resort many of the graduates held an 

instrumental view of their education in the sense that they saw it as 

providing entry qualifications to work, although they did not see it as 

granting very specific job relevant skills. Moreover what the graduates 

(particularly the physics graduates) demanded of their universities was 

the development of techniques of investigation and analysis which would 

grant a degree of intellectual autonomy and a capacity for undertaking 

enquiry in a variety of fields. Yet this kind of demand does not appear 

to imply a linked demand for 'appreciating one's role in society' and 

the importance attached to understanding 'social problems' or 'developing 

moral values' appears negligible in comparison with the other aims of 

college education (Tables 9 and 10). (66) 

If we turn to examine the extent to which university or college 

education Was experienced by the sample as a beneficial preparation for 

industry then something of the intricacies of the relationships between 

(66) The difficulties and limited success in liberal studies for science 

students have been reviewed in P. Corbyn and D. Wield, "Science Education 
in a Social Context ", New Scientist, vol. )7, no. 719, 17.9.70. 



T! LE 13. (a) Prox=imity of university courses 
and de -partment (percentages;. 

to industrial 

Physics 
D P 

er loyment 
badisciìline 

Total 
R D P 

Engineering 
Relationship R D P R 

huch the same - 7 - - - _ - 6 _ 

Some similarity 37 36 - 50 35 28 )46 35 22 

Very little similarity 63 1+7 100 50 40 57 54 45 67 

:;one at all - 10 - - 25 14. - 14 11 

100 100 100 100 100 100 100 100 100 

,14) C20) (7) C22) (90) (9) 

Relationship 

Proximity of university /collee courses to industrial 
employment by department 

Research Development Production A plication Total 

ì,uch the same 

Some silimarity 

Very little 

None at all 

- 5 - 43 6 

47 34 30 57 36 

50 50 60 - 1+8 

3 11 10 - 10 

100 100 100 100 100 

(32) (120) 
. (10) (71(169) 

TABLE 14. Comments on the adequacy of University as a preparation for 

industrial emplo gent among university educated en--ineers and 

physicists department. 

Adequacy Engineering 
R D P 

Physics Total 

R D P R D P 

Favourable 

Unfavourable 

5o 6o loo 38 62 57 

50 4.0 62 38 43 

r+3 6o 66 

57 40 4+ 

100 100 l00 100 100 100 100 100 100 

(8) (52) (2) (3) (i6) (7) (21) (68) (9) 



expectations, experiences, and satisfactions in the evaluation of education 

becomes apparent. While a question about the degree of relationship 

between university courses and industry produced the expected pattern of 

decreasing proximity from research to production, a larger proportion 

of the researchers expressed dissatisfaction compared to the development 

and production department graduates (see Table 13 ). Overall the graduate 

engineers found satisfaction in the theoretical grounding on which to 

base subsequent training and experience, and in some cases undergraduate 

projects had developed relevant skills. For the physics graduates 

satisfaction was drawn from a university training in information sifting 

and experimental method. For some of the physicists it was accepted that 

the undergraduate course was not intended as vocational training and should 

not be criticised on that account. A closer examination of the criticisms 

of impracticality among some of the engineers revealed that many came from 

the company with an elaborate training scheme with group projects. But 

to press for changes in undergraduate education in the direction of more 

industrial relevance and project work is to raise the earlier mentioned 

issues of the balance between types of educational institutions and 

between educational institutions and industry, and the quality of 

information available to schoolchildren about educational and training 

provision. To press for projects or an industrial bias in undergraduate 

courses because the relevance of these skills have been perceived in 

industrial training is symptomatic of short term preoccupations, whether 

of managers or graduate trainees, while it must be remembered that students 

will choose and interpret courses in terms of their assessment of priorities 

in 'making out'. (67) 

(67) One of the problems of liberal or social studies in engineering or 
science courses has been their apparent irrelevance to 'making out' as a 

student. See, for example, the comments by Corbyn and ;Yield, ibid., and 

L. Davies, Liberal Studies and Higher Technology, Cardiff: University of 

Wales Press, 1965. 



;','bile the 'student unrest' of the late 1960's might have disturbed 

the view of college as a collective and collaboration learning experience, 

a great deal of stress was laid on the possibilities for influence on 

students by college teachers whether through the design of courses or 

directly through example and precept. This heavy emphasis on the role 

of the teacher appeared in the Manpower Committee reports and in other 

discussions of the manpower situation, for example, those of the C.B.I. 

working parties.0)Among the sample of graduates in the electronics 

industry two sets of comments suggested that the scope of teacher influence 

was likely to be more circumscribed than commonly advanced. Against 

the view of college as a collaborative pursuit of learning by professors 

and students, many students saw their situation largely in terms of 

managing the competing demands of faculty and their own desire for 'free 

time', and 'good students' were defined in terms of their success in 

managing'compromise' or 'balance'. While it was not altogether surprising 

that many graduates preferred their relations with industrial supervisors 

because the industrial relationships recognised a substantially advanced 

degree of competence in the developing technologist, I did not expect 

the marked antipathy toward university science and engineering faculty 

which emerged in these responses. While several studies have shown the 

paucity of contact with faculty outside the curriculum in science and 

engineering courses and others have shown the heavy emphasis on learning 

situations, which emphasise the disparity between teachers and students, 

(68) The expansion of the C.A.T.'s prompted discussion of what constituted 

a good example as a teacher too, with some principals reluctant about 

'refugees from industry' and others eager for those seeking new experiences, 

compare, for example, G.H. Moore, ( "To create something original" in 

G. «alters, ed., A Technological University: An experiment in Bath, Bath: 

Bath University Press, 1966) and P. Venables, ( "The Gulbenkian Educational 

Discussion in 1961 ", Universities Quarterly, vol. 16, no. 2, March 1962, 

P.. 148). 
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for example, lectures and classes rather than tutorials or seminars, 

few have shown the way in which these situations are interpreted by 

students as part of a larger context of social stratification with 

accusations of aloofness and snobbery by students of their teachers. (69) 

To recommend an interpretation of the teaching- learning situation 

as one with inherent conflict is a helpful antidote to the tendency to 

canvass education as an ever -ready panacea to social ills. Pointing out 

some of the limitations on educational reform might usefully direct 

attention away from preoccupation with manpower supply and the educational 

system to a direct interest in the utilisation of manpower. This topic 

is explored in Part III through an examination of the responses of the 

sample of highly qualified manpower to industrial employment and the kinds 

of commitments which they developed. 

(69) For comments on the frequency of extracurricular contacts, see 

D. Hutchings, The Science Undergraduate, Oxford: Oxford University Press, 

1965, and S.B. Barnes, "Making Out in Industrial Research ", Science Studies, 
vol. 1, no. 2, April 1971. For comments on teaching and learning 

situations, see R. Beard, Teachin^ and Learnin: in Hither Education, 

Harmondsworth: Penguin Books, 1972. One study which did provide a 
graphic account of developing antipathy between students and faculty in 
one chemistry deparLiuent carried all the limitations of a case study in 

that it could be claimed that the department had become a by -word among 
chemists for its emphasis on an academic elite of students and scholarship, 

see D. Zinberg, "The Widening Gap: Attitudes of First -Year Students and 

Staff towards Chemistry, Science, Careers and Commitment ", Science Studies, 

vol. 1, nos. 3, 4, October, 1971. 



P A R T T H R E E 

ENTRY TO THE WORLD OF WORK 



CHAPTER EIGHT 

UTILISATION AND THE DEVELOPMENT OF COMMITMENTS 

1. Introduction 

Some comments on the nature of graduate experiences of industry 

have been introduced already in Chapter Six, on preliminary impressions 

in recruitment, salary information, and satisfaction, and in Chapter 

Seven, on training schemes. In this chapter the experience of employment 

as a full -time departmental member forms the subject matter of analysis. 

Exhortations to companies to improve their utilisation of graduates and 

the admission of the Swann Committee that the present state of industry 

was a deterrent to academically able graduates did not include any 

explanation of why this situation obtained nor of the way in which the 

graduates who joined companies was regarded as an unwilling and incapable 

entrant. 

In tracing some answers to these questions Ishall begin with a 

discussion of the nature of companies as organisations (section 2) and 

the efforts of managers to shape the conduct of newcomers (section 3). 

These sections will be followed by a discussion of managerial assignments 

and graduates in the 'R & D' departments (section 4), and the 'non R & D' 

departments (section 5). In the final section the relevance of these 

early assignments and experiences to the failure of companies to develop 

commitments among new entrants is discussed with some conclusions on the 

utilisation issue. 
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2. Companies as Working Organisations 

The usual starting point for a discussion of organisations is to 

define them by reference to an ordered pattern of relations directed to 

achieve some explicit goal. This kind of approach runs into many problems. 
a 

Critics argue that there may be/tendency to concentrate on the relations 

formally prescribed by managers in the organisation manuals and ignore many 

other relationships into which employers enter which have organisational 

consequences. (1) Conversely, it has been alleged that some writers 

concentrate exclusively on the 'informal relations' and neglect managerial 

directives in the 'formal organisation'. (2) The concept of organisational 

goal has been challenged because it is alleged that the implied consensus 

among organisational members can be empirically refuted and because it 

implies an a- historical 'social contract' view of the formation of 

organisations. (3) Consequently contemporary thinking about organisations 

attempts to go beyond the dualisms of 'formal' and 'informal' organisation 

and also attempts to conceive of organisations as coalitions with a degree 

of stability but where participation is continually renegotiated. (4) 

(1) This has been the main thrust of a lengthy tradition of Human Relations 
writing initially launched as a critique of the Classical Administration 
writtTs on organisations. 

tan 's 

(2) This appears to be a fault in Daintonla study Mien Who Manage) brought 

about partly by the covert nature of his work which limited access to 
official directives. The concepts of 'formal' and 'informal' are extremely 

ambiguous. At some points 'formal' refers simply to organisations, at 

others to the Weberian conception of bureaucracy, and at others the 'official' 

aspects and each of these different conceptions implies a different 

conception of 'informal organisation'. Unfortunately 'informal organisation' 

has become used widely as something of a catch -all for all unofficial 
relations, see J. Litterer, Organisations: Structure and Behaviour, New 
York, Wiley, 1969, pp. 159 -60. 

(3) The usual accusation is that the writer accepts as the goals of the 

organisation those stated by senior management and whether by accident 

or choice the sociologists becomes a managerial apologist. 

(ii) See, for example, M. Albrow, "The Study of Organisations - Objectivity 

or Bias ? ", in J. Gould, ed., Penguin Survey of the Social Sciences, 1968, 

Harmondsworth: Penguin Books, 1968. 



wile some writers have attempted to incorporate all organisationally 

relevant relationships within a single analytical scheme to avoid the 

pitfalls of the dual perspective on organisations, Burns has attempted to 

develop an analytical scheme which emphasises the variety of frames of 

reference available to the organisational member. (5) The fruitfulness 

of this analytical scheme was demonstrated in Burns' explanation of the 

failure of several Scottish companies to graft electronics on to their 

existing engineering activities in the 1950's. The starting point was 

the view that the management system, conferring and defining both rights 

to control activity and receive information and obligations to accept control 

and transmit information, was designed to coordinate efforts to meet 

organisational goals. Having stated the organisational goals, the prime 

task of senior management was to indicate the appropriate form of management 

system and set the boundaries of appropriate commitment to the organisation. 

by :C. 

This management system and the activities directed Burns termed 'the 

working organisation', and some forms of organisation appeared more 

appropriate to some tasks than others. A recurring feature of the 

companies studied was the continual attempt to formalise relationships 

into a pattern appropriate to conditions of stability, (a 'mechanistic 

organisation' closely resembling Weber's ideal type of bureaucracy), 

when the organisation's problems were those of coping with changing markets 

and technology and would have been more appropriately served by 'organic 

organisation', (a form of organisation where rights and obligations were 

were 
less clearly prescribed and circumscribed and/subject to 'adjustment and 

continual redefinition'). (6) While this 'bureaucratic pathology' could 

(5) T. Burns, "On the plurality of 
Operational Research and the Social 

(6) T. Burns and G.M. Salker, 

social systems ", in J.R. Lawrence, ed., 

Sciences, Oxford: Pergamon, 1966. 

op. cit., pp. 119-125 



be explained by the ignorance of senior management of problems and 

solutions or the age of managers educated in the traditions of Classical 

Administration, Burns showed that the rules of mechanistic organisations 

were convenient devices by which lower participants could set limits to 

their commitments to the 'working organisation'. Far from bureaucratic 

rules being imposed simply from above, they were sought from below too. 

Rules which set limits to the extent of the cooperation which could be 

rightly demanded of an organisational member indicated, by implication, 

his freedom to compete in the career system or 'play politics' in the 

political system of the organisation. Career advancement and participation 

in decision -making were morally legitimate and defensible acts within the 

organisation, indeed organisations frequently advance the view that they 

must motivate the 'best people' to secure 'the most important posts', but 

it can be readily seen that demands for both cooperation and competition 

can pose severe dilemmas for members of organisations in concrete 

situations and explicit rules can simplify the allocation of effort. 

When an organisation is conceived as composed of a variety of 

social systems built out of commitments at work, each of which may become 

the dominant frame of reference for the individual, the sense of threat 

to the organisation faced by the newcomer becomes apparent. He poses a 

threat in the sense that he may be unaware of organisational role demands, 

and, while a degree of ambiguity may enable agreement about broad 

organisational objectives, ambiguity about specific demands is unlikely 

to elicit satisfactory contributions from newcomers. In any event it is 

naive to believe that a list of bureaucratic rules would be sufficient 

guide to the newcomer, for rules require a penumbra of common understandings 

which guide their interpretation. (7) Even if the newcomer were competent 

(7) For an account of organisations which stresses symbolic interaction, 

see, Egon Bittner, "The Concept of Organisation ", Social Research, vol. 32, 

no. 2, 1965. 



to meet organisational demands there may remain doubts about his willingness 

to respond to these demands. By a variety of means organisations attempt 

to control the conduct of their members to secure satisfactory performance, 

and some of these important devices have been discussed already. By 

representations to Governments and educational institutions, industry has 

attempted to shape the education, training and work preferences of potential 

employees, and by use of selection companies attempt to recruit only those 

likely to be willing and able to comply. Even if the educational system 

has processed its charges such that contemporary organisations have less 

need for the primitive conformity of past bureaucracies, these organisations 

still demand a degree of predictability about member behaviour and hold 

newcomers in some suspicion until their ability and willingness to meet 

role requirements has been made manifest. Where the last chapter placed 

the emphasis on company training schemes and efforts to enable the graduate 

to cope with his new situation, this chapter examines the learning 

experiences of the graduate as a full -time member of the 'working 

organisation'. The initial focus is on the efforts of organisations to 

change newcomers, to change their attitudes and behaviours and to change 

them into conforming 'organisation men'. The ideology of much of the 

managerial literature is that 'direct entry' is not only what graduates 

want, but is the best available learning situation for the development of 

technologists. The discussion of 'direct entry' schemes in Chapter 

Seven revealed that they tended to be experienced as somewhat haphazard 

introductions to work and were criticised against some general principles 

of learning theory and against the E.I.T.B. recommendations about 

engineer training. Here the practice of 'direct entry' can be criticised 

as unlikely to produce the comm-itted'organisation men' envisaged in the 

managerial literature. 



3. The Making of 'Organisation Men'. 

From the manpower debates and interviews with managers it was evident 

that managers conceived a need to change the customary attitudes and 

behaviour of graduates developed through university studies. They drew 

attention to the characteristics of university study: independent work 

on largely analytical problems with known solutions which could be derived 

without severe constraints posed by time or cost. In constrast they saw 

industrial work as largely collaborative team work on practical problems 

where solutions were not known in advance by supervisors and where the 

solutions had to be produced within severely contained budgets of time 

and finance. And underlying these contrasts the managers contrasted the 

rationale of university education as being largely interpreted by students 

as being for their own sake, whereas it was emphasised that work in 

companies had to be seen by employees in terms of contribution to overall 

company goals. The efforts of managers to produce these changes in the 

conceptions of work and shape an occupational identity as a professional 

employee can be understood by reference to a model of influence processes 

and attitude change. 

Schein's model of influence and attitude change views of influence 

as a process which occurs through time and can be distinguished into 

three phases - 'unfreezing', 'changing', and 'refreezing'. (8) In the 

first phase of 'unfreezing' the individual is disturbed such that he 

becomes available to change either by an increase in the pressures on him 

to change or by a reduction in factors which might create anxiety about 

change. The following phase of 'change' involves 'the presentation of 

a direction of change and the actual process of learning new attitudes'. (9) 

(8) E.H. Schein, "Management development as a process of influence ", in 

H.J. Leavitt and L. Pondy, eds., Readings in Managerial Psychology, 

Chicago: University of Chicago Press, 1961. 

(9) ibid., p. 335 
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In this phase managers can use two main mechanisms to stimulate change, 

firstly by presenting a role model with whom the recruit could identify 

and attempt to emulate ('identification'), and secondly, the managers 

could attempt to manage the situation and problems confronting such that 

he will be constrained to discover the prerequisites for coping with his 

new situation (internalisation). In the final phase of 'refreezing'efforts 

are made to sustain the changes and while this depends in part on the 

congruence between the new attitudes and behaviours and other conceptions 

of himself held by the individual, it is important that there is 

congruence between the culture of the organisation and changed person. 

While this model Was developed from studies of Chinese techniques of 

brainwashing, and it may be assumed that the changes envisaged by managers 

for their recruits are both less intensive and less coercive, when the 

model is stated in a general way it suggests some of the problems and 

difficulties which can attend efforts to create 'organisation men' and 

develop commitments to the 'working organisation' among recruits. For 

example, it can be seen that changes are less likely to be induced if 

there is little motivation to change and if there is anxiety about the 

prospects of change. On the second phase, a general prescription 

would be that the use of tutor -tutee relationships could be a faster 

process than the 'discovery' approach but since it involves a more passive 

role for the learner it might be less effective in developing lasting 

changes. Finally the 'refreezing' stage draws attention to the importance 

of congruences between demands, performances and rewards. 

When we turn to the management literature to examine their 

prescriptions for securing the commitment of graduates we find that they 

bear a striking resemblance to the conclusions drawn by social psychologists. 

There is considerable emphasis on tasks which are within the newcomer's 

competence and are organisationally significant, and, above all, there 

is an emphasis on 'challenge'. 
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"Industry must pay greater attention to its entrants. 
Once the graduate is there, the responsibility for 
him passes firmly to industry. Suitable introductory 
schemes to engage his mental capacity fully at an early 
age are needed; so indeed are responsible tasks which 
are in keeping with his experience, but they must be 
responsible. Above all he must be kept at full 
stretch." (10) 

While this suggests that industrial companies have not paid attention to 

the provision of challenging jobs, as the Jones Committee suggested too, 

the recruiting literature of the electronics companies made claims to 

offer precisely these conditions. Such work tasks appear remarkably 

similar to those advocated by Barlow and Hall in their examination of the 

correlates of successful role transition among beginning managers (11) 

If there is a discrepancy between what graduates report and what companies 

advocate it could arise from different definitions of 'challenge' or from 

other factors which intervene to frustrate managerial efforts. So far 

in this treatment of the entry to work both graduates and work situations 

have been treated as homogeneous and now it is appropriate to drop this 

assumption. While there is a level at which companies demand expressions 

of loyalty from all newcomers the demands vary in kind and intensity 

across departments. 

Loyalty in the manager's eyes was indicated by a willingness on the 

part of the recruit to not only recognise and respond to managerial demands 

as legitimate but to go further and signify a readiness and sensitivity 

such that demands were anticipated. Such anticipation could be taken as 

further affirmation of a commitment to organisational goals and a denial 

(10) "Universities and Industry ", Report of the Working Party on the 
Training and Experience Appropriate for Graduates Entering Industry, 
op.. cit., p. (ii). 

(11) See the earlier discussion of this study in Section 3 of Chapter 

Three. 
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of personal ambitions at odds with the achievement of organisational ends. 

(12) Where differences emerge between departments are in the degree of 

explicitness with which demands are made, and by implication the degree to 

which they may be incompatible with other personal goals and are evidently 

incompatible. By common consent the sharpest contrasts are drawn usually 

between research labs and production departments. Since the research 

department has a raison d'etre in innovation, demands are less clearly 

specified than in the production department and time scales of work 

activity are much longer. Treating the industrial organisation as a 

linguistic commuhi.ty, or rather as a group of linguistic communities, is 

a useful analogy. (13) By this device the links between research, 

development, design and production become likened to an interpretative 

process where the various groups are concerned to translate the information 

of research into technically and commerciable viable products. As the 

idea conceived in research becomes a design it begins to carry much more 

imperative demands for work activity, it becomes a definite guide for 

conduct. At the various stages of this process various groups develop 

their own specialist languages to describe and further their work but 

while this specialisation carries all the possibility of incomprehensibility 

to other groups, the ultimate Babel is constrained by the designation of 

hand -over points, points at which there are mutual obligations on groups 

to become intelligible to each other. The newcomer to an electronics 

(12) See, for example, the comments on the doubted loyalty of the expert 

in organisations made by Alvin Gouldner, "Organisational Analysis ", 

Sociology Today: Problems and Prospects, vol. II, New York: Harper, 1959, 

especially pp. 415-419. 

(13) An extended treatment is offered by Burns in T. Burns and G.M. 

Stalker, op. cit., Ch. 8, "The Laboratory and the Workshop ". 
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company therefore becomes a member of both the department and the wider 

grouping of the company, where the department tends to carry the main 

responsibilities for recruitment and training (14). The contrast between 

research and production in the extent to which there is scope for individual 

variations in response to manager demands can be illustrated by descriptions 

from a company recruitment guide. 

"The primary aim of the (electronics) research 
laboratories is to acquire a coherent background 
of knowledge of the whole range of physical 
phenomena which may reflect on electronics. This 
is achieved by adopting a research philosophy 
comparable to that existing in universities and 
by studying in depth the theory and properties 
of materials, devices, circuits and complete 
systems.... 

A feature of the laboratory is its flexibility 
and informal atmosphere. The scientific staff 
are encouraged to exchange views and contribute 
to each other's projects as well as being expected 
to assist in formulating programmes." 

"Many graduates are better suited to the faster 
tempo of factory life where a sense of urgency 
and constant striving after higher productivity 
provide the necessary stimulus for personal 
effort and achievement .... 

(a production engineer) must have a thorough 
knowledge of departmental routine throughout 
the plant and also of the time required to set 

in motion the many procedures to be scheduled 
before production can commence." 

The illustrations show two central points of contrast between research and 

production settings in their impact on new entrants, the first is in the 

extent to which activities are pre -programmed and the second in the time 

horizon of demands. The structure of work roles and relationships for the 

laboratory is characterised as 'flexible' and 'informal' in contrast to 

the 'routine', many 'procedures' and'scheduling' which characterise 

(14.) See the earlier discussion of departmental responsibilities in 
recruitment in Chapter Five and the discussion of on- the -job training in 
Chapter Seven. 



production departments. The cycles of activity for research are much 

longer term with the emphasis on study 'in depth' contrasted to the 

'faster tempo', 'sense of urgency' and 'constancy' of demands in production. 

The implications of these contrasts for the graduate on his entry 

to a department are twofold, firstly in the managerial efforts to direct 

his conduct through training and induction, and secondly, in the kinds of 

difficulties which he is likely to encounter in role -learning. Given 

the emphasis on originality and informality in the research lab we might 

expect the managers would favour efforts to control the nature of the task 

and encourage the newcomer to define his own role as a researcher in the 

research labs, (in terms of Schein's model they would favour 'internalisation' 

as the main mechanism for converting the newcomer to departmental purposes) 

and this is broadly in accord with the emphasis on direct entry for research 

labs discussed in Chapter Seven and underlined by managers. 

"I've resisted a lot of the formal induction 
schemes because I feel that they are more often 

suited to the development of production men. 
They might broaden someone but they are 
unnecessary for research." 
(Research lab manager) 

"We can't have a formal training programme 
because research is a moving target." 
(Research lab manager). 

For the production department we would expect greater reliance on off -the- 

job instruction or direct instruction by a supervisor in the routines and 

formal prescriptions for work conduct, and the graduate apprenticeships 

for entry to production departments broadly correspond to this situation, 

(and in terms of Schein's model indicate greater reliance on 'identification' 

as a change technique). Of course these induction techniques are not 

mutually exclusive, all that is claimed is a difference in emphasis. 

The different situations and schemes of introduction suggest that newcomers 

are likely to encounter different kinds of induction problem, in the 
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research lab where managers are not precise in their demands the newcomer 

may not know what is expected of him and encounters 'role ambiguity', 

while in production departments where demands are specified in detail, 

the graduate is more likely to experience conflicts between his own 

preferences for his work situation and that prescribed by management, a 

'role conflict' which Cyert and MacCrimmon term 'person -role' conflict. (15) 

If research and production represent strongly contrasted work settings 

then it must be remembered that there are intermediary stages in the 

translation of scientific knowledge into commercial products, and here 

the development labs appear to suffer popular misunderstanding, pose 

considerable problems of organisation for managers, and problems of 

comprehension for new entrants. The sources of popular misunderstanding 

are laid often at the door of those officials, statisticians, and 

commentators who use 'R & D' as a convenient short -hand for all innovatory 

activity. For the manager the organisational problems are those of 

devising patterns of work organisation to faster innovation, hence 

'flexibility', 'informal atmosphere' and encouragement to the exchange of 

views and mutual support, and yet the development lab manager is concerned 

to hand over designs to the factory and sales department and resist the 

'university philosophy' permissable in research. For the graduate 

newcomer development is a perplexing point of entry to the organisation 

because he shares with the layman many of the facile assumptions about 

'R & D' as an undifferential activity and about 'creativity' as a diffuse 

(15) R.M. Cyert and K.R. MacCrimmon, 'Organisations in G. Lindzey and 

E. Aronson, eds. Handbook of Social Psychology, vol. 1, Reading, Mass: 

Addison -Wesley, 1968. Role conflict may be of various kinds, for example, 

there are the conflicts which arise when two supervisors make separate 

and contradictory demands or when an individual attempts to meet the 

demands of two inconsistent roles. These concepts were introduced in 

Chapter Three, section three. 
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quality required throughout 'R & D'. (16) Again company recruitment 

literature can be used to illustrate the nature of work organisation and 

the implications for the newcomer in development labs. 

"One of the industrial functions which is least 
understood and whose full significance is seldom 
recognised outside industry is development. 
Development can be said to bridge the gap between 
research on the one hand and manufacture on the 
other, and it stands as an identifiable function 
in its own right. The uncertainty which surrounds 
the word development is explained by the loose 
and often incorrectly used phrase 'research and 
development' to describe what is often straight- 
forward product development with little or no 
research .... 

(Development) is always directed towards the 
attainment of a clearly defined objective - 
usually the design of some product which has to 
be manufactured and ultimately marketed. 
Development can therefore be defined as the 
theoretical, experimental and design effort 
required to create a new product or system .... 

Having differentiated the of 
research and development it is necessary to add 
that both of these frequently occur concurrently 
in the same laboratory." 

In the following sections the problems of entry to the working 

organisation as they were experienced by the sample of entrants will be 

discussed. This discussion will concentrate on two themes thos;of work 

demands and the extent to which the newcomer is expected to scan his 

work environment and formulate his own role definitions or is expected to 

follow the guidance of a supervisor, and the themes are discussed for the 

research and development departments and the production departments. In 

what follows it must be remembered that the samples of research and 

production departments did not include examples of all the variety evident 

in the electronics industry, for the research labs had limited budgets 

(16) For a discussion of confusions about 'creativity', see G.F. Thomason, 

The Management of Research and Development, London: Batsford, 1970. 



which did not permit the extent of private venture projects (and hence 

'university philosophies') of some of the industry's labs and the very 

recent origins of the integrated circuit have prompted some observers 

to liken these production departments to 'vast laboratories'. (17) 

(17) On the nature of samples, see section five of Chapter Three. 
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4. Entry to Work in the Research and Development Departments 

The end products of both research labs and development labs are 

paperwork, feasibility reports from the research lab and design proposals 

drafted into working drawings from the development and design lab. The 

idealised account of relations between research and development presents 

a smooth translation process. The research project might be distinguished 

into three typical phases, for example, a first stage of assimilating the 

problem characterised by a literature survey and proposals for further 

enquiry, a second stage of implementation of the experimental programme 

and review of the feasibility of alternative solutions, and a third stage 

with the construction of a demonstration model and final report with the 

design parameters for a successful device or system. At this stage the 

project might be transferred to the development department for engineering 

to a prototype stage. In development, detailed specifications drawn up 

by senior engineers may be followed by several stages of prototype building, 

for example, a stage one model to demonstrate feasibility in a working 

model may be followed by a stage two model which demonstrates that the 

model can be built in an acceptable time -scale from working drawings. 

From this second stage, the design and development engineers can draft 

the production drawings with the drawing office for despatch to the 

production departments. There are several points at which the industrial 

practice diverges from the idealised account. There may be mistakes in 

the labelling of the project and appropriate hand -over points. As one 

research manager indicated this error could arise from the desire of 

development engineers to undertake a research project and managerial 

policies to use research projects as rewards for their development engineers. 

"Are don't take the jobs so far and it's better 

to hand over to development people, we hand over 

a feasibility report concerned with the principles 

involved. One of the advantages of having a 

development unit on the spot is that we can hand 

over. We have transferred units to development 



-16- 

and five months or so later and they were 
drafted back. This gives development a 
flying start. I've drawn a fairly strict 
line between Research and Development, they 
have different types of people, different 
environments, and different backgrounds. 
Occasionally we get landed with development 
jobs which we don't like and occasionally 
they take a research job which we feel they 
make a mess of. They seem to regard a 
research job as a reward for their better 
blokes. They are doing a job at the moment 
that went to them and they tackled as a 
development job and landed in a mess with a 
half- working equipment. Now we are doing 
a broad study to sort out the mess." 

It is in this sense that Allen has characterised a good deal of industrial 

research as 'gap- filling research', research undertaken into fundamental 

phenomena an understanding of which is important for the solution of 

industrial problems but whose study has been by- passed in the development 

of academic science. (18) The importance of undertaking this research 

is not always realised until resources have been committed in development 

stages and the ill -fated TSR.2 project cancelled in 1964 provided some 

examples of such errors. (19) Other factors complicate the smooth 

transition account too. While contracts may be placed directly at the 

development stage or enter research labs, they may be terminated at these 

stages too. A frequent grumble of managers was directed at the managerial 

problems which arose from the 'holding periods' on military projects, 

where expenditure on projects was suspended during a Ministry review at 

a report stage and left problems of holding teams together and managing 

(18) Tom Allen, "Managing the Flow of Scientific and Technical Information ", 

opt (1t., Among historians of science and technology, there is a debate 
about the extent to which the development of scientific and technological 
information has been and continues to be relatively independent processes, 

see D.J. de Solla Price, "Is Technology historically independent of 

Science ", Technology and Culture, vol. 6, 1965. 

(19) G. Williams, F. Gregory and J. Simpson, Crisis in Procurement: A 
Case Study of the TSR.2, London: Royal United Services Institution, 1969, 

Pp. 47 -48. 
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other projects against the vagaries of this contract research. The length 

of such holding periods could mean that the project team responsible for 

one stage might have been disbanded by the time of approval for the next 

stage and a new team hasreto be assembled. 

The importance of these cycles of work activity on projects for new 

entrants lies in the opportunities and constraints which are created for 

job opportunities. As projects progress through research and development 

labs it is evident that they furnish quite different job opportunities, 

for example, different kinds of 'new 

there are variations in the kind and 

posed, and the scope for 'freedom to 

action' changes quite significantly. 

knowledge and skill' are demanded, 

degree of 'difficulty and challenge' 

carry out independent thought and 

Once researchers have decided between 

alternative courses of action, opportunities for independent thought and 

action are necessarily curtailed and beyond the stage one development model 

the scope for originality is similarly restricted in development, and in 

the later project stages a good deal of the work is routine testing. 

Of course the knowledge and skills associated with test are new to the 

graduate and valuable as a limited experience but 'challenges' tended to 

be associated with the preliminary stages of projects, with the assimilation 

of the problem or the preliminary stages of circuit design, in other words, 

with points at which analytical skills were most directly relevant and the 

scope for choice between alternative courses of action was greatest. 

Involvement with projects at these early stages was also important because 

of the difficulties of acquiring information about earlier decisions and 

their rationale at the later stages and by implication gaining an under- 

standing of one's own work role. 

Research managers were unanimous in their preference for taking a 

new entrant to the lab on to the early stages of a project, for in the 

early stages the discussion of alternative courses of action among senior 

engineers was seen as invaluable both as job instruction and training, 
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the newcomer could be assigned a portion of the project as his own 

responsibility and could link his own personal development to the success 

or failure of the project. 

"We realise that if someone takes on a job 
two -thirds of the way through then not only 
does he not understand it, even if he did 
understand it, he ddn't start it and there's 
not the same incentive. And there's always 
the feeling that if anything goes wrong then 
he can blame it on the first two -thirds. So 
there are many reasons why we shouldn't start 
someone late on a project, certainly from 
an economic point of view we try not to do it. 

Sometimes the contract runs on several years 
but someone comes on a new aspect. I would 
have thought only 20% of our intake came in 
at the end of a project." 
(Research manager) 

"We put new people at the beginning of a 
project because it's inefficient midway 
through. At the beginning you can run over 
the project with him. Someone may leave so 

you have to bring someone new in, if you 
don't allow for some training in the time 
scale then someone may be hopelessly out." 
(Research manager) 

Managers of development labs, however, preferred entry to projects either 

at the beginning or at the end, on the test stages. At these stages of 

development projects, managers argued that a supervisor could outline the 

nature of the project, the function of the device and the rationale behind 

design decisions and the division of labour on the project. Again it 

was felt that in intermediary stages project engineers had neither the 

documentation nor the time to generate information for newcomers. 

"The ideal point of entry to a project is 

either at the beginning or at the end. At 

the beginning someone can be integrated 

into the team or at the end, where a great 

number of mundane tasks remain to be done 

and a great deal of historical knowledge is 

not necessary, the path is well- defined. If 

someone comes into the middle of a project 

other people know what they are supposed to 

be doing and where they are going, so it 

wouldn't be wise unless the team has lost 

members and has got the time and takes the 

trouble to make new members of the team." 

(Development lab manager) 
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"Where someone comes in is largely chance. 
If it is at the beginning then it is at the 
feasibility stage and it is rather like the 
deep end. If it is at the end then it is 
sub- unit testing and this is a good way to 
find out what the unit produces and it is a 
good point to come in. You can't always 
introduce graduates at the test stage. You 
could give him a piece of paper and say'go 
and see if such and such can do that and 
then come back and ask questions' - that 
is a good way of learning." 
(Development lab manager) 

The importance of work cycles had become evident in the pilot study 

where managers spoke of the difficulties of developing a competence on 

'open -ended problems' among graduates trained in universities on 'closed - 

ended problems'. (20) ;While managers conceived of the problem as one 

of broadening the range of variables considered in a problem and saw the 

ideal point of entry in the early stages of a development project, it 

was evident that their illustrations and graduate experiences suggested a 

tendency to put newcomers on to 'safe'projects or into technician roles 

supporting existing projects. Instead of demonstrating to the newcomer 

the processes by which designers convert 'open -ended problems' into a 

'closed -ended problem' by assigning constraints to the range of potential 

solutions, managers appeared to select assignments which exacerbated the 

estrangement of the newcomer rather than facilitated integration. To 

assess graduate reactions to first assignments in the main fieldwork, 

responses to a question, 'At what stage did you enter the project on your 

first assignment ?', were coded into simple categories of 'beginning/early', 

'middle', 'late', 'test' stages. Clearly independent judgements about 

stages are difficult since on complex military weapons systems the overall 

project may be very lengthy but have discreet problems. For example, 

one project emerged from a Ministry decision to adapt an already developed 

(20) See the discussion in Appendix Two, section four. 



Table 1 Proportions reporting satisfaction with initial project assignments 
by department and stage of entry to project (percentages) 

Research 

Stage pf entry Satisfied Dissatisfied 

Development 

Satisfied Dissatisfied 

Entry 82 17 66 8 

Middle 6 42 16 44 

Late 12 33 9 30 

Test /Commissioning 8 9 18 

100 100 100 100 

(16) (12) (32) (60) 
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missile for helicopter use. To the incoming graduate the specification 

for a trigger device for use in a slow -moving or stationary helicopter 

base in contrast to one available for a fast -moving aircraft base was a 

new project despite a lengthy project history for the original missile. 

These problems of observer classification, compounded by the juggling of 

staff between contract and private venture projects, were evaded by 

adopting the graduate's definition of the stage. The pattern of responses 

is broadly as expected with greater difficulties and dissatisfactions with 

first assignments being reported by those who arrived in the middle or 

late stages of projects, save for those development engineers who found 

the test or commissioning stages invaluable in experience as an introduction 

to department work (see Table 1). 

A theme underlying the frequent satisfaction with early entry was 

the satisfaction with greater scope for applying existing skills and for 

shaping the project and terms of reference under which others worked. 

As one engineer explained, where knowledge was a highly- prized resource 

the background information and organisational familiarity acquired by an 

early assignment gave the newcomer the status of an 'old- timer', very 

quickly he became someone to be consulted by others. 

";'then I first came I did odd jobs and then 
I got on a project for a multiplexor for 

data transmission and I've been on that 
for thirteen months. Fortunately I got 
a fair share of the design of it, I came 

right in at the beginning and found this 

a great advantage. Other people, who 

came in later, didn't get anywhere near 

as interesting work .... 

Coming in early on a project you get more 

authority than your actual grade merits. 
Other people came in later with the same 

qualifications and the same grade and you 

find you have authority over them because 

you know more about the project." 

(Graduate engineer - development lab) 

These comments can be compared to those of the entrant to the middle stages 



of a project. Both development engineers dwelt on the importance of 

knowledge as a resource in the organisation and as a source of power and 

control over one's own situation and that of others. Lacking a knowledge 

of project and organisational history the late entrant was continually made 

aware that he did not share assumptions which others took for granted, 

that he was still untutored in the use of the organisation, and that he 

remained a stranger. 

"I came in on the middle of a project working on 
the synthesiser for an aircraft radio. This 
was under a senior engineer with two assistant 
engineers, and we produced the synthesiser for 
several devices. The senior engineer was in 
charge of our project and several others, and 
he gave out the parts of projects such as the 
design of smaller circuits .... 

I would have preferred to come in at the beginning 
of a project when the contract comes in and before 
they have decided on the overall plan of it. I 

believe that they have just three or four senior 
men, they decide everything and they just give 
out bits to different sections. I think it 

would be better if they have a big lecture or 
conference and tell everyone what they have 
decided and why - before they start giving out 
the different bits. It tends to be that you 
get your bit and you have the compass of your 
bit but you are not quite sure how it fits 
into the overall section. They are quite 

willing to tell you if you go and ask them. 
They are not secretive, it's laziness more 
than anything. There's no regular way of 

getting information." 
(Graduate engineer - development lab) 

These problems of a threat to one's routine work assumptions by manifestations 

of ignorance and confirmations of one's newcomer status appear more 

acutely felt in development labs compared to research labs because in 

the former history tended to be oral history, whereas the various reports 

demanded of researchers constituted a form of documentary history. Insofar 

as the research labs approximated to more applied projects or became 

involved in advanced development they approximated the work habits of 

development labs. 

In the Scottish pilot study one development manager maintained that 



TABLE 2. Patterns of ,ork Organisation by department of employment 
(percentages) 

R & D Non- R & D 

Research Development Production Applications 

Alone with little 
consultation 1 11 

Alone with occasional 
consultation 16 15 22 50 
Alone with frequent 
consultation 58 1+5 34 50 

Close, informal 
consultation 23 30 2 

Formal group 3 9 11 

100 100 100 100 

N = (31) (108) (9) (4) 

TABLE 3. Patterns of consultation in Problem Solving (percentages). 

To whom first 
approaches are 
made 

R& D Non R& D 
Research Development Production Applications 

Supervisor 29 45 50 14-2 

Other than supervisor 18 8 28 

Anyone available 53 1+7 50 28 

100 100 100 100 

N (28) (121) (10) (7) 
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the 'good recruits' did not need a close definition of their work - 'they 

create an area of work for themselves'. This view puts the emphasis for 

induction and training on the individual as a scanner of the organisation 

and provider of his own solutions to role and identity problems rather 

than a recipient of ready -made directives from supervisors. Yet the 

supervisor remains a central figure in the work life of the new entrant 

to a research or development department. 

Supervisors tended to be organisationally and geographically little 

distant from the recruit, typically drawn from the senior engineers or 

designated section leader (21) The immediate supervisor was responsible 

for breaking down the project into discrete portions to be carried out 

by individual engineers. Thus although the research lab work might be 

organised into teams of engineers by techniques or specialisms and the 

development lab work organised into project teams, the work of a new 

graduate was frequently experienced as an isolated and independent 

'sub- contract' to the section leader. The essentially dyadic pattern 

of work relationships was confirmed by graduate reports of their work 

habits (see Table 2). While there are variations in the degree of 

consultation with others, the majority of the graduates emphasised that 

their work was carried out alone, and this pattern was stronger in research 

(21) Recent graduates entered as junior or assistant engineer and the 

typical progression was to 'engineer' after two years, and to senior 

engineer after a further two - five years. Section leader was usually 

the next level and might involve responsibility for five to ten engineers 

and assistant engineers. As the first line supervisor, the section leader 

was usually regarded as a critical point marking the branching of technical 

and administrative careers. Few graduates were supervised directly by 

the departmental head. Project leader was a transitory status during 

the duration of a project, at the termination of a project the project 

leader reverted to his title of senior engineer or section leader. Thus 

the majority of graduates were supervised by someone who was less than 

ten years older, only two or three levels higher in the hierarchy and 

worked on a nearby bench in the lab - engineers (8), senior engineers (59), 

section leaders (56), project leader (36), and departmental head (11). 
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than in development. :F,here consultation occurred it was frequently as 

a reference back to the section leader or senior engineer. Deciding at 

what point to ask for guidance was one of the central problems for the 

newcomer, given that he saw his supervisor as someone with responsibility 

for promotions and increments, a request for guidance, as a confession of 

ignorance, could carry penalties and the ability to work without supervision 

carry rewards. Few, however, elected to avoid supervisors and the 

majority suggested that on encountering a problem they would consult the 

supervisor in the first instance, or as they became knowledgeable about 

other lab members they would consult anyone available (see Table 3). 

Attempting an independent solution was important not so much because 

supervisors expected it as because feedback on how one was coping in the 

new situation was highly valued. 

"I'm very much on my own after I've been 

given a problem and a couple of guidelines. 

Normally I just work away until I come to 

an impasse. I have to define the problem 

and if I can't solve it myself I usually ask - 

who, depends on who comes up first when I'm 

looking puzzled. That's unfortunate some- 

times because I've not defined the problem 

to myself." 
(Research physicist) 

"I'm usually given so many days or weeks to 

do a job and if it's not coming out I get 

an opinion. I would like to be able to 

do it myself but I've only been in the job 

a year and I don't know quite a lot of basic 

physics. If it's a general question then 

other people in the lab can give general 

hints, on more specific things I see the 

section leader because once a week he has 

to go to a meeting to report on the project." 

(Research physicist) 

"It depends on the kind of problem. Some 

problems are intellectual and it's more 

satisfying to work it out for yourself, some 

are very pressing bits of information, like 

knowing what they are doing in production. 

Really it's not a question of how difficult 

the problem is, but how long can you afford 

to spend on it. Usually the project leader 

can tell me who has the answer." 

(Development engineer) 



TABLE 4. Confidence in Supervisor's job knowledge by department (percentages) 

R D Non- R & D 
Research Development Production Applications 

Very little - 1 - - 

Not very well 8 9 10 - 

Fairly well 42 33 20 33 

Very well 50 54 70 50 

Don't know - 3 - 17 

100 100 100 100 

N = (26) (11; (10) (6) 

TABLE 5. Confidence in Supervisor's competence by department (percentages). 

R& D Non- R D 

Research Development Production Application 

Poor job - 3 - 17 

Fair job 4 21 - 

Good job 27 31 20 33 

Very good job 42 31 50 33 

Excellent job 2) 7 30 

Don't know 4 7 - 17 

100 100 100 100 

N = (26) (11) (10) (6) 



TABLE 6. Confidence in Supervisor's willingness to help by department 
(percentages) 

R &D Non - R &D 
Research Development Production Applications 

Not at all - 1 - - 

Very little - 1 - - 

Somewhat 6 5 

To a considerable extent 60 6o 40 57 

To a very great extent 34 J3 60 43 

Don't know 

N = 

100 100 100 

(30) (121) (lo) 
100 

(7) 

TABLE 7. Confidence in Suervisor's skills in human relations (percentages) 

R & D Non R & D 

Research Development Production Applications 

Poor 

Not very good 8 

5 

15 

- 

- 

- 

14 

Does other things better 36 48 50 43 

Fairly good 47 28 5o 43 

Better than most 8 2 - 

Very good 

Don't know 2 

100 100 100 100 

(27) (111) (10) (7) 
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The relationship with the supervisor assumed an umbilical character as 

the supervisor was the source of specifications and work assignments, hints 

on solutions, guidance on sources of information and facilities, the 

deliverer of chastisement on delays or mistakes, and ultimately the source 

of managerial assessment on performance. The relationship was rarely 

marked by overt conflict, however. Resentments about work assignments 

or pay increments were directed against 'the company' or 'higher management' 

rather than supervisors. While the tendency to transfer grievances across 

hierarchical levels to avoid face -to -face conflict has been evident to 

other researchers, the tendency to denigrate 'managers' and praise 

'supervisors' owed something to the graduate's readiness to accept the 

'senior engineer' or 'section leader' as an engineer, someone technically 

competent to exercise legitimate supervision. (22) Beyond departmental 

head managers were regarded as ignorant of lab conditions and the sources 

of the interferences and intrusions which constrained research and 

development. Supervisors tended to be highly regarded for their competence 

and willingness to guide the newcomer (see Tables 4, 5, and 6). If the 

social skills of these supervisors were less highly regarded than their 

technical skills, it must be remembered that where largely autonomous 

work situations were sought then technical rather than social skills were 

sought in supervisors (see Table 7). 

Both the jobs themselves and the supervisors were the principle 

sources of information for the newcomer about organisational role 

expectations. In addition to telling the newcomer about expected and 

legitimate behaviour, these sources tell the newcomer about the occupational 

identity, about the kind of person he is expected to become and the kind 

of qualities which he should manifest. One of the central points of 

(22) See M. Crozier, The Bureaucratic Phenomenon, London: Tavistock, 

English edition, 1965, pp. 40 -46. 
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interdst in the research was the extent to which organisational role 

demands and the occupational identity thrust on the graduate in industry 

was compatible with the kind of identity which he sought to sustain. The 

literature on identities distinguishes several kinds of identity; the 

'social identity', the broad social category into which a person may be 

placed by others; the 'personal identity', the distinctive category which 

attaches to one individual by virtue of his own unique life- history; and 

the 'ego identity', which is the individual's subjective conception of 

himself and his situation. (23> 

In our discussion, the relevant 'social identity' is that summarised in 

the occupational title, and the point at issue is the extent to which the 

meanings attached to engineering signified by the work situations of 

recent graduates were welcomed by graduates and compatible with their 

'ego identities'. (24) The extent to which conflict existed and the 

significance of the conflict for organisational and occupational commitments 

is discussed in the final section of this chapter, for the moment attention 

is concentrated on the learning of the organisationally -relevant 

occupational identity. In itself this exercise is interesting because it 

lends support to the earlier argument about the methodological 

unsophistication of those studies which lump together research and development 

labs in their discussion of orientations to work, occupational values, 

and job satisfaction. (25) 

The question 'chat do you think makes a good engineer ?' was asked 

on the assumption that answers would give clues to the kind of work problem 

(23) E. Go%Éman, Sti 
Englewood Cliffs: Prentice Hall, 19.3, pp. 2 -3, 57, pp. 105- . 

a: Notes on the Mana:ement of S oiled Identit , 

b h:J Q,1 

(21+) Gouldner discusses the issue in terms of the distinction which those 

identities 'consensually agreed as relevant or legitimate in that setting' 

(manifest identities) and identities 'defined as irrelevant or inappropriate' 

(latent identities). See "Organisational Analysis; op. cit, pp. 410 -412. 

(25) See Chapter Six, section four. 



TABLE 7. Definitions of the 'good engineer' by department (percentages) 

Desirable qualitites Research Development Production 

1. Enjoyment of engineering 

2. Ability to grasp the 
problem 

3. Ability to grasp basic 
principles 

4. Imagination 

5 15 

22 6 

22 tF 

35 3 

5. Intuition /'feel' for 9 7 - 

engineering 

6. Practical outlook and 
abilities 18 33 18 

7. LoJical /methodical approach 5 10 9 

8. Perseverance 9 10 18 

9. Ability to meet time 
scales - 3 

10. Skills with people 20 64. 

Total number of multiple responses 28 102 12 

N = (23) (95) (11) 
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which was central to their situation and the kind of person they had to 

become in order to overcome them. (26) While it might be possible to 

derive a composite definition of a paragon of virtue from the responses, 

as Jahoda did among the students of Brunel University, the variations in 

response across departments appear more interesting as indicators of 

different preoccupations in different departments and as confirmation of 

the research manager's belief that research and development have 'different 

kinds of people'. (27) 

Among the researchers the emphasis was on analytical activities and 

imaginative or original approaches to problems and solutions, for them. 

the major issue was frequently the definition of the problem and solutions and 

tCS¢ 
/were most likely to be generated by someone who could work from 'basic 

principles' (see Table 8). 

"It always seems to depend on basics. If you 
know how things work from first principles you 
can work it out from there." 

Linked to analytical abilities is the diagnosis of problems the researchers 

emphasised imaginative and original solutions. 

"Our line doesn't seem to be engineering, you've 

got to think of new ideas and ways of doing 
things. Engineers are necessary to carry out 

ideas, but you need something else for the ideas." 

"Somebody who is original and can see the wood 

through the trees." 

While some of the development engineers took up these themes, the 

preponderance of responses emphasised other and sharply contrasted themes. 

(26) See the earlier discussion of the rationale for the question 'What 

makes a good student ?' in Chapter Seven, section six. 

(27) Jahoda derived the composite definition from first year mechanical 

engineering students: 'first -class technical education; ability to express 

oneself concisely in the written and spoken word; an essentially practical 

outlook; originality of mind; ability to supervise staff and to coordinate 

the activities of different people or groups of people; enthusiasm and 

interest for the work in hand'. M. Jahoda, The Education of Technologists: 

an exploratory study at Brunel, London, Social Science Papberbacks, 1963, 

p. 35. 
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Greatest stress was laid on the necessity to be 'practical'. The 

development engineers emphasised that practicality went beyond technical 

feasibility to include costs, time scales and commercial viability. Above 

all this was empirical knowledge and gained by experience. 

"You've just got to be very practical in 
everything you do - you've got to take cost 
into account. Most of it comes with 
experience, there are a lot of tricks of 
the trade." 

"A person who knows his job - practical 
experience keeps coming into it. You 
come across practical things you never 
dreamt about." 

"My section leader is a very good engineer. 
I think a good engineer is someone who has 
got a very complete technical background, 
it needn't be very deep but solid as it goes. 
Practical experience is very important, 
there are a lot of tricks of the trade and 
ways out of certain situations." 

This emphasis on empirical knowledge and skills, on 'tricks of the trade', 

carried as a corollary a playing down of the importance of analytical skills. 

Sufficient experience enabled the person to become the 'good engineer' as 

second nature, the personal identity was overtaken by engineering, and, 

even if 'made rather than born', 'good engineers' were marked out by 

'green fingers'. 

"A lot of people I work with seem to have 
green fingers in the way they put circuits 
together. I think the section leader's 
unusually good, he's had ten years' exper- 
ience. They design systems but they know 
how to put the boxes together." 

"An intuitive feel of what to do, not 

necessarily good on theory, not very good 
at all, but good on the practical side." 

Among those who had completed a year in industry 'practicality' became 

linked to the qualities of 'persistence' and 'perseverance'. These were 

important to the completion of projects, in ensuring that projects went 

beyond the initial design stages to the routine work in the latter stages 
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of projects. Again there is the observation in comments that 'persistence' 

and 'perseverance' are qualities distinct from 'originality' and not always 

found in association. 

"Someone who can see the job through. 
Working on problems and it's not coming 
out you tend to say bugger it. It's 
difficult to persevere on some problems 
when it gets boring." 

"Someone who is prepared to take the bad 
along with the good. Someone who's 
prepared to do the original stuff but 
doesn't get bored too easily with what 
follows." 

Perhaps the most striking contrast in the pattern of responses between 

research and development labs lay in the emphasis on the importance of 

'social skills', on 'getting on with people', in the development lab 

compared to the absence of any such references in the research labs. This 

contrast is consistent with the rather different work habits revealed 

already, and in their comments the development engineers drew attention to 

their dependence on fellow engineers within the lab for information and the 

importance of their contacts with drawing office and production departments. 

"I suppose quite a bit depends on getting 
on with other people because of information 
and you get to know a lot about what is 
going on." 

"You've got to be able to communicate with 
people and be tactful. The way you deal 
with people here is more important than 
anything else." 

', "that I have presented in this section is an account of industry as 

a threatening situation for a recent graduate, especially an academically 

able physics graduate. Through exploring graduate perspective on industrial 

organisations, asking about their definition of their situation and the 

kind of person they would have to become to cope with that situation, it 

is evident that industrial demands challenge the conception of oneself 

acquired through academic success. Whatever sympathies managers might 
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have had with graduate preferences to begin assignments in the early stages 

of a project, whether this occured was a matter of'luck'. The first 

lesson for the graduate was that he had to manage his situation to secure 

assignments. 'Industry' did not use his skills: the onus was on him to 

become useful. Outside research, acquiring useful knowledge and skills 

was a threat because it involved acquiring factual knowledge and local lore, 

'tricks of the trade' and 'rule of thumb methods'. These were areas of 

knowledge and skill which did not distinguish a distinctive graduate 

contribution, they merely highlighted adequacies compared to older engineers 

and technicians. The proclivity to define one identity along with a 

counter- identity was particularly apparent and meaningful in response to 

the probe question about a 'poor engineer'. Some of the physicists were 

resentful about being asked for an opinion on engineers and apologised for 

the company policy which "branded all professionals in R & D as engineers ". 

In their answers, the physicists in research tended to emphasise the 

benefits of a scientific education, to stress the importance of theoretically - 

grounded knowledge and hold 'rule of thumb' methods in some contempt. 

Furthermore they could claim some scope for the expression of themselves 

as scientific researchers in their research departments. 

"I think I am sticking to nay training more 

than to an engineer's approach. From what 
I could gather their approach to things was 
more empirical. They fitted their results 

to an equation, without trying to find out 

why the results occur. They say this occured 

and will occur again without trying to explain 

why - whereas I am trying to approach it in 

this way." 

"There are a lot of people involved in 

engineering who more or less quote formulae 

from books and don't know where they come from 

or understand them. I don't hold with that - 

I don't like it." 

The definition of the 'poor engineer' among the graduate engineers in the 

development labs was the antithesis of that offered by the graduate 
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physicist in research. The same paired contrasts of empirical and 

theoretical knowledge were evaluated quite differently and the 'poor 

engineer' was marked out as the 'scientist type' or the 'academic type'. 

"Some people ought to be scientists. One 
chap on our graduate project was a very 
good Cambridge engint:er. He more or less 
designed our instrument and was technically 
very good, really inventive. But he couldn't 
meet deadlines - the rest of us had to make 
him, lean on him. He had a very good idea 
which unfortunately would have taken ages, 
so he went away and came back with something 
much quicker." 

"Some engineers tend to be not very good 
because they're too academic. They tend 
to waste a lot of time and not be practical." 

"Someone who is too wrapped up in the 
technical aspects of things, not prepared to 
get down to it. Someone who shouldn't be 
in the engineering profession, they'd be 
better off in research or something like 
that." 

"It's very good to have a brilliant idea 
but not unless it's practical. We have 
a saying round here that 'it's a (Johnsonism)' 
after the chap who was always thinking up 
brilliant ideas which became difficult to 
tolerate, that's to say, rather difficult 
to make work with everyday components. 
(Johnson) was quite a brilliant theoreticion 
but rather poor on anything practical. Now 
he's left and gone to another firm." 

Other references made an association between academic brilliance and a 

lack of social skills, and 'ivory tower types' became the butt of further 

criticism. In this context the suggestion that development engineers 

should enjoy their work as an important ingredient for success becomes 

intelligible, because it corroborates the view that either by selection of 

socialisation certain kinds of person, identifiable by their affinity 

for an academic scientific training, should be excluded from industry or 

at least contained within industrial research. 

In attempting to establish a successful transition to industry one 

strategy among the development engineers was to exaggerate the social 



distance between university and industry and to compound several role 

transitions and link the transition from student engineer to industrial 

engineer to the more general processes of maturation from child to adult. 

"I would say that conduct here is much more 
mature. I would say that students are very 
much more childish in behaviour and attitudes 
to work at times. This element is just not 
present when you get into the job. The 
sense of humour's changed and the conversation.... 

In college we might not work one evening, we 
might all go into the bar and not do any work 
that night. Really it was a waste of time. 
At college we were constantly talking - 
conversations about women, all sorts. Some 
parts of the conversation were quite worth- 
while, and it was possible to have a really 
serious discussion about politics, but in 
general I think people there much more 
frivolous. Now it's just not appropriate. 
I think it's a case of in a few months growing 
up. I don't feel inclined to carry on as a 
student any more. I could no more imagine 
one of the people from our lab going on a 
demonstration than fly." 

Perhaps the Autumn of 1968 heightened the consciousness of public debate 

about students and legitimate conduct to a degree beyond levels obtaining 

in the preceding years or subsequently. Events on the'Anti - Vietnam 

war' demonstration of 28th October became ready examples of conduct in 

which some students might indulge, ('Arts students at that'), but which 

was out of character for engineers. Even an occasional sympathy for 

student grievance was sharply demarcated by disapproval of public 

demonstrations and disruptive activities. In politics as in dress, the 

engineer was one 'who did not stand out from the crowd', someone who 

sought his identity in acceptance of prevailing values and norms, for 

established procedures defined the bounds of feasible action without the 

anomie confusion risked by challenges to the status quo. In the process 

of role transition, the graduates became aware of the gap between that 

'ego identity' which they brought to the industrial lab and the kind of 

'persona' which they ought to present to supervisors and colleagues as an 
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acceptable front, a contrived 'self' which manifested the kinds of qualities 

of character evident in the 'social identity' which supervisors and 

colleagues sought to impose on newcomers in the lab. (28) An important 

element of this persona was a demonstration of one's availability for work 

by taking up a serious demeanour and acknowledging that the social moratoria, 

which permit student conduct, and sanction the very overt displays of role 

distance among students, or sanction humour, are suspended. Again the 

comments of the development engineer emphasise 'practicality' as an 

essential part of their front in conformity with the identity of the 

engineer. 

"Changing from university to industry you 
feel you present a more staid outlook on. 
life. You look back at some of the things 
you did in your university career and you 
think you were mad at the time. Of course 

you thoroughly enjoyed it and would have done 
the same if you had a second chance. The 

main change is completely different atmosphere - 

a change from a largely academic one to a 

practical one .... 

You feel university students tend to be a 

little boisterous and you feel that in 
industry you are somewhat less boisterous, 
there's not the opportunity. You work a 

9 - 5 day if you like, in university you 
don't." 

"At university people tend to be apathetic. 

Here it's a bit more lively and interested, 

so long as you don't have a sense of humour 

in your work. If you have a sense of humour 

in work it goes against you. People tend 

to think you're not serious. I've seen it 

happen to people. I've known what I thought 

of these people and been prepared to laugh 

jokingly, but I've restrained myself. You 

are marked out as frivolous. Engineers are 

very practical people and you have to take 

work seriously. You have to keep your 

sense of humour for home." 

(28) E. Coffman, Stigma, op. oit. 
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The existence of an industrial subculture which defines the kind of 

person and conduct appropriate in industry and, in demeaning analytical 

knowledge and skills against factual knowledge and skills, attaches meanin;; 

to conduct and demarcates the boundaries of industry against universities 

puts into context the Swann Committee fears that the existing state of 

industry might deter graduates. This kind of subculture is more likely 

to be a stronger deterrent among those graduates whose identity has been 

shaped by success in the academic system, notably the academically -able 

physicist. Whether it is an effective and overriding deterrent depends 

on a number of other factors or commitments. The importance of the 

labour market and the state of the labour market in the 1960's as one set 

of factors in the flow into employment has been discussed already in 

Chapter Four, here it can be added that analysis of R & D expeditures by 

type of expenditure suggests the much greater preponderance of development 

expenditures against research expenditures and hence the much greater 

frequency of those settings in which hostility to academic science and 

physicists could flourish even in science -based industries. And when 

the electronics industry is put in the context of all manufacturing industry 

and R & D expenditures then the pattern of flows into employment in a 

period of increasing employment opportunities in academic settings is 

also intelligible in terms of the models of choice outlined in Chapter Six. 

How entrants to industry coped with their situation and the extent to 

which commitments were encouraged to the working organisation is summarised 

in the concluding section, which follows a brief comment on non- R & D 

departments. 
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5. Entry to Work in the Non - R & D Departments 

Comments about entry to work in the non - R & D departments on the 

basis of the 1968 study must be circumspect since the samples were drawn 

from departments with distinctive characteristics and the numbers of new 

entrants interviewed were small. Eleven recent entrants were drawn from 

the production departments of three establishments of one company engaged 

in the manufacture of semiconductor devices and seven recent entrants were 

drawn from an applications department of the same company. Despite the 

small size of samples responses were internally consistent in pointing to 

different work experiences and problems in the non- R & D departments 

compared to those found in R & D. These differences served to underline 

the disjuncture between university and industry and the role expectations 

held by managers that graduates should not differentiate themselves as 

a distinctive class of employees by reference to their university- gained 

resources of analytical knowledge and skill but should concentrate on 

acquiring technical knowledge and skills of a factual kind through job . 

experiences and didactic contacts with supervisors and should develop 

those social skills essential to the smooth functioning of a cooperative 

enterprise. 

Recruitment to production departments was regarded by both managers 

and recruits as a first step towards production management. In two of 

the establishments recruits entered as trainee production engineers and 

in the micro -electronics establishment they entered as production trainees 

into the quality assurance department. Although the company graduate 

apprenticeship scheme had been abandoned, the production trainees were 

engaged on a two year training scheme which differed from the older 

scheme largely by longer periods of assignment to departments and the 

greater participation of the trainees in the determination of both the 

choice of department and length of stay. The micro- electronics training 
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scheme was described as 'informal', it was intended that trainees would 

circulate around departments but the number of departments and length of 

stay were unspecified in an establishment which had not recruited graduates 

for two years and was still drafting training schemes to meet E.I.T.B. 

approval. The applications laboratory, although physically located next 

to a factory, was part of the commercial marketing organisation, responsible 

for the exploration of possible applications for electronics devices, for 

ay. 
the advice on desirable new products to /company, and for advice to the 

customers on use of devices. Recruits to applications departments had 

opportunities for project work in labs using some of their university 

training in the short term, some even called themselves 'development 

engineers', and envisaged career paths into managerial posts in either the 

technical or commercial field. Thus new recruits to these non -R & D 

departments encountered training schemes similar to the R & D departments 

in their emphasis on 'on- the -job' training but different in a 'perambulatory 

tour' element. 

In the production departments first assignments for the production 

engineers were usually in the works study project and the quality 

assurance trainees were assigned to undertake statistical investigations 

of failure rates on the production of batches of devices. As in the Rec. D 

departments the time scale of activities played a significant part in the 

nature of assignments. The time scale of projects in production departments 

was much shorter than either research, development, or applications 

departments, and the constructed time scale associated with production 

was compounded by the heavy losses which Were being incurred by all British 

companies in the micro- electronics sector. (29) One important facet of 

assignments in the production departments was that tasks should have low 

(29) See Chapter Four.. 
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"We don't give newcomers work critical to 
the programme, we only give critical work 
to those who can bring home the bacon." 

From the graduate's viewpoint these low priority projects had their 

consequence in maintaining the newcomer in a boundary position. 

"My feelings vary from day to day but I 
would like to remove a general feeling 
that I am playing a game. O.K. it fills 
in my time but it isn't for real. At 
the moment I have a work study project. 
I was quite relieved to get this because 
it takes away the feeling of being guilty 
at wandering round with nothing to do. 

But nobody has looked at this valve type 
for years and it may be out of business 
in three to ten months. It's only a 
small production run anyway and the whole 
thing is geared to give you the impression 
that it's a game rather than for real. O.K. 
it will be good experience and useful but 
I would prefer to give some useful contribution 
and not play a game, disturbing a lot of people 
on the way." 
(Production engineer) 

Curiously it is the very definition of the situation as one in which work 

is largely evaluated in terms of its contribution to personal development 

rather than to some collective goal - 'working for oneself rather than 

for others' - which gave rise to the graduate's objections in this case. 

Among the production managers there was an emphasis on giving discrete 

tasks to newcomers as there was in the research or development labs. When 

it is found that the task which is devised from this effort to simplify 

the entry problem is largely a routine exercise, the assignment is 

justified on the grounds it is another facet of loyalty, of learning to 

undertake menial jobs willingly. 

"To some extent it always works out that we 

give an individual something fairly specific. 

The first week or two should be acclimatisation 
just getting the feel of what we are doing 

anyway, then we hope for some fairly specific 

field for him to get his teeth into, to give 

him some competence. Around that job the 

specialised information should be vested in 
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the hands of his boss who should be able to 
explain. He should be given a fairly clear 
steer to his job. 

He may be given some analytical work at first - 
data analysis or some physical experimentation. 
Analysis is frustrating, just sorting sheets, 
and the graduate may complain we should employ 
lowly paid clerical operators to do this. He's 
right of course, we should, but the trouble is 
we haven't got enough low paid clerical operators 
and often they've not got quite sufficient 
technical appreciation of what they are doing to 
do the simple sorting. Graduates have a 

tendency to see themselves as though they ought 
to be doing something more high powered rather 
than the menial tasks, but we all have to learn 
to do menial tasks, there are a lot of jobs I 
don't like doing." 

(Production manager) 

There are two further important and related points in this production 

manager's comments on the work situation, the first point is about the 

level of difficulty in the task and the kind of skill required for its 

resolution and the second point concerns the nature of the supervisory 

relationship. Graduates tended to agree that the analysis of rejects 

was a routine activity and concentrated criticism on the low utilisation 

of their technical knowledge and skills in work. They tended to see the 

inter -personal relationships which were affected by routine technical 

decisions as complications with which they might be better able to cope 

as experience augmented their personal fs /31r. The wages of the operators, 

a largely female staff, were influenced by the reject rate and so the 

decisions of the graduate on a quality control exercise influenced the 

income and work conditions of operators. In any event the recommended 

action was rarely given directly by the recent graduate to the operators 

but referred back through his own supervisor to their foreman. This 

emphasis on the procedure was prompted by the desire to insulate various 

relationships and the graduate from the consequences of his political 

naivete and the insistence of foremen jealous of their position against 

newcomers. These graduates in production departments were distinctly 
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conscious of authority relations in their departments and they did not 

refer to their relationships with supervisors by egalitarian phrases such 

as 'working with X' as research or development engineers had done in 

interviews. 

The applications engineers faced problems of entry to project cycles 

too, although these were considerably eased by the shorter project lengths 

and greater clarity in the definition of problems which came through the 

marketing organisation. Within the first two years the newcomer tended 

to be shielded from contacts directly with customers although he might 

meet with them and his supervisors. In this early employment period 

work tended to be analytical involving statistical analysis or experimental 

work, and in some instances, assignments which might include contact with 

production or research departments in other company establishments, in 

other words, in situations where conduct could be monitored before exposure 

to customers and 'outsiders'. The extent to which this early work period 

was marked by a preoccupation with technical problems can be judged by 

the traits of 'practicality' and 'intuition' marked out among the 

characteristics of a 'good engineer', and omission of references to social 

skills, among the applications engineers. 

In their comments on the characteristics of a 'good engineer' the 

production engineers revealed a preoccupation with problems for which they 

had little preparation in either their university education or their 

industrial training. The main resource required in their situation was 

described as the 'ability to get on with people'. Dressed in their dark 

ties and dark suits, the production trainees identified themselves with 

management and presented a very different persona from that associated 

with the sports jackets and pullovers of the research or development labs. 

Yet it was a performance which graduates found difficult to stage, for 

whenever crisis situations arose the policy directives were clearly seen 

to come from their supervisors. Where factual knowledge of production 
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processes or company procedures was at a premium then the graduates were 

clearly disadvantaged compared to operatives and their supervisors. In 

a situation in which it was difficult to sustain claims to a privileged 

position on the basis of delegated authority or relevant competence, it 

was always tempting for the graduate to mount fraudulent claims by 

'blinding with science' his onlookers or by emphasising qualifications, 

which, however dubious as attestations of fitness for his present situation, 

were nevertheless internationally recognised as meritorious. The way 

in which curiosity about 'irrelevant' information was sanctioned by 

disapproval and the assertion of an identity as a graduate as a defensive 

strategy were well understood by a recent graduate in production. 

"The difference between school and university 
is that in one you are taught and the other 
you aren't. Here it's similar to school. 

The information given to me closely approximates 
to second -form history where everything is given 

to you in note form, everything is simplified 
so that you don't get bogged down in detail. 

And if you want to know the detail then nobody 
knows the detail anyway. At university it's 

a matter of getting the barest outlines and 
it's up to you to get the details, and you 

are encouraged to get into details. Whereas 

if you go into detail in industry you tend to 

get your fingers chopped off. You come up 

with a piece of information which, quite 

honestly, it might have taken you a week to 

get or you come across a blank wall and ask 

and somebody says, 'I've never known that and 

I've done the job for thirty years', and you 

feel you've had your fingers chopped off and 

you don't bother any more .... 

You can get into a situation where you know 

very little of industry but you know an awful 

lot about university and your subject and you 

tend to fall back on this as a confidence 

booster. After all it's very good to know 

that although you may be considered a bit of 

an idiot at this sort of thing, that at 

something you've made your mark." 

(Production engineer) 

Falling back on his confidence booster the graduate can readily become 

the anti -hero of management folk tales about the inflated aspirations 



of graduates and the conditional loyalty which binds them tenuously to 

the company and industry. 



6. Company 'needs' and graduate 'aspirations' 

In this chapter I set out to explore the kinds of demands made by 

industrial companies of their recently recruited graduate scientists and 

engineers, and the extent to which new entrants were encouraged to develop 

commitments to their companies and occupations in meeting these demands. 

Company demands were derived from official sources, for example, from the 

statements of industrialists and representative bodies, from evidence to 

Government enquiries, and from company literature, and from unofficial 

sources, from the ihterviews with managers in the electronics industry 

study. A consistent theme from these sources was that early assignments 

should be 'challenging' and 'responsible'. These concepts were elaborated 

in terms of tasks which were of sufficient difficulty to be problematic 

for graduates but soluble by drawing on his existing knowledge and skills 

and by extending his competence in areas relevant to company purposes. 

An essential distinction was that between 'routine' and 'non -routine' 

work where coping with all the uncertainties of choices of lines of action 

and task outcomes seemed to be of the essence of the graduate's skills. 

Contrasted against these tasks, which aummoned problem -solving skills, 

were the routine tasks of drafting wiring schedules, tests and measurements, 

where choice of action was negligible and the detailed activities of the 

graduate could be specified in advance. These routine tasks were regarded, 

especially in the official literature, as inappropriate for newcomers, 

for they offended both canons of 'challenge' and 'responsibility'. But 

when principles were compared with practice it was found that 'challenge' 

and 'responsibility' were frequently withheld. Examination of both the 

interviews with managers and graduates revealed that first assignments 

were frequently routine, rather than challenging, and low priority, rather 

than responsible. Frequently managers admitted that there was a sharp 

contrast between the attractions and energies advanced in recruitment 



campaigns and the mundane and haphazard indifference apparent in assignments. 

Explanations for these discrepancies indicated a preoccupation with 

priorities other than training and induction for newcomers and a suspicion 

of newcomers who had to demonstrate their 'loyalty'. Of course, demands 

were shown to vary across departments with the greatest propensity for 

routine work assignments and an obligation that they be undertaken willingly 

was found in production departments. At this point, it is appropriate to 

pull together the strands of this discussion to comment on the utilisation 

issue in the manpower debates. 

Economists have long preferred to write of 'wants' rather than 'needs', 

for the demands for goods and services studied by economists have been 

seen to vary by culture and climate, and by price, whereas 'need' implied 

something essential for survival. Furthermore, the economists were wary 

of making recommendations which might carry value judgements in the 

prescription of 'need'. With this tradition, the objections of Gannicot 

and Blaug to the manpower forecaster's view of 'national needs', that 

these introduced metaphysics to the debate and owed more to values than 

judgement, were understandable. In another study, however, Blaug and 

his colleagues attempted to provide some empirical referants for mal- 

utilisation when they asked job analysts to assess various company positions 

in terms of requisite formal educational levels. (30) Then the researchers 

produced a matrix to compare requirements against attainments. Whilst 

the results provided some evidence of 'underutilisation' (i.e. some people 

employed in jobs requiring education levels lower than their attainments), 

the authors were more impressed by the evidence of underqualified people, 

those whose educational attainment levels did not reach requirement levels. 

(30) M. Blaug, M. Peston, and A. Ziderman, The Utilisation of Educated 

Manpower in Industry, London: Oliver and Boyd, 1967. 



How far the evidence is a function of a job analysis approach, which 

specifies prestigious qualifications for prestigious posts or deals simply 

with formal full -time education to the neglect of experience and part -time 

education, is not clear. The attempt to provide empirical content for 

the concepts was interesting but looks suspiciously like an attempt to 

convert an issue of fact and value into a wholly technical issue of fact. 

The attempt neglects the moral order which underlies the division of labour. 

Discussion of the division of labour evokes references to moral precepts 

and conceptions of fairness because the distribution of work is closely 

related to the distribution of rewards. (31) The moral aspects of 

social relationships have been properly understood by the philosopher, 

Dorothy E.mmet, as she points out, 

"The notion of a role has built into it a notion 
of some conduct as appropriate .... The notion 
of role ... provides a link between factual 
descriptions of social situations and moral 
statements about what ought to be done in them. 
It has, so to speak, a foot in both camps, 
that of fact and that of values ...." (32) 

The importance of this moral discussion to the utilisation issue can be 

illustrated, indeed becomes most apparent, when we examine satisfactions 

found in work. For example, in the electronics study questions about 

satisfactions, dissatisfactions and preferred changes in work were asked 

in order to elucidate those aspects of their work by which the graduate 

engineers and scientists sought to identify themselves. 

It was found that responses to the question "What aspects of your 

job do you find most satisfying ?" could be coded under four main headings; 

those referring to technical factors, those referring to self -development, 

(31) B. Turner, Exploring the 

1971, p. 96. 

(32) D. Emmett, Rules, Roles 

Industrial Subculture, London: Macmillan, 

and Relations, London: Macmillan, 1966, p. 4. 



TABLE 9. Satisfying aspects of jobs by department (percentages). 

R& D Non- R &D 
Research Development Production Applications Totals 

Those mentioning 
satisfactions. 85 

Those without satisfactions 15 

Don't know 

93 100 100 91 

6 - - 7 

2 - - 2 

Sources of Satisfaction 

Technical 

Solving a challenging 
problem 18 24 30 29 23 

Solving a problem 21 23 30 29 2L1. 

Bench work 3 6 - - 5 
Laking something that 
works 34 34 40 43 35 
Aesthetic work - 3 - - 2 

Job variety 6 3 - - 3 

Advancing the 'state 
of the art' - 3 - - 2 

Putting theory in 
practice 6 5 - 14 6 

Self development 

Applying university/ 
college training 3 4 - - 4 
Learning new skills 3 9 10 14 9 

Opportunity to prove 
oneself 18 19 20 72 21 

Work Relationships 

Autonomy 6 5 10 14 6 

Responsibility 15 4 10 14 8 

Power 3 2 - - 2 

Pleasant colleagues 3 5 10 - 5 
Organisational facilities - 2 - - 1 

Extrinsic rewards 

Social worth of products - 1 

_;umber of multiple responses 46 180 16 18 260 

N = (33) (120) (10) (7) (170) 

Note: percentages are given from the number in each departmental group 

who cite an item. 



those referring to interpersonal relations in the work situation, and 

finally, those referring to extrinsic factors such as company location. 

Of the 170 relevant interviews, 12 respondents could find no satisfaction 

in their present job and 3 did not know what aspects of their job gave 

them satisfaction. Of the remaining 155 respondents, the overwhelming 

majority, 130, referred to the technical aspects of their work as a major 

source of satisfaction (see Table 9). Over a third of these references 

were to craft aspects of engineering, for example, in 'making something 

that works', and well over half of the references were to 'problem solving', 

especially on problems that had difficulty and challenge. 

"Producing something concrete - something 
that works ". 
(Graduate engineer, applications lab) 

"I shall find it very satisfying when I've 
completed my prototype and it works. I 

find satisfaction when I've completed a 
stage satisfactorily.' 
(Graduate physicist, semiconductor production) 

"Feeling that you are actually producing something 
that goes off to manufacture - producing something 
that has an end result." 
(Graduate engineer, development lab) 

"When I solve a given problem ". 
(Graduate engineer, development lab) 

The next major heading included references to a situation which marked the 

move from an educational institution to one of employment in which there was 

the opportunity to gain self- respect from proving one's ability and also 

respect from colleagues and supervisors. Some similar elements occurred 

again in the references which were coded under the heading of working 

relations. For a few in the production area this was responsibility in 

the sense of directing the work of others, but the majority of references 

under this head were to having a portion of a project, the successful 

completion of which was important to the overall project. Again some of 

the comments were to the effect that the responsibility was implied by 

the high degree of autonomy granted by section and project leaders. 



TABLE 10. Dissatisf in` aspects of jobs (percentages). 

R&D Non -R ° D 
Research Development Production Applications Totals 

Those mentioning 
dissatisfaction 

Those without 
dissatisfactions 

Don't know 

94 

- 
6 

91 

7 

2 

60 

40 

85 

15 

39 

, 

2 

Sources of Dissatisfaction 

Technical 

Routine work 15 10 40 15 12 
Intellectually 
undemanding work 6 17 20 15 15 

Paperwork 15 10 - 15 11 

Lack of work 9 10 10 15 10 
Personal frustrations 6 7 - 15 7 
Unoriginal work 9 4- - - 1* 

Other 6 5 - - 5 

Self -development 

Cannot apply university 
training 6 1+ - - 11- 

Learning little 9 4 - - 5 

Lack of opportunity 
to prove oneself 6 8 - - 7 

Lack of career 
prospects - 4- 10 - 3 

Work Relations 

Lack of autonomy 9 9 - 8 

Lack of responsibility - 6 - - Li- 

Poor relations with 
colleagues 3 4 - - 3 

Poor relations with 
supervisors 6 7 20 15 6 

Poor company 
organisation 15 18 3C 15 10 

Extrinsic rewards 

Physical conditions 
of work - Lr 1C - J 
Engineer's social 
status 6 1 - - 2 

Hours f work 3 2 - - 2 

Other - 5 - - 2 

43 157 14 7 221 

N = (33), (120 (10) (7) (170) 

Note: percentages are given from the numbers in each departmental group 
who cite an item. 
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"Being left on my own to do my own design 
work, and having no interference unless I 
ask for it. I don't have someone breathing 
down my neck all the time." 
(Graduate engineer, development lab) 

"I've got a fairly free hand, there's no one 
standing behind my shoulder saying do this 
or do that." 
(Graduate engineer, development lab) 

There were negligible items included in the extrinsic category. This is 

not to say that these factors were unimportant. Some questionnaire items 

which included pay and location among possible reasons for taking a job 

elicited positive responses, the only point here is that in response to 

an open -ended interview question there were few references to pay. Some 

studies have suggested that pay is unlikely to appear as a satisfaction 

factor in jobs but more likely to appear as a dis- satisfier. (33) In 

any event, it has been seen already that the majority of the respondents 

were satisfied with their current salaries. (34) 

Dissatisfactions again parallelled the satisfactions in that there 

was a concentration on technical factors. The 96 technical references 

were to situations where the opportunity for problem solving of a challenging 

and intellectually demanding nature was absent. Sheer lack of work was 

of importance among the new entrants, and there were recollections of time 

spent waiting for work amongst those who had been employed for a year at 

earlier points in their entry. There were references to intellectually 

undemanding work, such as doing routine measurements, making out wiring 

schedules and paper -work. Sometimes they carried the implication that 

(33) Herzberg and his colleagues asked a sample of engineers and accountants 
to recall occasions of particular satisfaction and dissatisfaction. These 
'critical incidents' were examined to trace factors influencing these feelings, 
and Herzberg distinguished 'motivators' related to satisfaction and 'hygiene 
factors' related to dissatisfaction `F. Herzberg, B. Mausner, and B.B. 

Snyderman, The Motivation to Work, New York: Wiley, 1959: For a critical 

assessment of this two- factor theory, see M. Argyle, The Social Psychology 
of Work, London, Allen Lane Press, 1972. 

(34) See Chapter Six, section six. 



TABLE 11. Proposed Changes in ;Work Activities_by department (percentages). 

Those proposing no change 

Would not change the 
job 

Could not change the 
job 

Not in a position to say 

Those proposing changes 

Proposed changes 

Someone to do 'dirty 
jobs' 

Clarification of 
responsibilities 

Better project 
planning 

Different type 
of work 

Better facilities 

Jore time on 
projects 

'Letter supervision 

Different occupation 

More career information 

R. & D 
Research Development 

Non- R & D 
Production Application Total 

12 

6 

- 

82 

9 

18 

2 

71 

10 

20 

- 

70 

- 

15 

85 

10 

15 

1 

74 

9 17 10 29 17 

9 20 20 - 17 

12 10 - - 10 

21 14 30 - 16 

15 7 - 15 8 

3 10 20 15 10 

3 - - 

3 10 - 3 

6 7 - 29 7 

Number of multiple responses 

N = 

22 116 9 6 146 

(33) (120) (io) (7) (170) 

Note: percentages are given from the numbers in each department 
who cite an item 



this work was also demeaning, particularly on test and measurement work. 

"The monotony of some things - testing pieces 
of equipment I've tested before ". 
(Graduate engineer, development lab) 

"Paperwork. Making out parts lists for each 
of the boards and checking them." 
(Graduate engineer, development lab) 

"Sometimes it gets boring, especially the 
paperwork. I admit it's necessary, it's 
got to be done. There's nothing the company 
can do about it, reports have to be written." 
(Graduate engineer, research lab) 

In expressing dissatisfactions the items under the heading of working 

relations became more important than in discussing satisfactions, for the 

organisation or 'the system' was frequently cited as a source of obstructions 

and delay in progress to solving a problem or having something made. 

Organisational procedures for making design changes, making drawingp,and 

ordering materials were parts of 'the system' and the lack of information 

about projects and their inter -relationships received criticism. 

A further question 'If you could redesign your job so that it would 

be more satisfying for you, what would you like to have changed about it ?', 

brought the response from 16 of the sample that they would not change 

their jobs, and another 26 felt that they could not change their jobs, 

their jobs had to be accepted in toto, whilst 3 felt that their positions 

as new entrants limited their ability to talk about changes (see Table 11). 

The remaining 125 engineers and scientists proposed changes of various kinds 

which fell roughly into proposals affecting the technical content of their 

work and those relating to the organisation of their projects and company 

organisation. There were 26 preferences for a different type of work, 

usually a preference for an increased technical content in the work, also 

there were 21 preferences for a technical assistant to take over their job. 

"I would leave the routine stuff to other 

people - we should have a technician on the 

job." 

(Graduate engineer, development lab) 



"I wouldn't'have myself testing out already 
developed parts of the receiver. I would 
have someone else, not a graduate, a technical 
assistant to do that. If this chap leaves and 
I take his job then this is what will happen. 
A technical assistant will do the testing with 
me looking on." 
(Graduate engineer, development lab) 

"For the last 15 months I've been a cabbage. 
I've been a dogsbody till two days ago. I've 
done nothing at all. Now I've got a job - 
I don't know if your visit has stimulated them. 
If they had given it to me 15 months ago it 
would have been much easier when my academic 
work was still fresh. I've just been doing 
odd jobs - bits of metalwork, making printed 
circuit boards, and so on. They weren't 
getting their money's worth. The jobs lasted 
a week or a fortnight, someone had to do the 
work and as I was the junior it was given to 
me. Now I've been given some proper work to 
do, on a project. The trouble is I've only 
been given a week to do it in. It's a rush 
job so no one could be found to do it except 
me .... 

There should be a technical assistant and then 
I would start getting proper work." 
(Graduate engineer, development lab) 

Those who called for clarification usually did so with a desire to know 

how the various assignments contributed to an overall project and for a 

clarification of their responsibilities, and suggestions were usually added 

about project group or section meetings. 

Of course it should be noted that there are variations across companies 

in the entrants' experience of satisfactions and dissatisfactions. 

Some of these variations relate directly to explicit company policies. 

There were frequent references in the company with an elaborate training 

scheme to the 'company system', the pattern of work organisation held to 

be peculiar to that company, and susceptibility to these folk beliefs is 

reflected in the preoccupation with believing that their work could not be 

organised in any other way or that it could be reorganised and better 

facilities provided. It is probably not surprising that the greatest 

degree of dissatisfaction in terms of intellectually undemanding work occurs 
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in the company from which the lab manager has been quoted as saying that 

the company policy was to recruit graduates and employ them as technicians 

during their 'training'. 

The references by the last graduate quoted to 'proper work' points 

up the dilemma of this section in one extreme way. For a non -engineer, 

or non -job analyst, it cannot be said that the graduate is right. What 

can be said is that there is a serious discrepancy between the conception 

of himself as a young professional engineer which he seeks to sustain and 

the work which he is allocated. All occupations have their'dirty jobs' 

which members attempting to raise their prestige will attempt to throw 

off to another group, the process can be seen in the attempts of the 

professional engineering institutions to define occupational levels and 

fix them by educational levels. The task should have been made easier 

by the claims that there was a shortage of engineers, engineers should 

have been able to choose their work. Now if double -counting is avoided 

in adding the references to technician work and the preference for work 

with more intellectual content, 42 graduates professed that their skills 

and abilities were being under utilised. These claims that their jobs 

should be changed probably understates the number whose jobs could be 

changed if technician manpower were available. (35) Many of those who 

commented that their jobs 'could not be changed' expressed a wish to hive 

off some work to others but cautioned that this was 'a counsel of 

perfection' and that 'all engineers had to take their share of routine jobs'. 

While economists have been sceptical, psychologists have taken 'need' 

as a central concept. 'TTith the individual person as the main unit of 

analysis the psychologists claim that all individuals have needs to be 

(35) For some similar comments on utilisation drawn from the sample of 

older mechanical engineers, see J. Gerstl and S.P. Hutton, op. cit., p. 75. 
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satisfied and talents to be utilised. From the seminal work of Maslow, 

who distinguished a hierarchy of needs from low level physiological needs 

(food, water, clothing, shelter), to high level social needs (belonging 

and acceptance by peers), and self -actualisation, Ar`yris has concentrated 

attention on the form of organisational structure most likely to promote 

the satisfaction of need and the utilisation of talent. (36) For Argyris, 

the 'needs' included those to feel a'sense of competence; to be'self- 

aware', to feel'self- esteem', and to experience 'confirmation', (to have 

one's conception of self validated by others). For professional scientists 

and engineers these needs were spelt out in terms of recognition from 

fellow professionals, and the most appropriate organisational forms were 

project -based and flexible and with collegiate rather than hierarchical 

authority relationships. (37) While at the individual level, satisfaction 

of these needs was held to be related to the healthy functioning of the 

individual. Argyris has claimed that optimal positions can be achieved 

where 'healthy' individuals contribute to 'organisational' health. This 

line of reasoning is open to two main criticisms. Beyond physiological 

needs it becomes difficult to see whether the psychologists maintain that 

individuals have or ought to have these needs, and so criticisms of 

non -testability and value judgement can be made. The psychologists have 

not produced evidence of a link between prescription and measured indicators 

of organisational performance. It could be argued, for example, that 

if the complaints of all the graduates in microelectronics development labs 

about lack of equipment and lack of freedom over choice and direction of 

projects were met then it would be at the cost of their company's survival 

in microelectronics production, given the degree of overcapacity in the 

(36) A.H. Maslow, Motivation and Personality, New York: Harper, 1954, and 

C. Argyris, Integrating the Individual and the Organisation, New York, Wiley 

1964. 

(37) C. Argyris, "On the effectiveness of research and development 
organisations ", American Scientists, ed 56, no. 4, 1969 
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industry. Instead of assuming 'needs', the approach followed in this 

study has been to explore the definition of the situation advanced by 

managers and recruits. In this way, instead of organisational 'needs' we 

have the set of social expectations held by managers, and instead of the 

needs of professional employees, we have the set of expectations and self - 

conceptions held by graduates, and, in cases where these sets of expectations 

were mutually exclusive, we can examine the emerging perspectives of the 

graduates and the strategies adopted to cope with their situation. In 

other words, we can examine some of the likely consequences of the pattern 

of utilisation. 

From the manager's perspective the organisation needs were for 

'unfrozen' graduates, for graduates who were available for conversion into 

'company men'. mile a full identification of personal interests and 

company interests was not expected until the explicit rewards of salary 

increments and career advancement had been experienced, managers sought 

some willingness to subordinate personal interests, which could be labelled 

an academic orientation, and an ability to work with minimal supervision. 

To some extent graduates were 'unfrozen'. The degree of geographical 

mobility meant that many were separated from the social support which had 

sustained former identities and the isolated nature of work assignments 

limited social supports in work. (38) Moreover orientations to work 

among the graduates indicated high priority on opportunities to learn new 

knowledge and skills. Despite these indicators of availability, managers 

found difficulties in developing an understanding and competence in using 

organisational processes among graduate recruits. 

(38) The extent of geographical mobility is taken up again in Chapter 

Nine, section four. 
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"People moving from university tend to exhibit 
the property that they expect the world to run 
on a set of simultaneous equations. This man 
may have done a good design but you can't get 
it through to him that he's got to check other 
people. He may lose sight of it - it may go 
to another factory or the drawing office. He 
will send it to the drawing office. He'll say 
'how long? Six weeks? O.K.' and six weeks 
later it will come back with a slip; you 
can't persuade him to go round to check and 
see it's being done, and, if not, to play hell. 
The only way to get things done is to be 
relentless." 
(Development lab manager). 

ncy 
'Mile one solution to this deficie/ might be the inclusion of social 

science courses in undergraduate science and engineering education, the 

implications of company reliance on on- the -job trial- and -error learning 

for teaching the ropes must be seen as a demand for graduates with a 

capacity for situational learning which might be distinct from 

academic learning. 

From the graduate's perspective needs were seen as opportunities 

to learn situationally appropriate conduct, to learn what meanings to 

attach to events and persons, and to gain opportunities to demonstrate in 

coping with the appropriate technical and social skills. These opportunities 

may be termed 'good work assignments', and they are linked into something 

of a 'circle of virtuosity' for gaining them is dependent on demonstrated 

competence, and in this sense they are both symbols of past achievement 

and preconditions for further advance. (39) Essentially the problem for 

the new entrant is to break into this circle of virtuosity. Some further 

elements of these good work assignments can be summarised for these findings 

(39) For a very shrewd analysis of 'good work assignments' and the 
position of the scientist or engineer in research and development, see 
F.W. Howton, "Work assignment and interpersonal relations in a research 
organisation" in C. Orth, Bailey and Wolek, op. cit. 
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on satisfaction and dissatisfaction. (40) The assignments should be 

visible in the two senses, that the newcomer's contribution is distinguishablE 

and the sense that the task is organisationally significant and noted as 

such by others. Another important facet of visibility is that the 

assignment has definable target points such that he receives feedback on 

his development from the completion of stages and from his supervisor. 

In addition to visibility, assignments must qualify as 'good work 

assignments' on the criteria of being appropriate by level and kind, and 

in this respect consistent with the kind of self and persona which the 

newcomer tried fashion as a graduate entrant. Two main sources of offence 

reported in dissatisfactions and changes were 'trivial work' and 'dirty 

work'. Trivial work on routine operations offended because it was not 

demanding and did not engage the analytical and problem -solving skills 

of the graduate, and 'dirty work' threatened to demean the graduate's 

status claims. (41) 

The implications of a pattern of utilisation which contains a high 

proportion of 'unsuitable work assignments' for the development of 

commitments to the working organisation can be seen in relation to the 

graduate perspectives and strategies of coping. All of the new entrants 

could emphasise some aspects of their move to industry as favourable, for 

example, the majority could contrast favourably their supervisory 

relationships and only a tiny minority of the very disenchanted favoured 

college supervision. One of the main strategies of response to 'unsuitable 

work assignments' was to lower aspirations and this was evident in 

comments that work could not be changed and that initial expectations 

were 'unrealistic'. 

(40) A similar account is offered by Barnes in his study "Making out in 
industrial research ", Science Studies, vol. 1, no. 2, April 1971. 

(4l) The concept of 'dirty work', which derives from Everett Hughes, 
indicates work which threatens the status of the individual and in the 
sense that 'trivial work' is identified with lower status occupations it 

becomes 'dirty work'. 
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"First of all I was starry -eyed. I wanted 
to be interested in my work. I still do, 
but not so enthusiastically. I was deadened 
by working on the tail end of a project for 
a year. I find everyone else has started 
new interesting work. I have been tidying 
up paperwork basically and doing problems 
that others are not bothered with. That 
just about deadens you." 
(Development engineer) 

Perhaps the central process in this strategy was the use of role distance 

to preserve the self from the threatening situation, in this case 

reinterpreting the post as a period of 'starry -eyed' immaturity. In 

addition to the tendency to reduce aspirations, another strategy was to 

look for the satisfaction of aspirations in the future. Again meeting 

the formal supervisory expectations to which he is subject, the new entrant 

holds reservations about his implied identity and the assumptions on which 

it is based. Coping with whatever work assignments are delegated to 

him, he looks for ways in which he can change his situation, and he can 

interpret his present situation as learning and therefore temporary. 

"The start was very dissatisfactory. I was 

thrown in, not at the deep end, but in the 

middle. Most people knew the basic outlines; 

nobody knows quite what they want. Everything 

is in a state of flux, you never know where 
you are. Although there is the satisfaction 

that you achieve something in the end; there 

is nothing much you can do. You just try to 
grasp what you can and plough on to the end .... 

I hoped to be a good engineer to start with 
and possibly find out what things are like as 

an engineer. I think most people start as 

engineers and as you get older you take more 
responsibility and eventually you are in 
management. This is the way I suppose I like 

it. I don't think I'll stay in this company 

all that long. You've got to have some sort 

of training just to get out of ... how shall I 

say it ... you've got to be de- university -ised. 

Things are not quite as happy and free as they 

were. It's done bit by bit. At university 

if you went and asked somebody for something, 

they would have an answer for you, to go to a 

library or something. Here the library is 

nonexistent. There's all the red tape, you 

realise that people are not quite as readily 

available as at university, nor are things. 
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At university you just filled in a form to 
get something; here they ask is it viable, 
is it financially possible, is it practical. 
At university it was just a case of doing it." 
(Development engineer) 

In essence it emerges that work experiences are unlikely to develop 

the side -bets which lead to the development of commitments to the Company, 

nor to engineering as an occupation. Commitments existed already to the 

extent that a science or engineering education was seen as a marketable 

skill but these were the temporary commitments discussed in Chapter Six. 

Work experiences confirmed the wisdom of those short -term exploratory 

perspectives and encouraged an interest in careers and strategies for 

moving out of their present positions. The extent to which commitments 

were developed in the career system forms the focus for enquiry in 

Chapter Nine. 



CHAPTER NINE 

THE SHAPING OF CARRFRS IN TECHNOLOGY 

1. Introduction 

When the Minister of Technology promoted the attractions of 

engineering in a radio interview on the shortage of graduate engineers 

in 1967, he claimed that many graduate engineers could expect to become 

Tams jcrs 
cr._nccrc by the age of 40 and that salaries were rising faster in 

engineering than in other professions. (1) This kind of promotion 

brought criticism that industry needed both 'professional' managers 

(not 'reclassified' engineers), and engineers (not engineers striving 

to become managers at the age of 40). Moreover it was argued that 

young graduate entrants to industry needed employment as 'intellectuals' 

(not as 'tradesmen' with the justification of 'basic training' or 

'experience'). (2) Another criticism expressed resentment at the implied 

subordination of engineers and the advice to abandon engineering ambition 

by the age of 40. (3) By the turn of the decade the dilemmas of the 

young engineer in the context of a new imbalance between educational 

supply and industrial demand were viewed very differently. One manpower 

forecaster, who had hinted at the evidence of a surplus of engineers and 

scientists in 1970, commented graphically, 'unlike brussell sprouts, 

overproduced graduates cannot be turned in'. (14) Meanwhile the President 

(1) Remarks by Mr. Wedgewood Benn cited in letters to The Times, 5.10.67, 

and 11.10.67. 

(2) Ibid. 

(3) Ibid. 

(4) Personal communication from Mrs. Joan Cox. 
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of the British Association for the Advancement of Science impressed 

on his 1970 audience dangers of increased personal frustration and 

political agitation and unrest which could arise from blocked careers 

in a situation of oversupply of scientists and engineers. 

"University education was designed, in 
each speciality, to offer an intellectual 
elite the maximum opportunity to develop 
their intellectual and creative powers .... 

..If we train too many of the latter 
(scientists and engineers) then many of 
them will have to follow the career of 
technician for which their training was 
not designed and which they will regard 
as 'inferior'. The result will be a 
frustrated white- collar class, with all 
the dangers to society that such a class 
implies. This frustrated class is to 
some extent already with us...." (5) 

Thus the resolution of the occupational choice dilemmas and 

conflicting commitments may be explored from the individual, company, and 

national perspectives; from the extent of personal anxiety and success 

to the consequences for company and national manpower resource allocation 

and utilisation. While the concept of a 'career' has been used by 

some writers to refer to a variety of aspects of a person's temporal 

division of labour, it is more usually restricted in usage to a few 

occupations with a progression through a status hierarchy, as Wilensky 

maintained, 

"A career, viewed structurally, is a succession 
of related jobs, arranged in a hierarchy of 
prestige, through which persons move in an 

ordered, predictable sequence. Corollaries 
are that the job pattern is instituted (socially 

recognised and sanctioned within some social 
unit) and has some stability (the system is 

maintained over more than one generation of 
recruits). (6) 

(5) Lord Todd, "Should higher education be more vocational ? ", The Times, 

3.9.70. This was an abridged version of the Presidential address to the 
Durham meeting. 

(6) H.L. Wilensky, "Work, Careers and Social Integration ", International 

Social Science Journal , vol. 12, no. L, 1960, p. 554. 



The attractions of the concept are that it is not limited to this structural 

analysis, however, for it can be examined from both objective and subjective 

aspects, from the study of ordered sequences of related jobs as career 

structures to the ways in which the individual defines and judges himself 

and others in career imageries and a career as a personal experience. 

"One value of the concept of career is its 
two- sidedness. One side is linked to 
internal matters held clearly and closely, 
such as image of self and felt, identity; 
the other side concerns official position, 
jurai relations, and style of life, and is 
part of a publicly accessible institutional 
complex. The concept of a career, then, 
allows one to move back and forth between 
the personal and the public, between self 
and significant society ...." (7) 

Discussion of graduate perspectives on careers has been introduced 

already in earlier chapters. The central point which emerged in the 

examination of occupational and educational choice was the preoccupation 

with a short -term perspective, with devising ways of coping with the 

immediate situation. Relative success and relative failure in organising 

one's resources to meet situational demands encouraged commitments as 

much by default as by deliberate decision, and relative educational success 

encouraged commitments to continue in that line of academic activity 

whereas difficulty in meeting school or college demands prompted a search 

for alternative routes and prompted some thoughts about longer term situations 

and career structures. Entry to work was marked by a preoccupation with 

coping with the immediate job demands and becoming a technologist, and 

becoming knowledgeable about industrial work and organisation. Again 

relative failure prompted an interest in careers, this time the relative 

failure was difficulty in finding job opportunities which supported and 

(7) E. Coffman, "The moral career of the mental patient ", in Asylums, 
New York: Doubleday, 1961, p. 127. 



enhanced effort to become a professional engineer or scientist. In this 

chapter the young technologists' hopes and expectations for the future are 

the central focus of interest. In particular, I shall attempt to show 

the way in which the dominant short -term perspective was predicated on a 

distinctive view of the future and the way that an interest in status 

advancement influenced the bounds of other commitments notably those to 

the working organisation. 



-5 

2. Careers, Career Structures and the Rationalitz of Individual Planning 

It is commonplace to assert that large -scale organisations occupy 

a significant portion of the life -space of all in advanced industrial 

societies, from 'womb to tomb' is one popular expression. But just as 

organisations meet the wants and needs of individuals for goods and- 

services, incomes and identities, so individuals are processed to meet 

role expectations and service organisations. Two developments underly 

the efforts of business occupations to shape the lives of employees over 

their working lives rather than simply at points during their employment. 

Firstly, there is the scale of activities which include lengthy planning 

and gestation periods in projects and stimulate an interest in the long - 

run and the provision of resources to ensure survival in the long -run. (8) 

The second development is the need for different employment relationships 

to maximise the amount of knowledge from those which were used to maximise 

the application of energy in organisations where knowledge has become a 

major resource. According to Stinchcombe the new relationships are more 

likely to endure over a career. 

"A man's knowledge and intelligence do not 

vary much from one hour to the next, but vary 

greatly over his lifetime. Thus, the motivational 

devices for organising labour have to be directed 

toward rewarding variation over lifetimes, rather 

than hours." (9) 

As we might expect, the large -scale science -based electronics companies 

in the sample provided many examples of attempts to attract graduates 

into long -term career relationships in their recruitment literature. 

(8) Growth is frequently cited as among the major company goals in many 

recent economic models of company behaviour, see, for example, R. tarris, 

The Economic Theory of Managerial Capitalism, London: Macmillan, 1964. 

(9) A.L. Stinchcombe, "Social Structure and Organisations" in J.G. March, 

ed. Handbook of Organisations, New York: Rand McNally, 1961, p. 162. 
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"(The Company) has a well -defined attitude 
towards the individual. It makes two basic 
assumptions. First, that work is the core 
of existence for the career - minded man and 
woman. It therefore provides the equipment, 
the environment, the conditions and the 
intellectual challenges which enable a man 
to fulfill himself. Second, that the 
individual can apply himself whole -heartedly 
only if he feels secure. Security of 
employment is testified to by (the Company's) 
unparallelled record of long- service employees 
who, upon retirement reap the benefit of an 
excellent company pension scheme. 

For the rest, (the Company) recognises that 
life means different things to different 
people, and that the wise firm will provide 
opportunities and amenities but will leave 
it to the individual to choose or reject 
them according to his nature .... 

In brief, the Company offers a way of life 
for the complete man and woman, in whatever 
direction their interests lie." 
(Company F) 

"(The Company) attaches great importance to 
career development and in a company the size 
of (C), with the whole electronics industry 
developing rapidly, opportunities for career 
advancement are many and varied .... 

Whatever career path a graduate follows he 
or she can aim for a management career or 
that of a specialist in a particular field. 
Both offer equivalent status and reward. 
There are no barriers of age or sex." 
(Company C) 

"The Company believes in creating the situation 
in which individuals can develop themselves. 
It is part of this policy that throughout 
his career each person's progress is periodically 
reviewed and opportunities made available, 
either by transfer or attendance at selected 
courses, to broaden his experience and 
potential." 
(Company A). 

These quotations indicate a number of themes common in the sociological 

literature on organisations: firstly, that companies seek to motivate 

a long -term commitment to the company and assume that work is a central 



life -interest (although not all companies would assume or state that it 

was "the core of existence" even in the tautologous form here); secondly, 

that in mapping out a career structure both companies and individuals 

see dilemmas in alternative career lines in administrative and specialist 

functions (hence reassurances about the equivalence of rewards in the 

dual career structure); and thirdly, that companies have formalised a 

panopoly of procedures to shape the conduct of employees through their 

working lives from recruitment and selection to counselling and assessment.(10 

It is apparent from the earlier discussion of recruitment policies 

that the companies adopted what might be termed a "course mesh" oelection 

policy, in that relatively large numbers of graduates were selected from 

an annual recruitment campaign but it was accepted that further selection 

and self -selection might lead to a high proportion of internal transfers 

within the company, and even a substantial turnover of those leaving the 

company. This policy contrasts with that of the Civil Service where an 

elaborate selection procedure attempted to identify the potentially 

successful in the long term and concentrate on grooming for posts of 

responsibility in the early employment period. (11) Although the 

electronics companies maintained a small arts graduate intake and linked 

this to general management posts, in one company the commercial entry 

group were regarded as the 'high flyers' to be selected and groomed for 

(10) The theme of organisational loyalty was given wide popularity by 
W.H. Whyte in his book in which he dealt at some length with the attempts 
to woo scientists and threats to the flourishing of scientific work, (see 

The Organisation Man, Harmondsworth: Penguin Books, 1960 (original 1956), 
especially Chapter 16, "The Fight Against Genius" where Whyte raises his 
fears about the atrophy among scientific minds when loyalty is the over- 
riding concern of managers.) 

(11) These procedures were sharply criticised in the Fulton Report on the 
Civil Service (The Civil Service, Vol. 1, Report of the Committee 1966 -68, 
Cmnd 3638, especially Chapter 3. Although some of the criticisms appeared 
to be a caricature based on past procedures, (see, The Method II System 
of Selection: Report of the Committee of Inquiry, 1969, Chairman J.G.W. 
Davies, Cmnd ía156) 
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management, the technically qualified graduates were regarded as the main 

sources for future technical specialists and future technical managers, 

and general management in a science based industry. In most companies 

salary reviews of new entrants were conducted twice yearly over the first 

two years and the formal review was accompanied by interview and counselling 

by the departmental head. Obviously the departmental head was dependent 

on information supplied by the supervisor and in direct entry all the 

problems of unsuitable work assignment discussed in the last chapter 

posed problems for assessment. Even in companies with direct entry, the 

training officer tended to be nominated for some responsibility to counsel 

all the new entrants, and adopt a broader perspective to minimise company 

turnover possibly at the expense of internal transfers. Most training 

officers, however, confessed that they took little initiative in this 

area, claiming that training was already burdensome and wishing to avoid 

possible conflicts with departmental heads. Few companies had formalised 

the counselling and appraisal procedure to the point of filed documentation 

and official report forms although personnel departments pressed their 

anxiety to begin management development on this basis. (12) 

Company policy to interpret the early career as an extension of 

selection in the light of company and graduate ignorance of needs, 

opportunities, capacities and rewards solved some problems for recruiters 

in that they could adopt the perspective of their department's short term 

interests. Where short -term perspectives on careers were adopted by 

graduates, however, managers appeared somewhat surprised and complained 

(12) The development of organisational devices as part of management 

development has been pursued intensively in military organisations although 

some critics argue that many assessment exercises function as managerial 

placebos rather than valid discriminators (see, M. Janowitz, The Professional 

Soldier, Glencoe, Illinois, Free Press, 1960). 



that graduates had not thought about their careers. The complaint was 

frequently accompanied by the observation that the lack of thought must 

reflect on the defects of an educational system which did not stimulate 

such thinking. For company interviewers the graduate perspective presented 

a problem and frustration in selection interviewees where managers could 

not talk in a common vocabulary and judge in a common frame of reference. 

Yet there were two senses in which graduates were ignorant about careers, 

one sense was the knowledge of feasible moves in a career structure, and 

the other was the knowledge of a career as a personal experience. Company 

interviewers, as men in 'mid -career', have acquired such interpretations 

and conceptions. In short, they have had careers. Interviewees stand 

on the threshold of careers, and although they might anticipate their 

future employment and pick up clues from various sources, their understandings 

are of a different order from those of the interviewer. With respect to 

individual career planning the graduate new entrant can be said to be in 

a marginal situation, he lacks a knowledge of the norms which underly 

conduct in the new situation where the normative understandings relevant 

to his former situation are no longer guides. In university or college 

the long -term future was mapped and organised around meeting academic 

demands for a satisfactory performance on course assessments. The daily 

problem of meeting academic demands and the desire for a 'private life' 

and 'free time' was broken down by the allocation of time to lectures, 

practicals, writing up and 'free time', and these daily cycles, which 

fitted into the week and weekend, were part of the larger cycles of term, 

exams and vacations which culminated in final degree examinations. Against 

this career structure constructed from the academic calender, the industrial 

future was relatively unstructured as one newcomer could indicate in his 

comparison with university. 

"There are different attitudes (between university 

and industry). At the university you are looking 

for an exam all the time. Here you are looking 



TABLE 1. Extent of knowledge and concern about careers (percentages) 

Totals 
Not bothered about Bothered about 
career prospects career prospects 

Having knowledge of 
career opportunities 11 10 21 (25) 

Lacking knowledge of 
career opportunities 32 4-7 79 (9! ) 

Totals 
N 

4.3 

(51) 
57 
(68) 

100 (119) 

TABLE 2. Preferences for future career lines by department (percentages). 

Preference Research Development Production Applications Totals 

(a) Current Situation 

94 
3 
- 

83 

- 
15 

2 

30 

- 
70 

- 

100 
- 
- 

82 
i 

14 
3 

Purely technical 
Purely administrative 
Mixed technical admin. 
Other 
Don't know 

100 100 100 100 100 
(31) (116) (1o) (7) (164.) 

(b) Future Situation 

Purely technical 9 10 - 14 9 

Purely administrative 9 8 20 - 9 
Mixed technical admin. 66 58 60 71 61 

Other 3 12 10 15 10 

Don't know 9 12 10 - 11 

100 100 100 100 100 

N = (31) (120) (10) (7) (168) 
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towards a future that you have to plan, at 
university it is all planned for you. There's 
quite a difference there." 

Mile the situation of the new entrant in relation to the distribution 

of knowledge about career structures could be described as marginal, this 

situation need not be associated with a subjective experience of marginality 

and anxiety. While the great majority of respondents could claim that 

they were not clear about the opportunities for promotion available to 

them in their companies, a large minority could claim that they were not 

bothered by this situation (see Table 1). The stressful consequences of 

the situation were avoided by the adoption of the perspective on careers 

which emphasised the importance of establishing a competence as an 

industrial technologist before seeking status advancement in any setting, 

and so they closed off the future by imposing a short term preoccupation 

and review period. 

Mile the major source of anxiety about careers stemmed from some 

area of ignorance, some anxiety arose among those who thought they had a 

clear idea of possible career lines and were perturbed by the prospect 

of a lengthy wait before they could move on to the other activities. In 

this case dismay arose from the feelings of beingtà,pped by past commitments, 

for example, commitment to technical against administrative activities 

or to particular kinds of technical activities. In contrast to beliefs 

about dismal future prospects were the anxieties which arose from 

ignorance about career structures, or information about the way in which 

the individual experiences of a career could be related to career 

structures. ¶hile the first kind of ignorance could be remedied to some 

extent prior to entry, the second kind of ignorance took on deeper 

significance on joining the organisation when the new entrant was trying 

to establish the footholds but had to learn about task demands and the 

criteria for evaluating performance as a preliminary step. 



"I'm not sure what opportunities there 
are. In fact when I came for interview 
one of the things I was very keen to ask was 
what proportion of the management came up 
on the technical side, and -whether they 
came from outside or inside. I was told 
that most of the managers are technical 
people and insiders and outsiders are 
roughly equal. At the time I was satisfied, 
there seemed to be opportunities for promotion 
and getting on. But having worked here, 
having been at the bottom of the scale, it's 
difficult to see. You can't really correlate 
the two because there are so many engineers 
at the bottom of the ladder, all wanting 
promotion. It's the usual problem I think, 
at university you can see the path ahead - 
engineer, senior engineer, project leader,; 

departmental head, divisional head, and so on - 

but when you join in the'rat race' you realise 
that everybody else round you, all these hundreds 
of engineers, have the same vision of the ladder, 

and the trouble is that there is only one ladder 

at the top and so many engineers at the bottom. 

Let's say I am anxious to get on and I would 
like to be on the management side, but at the 

moment it's difficult to see how and when it 

will come, and that makes me anxious." 

"This(being unclear about promotion opportunities) 

bothers me quite a lot. I know very little 

about whether the company has a standard career 

plan. It looks very much like waiting for 

vacancies to arise. Certainly it's never 

discussed with me what I might do to make 

promotion earlier, or whether the manager is 

satisfied." 

Turning to the group who were not troubled by career anxieties, 

they can be distinguished into those claiming knowledge of and 

those claiming ignorance of career structures. Yet in both groups the 

reasons advanced for lack of concern about the future and promotion had 

a common theme in a preoccupation with the short term and developing a 

mastery of immediate organisational demands. Even a rudimentary knowledge 

of company titles and the popularly conceived median time scales of 

progression through posts could be accepted as an adequate state of 

information when the main priority was in learning how to cope with the 

current situation, and, where prospects were evaluated as poor they could 
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be disregarded when the current situation was interpreted as a temporary 

learning situation. 

"After two years you are considered for a move 
to engineer, then after that senior engineer, 
principal engineer, group leader, senior group 
leader and so on. For the present it doesn't 
really bother me - I've got a year to go." 

"It appears that to stay in engineering is just 
a dead end, to wait ten years or so to become 
a section leader. It doesn't look very 
promising. I suppose it's inevitable in a 
large firm. Since I only came for training 
and don't intend staying very long then it 
doesn't matter very much." 

Closing off the future beyond some review point was the same device which 

permitted some of those ignorant about opportunities for promotion to 

show unconcern about this uncertain future. 

"This (opportunity for promotion or advancement) 
is not too clear, but then it won't bother me 
until I've done some worthwhile work. Initially 
it's a question of proving oneselfbefore going 
after promotion. Secondly, I want a wider 
experience of one or two companies before I 
start settling in and chasing promotion. So 

the first thing is not so much promotion as 
doing a worthwhile job so that you can show 
you are worth what you are being paid." 

"I've not really been here all that long to 
start worrying about promotion. I've got 

to establish myself in the role I'm playing 
now as a junior engineer." 

In effect just under half the respondents coped with the uncertainty 

surrounding industrial careers and alleviated the anxieties which could 

arise in a marginal situation by an explicit recognition of the early 

employment period as a search period. 

The strategy of closing off the future was achieved by imposing 

boundary markers, for example, by taking a two year period marked out by 

the second annual salary review. These markers functioned to illuminate 

and demarcate the "darkness of time" as examinations and terms had defined 

an academic career. 
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"At university there tends to be a matter of 
working hard to get your degree, whereas in 
industry your objectives aren't very well - 
defined at all. It's more or less carrying 
on with the job as it's given to you, and 
the future prospects are more or less hidden 
in the darkness of time." 

"I had thought of staying three years here 
and then going to another firm but I've not 
really thought that out and looked at 
directions there. I want to see how this 
job turns out before I plan anything. Three 
years would be enough time to get enough 
experience in this job without getting too 
set in my ways or too settled to the idea 
of being in this firm, and if I did move 
I would have experience to offer." 

Such boundary markers which absorbed uncertainty could be quoted from 

career literature, from company advertisements which indicated desirable 

experience, and from fellow engineers. Three years could even be cited 

as a convenient planning unit because it had been the length of a sixth - 

form stay and university degree course. The use of any of these time 

periods as planning units was a tentative matter until the graduates could 

check their usefulness against personal experience. (13) The existence 

of a majority who were concerned about their lack of knowledge of career 

opportunities suggests a fairly widespread lack of confidence in such 

standard recipes, however, and in such a situation efforts at long -term 

detailed planning could be seen as irrational activities rather than as 

indications of irresponsibility and immaturity. 

(13) For a discussion of 'uncertainty absorption', see J.G. March and 
H.A. Simon, Organisations, New York: Wiley, 1958, pp. 165 -6. 



3. Career Lines: Activities and Settings. 

One of the central points in our definition of a career was that 

it was conceived as a vertical movement through a status hierarchy. In 

public and sociological discussion of professional employees in large 

scale organisations a frequent there is the extent to which advances in 

experience and seniority are possible in posts largely concerned with 

the direct application of professional and technical skills compared to 

posts largely concerned with organisation and management. From the 

company viewpoint the central problems are usually seen as those of 

motivating able technical specialists to seek and be competent in 

administrative positions. While some of the companies offered the 

prospect of a 'dual ladder' with some almost wholly technical senior posts 

with titles such as 'consultant' these were relatively few in number, and 

the main line of advancement was through the managerial ladder. For the 

individual the available career lines with changes in the balance of 

technical and administrative duties pose dilemmas about the desirability 

and feasibility of switches, points of switching and strategies of career 

advancement. Horizontal mobility in careers has usually been viewed in 

discussions of careers as a device of company sponsorship or individual 

ambition to gain wider experience to augment vertical mobility. Yet 

where horizontal mobility is closely involved with physical movement and 

raises questions about the flow of individuals between different 

organisations and sectors then the issues of technical or administrative 

career lines and preferred work settings can be seen to be related to 

the nature of commitments and the graduate's conditional loyalty to his 

first industrial employer. 

(a) Technical and administrative career lines. 

Although the general questions about careers produced answers which 

revealed widespread, self- confessed ignorance about personal abilities 
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and career opportunities and a short -term future perspective, direct 

questions about preferences for technical or administrative activities 

revealed that within companies the new entrants were acquiring information 

about, and developing evaluations of, possible career lines. The 

preferences for the current situation were almost overwhelmingly for 

technical activities and for the future for increased administrative 

activities (see Table 2). 

The preferences for the technical posts in the short term were 

indicative of the commitments made in the educational system to engineering 

occupations, and for some engineering graduates these technical skills 

were not only marketable skills but skills whose exercise had become an 

ethical obligation. 

"I considered I had an engineering degree 
and thought I would work in the engineering 
industry. I thought it would be a waste 
otherwise. I hope it will develop into 

something broader though I am not quite 
sure what." 

"I was trained as an engineer so I wouldn't 
like to feel it was wasted." 

But just as educational side bets developed skills relevant to making 

out in industry, educational courses had not developed administrative 

skills and in some cases graduates were not sure what these skills were. 

"For now I would pick pure engineering 
every time. At the moment I've got no 

idea of administration whatsoever." 

"In my present state I would prefer pure 

engineering because I am more able to deal 

with things rather than people, although 

in future this will change." 

"I wasn't really aiming for management, 

but last year when I was looking for a 

job, although I preferred research, it 

seemed that there were few places to do 

research. Industrial research is just 

a stepping stone to management: industry 

can't afford research. So research is 

just a way of getting established in a 

firm then moving into management .... 
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I realise it's going to take quite a 
while before I get established. I'll 
wait another two years before I make up 
my mind. I've not really thought of 
management till recently and I can't 
compare it to anything I've done before." 

In asking about preferences for the future there were two interesting 

points about the nature of the responses compared to those offered 

about the short term. In the first place many of the respondents 

eschewed the alternatives of either technical or administrative tasks 

and stated their preference for a mixture, often the phrase'technical 

management' was used. A second point was that the reasons for these 

preferences tended to deal in rewards rather than resources for malting 

out as the responses on the short term situation had done. In other 

words in the short term the problems were simply questions about have 

I the resources to cope, while for the future competence was assumed 

and the problems were those about where rewards lay, and the rewards 

of greater income, power and prestige were seen to lie in the managerial 

ladders 

"I have a dislike of paperwork at the 
moment. In the future I shall have to 

resign myself to a certain amount of 
administration because it is the only 

way to get anywhere. ilhen I get down 

to paperwork I'm reasonably good at it." 

"I would like to have more responsibility 
and you can't do that on a technical basis; 
you've got to get involved in administration." 

While many took the dismal view of administration as a necessary evil, 

implying the loss of intrinsically satisfying technical jobs, to be 

set against the rewards of income, power and prestige, others took the 

view that the scale of technical activities implied necessarily some 

managerial functions and technical management could be viewed as an 

optimum position combining the intrinsic satisfactions of technical tasks 

and the rewards associated with management. 
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"My interest initially is in engineering. 
After spending three years in particular 
and twenty in general in engineering then 
this is the thing. Obviously there comes 
a point when you are not so interested in 
the specific details of a particular problem. 
You are interested in the wider system and 
c000rdination of other things and achieving 
the ends of which the little problems I do 
are part." 

"I'm not interested particularly in paper 
work but there's more money in management. 
You've got to take up some management at 
a later date but I don't see myself becoming 
a pure manager, only an engineering executive 
where you keep in touch with what is going 
on and still get involved with what your group 
is doing." 

In the short term then, by virtue of the kind of resources which 

these science and engineering graduates had, they were 'trapped' into 

largely technical posts. For the longer term when they examined rewards 

they could be said to be trapped still by their narrow technicist 

conceptions of management where administration was largely viewed as 

'paperwork' which was intellectually dull, or 'politics' which was 

unscientific, inefficient and morally repugnant. (14) While it could be 

argued that the narrow conception has been fostered by a predominance 

of technical specialisms in undergraduate degree courses, there seems 

little attempt to introduce different conceptions in industrial training 

or industrial organisation. (15) The domination of industrial training 

by on- the -job training meant a circumscription of the newcomer's frame 

of reference to largely technical tasks without that breadth of view once 

(14) Engineering conceptions of 'organisational politics' are elaborat$d 
and discussed in the next chapter. 

(15) The relatively low proportion of an engineer's education on non- 

vocational courses in Britain has been viewed with disquiet by those 

seeking a standardisation of professional qualifications within the F.E.C., 

although it must be remembered that the undergraduate course is generally 

longer in most European countries without professional' institution 

supervision of industrial experience. 
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alleged to derive from a company tour or off- the -job courses or projects. 

Besides,as Iffier Duncan has observed, the organisational location of many 

research and development departments has accentuated a technicist 

conception of management, for R & D has frequently been isolated from the 

manufacturing, financial and marketing activities of the organisation, 

and a traditional 'staff -line' ideology, which conceived of technical 

'staff' in an advisory rather than executive role, has been doggedly 

persistent. (16) 

Por those who link national and company misfortune to the reluctance 

of graduate engineers and scientists to advance their careers beyond the 

research and development departments and technical specialisms, particularl: 

into management in other departments, the implications of these findings 

are a caution on seeking change wholly, or even mainly, through the 

educational system. Reform would imply at least comparable scrutiny 

of industrial training and organisation. 

(b) Career lines and work settings 

Several researchers have attempted to discern danger in the 

recruitment policies of industrial companies through an examination of 

the educational and occupational biographies of different age cohorts of 

managers. In the late 1950's Clements distinguished five typical 

patterns: the 'Crown Prince' whose particular pattern owed much to close 

(16) P. Duncan, "From Scientist to Manager" in P. Iiadmos, ed., The 

Sociological Review Mono 'ra h- No. 18: The Sociology of Science, 

September 1972, p. 14 +3. In Duncan's study the sample of industrial 

scientists and engineers divided fairly evenly between approval and 

regret about the main line of career advancement through management, 

and as in this study, he found that management was narrowly conceived 

with a strong preference for technical management. 
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family links with owners or senior managers; the'managerial trainee', 
out 

frequently an arts graduate with any strong sense of vocation who went 

or 'drifted' into the sales or commercial departments; the 'pre -qualified 

specialists', these were the engineering or science graduate appointed 

to specific jobs to employ their specific skills but who proceeded through 

a series of logical steps to promotion within the firm; the 'special 

entrants' possessed some of the advantages of family or special links 

enjoyed by the 'Crown Princes' but to a lesser decree and their combination 

of social ease and rudimentary technical training tended to lead through 

commercial and sales departments; and finally, the largest group in 

Clements' study, the 'self -made man', had left school at 15 and undertook 

a 'long tedious journey' through lower management. (17) Clements 

suggested an increasing proportion of new managers were being recruited 

from among the 'pre -qualified specialists', a view supported by Clark 

who carried out a replication of the Clement's study in the Manchester 

region. (18) Again a broader national study confirmed an increase in 

the proportion of technically qualified managers. (19) These trends 

evident in other industries and national samples have been especially 

pertinent in the electronics industry where the declining proportion of 

QGS.E.s in R 8 D, despite overall increases in absolute numbers, has 

been widely interpreted as a reflection of "the growing need for science- 

based graduate manpower in the management, production and marketing 

functions ". (20) Given the early general shortages of graduate scientists 

and engineers in the post -war period, industrial companies have advocated 

(17) R.V. Clements, I,ïanagers: A study of their careers in Industry, 

London: Allan Unwin, 1958. 

(18) D.G. Clark, The Industrial Manager, London: Business Publications, 

1966. 

(19) Acton Society Trust, Management Succession, op. cit. 

(20) Annual Statistical Survey of the Electronics Industry 1970, op. cit. 
p. 11. 
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a policy of 'catch them young' supplemented by planned career development. 

(21) Such programmes for recruiting and training managers have been 

termed 'management development' and would include both off- the -job 

courses and planned promotion and transfers to ensure that requisite 

experience was acquired at appropriate stages in the manager's career. 

The design of management development programmes faces considerable problems 

and it is not clear that many companies have advanced beyond exhortation. 

(22) The incipient state of 'management development' in the engineering 

industry generally and the electronics industry in particular can be 

gauged from the annual reports of the Engineering Industry Training Board 

which record 'steady progress' and the Docksey Report which contained 

evidence of a reluctance to release staff for off -the -job courses. (23) 

The stock reason for the neglect of training in the electronics 

industry was that staff could not be released in a situation of shortage, 

a view which might appear to be the opposite of those who concluded that 

training was an integral part of the efficient utilisation of manpower 

necessary in a situation of shortage. However, two other sources of 

impediment to the development of extensive career development programmes 

emerged in the study of the electronics industry. Firstly, there was 

the perception by the technologist of a market for his training, skills 

(21) See, for example, I.A. Millar (Group Education Executive, Elliott 

lutomation), "The Scientist in Industry ", ITew Society, 7.7.66, p. 18. 

The remarks expressed in this article are similar in spirit to those of 

the Managing Director of Llullard on using the R & D department for 
internal recruitment (quoted in Chapter Five). 

(22) A brief account of the difficulties in operating a management 
development programme which arise from the diffuse nature of selection 

criteria, the lack of universally valid 'leadership' qualities and the 

and the rudimentary nature of measures such as appraisals and job 

descriptions is given by P.B. Smith, "Training and Developing Executives" 

in D. Pym, ed., Industrial Societ : Social Sciences in Management, 

Harmondsworth, Penguin Books, 1968, pp. 289 -291. 

(23) E.I.T.B., Report and Accounts 1970 -1971, op. cit., pp. 7 -8 and 

pp. 11 -12, and Industry, Science and Universities, Report of a working 
party on Universities and industrial research to the Universities and 
Industry Joint Committee (Chairman, Mr. Docksey) London: C.B.I., 1970, p.66. 



TABLE 3. Anticiated career lines b department of current em lo ent 
percentages) 

1 á) Antic. ated future with current employer 

Likely to remain Research Development Production Applications Totals 

Yes 15 10 10 - 10 

No 64 67 50 57 65 

Don't know 23 23 40 43 25 

N = 100 100 100 100 100 
51) (121) (10) (7) (169) 

(b) Settings considered as future possible auspices by department of current 
employment 

Settings Research Development Production Applications Totals 

'Irait and see' 3 21+ 

Industry 
present employer 17 15 

another company 52 66 

abroad 7 11 

oven company 3 5 

Government research 3 - 

University 21 8 

Teaching 

Other 

7 

4- 

Numbers of multiple 
responses 

N = 
30 163 

(29) C119) 

6o 4 24. 

40 - 16 
40 42 61 

- 28 9 

3 - 5 
- - 1 

10 14 12 

- 5 

- - 3 

19 10 222 

(10) (7) (165) 

Cc) Reasons for possible move to another industrial company 

Reasons Research Development Production Applications Total 

To gain experience 33 69 90 33 64 

Blocked promotion 33 20 20 - 22 

To gain promotion 4.0 32 20 66 34 

Numbers of multiple 
responses 16 95 6 3 120 

N. _ (15) (78) (4) (3) (1cc) 
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and information beyond industry and his particular employer, and 

secondly, there was the tradition of the 'self -made man', which placed 

the onus for career development on the individual. 

Responses to a question, "barring unforeseen development, do you 

think you could remain here permanently ? ", could be answered either in 

terms of the feasibility or the desirability of staying. Even where 

respondents were alert to this nuance the responses were dominated by 

references to desirability and feasibility was assumed. The majority 

of responses were for industrial settings and relatively few anticipated 

moves into university or government employment, yet within the industrial 

sector the majority of respondents anticipated a move to another 

industrial employer within the relatively short term (see Table 3). 

Despite the preoccupation of the sociological and personnel 

management literature with the conception of the graduate as a frustrated 

academic, very few of the sample envisaged a return to university 

settings. (2L) And of these 15 who anticipated a possible return to 

university distinctions must be drawn between those who would seek full - 

time employment and those who anticipated a return as a short -term measure 

to gain further qualifications. Among the former group only two revealed 

any similarity to Cotgrove's public scientist or technologist. 

"I think I prefer university research to 
industrial research. I enjoy it here - 

but I think I shall enjoy it more there. 

At university you are doing fundamental 
research, here they call it research but 

it isn't really research in the purest 
form, it's design work around new things 
that have just come out. Pure is when 

you are investigating phenomena, finding 

out how everything works. Whereas what 

(2/+) It should be remembered that the table refers to university 

graduates only and none of the technical college sample contemplated 

a move to university, government or teaching activities. 
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we are doing is, having been given something 
made by a manufacturer, a diode, we are 
building it up into a complete circuit 
and quite a lot of this is empirical." 

"I think sooner or later the academic 
element will force me back to university 
or to a government establishment where 
there is greater freedom of thought. This 
is almost inevitable." 

The point in quoting these views in full is to underline their atypicality, 

that among the would -be returners there were quite other considerations 

attached to university employment, for example, teaching and personal 

autonomy in leisure as much as work. 

"I wanted a job in industry to see what 
it was like, and now that I've seen what 
it's like I intend to return to university 
to do a Ph.D and get a job lecturing or 
teaching at a university or technical 
college .... I want to do it for the 
personal freedom. I would get interested 
in it and not restricted by any time scale 
save three years. I want freedom to pursue 
things I'm interested in apart from the job, 
to plan my life as I want it not as (the 
Company) want it .... I feel that since 
university most of my personal life has 
been robbed." 

For the most part, however, further qualifications were sought as part 

of a short -term return to university and the qualifications were valued 

as counters in career advance through industry. All of the graduates 

who envisaged this return to university were encouraged by the ongoing 

expression of higher education and job opportunities and had the 'good 

degrees', even some further degrees, which encouraged confidence about 

getting places, grants and jobs. 

The preoccupations with industrial futures among the majority of 

these technologists and their reticence about futures with their present 

employers marked a growing preoccupation with status advancement and 

recognition of a profession of technologists or industrial scientists. 

The reluctance to anticipate a future with the existing employer owed 
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much to that tradition of the 'self -made man' where status advancement 

was the responsibility of the individual. Personnel managers had 

complained that management development was widely resisted by senior 

managers who believed that the 'hard wag developed fortitude and independen- 

characters, and the new graduates quickly learned this folk lore that 

the technologist should gain experience of a variety of engineering, 

problems and organisational solutions by initiating moves between companies. 

"As far as I can see I could stay here. 
The only reason I could see for leaving 
would be the general opinion in this 
industry that it is better to move around 
to get on." 

"Conceivably I could stay, but it depends 
on a number of factors. Firstly, that I 
go in the direction I want, upwards, and, 

at a reasonable rate and salary. But 
it's doubtful that I will stay because I 

don't think that will happen. From what 

I hear and have seen it's a better idea - 
at least while at my age - to move around 
a bit, not every few months but say two 

years. In any case this is specialising 
in a particular field and I think I might 

want to do something different, say computer 

systems. There's no point in a complete 
change, but it's useful to change atmosphere. 

It's also good from a salary point of view .... 

When I went for interview, they usually 

sent you round with a couple of graduates 

and these chaps, who have perhaps been there 

two years or had other jobs, hold this view. 

And talking to people who are about 30 here, 

they seem to hold this view." 

During the early 1960's Watson introduced the concept of 'spiralism' to 

denote "the progressive ascent of .... specialists of different skills 

through a series of higher positions in one or more hierarchical structures, 

and the concomitant residential mobility through a number of communities." 

(25) The concept seems most clearly relevant to the technologists. 

(25) 71. Watson, "Social mobility and social class in industrial 

communities" in M. Gluckman and E. Devons, eds., Closed Systems and 0 en 

Minds, Edinburgh: Oliver and Boyd, 1964. 
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In a comparison of interorganisational mobility rates Gerstl and Hutton 

observed much higher rates among their sample of mechanical engineers 

than that reported in other studies of managers. (26) Although neither 

Gerstl and Hutton nor Pahl found simple relationships between frequency 

of moves and career success, Shinshoni found evidence of a beneficial 

relationship between a wide variety of employment experience with inter - 

organisational and successful innovation by technical entrepreneurs 

in the American electronics industry. (27) Thus there may be some 

validity in the view that the development of the 'well- rounded' technoloisi 

is enhanced by interorganisational moves. For many of the young 

technologists in the electronics industry acquiring experience and 

developing knowledge and skills went hand in hand with status advancement 

for experience was a marketable asset to be sold to the highest bidder 

in a series of exchanges which marked career advancement. Acquiring 

experience becomes a side bet which implies only a short run commitment 

for clearly definable experience, such as that on training schemes, 

given the freedom to move and hopefully the guarantee that one can avoid 

the technician grade work of the 'raw graduate'. 

"I look at it like this. I'm an'assistant 
engineer'. I have just completed the 
graduate training scheme where if you leave 
before you are an 'engineer' than you have 

nothing to show for your experience here. 
Once you have completed this training 
scheme you've got to become an 'engineer' 

whether you like it or not to go anywhere 

to show them you've got experience. So 

another year to become an 'engineer' and 
then I can move .." 

(26) Among the youngest age group of mechanical engineers, approximately 

25 - 35 in age, only one quarter had never changed employer. Gerstl 

and Hutton employed overall rates with those reported by Clements, the 

Acton Society Trust and Craig's study of Cambridge graduates, see 

J. Gerstl and S.P. Hutton, op. cit., p. 95. 

(27) See J. Gerstl and S.P. Hutton, op. cit., pp. 96 -97; R. Pahl., 

op. cit., p. 4+9; and D. Shinshoni, "Aspects of ¿cientific Entrepreneurship ", 

Unpublished Ph.D thesis, Harvard University, 1966. 



TABLE 4. Anticipated ease of obtainin another job by department of current 

Development Production Applications 

employment (percentages 

Research TtiMarket Ease 

Very easy 38 46 56 14 

Fairly easy 50 46 33 72 

Not very easy 9 8 - 14. 

Don't know 3 - 11 - 

100 100 100 100 
N = (32) (108) (9) (7) 

TABLE 5. Anticipated future demand for own speciality by department of 
current employment 

Demand for 
speciality 
expected to: Research Development Production Applications 

increase sharply 35 33 22 14 

increase gradually 62 54- 56 43 

stay the same 3 11 22 43 

decrease graduall, - 1 - - 

decrease sharply 

N = 

100 100 100 100 

(51) (106) (91) (7) 

TABLE 6. Anticipated size of current employer's R & D organisation by compaxiy 

R & D Organisation 
expected to: 

increase 

stay the same 

decrease 

Don't know 

A B C D E F 

93 

7 

- 

- 

75 

10 

12 

3 

65 

35 

78 

9 

9 

1+ 

84 

8 

8 

87 

9 

4- 

N = 

100 100 100 100 100 100 

(13) (32) (23) (22) (24) (22) 
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Of course actual moves will be a function of the relative degree of 

satisfaction with the present situation and the perceived opportunities 

to move elsewhere. Thus the view that one was responsible for one's 

own career development and that this was most likely to be promoted 

through inter -organisational moves rested on an optimistic view of the 

labour market. 

Although interviews revealed some indications of doubt about 

the future, especially about current employers, the responses to 

questionnaire items on the economic future were answered with buoyant 

optimism. It may be some indicator of self -confidence that the responses 

became progressively more confident of expansion and ease as the focus 

of the question shifted from the current employer to a particular 

speciality and the individual's own prospects (compare Tables 4, 5, and 6). 

Over half of the technologists expected a gradual increase in the 

size of the R & D activities of their current employers, and the remainder 

were evenly divided between the very optimistic and the pessimistic 

(where stability is taken to imply pessimism, see Table 4). Within 

this overall optimism there were some patches of doubt, for example, 

within the company with aerospace activities which had closed down some 

activities and transferred some newcomers to their present site. ,Within 

an electronics development lab the process of reorganisation fostered 

some disaffection. The interview produced somewhat stronger evidence 

of doubt about prospects in the current organisation which stemmed from 

two main sources, one lay in the consequences of recent rapid growth 

where promotion appeared blocked by the youthfulness of managers and 

the other lay in the possible ramifications of rationalisation from 

recent mergers. In one company where three mergers had been entered 

within the past three years the recent graduate entrants used four 

different names as the title of their employing company. 
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Anticipations of the demand for one's own speciality proved 

extremely optimistic with only two respondents anticipating any decrease 

in this demand (see Table 5). In their view of their own situation 

most of the total sample saw a situation of ease in possible future job 

hunts (if 'hunt' is appropriate to describe this optimistic state). 

There was a variation, however, in the degree of optimism and the 

_university- trained physicists were noticeably more guarded than the 

university -trained engineers. 

Although I have argued earlier that 'career' is most usefully 

viewed as a retrospective concept by which people can reinterpret their 

past, it is evident that a knowledge of 'career structures' can be used 

to develop a perspective on the future. The IrIinistxy of Labour study 

reported the common view in the mid- 1960's in the electronics industry 

that shortages had been caused by the rapid expansion of the industry 

and the movement of engineers and scientists into managerial positions 

and by the movement of young scientists and engineers between companies. (28 

It was this popular view of a benign future and the probable direction 

of advancement which alleviated many anxieties about the future, and 

permitted the sealing off of their future beyond a short -term perspective. 

(28) Electronics, op. cit. 
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4. Work and Trion -Work in Career Commitments 

The view, stated in the recruitment literature quoted earlier, 

that work is the core of existence for the career -minded could be taken 

as simply tautologous. But taken in the context of the comments about 

security and the various company welfare provisions the statement signals 

a view widespread in many companies that work is, or should be, a central 

life interest for managers and professional staff. (29) While 

professional staff might be expected to conceive of careers beyond the 

particular employer, in so far as they sought to enter managerial positions 

then they would be expected to manifest an interest in career advancement 

within a particular organisation. Thus 'commitment', 'loyalty' and 

'ambition' become the required qualities. Among recently recruited 

graduates managers saw several impediments to the development of long- 

term commitments which included academic yearnings or orientations to 

professional careers beyond the current employer, an 'itchy feet' syndrome 

which was linked to immaturity, a market shortage for the technically 

qualified which favoured 'wheeler -dealers', and the trend to professionalise 

management in the sense that managerial information, knowledge and skills 

are seen to have a general market value. (30) Such responses become 

stock explanations of graduate turnover and since many of them could be 

(29) That this view extends into British companies and does not reside 
purely in the American sphere of organisations and literature has been 

pointed out by Pahl and Pahl, (see their study Managers and their ;;Fives, 

22.1 _211.1., pp. 34 -39). 

(30) In the U.S.A. where this trend is assumed to have been more 

pronounced than Britain, Schein and his colleagues found no correlation 

between orientations to managerial careers and taking the current 

employing organisation as a principle frame of reference among a sample 

of scientists and engineers. G.H. Schein et al., "Career Orientations 

and Perceptions of Rewarded Activity in Research Organisations ", 

Alfred P. Slean School of Management ';Working Paper, 56 -64, Tlassachussetts 

Institute of Technology, 1964. 
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attributed to university experiences, for example, academic ambition 

and irresponsibility, or university policy,for example, the 'shortage' 

or 'misallocation', these'explanations' distracted attention from the 

importance of the work assignments given to newcomers. Whether or not 

work was a central life interest it was certainly important to most 

graduates because they lacked alternative lines of commitment. The 

majority were unmarried and the incidence of geographical mobility 

disrupted former friendships and commitments to a private sphere of life, 

and thus made work an important organising principle for present interests. 

A relatively crude approximation to gauge geographical mobility 

can be made by using the nine standard regions of Britain and noting 

the extent to which schooling, college or university and work were in the 

same or different regions. (31) The approach is crude since regions 

are large and a school education in Reading followed by London University 

and work on the South Coast could involve marked chances of residence 

which would be obscured within a region. With this reservation in mind, 

that the classification understates mobility, it is clear that just over 

half of the graduates moved into the region after university, (see rows 

4 and 5 in Table 7). Almost one -fifth moved back to a region where they 

completed their schooling after they had been to university (row 3) 

and the remainder experienced some continuity between university and work 

(rows 1 and 2). As we might expect the technical colleges were much 

more local institutions than either the universities or the ex -cats and 
continuity 

three- quarters of output in the study experienced/between schooling, 

college and employment. One of the most significant social facts about 

(31) These standard regions are South East, South-West, East Midlands, 

West midlands, North hest, Humberside, North-East, Wales, Scotland. 
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universities is their relatively homogenous population by age and 

social and educational background (and in engineering by sex too). The 

English universities have been national institutions too, so 'Ghat although 

one third of the graduates went to university within their home region 

only 15 lived at home. The consequences of this pattern of residence 

and homogeneity of background have been universities which have been 

noted for 'peer group learning',for the development of collaborative 

perspectives on common problems. (32) :'there the undergraduate life 

had been 'all of a piece' with few clear boundaries between work and 

leisure and hence all these problems of 'balance' in the allocation of 

effort and time, life as an employee was clearly marked out into 'company 

time' and 'free time'. During a period when 'free time' had to be 

organised and could be described as being in a state of 'suppression', 

interesting work could provide some reference points in work time. 

The disruptions of mobility can be gauged from the difficulties which 

many faced in nominating friends and social contacts outside work. 

"It's a bit difficult to think of friends. 

I can think of plenty of acquaintances. 

When you leave university, all the people 
you know there are friends and would all 

be engineers. But they leave and go 

somewhere else. I can't think of any 

other close friends - acquaintances, yes, 

and they would certainly be engineers." 

"I do have a problem what to do in the 

evenings after work. I am afraid the 

answer often is just watch the television 

in the digs." 

"At the moment I spend my evenings, Monday - 

Friday, doing nothing, except perhaps cooking, 

washing, and living in a bed -sitter. This 

is more or less the suspended state I am 

living in at the moment. It's not permanent." 

(32) Burns has commented that the role of student may offer one of the 

few remaining opportunities for a 'total role' in a society characterised 

by the high degree of differentiation. See T. Burns, "The Revolt of 

the Privileged ", SSRC Newsletter, no. 4, London: S.S.R.C. 1969. 
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The geographically mobile graduate without established friendships can 

find that his batchelor status puts him outside the social circle of 

married colleagues and that his digs are no stage for his own entertainments 

and that he must seek commercial entertainment, voluntary associations or 

accept privatisation. 

As a picture of all graduates the above is very much overdrawn, 

and three alternative situations can be readily seen. There were those 

who remained near parental homes, or returned to them after college and 

for them a private sphere could be readily fashioned on old friendships. 

Ielost typically this was true of the technical college graduate, and 

one could indicate the implication of this in the lower expectations for 

challenging work which he held. 

"I appear to be more fortunate than many 
other graduates in here, because the things 

I do in my spare time in the (local voluntary 
association) are more important to me than the 
things I do in here. To this extent the job 

becomes less of a worry to me. It satisfactorily 
fills the time between 9 - 5, it pays me, it 

puts no great strain on 
challenge to it that it 

This is all I ask of it 

be all that is asked of 

reasonably contented." 

me and it has sufficient 
keeps me interested. 
really. It seems to 

me and everyone is 

Another possibility was that graduates remained within close proximity 

to old social contacts at this university. To some extent this can 

be only a temporary solution, but a temporary solution which affords 

the establishment of career footholds and a new set of commitments out 

of work. 

Yet a third possibility for the graduate was that he could develop 

contacts with other recent graduate entrants who shared bothlis recent 

experiences and present predicament. This was the point emphasised 

earlier about the benefits of group training schemes in large companies. 

Even where a private life was sought apart from work, mobility sometimes 

imposed a dependence on companies which linked work and leisure. 
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"Most of my friends have to be engineers 
from here. I can't get away from it but 
I've tried. I think it's important to try, 
conversationwise, because you can't talk 
about work problems all day and every night. 
It runs out after a while. I've been to a 
stifle club, some people from here go too." 

"I get my whole personal life from the job. 
The job introduces me to a lot of people. 
The other person who shares the flat comes 
from (this company). They put me in digs 
at first with eight other people from (this 
company). I go out with them, get to know 
them and get to know more of them. This 
is a new town so the social life tends to 
be round your work rather than round where 
you live, usually you don't know your next 
door neighbour. Your friends tend to 
come from work." 

Company locations in new towns earned the scorn of batchelors for the 

bleak architecture, shortage of large houses for flat -sharing, the 

heavily skewed age structure with a high proportion of marrieds, and 

the lack of social amenities comparable to universities or university 

towns. When the lack of out of work interests were associated with a 

lack of challenge in work the newcomer lacked commitment to the 

organisation which would obviate his search for alternatives, and the 

coincidence was illustrated by a graduate who was seeking to return to 

university. 

"There seems to be two types of person here. 
There are ordinary people with a Zephyr or 
a Consul, live about 300 yards from work, 
have two children, and go away two weeks a 
year and have a week at Christmas. The 
others have a slightly bigger car, live a 
mile away, and have three children. I 

find the whole idea pretty depressing. I 

feel I've got to have a challenge, if I've 

got an exam then I'll work. At university 
you could aim at something, the end of term, 

an exam. If it wasn't an exam it was trying 

to edit a newspaper or get into the sailing 

team. Here there is nothing to aim for, 

except getting a house a mile from work, 

and I would like to travel, move around and 

so on." 
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This reluctance to be identified within the two class model of the 

organisation and community could be diagnosed as part of the'itchy -feet 

syndrome' but to accept its inevitability, or recruit from technical 

colleges those without such 'broader' horizons, or promote welfare schemes, 

would neglect the control which could be exercised through job assignments. 

How marriage might affect career aspirations can be only partially 

investigated among husbands or potential husbands. However some 

preliminary and tentative observations can be made. The first is that 

the 'near -married', those who mentioned engagement and plans for marriage 

in the near future, were frequently socially estranged from local 

communities around their work. Although this was always viewed as a 

temporary situation these other role transitions could exacerbate the 

difficulties and frustrations experienced from a lack of challenging work. 

"I'm leading a bit of a double life at the 
moment. I am here during the week and back 
home at the weekend. It's a bit disheartening 

from a social point of view because what happens 

here, happens at the weekend .... I seem to be 

one step out Wherever I go. It's just something 

I've got to put up with till I get married in 

July. 

'I can't really, at the moment, say I am satisfied 

with anything, it's partly outside work as well. 

It all goes with this feeling about responsibility; 

when it comes am I actually going to have something 

concrete to meet, that's assigned to me and over 

which I am responsible. I feel as if I am in a 

state of suspended animation: I've left university 

and I can't say I'm settled in fully. Partly 

also I'm getting married in six weeks' time 

and I've got money problems as anybody paid a 

month in arrears would have .... 

I'm just waiting for the next ten weeks, for 

Christmas to roll by when I can settle the 

personal and money problems. Then once I've 

got a definite job here I shall be more satisfied." 

Both the 'marrieds' and 'near -marrieds' reported on wife or fiancee 

approval of technological careers as 'secure and reasonably well- paid." 

Interests in mortgages might prompt a growing interest in the extrinsic 

rewards from work but there were two other ways in which marriage could 

influence career choice. The first was in choice of job, where 
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several mentioned that shift work or field engineering would not be 

welcome, and the other was mobility, but here opinion was evenly divided 

between those who saw marriage as a constraint and those who vouched 

for a spouse's willing acceptance of moves as part of career advancement. 

On this point it must be remembered that only one respondent was married 

with children. 
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5. Career Structures, Status Advancement and the Work Organisation 

The starting point for this chapter was an illustration of the 

widespread social concern about the careers likely to be experienced by 

industrial scientists and engineers. In the late 1960's the interests 

of industrial companies in career structures which stemmed from their 

survival interests and dependence on scientific and technological 

knowledge were of wider import because of Government commitments to 

promote industrial modernisation and Government responsibilities for the 

educational system. If the provision of educated manpower through the 

educational system and the availability of career ladders within 

companies to serve the long -term needs of the company working 

organisations appear to be readily manageable aspects of a manpower policy, 

then this facile view can be disturbed by examining how individual 

commitments to status advancement have implications for the working 

organisation. This exercise involves drawing together some of the 

strands of both this and the preceding chapter. While many graduates 

could close off the future and concerns about careers, it remains the 

case that the majority were anxious about careers and status advancement. 

Moreover it was evident from the preceding chapter that an interest in 

status advancement emerged as a response to early career assignments 

and a search for an escape from them. Therefore the present focus is 

on the consequences for conduct in the working organisation when status 

advancement becomes a major frame of reference. 

As Burns observed, organisations elicit both cooperation and 

competition. (33) The problem for the newcomer is to distinguish the 

elements of the moral code which prescribes legitimate and illegitimate 

behaviours. In any particular situation, the pattern of norms, 

(33) See T. Burns, "On the Plurality of Social Systems ", op. cit. 
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relationships and acts may be cloaked in ambiguity and the newcomer 

has to learn to differentiate what might be interpreted as illegitimate 

'creeping' from the legitimate cultivation of 'good relations', and to 

distinguish pressing one's own cause from the denigration oz others, 

where the latter course could rebound as an example of 'pot- stirring' 

or 'trouble -making'. And as one graduate indicated while these 

behaviours may feel at odds with private thoughts, they are a pretence 

which is demanded and whose compliance is sanctioned. 

"You've got to fit into the group. If 
you want to be ambitious within the group 
and you want to push out - this is what 
I want - then although you may be pushing 
for more responsibility, you can't do it 
in a way which offends other people. I'm 
not talking about being slimy or underhand, 
you've just got to oil the process all the 
time. Everybody is keeping up the facade. 

You must make sure everybody knows you are doing a 
good job. If ever you offer an idea you 
expect it to be shot to pieces - not just 
from an engineering point of view. You 
couldn't tell one person he is in charge 
of another in my department, the issue is 
never brought to the fore. You haven't 
got to think of it in that way. If you 
don't get on too well then somebody will 
say you've just got to do what you're told. 

It's all part of the act. 'ghat you've 
got to do is to come in, do the job, make 

sure everybody knows you've done the job 

and don't be frightened to tell everyone 

you've done a good job. It's just an 

atmosphere. You get the odd derisory 

comment when you drop a boob. It's only 

natural to drop a boob so these are the 

people who don't fit in, who are deliberately 

creating friction, who call out in public 

when other engineers are there." 

In probes about the qualities for career advancement, the stress laid on 

visibility became one of the marks distinguishing the 1967 entrants from 

the 1968 entrants. The very recent recruits placed stress on technical 

abilities, on meeting the supervisor's demands as given to them within 

a given time -scale. For those with a year's experience being visible 

was an important additional requirement. 
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"You've got to be willing to push hard. 
It's noticeable that those who get on 
have got a different attitude from the 
rest, they're willing to be noticed." 

"My impression - and I was told by people 
in the lab - is that to get on you've got 
to make yourself known. You can't be a 
quiet little worker in the corner, you 
let them know you're there. You go to 
the office at least twice a week whether 
it's anything to do with the job or not 
doesn't matter. I must say that in the 
year I've been here it has been borne 
out. There was a quiet worker type and 
a bloke who went into the office and had 
a joke and he was the one who got promoted." 

Observations of how it has been done aid the development of strategies 

for it is important to know by whom, by what means, and for what one 

should be known. Suspicions about the adequacy of the system of 

appraisal encourage the belief that it is important to be known directly 

by the person who makes decisions about promotions, the department head 

in his 'office' and not just the supervisor. Entree can be made in 

this direct manner ór by securing significant parts of projects, whether 

significant technically or significant because they involve documentation. 

Such a preoccupation with status advancement has its implications in 

work conduct because it influences preferred projects and conduct on 

projects, for example, information about forthcoming projects can be 

solicited and hints dropped about preferred assignments. And the impact 

of these career strategies can be pointed up most dramatically by looking 

at the consequences of turnover in the development labs. 

Some of the main views on turnover in companies have been raised 

already in discussions of the labour market. There it was seen that 

companies were prepared to accept, if begrudgingly, current turnover 

levels and interorganisational moves as a necessary price to pay for 

using the early employment period as part of the search process to be 
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completed by companies and graduates. (34) Before such a conclusion 

can be accepted with complacency it is necessary to indicate what sort 

of price is being paid by companies and graduates. Although it is 

extremely difficult to state these costs in financial terms and a 

recent study of labour turnover in the electronics industry did not 

attempt a breakdown by mill categories of disruption costs and was 

preoccupied by the level of turnover among female labour, it is possible 

to discern some of the ways in which costs can be incurred. (35) 

In the development labs it was evident that both the satisfactions 

sought and found in work by engineers and the patterns of communication 

adopted among engineering groups made them peculiarly vulnerable to 

opportunist career strategies. It will be recalled from the discussion 

of job satisfaction that the main sources of satisfaction were found in 

problem -solving, especially at the design stages Or in the completion of 

building preliminary models. Dissatisfaction was found in routine work 

frequently described as 'paper work'. Some examples of this antithesis 

of technical problem- solving and paperwork can be seen in the comments 

of a research and a development technologist on their satisfactions and 

dissatisfactions. 

"The scientific work as compared to writing 

memos and reports." 

"The sheer engineering, the benchwork: it's 

paperwork I hate." 

The official rewards tend to reinforce the pattern of intrinsic rewards 

for it would be a foolish engineering organisation which sought a 

(34) For a similar view to that expressed in responses to the Ministry 

of Labour study of the electronics industry, see G.F. Thomason, "The 

Recruitment and Selection of Scientists ", op. cit. 

(35) N.E.D.O., Labour Losses in the Electronics Industry, London: H.M.S.0 

1970. 
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reputation for the preparation of internal memoranda rather than for 

the production of physical hardware. Already accounts of work organisation 

have distinguished the more specific and local knowledge of the development 

engineer compared to the research scientist and the different patterns 

of communication with the emphasis on oral communication among the 

development engineers. (36) 

Both the company recruiters' emphasis on 'personality' and the 

development engineers' emphasis on 'communication' among the qualities 

of the 'good engineer' serve to underline this point. Thus in the 

development labs managers saw the bulk of the early employment period 

as a period of becoming knowledgeable about organisational processes, 

of developing a conceptual map of communication channels and 'gatekeepers'. 

Gatekeepers could be of many kinds, people who had access to knowledge 

because they worked on similar problems in the past or access to 

materials and services, for example, a 'model shop' which could provide 

prototype models more readily than a distant production department. 

Thus, while the 'company system' was an omnibus concept and would refer 

to ordering procedures or to prescribed drawing procedures, it was used 

more frequently by engineers to refer to people who had scarce resources 

of information, knowledge and skill and became nodal points in a system 

of communication. In problem solving their importance lay often in 

their knowledge of the oral history of a project. Company notebooks 

and product handbooks recorded decisions and deliberations, and the 

source of information for these deliberations was usually the engineer 

himself. ','there engineers disliked paperwork notebooks were kept in a 

very idiosyncratic manner. Supervision of them was almost non -existent 

(36) See Chapter Eight, sections three and four. 
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and although officially company property they tended to become the 

personal property of the engineer. The way in which turnover becomes a 

loss in terms of both the oral and written history of a lab because of 

the pattern of work organisation in the development lab can be illustrated 

by the comments of a development lab manager. 

"If we had a turnover of 305 per annum 
then our efficiency would drop because 
part of the efficiency of the organisation 
lies in knowing your way about. It's 
such a complex organisation that unless 
you've had experience of this you just 
can't get things done. For the first 
year he doesn't know people, after three 
years if he left we would only have had 
one year's effective work. It's not 
heresy because there are certain parts 
of the company with 331,ß turnover - certain 
laboratories, research labs in particular. 
Down here people can make a career; at 
the lab it was accepted but not liked 
that people move. It's not so catas- 
trop3".ic as it would be here .... 

We do issue a standard lab notebook which 
people should write in, keep up, number 
them and not destroy them .... 

I recently had a very bright young 
engineer in here who was inventing 
circuits all the time. He has since 
left and gone to another company, and 
I didn't manage to get the reports written 
on what he had done even though we bullied, 
badgered and tried." 

;'mere salary scales are not published and the pattern of increments 

unknown some graduates supplement their knowledge gained through newspaper. 

adverts and professional institution surveys by testing out the market. 

Such tests can be carried out by applying for jobs in other companies 

to find out their market valuation or by testing out the market internally. 

Usually the two applications go together with the rival offer used as a 

lever against the employer. ;While proving one's indispensability may 

be an essential ingredient of all bargaining situations a pattern of 

work organisation which depends greatly on local organisational knowledge 
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and stability of personnel enhances the available counters in bargaining. 

And as another 1967 recruit indicated the significance of the customer 

on Government military projects and interorganisational familiarity added 

another counter to the indispensability strategy. 

"I think the major thing here as elsewhere 
is to prove that you are indispensable. 
One chap did this rather brilliantly by 
threatening to leave at the 'wrong' moment 
in a project, and the Ministry said this 
can't happen he's a marvellous chap, and 
he was promoted to senior engineer within 
eighteen months of being made an engineer. 
He still left the company though: it was 
too late. This was a monumental bloomer 
on the part of the company and nobody had 
any respect for the people involved." 

While a loss might be readily seen in the departing member, costs arise 

to both the organisation and the new recruit from turnover. Indeed the 

costs to the new recruit may be among the more important and neglected 

costs, and raise for companies the possibility of a vicious circle in 

turnover. 

The new graduate engineer, who joins the company with the offer of 

direct entry and the promise that the best way of learning is on the 

job, is the most likely candidate to take over from the engineer, two 

or three years his senior, who has left. This is especially the case 

because other engineers will be already committed or find some commitment 

to avoid the inheritance. The departed engineer is not available for 

questions and his notes and reports are terse in explanation. The 

costs to the newcomer lie in his opportunities for job satisfaction and 

possibly his development as an engineer. The following comments illustrate 

both the difficulties and the disgruntlement. The important point in 

the comments from a lab where a fifth of the new entrants 'inherited' 

jobs is that the disgruntlement is quite distinct from that in 'trivial 

work' and 'dirty work'. 



"I would prefer to have started on a new 
job, not clearing up someone else's mess. 
I want to be designing, not redesigning." 

"They were fairly near to having a trials 
model when I first came. I found this 
was all bewildering, some people had left 
and I had to talk to others who were around 
on the job." 

"The development of the transmitter had been 
going on in various forms for some time, but 
the particular form has just been developed. 
Parts of it had been designed before I came 
in and it was difficult to follow the thoughts 
of the engineer. He'd left. Usually there 
are a few notes and circuit diagrams and that 
should be all you need anyway, but you can't 
ask the man where he had difficulties." 

"Solving a problem" or "making something that worked" carried the bonus 

for the newcomer, it marked achievement as a technologist and feedback 

on making out in a new situation. The denial of this kind of 'baptism' 

can mean a lengthier probation and less readily developed self- confidence. 

;,hhether the new recruit leaves in immediate frustration is dependent 

on a number of other factors but there is all the potential for a vicious 

circle of dissatisfactions, of departure and disillusionment. 

This is not to suggest that turnover is undesirable. Sufficient 

studies have been completed already to indicate the importance of the 

movement of people to the transfer of technology and promotion of 

innovation. (37) The point made here is that when young engineers begin 

to 'think of their careers' to the extent that status advancement becomes 

a major frame of reference then the kinds of commitments which they are 

(37) Models of technology transfer in which the movement of people 
were the crucial variable rather than models involving the transfer of 

units of disembodied information such as in sophisticated material 

technologies such as computer stored information retrieval systems 

appears to have been the main conclusion from the M.I.T. conference 

on technology transfer. See, H. Gruber and D.A. Marquis, eds., 

Factors in the Transfer of Technology, Cambridge, Massachusetts: the 

M.I.T. Press, 1970. 



likely to make have consequences for their commitments to the 'working 

organisation', especially in the development laboratories. Such 

consequences could be ameliorated by a labour market which reduced the 

possibilities of movement, by policies which changed the attractiveness 

of staying or leaving, for example, on work allocation and assignments, 

by changes in the conduct of engineers, for example, by the development 

of norms about the state of a project on departure or new patterns of 

work organisation and communication. Oral communication among engineers 

is not entirely governed by the nature of the task, it is encouraged 

by the difficulties which engineers encounter in coping with literature. 

(38). Any attempt to cope with a high turnover by an insistence on 

better company documentation practice alone might well founder on the 

inadequacies of the engineers' prior education and lack of continuing 

education. Vìhat is particularly depressing about the situation is 

that the problems of social structure and organisation are so frequently 

seen as psychological problems, as problems of individual personality, 

and either unalterable or to be changed only through the formal 

educational system perhaps it is revealing in itself that this can 

be illustrated in the remarks of a company training officer about 

engineers and report writing. 

"This is a question I think of personality 

traits. The type of person who makes an 

engineer is not happy writing, the type of 

person who makes a solicitor doesn't like 

to get his hands dirty. I am quite happy 

to say that there are two distinct types, 

of people, and the engineer is probably less 

careful in his thoughts, his thoughts move 

rapidly and outstrip his hands, and he can't 

get it down. I don't know whether this is 

true or not, but it satisfies me." 

(38) See, for example, J.H. Shena, Documentation and the Organisation of 

Knowledge, London: Gosby, Lockwood and Son, 1966, (especially Chapter 11, 

"How Engineers keep abreast of Professional and Technical Developments "). 



CHAPTER TEN 

PROFESSIONALISIv AND CLAIMS TO PUER AND AUTHORITY 

1. Introduction 

We have seen that a significant feature of the manpower debate 

of the late 1960's was the context of economic crisis in which the supply 

of scientists and engineers for industry was defined as a social problem. 

Securing greater numbers of better qualified scientists and engineers 

was part of the broader task of the modernisation of industry and the 

economy, and this aspect of the broader problem produced calls for more 

heed to the voice of scientists and engineers in national and industrial 

affairs. For engineers in particular the essence of the problem was 

seen in the difficulty of defining a distinctive conception of engineering; 

and engineers which would convey and help establish the claims of engineers 

to a distinctive competence and right to make authoritative pronouncements. 

This aspect of the debate went under the heading of the problems of the 

profession and there has been a long history of attempts to distinguish 

a professional engineer from a craftsman on the one hand and from a 

scientist on the other. (1) While efforts to boost the prestige of 

engineers have been generally applauded by Governments, manpower advisers, 

and industrialists, the concommitent efforts to develop a community of 

industrial scientists and engineers and enhance their power and authority 

at the expense of other groups has been less readily applauded. Such a 

(1) The dilemma of theory and empiricism has been discussed by MacFarlane 

who pointed out the emphasis laid on analytical skills to differentiate 

the engineer from the craftsman to the public and the emphasis within 

the occupation on craft aspects of engineering to remind members that 

they were not scientists. See B.MacFarlane, "The Chartered Engineer ", 

unpublished Ph.D thesis, London University, 1961. 
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move has been interpreted as the fostering of a potentially disloyal 

group with a potential to challenge managerial prerogatives. 

In the older sociological literature this challenge to management 

was discussed in terms of staff -line relationships where the staff 

approximated to a continuous consultant to the organisational doer, the 

line executive who was typically engaged in production- output activities. 

This literature has been largely replaced by discussions of professional 

organisational relationships because experts are rarely employed simply 

as individual advisers so that the concept of staff has had to be 

expanded to incorporate functionally distinct activities such as those 

of the research and c;_evelopment lab. Loreover the marked differences 

in social and educational background between staff and line are less 

likely between professionals and their supervisors or other organisational 

members with whom they interact. (2) 

As we saw in Chapter Two a good deal of this sociological literature 

on profession and organisations has been limited by theoretical weaknesses 

and a prejudicial view of professions. Handicapped by a theoretical 

approach which emphasised looking for the 'needs' of a social system a 

number of sociologists located the professions as those occupational 

groups with important functions in promoting social cohesion and cited 

the importance of their service orientations and codes of ethics. This 

approach was linked to a partiality for a social order which avoided the 

extremes of laissez -faire capitalism and the dominance of a bureaucratic 

state and so the professionals became featured as heroes against several 

(2) For a discussion of the parallels and differences in the staff -line 

and professional -organisation literature, see R.H. Hall, Organisations: 

Structure and Process, Englewood Cliffs: Prentice Hall, 1972, pp. 221 -225. 



threatening social developments. (3) The corollaries of this approach 

were that sociologists stood in danger of merely acting as spokesmen to 

espouse professional claims and acting as doorkeepers to the exclusive 

'professional club' attempting to exclude charlatans and rogues. As 

an alternative to this approach, in Chapter Two, I argued the case for 

a sociological approach, which viewed the essence of professionalism as 

an attempt to secure a highly prized and privileged social status and 

posed the sociological problems as questions about the conditions under 

which occupational groups claim professional standing and then questions 

about the consequences of such claims. ','/Zile this alternative approach 

had been long advocated in the Chicago tradition of the occupational 

studies it has been particularly fruitful in the examinations of the 

conflict of British engineers and scientists and their industrial employers 

in the studies by Prz4ndy and Burns. (4) 

In this chapter then, the central issues for examination are the 

extent to which recent graduate recruits to industry attempted to identify 

themselves as professionals, the senses in which they would make such 

claims and their justifications for them, and the extent to which they 

developed commitments to an occupational community of fellow- professionals 

which he.lped sustain an identity and conception of work counter to that 

of industrial employers. In the following sections it is argued that 

(3) This approach had its origins in the writings of Durkheim,(Professional 

Ethics and Civic Morals Glencoe: Free Press, 1958) and is evident in the 

work of Parsons among current writers ( "Professions ", International 

Encyclopaedia of the Social Sciences, New York: Macmillan, 1968). 

Examples of this approach in relation to scientists are Barber (Science 

and the Social Order, op. cit.) and Kornhauser (Scientists in Industry, 

op. cite) These were discussed in Chapter Two, section two. 

(i) See Chapter Two, section three. More recently there have been some 

general critiques of structured -functional approaches to the professions, 

for example, T.J. Johnson, Professions and Power, London: Macmillan, 1972, 

and P. Elliott, The Sociology of the Professions, London: Macmillan, 1971. 
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although some engineers and scientists in industry did make claims for 

distinctive treatment as a distinct category of industrial employees the 

prospects for the collective expression of conflict against industrial 

employers were weakly developed. One of the central problems in securing 

the commitment of young engineers and scientists to such an occupational 

community lay in the difficulties in establishing the cognitive boundaries 

of engineering and industrial science. For many engineers and scientists 

their self -identifications as professionals were envisaged Ps temporary 

commitments since they aspired to managerial positions. Even within 

their current positions as 'junior engineers' the graduates recognised 

the rival conceptions of engineering knowledge advanced in industry which 

challenged their position and against which they countered their 

academically- derived conceptions. A professionalism which excluded 

management and concentrated on the knowledge and skills of the young 

graduate engineer or scientist was used to define and legitimise the 

new entrants' competence and rights in the work situation and his 

position in the wider society. :;chile this was one convenient device 

to cope with the existing situation of entry it could be pressed only 

in a 'tongue in cheek' fashion since the graduate aspired to becoming a 

manager and because it carried the penalty of a technicist conception of 

management and would hinder both the graduates' organisational learning 

and career advancement. 



TABLE 1 The Relevance of Professionalism 

(a) Self- conception as a professional by education and qualification 

Self as 

Professional 

University 

Eng Phys 

Ex -Cat 

Eng Phys 

Tech. College 

Eng Phys 

Yes 58 53 33 80 60 100 

No 4.2 4.7 66 20 40 - 

100 loo loo 100 100 100 
N = (84) (41) (5) (5) (15) (3) 

(b) Self- conceptions of the University educated engineers and physicists 
hy department. 

Self as 

Professional 

Research 

Eng Phys 

Development 

Eng Phys 

Production 

Eng Phys 

Yes 78 60 57 53 100 33 

No 22 40 43 4.7 - 66 

100 100 100 100 100 100 

(9) (15) (70) (7) (2) (6) 
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2. The Relevance of Professionalism 

It was the claim of engineers to be recognised as professionals 

which prompted Kornhauser to revoke his initial impulse to exclude the 

engineers and applied scientists from his category of professional 

scientists in industry. (5) It is this dependence on everyday language 

as a source of sociological concepts which should alert sociologists to 

the importance of investigating people's own definition of their 

situation. (6) In the electronics study 'professionalism' was a meaningful 

concept even for those who would not use it as a relevant category for 

themselves, and the concept took on meaning for recent graduates as a 

way of distinguishing a category of employees who had a specialised 

competence. This competence became the basis for claims to exercise 

choice over the kinds of works undertaken and to exercise discretion and 

autonomy in the conduct of work. But the existence of sizeable minorities 

who did not identify themselves as professionals indicates the extent to 

which such a professional consciousness was not developed and the hindrances 

to the development of such a consciousness lay partly in disagreements 

about relevant knowledge and partly in a view of claims to social prestige 

in the wider society as irrelevant. 

A somewhat higher proportion of the university engineers (approximately 

60;x) conceived of themselves as professionals compared to the university 

physicists (50;x) (see Table 1) . There does not appear to be any greater 

readiness on the part of those from technological institutions to 

conceive of themselves as professionals compared to the university graduates. 

(5) See Chapter Two, section two. 

(6) For one interesting example of this approach among a related 

occupational group, see P.F. Sheldrake, "Orientations towards Nork among 

Computer Programmers ", Sociology, vol. 5, no. 2, May 1971. 



TABLE 2. Reasons for Professional Self -Conce bons 
(University group only) 

Reasons 
University 

Eng Phys 

Those holding Professional 
self -conceptions 

Professional. Bodies 

1. Professional Institutions 10 4 

2. Professional Standards 6 4 

Training Qualifications 

3. Scarce Skills 4 9 

4. Training 6 ti. 

5. Qualifications 37 27 

Career 

6. Vocation 34- 41 

Work Organisation 

7. Responsibility 10 14 

Other 10 23 

Number of multiple responses 63 28 

N = (49) (22) 

Those rejecting professionalism 

Still training 17 21 

Lack specific skills 14 16 

Not recognised 11 16 

Irrelevance of professionalism 54 32 

Number of multiple responses 35 19 

N = (35) (19) 



Although this latter finding is at odds with Prandy's study it must be 

remembered that the technological institution samples were particularly 

small, and there are the complicating factors in the distribution of 

qualified personnel across departments which means, for example, that 

the physicists were more heavily represented in research departments. 

For the majority who defined themselves as professionals the 

defining characteristics lay in a scientific or engineering knowledge 

and skill which was certified by qualifications, and the important point 

about the qualification was that it was one granted by an educational 

institution (see Table 2). 

"Yes, I suppose I do (think of myself as 
a professional) because I have a university 
degree." 

"Yes, in the sense of having a degree." 

"Yes, I have a professional degree. With 

a degree you are entitled to become an 
associate member of the Institution of 
Electrical Engineers. If you are in a 

profession this implies certain skills, a 

certain intelligence. If you are in 

another occupation this doesn't immediately 
follow. If you like that's a faith in the 

examination system, there may be large 

numbers of intelligent people not in a 
profession as such." 

Other defining characteristics of professions were in part consequences 

of the lengthy training which was a prelude to qualification, for 

example, a number of the new entrants discussed their relationship to 

technological activities in terms of 'dedication' and 'vocation'. For 

them it was unlikely that they would undertake frequent and diverse 

switches in jobs and occupations of the kind which they envisaged in 

non -professional occupations. 

"Yes, in the sense that it is a career that 

I want to do well at - to become a professional 
engineer." 



"Yes. At the moment I am working in engineering 
and I regard myself as a professional because I 
won't skip about from job to job for location 
reasons but I'll skip about from job to job or 
change my job if I feel I want to go into a 
different sort of line." 

Again some responses could be grouped together under the heading of 

autonomy and these were advanced as another consequenoeof competence. 

Because the graduate held himself competent by virtue of a lengthy training, 

a few, notably many fewer than those claiming competence, could distinguish 

a degree of autonomy in their relations with others because of the 

difficulties of supervising someone who speaks authoritatively because 

he knows the task better than anyone else. 

"Yes (I think of myself as a professional) 
in the sense that the job gets done because 
of my own discipline. There's nobody to 
tell you what to do. You get times to do 

a job but it only gets done because you do 
it not because anybody is telling you to do 
it. This is my definition of a professional 
somebody who does a task which requires a 

certain amount of skill through his own 
discipline." 

Again a relatively minor theme was a fourth defining characteristic of 

the professional as a member of an occupational group which defined 

standards of engineering and conduct comparable to other prestigious 

occupational groups. Depicting the Professional Institution as the 

source of these official pronouncements, this theme was a counterpart 

to autonomy in the sense that the internalisation of standards during 

occupational socialisation developed that self -discipline which justified 

autonomy. The main emphasis on the Professional Institution, however, 

was as a guarantor of a level of competence through qualifications rather 

than as a policeman of their observance while working. 

"Being a professional means that you give a 

reasonable service." 



TABLE 3. Differences between Professions and Other Occupations 
(University group only) 

Bases of Professionalism 
University 

Eng Plays 
ní 

Professional 3oaies 4_ 2 

Education and Qualifications 

Scarce skills 4 4. 

Specialised training 21 27 

Qualification 21 9 

Careers and Opportunities 12 27 

Methods of Work 8 11 

Other 23 27 

Don't Know 21 13 

Number of multiple responses 

N = 

96 52 

05 ) ( 44) 
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"Yes, (I think of myself as a professional). 
One has responsibility. Te are working on 
a subject that's very difficult without 
mathematical expression to ideas but we do 
tend to use words that are everyday words - 
machine learning and reproduction - and I 
feel we shouldn't use these words in public 
where they might be misunderstood. This 
is like the doctor who will not talk of his 
work because he doesn't want to frighten 
people. 

There is a much greater responsibility placed 
on the professional man compared to the man 
who is not a professional. The lorry driver 
has got responsibility for the lorry, the 
contents and the lives in his hands. But 
he hasn't got responsibility for the deeper 
philosophical ideas which occur in his job 
because there aren't any as far as I can see. 
But there are very great philosophical ideas 
which are very significant which arise from 
the work I'm doing. Responsibility I feel 
is at the heart of it." 

"I think of a profession as one Where you 
train for a particular job and become 
chartered." 

"Yes, I think anyone who belongs to a 
professional institution is reasonably 
well- qualified just as much as any professional 
man." 

The lengthy comment above on a broad social responsibility was 

remarkable for defining responsibility to a group other than employers. 

Standards of service were almost wholly preoccupied with the relationship 

to the employer and the Professional Institution qualification as a 

supplement to academic qualifications as guarantees to potential employers. 

If bases of professionalism are sought in responses to a more 

general question about differences between 'professions' and 'other 

occupations' then a similar pattern emerges (see Table 3). Professions 

were distinguished by knowledge and skills which were not widely available, 

by the specialised training by which the knowledge and skills were 

obtained, and by the qualifications which labelled and certified 

competence. And again it was a university or college which was the 

agent of certification. For some the professions were distinguished by 
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better career opportunities for advancement and this was seen by 

contrasting the individual career and individual negotiation of the 

professional to the collective advancement through trade union action 

on the part of the manual worker. Again patterns of work organisation 

involving autonomy for the individual engineer or scientist and a 

professional institution to promote study and certify knowledge and 

skills emerged as additional defining characteristics of professions. 

Although the university physics graduates appear to cite qualifi- 

cations among the defining characteristics compared to engineering 

graduates, and, somewhat surprisingly, those from technicological 

institutions appeared no more ready than the university graduates to 

see themselves as professional and do so by their training and qualifi- 

cations, the central point emerging from the data is the overwhelming 

emphasis on academic qualifications as a central element of professional 

claims. 

Although legally constituted organisations of professionals with 

formal codes of behaviour are not necessary either to the making or 

acceptance of claims to professional standing, professional organisations 

have important functions in promoting a distinctive conception of the 

occupation. (7) In Britain, as in the United States, the engineering and 

scientific professions have concentrated on educational and qualifying 

functions rather than attempts to define and sanction professional conduct 

or protect members directly. (8) For the study and qualification 

(7) Ben David suggests that professional organisations have more 

importance in Britain compared to other industrial countries, see J. Ben 

David, "Professions in the Class System of Present Day Societies ", 

Current Sociology, vol. 12, no. 3, 1963 -4. 

(8) For a review of the aims and activities of the engineering and 

scientific professional institutions in Britain, see, K. Prandy, 

Professional Employees, op. cit., pp. 61 -124. For a commentary on the 

American engineering professional bodies, see W.G. Rothstein, "Engineers 

and the Functionalist. Model of Professions" in R. Perrucci and J.E. 

Gerstl, eds., The Engineers and the Social System, I1ew York: Wiley, 1969. 
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functions are emphasised in the aims of both the Institute of Physics 

and the Physical Society and the Council of Engineering Institutions. 

"The objects for which the Institute and 
Society is established are the advancement 
and dissemination of a knowledge of physics, 
pure and applied." (9) 

The engineers had regard to the public interest too in the statement of 

aims in their Royal Charter. 

To promote and coordinate in the public 
interests the development of the science 
art and practice of engineering." (10) 

Thus the stated aims and activities of Professional Institutions are in 

broad agreement with the aspirations of the bulk of our sample in the 

electronics industry. The Institutions support the claims to a 

distinctive employment status and establish rightful claims by certification 

of competence, and membership of the Institution takes on importance as an 

aid to career advancement since technical qualifications and appointments 

were preliminaries to managerial promotions. Within the first two 

years after graduation the electronics sample were eligibile for only 

the preliminary stages of Institution membership. At the time of the 

fieldwork there were three professional grades of membership of the 

Institute of Physics - graduateship, associateship and fellowship. (11) 

Eligibility for ó aduateship was based on academic examinations to 

honours degree or equivalent level, while associateship required both 

(9) Institute of Physics and the Physical Society, General Information, 

1960, p. 3. 

(10) Electronics and Power, January, 1966, p. 25. 

(11) In 1960 the Institute of Physics, which had catered for the 

activities of physicists as professionals, and the Physical Society, 

which had been a learned society "solely for the advancement and 

discrimination of a knowledge of physics ", were amalgamated, but a 

distinction was retained between membership and fellowship of the 

Institute and the Society, with less stringent requirements for the 

non -professional concerns of the Society. 



evidence of this standard of knowledge of physics and "satisfactory 

practical experience" which in conjunction with an honours degree was 

estimated as "at least three years in such responsible work in physics 

or its applications as shall satisfy the Council." (12) 'chile regulations 

laid the broad lines of eligibility, individual applications could be 

made with various mixes of academic competence and practical experience 

for review by the Council, and in this way posts of responsibility and 

strong supporting claims could gain entry to associateship where 

graduateship might have been denied on academic grounds. A similar 

pattern of membership grades and titles (graduateship, associateship and 

membership) had existed in the I.E.E. prior to the renewing of titles in 

1966. (13) ':`then the Institute of Physics changed titles in 1971, the 

two institutions were again in line with associate membership, membership 

and fellowship as the new common titles. By these titles and qualifi- 

cations a professional engineer was defined by corporate membership 

(members and fellows), and the electronics sample were non -corporate 

members (graduate members or 

In the case of the engineers 

achievement of a graduate or 

associate members by the old and new titles). 

corporate membership was based 

equivalent level of education, 

on the 

but in this 

case at pass degree(and not honours degree/ equivalence, approved training 

and two years' experience in a "responsible position ", and again 26 was 

the expected minimum age at which all requirements would be satisfied. 

The definition of a "post of responsibility" has caused considerable 

anxiety and debate within the Institution and the Council attempts to 

interpret the regulation in the spirit of the E.U.S.E.C. definition of 

(12) Institute of Physics and the Physical Society, Membership Regulations. 

and Fees, 1967, p. 7. 

(13) "Changes in the I.E.E. Charter and Byelaws ", Electronics and Power, 

January, 1967. 



TABLE 4. Professional Institution :. :embershi b Education 

University Ex -Cat Tech. Coll. 
Eng Phys Eng Plays Eng Phys 

Members 

Institution of Electrical 63 11 57 - 75 
Engineers 

Institute of Electronics 
and Radio Engineers 2 - - 6 33 

Institute of Physics 39 19 66 

Non Members 37 48 1+3 100 

100 100 100 100 100 100 

N = (84) (4 +) (7) (5) (16) (3) 

TABLE 5. Perceptions of the Social Status of Engineers held by laymen'. 

Estimates of Public 
Evaluation 

University 
Eng Phys 

Ex -Cat 
Eng Phys 

Tech. Coll. 
Eng Phys 

Low 72 44 4.0 20 65 33 

Medium 17 42 20 6o 7 66 

High 6 11 - 20 28 

Don't Know 5 3 40 

100 100 100 100 100 100 

N = (78) (36) (5) (5) (14) (3) 

TABLE 6. Attitudes towards the Low Public Image of the Engineer 
(University Group Only) 

Attitudes to low 
public image 

University 
EnI; Phys 

Dissatisfied 44 19 

Indifferent 52 81 

Accept as justified 3 

100 l00 

N = (68) (16) 
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the engineer's duties as involving work not of a routine mental or 

physical character but requiring the exercise of original thought and 

judgement." (14) However there is no specification of the proportion 

of time spent on this kind of activity, only that it is present at some 

point. In doubtful cases, approximately one third of all applications, 

interviews are held at which less than one third of the interviewees 

are unsuccessful. (15) Somewhat dismayed by their numbers of graduate 

recruits and fearful lest graduates recognised their first degree as 

sufficient professional qualification the I.E.E. launched a college 

recruitment drive and appointed counsellors among engineering faculty in 

1966. The numbers of student members rose sharply and it may be no 

coincidence that three quarters of the I.E.E. members in the electronics 

study sample had joined as student members. 

In assessing the earlier claims to professional standing and the 

extent and pattern of institutional membership the central points to be 

borne in mind are the stages to full professional membership as defined 

by the Institutions. Given the two stages for the physicists of 

academic qualifications and three years of responsible experience and 

three stages for engineers of academic qualifications, approvedttaining 

and responsible experience, new entrants, at most eighteen months from 

graduation, were far from fully -recognised professionals in the eyes of 

the Institutions. 

Table 4 shows the extent and pattern of professional institution 

membership among the respondents in the electronics industry sample. 

This data is only partially helpful in indicating attitudes towards 

(14) "Requirements for Corporate Membership of the I.E.E. ", Electronics 

and Power, November, 1965, p. 392. 

(15) ibid., p. 392. 
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institution membership among those with different educational and work 

experiences since one third of the university physics graduates who were 

non- members were ineligible for graduateship on account of their ordinary 

degrees, and for others the relevance of the Institute of Physics to the 
general 

electronics industry was questionable. However the /pattern of 

membership does suggest the greater interest in professionalism and 

institutions in research departments. Several studies of engineering 

professional institution membership yield a common interpretation of 

motives for joining as the desire to gain qualifications which would 

support career advancement. For industrial samples approval of 

responsible experience has been the significant component of membership 

qualifications in facilitating promotion along managerial career lines. (16) 

It has been shown that members' participation in the Institution of 

Mechanical Engineers' activities tended to be least among industrial 

compared to non-industrial members, and even among industrial members the 

most active group, the managers, tended to be only superficially involved 

compared to non -industrial members.(17) Thus among industrial engineers 

it appears that the qualifying functions of professional bodies are more 

significant that the study functions. (18) 

(16) K. Prandy, op. cit., pp. 86 -87, and J. Gerstl and S.P. Hutton, 
oa. cit., pp. 128 -130. 

(17) J. Gerstl and S.P. Hutton, op. cit., p. 130. 

(18) Prandy noted the paradox that services directly promoted by the 

Institution of Metallurgists such as publications were used by an 
appreciable proportion of members (35) but were seen as of less 
significance than the indirect service provided by public relations 

and efforts to raise the status of members. There have been occasional 

expressions of dismay about the limited membership of specialist sections 

of the Institution of Electrical Engineers, for example, only 405 of 

total membership in 1955 although unfortunately this did not indicate 

the work sectors of participants, Journal of the Institution of 

Electrical Engineers, vol. 1 (new series) no. 7, February, 1955. 
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So far I have argued that the new graduate entrants adopted a 

very narrow conception of the professional scientist and engineer in 

industry, narrow in the sense that it emphasised the purely scientific 

and technical knowledge and skills gained through academic training and 

certified by academic examination. It is evident that this conception 

could be challenged, for example, it could be argued that full 

Professional Institution membership with its requirement and scrutiny 

of "responsibility" implied an administrative competence. Even the 

recent entrant definitions of engineering competence discussed in 

Chapter Eight acknowledged abilities in "dealing with people" and 

"communications" as important in coping with organisations and any 

supervisory posts. And it was particularly noteworthy in the context 

of 'making out' in development labs that purely academic qualifications 

which testified analytical skills were open to question as indicators of 

industrial competence. The 'scientist type' especially was a figure 

for some scorn. These inconsistencies in response reveal the difficulties 

in advancing a coherent and acceptable professional self -concept. This 

comparison of responses is revealing not simply of inconsistency, however, 

the inconsistency is significant in suggesting that the graduates 

recognise that the conception of the engineer and industrial scientist 

must be broadened to include administrative roles. But as the graduates 

recognised in their discussion of careers, administration was something 

of which they had scant conception, and so the two lines of response to 

this situation were to emphasise the relevance of academic training, 

hence the narrow conception of the technologist, and to advocate 

rationalisation of administration, a technicist conception of administration. 

The prevalence of these views and preoccupations with the short 

term issues of making out in industry by coping with immediate task 

demands is underlined if we refer to the sizeable minority who did not 
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conceive of themselves as professionals. Very few took the view that 

they were not professionals because they were still in training - for 

this view points up the inadequacy of academic training alone and accepts 

overtly a subordinate role as apprentice (see Table 2). A more frequent 

response was a discussion of the nature of engineering and scientific 

skills in terms of the 'established professions', the doctors and the 

lawyers. Here two themes were advanced, both were variants of the view 

that the engineer was not recognised as a professional but in one case 

it was felt that the industrial engineer and scientist deserved such 

recognition whereas in the other case it was felt that such recognition 

was not merited. In both cases the conclusion that the respondent could 

not claim professional standing was drawn by comparing engineering or 

industrial science to the highly prestigious medical profession which was 

widely recognised and provided a set of model characteristics - face to 

face relations with a client and a service ethic sanctioned by the 

professional body. By far the largest category of 'non- professional', 

however, rejected the whole notion of professionalism as irrelevant to 

their personal situation. 

"Profession strikes a cracked bell with 

me. I regard them with a lot of suspicion, 

as a lot of petty snobbery." 

"I've never really thought about that. I 

always think that if you're paid for doing 

a job then that's your profession. The 

general impression of engineers is not very 

high as far as I can see, but it doesn't 

bother me so long as I can do what I want." 

"I wouldn't go up to someone and say I'm 

a professional - I don't know much about 

that. If you asked me the difference 

between hourly staff, weekly staff, and 

monthly staff then you could say that the 

monthly staff like an interest in their 

job whereas the weekly staff come through 

the day and clock off on the hour. 

Someone told me that engineers in Germany 

have a title before their name, something 

like Dr. I don't know whether that's a 

good thing or not. I can't imagine myself 
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with so much status that I can't get 
on with people making things for me. 
If I go to the toolmaker I don't want 
to belittle him. You want him to 
treat you like a friend and it might 
be a bit dangerous if he treated you 
like a doctor." 

X "It doesn't worry me all this talk 
about whether engineers are or are 
not engineers. People who don't 
know engineers can think an engineer 
is anyone from a car -mechanic upwards. 
I think if there was any snobbishness 
in me it was knocked out of me in vac 
jobs. It's because I understand the 
working man." 

hcC ""Which groups are important to you ?" 

X "Oh the highest - I am a snob there. 
I want to be accepted by management 
more than the shop floor. But 
probably I am more accepted by the 
shop floor. This is because I talk 
to anyone from the brush -sweeper upwards - 
below brush- sweeper I don't bother with 
them. I think you know what I mean. 
Some are not like this. Some of the 
people here make a point of putting 
their coat on before they walk down the 
shop." 

Comment from three development engineers and one production engineer 

illustrate the general tenor of responses among the 'non -professionals' 

and suggest that differences between themselves and the self -styled 

'professionals' are more apparent than real. Here professionalism was 

associated with claims to privilege and a favoured regard, but this social 

standing in the wider society, in out of work situations, was regarded as 

irrelevant. 

Of central importance to all the new entrants, both 'professionals' 

and 'non -professionals', was the standing in the industrial company 

accorded to entrants with academic science and engineering qualifications 

by managers for this group set the criteria which governed status 

advancement and the distribution of rewards in organisations. The most 
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crucial relationship of all for the new entrant, however, was that with 

the immediate supervisor, for the section leader or project leader was 

the source of assignments and assessments which guided promotion within 

the career system of the organisation. As we have already seen this 

immediate supervisor was generally recognised as technically competent 

and 'management' was applied to more senior levels. In this way the 

new entrants sought common cause with technical interests, they sought 

to advance the conception of the main task of the organisation as 

technical in which scientific and engineering competence was of paramount 

importance and they sought a definition of their relationship with their 

supervisor as 'working with him' rather than 'working for him'. But 

if the new entrants were to advance in organisational status and authority 

then they recognised that they must take on an increasing proportion of 

administrative duties to their work role. In this career structure lies 

the source of the dilemma for professionalism among industrial scientists 

and engineers: 'technicism' handicaps efforts to cope with organisations 

and 'management' offers an escape from a low status profession. 
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3. Professionals in Organisations 

"We recommend that industry should do 
more in this way to treat a sense of 
involvement for young and talented 
engineers, technologists and scientists 
through their participating (at 
appropriate levels) in discussions 
leading to the formulation of company 
policy and objectives." (19) 

In making these recommendations that there should be an increase in the 

sense of involvement and participation in company decision -making for 

the technically -qualified the Jones Committee added their "strong impression 

that qualified engineers, technologists and scientists do not enjoy an 

equality of opportunity or of status in industry with their counterparts 

in, for example, the accountancy or legal professions." (20) Arguments 

for parity at least with these other professions rested on linking the 

sources of national wealth to the creative and productive work of industry 

and the central role in that work of the engineers, technologists and 

scientists. In the more partisan literature and the more vehement 

comments of engineers and scientists these other professions, law and 

accountancy, are presented as the sources of constraints on innovation 

and productive work because they operate with a conservative outlook, 

averse to the risk taking of research and developments and the search for 

technical excellence. At the heart of these claims lie the issues of 

controls, authority and power. 

While the literature on organisations presents the potential for 

conflict between professionals and organisations in terms of authority 

and power, the graduates in the electronics study depoliticised the 

(19) Brain Drain, op. cit., p. 55. 

(20) Ibid., p. 56. 
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issues. 'Politics' was a term of abuse to describe the pressing of 

sectional interests whereas the new technical entrants identified the 

enhancement of their own position with the promotion of overall company 

welfare. '°rhat the new entrant sought was not described in terms of 

'power' or 'authority' but 'responsibility'. 'Responsibility' carried 

the intended implication of work conditions with minimal detailed 

supervision and the expectation of due reward to those who meet require- 

ments in the performance of a significant task, but it did not suggest 

claims to exercise power over others in a situation where the gains of 

some are the losses of others, if anything, responsibility implied 

acceptance of a subordinate position to those who allocated tasks. 

When complaints were made about a lack of involvement in decision- making 

it was couched in terms of responsibility as, for example, by a research 

engineer. 

X "I don't have much responsibility, perhaps 
it will come with time. Certainly I've 
not yet been presented with a situation 

where I can make or break a project. I 

feel rather redundant in a wary. I feel 

I ought to have more responsibility." 

McC "In what sense ?" 

X "Having a project of my own and setting my 

own targets." 

In authority relations most of the new entrants to research and 

development claimed that there were quite clear guides about the extent 

of their authority in the organisation and suffered little in the way 

of ambiguity; with emphasis many added that they were the 'lowest of 

the low'. As newcomers they had little choice over their initial 

assignments, and, although they might claim to have some choice from 

among a variety of possible solutions to a given problem, the choice was 

within several bounds. Those bounds included those of technical 

compatibility with other parts of a large project (for example, one 
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engineer might work on the development of a standard transmitter for a 

range of radios), the bounds of budgets (for example, all staff had to 

account for their time on time sheets and for their own work 'juniors' 

could place orders for materials only up to a level of perhaps C20 without 

a counter -signature), and other boundaries included those set by company 

procedures for communications (for example, there were the standard 

drawing procedures required of development labs by drawing offices). 

These various control procedures, designed to ensure predictable behaviour 

and smooth coordination, from supervisor reports to project progress 

meetings, financial and time budgets, and design communication procedures, 

all produced complaints, especially among those employed for a year in 

industry, and the theme of complaint was the hindrance to the pursuit 

of technical .objectives. 

"It's very frustrating that I'm being asked 
to do something without the authority to do 

it, for example, each design specification 
has to be approved by the Ministry as it is 

written. I must go through my supervisor 

although he hasn't got sufficient knowledge 

and isn't sufficiently specialised actively 
in that part of the project to do it. Every- 

thing goes through him with the signature to 

the Ministry and back through him, but any 
questions from the Ministry and he asks me 

and I dictate the answers to him. Sometimes 

we do that over the phone. It's protocol 

I suppose that I've not enough authority to 

deal with the Ministry." 

"To do what you think you could do satisfactorily 

you need much more time. On the financial 

side we ought to get rid of the time aspect 

of the internal budget. It means that though 

we would be careful about costs we wouldn't 

worry about time. Being charged on projects 

is funny because it's all internal money." 

"There've been a number of irritating changes 

recently in drawings and the drawing office 

has insisted on changes which suit them. 

Really we should do just rough drawings and 

concentrate on designing and leave the drawing 

office to do the detail." 
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In similar fashion there were objections that originality could not 

be scheduled so that time charts were meaningless and unjustifiable. 

The point of sociological interest in these comments is the way in which 

the new entrants defined their 'proper' role in terms of using their 

established competence and the way they wanted to hive off or limit the 

significance of tasks where they were deficient, for example, financial 

management and routine skills, report writing and procedures for 

coordination. 

In looking at identities and counter -identities in working 

relationships one of the most interesting boundaries was that drawn between 

those in 'technical functions' and those in 'management'. 'Engineering' 

and'science' were activities distinct from management. Management, 

especially higher management, was conceived as a preoccupation with 

'organisational politics'. By definition and by practice this had the 

implication that managers were not competent in the particular details 

of everyday decision- making on a project because they were too far 

removed from the everyday activity and the specialised knowledge and skill. 

X "There are some things which I think are 

kept deliberately in the dark. I have 

found quite a lot of it is political. I 

think that from the project leader I know 

as much as I would want to know, but when 
you go from the project leader upwards - 

tendering for contracts, costs, and so on - 

this is very political." 

McC "Political?" 

X "Company political. There will be various 

fiddles like the tax year is so and so 

therefore you do this and not that. That 

of course is way above me - that's what 

they call higher management. ;re just say 

it's political and forget about it." 

McC ";"e say it's political ?" 

X "From the project leader downwards - the 

contract we leave up to them." 

(Development engineer) 
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"It's nice to have an idea and act on it. 
But that just doesn't happen. You have 
to have an idea and think about it - which 
is reasonable - and discuss it - which is 
reasonable - then it has to be discussed at 
a higher level - which is unreasonable. 
And the person who decides whether it gets 
done or not is the person who is most out 
of touch with it - which is completely 
unreasonable." 
(Development engineer) 

Yet the boundary drawn between engineering and science as distinct from 

management shifted by circumstance. In some situations the group leader 

was regarded as a technical specialist in a common cause against 

administrators responsible for project schedules, drawing offices or 

production departments, but the group leader became a non -engineer when 

he signed contracts with a customer and defined the task of his 

development department, for in this case his assistant engineers complained 

of the manager who agreed to performance specifications without the 

advice of the specialists, the development engineers, and he became the 

"man in the office at the end of the lab." 

Now it is apparent that there was a paradox in the new entrant's 

readiness to advocate the central importance of narrowly -defined engineerint 

competence together with a denigration of managers and management as 

constraints on 'the full utilisation of science and technology in the 

productive efforts of a company and their readiness to conceive of their 

own career advancement as becoming managers and acquiring managerial skills. 

If directly considered at all, the paradox was resolved by adopting a 

technicist conception of the manager and management in which these functions 

become susceptible to analysis by the concepts of natural science and 

engineering. The manager was conceived as a human resources engineer 

skilled in the techniques of manipulation and control and management was 

conceived as the application of techniques of rational decision -making 

and control in a human organisation. In this sense these 'engineers 
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as would -be managers" could still deplore the existing situation for 

muddle, compromise, pressure groups and lobbying, and the intrusion of 

emotional and non -technical elements into what should be properly 

conceived as engineering decisions and they could cast theiuselves in the 

role of the 'new men', the 'new breed of technical managers' as several 

comments illustrate. 

"It was summed up very well by the chap I 

work for, he commented about a fortnight 

ago it would take about six months to learn 

the electronics of (this company) but it 

would take about ten years to learn the 

politics. It's quite true. There's very 

strong politics here - what you can mention 

in front of whom and why, who you are going 

to be in with." 
(Development engineer) 

"From our level all this fight for space 

in the establishment is amusing although 

it's probably not amusing to be involved, 

and those involved are principal engineer 

upwards. I suppose it's not amusing to be 

fighting for space in a lab. But it's 

amusing that things should be done in this 

way, that the term 'fighting' should be 

used when talking about the distribution 

of, available space in a lab. It should 

be a rational decision that so and so has 

got,so many people and therefore he needs 

so much area. It doesn't quite work like 

that - well, it probably works like that 

in the end but a lot of people get upset 

and worked up beforehand." 

(Development engineer) 

"I feel that anybody could devise a better 

system if they would put a little science 

to it. Business consultants are there to 

sort these problems out, I'm surprised that 

they haven't hired their services more." 

(Development engineer) 

"I would like to move into management and 

apply some science to management perhaps 

by taking a management science course." 

(Development engineer) 

"For the future I see myself as one of the 

new breed of technical managers." 

(Development engineer) 
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The faith of these technically qualified employees in the ultimate 

victory of technique oriented approaches to organisational problems 

summons spectres of management heresies long renounced by social 

psychologists and sociologists. The "Scientific Management" of F. 

W. Taylor in American industry in the early 1900's was attacked long 

ago for its misleading use of 'science' and neglect of social science 

and for its underlying metaphor of a machine in the conception of the 

organisation and hence limited conception of efficiency to physical 

units. (21) Yet the term "iMianagement Sciences ", applied to cover a 

variety of techniques and aids to managerial decision -making from 

operations research to the information processing techniques associated 

with computers offers striking parallels to the spirit of Taylorism. (22) 

;chile the linking of 'Science' and 'Management' might suggest in a 

simple- minded way the existence of some transferable skills, the 

attraction of the motion lay in its linking of scientists and engineers 

to the contemporary politics of modernisation too, which I have already 

argued was a curiously depoliticised political slogan of the 1960's. (23) 

(21) For a review of Taylor's work and some later criticisms, see H. Massie, 
"Management Theory" in J.G. March, ed., Handbook of Organisations, Chicago: 
Rand McNally, 1965. 

(22) Some of these parallels have been traced by H.J. Leavitt, "Applied 
Organisational Change in Industry: Structural, Technological and 

Humanistic Approaches" in J.G. March, ibid. 

(23) See Chapter One for a discussion of the common ground which was 

achieved between diverse groups in the Labour Party before the 1964 General 

Election. In the United States in the same period managerial techniques 

which had a strong technological flavour had a strong popular advocacy 

and were given prominence by the use of P.E.R.T. (programme evaluation review 

technique) in the space programmes and P.P.B.S. (planning programming 

budgeting systems) in Federal Administration. The enthusiasm and euphoria 

about the utilisation of scientific and technological resources to confront 

Government problems can be gauged in the rationale offered by a distinguished 

scientific adviser to the American Government for technological approaches 

to social problems. ',Weinberg argued for ' technological fixes' which were 

bridging solutions to social problems in which the aim was to convince 

would -be deviants that their 'undesirable behaviour' was 'irrational 

(Continued overleaf) 
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The linking of 'management' and 'science' then has provided another way 

in which the young; engineers and scientists could conceive of management 

as a natural development in their career since the tasks of management 

could be conceived as requiring some of the qualities which they have 

developed as engineers and scientists. (24) 

','chile the corporate bodies of engineers and scientists have been 

conceived as learned societies with their main rationale in the promotion 

of a body of knowledge and an important function in granting qualifications 

there has been little conflict with industrial employers. Recently some 

senior industrialists have expressed concern about trends in the 

representation of engineers and scientists and their interests which 

might pose a challenge to employers. On the one hand there has been 

the interest in codes of ethics for professional engineers and on the 

other the interest in trade unions. Both of these developments offer 

a potential to management for in one case there is an attempt 

to develop standards of proper conduct distinctive to one group of 

employees which might be seen as a challenge to managerial prerogatives 

in defining standards of conduct for all employees, and, in the other 

case, there are the clear and direct possibilities of threats to withhold 

services to press claims on employers. 

(25) (Continued) behaviour" and so 'blunt the social problem'. 
(A. Weinberg, "Social Problems and National Socio- Technical Institutes" 
in Applied Science and Technological Progress, A Report to the Committee 
on Science and Astronautics, U.S. House of Representatives by the National 
Academy of Sciences, Washington, D.C.: U.S. Government Printing Office, 
June 1967). In much more cautious vein Lord Jackson of Burnley raised 
the possibility that engineers might list some major social problem and 
explore the scientific and technological component on which scientists 

and engineers could advise policy. (Lord Jackson of Burnley, "The future, 

nationally and internationally" in Engineering Societies in the Life of 

a Country': A series of lectures commemorating the 150th Anniversary of 

the Institute of Civil Engineers, London: Institution of Civil Engineers, 

1968). In an indirect way these events and ideas operate as part of an 

intellectual climate which influences the experiences of undergraduate 

science and engineering education and the conceptions of organisations 

and politics held by engineers and scientists. 

(24) It will be remembered that another mode of reconciliation was to 
see a career in 'technical management', see Chapter Eight. 
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Codes of ethics have had more attention among engineers than 

scientists, but even for engineers they have had limited significance 

for they have been most clearly relevant to those in independent 

consultancy where the main aim has been to regulate the nature of economic 

competition and additionally to advocate the promotion of the good name 

of engineering. It was precisely because of the much more limited extent 

of independent consultancy in physics compared to engineering, where even 

the bulk of engineers are in salaried employment, that Lord Beeching 

condemned efforts to develop a code of ethics for physicists and warned 

that it would rebound to the detriment of physicists' participation in 

industrial organisations, in other words, physicists should identify 

themselves as loyal employees and forget that they are physicists. 

"I deprecate particularly a recent move by 
the Institute of Physics to establish a 
code of conduct and practice for professional 
physicists .... 

Very few physicists operate as independent 
professional men, as do many solicitors, 
engineers, and architects. Instead, the 
majority of them are employed in industry, 
where standards of good conduct on the 
part of employers and employees are clearly 
understood, and where it should be unnecessary, 
and would certainly be objectionable, to have 
some members of the staff asserting a right 
to adhere to a different code. Physicists 
should be able to forget that they are 
physicists if, by so doing, they become 
generally useful. They should not appear 
to assert, or wish to assert, that they are 
not as other men are. If they do, their 
assertion may be accepted to their own 
disadvantage." (25) 

Because of the predominance of salaried employment where the higher 

grades of professional membership rest on sponsorship by existing members, 

and where, in the case of industry, sponsors are usually engineering 

(25) Lord Beeching, "Opening Address" in S.C. Brown and N. Clarke, 

The Education of a Physicist, Edinburgh: Oliver and Boyd, 1966, pp. 5 -6. 
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managers, and where expulsion from the institution is not a bar to 

employment, the effective sanctions on conduct lie with employers rather 

than professional institutions. 

The Professional Institutions as learned societies have been 

prevented by the terms of their Royal Charter from undertaking any action 

to further the personal interests of their members so that the protective 

function in industrial relations has had to be undertaken by other 

bodies. Mile no such body was developed for scientists, the engineers 

have had the Engineers' Guild since 1939. (26) I- Iowever the protective 

function of the Guild has been severely restricted by its own Memorandum 

of Association which prevents the use of funds for trade union objectives, 

and it has concentrated on a free comprehensive appointments service to 

individual engineers and efforts to promote the general status of engineers 

by surveys of salaries and responsibility levels. Membership has been 

limited to members of one of the fifteen professional engineering 

institutions and the limited relevance of the Guild in its services as 

perceived by professional engineers can be gauged from a mere 7,800 

membership from the potential 275,000 (160,000 'chartered') engineers 

affiliated to the Council of Engineering Institutions. Aware of the 

limited relevance of the Guild and fearful of the rapid growth of white 

collar unions with interests in the organisation of all levels of 

engineers and scientists, several professional institutions began to 

explore the possibilities of professional unionism. To some senior 

(26) The Association of Scientific porkers (A.S.T.) which had the support 

of a number of eminent scientists in the 1950's gradually became a trade 

union for technicians, some of the steps in this movement can be traced 

in Prandy's study. Prandy studied both the Engineers' Guild and the 

Association of Scientific Workers and so provides a direct comparison 

of these bodies and their membership. 



- 28 - 

industrialists this interest is a regrettable necessity and latgely a 

defensive measure against militant trade unions. 

"If such development is not encouraged 
many young engineers will join unions 
whose outlook is not 'professional' and 
the results will be unhappy. Although 
the trend towards unionisation of 
professional engineers is not one that 
I welcome, I think that it is wise to 
realise how the tide is flowing and not 
to trytoo hard to row against it." (27) 

In hïay 1969 the United Kingdom Association of Professional Engineers 

(U.K.A.P.E.) was founded and registered as a trade union to undertake 

collective bargaining for chartered engineers with the approval and support 

of the C.E.I. (28) A similar protective body was announced for 

scientists, the Association of Professional Scientists and Technologists 

(APST), in 1971 with the backing of the Council of Science and Technology 

Institutes (CSTI) a body with a coordinating function for five science 

institutions comparable to that of the C.E.I. for fifteen engineering 

institutions. (29) Ironically U.K.A.P.E. has tried to define the 

(27) Lord Hinton, Engineers and Engineering, London: Oxford University 
Press, 1970, pp. 26 -27. As a chairman of the United Kingdom Atomic Energy 
Authority, Lord Hinton could speak as a major industrialist and employer 
of scientific and technological manpower as well as expressing his 

sentiments for an older generation of engineers. Distinguishing employer 
and professional interests is another example of the diversity of interests 

among engineers and the assumption of their coinbidence by some. 

(28) While one recent article reports on a study of UK..PE it is mainly 

concerned with the proposals for growth rather than some account of its 

origins, L. Dickens, "UK,APE: a study of a Professional Union ", Industrial 

Relations Journal, vol.. 3, no. 3, Autumn 1972. For information about 

origins I have collected material from interviews with the Secretary of 

UKA.PE and newspaper articles, among the latter some items were included in 

"Gentlemen v. ';Yorkers ", The Times, 13.1.69, "Militant Hint by Top Engineers ", 

The Times, 14.7.69, "Trouble about the Ranks ", The Times, 8.6.70, "The 

'Professionals Only' Union Makes a Bid for Power ", The Sunday Times, 16.8.70, 

"Hunting White Collars ", The Guardian, 6.5.71, and "Engineers in Union Study" 

The Times, 16.9.71. 

(29) The APST has not restricted membership to members of the Professional 

Institutions as in UKAPE. 
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character of professional unionism by emphasis on the codes of ethics, the 

very issue neglected by professional institutions, and, while discussion 

has focused mainly on the subordination of sectional interest to 'national' 

purpose by avowed interest to avoid use of strikes, engineers have been 

encouraged to condemn undue industrial secrecy and poor engineering 

standards. Great store was set for the growth in membership and success 

of UKAPE on two developments in industrial relations which have occurred 

since the completion of fieldwork in the electronics study, the growth of 

unemployment among engineers and scientists and the Industrial Relations 

Act of 1971. It was expected in the wake of mergers, rationalisations 

and the generally unfavourable economic climate of the turn of the decade 

that many more engineers and scientists would seek greater security in 

a distinctive form of association for professional employees and the 

coincidental passage of the Industrial Relations Act opened opportunities 

for UKAPE to be recognised as bargaining agent within the terms of the 

Act. (30) 

While Dickens doubted the likely effectiveness of UKAPE because of 

employer resistance to fragmented bargaining structures and the opposition 

of other unions, the orientations to work and careers among the respondents 

in the electronics industry suggested some limits to the attractions of 

representative bodies for engineers and scientists. Although they might 

claim that there was less autonomy than they desired, their jobs gave many 

(30) For a review of the efforts of UKAPE to influence the passage of 

the Bill, to secure a special status for Professionals under the Act, and 

the possible implications of the Act for UKAPE, see L. Dickens, op. cit. 

It is an interesting contrast to many sociological studies that the 

Minister of Employment stat$d his belief that an adequate definition of 

professional workers was impossible in his reply to the UKAPE lobby in 

the House of Commons (see the comments quoted in The Professional Engineer, 

vol. 16, no. 1, February 1971, p. 4. 
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respondents some discretion and responsibility in their work. The wide- 

spread interest in career -advancement fostered an identification with the 

ranks of management into which promotion was seen as likely. Even when 

account is taken of the diversity of work settings and career orientations, 

those who had greatest autonomy, those in research labs, could see 

alternatives to their present employment in other institutions and those 

who had least autonomy, those in production departments, saw themselves 

already on the preliminary rungs of management. (31) Of the two 

objectives, that of securing collective advancement for engineers and 

scientists as a distinctive group in the power structure of organisations 
that 

with greater freedom to organise their work anc3/of securing individual 

advancement, much the greater priority appears to have been attached by 

graduates to the latter,. 

As Prandy observed it would be dangerous to generalise from 

information about relationships at the workplace to relationships outside 

and the extent to which work situations determine place and behaviour in 

the wider society remain topics for further study. (32) For engineers in 

particular, social imageries and social status have been matters of concern 

and representative bodies have pressed for change, yet it is evident that 

in the electronics study these matters were of lesser importance to many 

graduates because they saw an escape from low social prestige in their 

work situation through management. 

(31) The heterogeneity in motivation to individual and collective 

advancement among enni.neers has been cited as a major obstacle in designing 

objectives for Professional Unions in the U.S.A. See, for example, 

G. Strauss, "Professional or employee oriented: dilemma for engineering 

unions ", Industrial and Labour Relations Review, vol. 17, no. 4, July 1964 

and J. Seidman, "Engineering Unionism ", in R.Perrucci and J. Gerstl, 

The En &ineers and the Social System, op. cit. 

(32) K. Prandy, op. cit., PP.' 186-187. 
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4. Professionals in Societ 

A speech by the Minister of Technology expressing the need for more 

men educated and experienced in the fields of engineering and technology 

to enter Parliament and to participate more extensively in the conduct of 

public affairs drew an additional comment from the Chairman of the Committee 

on Manpower Resources for Science and Technology in the form of a letter 

to The Times. In his letter Lord Jackson cited, as an illustrative 

example, the USSR where in contrast to Britain, many Ministers and senior 

diplomats were qualified engineers and he concluded that in Britain'we 

greatly handicap ourselves in our ability to respond to the potentialities 

and requirements of technological advance'. (33) A reply from an eminent 

philosopher went further than Lord Jackson in its discovery of engineers 

or agronomists in the Politburo.. But in listing the decisions of this 

body, including the invasion of Czechoslovakia, writers' trials, the 

rehabilitation of Stalin and so on, Professor Szamuely concluded that 

'we may regard ourselves as positively fortunate not to have our public 

affairs conducted by engineers and technologists.' (34) Adding salt to 

the wounds inflicted by such a rebuke, Szamuely hinted at a more than 

coincidental rumour that the only source of dissension from the Czecho- 

slovakian invasion within the Politburo came from the two Arts educated 

members. 

These two views of engineers and social welfare, one optimistic and 

the other pessimistic, have been recurring themes during the course of 

industrial developments.. 

(33) Letter to The Times, 30.4.69, Jackson of Burnley, Pro -Rector and 

Professor of Electrical Engineering, Imperial College of Science and 

Technology. 

(34) Letter to The Times, 5.5.69, from Tibor Szamuely, Faculty of Social 

Sciences, University of Reading. 
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The optimistic view has parallels with the technocratic vision in 

which it was believed that the dispassionate, rational mind of the engineer 

could deploy scientific and technological knowledge to solve the major 

social problems and promote material welfare, and so the immediate national 

problem was how to integrate engineers into the political structure of 

society. Lost clearly evident in the writings of Thorsten Vablen, this 

optimistic view provided an ideological rationale for a political movement 

which presented engineers as the group most likely to lead the United 

States out of the Great Depression. (35) Against the view of engineers 

as virtual monopolists of the knowledge relevant to technological advance, 

the pessimists argue that there are no purely technical criteria for 

political and economic decisions and that the social perspectives of 

engineers are circumscribed by functional specialisation and bureaucratic 

employ::ent to the point where they have a "trained incapacity for thinking 

about and dealing with human affairs." (36) On these points I have argued 

already that the attraction of the terns 'specialist' and 'generalist' for 

the scientific and engineering manpower lobby in Britain in the 1960's 

owed much to their sensitivity to criticisms of 'technical barbarism' and 

the prestige of the 'cultivated man' in British education. (37) 

:'vhile there has been concern about the participation of scientists 

in British political life, the case of the engineers has been regarded as 

(35) Thorsten Vablen, The Engineers and the Price System, Pïew York: Viking 

Press, 1922. For the links between Vablen and the short -lived technocracy 

movement, see Edwin T. Layton, The Revolt of the Engineers: Social 

Res onsibiliti and the American En:ineerin Profession Cleveland, Ohio: 

Press of Case Western Reserve University, 1971, pp. 225 -228. 

(36) R.K. Marton, "The Machine, the ',Worker and the Engineer ", in Social 

Theory and Social Structure, Idew York: Free Press, third edition, 1957, 

p. 569. 

(37) See Chapter Seven, section 3 and Appendix One. 
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more critical, partly because they have been regarded as the 'men of 

affairs' more directly linked to the application of scientific and 

technological knowledge to industrial modernisation and partly because 

of the lower prestige of the engineer vis -a -vis the scientist in the 

British educational system. Relatively low social prestige for engineers 

has been regarded as both a cause and consequence of industrial malaise, 

a cause in the sense that there has been a poor quality of recruitment 

and a consequence in that the failures in innovations have Leen seen as 

'engineering failures' while engineers claim that any successes have been 

wrongly attributed to scientists. Thus many efforts were directed during 

the 1960's to shaping a distinctive identity for the engineer: Government 

scientists pressed the contributions of engineers, prominent engineers 

pointed to the contributions of engineers to the development of science, 

the mass media tried to distinguish the proper contributions of engineers 

and scientists, and the engineering institutions abandoned their 

'cooperative separation' to establish an overall body, the Council of 

Engineering Institutions, to speak on behalf of all engineers. (38) The 

links between low prestige,preferences for entry and the quality of 

(38) Seeking the support of more prestigious groups has long been a 

strategy in the choice for professionalisation and the senior Government 

scientist, Sir Solly Zuckerman responded in a lecture on . "The Image of 

Technology" (Maurice Lubbock Lecture No. 4, 1967). The B.B.C. has 

attempted in its programmes, such as "Tomorrow's World ", to judiciously 

distinguish and praise both science and technology. All these efforts 

to promote a conception of 'the engineer' were considerably hampered 

when engineering was so obviously divided into numerous separate interests 

in the professional institutions and some of the difficulties in the 

creation of the C.E.I. can be gauged from the notion of 'cooperative 

separation' coined by a President of the I.E.E. in his A.G.M. address in 

1952 and from the hostility even to discussions about possible amalgamation 

reported among mechanical engineers, reported by Gerstl and Hutton, 

op. cit., p. 129. 
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recruitment are difficult to establish because prestige is difficult to 

disentangle from other rewards and because, as we have seen, recruitment 

occurs over such a long period that it may have a different significance 

for different groups at different points in time. Butcher and Pont's 

recent study of high ability Scottish secondary schoolchildren suggests 

that boys could distinguish both low prestige and salary for engineers 

compared to physicists and lower entrance qualifications but could still 

rank engineer higher in terms of interest, social usefulness, and 

preference. (39) If we turn our attention to those already employed as 

engineers then a similar view of the low social status of engineers is 

reported but while nearly a third of the university graduate engineers 

found this irksome, a similar proportion were indifferent to this situation 

(see Tables 5 and 6). The graduate physicists tended to share this view 

of the low social status of the engineer but to a lesser extent and they 

expressed indifference to a much greater extent. Thus escape from the 

possibly damaging consequences of the stigma attached to an occupation 

with a low social status was made by the strategy of re- labelling themselves, 

which was that much more possible for physicists, and, by the already - 

mentioned strategy of conceiving of their present position as temporary, 

and in any event, misunderstood by the public but appreciated by significant 

reference groups. 

For the university engineers the major problem was seen as the 

usurpation of the 'title' of 'engineer' by all manner of groups of skilled 

and semi -skilled manual workers from lathe operators and fitters to loco- 

men and mechanics, and in this way the analytical knowledge and skills 

(39) H.J. Butcher and B. Pont, "Opinions about Careers among Scottish 

Secondary Schoolchildren of High Ability ", British Journal of Educational 

Psychology, vol. 38, Part 3, November, 1968. 



-.35- 

in their own training and employment were obscured by an image of 'the 

greasy spanner and overalls'. 

"Outside no one knows what you do. 
Outside if you say you are an engineer, 
people think you are a car mechanic." 

"You say you are an engineer and people 
say what are you doing in a white shirt." 

"It's bloody awful here, in England if 
you mention engineer then not many people 
appreciate the significance of the word 
or the profession. They tend to associate 
it with engine drivers or people with spanners, 
with technicians as opposed to scientists. 
That's not true in Germany or the U.S.A." 

Associated with empirical rather than theoretical skills in the public 

mind, the graduate engineers saw that the contributions of engineers to 

the design, planning and direction of technological innovations and 

promotion of material progress were being associated with new knowledge, 

with science, and the physicist usurped the engineers' rightful position. 

This situation in public debate was another frustration after the elevation 

of physics to eminence in schools. 

"On a big rocket project the main person 
is an engineer not a scientist, but 
everyone calls him a scientist. Any 
engineer who achieves eminence is called 
a scientist not an engineer." 

"If you say you are an engineer they think 
you are a garage mechanic, if you say you 
are a physicist they think you are a Fellow 
of the Royal Society." 

Some engineers talked of their situation as of middling status and tend 

to see their position in terms of their mobility from working class 

parents to a middle occupation, and a few referred to the improvements in 

status wrought by the advocacy of the professional institutions. 

"I think engineers just join the growing 

middle mass these days, the sort the tele 

commercials are aimed at." 
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"Status is fairly good but getting a lot 
better. People see more technology round 
them and acknowledge it. It used to be all 
science - the white -coated scientist - but 
now people are coming to acknowledge engineers 
as professionals, and the professional instit- 
utions have done a lot on this." 

Reactions to this low social status fell roughly into those 

dissatisfied and those indifferent. Dissatisfactions arose from various 

social encounters in which occupation occurred or rightful prestige and 

respect were denied and these ranged from recollections of school to 

parties and even reported occupations of participants in T.V. quiz games. 

Such dissatisfactions were usually accompanied by calls for the projection 

of a better image with the responsibility for this attributed to schools 

and the professional institutions. 

"If you say you work in a laboratory, they 
tend to give you awed looks. They don't 
appreciate that the engineer is vital to 
the production of goods that virtually keep 
the country going. After all engineering 
is the prime export of this country and I 
think that engineers should be recognised 
for the job they are doing rather than 
anybody who handles a spanner." 

"Status is pretty ropey. It's not as high 
as you would expect it to be. Judging it 
from a number of points of view - (1) his 
contribution to the country's economy; 

(2) that not everybody could be a good 

engineer; and (3) it requires as much, if 

not more, discipline as other disciplines 

because you've always got to be on the look- 

out for better ways in the face of a changing 

technology- I can't understand why 'it's not 
the top profession." 

For those who were indifferent about this low social status the main sources 

for this reaction lay in what might be termed their 'private career'. (Lo). 

(40) Dubin drew a distinction between 'public careers', in which work was 

viewed by the public as following a well -defined career pattern with 

beginning, developmental stages, and end, and 'private careers', which were 

specialised to a given company, industry or technology and known primarily 

to those who follow them and few outsiders. R. Dubin, The 1orld of Work, 

Englewood Cliffs, New Jersey: Prentice Hall, 1958, pp. 276 -278. 
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The significance of a private career, known only to its practitioners, is 

that it does not serve to define the general social standing of practitioners 

and so some engineers 'converted' their occupation into public careers by 

adding on meaningful qualifying prefixes which denied the relevance of 

'spannermen' images and associated the engineer with prestigious symbols 

and titles, for example, computers, electronics and research. 

"Mention that you are an engineer and 
they look down their noses whereas 
electronics engineer has a bit more 
prestige." 

"If you say engineer they think of you 
wielding hammers and spanners, but if 
you say you are in telecommunications 
they think twice." 

"The term engineering is rather unfortunate, 
it applies to such a wide range. So when 
people ask me what I do, instead of saying 
engineer, I qualify this, I put 'computer 

design' in front of it." 

The physicists could take a more favourable view of their own social 

standing because they could resist the company title of engineer and 

identify themselves by their university qualification or area of employment. 

*I can choose whether to say research 

physicist or microwave engineer." 

"Generally if I say physicist I notice 

I'm greeted more warmly than if I say 

engineer - by relatives or friends of 

relatives." 

"I put research physicist on my passport." 

The other significant point about private careers is the tendency for 

practitioners to identify with and seek the mutual support of an 

occupational community as a reference group, and in the electronics study, 

it was apparent that the main sources of reference were other recently 

recruited graduates and managers within the company. 

"Some people frown on engineers, to 

them engineers are all the same whether 

computer engineers or railway engineers. 

It doesn't bother me because most of these 

people are not informed anyway." 
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"The engineer comes fairly well down. 
At times it bothers me because T am an 
engineer, but if you are ambitious, if 
you are going to be a manager, then it 
doesn't matter whether engineers are 
recognised or not." 

Thus engineering was a private career in the sense that practitioners saw 

reality at odds with erroneous public knowledge and judgements. `;lhile 

there were a number of strategies for coping with this situation, however, 

the main implication of these strategies was to strengthen an interest 

in organisational careers and becoming a manager. 
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5. Professionalism and Commitments 

In this part of the thesis concerned with entry to the world of 

work I have examined the extent to which new recruits developed commitments 

in a number of different directions, principally to meeting the demands 

of employers, to their own career advancement, and to standards of 

competence and conduct elaborated by colleagues and fellow practitioners. 

In each of the areas reviewed earlier, the working organisation and the 

career system, I argued that the development of commitments in one set 

of relationships and obligations had implications for the other set, for 

example, the short term career perspective enjoined concentration on 

efforts to meet employer demands but since the relationship with the 

employer was envisaged as short term the career perspective conditioned 

graduate responses to employer demands with the belief that work demands 

if irksome were only temporary and the penalties of failure or non- 

compliance were not irrevocable. It remains only to examine the possible 

consequences of professionalism for the development of other commitments 

in this section. 

Professionalism has been promoted typically on the grounds that it 

provides clients with a guarantee of standards of service. It was this 

sense of occupational professionalism rather than professionalsim as a 

claim and mark of a broader social standing and life -style of a gentleman 

which found favour with the electronics engineers. Yet it was acknowledged 

too that corporate clients are in a position to make judgements about 

occupational competence and so less in need of such guarantees. Moreoever 

there are two ways in which the cultivation of professionalism can have 

damaging consequences for innovation and the working organisation 

and thereby provide a poorer service. 

Where professional competence is established by academic qualifications, 

as the electronics engineers tended to assert, there is a danger that 
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professional development will be hindered by being fixed at this point. 

I have illustrated the way in which academically -trained competences 

were used as bargaining counters with managers already, but it must be 

remembered that the situation has been exacerbated by both the poverty of 

industrial training programmes which did not clearly establish new 

competences and the perception of a career into management which involved 

leaving engineering or science. Thus the professionalism established in 

academic institutions can single out as relevant knowledge and skills a 

very narrow conception of the professional identity. Something of this 

narrow conception has been seen already in the new entrant's conception 

of organisation and politics, and the possible implications of these views 

for innovation have been discussed by Donald Schon who writes of the 

debilitating consequences of the myths of the rational process of 

innovation. (41) Schon argued that the idealised, after- the -fact view 

of invention and innovation bolstered a view of invention and innovation 

as controllable, manageable and justifiable processes where 'success 

is assured by intelligent effort'. Such a view gives ideological support 

to the scientist and engineer but is a partial truth in its neglect of 

emotional and political processes. The other possible source of hindrance 

to innovation stems from the professional's concern with correct procedure. 

Although, as McClelland indicates, this emphasis on style and procedure is 

most evident as a protective device to ensure good service where outcomes 

are difficult to judge as in medicine, some evidence of a preoccupation 

with means rather than ends has been cited in studies of enLineers and 

scientists in industry. (42) In the electronics study preoccupation with 

(tel) D.A. Schon, "The Fear of Innovation ", International Science and 

Technology, no. 59, 1959 and Technology and Change, Oxford: Pergammon 

Press, 1967 (esp. pp. 19 -41). 

(42) D.G. I;cClelland, "The role of achievement- orientation in the transfer 

of technology" in W.H. Gruber and D.G. Marquis, eds., Factors in the Transfer 

of Technology, Cambridge, Massachusetts: M.I.T. Press, 1969. 
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style rather than results was apparent in instances where graduates 

insisted on following academic procedures, and in the following example 

the point is underlined because the research physicists report was for a 

'non -professional' production manager. 

"It's difficult to know how they want you 
to go in a bit of research. I had a piece 
of production support on some wires which 
were supposed to be nickel -plated but had 
solder plated on, too. I had to show the 
solder for my section leader and the production 
manager so that he could blow the company up. 
The section leader thought my report was too 
long whereas I thought it was necessary to 
write up all the scientific information - 
the experiments, the data - because that 
was the evidence for drawing the conclusion. 
Icy section leader more or less wanted me 
to say I did this, it showed that, therefore. 
I feel you need the evidence for the 
conclusion but he brushed over this. I 

think he feels it's a waste of time to write 
a detailed report for a production manager 
who doesn't understand it." 

':Within development labs the means -ends tension was most clearly evident 

in the tension about analytical and 'rule of thumb' methods and the 

defensive postures of graduate physicists on theoretical underpinnings 

supported by proper experimental procedure, and their contempt for these 

produced results without understanding. 

The professionalism cultivated by the professional institutions 

while it is ostensibly directed to the maintenance of occupational 

standards has aspects of status professionalism in claims to a 

privileged social position. While pressing for large numbers of engineers 

and scientists to meet national manpower needs, the anxiety of the 

professional institutions to claim and assert the rights of the engineer 

to a superior social standing above the barber and the brewer resulted 

in a conservative influence on manpower policy in the 1950's. (43) 

(43) The three main professional institutions for engineers in their 

representations to the Minister of Education tried to sustain a distinction 

between primary and secondary technologies in technological education. 

(Continued overleaf) 



The three professional institutions for engineering were supported by the 

four main science institutions on two other points of difference with 

the I\T.A.C.I.E. and the _«inistry of Education and these were the call for 

a limit on the numbers of institutions allowed to develop new advanced 

courses and a demand that control of the conditions leading to an award 

should be in the hands of those professionally qualified. (44) Ultimately 

the case for expansion went ahead and the Institutions pledged cooperation. 

In the 1950's and early 1960's the Professional Institutions were in 

agreement with all those who spoke of 'shortages' and saw educational 

expansion and status enhancement as complementary development because 

improved status was thought an essential factor for recruitment of larger 

numbers. By the late 1960's, however, the professional engineers' union, 

the U.K.A.F.E., appeared ready to act as a conservative lobby against 

educational expansion on total numbers as well as types of institutions, 

for them scarcity rather than expansion appeared the route to status 

advancement. 

"The shortage of chartered engineers, so 

much publicised in recent years, is not 

accepted by the Association as a fact. 

It is disproved by the continuing low 

salaries and under- utilisation of fully - 

qualified men. Managements must be 

taught how to make proper use of the 

chartered engineers they already have 

before asking for more. 

(45 Continued) "It has been our duty and privilege to point out that 

the repercussions and implications of sound engineering technology have 

a much wider range and much deeper impact on the national economy of this 

country, and indeed throughout the Commonwealth than whether someone's 

hair is curled vertically or horizontally or whether beer is above or 

below strength." Presidential address, Journal of the Institution of 

Electrical Engineers, vol. 1, no. 7, 1955, p. 242. 

(44) See the report of the Joint Advisory Committee on Education to the 

A.G.M. of the Institution of Electrical Engineers (ibid., pp. 418-44). 

Some of the issues about educational expansion in this period are reviewed 

in Appendix One, too. 



The Association believes that as long as 
any engineering graduate is free to practice 
as a qualified engineer the engineering 
profession should have a say in the quantity 
and quality of engineering degrees awarded. 
It will act to avoid inflation of numbers 
and the collapse of standards and conditions 
of service. The Association will cooperate 
with C.E.I. and the Government in exercising 
proper control." (1+5) 

The cultivation of professionalism then may be a far from unmixed blessing 

for the members and clients of an occupational group whether viewed at 

the micro or macro -social level. In any event the massive dominance of 

technical courses in science and engineering education, post -graduate 

training largely controlled by employers,and student educational demands 

hinder socialisation into holding professionalism with a social ethic 

among scientists and engineers, while functional specialisation, salaried 

employment and managerial career ladders foster only a limited and 

defensive strategic professionalism. 

(145) Plan for a Profession: The Manifesto of the United Kingdom 

Association of Professional Engineers, London: U.K.A.P.E., 1969, p. 11. 
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CHAPTER ELEVEN 

CONCLUSIONS 

1. The Re- Definition of Social Problems 

To draw conclusions on the debate about the 'shortage' of scientists 

and engineers for industry in the 1960's might appear academic in the 

pejorative sense of a merely theoretic argument without practical relevance 

when the newspaper headlines and leaders have been concerned with 'graduate 

unemployment' in the 1970's. (1) Even the related debate about utilisation 

with its castigation of the educational system for /graduates ill- equipped 
t\ 

for industrial employment appears to have been stilled. Reports from 

such eminent bodies, as a joint C.r.I. -Vice Chancellors' Working Party, 

a Joint Royal Society -Institute of Physics Working Party, and a Royal 

Institute of Chemistry Committee of Engineering, have tended to concur 

in the conclusion that 'apart from urging a modest element of flexibility, 

employers were not calling for substantial changes' in university education. 

(2) Other observers have reflected that a changed labour market might 

bring its own discipline to unruly graduate aspirations and shape more 

modest aspirations. (3) Despite these changes in the terms of debate 

(1) See for examples the leader articles, "Graduates for Sale ", The Times 
Higher Education Supplement, 22.10.71 and "Degrees of Unemployment ", 
The Guardian, 7.9.71. 

(2) "Conference on Physics Education and Industry ", Joint Royal Society - 
Institute of Physics Working Party on the Relationship between University 
Education in Physics and the Heads of Industry, Institute of Physics Mimeo 
Paper, CE /30, July 1970, p.2. See also the Report of the Committee of 
Enquiry into the Relationship between Universit Courses in Chemistry and 
the Needs of Industry, (Chairman: Professor Eaborn London: Royal Institute 
of Chemistry, 1970, and Industry, Science and the Universities, Report of a 
Working Party on Universities and Industrial Research to the Universities 

and Industry Joint Committee (Chairman: Mr. Docksey) London: C.B.I., 1970. 

(3) During 1970 -1972 the careers columns of the daily and Sunday newspapers 

have belaboured the disappearance of the 'graduate job' and the importance 

of a revision of attitudes and aspirations among graduates. 
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about industrial science and technology and the labour market for qualified 

scientists and engineers, some important lessons can be learned from a 

review of the 196O's manpower debates. 

Now, just as then, there are alternative criteria by which 'shortage' 

and 'surplus' might be judged, and now, just as then, there are large gaps 

in the available statistics which could support either case despite 

improvement in sources. One of the main problems is to discern the extent 

to which observed changes in the labour market represent short or long 

term trends. 

The main statistical source for information about graduate 

unemployment has been U.G.C. statistics on the first employment of university 

graduates based on returns from University Appointments Boards. The data 

source means some caution is necessary in interpretation since some 

graduates do not consult their Boards and some may remain registered 

although in employment because they hope for a better job. Despite a 

caution about the absolute levels of unemployment the trends are more reliable 

in indicating a changed labour market. The proportion of graduates in 

applied science still seeking permanent employment at December 31st had 

more than doubled, from 2.95 in 1969 -70 to 6.9% in 1970 -71. In arts, 

the increase was from 6g; to 7.3%; in social studies from 6..35 to 8.7%; 

and in pure science from 5.6% to 8j;, The very sharp rise 

reported for applied scientists such that levels of job -seeking were 

comparable to the other main groups of students has raised some of the 

sharpest comment because engineers were assumed to have had more obvious 

and more favourable employment opportunities. (4) The statistics have 

(4) See, for examples, "Engineers fight for jobs ", The Guardian, 5.7.71, 

and "Science and engineering vacancies pose serious dilemma for U.G.C. ", 

The Times Higher Education Supplement, 15.10.71. 
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have been supplemented by the annual reports and press conferences of the 

Appointments Board Officers with information about the stated vacancies 

of the large recruiting companies and the difficulties of particular 

students. (5) 

':,hile changes in the job seeking behaviour of graduates and changes 

in the recruiting activities of large companies seem clear, the time scale 

of changes is not clear. The unemployment figures for 

be set against the national unemployment statistics and 

graduates must 

against the 

statistics for schoolleavers. In a recession we might expect a short 

term rise in graduate unemployment. There are reasons for believing that 

graduates may be disproportionately affected by economic recession since 

they are employed in the innovatory and administrative departments which 

are disproportionately cut in a recession. Prospective entry to the 

European Economic Community has been cited as another source of uncertainty 

affecting capital investment. If these have been short term factors then 

it is possible to discern some longer term trends which dampen the demand 

for graduates too. The consequences of Britain's renunciation of an 

Imperial role are that she is unlikely to develop a 'military -industrial 

complex' to defend Imperial interests and the declining proportion of 

defence research in overall research expenditures when the overall national 

research and development budget has remained a relatively constant 

proportion of G.N.P. in recent years suggests that this is unlikely to 

be a growth point. While the Labour Government emphasised selectivity 

in Government support of Civil R & D, the Conservative Government adopted 

(5) See, for example, P. Scott, "Graduates begin to outnumber jobs ", 

The Times Higher Educational Supplement, 8.5.70; R. Bourne, "Are there 

the jobs ? ", The Guardian, 20.11.70; and P. Wilby, "Why the graduate 

sellers' market has disappeared for ever ", The Observer, 9.5.71. 



a distinctly cautious attitude to Government support of the 'high technology' 

industries in its first two years of office. This policy was to the 

considerable embarrassment of those sectors thought to be growth points 

by electronics engineers, computers and microelectronics. (6) The rapid 

expansion of the universities in the 1962 -7 quinquennium was envisaged as 

a once - and -for -all change as the 'bulge' passed and postgraduate studies 

were thought overexpanded in some cases. Thus two areas of Government 

influence, R f, D for defence and civil purposes and higher education 

appear unlikely to enjoy the rates of growth of the 1960's. Industry 

however appears to have had some re- examination of employment policies too. 

Mr. Heath, who became the first British Prime Minister to warn of the 

prospects a,nd dangers of producing too many scientists and engineers, 

suggested that industrial companies were now reaching very different 

conclusions about the employment of scientists and engineers to those drawn 

a decade ago. (7) Recently the Gas Council has.reported that jobs formerly 

given to young graduates employed as technical assistants were now given 

to H.N.C. trained recruits employed as technicians. (8) 

(6) For a sharply critical review of Government relations with International 
Computers Ltd., see P. Rodgers, "ICL a victim of ambiguity in Government 
and Policy ", The Guardian, 27.7.71. The computer industry was the subject 
of Select Committee enquiries during both the Labour and Conservative 
Governments, for reports, see E. Moonman, Computers and Government, London: 

Pergamon, 1972 and House of Commons Select Committee on Science and Technology, 
Projects for the U.K. Computer Industry in the 1970's, Cmnd 621, 1972. 

For a review of the recent past and prospects in the microelectronics sector, 
see, T. Johnson, "Time to dam the dumping flood ", The Sunday Times, 13.9.70; 
P. Rodgers, "Britain cannot support micro- circuit industry ", The Guardian, 
4.8.71; D. Forsyth, "Microelectronics: Opportunities for the U.K." New 
Scientists, 30.4.70; and C. Layton, Ten Innovations, London: Allen and Unwin, 

1972, Ch. 7. 

(7) The cautions were made by Mr. Heath in a speech to the Parliamentary 

and Scientific Committee at the Dorchester Hotel, London, 17th April, 1972 

(mimeo from the Press Office, 10 Downing Street). When questioned in the 

House of Commons by Mr. Dalyell and Mr. Wilson, who claimed that graduate 

unemployment was the result of Government economic policy, Mr. Heath referred 

to these industrial reviews of recruitment policy, see House of Commons 

Debates, Official Report 1972, vol. 836, pp. 193 -195. 

(8) Quoted in G. Battison, "High Speed Industry ", The Guardian, 11.11.71. 



5 

The coincidence of graduate unemployment and vacant student places 

in science and technology in universities and polytechnics has produced 

some gloomy comments that higher education has been overexpanded. In 

response some commentators, such as Lord Todd, have argued that universities 

recapture that comfortable past of small proportions and assured elites.(9) 

In these changed circumstances it is possible that some serious issues 

which underlay manpower utilisation will receive serious thought. In 

the 1960's the goals of the educational system received little discussion 

from the Robbins Committee and the utilisation of qualified manpower 

received scant attention from the Committee on Manpower Resources. Various 

optimi sms and pessimisms left blind spots in the analysis and proposals 

of these Committees. 

Among the economists who debate educational policy and planning 

considerable attention is being directed currently to the possible 

dismopancies in outcomes from following different planning criteria. (10) 

The main discrepancies which could arise from social demand rather than 

manpower requirements approaches could be quite small if the vocational 

interests of parents and children could be aided by more information. 

As yet it is not clear how social demand would be affected if loans 

rather than grants were used for - student finance. Given the severe 

criticism heaped on the mechanical brands of manpower forecasting, serious 

attention is being Given to the alternative rates of return techniques. 

(9) Lord Todd, "Should higher education be more vocational ? ", op. cit. 

(10) See, for example, R. Layard, "Economic theories of educational planning" 
in M.H. Paston and B.A. Corry, eds. Essays in Honour of Lord Robbins, 
London: Weidenfeld and Nicolson, 1972; V. Ambruster and H.J. Btldenhofer, 

"Manpower Approach versus Cultural Approach in Manpower Planning ", 

International Institute for Labour Studies Bulletin No. 9 1972; B. Ahomad 
and M. Blaug, eds. The Practice of Manpower Forecasting, Amsterdam: 

Elsevier, 1973. 
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Here the difficulties for policy guidance are the interpretation of rates 

of return in Government sectors and the problems of loads and lobs. 

In the meantime the overall expansion for the 1970's appears to have 

been settled on social demand criteria, simply that the demand for more 

tertiary education is likely to be politically irresistable. Thus it is 

envisaged that 22,E of the eighteen year old age group will be in higher 

full -time education in 1981 compared to 155 in 1971 and 7: in 1961. (11) 

Given the decision, the main Government preoccupations have been with the 

logistics, of dividing the numbers between universities and polytechnics 

and cost savings to check the financial burdens of the trends towards 

mass higher education when the student grant system, for example, was 

designed to assist a few of the able poor to join the university educated 

few. Yet so far the attempts to provide rationales for this division and 

allacation have moved little beyond the cumbersome efforts of Mr. Crosland. 

(12) 

Because of their restrictive assumptions numbers rather than goals 

had preoccupied the Swann Committee. It is unlikely that future 

educational documents will be able to treat universities in splendid 

isolation. A number of other assumptions aipear less likely to go 

unchallenged now, for example, the assumption that societal needs include 

more science and technology, that all talents should be trained with the 

qualification that the more able should have more training, that the more 

able should be guided to practice science and technology, and that the 

highly qualified should have greater rewards. Support for economic growth 

per se is no* much more qualified, and however vague the cant slogans of 

(11) Department of Education and Science, Education and Science in 1972, 

London: H.M.S.O.., 1972, p.6. 

(12) See, for example, the mixture in G. Brosan et al., Patterns and 

Policies in Higher Education, Harmoniworth: Penguin Books, 1972. 
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'pollution', 'environment' and 'quality of life' it is clear that patterns 

of national research and development expenditures have been and are likely 

to change significantly. (13) Realisation that the 'Brain Drain' owed 

much to U.S. military and space efforts weakens the resolve to emulate 

these prodigal pyramids. In Britain much acclaimed technological triumphs 

have failed to materialise or have involved such cost escalations to 

completion that the optimisms of scientists and engineers are more likely 

to be greeted with greater public caution in future. (i4) If greater 

public accountability is one likely source of checks to the drive for 

technical excellence per se then the demands for autonomy and participation 

must be set against the demands of other groups of employees in industrial 

organisations in a society where debate about relative incomes and rewards 

has become increasingly heated and bitter. Even the long standing 

assumption that all available talent should be educated and trained has 

been challenged by those who argue that the labour market could not absorb 

it, (cf Lord Todd) and those who argue that absorption could only be at 

the expense of existing public (vide vested) interests, (cf UK,APE). 

At present then it appears difficult to disentangle the short run 

and longer run changes in patterns of demand for scientific and engineering 

manpower, and their implications for prospective supply. It is possible, 

as Professor R.V. Jones warned the Standing Conference of Universities 

Appointments' Services, that alarmist fears about unemployment and 

disillusion with science and technology following the post -war over -optimism 

(13) Cf. C. Freeman et al., "The goals of R (?. D in the 1970's ", Science 

Studies, vol. 1, no. 2, 1971. 

(114) See the comments of Shirley ',Williams, a former Labour Minister, on 

disappointments ( "The Responsibility of Science ", The Times, 27.2.71.) and 

of Professor Wolfe on cost escalations ( "Cost escalation in research and 

development activities" in D.O. Edge and M. ';lolfe, Meaning and Control, 

London: Tavistock, 1973). 
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could depress numbers currently entering scientific and technological studies 

to produce scientific and manpower shortages in ten to fifteen years' 

time. (15) Speculation about such possible cobweb cycles has been one of 

the main rationales for manpower forecasting and intervention in labour 

markets. Yet given the difficulties of affecting changes through the 

educational system it is surprising that manpower forecasting committees 

in Britain have not given more thought to supply adjustments outside the 

formal educational system. 

Although the issues which lead to agitation among commentators on 

the university- industry interface in 1973 appear different from those of 

1968, the "surplus" of present concern may turn out to be as elusive and 

ephemeral as the "shortage" of the earlier debate. One of the major 

lessons of this study is the importance of understanding how an issue 

becomes defined as a social problem, in this case, the political context 

of educational and occupational choice and selection, and policy -making. 

Fortunately we appear to have moved beyond the 'salvation by science' 

recipes for economic ills offered in the Swann Report and unlikely to 

seek salvation in the simple- minded markets of neoclassical economics. 

(15) See the remarks quoted in "Limited pool of talent for science ", 

The Guardian, 1.9.71. 



2. Labour arkets, i .anpower Utilisation and Research l,ethodology 

Inevitably there may be some reservations about the extent to which 

substantive points emerging from a case study can be generalised across 

companies and industries to throw light on the national utilisation of 

qualified manpower. There was, however, another important aspect emerging 

from the study and this lay in the support given to the methodological 

claims for the direction of occupational choice and utilisation studies at 

the outset of the research. 

Emphasising a broad view of the resources and goals which individuals 

bring to education and labour markets and taking direct recourse to recent 

recruits highlighted the difficulty of taking tastes as 'given'. Goals 

crystallised during searches which continued often into employment as 

further information about abilities and feasible goals was gained. The 

central point about the variables identified as costs and benefits in 

occupational choice is that they range beyond simple financial factors; 

as Becker observed 'tha trick in understanding commitment is to grasp the 

full range of things that have sufficient value to be included in the 

calculation'. (16) 

Blaug offered two cogent arguments against the usefulness of attitude 

studies and direct enquiry into motives, and hence in favour of reliance 

on inferred models. He argued, firstly, that there may be a gap between 

expressed intention and behaviour, and secondly, that the important point 

for policy is the nature of intramarginal choices. 

The concept of 'cognitive dissonance', bet hedging by lowering 

aspirations to what are recognised as feasible levels, means that choices 

conditional on uncertain outcomes may lead to pre- choice statements of the 

(16) H.S. Becker, "The Self and adult socialisation ", in Sociological ;cork, 

London: Allen Press, 1971, p. 301. 
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fall-back position rather than the preferred outcome. For example, Barnes 

found, by use of a panel study, that some students stated 'industry' but 

on achieving a 'good degree' opted for postgraduate study. (17) This 

suggests that Blaug's criticisms do not apply to attitude surveys themselves 

but to some forms of their administration. 

The policy maker is interested in the cost in terms of a total salary 

bill of producing a given increase in the supply of engineers and scientists, 

that is in the responsiveness to salary changes of a proportion of 

scientists and engineers. To Blaug, attitude surveys reveal only marginal 

statements of the kind that most engineers work for technical challenge 

rather than statements about the number of engineers who would be prepared 

to sacrifice some degree of intrinsic job satisfaction for a specified 

salary increase. To this criticism of attitude studies there are two 

main responses, the first is that the policy makers desired information 

is unlikely to be available from any study technique, and secondly, that 

attitude studies do have a useful, if limited, guide to policy. 

Changes in rates of return and concurrent or lagged shifts in 

employment require interpretation in the light of assumptions about non- 

financial rewards and preference patterns. It may appear reasonable to 

assume that non -financial rewards change slowly but changes in salaries 

are usually introduced along with a package of changes in working conditions 

too, so that past rates of return require cautious interpretation. 

Attitude studies serve as cautions on the current forms of simple- 

minded rate of return calculations, for analysis which proceeds on the 

assumption that graduates behave 'as if' they were making capital investment 

decisions appear as doubtful exercises if only one -fifth of a sample of 

(17) S.B. Barnes, "occupational choice and scientific values ", op. cit. 



research students entered graduate education because they thought a Ph.D 

would lead to a higher salary. (18) Bibby maintained that the model of 

'homo economicus' was consistent with the behaviour of 'homo academicas'. (19) 

To this view the attitude studies suggest at least two kinds of modification, 

firstly that labour markets may be organised into non -competing groups, and 

secondly, that job opportunities rather than high salaries were the main 

attractions to academic research and university employment. Bibby's 

salary data on employment sectors was at odds with the common impressions 

revealed in attitude studies that industry was the sector with relatively 

high salaries and that universities were associated with non -economic 

rewards. (20) It could be argued that those who entered academic employment 

were better informed about salaries, for example, the academics found 

employment from professors and teachers whereas industrial recruits went 

through the 'milk run', in other words, they had different sources of 

information. (21) In addition it could be argued that those with prospective 

'good degrees' will have more favourable access to professors and information. 

The Cotgrove and Box study suggested that images of work conditions did 

not vary significantly according to future career intentions. (22) 

Differential access to information might affect choice in ar.other way, 

however. If graduates were interested in job opportunities as distinct 

(18) See, for example, E. Rudd ( "Rates of return to Ph.D. ", Higher Education 

Review, vol. 2, no.. 1, Autumn 1970) who distinguishes 20;? of decisions as 

vocational, 16;> as drifters, and 43; academic among a sample of science and 

technology postgraduates. 

(19) J. Bibby, "University expansion and the academic labour market ", 

Higher Education Revievi vol. 4, no. 1, Autumn 1971. 

(20) Compare Bibby's study of earnings with the impressions of earnings in 

the studies by Box and Cotgrove, Kesall and Sheppard. These studies were 

discussed in Chapters Four and Six. 

(21) Such differences in job finding were reported in Sheppard's study, 

Scientists and Engineers and their Choice of Jobs 1956 -59, op. cit., p. 37. 

(22) S. Cotgrove and S. Box, op. cit., p. 72. 
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from salaries then professors were in a favoured position to advise students 

about the job opportunities arising in the most rapidly expanding sector 

in the 196O's higher education. (23) In terms of information networks 

the 'good students' were the 'marginal ones'. 

These qualification do not present insuperable problems for economic 

theory, for example, having regard to job opportunities means that supply 

can still be seen as a function of expected earnings but 'that some 

consideration be given to changing the traditional emphasis from variations 

in earnings to variations in expectations'. (24.) Psychic returns, the 

formation of preferences, the nature of expectations, the nature of 

decision -making, especially in relation to families, structures of choice, 

and access to information, do mean that economic models must have more 

regard to a broader form of explanation than those presented as alternatives 

to the admittedly inadequate implicit theorising of the manpower forecasters. 

Recourse to scientists and engineers themselves for views on their 

situation as supplementary information to that available in the manpower 

debates proved most useful in the discussion of utilisation. The attitudes 

and behaviour of graduate scientists and engineers, condemned by industrial 

employers as products of university education and antithetical to industrial 

employment, came to be seen in a different light. The short term and 

technicist emphasis in graduate perspectives on employment emerges as a 

reasonable response to the way the electronics industry recruits, trains 

and employs its graduates. Locating the responsibility for 'mismatch' 

and the possibilities for reform almost wholly within the educational 

(23) For a study which illustrates the explanatory power of the job 

opportunities hypothesis, see the study by Burnes of the flow of engineers 
into employment in the U.S.A. over the period 1950 -1965, "Engineering 

Occupational Choice, 1950- 1965 ", Industrial Relations, vol. 9, no. 2, 

February 1970. 

(24) Ibid., p. 242. 
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system became for employers an opportunity to evade their own liabilities 

in shaping those perspectives and an opportunity for conservative academics 

to find yet another ill-consequence of educational expansion, especially 

of post -graduate study. 

In earlier chapters I have outlined the central features of graduate 

perspectives on entry to employment in the electronics industry. The 

situation was defined as one where information was lacking about what 

goals were feasible, what were the available means to achieve them and 

whether the individual had the necessary resources. This period of 

early employment became defined as exploratory, a period in which to 

acquire information. '.there information was available it suggested that 

movement along a managerial ladder was the most likely direction of career 

advancement, but the means and resources were less readily defined than 

the general goals. Definitions of 'good work assignments' were closely 

related to information seeking. 'Good work assignments' were those which 

demonstrated competence and furnished the basis for further learning, hence 

the importance of pleying to existing skills, having rapid feedback, and 

visibility. 'Good supervisors' were those who were technically competent 

and permitted claims by new entrants to an egalitarian 'professional' 

relationship. Yet the companies became described as organisations where 

learning was largely a matter of luck and career advancement suffered the 

vagaries of fortune too. In this situation it appeared sensible to 

accept an informally prescribed two year learning period but to initiate 

search procedures for information and for situations which marked out the 

newcomer for his distinctive contribution and avoided damaging comparisons 

with technicians. Re -entry to the labour market to di,scover alternative 

employment opportunities and market values, re -entry to the educational 

system for further attestations of knowledge and skill, spotting out 



forthcoming jobs with a high analytical content and avoiding 'dirty' and 

'trivial' work became standard devices to search out and manifest the 

distinctive position of the university- educated graduate scientist and 

engineer. In the short term standards of judgement to assess one's 

individual performance were deived mainly from the nature of the assignment, 

for example, whether the solution camereadily and satisfactorily, and the 

comments of the supervisor,but the main standards were accepted as those 

of the annual salary review. If salary did not feature prominently in 

first job considerations it appeared likely to gain significance if only 

because it became a standard unit for assessing career progress. Judgements 

about colleagues, supervisors and organisations could be made against 

standards derived from universities, vacation employments and comments of 

peers who were in the same process of transition from education to 

employment. In terms of the ease or difficulty of achieving work goals 

the extent of individual work assignments made colleagues of lesser and 

supervisors of greater importance than peers and supervisors in university 

or college. -:ork colleagues were frequently judged to the extent that 

they assisted in social adjustments ranging from lunchtime pub gatherings 

to flat- sharing and here the large establishments with a large annual 

graduate intake had obvious advantages. Industrial supervisors suffered 

little from the comparison with university supervisors save in those 

situations where the recent entrant was on the point of leaving and included 

supervision in his range of grievances or where an Oxbridge graduate had 

enjoyed the intimacy of tutorial contacts, compared to the limited contacts 

of most other graduates, and regretted the lack of intellectual stimulus 

in relationships with industrial supervisors. When the graduate came to 

assess the company as an organisation his university experiences left him 

rather naive and hesitant about judgements, particularly, as one graduate 

saw, in regard to organisational politics. 
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"One thing I would like to mention is 
organisational politics in industry. I 
don't know if its different in university, 
having only been on one side of the fence 
as a student. In industry there are a 
lot of levels of management, in some of 
them you got a lot of petty politics. You 
see people half the day looking after their 
own interests rather than doing the job ". 

Perhaps some of the trends towards greater participation by students in 

the decision -making of universities will deepen an understanding of types 

of organisation and organisational membership. In the absence of such 

understandings many graduates appeared ripe for disillusionment as they 

carried machine metaphors of organisation and asserted their technicist 
a 

conception of /proper work role against the haphazard training and induction 

procedures which did little to shape any alternative view. Military 

technology with cost -pluscontracts negotiated directly with organisationally - 

isolated research and development establishments has had its impact too 

in supporting and sustaining these defensive postures of scientists and 

engineers for these have created protected markets in which technical 

excellence has been at a premium. 
a 

Thus /perspective, which emphasised the early employment period as a 

continuation of labour market searches and short -term commitments to a 

particular industrial employer and emphasised the importance of seeking out 

opportunities which acknowledged and confirmed the graduate scientist or 

engineer as a member of a special category of employees, seemed a reasonable 

response to the wqy the electronics industry conducted its recruitment, 

training and employment. Such a perspective might suggest something of 

the conditional loyalty of the professional employee apparent in other 

literature on scientists and engineers in industry. The important point 

to note, however, is that I have associated 'professionalism' with a 

bargaining position vis -a -vis the organisation and hence implicated the 

employer in the shaping of professionalism whereas many studies assure that 
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professionalism is the product of socialisation during university or 

college education. 

An 'drientation'differs from a 'perspective' in the sense that an 

orientation covers an expression of attitudes to work which may not be 

expressed in action whereas the perspective is derived from study of conduct 

in the organisation. The study of the various orientations to work 

revealed little of the 'frustrated academic' in the sense of the graduate 

who would have preferred university employment. Even the Cotgrove and 

Box study identified only 17% of their sample of industrial chemists as 

'public' or 'academic' scientists and indicated serious utilisation 

problems among other scientific types, who could hardly qualify as 

'frustrated academics' .25) 

Just as there are apparent variations in orientations to work, ranging 

from the long range managerial career planners who entered production 

departments to the short -term essentially technically -oriented researchers, 

there were variations in perspectives too. The definitions of qualities 

required for success in different departments revealed the vulnerability 

of able physicists in development departments. Anticipation of this state 

may have considerable bearing on the relative unattractiveness of industry 

vis -a -vis the then rapidly expanding universities since development forms 

the major part of industrial R & D and doubts about 'making out' involve 

expectations about both financial and psychic rewards. (26) 

(25) S. Cotgrove and S. Box, op. cit., p. 33. 

(26) In the Cotgrove and Box study, development (39%) was the dominant 

type of research activity among the industrial sample compared to basic 

research (5%) and applied research (28%) despite the author's pre- 

occupations with 'public scientists' and 'research'. See Cotgrove and 

Box, op. cit., p. 20. 
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?Tith the benefit of hindsight there do appear a number of gaps 

in the data collected which could be exploited in further studies to 

throw more light on the problems of occupational choice and manpower 

utilisation. 

1. The response of the educational- system. There has been a 

growth of interest in comparative study of educational systems 

but there is still a lack of sociological studies of the 

development of the various institutions of the Y ritish 

educational system from universities,to technical colleges and 

schools, the influence on education policy of various advisory 

bodies from the U.G.C. to professional institutions, and detailed 

studies of curriculum change. 

2. Industrial demand and utilisation. More studies could be 

undertaken of the methods of recruitment, career development 

and training in different industries, companies and departments, 

for example, in some of the less science -intensive industries. 

More detailed comparisons could be undertaken of policy- making 

and execution of policy with attention to the locus of authority 

and decision -making and to changes in job descriptions and work 

organisation in the light of technological chance, educational 

development and training legislation. 

3. Occu ational choice and career development. The relationship 

between subject choice and choice structure requires further 

attention in the light of changes in choice structures and the 

emergence of new occupations. Career development within 

occupations and switches of occupation requires investigation in 

the light of changing patterns of utilisation of highly- qualified 

manpower. Longitudinal studies offer considerable advantages 

for the study of change over cross -sectional studies, for example, 



-18- 

the dependence of career views in the electronics stuc;; 

on optimistic views of the labour market would alert us to 

look for different views among new cohorts and re- 

interpretations among the sample five years on. 



- 19 - 

3. Manpower Studies and Manpower Policy 

Having reviewed the diagnosis of scientific and engineering manpower 

problems current in the late 1960's, two important questions must be to 

what extent have the views of various protagonists had any influence on 

policy and what are the likely outcomes of policies proposed. 

Reports of Royal Commissions and Government advisory groups frequently 

arouse a good deal of publicity and highlight the nature of deficiencies 

perceived in and solutions currently canvassed for public policies, yet 

their impact on actual policy is more difficult to determine. Since the 

solutions proposed are already matters of debate among policy -makers 

perhaps the main function of reports is to rationalise policies and summon 

public support. Thus the expansion of undergraduate and postgraduate 

studies proposed by the Robbins Committee and the checks to the expansion 

of postgraduate studies and educational innovations for undergraduate 

studies proposed by the Swann Committee had been clearly initiated by the 

U.G.C. before the appearance of the reports. Although this suggests that 

policy determination may lie with other bodies, the lines of influence 

through cross- committee memberships and the support for policies generated 

through public platforms may be matters of considerable importance. If 

the manpower -forcasters appear to have been unsuccessful in pressing the 

use of manpower forecasts as a basis of educational planning for overall 

numbers, the ratio of science and technology to arts and social studies 

places provided in the 1950's and 1960's owed much to the influence of 

the reports of shortage on U.G.C. thinking. 

Since 1ß70 there has been something of an interregnum in officially - 

sponsored manpower studies. The manpower forecasters had their influence 

through the eminent academic and industrial scientists and engineers on 

the Committee on Manpower Resources for Science and Technology which 

reported to the Department of Education and Science and the Ministry of 
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Technology. The Committee looked for broader studies of all highly 

qualified manpower and the shaping of a national manpower policy after 

the completion of their own studies, but the new Conservative Government 

did not establish any such broad manpower committee with the re- organisation 

of ministries in 1970. Initiatives in manpower studies appear to have 

passed to the Department of Employment and its Unit for Research on 

Qualified Manpower staffed by economists. Thus economic approaches, 

with emphasis on salary data, salary movements, life -time earnings and 

rates of return and consideration of the whole spectrum of manpower skills 

and levels of skills, may come to have more bearing on educational and 

industrial policy than 'scientific lobbies' and physical manpower 

forecasting approaches. This kind of approach is likely to gain more 

favour when the system of educational finance is likely to be a major 

feature of educational debate in the 

In the 1960's the proposals of 

for Science and Technology were made 

educational system revealed by their 

next decade. (27) 

the Committee on Manpower Resources 

to correct deficiencies in the 

'evidence' of shortage. Gannicot 

shortage, and Blaug, sceptical of this evidence and agnostic about the 

took the view that all the reported phenomena could indicate a market 

clearance of a 'surplus' of engineers and scientists. Since in Britain 

these market clearances could occur only slowly, Blaug made a number of 

proposals for educational reform. Beyond the obvious and arresting 

assertion and counter- assertion of 'shortage' and 'surplus', the policy 

recommendations of the manpower forecasters and the economists look 

remarkably similar. 

(27) Cf. P. Armitage and G. Williams, "Sketching a Scenario for British 

post -secondary education in the 1980's" in T. Green, ed., Educational 

Planning_in Perspective, London: Futures /IPC Science and Technology 

Press, 1971, pp. 55 -56. 
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The Swann Committee had two sets of recommendations, the first set 

concentrated on physical manipulation to cut back the number of postgraduate;. 

research places in science and engineering to avert short -term crisis. 

The second set of proposals for the longer term proposed a broadening of 

curricula following the Dainton and McCarthy reports. Broadening of 

curricula served several purposes. It was intended that schoolchildren 

would be permitted to take later, and presumably more mature, choices, and 

it was assumed that maturity implied a pro- science choice. It was also 

intended to reduce the extent of student identification with disciplines 

and hence academic. Two further benefits for industry lay in the belief 

that a broad pattern of studies was more relevant to the solution of 

industrial problems which required multi -disciplinary approaches and the 

belief that a broad -based education would ease adaptation to technological 

and occupational changes. The proposals to follow American patterns could 

well meet with educational objections from those who,-applauded a former 

British Yinister of Science in his claim that the 'Brain Drain' was an 

indication of American employers' preferences for superior British education 

and specialisation. Some educationists have associated analytical rigour 

with specialised study of a major discipline. It is not clear that a 

reduction of course specialisation will reduce preferences for academic 

employment for one consequence of such educational reform might be a reduction 

in the identification of university teaching and teachers with disciplines. 

A more serious criticism of the proposals, however, is that they ignore 

relationships between timing of specialisation and choice of specialism, 

for example, from several studies it appears that those who have continued 

in science have been 'early choosers' and those who have chosen arts and 
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social studies have been 'late choosers'. (28) Changing the structure 

of choice in these circumstances could increase the number opting away from 

science and technology. An additional criticism of the proposals is that 

they reflect a presumption that courses are among the major determinants 

of occupational choice and that tinkering with the educational system can 

readily redirect manpower flows. Although critical of the Dainton Report 

in other respects Blaug was pleased to accept the attack on specialisation 

as excellent analysis and note that broader curricula would introduce 

potential flexibility in labour market responses. The proposals for 

broader curricula appeared an agreeable coincidence of liberal education, 

manpower forecasting and neo- classical economics arguments. 

The Committee on Manpower Resources favoured an extension of 

occupational counselling services especially as a potential counterweight 

to the prejudiced advice of physics teachers, but Blaug was even more 

forceful in his eulogy of the American pattern of counselling and claimed 

that superior wisdom would result from the individual efforts of students 

and counsellors rather than from the collective efforts of any group of 

manpower forecasters. Examination of that American pattern discourages 

ready optimism for the approaches of counsellors reveal a plethora of 

psychologistic concepts and lasting techniques to solve pegs and holes 

delemmas with an all too frequent result in the cooling -out of the aspirations 

of disadvantaged groups. (29) 

(28) See, for example, the studies by A. McPherson, "The Dainton Report: 

A Scottish Dissent ", Universities Quarterly, vol. 22, no. 3, June 1968 

and "Flight from Science or Retreat from Reason ", Universities Quarterly, 

vol. 24, no. 1, Winter 1969. See also the studies by F. Musgrove, "Self 

Concepts and Occupational Identities ", Universities Quarterly, vol. 23, 

no. 3, Summer 1969 and F. Musgrove and A. Batock, "Swinging Scientists 

and Escalating Engineers ", Mimeo, University of Bradford, 1969. 

(29) See, for example, A.T. Cicourel and J.I. Kitsuse, The Educational 

Decision -makers, New York: Bobbs Merrill, 1963, (especially Ch. 4). 
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Of course, the picture might be different if counsellors were trained in 

neo- classical economics and encouraged students to consider prospective 

rates of return, but even there the benefits are not abundantly obvious. 

Under the promptings of company interviewers, students readily developed 

a patter of salary and career and attempted to simùlate 'drive' and 

'ambition' but the 'futures' and'careers' remained a ,)eculiarly foreign 

concept to those without experience of them. 

Blaug was an advocate of another proposal to rake the market impinge 

on student educational and occupational choice by favouring the substitution 

of loans for grants as a form of student finance. In addition to easing 

the burden of state finance loans would encourage thoughts about rates 

of return. However, if critics of loan schemes are correct in their 

belief that loans would discourage working class students then the 

consequences for engineering and scientific occupations can be seen quite 

readily. Already several studies have been cited which noted the dis- 

proportionate recruitment into scientific and technological occupations 

from working class backgrounds. (30) Thus a substitution of loans for 

grants would appear to discriminate not only against certain students 

but against certain disciplines and occupations. On the first point 

Blaug claimed that a graduate tax would not have the deterrent effects 

of personal debt, While tied loans and scholarships could discriminate 

in favour of particular occupations. The incentive and disincentive 

effects of taxation remain largely uflexplored areas but there is some 

available American research which suggests that discriminatory scholarship 

schemes have not been successful. (31) 

(30) See inter dia, R.K. Kelsall, A. Kuhn, and A. Poole, "The Young 

Science Graduate ", Universities Quarterly, vol. 25, no. 3, Summer 1971. 

(31) J.K. Folger, H. Astin, and A.E. Bayer, Human Resources and Higher 

Education, New York: Russell Sage Foundation, 1970, p. 349. 



If the general message from a good deal of recent research in the 

sociology of education cautions against the conception of the educational 

system as a readily available tool of public policy then the importance 

of more direct approaches to manpower problems becomes more pressing. It 

is evident from the electronics industry study that even in a highly 

prestigious and highly regarded industry there were serious problems of 

utilisation the resolution of which could be attempted by changes in 

industrial policy and organisation. It is evident too that the resolution 

of such problems will require from companies a new conception of their 

relationships to the educational system. For the future we require more 

research into the capacity of industrial companies to undertake that 

revision and more evidence of their willingness to move beyond exhortation 

and scapegoating of the educational system. 



,APPENDICES 



APPENDIX ONE 

THE EXERGENCE OF THE MA=dlt,WER RESOURCES S i- RuLLEM 1867 -1964 

1. A long standing plea for increased scientific and technological 
manpower resources. 

While the Second World War stimulated concerted efforts in the 

manpower field, clamour for greater attention to the provision 

of increased numbers of scientists and engineers for industry can 

be traced back to the Nineteenth Century in Britain. In that 

century, Prussian efforts to 'catch up' with continental 

neighbours were undertaken in a determined fashion and 

consciously shaped through the educational system.(1) 

Alarm in Britain at the ap:arent success of these Prussian 

measures revealed in the 1867 Paris exhibition prompted 

considerable study of Prussian education, and this influence 

was seen in the development of London University and the large 

provincial universities.(2) Developments in Prussian science 

and education were linked to wider social developments in the 

rise of German nationalism, and there is evidence that as this 

nationalism brought conflict between Germany and Britain, the 

attractions of the German model of education for British observers 

sharply waned.(3) The search began for other patterns of 

(1)* See, for example, the essay by W. O. Henderson 'Peter Leuth 

and the rise of Prussian industry 1810 -1845' in T. P. 

Hughes ed. The Development of Western Technology Since 

1500 New York: Macmillan 1964. 

(2) The major source for the development in British science 

in 19th century England is i). S. L. Cardwell The 

Organisation of Science in England: a retrospect: 

London: Heineman 1957. some ocher writings which draw 

attention to the German influences on English education 

are those of W. H. G. Armytage in The Civic Universities 

London: Ernest Benn 1955. 

(3) This reversal in the admiration and affection felt for the 

German'pattern of scientific and technical endeavours can 

be seen cle :rly in the editorials of Norman Lockyer, the 

influential editor of 'Nature'. See R. MacLeod 'The 

So::ial Framework of Nature in its First fifty Years' Nature, 

vol. 224, No. 5218, November 1969. 
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education which British higher education could be modelled on.(4) 

Whatever the particular model mooted for development, the 

concern that these universities should provide graduate manpower 

for industry continued. Thus a somewhat surprising feature of 

the flow of graduates from these civic universities was that by 

and large they entered the teaching profession. It could be 

argued that any expansion of the educational system will require 

more teachers in the first instance and that such a pattern of 

flow might be expected as a short run phenomenon. One important 

distinction drawn between the German and British educational 

systems by D. S. L. Cardwell was that in Britain there was a 

(4) Given that the fashionable model was discredited, it is 

tempting to suggest that educationists reverted to the former 
English model of university organisation, that of Oxford 
and Cambridge in terms of residential provision, which is 

taken as indicative of that conception of a university. 
(See G. L. Payne Britain's Scientific and Technological 
Manpower London: Oxford University Press 1960.) Moreover, 

Keele, the institution seen by Payne as the culmination 
of this trend, had a considerable influence in shaping 

the new English universities which appeared after the 

publication of Payne's book. Whether this influence 

was direct or indirect, and whether it still holds 

today are matters of debate, some research has 

been undertaker: into the formation of these universities and 

suggests ar _indirect influence through the U.G.C. (See 

M. Cross and R. Jobling 'The New English Universities - 

a preliminary (enquiry", Universities Quarterly, Spring 

1969.) To advance any simple relationships about 

university development in the pment state of 

knowledge may be tempting but foolhardy, for they 

would needto be examined against the influences of 

the American land grant and:ih beral arts colleges, and, 

the Scottish universities. 
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concentration on the output of a small scientific elite in 

contrast to a German output of many researchers of the second - 

run. In this sense it was less likely that the Guild up in Britain 

would be achieved sufficiently rapidly to satisfy educational 

and industrial needs. Yet if there were problems on the supply 

Eide in elitism and the tendency to satisfy largely educational 

needs only, Cardwell has noted there was a reluctance on the 

part of industrial employers to recruit university- educated 

scientists and engineers.(5) 

A somewhat similar pattern of flows into employment was 

obtained in the post war period after the First World War. 

Efforts directed to promote technological change in industry 

included the provision of scholarships for training in research 

techniques from the Department of Scientific and Industrial 

Research which became the means for obtaining higher degrees 

and employment in academic or teaching posts as the prospects 

shrank through the late 1920's and 1930's.of industrial employment. (6) 

Prior to the Second World War it appeared.that there was 

reluctance on the part of many industrial employees to employ 

graduate scientists and engineers and there was a relatively low 

rate of growth of student enrolments in science and technology.(6) 

(5) See D. S. L. Cardwell op. cit and M. R. Pyke A History of 

Scientists in England unpublished MSc thesis University of 
London 1961. 
M. R. B. .agLes "The D.S.I.R.: public support for science in 
the' inter -war years," unpublished paper in the History 
and Social Studies Unit, University of Sussex 1970. 

(6) It has been estimated that the approximate total of 13,000 

science and technology students in British universities 

in the late 1930's marked an increase of only about 7% on 

the enrollment in 1920. J. B. Poole and K. Andrews 

The Government of Science in Britain London: Weidenfeld 

and Nicholson 1972. 



TABLE 1 

New degrees awarded in science and technology 1938 -1967 

1938 -9 1947 -8 1959 -60 1963 1967 

In science 

In technology 

2,167 

1,048 

3,972° 

2,306 

6,570 

3,415 

7,559 

3,466 

11,264 

6,563 

Source: J. B. Poole and K. Andrews The Government of Science 

in Britain p. 258. 
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Since the Second World War there has been a dramatic rise in 

the output of graduate scientists and engineers from the higher 

educational system and a substantial increase in the numbers 

employed in industry compared to the inter -war period, for 

example, the number of new degrees awarded in science and 

technology rose from a total of 3,215 in 1938 -9 to 17,827 in 

1967,. (See Table 11 Despite these increases, unease about the 

use of graduates in industry and the readiness of the educational 

system to provide larger numbers of scientists and technologists 

continued throughout the post -war period and reached a climax 

in the period 1964 -1968. 
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2. Post -War efforts to exuand scientific and technological 

manpower resources. 

(i) The 1940's: the 'Percy' and 'Barlow' Reports 

To the various committees set up to advise on post war 

reconstruction the need for urgent attention to efforts to raise 

numbers of scientists and engineers was immediately obvious. 

The wartime experience demonstrated the power of scientific 

knowledge translated into advanced technologylliththe atomic bomb 

and radar as supreme examples, yet it had revealed weaknesses 

in the translation process. At the outset of war there was 

little inforation on the numbers of scientists and engineers in 

the country although by the end of the war the Ministry of Labour 

Central (Scientific and Technical) Register listed 45 p00 scientists 

and it was estimated that there were a further 10,000 active 

scientists in the country. In mobilising these scientists 

during the war deficiencies in the ability of electrical engineers 

to cope with the new electronics technology were apparent in 

radar and the early start given to radar meant that many physicists 

had alrdady been recruited to work in this sector when recruitment 

began for physicists to work on the atom bomb. The number of 

foreign -born physicists recruited to work on vital defence work 

led to some alarm and despondency about the dependency on aliens.(7) 

(7) For a discussion of the general problems in the wartime 

mobilisation of scientists and engineers see the study by 

H. M. D. Parker (Manpower: A Study of Wartime Policy and 

Administration London : H.M.S.°. 1957), while the 

problems of recruitment in the electronics and nuclear 

power sectors are discussed in the studies by M. M. Pastan, 

D. Hay and J. D. Scott (Design and Development of 

Weapons : Studies in Government and Industrial 

Organisation London: H.M.S.°. 1964 ) and M. Gowing 

(Britain and Atomic Energy 1939 -45 London: Macmillan 1964). 
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For post war reconstruction a committee was set up by the 

Minister of Education in 1944 under the chairmanship of Lord 

Eustace Percy to review higher technological education. The 

Committee believed that the deficiencies apparent in wartime and 

the likely demand from industry in peacetime required responses 

from the educational system and set out to propose "an organisation 

of higher technological education which will be more responsive 

and adaptable to the needs of industry. "(8) The Committee attempted 

to assess those'needs and to match them against supply over the 

forthcoming ten years using information from the Professional 

Engineering Institutions. The Committee identified five categories 

of technically trained staff: (1) senior administrators, (2) engineer 

scientists and development engineers, (3) engineer managers 

(design, manufacture, operation and sales), (4) technical 

assistants and designer draughtsmen, and (5) draughtsmen, foremen 

and craftsmen. Of these categories only (1) and (3) were relevant 

to the enquiry and the Committee estimated anual output of 

three thousand engineers divided equally between mechanical, 

electrical and civil branches, would be necessary over the next 

ten year period(9). In making proposals to meet the potential demand 

the committee examined the recent pattern of supply. The pre- 

war output from universities and technical colleges had averaged 

approximately two thousand, of whom thirty -five per cent came 

(8) Higher Technological Education Report of a special committee 

appointed in 1944 by the Minister of Education. (Chairman Lord 

Eustace Percy) London H.M.S.O. 1945 p. 6. 

(9) Since (1) was largely the result of internal recruitment from 

(2) and (3) the Committee were directly concerned with (2) 

and (3). 
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from universities. During the war the national output reached 

three thousand and the university proportion reached forty -five 

per cent. In effect the Committee proposed that the war -time 

emergency efforts be continued with the same division of 

responsibilities between universities and technical colleges 

on numbers. The Committee was at some pains to introduce some 

rationale into the provision of technological education at many 

levels from national to local and believed that in terms of 

manpower categories the universities would concentrate on the 

training of scientists, engineer scientists and development 

engineers and the 'technical colleges on technical assistants 

and draughtsmen. However they recognised that there was overlap 

in the training of category (3), the technically qualified 

managers. Here they sought a rationale for a division of 

responsibilities between institutions in different emphases 

on the science and art aspects of technology and proposed that 

a limited number of technical colleges should develop advanced 

level courses to integrate academic and industrial studies to 

give a draft flavour over the course period compared to the 

university course taken wholly within the academic setting. (10) 

Yet there was a deep controversy within the Committee over the 

title of the award for these new advanced courses. Some sought 

a degree feeling that-anything other than a degree would appear 

inferior by comparison with the traditional prestige of the 

(10) It was proposed that the 1500 engineers in the annual 

output from technical colleges, 1000 should continue 

the existing practice of concurrent industrial work and 

that 500 should take the new advanced level courses 

which attempted industrial work and study and full -time 

academic study (i.e. sandwich courses). 
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university degree, recognised across disciplines and national 

boundaries. Other members of the Committee felt that a degree 

title would obscure the very distinctive aspects of non - 

university technological education and would invite judgement 

on the courses as inferior substitutes for the university courses. 

For contrast they sought a diploma as a nationally and inter- 

nationally recognised qualification for a distinctive education. 

Ultimately Lord Percy proposed the compromise of nominating 

selected institutions as 'Royal Colleges of Technology' with 

the power to confer associateships and fellowships subject to the 

supervision of a National Council of Technology. 

The general view of the Percy Report - "first, that the 

position of Great Britain as a leading industrial nation is 

being endangered by a failure to secure the fullest possible 

application of science to industry; and second, that this failure 

is partly due to deficiencies in education" - could serve as 

an introduction to many of the numerous reports which have 

been issued by Government advisory bodies in the post war period. 

They have seen failures in the industrial utilisation of 

science, partly attributed the failures to the educational 

system and then sought remedies largely through the educational 

system. Indeed the tendency to take this course became more rather 

than less pronounced.- All the other features of the later 

debates were present in the report - concern about making 

the educational system responsive to industrial need, a search 

for rationales to allocate investment between universities 

and other institptions of higher and further education, and 
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dismay about the prestige of technology. In may ways these 

issues were not tackled with any greater degree of sophistication 

in the later debates of the 1960's, instead the qualitative issues 

became oversimplified as the preoccupation became that of 

quantification, forecasting,and numbers of scientists and 

engineers for industry. 

The first concerted effort in the field of forecasting 

scientific and technological manpower began with the appointment 

of a committee by the Lord President of the Council under the 

chairmanship of Sir Alan Barlow to enquire specifically into the 

state of scientific manpower. Again, another Committee formed 

to assist in post -war reconstruction reported in 1946 that the 

needs for attention to increasing the output of scientists 

seemed immediately obvious. 

"We do not think that it is necessary to preface our 
report by stating at length developing our 
scientific resources. Never before has the importance of science 

been more widely recognised, or so many hopes of future 

progress and welfare founded upon the scientist. By way of 

introduction, therefore, we confine ourselves to pointing out 

that least of all nations can Britain afford to neglect what- 

ever benefits the scientist can confer upon her. If we are 

to maintin our position in the world and restore and improve 

our standard of living, we have no alternative but to strive 

for that scientific achievement without which our trade will 

wither, our Colonial Empire will remain undeveloped and our 

lives and freedom will be at the mercy of a potential 

aggressor." (11) 

Again this committee attempted to assess the potential 

demand for scientists and found likely deficiencies in supply. 

(11) Scientific Manpower. Report of a Committee appointed by 

the Lord President of the Council. (Chairman Sir Alan 

Barlow) cmnd 6824 London: H.M.S.O. 1946 p..3. 



From various studies, for example, one conducted by the Industrial 

Rescarch Committee of the Federation of British Industries, the 

Committee estimated a minimum demand for 70,000 scientific 

workers in this country and the colonial service. A five year 

forecast was thought to be inadequate since it took three years 

to produce a scientist through his university course and the 

Committee made an estimate of a minimum demand for 90,000 

scientific workers in 1955.(12) Againstthis demand it was estimated 

that the national stock of scientists was 55,000 at the end of 

the War. In the previous years the average annual output from the 

universities had been 2,500 graduates and from the 1945 U.G.C. 

enquiry it appeared that this would rise to 3,500.(13) When the 

Barlow Committee made appropriate adjustments for wastage and 

calculated the net additions to the national stock of scientists 

they estimated that there would be a stock of less than 60,000 

scientific workers to be matched against a minimum demand of 

70,000 in 1958, and a stock of 64,000to be matched against a 

minimum demand of 90,000 in 1955. Thus the Committee called 

for a doubling of the output of graduate scientists from 2,500. 

to 5,000 each year as soon as possible but believed that this would 

(12; This estimate took account of theraising of the school 

leaving age and the demand for teachers, an assumption 
that industrial reconversion would be complete by 1950 

and that demand thereafter would be for new scientific 

applications, an assumption of 'steady but not exceptional' 

increases in central and local government employment. 

(13) The U.G.C. enquiry did break down total student numbers 

by dicipline but was assured that science would expand 

less rapidly than the less costly Arts nor Was there an 

indication of the time scale of expansion but the 

Barlow Committee believed that an output of 3,500 would 

not be achieved before 1950. 
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be unlikely before 1950 and the Committee drew the somewhat 

gloomy conclusion about the future, 

" ... the only possible conclusion is that whatever is done 
to increase the output of science graduates, the nation 
will be seriously short of scientists in 1950 and that 
without heroic efforts it is Unlikely that supply will have 
finally overtaken demand even five years later." (14) 

In the event, however, the target of doubling was achieved 

in fire years. The Barlow Report and the Percy Report were in 

broad agreement about the distinctive contributions of 

universities and technical colleges to the output of scientific 

and technological manpower, although the progeny of the 

committees disagreed about the relative balance of contributions 

to be made by the universities and technical colleges to the growth 

of technological manpower. 

Apart from their manpower forecasts these two committees made 

recommendations for permanent machinery to advise in the fields 

of manpower and education. From the Percy Committee came the 

recommendation and establishment of the National Advisory Council 

on Education.forindustry and Commerce (N.A.C.E.I.C.) in 1947, 

whose report in 1950 revived the Percy proposal for a Royal 

College of Technology with a council and academic board to super- 

vise the awards of associateships, memberships and fellowships 

and further recommended that local authorities should get seventy - 

five per cent grants to replace the then sixty per cent grants. 

By 1950 the U.G.C. had issued a report to propose further 

expansion of technology in universities but cautioned against 

the swamping of universities by these develàpments.(15) 

(14) Scientific Manpower op. cit. p.18. 

(15) U.G.C.A.Note on Technology in the Universities London: 

H.M.S.O. 1950 p.4. 



- 13 - 

In a White Paper, the Labour Government favoured the 

N.A.C.E.I.E. proposals for a College of Technology to supervise 

a new qualification and for increased support to technical 

colleges, although the proposal for a new technological 

university was rejected on the grounds of cost and likely 

delay.(16) Following the 1951 General Election, the incoming 

Conservative Government rejected the proposals for a supervising 

college but accepted increased support for technical colleges. 

The new Government followed the spirit of the A.C.S.P. proposals 

in their decision to concentrate on the main existing 

institutions, the universities, with special prevision for 

Imperial College, the government to aid advanced technical 

courses. These recommendations were in conflict with the 

reports of the advisory body which derived from the Barlow 

Committee. On the recommendation of the Barlow Committee, the 

Advisory Council on Scientific Policy (A.C.S.P.) was formed in 

1947 to replace the wartime Scientific Advisory Committee to 

the Cabinet. In both the first and second of its annual reports 

the A.C.S.P. proposed that attention should be concentrated on 

universities in iraining a higher technological studies rather 

than general technical education, and further recommended that 

the development of technological education should rest largely 

with the U.G.C. (17) -In 1946 the U.G.C. had had its terms of 

reference extended to cover reference to 'national needs' and 

manpower considerations. 

(16) Higher Technological Education - Statement of Government 
Policy for the Develoaaent of Higher Technological Education 
in Great Britain (md 6357 London: ii.Ií.:.V. 1971 

(17) First Annual Re-gort of the Advisory Council on Scientific 
Policy (1547 -4o) (md 7465 London: H_.N.S.U. 1)46. Second 
Annual Report of the Advisory Council on Scientific Policy 
(1948 -49) cmd 7755 London: i-ï.N.b.G. 1549. 



3. The mid- 1950's: the forecasts of the Committee on 
Scientific Lanoower 

One political scientist, Norman Vig, has identified the 

period of the post -war years down to the mid- 1950's as one in 

which both the main British political parties were in agreement 

about the priorities for Government support of science and 

the relevant pattern of civil science administration. Both 

policy and administrative structure, he argues, were derived 

from the coalition government and the exigencies of post -war 

reconstruction.(19) The overcoming of immediate crises and the 

opportunity fora re- evaluation of the extent of recovery in 

the mid- 1950's witnessed the beginning of the breakdown of this 

bipartisan approach, according to Vig, as the two political 

parties began to draw different lessons from the situation and 

the Labour Party began to formulate its criticism of the 

Government record. A good deal of the information about the state 

of the manpower situation was provided in this period by the 

Scientific Manpower Committee established under the chairmanship 

of Solly Zuckerman by the Advisory Council in Science Policy 

(A.C.S.P.) in 1950. 

In view of Vig's claims about the beginnings of the end of 

the bipartisan approach, events in 1956 appear somewhat paradoxical. 

The Labour and Conservative Governments differed in 1951 -1952 

on the relative balance of effort in university and technical 

college expansion as we have seen so that it is somewhat surprising 

that in the mid- 1950's they should switch their emphasis to 

announce a major expansion programme in the technical colleges. 

The sources of alarm carne from the reports of the manpower 

forecasters on the discontent of industrial employers and 

(19) Norman Vig Science and Technology in British Politics London: 

Pergamon 1968. 
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international companions on the levels of scientific and 

technological manpower in the Soviet Union. In 1955 a resort 

from the Committee on Scientific Manpower of the A.C.S.P. was 

based on a study of fifty firias spread across various sectors 

of engineering industry and revealed both a pattern of 

recruitment generally twenty -five per cent below company 

requirement levels and employer discontent with undergraduate 

education and its relevance to industrial practice.(20) 

In this climate the revival by the N.A.C.E.I.C. of the Percy 

proposal for a body to supervise the sandwich type of course and 

a higher technological award was received favourably. The 

Conservative Minister of Education formed the National Council 

for Technological Awards (N.C.T.A.) to supervise courses leading 

to the award of a Deploma of Technology.(21) The more favourable 

attitude towards technical colleges was evident in the White paper 

on 'Technical Education' published in the following year.(22) 

This paper opened with the declarations of the Prime Minister on 

the world wide scientific revolution and the importance of educated 

scientific and technological manpower and proceeded to draw 

invidious comparisons between manpower levels in Britain and the 

U.S.A., U.S.S.R. and Western Europe. International comparisons, 

(20) Report on the Recruitment of Scientists and Engineers by the 
Engineering Industry. Committee on Scientific Manpower of 

the Advisory Council on Science Policy. London. H.M.b.0. 

1955. 

(21) Thus one of Percy proposals was implemented eleven years 

after the Report, with the delay blamed on other educational 
priorities, complacency, ministerial changes and university 
opposition. 

(22) Technical Education (Cmd 9703 London H.M.S.0. 1956 
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the rate of expansion relative to requirements, and the realis:..tion 

that manpower resources involve a spectrum prompted the conclusion 

in Government that the base of the pyramid of technical 

education should be broadened. To this end the Government proposed 

a five year programme to increase by approximately one half of 

the output of students from advanced courses at technical colleges 

and to double the numbers on part -time day release courses from 

employers. The hierarch4fal structure was defined in terms of the 

Colleges of Advanced Technology (C.A.T.) the regional colleges 

of technology, the area college of technology, and the local 

colleges of technology. The novel element in the plan was the 

C.A.T. which was to continue to promote the higher level tech- 

nological courses on a sandwich basis, to shed lower level courses, 

and be permitted greater autonomy from local education authorities. 

The intended targets in the 1956 White Paper had some basis 

in the statistics furnished by the Committee on Scientific 

Manpower of the A.C.S.P. During the TJars 1956 -1964 this 

Committee presented four reports which gave accounts of the 

current situation and gave forecasts for the medium (three to five 

years) and long term (ten years). In 1956 they made both medium 

and long term forecasts following with a medium term forecast 

(1959) a long term forecast (1961) and a further medium term 

forecast (1962).(22) 

(22) These reports of the Committee on Scientific Manpower are 
Scientific and Engineering Manpower in Great Britain 
Office of the Lord President of the Council, Hinistry of 
Labour London: H.M.S.0. 1956. 
Scientific and Engineering Manpower in Great Britain 1959 
Cmnd. 902, Committee on Scientific Manpower of the Advisory 
Council on Science Policy, London ::.I;.6.0. 1959. 

The Long -Term Demand for Scientific Manpower Cmnd 1490 
Committee on Scientific Manpower of the H.C.S.P. London: 
H.Ni.S.O. 1961. 
Scientific and Technological Manpower in Great Britain, 
1962 Cmnd. 2146, Committee on Scientific Manpower of the 

1..C.S.P. London: H.M.S.O. 1963. 
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In the medium term forecasts for 1956 and 1959 employers 

were asked how many people with scientific and engineering 

qualifications they would employ in three years' time on the 

assumption that the required number of recruits would be available. 
3Ì$an 

The general impression /by these forecasts was of rapid growths 

in demand for qualified scientists and engineers which were not 

satisfied by available supply. Of themselves the statistics of 

expected increase compared to actual increase were difficult to 

interpret for the failure to achieve the estimated target may 

simply reveal the initial weakness to foresee actual requirements 

but when they were-taken together with the various other surveys, 

such as that of the engineering industry and its recruitment of 

qualified manpower, they added confirmation of the need to 

expand the educational system. 

For the 1956 long term forecasts the Committee assumed a 

fixed ratio of engineers and scientists to an index of industrial 

production and with a further assumption about growth of 

industrial production they arrived at the numbers of engineers 

and scientists necessary for the 1966 and 1970 production figures, 

in this case the Committee took a 1:1 ratio and a four per cent 

per annum growth rate in production 'output to arrive at totals 

of 220,000 (166) and 328,000 (1970) compared to the current 

total of 135,000 engineers and scientists in 1956. These were the 

statistics which prompted the Government to undertake its programme 

on technical college expansion for although there was no breakdown 

of the totals of academic discipline the Committee on Scientific 

Manpower felt there would be shortages among the engineers in the 

mid- 1960's. The 1961 long term forecast continues to arouse 

controversy in 1)72. Admitting the possibility of shortages in 
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particular disciplines or skills, the Committee reached the 

conclusion about the overall total of scientists 1:nd engineers 

that "by 1965 supply and demand should not be much out of balance 

and that a surplus may exist after that date ".(23) At the time 

this conclusion brought accusations of complacency in scientific 

circles which became even more dismissive in the latter part of 

the decade.(24) The statisticians had made their forecasts for 

the supply side on the basis of the post 1956 expansion plans and 

concluded that those would be sufficient. (See Table 2). After 

the experience of the much more dramatic expansion plans of the 

1960's and the difficulties experienced in job seeking by graduates 

in all fields including science and technology in1970, 1971 and 1972, 

the original statisticians of 1961 have begun to feel some 

vindication for their forecast of 1961 for the end of the decade. 

Whether they were 'right' for the 'wrong' reasons is another 

matter however. To reach their forecast of demand the Committee 

had attempted to surmount apparent difficulties in the 

assumptions in the 1956 long term forecast. The 1:1 ratio 

between growth of output and growth of demand for qualified 

appeared untenable over the period 1956 -1959 when the growth 

rate in the economy was not the assumed far per cent per annum 

and when,.despite arise of only 2.1% on the index of industrial 

_production, the growth of employment of qualified manpower was 

8.5%. Therefore in the1961 forecast the Committee attempted to 

(23) The Long -term Demand for Scientific Manpower op. cit. p. 20 

(24) See, for example, the comments of Hilary and Steven Rose 

Science and Society H rmondeworth: Penguin Books 1970 

p.62 -3. 



TABLE 2 

Available qualified manpower and estimated 

demand from the 1961 survey. 

1959 and estimates for 1965, 1970 and 1975 

Thousands 

Total Scientists Technologists 

Available 
manpower 

Estimated 
demand 

Available 
manpower 

Estimated 
demand 

Available 
manpower 

hstimated 
demand 

r 
1959 173.0 

, 

72.2 100.8 

Estimates 
1965(1) 255.0 254.5 107.7 104.5 147.3 150.0 

1970 346.0 328.5 149.3. 140.5 196.6 188.0 

1975 463.5 .. 206.0 .. 257.5 .. 

(1) Estimated demand interpolated; the detailed 
estimates relate of 1970. 

Source: The long-term Demand for Scientific Manpower p.18. 
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disaggregate the industrial sectors and estimated total 

employment within each industry, then between industries, 

followed by estimates of the density of qualified manpower 

required within the total rrequired within the labour force 

of each industry. The latter point was important because it 

was assumed that the rate of absorption of qualified manpower 

into an industry would slacken off as the industry approached 

a 'fully manned' density, this level was estimated from 

discussions with industrialists and relevant Government departments 

about 'best practice' organisations in the industry. Further 

discussions with-industrialists and Government departments 

allowed the Committee to form judgements about each industry 

and its manpower requirements to 1970. While implications for 

the supply of qualified manpower were that the rate of growth 

of the stock of qualified manpower (approximately 6% per centum) 

and the expansion of the educational system should be of the same 

magnitude as the three preceding years, 1956 -59, the growth rates 

of employment sectors were to be different with central and 

local government and industry at a slower rate and the education 

sector at a faster rate for the years 1959 -70 compared to 

1956 -59 (see table 3). The opportunity to drop the more obviously 

simplistic assumptions of the 1956 forecast gave the Committee 

greater confidence about their forecast for 1970 and assurance 

that it was grounded in more realistic assumptions. 

There was a noticeable difference in the methodology and 

reception given to the medium and long term forecasts. The 

medium term forecasts associated with the technical manpower 

surveys end were largely based on employer forecasts about 

requirements on the assumption that employers could plan over 



TABLE 3 

Annual Rate of Growth of Demand for Qualified Manpower 

1956 to 1959 1959 to 1970* 

Total ... :.. ... . 6.1 6.0 

Central and local government ... 4.2 2.9 

Public corporations ... ... ... 3.0 3.7 

Industry ... ... ... ... ... 9.1 7.2 

Education: 
Staff ... ... ... ... ... 3.9 6.1 

Postgraduates ... ... ... 7.2 9.6 

Other ... ... ... ... ... 2.7 3.4 

*estimated. 

Sóurce: The Long Term Demand for Scientific Nanpower p.18. 
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that time period. Over the longer period there were doubts 

about the reliability of employer views, largely because of the 

unknown nature of their assumptions, and so the manpower forecasters 

attempted to give an 'independent' and 'objective' view. For 

the longer term the manpower forecasters collected the views of 

employers but subjected them to their own independent scrutiny. 

Tucked away in this scrutiny are the forecaster's assuin tions 

about political, economic and social developments and their 

impact on the development of employment sectors. Whatever these 

assumptions were they do not appear to have been shared by many 

commentators who tended to regard the long term forecasts as 

too conservative. Instead the commentators tended to prefer the 

tone of the triennial forecasts which included evidence of increas- 

ing industrial employer demand and failures to meet their targets 

and the medium terra studies favoured the argument for expansion 

in the educational system. 

In the-1962 triennial medium term forecast which followed 

a year after the 1961 long term forecast, the Committee on 

Scientific Manpower revised their judgements about the future 

to 1965 and tended to reaffirm the view of a shortage of 

engineers and scientists and to urge again the case for expansion. 

Two sources of new information proipted the change of view. 

Preliminary information from the 1961 census- revealed that the 

total stock of qualified scientists and engineers had been 

underestimated and there were large numbers of scientists and 

engineers in non -scientific or non -technical employment.(25) 

(25) The Census revealed 40,000 scientists and engineers 

working in areas not covered by the survey. 
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It was felt that if these groups were to expand then the 1961 

forecasts would require an upward revision. Indications of a 

firm commitment by the Government to efforts to secure a 4,6 per 

annum rate of growth in the national economy was an additional 

cause for upward revision when it was believed that employers 

may not have taken this likely increased growth rate into account 

in the earlier enquiry. 

4. The early 1960's: the 'Robbins Renort'. 

Given that took three years for the completion of an 

undegaduate course it might be expected that educational 

planners would look to the long term forecasts of the manpower 

forecasters for guidance on the likely directions for future 

educational plans. In the early 1960s, however, the available 

advice of the manpower forecasters proved to be something of 

an embarrassment to the educational planners. To the educational 

planners, convinced of the need for a large expansion of 

higher edizdational facilities, the suggestion that the present 

rate of expansion was satisfactory was dismal evidence. This 

dilemma about educational expansion was resolved in the short 

run by questioning the methodology and like, accuracy of manpower 

forecasts, and in the 1962 Triennial Manpower Survey the 

manpower forecasters made upward revisions of their forecasts 

and joined the case -for expansion. 

After the relative euphoria of the 1959 General Election 

and the re- election of a Conservative Prime Minister who became 

renowned for the reminder to the electorate 'you've never had 

it so good', considerable anxiety developed about policy 
in 

higher education and science. Gn the one hand there was increasing 
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concern about the earlier projections from the U.G.C. in view 

of the 'bulge' (the effects of the post -war increase in birth 

rate as the cohort passed through secondary school) and the 

'trend' (the tendency for a larger proportion of the eligible 

cohort to seek entry to higher education) and, on the other hand, 

there were the fears about possible shortages of scientists 

and engineers.(26) In addition there was increasing difficulty 

in university finance in the latter .dart of the 1957 -62 quinquenniúm 

with the suspension of projects and indications that the 1962 -67 

quinquennium would reflect a period of Government financial 

stringency. These doubts about the future coupled with the 

effects of the attempted 'pay pause' on university staff salaries 

brought conflict between universities' staffs and Government. 

Sensitive to the educational issues the Labour Party took up 

the university grievances. Before the 1ß59 election the Labour 

Parr proposed an enquiry into higher education, a proposal which 

was put into effect by the Conservative Government after the 

election by appointing a committee of enquiry 

under the chairmanship of Lord Robbins. In opposition the 

Labour Party went ahead with a Committee of inquiry on higher 

education under Lord Taylor and the report of this Committee 

(26) In addition to the evidence of shortage in the triennial 

manpower surveys of 1956 and 1959, a survey of 

industrial R. &D. condL.cted by the Federation of 

British Industry claimed that manpower shortages were 

a major hindrance to current programmers. FBI, Inddstrial 

Research Committee Industrial Research in Manufacturing 

Industry, 1959 -60 London: F.B.I. 1961. 
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advocating a five year crash programme to increase student 

numbers was published some months before the re:,ort of the 

Government appointed Robbins Committee in1963. 

The Robbins Committee undertook a massive exercise in 

the collection of evidence. Under very close questionning from 

Lord Robbins, the Chairman of the Committee on Scientific 

Manpower confirmed doubts about the reliability of 

available manpower forecasting techniques.(27) 

Having vented the doubts about manpower forecasters as 

guides to the magnitude of educational expansion the Robbins 

Committee could adopt alternative criteria, those of 'social 

demand'. In proposing aresponse to 'social demand' the Committee 

were not proposing a move to the American scale of provision 

for higher education implied by the 'open door' college since 

they retained an ability constraint: 'courses of higher education 

should be available for all those qualified by ability and 

attainment to pursue them and wish to do so.'(28) 

The implications of meeting 'social demand' (and the influences 

of the 'bulge' and the 'trend') that were drawn by the Robbins 

Committee were for large. increases in the student population. 

The proposed targets were for an increase from 216,000 full -time 

students in all higher education in 1962 to 390,000 by 1973 -4 and 

566,000 by 1930 -1. It was estimated that 60% of the 

exuanded numbers would be in universities. Among the critics of 

the report were those who doubted the value of the ability 

constraint and under the slogans of 'more means worse' complained 

(27) Higher Education op. cit. Evidence Part 1 Vol B _gip 444 -452. 

(28) Higher Education op. cit. p.8. 
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of overexpansion and probable destruction of existing 

institutions. Such doubts and complaints came in the editorials 

of 'the Times' newspaper and were countered by the 

comparisons of provision in other countries in the Robbins Report 

appendices of evidence. Supporters of the proposals have cited 

the Report as a landmark of radical economic and social reform, 

as providing an increase of educational opportunity and increased 

reserves of educated manpower. Some historians have suggested 

that this praise and blame is wrongly attached to the Robbins 

Report, they hold that the major deliberations about expansion 

preceded the Robbins Report. They point 

the 'bulge' and `trend' felt in the U.G.C. 

reached by the U.G.C. in 1959 (four years 

to the unease about 

and the conclusion 

before the Robbins 

Report) that the desirable student level should be raised from 

the estimate of 135,000 to 200,000 for the late 1960's.(29) In 

view of reluctance expressed in universities to raise existing 

targets to those new levels, the U.G.C. proposed a 'minimum first 

instalment' of 170,J00- 175,000 for 1967 -8 in existing universities 

together with a proposal for several new universities.(30) Perhaps 

a critical factor for the eventual expansion was the speedy 

acceptance by the Government of the rationale for expansion in 

a White raper published only twenty -four hours after the publication 

of the report. ; +o doubt the imì; ending election hastened acceptance 

(29) H. Perkin "University Planning in Britain in the 1960's" 

Higher Education vol. 1 No. 1 February 1972. 

(30) ' Thus although the supporters of the Robbins Report could 

claim that the Report called for rise in the target for 

1967 -8 from 172,000 to 197,000, the latter figure had been 

included in the U.G.C. proposals. Moreover it is interesting 

to note that the U.G.C. letter sent to universities after 

the publication of the Report which sought indications 

of the likelihood of the new target produced offers of 

217,000 places. See R. Layard, J. King and C. Roser The 

Impact of Robbins Harmondsworth: Penguin Books 1969 p. 41. 



- 25 - 

of the Report for according to Vig the move (towards targets 

proposed by the Labour Party enquiry) effectively removed debate 

about higher education for political contention.(31) 

Although the Robbins Committee proposed toecchew manpower 

forecasts as criteria for the magnitude of expansion, they were 

sensitive to manpower issues. In the first place the Committee 

recognised that a factor underlying the 'trend' (the increasing 

proportion of eligible schoolboy seeking further study) was the 

desire for further educational qualifications and through the 

1950's there had been a tendency for a faster growth rate in 

science rather than arts disciplines in schools and universities. 

Taken together these two factors supported the Committee's 

suggestion that in the expansion growth should be greater in the 

science departments. A second point on which the Committee was 

sensitive to the scientific and technological lobby was in 

discussions about the relative prestive of technological studies 

in British education and the Committee made some proposals to 

strengthen technological studies. A significant feature of the 

prepared expansion was for an increase in postgraduate work (to 

cover 30% of graduates by 1950 compared to the 20% in 1962) and 

it was indicated that a high proportion of technological research 

should be included. This was intended to correct deficiencies in 

technological research_ compared to scientific research highlighted 

in the reports of post -war reconstruction committees and in 

subsequent studies. Further efforts to strengthen technological 

(31) N. Vig op. cit. p.49. 
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studies included proposals for the creation of new institutions 

and significant changes in existing non- university institutions. 

In their collection of evidence the members of the Robbins 

Committee were impressed by the evidence presented by the Advisory 

Council on Science Policy and the Professional Engineering Institutions 

in their claims that technology was given a somewhat begrudging 

presence in the universities and schools.(32) 

(32) Lord Todd, chairman of the A.C.S.P., presented the view that 
British universities had been sufficiently broad -minded to admit 
technological studies but retained an 'intellectual snobbery' 
such that these studies were discouraged in practice. (Higher 
Education Minutes of Evidence Appendix 1B pp. 423 -5). This was 

a view which was advocated persuasively and popularised by 
Eric Ashby, the Master of Clare College. (Technology and the 
Academics London: Macmillan 1958). Todd and Zuckerman both 
propounded the popular view that British academics were 

infrequent collaborators with industry compared to American 
academics but as with most popular views they selected their 

cases and Todd regretted the lack of contact in mechanical 

engineering in Britain and Zuckerman commended the links in the 

American electronics industry and universities. When the 

members of the Robbins Committee expressed concern about the 

unfilled places in technology departments in northern 

universities and the failure rates among technology students 

compared to other disciplines, the representatives of the Joint 

Advisory Committee on Engineering Education of the Institutions 

of Civil, Electrical and Iiechanical Engineers replied that 

this arose because "the best people do not go into engineering" 

and was attributable to the relative prestige of technology 

and pure science. (Higher Education Minutes of Evidence 1D 

pp. 1229 -30). 
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The Committee advocated the creation of some new Special 

Institutions for Scientific and Technological Education and 

Research (S.I.S.T.E..R.'s) in an effort to develop institutions 

of comparable prestige to the great American Institutes of 

Technology in Massuchussetts and California.(33) These new 

institutions were to have 3,500 -4,500 students, half of whom 

were to be post -graduates. Another measure to raise the prestige 

of technological studies was contained in the proposal to raise 

the C.A.T.'s (designated in 1956) to university status with 

rights to confer first and higher degrees and receive finance 

from the U.G.C. rather than the local authorities.(34) The 

regional colleges of technology were to have wider advanced 

courses and both regional and area colleges were proposed for 

eligibility to offer courses leading to the award of a degree 

supervised by a new body under the Royal Charter, the Council 

for National Academic Awards (the C.N.A.A.). In view of these 

efforts to promote expansion and the status of technological 

studies it was felt possible to omit technology from the 

proposed new universities. Although this decision was initially 

accepted, it was reversed in 1965 as fears about the supply of 

technological manpower gathered momentum. 

(33) Higher Education op. cit. p.128. This was a proposal 
not implemented by the Government. In review of the report Lord 
Robbins believed that comparable developments were occurring 
despite the avoidance of a special designation on 'plitical 

grounds'. See Lord Robbins (in conversation with Boris 
Ford) 'Report on Robbins' Universities Quarterly Vol. 20 No. 1 

December 1965. 

(34) Lord Robbins had some reservations about the way in which 

some C.A.T.'s had taken their elevation with changes of name and 

suspected a preoccupation with aping the traditional universities. 

"Report on Robbins" ibid p.5. 
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Despite the impetus given to expansion in student numbers 

and the efforts to favour the development of technological 

studies at undergraduate and postgraduate levels, some misgivings 

were expressed about the Robbins Report by some commentators. 

These commentators were dismayed by the relatively slight attention 

and discussion given to value judgements in the report and the con- 

centration on student numbers and matters of administration.(35) 

Calls for a revaluation of the rationales underlying educational 

provisions tended to come from those who believed that the existing 

rationales were inappropriate in their assumptions of a limited 

pool of ability and concentration on scholarship to the neglect 

of applied studies, a neglect most evident to these critics in 

the attitudes to technology. A powerful plea for reconsideration 

was made by the principal of oné of the C.A.T.'s to a conference 

organised by the Vice Chancellors and Principals of the British 

and Commonwealth Universities in the year before the appearance 

of the Robbins Report 

"A characteristic feature of our educational 
dilemma is the fact that in the future virtually the whole 
of our intellectual reserves in the advanced countries 
will be drawn first of all into the institutions of higher 
education and, after due processing, passed over to the 

services of industry and other economic activities. 
Whereas previously our higher educational institutions 
could afford not to worry too much about the nature of 
the gulf that might separate their culture from 

practice, since they were after all, only with a 
small fraction of the total intellectual reserves, in 

the future they will have virtually the whole 

responsibility as relatively few intelligent young 

people will escape the net of higher education. For 

this reason I believe it is of value to examine the 

unwritten postulate of most of our western higher 

(35) W. R. Niblett "Expansion and Traditional Values" in 

M. Reeves ed. Eighteen Plus London:Faber 1965. 

E. Robinson The New Polytechnics Harmondsworth: 

Penguin Books 1968. 
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education institutions that they are concerned with producing 
the critical man, the uncommitted man, the objective and 
impartial man, the man who above all preserves the 
traditions and standards of culture, the search for truth, 
unfettered freedom of inquiry, from the eroding effects 
of the blind drive onward of material and mechanical 
development with its human consequence. "(36) 

Against this call for revaluation and change could be contrasted 

the re- affirmation of the case for the status quo asserted by 

an Oxford sociologist shortly after the publication of the 

Robbins Report, 

"My concern is with the university in this role as an 
agency of intellectual and cultural transmission and 
dissemination.. I leave aside its functions as a research 
institution. My premise is that as an education agency 
the university is an organisation with certain 
distinctive value committments, its primary 
responsibility being to produce the educated man in the 
wide sense of the word ... 

"Institutional values have suffered dilution. in 
the growth within universities of new types of 
discipline, particularly of applied disciplines, from 
business management to fuel technology. That these 

should be taught somewhere is not in dispute; 
the only point at issue is that their introduction 
into universities has had consequences for these 
institutions themselves, altering them in 
unintended, unforeseen - and in terms of their 
committments to their primary values - undesirable 
ways." (37) 

In their very slight treatment of the 'aims of education' 

the Robbins Committee merely listed four possible aims of 

education, which included the satisfaction of manpower and 

vocational needs and the production of cultivated men and 

women mentioned in the last two quotes and added the research 

(36) E. G. Edwards 'Alternatives of University Education' 
Committee of the Vice Chancellors and Principals of the 

Universities of the British Commonwealth, Home 

Universities Conference, 1962. 

(37) Bryan Wilson "The Needs of Students" in M. Reeves ed. 

Eighteen Plus London: Faber 1965. 
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and scholarly functions of universities and their contribution 

to the transmission of a common culture.(3S) The Committee 

did not proceed to discuss any assignment of priority between 

aims nor whether they were fostered to a different degree in 

different institutions and thereby institutions might be given 

any priority:inplans. It could be argued that the concentration 

on administration was anjmplicit expression of a belief that the 

past rationales for educational provision and the past order 

of priorities would hold good for the future. The Robbins 

Committee certainly believed that the universities were at the 

peak of a pyramid of prestige among educational institutions 

and that the pattern of progress for development in these non - 

university institutions was for the improvement of standards 

leading to their elevation to university status.(39) 

Yet if the calls for expansion of the university development 

programmes pre -dated the Robbins Report it must be recognised 

that many of these taken - for -granted assumptions about the 

aims of educational provision were shared by bodies which 

pre -dated the. Robbins Committee. The Robbins Committee was not 

alone in its preservation of continuity in the development of 

higher education through implicit value judgements. Some 

studies have argued persuasively that the U.G.C. which had 

called for new universities in 1959 and was responsible for the 

overall supervision of their planning committees was strongly 

(38) Higher' Education op. cit.chapter 2. 

(39) ibid. ch. 11. 



- 31 - 

influenced by a conception of 'the university' derived from 

Oxford and Cambridge.(40) In .one interesting respect the 

U.G.C. overruled the Robbins Report recommendation that new 

universities should be based on industrial urban centres and 

preferred the ridl outskirts of ancient towns or cities. In 

this way the U.G.C. at least made provision for continuity in 

the trends in university developments after the foundation of 

the large civic universities. 

Against the emphasis on continuity some critics felt 

that little improvement was likely in the status of the engineer 

and engineering studies for they identified relationships 

between educational structures and occupational identities. 

(40) Jobling and Cross followed the ideas of A. H. Halsey, 
expressed in the early1960's, that the 'English ideas of a 
university' implied that for a new English university to 
succeed it would have to be a successful imitation of 'Ox- bridge' 
and examined the extent to which the seven new universities 
created in the 1960's revealed features similar to those 
spelt out by Halay. These features were non -specialised 
largely non -vocational study, a collegiate structure, a 

highly selective entry, and institutions national in 
recruitment and orientation. Although the researchers did 
no; find the new institutions identical to the Halay 
hypothesis they did find a number of similar features and 
related thdse features to the U.G.C. (M. Cross and R. G. Jobling, 

"The New English Universities - a preliminary enquiry" 
Universities Quarterly Vol 23 No. 2 Spr-irg 1969 and R. G. 

jobling "Some sociological aspects of university development 
in England" Sociological Review vol 17 No. 11969). Niblett 
has traced the influence of Oxford (viz Balliol College) on the 

new University of Sussex by way of Keele University founded in 
1949. (Expansion and_Traditional Values" op. cit.) For an 

alternative emphasis on the extent of innovation in the 

new universities and the suggestion that the U.G.C. was 
disappointed that there were not greater and more 

adventuresome innovations away from traditional university 

institutions see the study by H. Perkin (New Universities 

in the United Kingdon Paris: O.E.C.D. 19693. 
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For example r.. ii. Halsey drew attention to the structure of 

relations between universities and other institutions of higher 

education and believed that particular kinds of educational devices 

produce particular kinds of persons and stated that 'given this 

structure, we slough off our dilemma on to the new institutions. 

The requirements of an industrial society need us to break 

away from traditional education.'(41) Efforts to break with 

tradition came after the 1964 General Election with the decision 

of the Labour Government to give additional sujiport to the 

non -university institutions in the system of higher education. 

Curiously, however, discussions about educational devices did 

not lead the manpower forecasters to comment on the 

relations between universities and other institutions nor to 

comment on the relative sensitivity of institutions to public 

need and central. The manpower forecasters continued their 

preoccupation with numbers =and university graduates. 

(41) "Intellectual responsibilities and the pattern of higher 
education ". Report of the 1961 Gulbenbian Educational 
Discussion. Universities uarterly Vol. 16 No. 2 March 1962. 



APPENDIX TWO 

THE PILOT STUDY: RECRUITMENT AND ADJUSTMENT 

IN SCOTTISH ELECTRONICS COI PANIES 

1. Introduction. 

My starting point for the pilot study was an attempt to 

assess the extent to which industrial employers and graduates 

experienced difficulties in the utilisation of newly recruited 

graduate scientists and engineers and an investigation of the 

relevance to any 'mis- match' of those studies which referred 

to models of the professions. While the Kornhauser thesis 

appeared of little relevance to the British situation (and of 

doubtful assistance even in America), Box and Cotgrove presented 

some evidence to suppott a modified and limited version of the 

'value clash' thesis: some students were identified as 'public 

scientists' who sought a high degree of autonomy and opportunities 

to publish the results of their work and these were assumed 

to be aspirations derived from acquaintance with the conceptions 

of scientific activity fostered in universities. Some writers 

(including Cotgrove) have suggested that the distinctions between 

scientists and engineers were those of degree rather than kind 

and it was possible to conceive of an engineer who emphasised 

technically elegant and sophisticated solutions and eschewed 

cost considerations, and sought autonomy and opportunities to 

dommunicate about his work beyond the boundaries of his employing 

organisation. 

Box and Cotgrove suggested that the employment of these 

academically oriented scientists or technologists 
in industry 

would be an 'accident' since industrial managers would try to 
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eliminate them and the students would seek employment settings 

compatible with their conception of science or technology. This 

argument left open questions about the amount or kind of knowledge 

possessed by both parties in the labour market, since Box and 

Cotgrove emphasised beliefs and self- conceptions which they 

agreed could be ill - informed. Of interest in the study then, 

was the way in which knowledge of industrial demands and recruit 

activities was acquired and the kind of transformations which 

occurred during the learning experiences of entry to employment. 

A particular focuswas on the extent to which the employers saw 

graduates as a distinctive class of employees with distinctive 

patterns of utilisation, and the extent to which graduates 

held conceptions of themselves as a distinctive class of employees 

and found opportunities to maintain these conceptions. 

In the following ection a brief account is given of the 

electronics industry in Scotland. This account underlines the 

point made in the preceding chapters, that the electronics 

industry has been a very distinctive industry, greatly associated 

with progressive developments and phenomenal growth rate. The 

section on the company experiences of the labour market examines 

the extent to which managers saw graduates as a.distinctive 

group by an examination of their recruitment and induction 

procedures. In many respects the experiences reflected the 

recent origins of their establishments and efforts to recruit 

graduates. The section on the graduates reports on their prior 

acquisition of information about employment settings by an 

examination of thefactors involved in their entry to an occupation 
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and an employment sector. While few of the graduates cc,uld 

be identified in the terms of the Box and Cotgrove thesis, 

as committed to the sources of academic science or technology, 

they did experience conflicts with their employers and these 

conflicts could be understood by reference to their university 

experiences and conceptions of themselves as highly- qualified 

people who should have intrinsically interesting work and 

considerable autonomy. The evidence of their conflict with 

industrial employers over induction and early assignments 

lent support to the original suspicions that these were 

significant problems in the utilisafion of highly- qualified 

manpower and that these problems merited prior consideration 

to those problems of 'shortage'. 
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2. The Electronics IndL:stry.in Scotland. 

In many senses the existence of this local science -based 

industry in Scotland was a strong stimulus to the form of 

subsequent enquiry for there were in Scotland echoes of all 

those beliefs about the promises of science -based industry in 

the post -war period mentioned in chapter one. Indeed the growth 

of the industry, from a factory of about three hundred employees 

on the wartime production of aircraft gunsights to an industry 

with 7,500: employees in 1959 and 30,000 employees in 1968, 

owed much to those who believed that this industry would be a 

significant factor in the 

from its heavy dependence 

In the rnid- 1950's various 

regeneration of the Scottish economy 

on mining and heavy industry.(1) 

government departments, 

based branch of Ferranti and the independent body 

the Scottish 

of the Scottish 

Council (Development and Industry) attempted to graft electronics 

research and production knowledge on to a number of other 

companies in the engineering industry.(2) The relatively 

slow progress óf those efforts prompted the Scottish Council 

to recruit companies for Scotland in England and the U.S.A. 
v 

Certainlÿ the Scottish Council could claim a large measure of 

success when the industry could boast an estimated eighty companies 

in Scotland by 1969.(3) However some misgivings were voiced in 

that few of these firms undertook research and development in 

(1) Glenrothes, a town built around a new coal mine, was advertised as the 

'Capital of the British Electronics Industry' in the 1960's after the coal 

failed and the town attracted U.S. electronics subsidiaries. 

(2) Account of these efforts is given in chapter 2 of what has 

become a classicamong innovations studies. T. Burns and G. M. 

London: Social Stalker 
Science Paperbacks 1966. 

(3) Sebastian de Ferranti 'How 30,000 Jobs WereCreated' The 

Times Friday 23rd May 1969. 

... 
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their Scottish establisi_ments and they appeared relatively 

insecure bridgeheads. Another drawback was the lack of a 

scientific infrastructure compared to the English section of 

the electronics indu:.try.(4) In employment terms other observers 

have pointed ut that the impact on male unemployment was relatively 

slight inan' industry where a high proportion of the manufacturing 

and assembly labour force was female.(5) One aspect of the 

employment impact was claimed as a major success, however. This 

was the employment of graduate scientists and engineers. The 

pilot study was undertaken against a background of newspaper 

headlines of success in the increases in job opportunities for 

science and engineering graduates in the Scottish electronics 

industry and a sharp decline in the extent of the Scottish 'Brain 

Drain' to the South of England.(6) Although the problems 

(4) See, for example, the comments by David Kemp The Scotsman 
15th February 1967. A more detailed and sophisticated study of 
the scientific infrastructure was being undertaken at the time 
of this study in the economics department of Edinburgh University, 
see Norman Clark "The techno- economic relationship between industry 
and the scientific infrastructure" unpublished Phd thesis, Univer- 
sity of Edinburgh, 1971. 

(5) S. de Ferranti op. cit. 

(6) See, for example, Joy Larkham 'Fewer Scots go South' The 

Observer. 15th October 1967 and Patricia Rowan 'Scotland's brain 
drain is over - thanks to electronics' Sunday Times 6th October 
1968. One important aim in growth was to achieve an industry 
size such that an array of job opportunities could be provided. 

The notion of a critical mass to the industry was explained 
by a member of the Scottish Council, "Ten years ago you could have 

any job you wanted,. provided it was with Ferranti. It wasn't 
so much the lack of opportunity as the lack of diversity of 

opportuhity that made a man go down to the South East. There 

if he worked for G.E.C. or S.T.C., or someone like that, if he 

didn't like the way the work was going or if he was not getting 

the kind of experience he .as impatient for, there were literally 

dozens of people ready to give him a job. All this was done in 

an environment like the South East where he did-not have to 

sell up his home or change his children's schools, all that he 

did was to drive his car in a different direction. Whereas 

if he didn't like it with Ferranti then either he had to stay 

or go literally 43_' miles. So he might as well go immediately 

after graduation. I'm not knocking Ferranti - they are good - 

but it was a product of uniqueness that was unavoidable." 
Some 

similar.remarks about the imortance of a threshold or critical 

size for an industry to attract and retain professional 
manpower 

have been expressed in an American study, see Albert Shapero. 
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appeared the inverse of the English problem, (that is in the 

sense that English problem was posed as one of finding graduates 

for jobs whereas the Scottish problem was that of finding jobs 

for graduates), the nature of employment offered and the 

reaction of graduates to it remained the essence of the problem 

in both settings. 
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3. Company recruitment and employment. 

The questions to technical managerial and personnel staffs 

sought an assessment of the extent to which the companies 

attempted to meet those elements of the work setting most 

frequently claimed for professionals in their employment of 

newly- recruited graduates. Questions were directed to investigate 

the kinds of skills sought and the sources from which they were 

recruited (expertise), the kinds of time horizon over which the 

recruits' service were sought (careers and committments), and the 

I.inds of task assigned in the early employment period and 

nature of supervision, (the extent of autonomy). The questions 

about skills were directed to explore the rationales for graduate 

recruitment, the kinds of areas in which graduates were regarded 

as competent as a consequence of their university training, and 

to explore the nature of discontent in industry about university 

courses expressed by those managers concerned with recruitment 

and early assignments. Since some of the criticisms of.graduates 

raised in manpower debates alleged an unwillingness to move beyond 

fields related closely to university study the questions about 

access assessed the extent to which companies sought to secure 

the committment of the graduate over the long term and the functions 

in which these committments were sought. Questions about recruit- 

ment procedures were . directed to examine the manner by which 

companies contacted graduates and the extent to which the flow 

of personnel was linked to the flow of ideas and contacts between 

technical departments. Finally the questions about induction 

and z-ssignments were related to the early discussion of skills 

recruited, for these questions explored the kinds of support given 
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to graduates making the transition from university to industry. 

It was the weakness of company induction procedures which lent 

support to my original view that there were significant utilisation 

problems. 

(i) The recruitment of skills. 

Some mention of the kind of skills sought has been anticipat ?a 

already in the brief comments on company activities. Most of the 

companies undertook research and development etivities with 

the emphasis ón development rather than research, and in graduate 

recruitment grdatest emphasis was laid on recruitment to those 

departments. Company A sought graduates for all functional 

areas from research and development through production to sales 

and annually sought approximately twenty graduates. The two 

computer companies B and C, sought graduates for a similar range 

of functions, the annual intake was about ten graduates to the 

development labs. Both these companies recruited graduates for 

softwaredepartments although these were not a part of the 

enquiry. The telecommunications company D sought graduates for 

development, production and marketing functions but had no 

regular fixed recruitment target because of its recent origins, 

and had recruited five graduates in 1967 and sought ten for 

1968. Similarly the newly- established semiconductor 

company had recruited. only three graduates in 1967 but planned 

an increased intake of fifteen graduates for 1968 to the research 

and development, production and applications lab. The two 

electronic instrument companies, F and G, stood in marled 

contrast to the other companies in that they sought graduates 

for their R & D dejartment only. These two companies did not 
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have distinct production engineering or test engineering departments 

so that the development engineers were responsible for a new 

instrument from design through to the initial testing of production 

models. Although in the large companies graduates were a 

source of staff for work in a variety of functional areas, 

seveval technical and personnel managers commented on the 

difficulties of finding graduates for production departments. 

For example, some commented that they preferred a recruit with 

industrial experience or an H.N.C. qualification, the full -time 

graduate was thought disadvantaged by lack of immediately useful 

skills, inflated ambitions, and pre -occupation with R. &".D One 

policy mentioned was to prefer 'honours' course students for R & D 

and 'ordinary' course graduates for production, this was in the 

belief that the courses imparted different intellectual qualities 

and ambitions.(7) 

Preferences for either experienced or inexperienced recruits 

were important ingredients of recruitment policy. Companies moving 

into Scotland established their plantb with key staff and workers 

from other establishments and could redirect new recruits from 

recruitment campaigns for other establishments. But the further 

growth of the establishment came from recruitment conducted on its 

own behalf. The two instrument companies claimed a distinctive 

company approach to their technology and held that the 'experiences' 

of'experienced engineers' could prove handicaps in learning the 

company approach. Yet a preference for malleable recruits had 

to be balanced against overstocking with inexperience and stretching 

(7) Compare G. L. Payne,Britain's Scientific and Technological Manpower, 

London: Oxford University Press, 1960. 
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ad hoc training resources. Indeed few of the companies had 

formal induction and training sche_..es. 

The instrument companies claimed that the annual intake 

of four graduates did not stretch training resources and that the 

small establishment c::uld facilitate a fairly rapid transition 

from 'inexperience'to 'experience' and a worthwhile contribution 

to the i2 & D effort. 

"A good man can be contributing within three to six 
months, a mediocre one may take over a year. If he's 
that bad then possibly we ought not to have employed 
him. You .could get a vacation student who could become 
an expert on a particular aspect of a project, but it 
would take a couple of years before a man's sufficiently 
rounded in enough techniques, to be what we would call 
experienced. " - 

"We tend to find that people coming in are very 
nervous and apprehensive about what they will be expected 
to do. They think that it will be a case of walking in 
and after six months they will be asked to do something 
responsible, whereas in fact they will have been in only 
an hour-and we givé them something responsible. Of course 
academic training does not fit them for the work here 
it is only a foundation.to build on, and we believe 

they should start building very quickly. After about 
six months he reaches a steady state of learning and then 
he begins to learn at the sanie rate as everyone else in 

the business." 

Perhaps reflecting the somewhat greater complexity of organisational 

structure in the larger establishments, even in their research 

and development departments and the relationship of these 

departments to other departments, the time horizon over which 

. the newcomer was expected to acquire experience and develop 

their contributions to the company was somewhat longer. 

"Initially I don't expect anything from the man. I 

don't really expect anything for a year. If after a year 

there is nothing coming out, there is something wrong 

somewhere. For the first couple of months I put him on a 

training number, an overhead. He's really finding out who's 

who, where's what. I hope he's got a.job to do. I don't 

mind if he drops it and goes finding cut where things and 

people are. He might as well do it deliberately as in 

haphazard fashion. But after a couple of months I expert 



him to start setting down to the specific activity. One 
of the basic problems of running a design department is 
finding people with the basic ability of taking a small 
amount of direction and producing a result. This is what 
I mean by 'diefs' - in contrast to 'indians' - whatever 
their title. And some of them show this after six to 
twelve months." 

In contrast to these comments from the technical managers 

from research and development departments, those responsible 

for recruitment and suuervision in the production departments 

emphasised at best a willingness to take only a few naly- 

graduated recruits and more frequently a preference for either 

experienced graduates or non -graduates. For example, the 

supervisor of an evaluation engineering department expected 

only one new graduate in a team of nine because the work of 

evaluating designs demanded a close monitoring of the new 

graduate's social skills in his relations with designers. 

'Learning the ropes' in production departments was generally 

envisaged over a longer time period and the two year graduate 

apprenticeship was traditional for those departments. 

So far the comments of managers haveemphasised the 

acquisition of experience as a process of gradually broadening the 

scope of the task and the kinds of responsibility, yet other 

comments by those same managers suggested a different conception of the 
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process in which there was a disjuncture in the learning of 

skills. Desaite the realisation that specific knowledge and 

skills could narrow the range of potentialemployment some managers 

criticised the low priority given to practical knowledge and 

skills in university courses, for example, one managip.g director 

claimed that this was a specialisation of an undesirable kind - 

'his course should include a term or two of economics; we want 

them to be able to read a profit and loss account and realise 

that profit is the only thing that makes industry tick.' In 

this there was a suggestion that learning the skills of economist 

(or accountant) implied not the addition of a new skill but a 

change in the conception of industry and its rationale. 

Another comment on the disjuncture in the experiences of the 

graduate between university and industry emphasised the different 

aims of teachers and practitioners. 

X 'One can always pick holes in a syllabus and you 

can't please everyone. But I think there is one criticism 

that I would raise and that is that universities are not 

staffed by practising engineers. Who would ever think 

of studying medicine under anyone who had never cut anyone 

up? But this is how engineers are largely taught - by 

people who have never practised engineering.' 

Moe 'You mean by people who have always been in a uni- 

versity environment ?' 

X 'Oh no, that doesn't stop them being practising 

engineers; they certainly don't have the commercial 

instinct. in them, but r.iany of them are entirely theo- 

retical. That is bad because what this country needs 

is engineers who can be of service to the community, 

not people whocan just write Ph.D. or D.Sc. theses. 

They tend to be paper design engineers rather than real 

life nuts and bolts engineers. And the lack of commercial 

experience is a serious drawback in producing engineers; 

it is not a lack of formal education somuch as the 

approach to the problem.' 

This theme is quite familiar in the literature on the professions, 
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and the engineering journals emerge with examples of the tensions 

between teachers and y,ractitioners in the jokes against the 

academics. Examples of these jokes are.the story told of the 

M.I.T. student who, when asked how to reverse a three phase motor 

gave the abstract and analytical reply that the matrix should 

be inverted rather than the obvious suggestion to s.itch wires 

over, and another story told the professor of fuel technology who 

died of exposure in a blizzard because he had forgotten the art 

of rubbing sticks together. Yet these stories and comments quoted 

are rather curious in the context of the electronics industry, 

for in this industry, which grew out of the influx of university 

physicists into Government and industrial labs to cope with 

practical problems, the use of the imagery 'we', 'the men of 

practice', and 'them', 'the men of science of theory', seems odd. 

The two managers quoted both held Phds and university visiting 

lectureships and these comments might reflect the limited 

mobility between/employment sectors which has distinguished 

Britain from some countries and the incentive to those who make 

the move to signify the social distance between sectors.(8) 

For the most part these companies sought readily employable 

knowledge and skills, the honours degree graduate was expected 

to have the analytical skills to analyse novel situations and 

problems appropriate to development departments and the ordinary 

degree, who was not expected to have these qualities to the 

same extent, was expected to have a more practical outlook and 

(8) See, for example, the comments on mobility in the Swann 

Report, The Flow into Employment of Graduate Scientists, 

Engineers and Technologists,Cmnd 3760 ch. x. 
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readiness to work in more routine departments. The desire for 

readily usable skills seems evident from the time scales over 

which they were expected to contribute, the points at which criticism 

was made of university courses and the comments on the time 

of expected employment reported in the next section. 

(ii) Expected lengths of employment for new recruits. 

There was little claim from most of these companies to 

offer a long term career in either technical activities or manager- 

ial posts to newly recruited graduates. A general expectation 

of length of stay was from two to five years, to be .spent 

largely on technical activities. Of course companies did not 

suggest that the newcomer ought to leave after that period of 

time but tended to emphasise to potential recruits the benefits 

of their company as a starting point in an engineering career, 

for example, the small establishments claimed that they could 

offer experience of the whole range of engineering activities 

from research to sales while the larger establishments claimed 

that the scale of their activities offered a wide range of 

activities within development or production. In only com:?any 

Ä was there a claim that recruitment was for both short term 

and long term requirements, for example in the comments of a 

personnel manager. 

"We are recruiting a commodity which is fairly 

standard, generally without industrial experience, and 

the differences are largely those of personality and 

ability. It is difficult to judge these before they have 

worked for y...u, so there is a tendency to pay a standard 

initial salary. This y:ar we are quoting for good honours 

graduates £1100- á,1275 as a starting salary and that 

indicates the variation between the man who is just 

marginal and the man we are keen to get. In taking new 

graduates, we are not recruiting for specific jobs but 

recruiting the sort of person w_o will fit in and be 

useful in thefuture." 
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Even here, however, it was recognised that practice could 

diverge from the ideal for the divisional structure of the 

company and no poaching agreements between divisions could 

place barriers to a career within the company accompanied by 

moves between divisions. In the other larger establishments 

it was widely felt that graduates did not seek careers on 

their first job, although, as parts of the large English and 

American companies, moves and promotions to other establishments 

s 
or within the Scottish establishments or the scale of operations 

increased could be held out as possibilities to a potential 

recruit. 

(iii) Company recruitment procedures and experiences of 
recruitment. 

Given the origins of the industry, the large research and 

development programme and the likely opportunities for contacts 

between the industry's R & D labs and university physics or 

engineering departments for sponsored research, I expected 

there might be some links between these technical contacts 

and the contacts between companies and universities for the 

recruitment of personnel. However these technical contacts did 

not appear particularly relevant at the undergraduate stage 

ex-ep t that technical staff had some idea of the bias of a 

department's research and teaching strength when they interviewed 

undergraduates. The other expectation was that recruiters 

would echo some of the difficulties in the recruitment of 

adequate numbers and adequate quality of graduates mentioned 

in the interim Swann Report and' other commentaries on the 

manpower debate. This expectation was not met either, although 

it seemed possible that the stage of development of the electronics 

industry in Scotland may have had some bearing on 
this.point. 



-16- 

All of the companies recruited graduates in an annual 

campaign thrcugh the university appointments boards in the spring. 

The two instrument companies were somewhat reluctant to enter 

this 'milk round'. For their numbers the outlay seemed too 

great and they attempted to secure their numbers through personal 

contacts with universities especially through engineering depart- 

ments directly or by encouraging vacation students to re- apply. 

Unlike the larger establishments, these two companies were not 

'household names' and these personal contacts would help to 

emphasise something distinctive about 

companies. The larger establishments 

to recruit) in conjunction with their 

other parts of the British Isles. The recruiting teams composed 

of personnel and technical staffs were expected tó represent 

the company (rather than just establishment) and observe no- 

poaching agreements. Recognition of establishment interests 

allowed establishment representatives to cover the universities 

in their vicinity. Thus another aspect of policy was to seek 

out a graduate conscious of a Scottish identity and wishing to 

remain in Scotland. 

From the irytial contact established at the university 

by the personnel staff an acceptable and interested candidate 

was directed to a second interview with technical staff at 

the company. The criteria of acceptability and differences 

between some of the personnel and technical staff were matters 

of rich anectdote. Personnel staffs pointed to the limitations 

of the university twenty minute interview in picking reliable 

indicators. The technical staff claimed that they looked for 

the 'cream' and elaborated on this by other phrases such as 

relatively little known 

recruited (or were starting 

other establishments in 
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'the self -starters' or 'the chiefs rather than the Indians'. 

In so doing many were at pains to point out to a 'researcher' 

their limitations as untrained interviewers, but their many 

and lengthy excursions into their home -spun techniques suggested 

that the interviewing aspect of recruitment was regarded as an 

interesting and enjoyable challenge. Attempts to cut through 

the interview patter and reach the 'real man' ranged from the 

fearsome challenge in the question 'What do you want to do 

when you grow up'to observations of candidates at lunch or 

on the tour round the lab. The tour was used as a major part 

of the assessment exercise by a technical manager who felt 

that concealment was all too readily practised at interviews. 

'The degree must be an important part of an initial 
judgement, but I don't just take it on trust. I do attempt 
to assess the man and I place more weight on this. 

Obviously he's got to have been exposed to the right sort 
of information. He's got to have the tools. There are 
two things - the tools and the ability to use them. 

Now I can't double for .his final exam in a half -hour 
interview, what is fundamental is his attitude. Does 

he do it because his father thought it would be a good 
thing to do? Why did he get into it? If he doesn't do 
it because it's fun, life will be such hell that he 

won't stand the strain of anything ... 

'The tour i4s the main thing. In the interview the 

man is clever% know he's got to play a Dart. When you 

walk round you can see his attitude showing - if it really 

is exciting he can't contain it, if he isn't excited 

similarly he can't synthesise it. I am looking for that, 

the unquenchable desire to get cracking and get it done:' 

Clearly in these comments attention was being drawn to what might 

be called personality variables and to a consideration as to 

whether the graduate would 'fit in'. Although these were 

technical interviews and did raise questions about project work 

and undergraduate courses as indicators of skill levels the 

interviewers appeared more interested in the attitudes towards 
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the exercise of skills and rest content with the degree as the 

main indicator of an acceptable skill level.(9) They were 

interested to know at age and by what means the candidate had 

become interested in engineering as an occupation, whether his 

studies were supplemented by engineering hobby interests or 

reading.(10) It is a matter for some conjecture as to whether 

the physicist is disadvantaged in interviews and judged a poorer 

candidate on the basis of answers to those questions - for example, 

by a later decision to enter the occupation and lack of hobby 

interests.(11) The technical interviewers themselves regarded 

their criteria as.at best highly subjective. 

(9) The company supplemented interviews with an intelligence 
test for all candidates and aptitude tests were standard for 
prospective recruits to the software departments of the 

computer companies. 

(10) In some of the companies the recruiter had a standardised 
tick list of items against which to grade the candidate, for 
example, in company B, items included 'creativity', 'drive', 
'ambition', and so on. Some recruiters were somewhat disparaging 
about 'Americanisms' and suspicious of the forms as attempts 
to invest subjective judgements with'an air of objectivity. 

(11) In one company the personnel manager expressed a company 
reluctance to employ physicists whereas the technical manager 
expressed a contrary view. In another company a techniL;al 

manager examined an interview form which had been completed 
during his holiday absence. The physics graduate had been 

given a Poor assessment to the managers' surprise, and on this 

graduate's re- application after two years' experience in another 

company the technical manager was very interested. 
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'The way I look at it is, _tartly from looking at 
people from before and seeing how they go on, but also 
by trying to recognise others such as myself. It is not 
so long since I joined, about six years ago, and I am look- 
ing to see what qualities they have and those that I had 
or thought I had ... Let me summarise the sort of qualities 
we are looking for. One is obviously high academic ability. 
Another is the awareness of the difference between what 
they have done in university and what they are going to 
do in industry. We look to see what they have done about 
their career. Usually we find that such people have 
already taken on some vacation training in other firms 
or organisations. They have taken some effort to learn 
something about it. Another is that we like them to 
be interested in the more practical side of things since 
they are now engineers and not scientists. In other words, 
they read .journals concerned with the technical side of 
things. It may only be magazines like 'Practical Wireless' 
or 'Wireless World' but it shows that they are-interested 
in the practice of application rather than just the theory 
of it. What we want in here is to make something, not 
just to have a discussion about it.' 

Again the comments of another technical manager recognised 

the elements of subjectivity but added the caution that the 

interpretation could be mis- leading. Indeed the criteria 

employed appeared suspiciously close to a vote of confidence 

in the existing order. 

'You are nearly always intervieding a man who has an 

established intelligence level, which is really all his 
degree demonstrates because it is very rare that any of his 

degree courses relate directly to what we want him to do. 

Even his electronics course is out of touch with current 

developments ... I look for a very general technical 

interest. In part this is recollecting my own background. 

Idon't think you can avoid this when you are interviewing 

somebody, and you say 'has he the same interests that I 

had at the same age ?' Of course, this may be unfair 

because there are lots of ways of getting interested. 

From the people -I've taken on - and you always live with 

your mistakes - it doesn't seem too bad. A real 

interest in what makes thinf.;s go. If he runs a ear I 

want him to be interested in how it goes together; I don't 

want hint to be a man who get in and it goes. Failing 

that and it is very easy to plead that ycu have no time 

if you are going to put your mind to your studies-- I 

would look for an interest in popular science magazines, 

such as 'Scientific American', 'IJew Scientist', and so 

on.' 
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Since degree results of summer finals were not available for 

spring interviews, interviewers gave conditional firm offers 

on the basis of the estimated 'level of intelligence', sometimes 

the estimates were provided by candidates themselves and sometimes 

by the university referees ( often the appointments boards). 

The whole of this procedure for contacting graduates through 

the university appointments board was the main method for contact- 

ing potential recruits whatever misgivings might be expressed 

about the lack.of information and high degree of subjectivity 

in judgements. The technical links via joint research seemed 

of potential benefit to the pre -recruitment of postgraduate 

recruits although only three establishments expressed interest 

in recruitment at this level. There were other ways of contacting 

undergraduates, one was through vacation employment and the 

other was through undergraduate projects. Most of the establish- 

ments took vacation students and some managers suggested that 

they were-attempting to provide employment experiences which 

would favourably dispose the student to seek employment after 

graduation. Three of the establishments provided facilities 

for undergraduates projected in the department of engineering 

science at Edinburgh university. Although conceived as educational 

devices to give familiarity with 'real' problems where the 

industrial lab provided lab facilities and an 'industrial 

tutor', the establishments were aware that the student was likely 

to form judgements of the company on his visits. These projects 

were only beginning in 1967 and were at an elementary stage. Other 

more formal links with universities existed in two establishments 

through the procession of the industrial period for sandwich 
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course students and the participation of two companies in the 

Scottish Electrical Training Scheme which provided opportunities 

in vacation training and graduate apprenticeships. 

Having set out the policies of companies with regard to 

required skills, the time scale over which these skills were 

sought and the criteria by which applicants were assessed, it 

remains to record company experiences of recruitment in the light 

of the naturally reported shortages of the early 1960's. In 

company A it wás claimed that it had been possibleto recruit 

adequate numbers and of adequate quality and to meet labour 

targets for planned expansion in some departments, partly by 

increased intake of new graduates and partly by internal transfers 

from some departments suffering cutbacks particularly in defence 

electronics. It was noted that some short -run difficulties might 

be attributable to the emergenceof other electronics companies 

in Scotland but these were discounted as short -run problems for 

company répresentatives subscribed to beliefs in the benefits 

of an increased pool of labour in the long term. The computer 

establishments, B and C, mentioned no shortage of applicants 

and attributed this to the 'magic' and 'awe' attached to computers. 

In establishment B adequate numbers had been recruited but a ratio 

of two offers to secure one entrant was thought to indicate 

difficulty, and in .C,- although 1966 had been a disappointing 

year the personnel manager pointed to improvements in standards 

in 1967 and cited the example of an applicant rejected in 

1966 who took a computer course but appeared lower on the 

accept- reject list on re- application in 1967. Establishments D 

(telecommunications) and E (semiconductors) had undertaken 
only 
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one recruitment campaign and were hesitant to make judgements, 

although personnel staff were a little sceptical of achieving 

the planned expansion projected by technical staff. The instrument 

establishments, F and G, had achieved acceptable numbers. 

Establishment F had been without a personnel manager and the 

technical staff were heavily interviewing and tended to take a 

jaundiced view of a 'rat race'. In contrast establishment 

G had not embarked on university visits but had relied successfully 

on applicants coming to it. 

In a number of aspects the experiences of these company 

establishments in.Scotland offered only a limited scope for, 

comment on the discussion of shortages in the manpower debate. 

As relative newcomers to graduate recruitment in Scotland, 

some of the establishments faced the problem of making contact 

with the labour market, that is, with the universities and 

establishing a reputation for themselves as recruiters in 

Scotland. Yet in so far as the requirements of most establishments 

were for small numhers and the present companies had national 

reputations they could meet requirements for numbers quite 

readily.-- One other factor which marked out the Scottish establish- 

ments was that they could make inroads qn the Scottish 'Brain 

Drain' mentioned in the beginning of this chapter. There was 

the possibility that these companies might have recruited those 

people who preferred employment in electronics in a Scottish 

location but in the past might have been 'forced' to take 

employment in the English electronics industry or the Scottish 

heavy electrical engineering industry,in other words these 

companies might have achieved their .targets at the expenses 

f 
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of other branches of the industry or other industries. The 

comments about the skills and attitudes of graduates mentioned 

in the section on the kinds of skills sought were similar to those 

in the manpower debates which criticised the universities as 

productive of skills and attitudes inimical to the effective 

utilisation of the new recruit in industry. 

(iv) Assipmments and supervision for newly- recruited graduates. 

The descriptions of the desirable recruit as an 'initiator' 

or a 'selfstart'er' appeared to indicate a readiness togrant the 

autonomy associated with claims to professional status. On the 

other hand the comments about a hiatus between industry and 

university and the need for reorientation and the acquisition 

of new skills suggested that both close supervision and a 

restriction on the range of tasks in initial assignments. A 

priori the absence of formal induction and t'aining schemes suggested 

that companies believed that the new skills and attitudes could 

be readily acquired in on -the -job- training, and company literature 

added the further rationale that informal on -the -job schemes 

allowed provision for individual attention and a speedier intro- 

duction to the 'real' everyday work of the organisation. In 

their operation, however, it appeared more likely that managers 

sought 'safe' projects which kept the newcomer away from sensitive 

projects or sensitive-aspects of the company. In some respects 

this meant that the new recruit faced the possibility of the 

double disappointment of being promised a direct -appointment 

with the challenge of 'real work' and then finding that he was 

funelled off into non -essential work. In any event his situation 

was full of ambiguity when he neither carried the label 
of 'trainee' 

nor was recognised as a full member of a department. 
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Training schemes operated on a limited scale in three of the 

companies, B and C (computers) and D (telecommunications). In B, 

the training officer sought two or three recruits.fromthe ten 

or twelve intake for a two year graduate apprenticeship scheme 

designed to satisfy the professional institution requirements, 

and in C, a similarly small number were recruited for a two 

year management traineeship including circulation through 

production and other departments. In D a short rotation was 

planned for all graduates through three departments (development, 

production and marketing) over a nine month p,riod, although 

direct entry was the only mode of entry at the time of the 

study. In all the other companiesthe bulk of training was given 

on -the -job. This mode of entry was most strongly favoured 

for the instrument companies (F" and G), the radar and automation 

establishments of company A, and the technical departments of B 

(computers) and C (semiconductors). 

In discussing the problems likely to confront the new 

recruit which emerged in the discussions with the managers, some 

distinctions can be drawn between large and small establishments, 

and between development and non - development departments, (i.e. 

production and marketing departments). While these distinctions 

yield a four -fold table, there is an empty box where the two 

instrument companies did not recruit graduates for production 

engineering. In each of the three categories, identified with 

companies in table i there were some distinctive problems in 

the provision of induction and early assignments. 

The lack of specialist production or test engineering 

departments in the two instrument companies involved the R & D 
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departments more closely in production and test than in the 

R & D departments of the larger establishments and so it was 

likely that the recruit to the instrument company would enter 

production or test engineering quite early in his industrial 

experience. In this sense the R & D engineer in the small 

establishment was less likely to endure the encapsulation of 

larger establishments and was more likely to have opportunities 

to have experience of all phases of industrial activity than 

his counterpart in the large establishment. However in these 

small establishments there was a problem in that the lab was 

likely to carry few projects. Much of the activity and.personnel 

of an R & D lab was organised into projects which varied in the 

civil field from six months to two years. Thus the small 

establishments of the instrumental companies might carry only 

two major projects, each with teams of ten engineers, and some 

small projects such as re- designs or adjustments on customer 

requests. These two conditions, project length and lab work 

load, set constraints to theopportunities for introducing 

graduates by preferred modes of induction. All the technical 

managers expressed a preference for assigning new recruits 

to projects in their early stages, as near to the feasibility 

studies as possible. After these stages there tends to be an 

agreed conceptualisation of the project in the lab, much of 

which may not have been documented, and the new entrant seems 

likely to undergo repeated demonstrations of his. ignorance to 

remind him of his stranger status. The problems of late entry 

were outlined by the technical manager of one of the instrument 
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companies. 

"We would prefer to bring people in at the very 
beginning of a project, so that their ideas are woolly 
at the same time as our ideas are woolly. When you bring 
someone in halfway through, ev =ryone is familiar with what 
is going on and it takes him a long time to appreciate 
what is going on and he could get bored. If one could 
choose how you are going to recruit, the beginning is 
ideal. Unfortunately you have got to bring them in when 
the university says we are producing some. And he goes 
on to an existing project. It's not an ideal situation. 
It's particularly distressing for the new graduate because 
everybody is familiar with things. A lot goes unsaid. 
We have diagrams on the drawing board and people are 
staring at them for months and see bits changed here 
and there. Everyone working on that project knows that 
diagram off by heart. A lot is never written down and. even 
drawings are rubbed off the board. The new man doesn't 
know this. It's a problem, and I don't see any way round 
it because you can't synchronise the activities of industry 
to the academic year." 

The small establishment lab seemed particularly valuable to 

offering second -best induction experiences when it carried the 

few major projects in parallel phases. 

The larger establishments appeared to have some advantage 

by their larger work load and variety of project lengths. Again 

with a preference for an assignment to the early stages of project, 

a technical manager from one of the large establishments 

indicated the opportunities for providing projects which covered 

the period between projects. 

"There is little point in bringing a graduate in 

midway through a project. If he goes in at the beginning 

of a project then the project is at least as near to the 

other engineers as it is to him. Of course the others will 

have the advantage- of previous experience, knowing how to 

set about it, where to obtain information and so on. If 

the new graduate walks in on the middle of. a project, I 

don't think he w:.uld even be able to join in. It's nearly 

always possible to find a new project. The smaller 

projects last about six months and the bigger ones about 

two rears, and on the bigger ones there is often a sub - 

sidkary project starting up on the way. But if there 

isn't a project starting up, then we could tidy up some of 

the small things hanging about, and then he would be 

ready to join a control project. We might ask ;aim to look 
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at the prospects for a particular development, say, a new 
method of reading the holes in paper tape. We might suggest 
this for reasons. Cne reason is that its an interesting 
job, quite small and sufficient for one roan and it doesn't 
matter if he falls down on it because he will have another 
go at it later. The other big reason is that his theo- 
retical work is all new and shiny compared to the roan who 
has been in industry for a while." 

While the ;;articular example of a design project, mentioned 

in this computer establishment, might be attracting and appealing 

to the newcomer and play to his relative strengths in skills, 

the general ration of 'tidy u_o' jobs might be more depressing. 

The search for a xoject which was 'safe' and which did not put 

the department at-risk carried the implication that the newcomer 

was not integrated into the department but kept at bay until he 

had 'proven himself' by satisfactory completion of the safe 

project. The self -contained project was sought because managers 

conceived of a disjuncture between the academic exercises in 

the undergraduate's university experience and the industrial 

problems encountered by new recruiAs. Just as the managers 

quoted earlier spoke of the broader range of considerations in 

industrial problems - considerations such as the compromise between 

technical elegance or. economic feasibility - another manager 

spoke of 'close -ended problems' versus 'open -ended problems'. 

In this latter contrast attention was drawn to the sense in 

which many 'sét lab' exercises or written engineering problems 

had a single- valued answer which was known in advance to the 

tutor whereas industrial problems have an array of solutions 

which represented different compromises between criteria and 

where the 'correctness' of a solution involved some estimates 

of potential customer judgements. Thus to this manager the 
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management of graduate entrants consisted of the selection 

of problems which broadened the range of criteria in problems 

and solutions and this broadening process included acquaintance 

with production departments and other aspects of the industrial 

organisation. 

"One of our main troubles is that the university 
tends to educate by providing closed problems; problems 
where the answer is already known. One of the greatest 
discontinuities in the man's career in my opinion is the 
fact that he leaves university and comes into industry 
where he is not presented with a closed problem but an 
open ended problem. Nobody, not even his superiors can 
tell him what the right answer should be. This I imagine 
would be quite a shock. We are continually suggesting 
to universities that they should not only rely on the 
closed problem - I know it's easy for them, they can get 
a mark out of it. The project is as near an open -ended 
problem as the university affords and we think we can 
guage how he would tackle our open -ended problems by his 
approach to his undergraduate project ... - 

" ... (An applicant) may ask for a graduate apprentice- 
ship. I do not recommend it and often refuse. to give 
it. I explain my reasons for this. Because of the pressures 
of time, and because we do not have a classical organisation 
chart with clearly defined departments carrying out 
specified tasks, it is very difficult to introduce a new 

man in training. Each new man is given a job to do, 

suited to our interpretation of his abilities and on that 
we can give him every assistance. Ideally we give him a 

task involving the drawing office and the manufacturing 
facilities/So that he finds out what the organisation is 

like. This may be on a narrow front and as he shows 

evidence of being able to cope the front gets broader 

deliberately. I referred to one man as a mistake. He 

will tell you that his original difficulty was that he 

was not given a sufficiently specific area. He might 

have some justification, but my own assessment is that 

the abilities I thought he had, he has not. He is not 

sufficiently creative. The really creative people don't 

need a very tight definition of their work - they create 

an area of work for themselves." 

This approach is similar to that quoted earlier tih_ere the manage- 

ment problem is seen as one of adding skills and broadening 

the scope of the task when the new entrant demonstrates his 

competence on the initial, relatively safe project. It is 

possible, however, to conceive the management problem as the 
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reverse of that stated by the managers. Ultimately the managers 

sought the 'self starters', 'self initiators', and so on, who 

were defined here as the'creative people' who 'create an area 

of work for themselves' and this definition suggests that 

the management problem is to encourage the new entrants to set 

their own boundaries to problems, in other words, to be able 

to convert an open ended problem into a closed -ended problem 

such that a solution can be devised. To suggest that these 

skills should be acquired in an undergraduate education is to 

suggest that the educational system should provide a fully 

competent engineer at the end of three years, whereas it might 

be suggested that these skills can be (or should be) more 

readily acquired in industry and responsibility for this part 

of the educational and training process is one that should be 

borne by industrial management. One lab manager did indicate a 

desire to match his new entrants to senior engineers in something 

of a tutee to tutor relationships, but he added that this was 

á counsel of perfection which was not always possible. 

"There are only a few senior engineers with whom 

I like newcomers to associate. This is because even 

senior engineers of considerable experience are sometimes 

slipshod in their thought, and I do not want a good 

yoùng graduate to acquire slipshod habits. One or two 

people are razorsharp in this, they are ruthless and 

logical in their organisation of facts and in producing 

a logical outcome from these facts. These are the 

people I. like graduates to meet because first impressions 

will be correct-and they will not be encouraged to 

irrelevant and illogical thought. Of course, I don't 

always succeed in this." 

The kind of constraints which hindered this matching were 

largely the availability of senior engineers and relevant projects. 

Ultimately the recruits were assigned to work loads rather than 

supervisors, and this constraint was rather similar to 
the one 

which operated against entry on new projects. In that case it 
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was suggested that industrial activity could not be geared to 

the academic year, and here, in thecase of su7ervision, is 

another example of the priority to departmental work loads which 

set constraints on induction and training. While it has been 

suggested that the large establishments had some advantage over 

the small establishment in that a longer total research and 

development effort offer:d scope for a greater variety of projects 

to which new entrants could be assigned, this advantage was 

nullified to some extent by the division of the large establish- 

ment into several labs with complicated procedures for transfer 

between departments. These procedures which were ddsigned to 

counter'poaching' between departments meant that the new entrant 

could be assigned only within the scope of a subunit workload 

which could be comparable to that of the small establishment 

R & D lab. 

In the small establishments of the two instrument companies 

the case of contact within the lab and across departments was 

emphasised by the physical design of the establishments where 

open- planning meant that people and their activities were readily 

visible. In contrast the larger establishments were organisation- 

ally more complex and activities were carried out in numerous 

distinct departments and physical settings. The existence of 

different departments and departmental interests was compounded 

by different categories of organisational membership with 

different rights and obligations. While some of these different 

rights and obligations could be recognised immediately in some 

establishments by marks such as separate dining facilities, there 

was some incentive to encapsulate the newcomer in his work 

situation until he could be judged to have understood the 
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conduct required of a member of his department in relation to 

other departments or a member of his company in relation to 

customers. This process of shielding the recruit is described 

in the quoted comments of a design and development lab manager 

who regarded the newly- recruited graduate as a compound of 

politically -naive engineer and organisationally -ignorant graduate. 

"There is a sort of wall erected (between design 
engineers and customers) and the first line of defence 
is the field service engineer, who is more used to keeping 
his customer happy and not opening his mouth. The field 
service man and a salesman will be on a new job, often 
with a technical salesman if there are any critical 
aspects. It's really quite divorced, the sales side 
and the technical side run quite separately, and they 
send their orders to the factory and the factory deliver 
whatever equipment is in the _roduct line. The product 
line is the list of things you are willing to sell, 
the salesman knows how these products go together to 
make particular units, and the technical salesman knows 
the limi:.ations and best configurations for a particular 
problem, and they do all this on their own. Our involve- 
ment is with the specialist side when someone wants to 

attach his machine to one of our units and the specialist!.s. 

salesman sends a contact to us ... 

"... Our experience in the past has been that whenever 
the customer gets the chance to get:hold of an engineer 

he pumps him very thoroughly and you get in the most 

awful fuss. Engineers generally aren't the most political 

animals, they make factual engineering -type statements 

which can trigger off the customer into all sorts of 

demands ... 

"... By the time (a graduate) will have been intro- 

duced to that sort of thing in his own department he's 

learned to cope within his own department he'll go off 

and make some terrible boobs, such as going off and getting 

involved in some lroduction probem or something he shouldn't 

touch because he's not aware he can get the department 

involved,he might go and use a lathe in the model shop 

and then we have union trouble. Great weights fall on 

him if he puts a foot wrong and after a couple of years 

he knows a little bit more of the way people work together 

in an industrial environment. You know that you don't 

write a letter to the head of another department c m twining 
that his department is a complete shambles, he learns to 

go through a pecking order." 
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While thiJ - example was taken -rom a computer establishment where 

other commercial organisations were frequently customers, a 

similar process of encapsulation was evident in the radar 

establishment where the new entrant did not enter into contact 

with the Ministry representatives,the main customers andcbsign 

authority. 

Outside R & D departments, in the production and marketing 

departments of the large establishments, the premium put on 

social skills wás even greater than that demanded in the labs. 

In production and marketing the functions for which graduates 

were recruited isivolved considerable liason across organisational 

boundaries, for example, the evaluation engineer was responsible 

for vetting the work of design and development engineers before 

designs went to production in order to check on the ease of producing 

the designed item, and the engineer a 

marketing department was responsible for customer advice and . 

liason with R & D departments. The emphasis on technical 

analytical skills and logical, orderly thought in university 

courses to the relative exclusion of a knowledge of industrial 

organisation or social skills was thought an initial handicap 

for the graduate by a production manager in his comments on 

the difficulties in managing the entry of graduate recruits. 

"The sort of-difficulty I have had in the past is 

the inability to judge time scales, the inability to 

realise that he has to fit into a psychological atmos- 

phere, the difficulty of taking to people on the shop 

floor. This was when I was in production engineering 

where I was dealing with the factory floor. Quite often 

a chap grumbles about an instrument, all that heï:is really 

saying is that he is in some sort of trouble. He comes 

up with a lot of garbled facts, to the scientific mind 

they are garbled. And to someone from an academic back- 

ground he is talking tripe. A lot of degree people have 

no time for these people - they take them apart intellect- 

ually. And this bloke goes away upset because 
no one 
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listened and the degree person goes away thinking that 
someone has wasted his time ... 

"I usually explain to(the graduate) as I have to you. 
I say this bloke is in some sort of trouble, he's probably 
right but his method of expressing it needs understanding. 
Then you go and have a discussion with the foreman and 
you can draw him out - that requires skill, I had to learn 
it. Then you go to the person concerned and this foreman 
produces those symutoms. You have to find the cause. 
His job is producing instruments not engineering them." 

Given these experiences, the charges against graduates of snobbery, 

inflated ambition and unsuitability in practical matters were 

understandable, as were the company policies to seek only experienced . 

graduates or H.N.G. qualified engineers for production depart- 

ments. In marketing departments too, it was pointed out that 

graduates were frequently required to advise quite senior 

managers from other companies who were often non -graduates and 

would resent any attempt to 'blind them with science'. In these 

non -R & D departments there was considerable emphasis on 'company 

loyalty' as an important quality which graduates were expected 

to find difficultto sustain initially. One production manager 

drew on a specific example to illustrate his points that a new 

recruit should show his willingness to contribute to overall 

company or departmental objectives irrespective of the degree 

of the level of job interest intrinsic tohis task, and the 

university graduate was expected to find difficulty in this 

because he had been_ encouraged to look for intrinsically interest- 

ing tasks in his university courses and self- interest had been 

the main motivator.in his courses. 

"It all depends on where a graduate comes from, 

whether he's been full -time or part -time. The part -timer 

has probably done things in industry before, and so is a 

more complete thing in that he has had experience. When 

we get L.raduates the first thing we have got to touch them 

is that they are here to work for the company rather than 
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for themselves. They have had several years working form 
themselves, their education is for their benefit. 

"It is advantageous to us to continue their education 
and we do. One lad rias just come back from a course at 
(a) university. I know for a fact that he doesn't like 
production, he feels that research and develop_: =ent is 
more his life. Eventually we will move him there. I 
suppose fcrtune put him in my outfit rather than in 
research; I suppose he will think it hard luck. My comment 
to him has been that it is no bad thing to start at the 
rough end and do some work and find out what it is all 
about, before one goes across to research and development, 
and does a lot of very good work but possibly creates a 
lot of problems for oroduction. I think it is no bad idea 
for a man to do a stint in production before going into 
his ivory tower. That is a pure production man's view 
which won't be shared by everyone you meet. People ought 
to do projects and to complete projects, because if they 
continueon this course they will always be running away. 
Dealing with.paper situations and design is very nice and 
a pleasant way of spending one's life. But it is much 
harder to sit still and watch your design becoming a 
reality, because this is when things start to go wrong. 
I have been through this myself. One becomes very tense 
and looks for new pastures. You sit down and analyse 
the situation, find you are scared stiff, but you get over 
this. It is all part of one's education. I suppose that 
there are some people that you interview who are so airy 
fairy that they must obviously go straight into research 
and development. But I think that generally the man coming 
out of university is coming out of a sheltered environment 
and rather likes the idea of getting into research and doing 
great things. You persuade them to go into production and 
think they will like it. There is a great sense of 

urgency in production." 

Again in these comments, the full -time university graduate was 

'regarded.as less likely to become the loyal company man compared 

to the part -time educated H.N.C. recruit. The way in which the 

graduate was shown that he was required to be loyal by showing 

self - denying acts such as the willingness to forge educational 

courses or undertake menial tars can be illustrated by quoting 

the counter -comments of the graduate in the production manager's 

example. 

"I feel I'm not settled in what I want to do. I've 

been here eight or nine months now. I have asked to be 

transferred to the research and -development department. 
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My first application was successful, but after agreeing to 
it their decision was reversed ... I find what they 
want are engineering technicians rather than engineering 
scientists, which is what I want to Le. I;y job comes down 
to sitting and waiting for snags, it's a job for someone 
with an .N.C. It's just a question of fulfilment and I 

don't feel fully utilised and there isn't even a training 
scheme. I found that the person who interviewed me left 
the day before I joined and then I worked with someone 
else who has since left. Since November I haven't been 
learning very much; to someone just coming in, there 
is a great deal of technology to learn, to get to feel. 
I partly blame myself in that I didn't know what I was 
coming to. When you first come everything is so new. 
All these areas have esoteric names, now I realise they 
are just rL:utine areas in industry. When you first come 
into a plaCe you don't know what is routine and what is 
new. 

When that man left it coincided with an advert. 
in a Sunday caper for jobs in the research and develop- 
ment lab., and I asked about it. I was more interested 
in that kind of work. They just said no, that made 
things worse and gave me a grievance: The other depart- 
ment agreed to interview me if this departmentEgreed, 
because they say protocol wouldn't allow them to take 
someone from another department. 

Then I was almost sickened by the change of mind. 

Probably it was made worse by the fact that at school and 
university you always decide yourself if you want to do 

anything and no one stopped you. This was the first time 

anyone said you're not doing that ... 

I blame myself for not knowing and being in the 

predicament I am in. But the attitude of the people 

here to further education is not what I hoped it would 

be. I've been toldor:warned off about reading. They seem 

to prefer you to talk among yourselves, tat: about anything 

rather than sit at your desk andread a journal." 

KMcC "Is this leg -pulling ?" 

"No, it's not leg -pulling. I blame the middle management 

structure. To-take an example there is a course at a 

university. I first read about it through 'Electronics 

Weekly' and sent off for details, it looked very 

interesting. I approached my section head and he almost 

threw me out when he heard it would involve six spells 

of three weeks. Eventually, the chap I was working with 

took it up to the top (managing director) and they decided 

to have a company representative on the course. Another 

example is tLat on my university course I did very little 

electronics. So I was keen to have some electronics 

experience. I went to see my manager three times before 
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he let me go to the technical college on a course ... 

This is another point: the three people I met (on the 
university course) were asked by their companies to attend 
and received total expenses, fares and so on. I was travel- 
ling each day and 3ayinE my own expenses. They were asked; 
I had to fight to go. This was an eye - opener ... 

It seems they are not interested if I learn anything. 
I c :;uld just stay at the same stage I am at and there would 
be no complaints from anyone. One case Was on a so- called 
project. I was reading up the technology when the section 
head came up and asked how the project was going. There 
was nothing I could do on it at the time, so he saw I was 
reading. Five minutes later he came back and gave me a 
most menial task which a technical assistant would get 
bored on. There again, on projects which he has given me, 
I have found that he knew certain facts which he hasn't 
told me; he seems to like to keep things near to his 
chest and not tell you everything ... 

I had quite good relations with university staff. 
If you made an appointment orA you were there they were 
very helpful. In this industry, perhaps I'm being cheeky, 
but I don't think they know very much anyway. I prefer 
to get as much from journals and textbooks as I can. Another 
reason I would prefer to go to the research lab is that 
they have a more experienced type there. Downstairs I'm 
not sure if I am the only graduate but they ask me more 
thár I ask them." 

While it might be concluded that this graduate was curiously 

naive,(and he was willing to admit this view), in the sense that 

his physics degree and lack of industrial. vacationexperience 

rendered him peculiarly ignorant of industrial organisation, 

vulnerable to misunderstanding job offers and unskilled in 

coping with his new situation, his case does represent a 

polar illustration of the kind of 'mismatch' between the 

educational system and industry. Moreover the case study 

illustrates the point advanced in chapter two that the mismatch 

might be understood in term of the expectations generated about 

employment by university experiences without reference to 

expectations in terms of socialisation into the values of 

academic or basic science. This graduate wanted supervision 
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by technically competent supervisors, contacts with universities, 

a greater degree of autonomy and free time to keep abreast of 

technical literature, but his conception of 'engineering scientist' 

declared an interest in producing hardware rather than just 

'paper designs' and his comd&int that he was not 'fully utilised' 

acknowledged the rights of others to direct his work, indeed his 

hope that they would direct him. 
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4. Graduate adjustments to industrial emoloyyment. 

The discussions with managers revealed a number of ways in 

which managers felt that university graduates had deficiences 

in skills and attitudes towards industrial work and the beliefs 

of managers that companies were constrained in the extent to 

which they could provide induction and training programmes to 

assist the entry of graduates. My interviews with graduate 

entrants attempted to assess the extent to which the transition 

from university to industry was experienced as problematic by 

graduates, the sources of any problems and the strategies used 

to cope with problems. My account of these interviews begins 

with an examination of the respondents' social background and 

educational experiences, followed by examination of their move- 

ment through the labour market into employment and finally an 

examination of their employment experiences. 

(i) Entry to an occupation. 

Sociological interest in the social background of recruits 

to particular occupations stems from an interest in the extent 

to which some backgrounds rather than others provide potential 

recruits with appropriate skills and orientations for entry, and 

this interest has been linked to the wider extent in the degree 

of 'openness' in a society, the extent to which movement between 
P 

different social positions in the hierarchical rankings of wealth 

and prestige has been possible. For the most part study of social 

mobility has been conducted by looking at broad classes of 

occupations but this kind of analysis is both too broad and 

too narrow for study of the 'occupational inheritance.' The 

groups of occupations are too broad for a particular occupation 

and too narrow in the sense that an occupation 
may have members 
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at different positions in a social class ranking. One striking 

result of this study was that seventeen of the twenty -eight 

engineering graduates claimed family connections with engineer - 

ing.(12) The pattern of influence which was traced in comments 

was quite varied, from a graduate professional engineer to a 

T.V. sales manager or parental hobby interests. 

'My father is the Scottish controller of a radio and 
T.V. firm and looks after a chain of shops and offices ... 
Both my parents were quite pleased at my going to university. 
For quite a few people in my class I know parents would 
have been upset if they hadn't gone to university. My 
father thought it would be good to have a degree. At 
school I found I was good on the practical and science 
side, I was interested in electronics and my father has 
quite close connections in this area so I think he was 
quite pleased. The chief engineer of my father's firm is 
a close friend and in the summer holidays I used to go 
into his workshop and there was always a radio or so 
lying about.' 

'My father is a bank security officer. I don't know 
what he does in detail but it's on the clerical side and 
of some status. My electronics interest stems from him 
because he was in radar during the war and his hobby has 
always been in electronics. He set up a workshop servicing 
televisions and so on; I took an early interest and repaired 
radios for people. My grandfather owned a garage in the 
early days of motor cars, so there was a family interest 
in engineering, mechanical things.' 

While the comments illustrate that there may be quite 

strong relationships between parental interests, educational 

experiences and eventual occupation, they do not indicate the 

heights attributable to factors or the timing of their influence. 

For example, there were outstanding questions about the manner 

of influence, whether parents were influential at the point of 

choice or at earlier stages in the provision of particular kinds 

(12) Using an amended version of the Registrar General Class- 
ification of Occupations yielded the following distribution 
of father's social class: I Professional (8) II Intermediate (13) 

III a:1 inspectional, routine white collar (4) III b skilled 
manual (10) IV Semi -skilled (3) V Unskilled (0). 
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of experience (for example, 'radios lying about'-) and the 

fostering of particular skills (for example, 'radio repair') 

such that the scope of choice had been greatly restricted by 

the point of choice. The general impression was that parents 

were influential in both ways but that the second was recalled 

as of greater importance by respondents, and it might have been 

that parental preferences operated by disapprovals as much or 

more than positive approvals in regard to classes of occupations 

(for example, in the first graduate's comments on schoolfriends' 

disapproval of 'non -graduate occupations'). 

The other point of interest in social background is the way 

in which parents endow children with the motivation and resources 

to participate in the educational system. Of thirty -four responses 

to a question about parental views on the move from school to 

university, five emphasised that the move had been their own 

choice undertaken with little reference to parents or recalled 

that parents felt inexperienced and unable to oomment. A further 

fifteen reported positive parental approval from homes where 

they were first generation graduates. These parents discouraged 

early leaving and interpreted higher education and qualifications 

as worthwhile investments, although the onus for decision rested 

with the children. 

'I was the first one ever to go to university. They 

were very pleased and I only fully realised that later. 

They always gave any encouragement, any facilities, they 

would turn the television down in the next room and so 

on. Physics, chemistry, maths, were all Greek to them, 

so even at fifteen I decided to stay on. I've always 

decided.' 

'They were keen that I should go (touniversity) 

assuming I was capable. They never pressurised me to do 

anything except perhaps that I've done electrical engineer- 

ing because of my father's connection with the electrical 

industry. Although I couldn't think of any direct connec- 

tion, on looking back on it I think there was a connection.' 
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In contrast to these two groups which characterised their 

passage from school to universityas a choice process, with parental 

involvement largely passive in one case and active in encourage- 

ment but ignorant in detail in the other, a third group character- 

ised their passage as a non -decision. The move to them was 

an automatic and required little in the way of discrimination 

and judgement. Of this group of fourteen, eight mentioned their 

graduate fathers and six cited their school as fostering a view 

of university a desirable goal to which no alternative course 

of action was available to pose choice dilemmas. 

'He was-very much in favour of my going to university. 
He would have been surprised if I hadnr-t. It as a case 
where it was expected and I had no objections.' 

'I hadn't really much option. I was told at school 
that it was 'the thing' to.go to university. I hadn't 
much idea what it was'all about other than the fact that 
university meant Oxford and Cambridge, and although I 

didn't go to.either of them, it was still university.' 

Thus parents provided both preferences about education and 

occupations and resources to support participation in the educational 

system. While resources ranged from financial supplements to 

quiet rooms, one of the more important supports was a rationale 

for university education. Sons of graduates were able to assume 

that their further studies were entirely 'natural' and needed no 

justification. The first generation graduate who had weighed 

alternatives and decided on university educated needed some 

justification for his venture into the unfamiliar world. To the 

son of a manual worker empl.:yed in :_:anufacturing industry, 

industry was not an unknown area. It represented a relatively 

familiar environment in which to work and in which school friends 

and neighbours found employment. The university study of 

engineering therefore represented a recognisable path through 



-42- 

the unfamiliar world leading to the familiar, at least the 

environment was felt to be familiar by students and parents 

which was the important point in justifications. 

'I could have become anything, a doctor or teacher, 
so long as in their (parents) eyes it was a respectable 
profession, so long as it was a recognised profession. 
I remember being interested in astronomy, and the line 
they to.k was that no one wanted an astronomer'. 

'I think they probably think more of my being in 
engineering than if I had gone into pure science. People 
have a better idea of what you are doing in engineering. 
it might be the wrong idea but they have something to go 
along with.' 

While these comments pictured the world of engineering and 

industry as familiar to schoolboys and parents in working -class 

settings, there were other comments about the relative unfamiliarity 

of schools with engineering or rather the-view of engineering as 

less prestigious than pure science in the schools. 

The educational experiences of the graduates and the way in 

which the experienced shaped responses to industrial employment 

was a central point of the enquiry. One way in which the con- 

sequences of university education were explored was by asking 

about the kinds of person fiat the graduate becomesin coping 

with the demands of university. The question 'what makes a 

good student ?' was expected to yield definitions of the qualities 

required in the successful resolution of the central problems 

of being a student.(13) At the root of many of these responses 

the central problem appeared to be that of reconciling competing 

demands, typically those of faculty against the student's demands 

for 'free time' and a private life'. Success in resolving these 

demands, and these graduates were all successful to the extent 

that they met faculty der:iands by obtaining degrees, was one 

factor which lay behind graduate,demandsfor autonomy and freedom 

(13) See E. C. Hughes Men and their work op. cit. pp $ -10Z 
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from supervision in work situations. Graduation marked the 

ability to work with little supervision. 

The dominant theme of some responses was success in 

meeting faculty demands, in obtaining a degree, and the required 

qualities were spelt out in terms of 'work', 'hard work' and 

'conscientiousness'. 

'Inddstry, hard work. I did work fairly hard and was 
pleased with the result.(upper second). I don't regret 
it. I came from a working class area, the only one on 
our estate who went to university. At times I felt I 
would like to be like the other lads who went to the pic- 
tures or played football:¡. but I don't regret it looking 
back.' 

'Conscientiousness about work and interest in it - 
this is probably the most important thing.' 

'Someone who does the work. Someone who gets a 
qualification at the end of it.' 

A related theme took the degree qualification as one demand 

among others, eetainly the demand which had priority but one 

which had to be set against the other competing demands. For 

these graduates the student problem was one of allocating 

resources, especially time, between competing demands. Here 

closer examination into this problem might have revealed different 

definitions and.different resource allocations as different 

institutions madedifferent demands on students and offered 

different opportunities to the student to meet his other 

priorities, for example for a particular sW.e of life. These 

differences are hinted at in the second and third comments quoted 

below, the second from a graduate of aiechnological university, 

where attendance at lectures was checked by an attendance 

register, and the third from a Cambridge.engineer. 
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'Someone who really applied himself to his work. 
U.K_. he has outside interests, everyone has to have those, 
but his main thought is that he is working to get a degree 
and in a certain subject: 

'I wasn't a good student. I spent ninety per cent of 
my life studying and missed quite a lot. A good student 
is someone who spends seventy per cent of his time working. 
You've got to get through no matter what, bu: you should 
consider your social life.' 

'Someone who is capable of organising the day such 
that they get everything done they planned to do. For 
example, in the engineering department at Cambridge you 
had all your lectures, practicals and studies in the 
mornings, the afternoon and evening were yours. If you 
worked for four hours of your own time I think you were 
guaranteed.'a first'. A good student is someone who can 
work without supervision.' 

These simple formulas of '70%-30%; work -social life' or 

'four hours of your own time for a first' indicated various 

beliefs about the trade off between academic demands and the 

demands for a private sphere of life. A number of the comments 

which put the degree as a major aim had reservations about the 

levels of effort and resources necessary to gain academic 

distinction and a first class honours degree, and some added that 

thesacrifice of social life could be associated with disadvantages 

in industry, the lack of social skills of the 'hermit' and 

'narrow -minded'. 

Another question, 'how well do you think your university 

education prepared you for a job in industry ?' was a more direct 

attempt to see how the graduates related their educational 

experiences. This revealed a number of different frames of 

reference, for the responses tended to indicate not only the 

extent to which the graduate did derive helpful resources from 

his university but the extent to which the courses should relate 

to industrial employment. Among the engineers there was an 

underlying feeling that the courses should relate to industrial 
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ernplo;jment which perhaps accounts for the greater degree of 

disappointment and criticism among graduate engineers compared 

to the science (physics, maths and general science) graduates 

who did not have such expectations and tended to give favourable 

responses illustrated by the ways in which their courses developed 

worthwhile and relevant qualities. 

Among the twenty -eight electrical engineers, slightly 

more gave unfavourable comments (15) than gave favourable 

comments (13). 

While there was broad agreement about the general features 

of the situation, that the university concentrated on imparting 

analytical skills to the relative neglect of practical skills, 

the disagreements emerged in the judgements about the implications 

and desirability of this situation. Unfavourable responses expressed 

strong reservations about the relevance of university trained skills 

to industry, the distinction which must be drawn between a 

successful student and a successful engineer, and even from some 

a belief that there might be an inverse relationship between 

the two kinds of success. The comments quoted here which 

illustrate these views come from graduates of different 

universities and different degree classes. 

'When I came out I found I knew very little about 

designing circuits and circuit theory. What we were 

taught was given a circuit analyse it, given a signal 

to put in what sort of response would we get out of it. 

It should have been given a certain function, how do you 

design a circuit to produce it. It's very difficult to 

teach design to people but it was so heavily biased 

towards analysis.' 
(Graduate engineer - lower second class honours). 

'They are not teaching you to be an engineer but they 

are teaching you to pass exams. There was a chap who had 

a very good grasp of fundamentals and maths. 
If you showed 

him a circuit he could see the circuit in such a fashion 

that he could say the next stage the circuit 
si:culd go in 

order to produce some particular characteristic. It was 

D 
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not just book knowledge but the knowledge to see how it 
should be developed. That's something I cannot do, if 
someone can show me a circuit to analyse I can usually 
carry out the maths. I think it's basically imagination, 
he was a good student and an even better engineer.' 

(Graduate engineer first class honours.) 

'The object while I was there to nass exams to get 
a degree at the end, and this was one thing I found I was 
able to do. I was able tolearn sufficient, to learn the 
right things and to know them at the right time for the 
exam, and on the whole I got a good degree. A number of 
my friends didn't get good degrees but they knew the 
more practical aspects of it and knew. exactly what it 
was related to, all I know was that I could work these 
sums out and that was all.' 

(Graduate engineer upper second class honours.) 

Those making favourable comments on university-courses 

agreed with the above comments that the university courses 

concentrated on theoretical and analytical skills with a much 

lower priority on practical skills, but regarded this as a right 

and proper preoccupation. They held that the degree course 

should be sufficiently general to provide a basis for entry to 

a variety of engineering specialisms. They added that the more 

specific and practical skills could be acquired in industrial 

settings with the onus on the graduate and industry rather than 

the university. Again the comments quoted ranged across different 

institutions and degree classes. 

'It depends on how much you prepare yourself for a 

job in industry. The course is so designed that you can 

get the necessary background for any specific job.' 

(Graduate engineer, first class honours.) 

'(It prepared me) probably fairly well. Ninety per 

cent of what I learn I don't use in this particular job, 

but to keep the degree fairly general and so that I could 

go to any part of indu._>try this is necessary wastage. 

And the other ten per cent is very useful here. The other 

stuff I don't physically use but it is useful in reading 

up.' 
(Graduate engineer, lower second class honours.) 
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'It gave me a background but nothing in particular.. 

I found I couldn't go out of university and say I am an 
expert in this because I wasn't. On the practical side, 
the very .practical side of getting a soldering iron in 
one's hand, it :Arepared me very badly. But whatever 
the initial strangeness of getting something to work - 
and universities don't bother very rauch about this 
for them it's the design that counts - once you get over 
this strangeness and get used to the approach, I found 
the university. quite valuable. Although the background 
was not deep, it was wide and allowed me to look at the 
problems other people found baffling.' 

(Graduate engineer, first class honours degree.) 

Unlike these graduate engineers who moved into research and 

development labs, some of the respondents were engineers who 

moved into other departments or were science graduates. For 

them it seemed unreasonable to criticise university courses for 

impracticality in relation to their employment since they were 

not designed to be related. While they could not claim to have 

'a background' on to which to develop they singled out their 

university experience as developing abilities in 'learning to 

learn'. The two physics graduates, for example, had had experience 

of working in production departments since graduation, areas in 

which they might be expected to feel acutely disadvantaged 

by the lack of practical skills, yet they emphasised the importance 

of training in an intellectual discipline, that any disadvantages 

were short run and that in the long run their capacities for 

learning would give them an advantage in coping with novelty 

over those with a 'practical' background. 

'It taught me how to learn, to learn to sit down and 

read something. This is the great difference, I find 

compared to ri.N'.C. people I can sit down more readily 

and take it in that bit quicker.' 

(Graduate physics second class honours.) 

'The main thing about a university degree is that it 

shows someone is capable of sitting down and getting a 

degree and it shows that he has got the capacity to learn. 

(Graduate physics second class honours.) 
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The way in which satisfactions with university courses 

were strongly influenced by expectations about how the courses 

ought to relate to industry can be ilaustrated by the comments 

of an electrical engineer who became a systems analyst. He did 

not expect very much direct relation but, as in the case of the 

physicists, he described a training in enquiry and learning 

as of general application. 

'(It prepared me) very well indeed. The actual 
subjects I learned are of little application, but that is 
of no importance. University taught me to organise myself. 
It showed me I had the ability to follow a thing from 
start to finish. It was highly involved, highly 
technical, which showed clear thinking and application ... 

I was good at planning, at exam technique. That was 
the best subject I had. In the first year I worked 
fantastically hard and found the best way to do it. In 
the second y::.ar I worked too hard, and wanted and got 
more social life in the third year, which I nearly 
failed. The fourth year was like planning a business 
project - and that information takes longer to learn 
and only gave the same marks as that piece of information. 
If so, then then the notes went into the waste paper 
basket.' 

(Graduate engineer, 1st class honours.) 

Indeed through:: all of these comments and all of the favour- 

able comments there is the suggestion that the process of making 

out in college is one in which qualities are developed which are 

of application in industry, and these qualities relate back to 

the discussion of the 'good student'. In this set of comments, 

the references to learning to 'prepare yourself','to sit down and 

read something', 'organise myself' and 'follow a thing from 

start to finish', all carry the implication of a graduate belief 

that he has acquired the capacity to work independently and with 

minimal sui;ervision, and it is this expectation which is carried 

into industrial employment. 
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(ii) Entry to an cccu.pational milieu. 

Since :.0 c3_ of the manpower debate in Britain was about 

graduate preferences for different sectors a questionnaire item 

sought information on which sectors graduates had sought employ- 

ment and in w:.ich areas they had been offered employment. 

Apart from the industrial sector, the only other sector to which 

much application had been made was the public industrial sector 

of nationalised industries and public corporations (in particular 

the electricity board), (see table 2). The questions about 

'serious considerations' revealed a wider range of interest, 

where among the- respondents the industrial research associations 

received a large degree of interest, and somewhat lesser interest 

in the Atomic Energy Authority and independent research institutes. 

Sectors which received most displeasure were the civil service 

and schools. Interview commentary suggested that the forced 

choice questionnaire did not omit any considered sectors and that 

this group of engineers and scientists sought sectors in which 

to apply some of their university developed skills. interview 

commentary provided reasons for choices in which the civil 

service was characteristic as hamstrung by red tape and 

a lack of incentive. Of the two sectors of interest in the 

interim Swann Report, universities and schools, both received 

rather mixed attention. Universities w::ich were thought to be 

attractive for both further study and employment by the Swann 

Committee would not have been available to many of the sample 

(only seven of thirty -seven respondents had first or upper second 

class degrees). Even where university teaching careers were 

envisaged, in the long run, many had made disparaging remarks 

about the discrepancy between university education and 
industrial 



TABLE 2 

JOB SEARCHES AI1D ENt'LOYNE1:T SECTORS 

Sectors in which respondents 'riad: 

(a) been offered a job; 

(b) applied for a job; 

(c) seriously considered an application; 

(d) would never seriously consider an 
application. 

(a) 

offered 

(b) 

applied 

" (c) 

seriously 
considered 

(d) 

would n 
serious 
conside 

Nationalised industries 
or public corporations 

Industrial research 

7 7 4 6 

associations 2 2 16 2 

Atomic Energy Authority 

Civil Service (defence or 

1 10 4 

DSIR research) 1 2 5 11 

Independent research 
institutes 1 8 4 

Universities 1 1 7 5 

CATs or technological 
universities - - 4 7 

Colleges of Technology _ 1 2 8 

Schools _ - 6 10 

N=37 
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practice and noted that those lecturers' with industrial experience 

were 'better teachers'. Of schools, some were unfavourable 

because ordinary degrees were thought poorly rewarded in Scottish 

teaching and others felt that teaching offered only repetition 

and boredom. 

In their move from university'to industry nineteen of the 

twenty -eight engineering graduates had had prior contact with 

their company of first employment either through vacation work 

or projects undertaken in university.(14) This source of informa- 

tion was important in choices and additional to that gained from 

the institutions in the labour market. The majority of respondents 

had sought jobs during the period of company recruitment campaigns, 

collecting company recruitment literature and signing up for 

interviews at the university appointments board. In this process 

the student was using interviews and company tours to elicit 

information on wLich to base decisions about employment. 

"I was concerned with finding out - speaking of college 
interviews which are very short. -.what they were doing 
technically and what they could offer. Then you go for 
a long interview at the factory and that's the time to 
assess what you might think of working with the people 
you see." 

"I went for an interview with (electronics) radar 
display. I just thought it wasn't me, there was a lot of 

microwave stuff which didn't interest me. I suppose it 
depends on how you get on at university in the subject and 
I wasn't good at microwave ... I looked at the ages of the 
people if they were extremely young, then they all go 

and get out after a year, if they are all extremely old 
then nobody goes. You tend to be influenced by conditions 
a lot. To give an example when you go to London you 

expect the front of the factory to be quite plush but it 

was just a converted hangar. I don't them on 

that, again the work didn't interest me. After each 

interview I wrote down a notebook everything about the 

interview that I could remember, it may come in useful 

in future." 

(14) Two graduates were in their second jobs at the time of the 

interview, in ndther case had first employment lasted longer 

than eighteen months. 
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Both respondents returned as graduates to employment in 

which they had vacation employment. The function of the inter- 

views depends to some extent on the information sought, (potential 

colleagues, technical work, and so on), For the majority inter- 

views appeared to offer negative indicators which allowed a 

student to cross the company off his list. In one example, the 

last minute cancellation of interviews with department head 

'confirmed' an impression of disorganisation acquired during 

vacation employment, while the personal attention of another 

company in which he took employment 'confirmed' the vacation 

employment experience of 'good organisation'. 

Vacation experience played a curious part in the entry to 

employment, however. In all, twenty -nine of the thirty -seven 

graduates interviewed had had industrial experience in the electrical 

engineering industry (and of these twenty -one had been in 

electronics). For fifteen of the twenty -nine, first employment 

was a return to a vacation employer. Yet the return appeared 

to be in many respects in spite of, rather than because of, that 

experience, (nine of the fifteen gave unfavourable accounts of 

vacation employment). The most frequent complaints were of 

boredom with insufficient tasks assigned. - Returners tended to 

'explain' their return as a belief that vacation experience could 

not be repeated in full time employment, while those who did not 

return emphasised that vacation experience was one factor among 

others which prompted them to another company. Despite the 

majority of unfavourable comments -about vacation employment, most 

graduates viewed vacation employment in industry as a necessary 
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part of the education and training of an engineer to be under- 

gone before graduation.(15) 

University or college teaching staff appeared little used 

in searching for jobs (six mentions) and little useful in findir_p 

jobs (two mentions), whilst only ten graduates could recollect 

university teaching staff offerinR advice about jobs in industry 

(table3 ). The general view appeared to be that it was not the 

duty of the teaching staff to provide information. Two graduates 

from one university engineering department recalled that their 

own honours class had pressed academic staff for advice on 

industry but the Professor and staff demurred that their anecdotes 

would be of little help, possibly personal and prejudicial. 

Other comments included the views that university teachers 

were incapable and uninterested in industry. Since these comments 

came, in some cases, from departments with joint university - 

industry courses and research they may owe more to theefforts 

of the industry's new recruits to distinguish their situation 

from that of the university. In this sense the industry's 

recruits appeared to be taking on those characteristic views of 

'them' and 'us' which technical managers outlined in an earlier 

Section. One of the striking features about these replies 

(15) Amongst the benefits reported was that vacation work gave 
another perspective on engineering, a practical experience 

against which the theoretical university course could be 

compared. The opportunity was given in a protected form in 

the sense that it was a temporary situation and one in'which 

mistakes would not be heavily sanctioned and the student's 

position was redeemable. On the other hand it was not a protected 

situation in that the vacation student had little rank,in an 

industrial pecking order. For the potential entrant to a research 

and development department there was the opportunity to appreciate 

the role of a technician, and the future production engineer 

could gain shop floor experience. 



TABLE 3 

Sources of information used in seeking and finding first 
industrial employment. 

Sought Found 

University appointments board 

" teaching staff 

Adverts in national /daily /Sunday 
paper 

Adverts in technical press 

23 

6 

5 

3 

9 

2 

3 

1 

Employer visits university 19 13 

Wrote directly to company 10 5 

Scottish Electrical Training Scheme 5 5 

Ministry of Labour 1 - 

Vacation work 2 2 

Number of multiple items 74 40 

N = 33 33 
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on the sources of information used is the way in which contacts 

between students and employers had become institutionalised 

in the spring- recruitment campaigns through university a_)point- 

ments boards. Desoite the inadequacies of information indicated 

by both employers and students it was used as the main source 

of information and even those graduates with prior inforriatir;n from 

vacations tended to use it as their main source of information too. 

(iii)'Learning the ropes' in industry. 

So far th'e' process of entry to employment has been considered 

in the stages prior to actually joining a company. The pilot 

study revealed a number of ways in which families were felt to 

have influenced choices, for example, some families with engineer- 

ing contacts made engineering a familiar world, giving both 

orientations and resources of information and skill, and all of 

the families added approval and encouragement to the gaining of 

educational qualifications as worthwhile investments. The 

analysis of the responses about educational experiences suggested 

ways in which these experiences influenced conceptions of appropriate 

work and the desire for autonomy. To a considerable extent 

there was evidence of aanticipatory socialisation in family 

contacts with engineering or vacation work, but anticipatory 

socialisation always carries the possibility that there will be 

discrepancy between the situation as it is anticipated and the 

situation as it is experienced. The initial expectations derived 

from the managerial comments in the manpower debates were that 

graduates would find difficulties in meeting time scales, 

working within cost budgets, working within teams, and demons- 

trating the practical competence of professional engineers, 

further I expected that these difficulties would lead to conflicts 
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the difficulties experienced by 

this sample of graduates tended to reflect those of the earlier 

studies of the older samples of engineers in that there were 

complaints of underutilisation and lack of work. Moreover the 

process of learning about how to 'make out' in industry seemed 

to entail the lesson that engineering was not a long terra 

career, that the rewards in industry lay in managerial 

careers. 

Anticipations of potentially troublesome aspects of the 

move to industry showed a preoccupation with the likelihood 

of finding opportunities for demonstrating technical 

competence in the new employment. These responses (from ten 

graduates) showed both an awareness that they might lack technical 

skills and knowledge of the particular organisation and thus be fand 

inadequate in the new setting. This feeling was compounded by 

an awareness that they were moving from one setting in which 

they had been successful to one in which the university degree 

might generate expectations of competence. Further problems 

were anticipated in the regulation of time (five mentions), and 

was related to 'student problem' of allocating time. Now the 

problem was seen as a likely resentment at having to meet 

employer demands for fixed hours of work and the student's 

prerogative of deciding when and where 'work' was done. Other 

problems were anticipated in the social relationships of work 

@ixmentions), problems which were expected to arise from the 

dual problems of being dependent on others and being responsible 

to others. While twenty -one of the thirty -three interviewed, 

who answered this question, could recall some anticipated 

difficulty, twelve were unable to recall such anticipations. 

r 
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For the most part these latter responses came from graduates 

returning to vacation employers. For the former vacation student 

the type of work, organisational structure and new colleagues 

were all felt to be 'known problems', and dismal vacation 

experiences have been seen already to have been written off. 

The difficulties experienced in the move to industry 

revealed a rather different net of preoccupations from those 

anticipated. Of twenty -seven graduates who recalled diffi- 

culties, fourteen concentrated on the nature of their 

early assignments. In the main these were comments -about the lack 

of work or work which did not engage their interest. This could 

arise for a student on an industrial scholarship from a company, 

possibly because of the division of responsibilities in large 

establishments between education and work departments. In any 

event the experiences of the particular graduate typified 

common views of graduate apprenticeship schemes where the 

central problem for the graduate apprentice was seen as that of 

seeking out a 'sponsor' who would provide work.(16) For those 

who entered directly into research and development labs there were 

problems in arriving at a late stage in the life history of a 

project with the boredom associated with routine work and the 

exasperation of not understanding the basis of the routines. 

(16) Graduate apprenticeships raised sharply divided views 

from those who mentioned the advice of other graduates against 
such schemes and urged a start in full -time employment promptly 

to those who sought a 'breathing space' to review industry. 

Ultimately fourteen sought and twelve found graduate apprentice- 

ships in either the collaborative Scottish Electrical Training 

Scheme (SETS) or independent company schemes. 
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"I was given a book on the system and I read 

that. Then I was given a problem to get the .utput 
on an amplifier stabilised. C;utuut varies with temper- 
ature and you get 'drift' so that you have to stabilise 
for whether it is in North America or anywhere else. 
You have to find the cause and cure it. iieasuring out- 
puts meant a lot of data collection and going to the 
chief engineer to find out what to do. It was a bit 
grim that first job. I tended to be thrown in at the deep 
end, and it was a bcring complicated job. I spent four 
months on it and it depressed me .... It was interesting 
for about two weeks. But it was the fact that it was 
already defined and I didn't know anything about it, 
I didn't know the problems when they initially designed 
it, the v:;.riations and so on." 

.'!I went on to the project when it was halfway 
through. This was the wrong time to go in. It's much 
better to go in at the start of a project. But. this is 
not always possible, the end of university does not always 
concide with-the start of a project, so you just have 
to fit as best as possible. But you don't achieve the 
same identification. I 'think this is possible at a more 
critical stage .... This was the problem in my own case. 
The system had all been created before I cam:and the 
time was spent as general labour. It was pretty high 
quality labour mind you, but it was quite definitely 
frustration. The project would drag on over the schedule 
and I seemed to spend the whole of the first year working 
on other people's projects than 

In two of the companies dealing with data processing 

equipment, several of the new entrants entered at a late stage 

in the development of. equipment, in either a Systems Test 

department or commissioning department.(17) This was generally 

acknowledged to have been a valuable entry point by these graduates 

for although tests were routine they introduced existing equipments 

through -on -the- job -training. Here problems came with the second 

rather than first assignments as new entrants felt they had 

'outgrown' their first assignment. 

(17) Commissioning is the stare of checking out the equipment 

before handover to the custoer. In one company the systems 

test de- ;artment was regarded by a Design and Development 

manager as an ideal point for entry of graduates to learn of 

existing equipments and become internal recruits to his own 

department. 
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Among other difficulties experienced on entry those alleging 

a lack of guidance from supervisors (three mentions) were closely 

related to the problems of work mentioned above. The new pattern 

of regulating time brought little explicit anxiety (four mentions), 

while a similar numbersaw the main problems outside work in 

accomodation and the. loss of friends in the South of England 

(four mentions). 

The use of open ended questions usually means that the 

eventual categories of response will tend to have small numbers, 

when the total sample of respondents is also small, as in this 

pilot study, then-the tabulated results seem insignificant. 

The results of questiòns on anticipated and experienced difficulties 

do have significance however, in the context of the manpower 

debate and the manager's comments on induction. The experiences 

suggested that the manager did not put a high priority on the guid- 

ance of new recruits into industry and the discrepancies between 

anticipations and experiences suggested a potential for disa- 

ppointment with industrial employment. Most of graduates coped 

with this situation by pointing out that this was how things 

had always been and that initial assignments were matters of 

luck. Where some suggested changes they pointed to the need for 

lectures to visit industry and be more 'practical' in courses. 

The strategies adopted for the future were to try to select 

work within the company or to plan a move to another company 

where they would enter as an experienced engineers rather than 

a 'raw recruits' and have an enhanced bargaining position. 

One of the strategies for securing work was to seek cut :7:a.th- 

ematical or theoretical problems which would capitalise on the 

graduate's assets. Yet this carried. dangers for it could lead 
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the graduate away from these problems associated with the 

completion of projects or administration which were ::'.ore highly 

rewarded as contributing to the main goals of the development 

department and company. 

Since difficulties were not experienced to the extent 

expected over time scales or cost factors then the paucity of 

conflicts with supervisors ::,fight not appear surprising. What 

was surprising was that the disappointments about work did not 

rebound on to supervisors, (at least not in development 

labs), instead there were mapy favourable comments about industrial 

supervisors. One-question sought a comparison of authority 

relations in university and industry by asking 'How would you 

compare the kinds of relations you have with those who super- 

vised you in university and those you have with supervisors 

in industry ?' Of twenty -eight answering the question only six 

drew a more favourable view of supervisors in industry (see table 

4). Only one unfavourable response came from a research and 

development department, the others came from an applications 

lab (two mentions) and production departments (three mentions). 

That most of the unfavourable responses came from the 

smaller proportion of the sample in the non -R & D departments 

might confirm the common impression that these departments 

are furthest removed in their activities from universities. 

The lengthy comments of one graduate in a production department 

about supervision have been quoted already in the section on 

'assignments and supervision'. His comments abùt a lack of 

technical competence were taken up in other comments, but the 

main issues were complaints about assignments to routine and 

mundane tasks and demands that these. should be undertaken out 



TABLE 4 

Comparison of University and Industrial Relationship with 
supervisors 

Preferred relations Department in which employed 

Prefer university 
relations 

Prefer industrÿ 
relations 

Ambivalent 

R&D Non R&D 

1 5 

20 1 

1 

Total 

6 

21 

1 

Total 22 6 28 
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of committ:aent and loyalty to the department and company. 

In contrast to these remarks which pointed up difficulties with 

industrial supervisors, the majority in the R & D labs pointed to 

a preference for industrial supervision compared to t:;eir universi 

situation. For the most part the underlying theme was that 

industrial supervisors acknowledged their competence and the 

relationship acknowledged their maturity both as engineer and 

person. It was this sense of a more equalitarian distribution 

of knowledge between supervisor and supervisee, rather than 

comments about sizes of university classes, which was crucial 

and was enunciated clearly in the following comments. 

"It's better in industry. It's a closer, professional 
sort of relation. I feel that a lecturer realises that he 
is a lecturer, he knows that it is some sort of position 
which he has attained. I feel they know that they were 
the experts and should tell you what to do, not what to 
do, rather you submitted your ideas and although you could 
argue with them, they were the final authority. Here I 

feel the fact that you've got a section leader or senior 
engineer working with you that he's just the same as you 
only he's been working a little bit longer than you. 
(Ifeel) that because he's picked itLp from practical 
experience the same way you are going to. do he's probably 
picked it up wrong and you can have a good old argument 
about it and you've a chance of proving him wrong ... 

You realise that there are a lot of very bright 

blokes up there and that if you are going to make your 

mark you are not going to do it on sheer hrainpower. 

You have to havemore knowledge than they have and 

mathematics tends to be one of the things that's 

neglected up there." 

"I don't have much experience of tutors.. Engineering 

departments don't have tutorials as such, a lecturer may set 

examples and people in difficulty can get special help. 

A project leader is usually a person with a wide experience 

of the type of ci_cuitry which you are dealing with. He 

sets out how the project should be tackled and later you go 

back and say how you went about it .... Both the tutor 

and pròject leader will set you problems and help you solve 

them.... The problem is different. The university is not 

concerned to produce a marketable product .... There is 

possibly a psychological difference because with a tutor 
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it's more like an individual examination. You are set 
this problem and if you don't solve it,he's not going to 
think very much of you, so you approach it in a different 
spirit. Whereas with the project leader, you both don't 
know the solution to the problem, you just have to prompt 
each other. The project leader has the benefit of greater 
experience and is more likely to reach the solution to a 
problem if he had the time to devote to it. He has the 
original idea, he is in the supervisory capacity. The 
tutor, however, knows the solution and guides the student 
to it." 

Taken together with the earlier comments of the graduate in the 

production department the comments of these graduates illustrate 

some points abóut the kinds of work situation sought by graduates 

and the way these conditions were more likely to be found in the 

R & D lab in contrast to departments outside R & D. All three 

comments pointed to different possible sources for the validation 

of knowledge and competence - 'supervisors versus journals and 

textbooks' and 'practical experience versus theoretical -grounded 

knowledge and analytical skills' - and these sources were seen 

in this form as alternatives. The graduates saw their 

competence, attested by qualifications, in their abilities 

to use literature and employ theoretical knowledge and analytical 

skills, whereas supervisors had greater experience and practical 

skills.. Whatever the orientations of the graduate, and it is 

apparent that few of this sample were unwilling entrants to 

industry, work opportunities were sought which allowed the 

demonstration of competence. Denial of these opportunities 

seemed more frequent outside R & D departments, whereas the area 

of discretion permissible in the R & D departments was welcomed 

by those who could claim that they were working with rather 

than for their supervisor, a claim which was obviously impossible 

in university and was difficult to sustain in the non -R& D 



- 61 - 

departments.(18) 

The tenuous position of someone attempting to deal wholly 

in technical matters or use only university skills was recognised 

by this sample of respondents. The importance of gaining 

experience, of developing an intensive 'feel' for problems and 

their solutions became apparent in numerous incidents. Noreover 

they began to see that the company research of income and 

authority lay outside the technical area. Seeking to be success- 

ful in industry carried the implication that the career would 

have to developiin a managerial direction and involved the 

development of new skills. In their discussion of careers 

two dimensions were seen as relevant, the kind of activities 

undertaken and the sectoral settings in which the were carried 

out. The first dimension largely referred to technical versus 

managerial activities and the second referred to industrial 

versus government agencies or teaching. 

The conception of a choice between two distinct lines of 

activity was expressed very clearly in one comment about experts 

and managers. 

"Your career can go two ways. One is to carry on as 
I am doing more or less in what you call a 'vertical 
direction' and become what you can call a 'whizz kid'; the 
absòlute expert in logic design, computers and everything, 
becoming what you might call a 'computer expert'. You could 
move up this way and be packed with 'gen', and everybody 
would be coming to you and saying I've got a problem 
can you help me out. This would be the way if I stayed 
here. Now I dontt want this. What I feel I must do is 
to progress outwards and across, up into the management 
side; controlling men and money, rather than just con- 
trolling the job." 

In their speculation about the future, these respondents 

engaged in conjecture about the likely rewards from work 

activities and the likelihood that with their resources they 

(18) Paradoxically the one unfavourable response from an R & D 

lab was that the supervisor was 'too bright', was 'always four 

steps ahead' which did not. allow the graduate any opportunity 

for debate or discretion. 
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could secure these rewards. While available resources con- 

strained most of the sample to seek wholly technical jobs, 

only seven graduates expressed a preference for continuing in 

a career of technical activities and they held that this would 

be very difficult in industry where the pressures were towards 

taking managerial responsibility. Pressures cited were the 

available rewards of income and prestige in organisations and 

a likely change in tastes for managerial rather than technical 

activities and the associated rewards. For these graduates 

the future was problematic because of suspected limitations 

or opportunities_for technical careers in industry and some 

doubts about the relative distribution of their skills in tech- 

nical and social skills, and the dilemma was summed up in a remark 

which could fit the archetype of a 'back room boy'. 

"Management doesn't interest me at all, that's deal- 
ing with people. I don't say I'm wary of people but they 
are so contrary .... I don't say I couldn't cope, I hope 
I could, but I just wouldn't want to. People are so diverse 

.:whereas with nuts and bolts you always know where you are." 

For this group the limited scope for technical careers prompted 

thoughts of university of technical college posts. Of the remainder 

twenty -four of the sample entertained the possibility of 

futures in management, although conceptions -of this varied 

in clarity from technical, sales or production management to 

simply 'management'. While four graduates aspired to a technical 

entrepeneurship in their own ca any, the remainder were content 

with the management of companies in which the attractions were 

in the greater rewards of salary and prestige. If there was 

added incentive in the belief that the pace of technological 

change would make technical expertise difficult to maintain, 

the main emphasis was on the nature' of the reward system and the 

sense of wholly technical jobs as a transitional state. 
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"We are in this business for the money not for ,love, 

and management is obviously where the money is. I have no 
pretensions to remain in a lab all my life." 

"You will find in the lab there are very seldom old 
engineers, these are just engineers. Either you move out 
of the technical grade and into the technical management 
grade, or you move into production engineering or production 
management. As you get .,enior, there is only room for the 
brightest engineers who are creative. It's partly a problem 
of ageing and obsolescence but I think it's also that a 
person thinks that if he is going to be a lab engineer 
at the age of 55 then he will have failed somewhere. A 
lot of them must regard it as a transit process, to get 
to somewhere else like the boardroom or a management 
chair." 

The notion of failure attaching to middle aged engineers has 

been commented upon by other writers, the important implication 

here is that there is some ambivalence about a committment to 

engineering as an occupation.(19) 

To the graduates who had been encouraged to take up engineer- 

ing and scientific studies and bolstered by all the postwar 

discussion of shortages of scientifically and technically skilled 

people it now appeared that other activities were more highly 

rewarded. i-ioreover, there was some feeling of being both betrayed 

and misled, for the universities to which they had gone for 

qualifications had trained them in analytical skills which did 

not appear so highly valued in industry. Learning about the 

avalable career structures meant that while the graduates wanted 

to.use their existing skills in the short term, they were prepared 

to see those activities as potentially threatening in the future. 

"I don't want to be a tinker all my life." 

"I don't fancy being a little man in a corner all 

my life." 

"I don't want to be stuck with a soldering iron all 

my life." 

(19) E. C. Hughes Men and their Work op cit. pp 4.2" ss 
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Information pined from observations and conversations in the lab 

was supplemented by the careers journals and studies., such as 

those conducted by the Ministry of Technology into Professional. 

Engineers, reported in the literature of the Institution of 

Electrical Engineers. 

The impressions held by these graduates of these future 

careers matched those of their managers in that no -one sees his 

future as likely to be linked to his current employing organisation. 

In answer to a question, 'do you see any barriers to your career 

advancement in this company ?', some saw barriers in the youth 

of their contemporaries and competition for promotion unless 

expansion continued and others saw barriers in company product 

markets and likely growth. Indeed all the companies were seen to 

have problems of vafious kinds. In three of the establishments 

it was claimed that American ownership would always imply 

uncertainty about a bridgehead operation from which retreat 

might be made if economic difficulties arose. The instrument 

companies were thought to have problems on the marketing side 

in sophisticated equipment markets. Of the two remaining 

establishments, one had suffered cutbacks in some departments 

from Government defence economics, for example, in the TSR2 

cancellation, and the other, provoked doubts about the future 

following a merger. Yet other sources of barriers to career 

advance within existing employment were the young engineers' 

preferences to move to other companies for salary increases 

and further experience.(20) 

(20) The nature of GovenL1ent Contract work for one com:,any was 
thought to impose Government incomes policies and constrain the 
rate of growth of salaries within a company and so encourage 
a desire to move. The desire for experience was summed by 

one graduate in drawing attention to the alternative - 'cpecial- 

is:.tion is the very death of a graduate in industry' and the 

fears of a 'rut' characteristic of some other graduates. 
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In a number of respects these graduates have been revealed 

in attempts to distinguish themselves as a distinctive group 

with distinctive skills appropriate to distinctive kinds of 

work; work that was challenging and complex, original and varied. 

Yet relatively few of the sample could recall occasions on which 

they conceived of themselves as professionals, (only thirteen of 

the thirty -two answering the question). Where 'professional 

claims' were made, the mastery of an area of expertise was the 

basis of the claim and a university was taken to be the quali- 

fication which distinguished a profession from other occupations. 

"It was.the last year of university that gave me this 
feeling of professionalism, for the first time in the four 
year course I had a confidence in my mastery of the subject. 
I don't know whether it was the amount of work involved, 
I've never had to work so hard in my life, or the quality 
of the problem. I think it was a combination of both." 

In only two cases was there any claim to render anything to 

'esoteric service', this was in claims to exercise integrity 

in work. Yet integrity was rendered to the employer rather 

to a public in any wide sense. Altbgether fifteen of the 

respondents, (including eight who had little use for the term 

'professional'), were Associate Members of the Institution of 

'Electrical Engineers (I.E.E.). Membership of the Institution 

was held to confer benefits such as journals and additional 

qualifications, attestations of relevant experience of engineer- 

ing practice, in a situation where more qualifications might be 

marketable, for example, in the international labour market in 

the U.S.A. or Canada. But entry to the Institution was generally 

made as a student member and the degree was regarded as the main 

qualification. There were some doubts about the direct reloance 

of the I.E.E. to the electronics industry, the stress on individual 

experience was thought to be more appropriate to the Electricity 

and Hydro- electric Boards in Scotland. 
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At the threshold of entry to employment these graduates 

were not yet full members of a community of industrial scientists, 

nor was the professional institution actively sought out as 

the expression of such a community. The main preoccupations 

were with establishing career footholds within a company, but 

there was a tentative character about these efforts because the 

much sought skills of the university- trained scientist and 

engineer did not appear so earnestly sought or rewarded within 

the company. A,move into management presented an opportunity 

to advance careerwise and escape some of the wider odium of 

the engineer. 

Lay images of the engineer were thought to be uniformly 

low. The graduate engineers felt that they were confused with 

other users of the occupational title of 'engineer' such as gas 

fitters, electricians, mechanics and craftsmen, that their expertise 

and its consequences were little understood by the public compared 

to others.wlth whom the public had greater contact and under- 

standing, such as doctors and dentists. While twenty -four of 

the twenty -eight respondents felt that the engineer had low 

social status, reactions to the situation varied from personal 

strategies.to present a more favourable image and hopes for 

a collective effort to raise the social prestige of engineers 

to a disavowal of public ratings and concentration on more 

narrowly- defined reference groups. 

"I prefer not to call myself an engineer, I think 

it's unfortunate that we have such a low status. I call 

myself a logic designer and this obviously has more status 

than just an engineer." 
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"The iman ;e the public has of the engineer is the 

greasy man in overalls in oil and water with a big spanner 
in his hand. But the whole essence of science and tech- 
nology - this is probably what Harold Wilson wants - 
depends on the relation with the inventiveness, the ideas 
of engineers. The engineer reuires much more social 
significance than he has got at the moment. This is going 
to come - the engineer will be regarded as important as 
the doctor." 

"I don't think the layman knows the lab engineer 
exists in the form in which he does. They tend to go 
from the fitter to the white -coated scientist without 
anything in between .... 

It doesn't matter to me. Fellow engineers perhaps, 
I'd like them to feel I was competent .... 

Within the company we R & D (engineers) have status. 
We are the people who know. If people have problems, in 
production or test, they come to us. We are the elite. 
But in society there is an awful lot of rubbish being 
written in the papers about the status of professional 
engineers in which I am not interested." 

For most of the engineers the company was the important locus 

of evaluations and social significance of work activity. These 

graduates did not see themselves as engaged in anything resembling 

the community of scientists freely exchanging information or 

the body of professional with certified knowledge and a relation- 

ship of trust with society. Industrial supervisors were the 

source of assignments and evaluations subject to the limited 

bargains, which could be struck. Moreover the rights of the 

company to restrict free access to information was regarded 

as right and proper, and company confidentiality extended to 

exclude 'friends'. Given that most of the graduates had come 

from Scottish univesities and lived within the Central Belt 

cf. Scotland they could keep contact with their former student 

peer group to discuss weir adjustment to employment yet all 

respondents recognised constraints on topics for discussion. 
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Norms about confidentiality came from many source.s.frorn the 

S.E.T.s scheme instructions to students, the official Secrets 

Act in some departments on military contracts, company handbooks, 

and the suggestions of senior engineers. In one company it 

was recognised that vacation students would wish to tak about 

their experiences and they were 'allowed' to talk about the 

project name and techniques but asked not to mention the stage 

of the project which was considered to be the more critical 

information. Among these graduates in employment it was felt 

that there were other contraints on discussion too in the very 

particular naturé of work limiting both the interest and the 

intelligibility of work to companies and employees in the same 

branch of technology.(21) 

(21) A graduate, who found some technical discussion with a 
friend in another company helpful, commented that he would not 
report indiscretions by his friend to his own company. Allen 
had noted a similar respect for company confidentiality in a 

norm against releasing company reports loaned by friends to 

third parties as well as the constraint which derives from 

the specificity of the information. See Tom Allen 'Managing 

the Flow of Scientific and Technical Information' Alfred P. 

Sloan School of Management, M.I.T. unpublished Phd dissertation 

1966. 
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5. Conclusions. 

Evidence was found in the pilot study of conflicts between 

graduate recruits and their industrial employers. These conflicts 

were located in the different norms used to guide behaviour - 

managers and engineers in industry were seen by graduates as 

acting from rule of thumb criteria and anxiety to compromise. 

While the graduates countered that decisions and behaviour 

should be rooted in rigourous analysis, rational procedures and 

verified knowledge. Expression of these conflicts was most 

heightened in the non -R & D departments where the clash between 

appeals seemed most apparent. Two further quoted comments 

can underline this point where both were taken from graduates 

in non -R & D departments and picture a 'textbook view of 

organisations' gained from university and a 'muddle and compromise' 

view realised in industry. 

"I had spent a year and a half in industry under 

conditions of employment during my university course, so 

I had no illusions about what industry was like and what I 

was entering .... The mentality of engineering type 

industrial production is quite different (from university). 

People no longer go by the book but go by what gets the 

job done. I had no illusions about industry being beau- 

tifully organised." 

"When I came to (the company) my head was bristling 

full of ideas, facts and figures and no idea of how to put 

them into practice. The course did include some industrial 

administration and I came to industry expecting eerything 

to be 'go'. I expected someone to say 'work' and some- 

thing gets done_but I found it just isn't true. It may 

be something in (this company) but things seem to take 

longer, there's never a clear -cut decision. When you 

come from university you think no compromise is going 

to be made, but it isn't true." 

Understanding these conflicts did not require any assumptions 

about the committments of graduates to the values and norms of 

academic science or technology. Indeed the contempt expressed 
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for 'analysis' in some comments on university courses suggested 

that such committments would be rare. Yet in the industrial 

situation analytical skills were all that graduates possessed 

and if they were to distinguish themselves by a distinctive 

contribution and not be compared unfavourably to the part -time 

qualified professional engineers or technicians then they had 

to seek out opportunities to use their skills. In the sense of 

having made side -bets by their acquisition of a university 

science of engineering education, these graduates were committed 

to advance a conception of engineering counter to that of their 

managers. However they recognised that maintaining defiant 

postures would not lead to organisational advancement in industry 

and it was evident from the discussion of prospective careers and 

relations with supervisors that the graduates maintaining only 

temporary bargaining positions. It was recognised that they 

would go through the same process of acquiring an intuitive 

knowledge of engineering, of 'picking it up by experience.' 

Opinion among the graduates on policy to mitigate the 

difficulties of transition was evenly divided. While approx- 

imately half of the respondents took a view comparable to that of 

the managers, that the onus lay with university staff to become 

familiar with industry and omit much of the analytical work in 

order to include more_project work and industrially relevant 

problems, the other half of the respondents saw the essence of 

a university education it its provision of general education 

and skills such as the ability to'learn to learn'. These 

differences of opinion were closely related to student experiences, 

the engineers tended to demand more vocational relevance and the 

science graduates were content with a general education. 
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Surprisingly .none of the graduates stated the view that there was 

an industrial responsibility to provide induction and gaining 

specifically for university graduates despite evidence of disa- 

pdointment in work experiences. Perhaps the omission may have 

arisen from the view that it was not the responsibility of 

industry to provide education and training or the view that 

industry was not well -equipped to provide desirable education 

and training at least to judge by the common gossip about graduate 

apprenticeships'. The most substantial conclusion to be drawn 

from the pilot study was support for the conclusions of Professors 

Carter and Williams expressed inthe 195Ws that there was a wide- 

spread lack of serious thought in industrial policies and pro- 

cedures for the utilisation of scientists and engineers. 

"We have not been able to say whether the latest 
plans for the expansion of higher education in science 
and technology a reasonable response to the needs of 
industry. This attitude stems in part from our doubts 
about the adequacy of a statistical approach; these doubts 
carry with them the implication that flexibility is most 
i0portànt. The educational system should not be 
expected to produce young people like a series of keys, 
each shaped to open a particular lock (which may after all 
turn out not to need opening), but rather like a series of master 
keys, capable of varied use in the unknown future circum- 
stances of industry. In consequence, specialisation must 
not be carried too far in school or university or tech - 
nicàl.college. But our inability to j:idge the adequacy 
of plans for expansion is due also to the fact that very 
little is known about the way in which scientists are used 
in industry. Industry itself has not thought very deeply 
about the best ways of using scarce scientific personnel; 
and we think that in places graduates and other highly 
trained staff are being mis -used, partly because of the 
shortage of technicians. Effective research on the use of 
scientists and technologists would make the planning of 
educational facilities much more reliai..le.(22) 

Moreover there was the caution for policy advisers in this 

conclusion from Carter andi.Williams that investigation of utilisa- 

tion of scientists and engineers in industry should precede 

(22) C. F. Carter and B. Williams Science in Industry: Policy 

for Progress London: Oxford University Press 1959 p. 134 -5. 
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claims of shortage based on the summation of employer opinion - 

returns or trend projections. This advice was ignored by the 

Committee on Manpower Resources for Science and Technology 

in their work but served as further stimulation to my own study. 

Of course there were a number of features peculiar to 

the electronics industry in Scotland which limited the scope 

of generalisation to discussions about 'highly qualified 

manpower' and ',industry'. There appeared to be a strongly 

regional character to the graduate labour market which was 

revealed in the history of the industry, relatively recent 

arrival of companies in Scotland, concentration of priorities 

on development and production with little research activity, 

relatively little employment of physicists, a weak tradition 

of technician education in Scotland, and the importance of 

location in choices of company. Consequently it was important 

for the main study to obtain the wider samples of companies and 

their functions, ;nd wider samples of graduates and their 

educational experiences which were outlined in chapter three. 
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All the information given by individuals will be 
treated as confidential and anonymity will be ensured; and 

information. will not be used in any connection other than the 
declared purposes of the research. 
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JOB DESCRIPTION 

1, How would you describe your job to someone who knows very l:i_t ;.? e 

ú.bOitt ...-"t? 

2. How do you ki:.UtJ what you . 

ït ' to in thi job? How jr.11.ì are it: : U.SeG_ t.0 do I1 t...l,c, jUb . íOt'. C:O 

you find out what your responsibilities nç' n- and what 7 .[ 

::tL .il CaI_ Q :L.+:ilii:i.EaFi Cn_G _aid i1< 4 you have to du 
to meet them? 

3. ?Ioi. much relation is tier: 
,` 
if any between what you did a t univers ` s,' 

and what you are doing now? 

li-, To what extent would you say you have been able to define the job 
f er yourself . ' leeway would O O .: u'v'bl much t:k7 you say you have over how 
you go about i t? 

Who is yc)u.r. immediate supervisor n, the person. to whom you are 
immediately responsible? 

;. Suppose you wore having some sort of difficulty in your job, 
to what extent do you feel that (the person to whom you are re =7pon_;± b e 

would be very willing to help? 

6 When you s t:1,>L a prot:.leri 
s 
how far do you feel you ha7@ to cope 

by yoursC&:° or get another opinion? 

B. Who would you see in the first instance? 

Qo As far as you know does your superviser usually let yol3 know when 
ha wants or expects you to do something, or does he often keep 
those things to himself? 

always lets me know 
usually lets me know 
sometimes does 
sometimes does/ sometimes doesn't 
usually doesn't 
never lets r;:e - k'iow - 

10e HC'iv difficult do you feel it is to do what he wants from you': 
extremely difficult 
quite difficult 
not too difficult 
quite easy 
very easy 

a) If 'extremely' or 'quite' difficult - why is that? 

11. Do you usually feel that you know how satisfied he is with wha 
you do? 

I always tnow where I stand 
usually 
sometimes do /don't 
am often in the dark 
usually don't 



12. We hU.ve ";:. :.r -.t._ '-L='_n ab.ot,., ., people :t,,,,; , ; is ,;,: ., 
: e , ì. 'f:. % i:,_:;; learn '1 i.Ìlá.t t _ . i- '(< _ 

in their jr; :sh Do you feel you are a` clear as you i:otLf_ like 
to be about what you have to do in this job? 

13. Which of tÌî:' following best represents how clear you 
what you have to do r-ì1. the ,Ìob: 

very clear 
qu:ite clear on most things 
fairly clear 
not too clear 
no not at all clear 

about 

111-. How clear are you about the limits of your authority in your 
present position? 

very clear 
quite clear on most thins 
fairly clear 
not too clear 
not at all clear 

15. All of us occasionally feel bothered by certain kinds of things 
in our work. I'm going to read a list of things that somotimes 
bother people, and I would like you to tell me how frequently 
you feel bothered by each of then. 

a) Feeling that you have too little authority to carry out the 
responsi.bi_lities assigned to you 

15) Being unclear on just that the scope and responsibilities of 
you^ job are. 

c) Not knowing what opportunities for promotion or advancement 
exist for you 

d) Feeling that you have too heavy a work load, one you can't possibly 
finish in a normal working day. - 

e) Thinking yoU' ll not be able to satisfy the conflicting demands 
of people over you 

f) Feeling you are not fully qualified to handle the job. 

g) Eot knowing what your supervisor thinks of you, how he evaluates 
your performance. 

h) The fact that you can't get information needed to carry out.your job. 

i) Feeling you may not be liked and accepted by people you work with. 

j) Feeling unable to influence your immediate supervisor's decisions 
and actions that affect your job. 

k) Not knowing just what the people you work with expect of you. 

1) Thinking that the amount of work you have to do may interfere with 
how well it gets done. 

m) Feeling that you have to do things on the job that are against 
your better judgement. 

n) Feeling that your job tends to interfere with your personal Ilfe. 

All of us are concerned from tiñe to time about the meaning 
of our work in our lives. I'd like to know how you feel about 
things that might lead to satisfaction or dissatisfaction on the job. 

16. What aspects of your job do you find most satisfying? 

.17. ?:hat do you find least satisfying in your job? 



!)S. If you coi7.l.Ct. :C'CCic,..i c:î l'.^t:?' job ,;o that it would be . .í'. more Eìtt.lrr"' 
for you, li.Fi.'G ilculd you 1-1v-:= ChaapGC: about it? 

19, i ol probably do certain :.i hr} _J your Ob that are over and í . 
so 

you:. contract. Su')1)o£ie you were justifiably dissatisfied but 
could do nothing about it short of finding another job. :rdo'tl l d 
you in the I:::i:aIlt:iI:1e drop the eltrc'.s? 

(probe - if you had a 7,1'i! C:v:-1J":cÚ S would you do a tlo"1'k to rule?) 

20. Do you have time limit& on jobs? 

21, What ha-opens if you exceed a -Lime limit? 

22. What happons if you have a smart solution to a Problem? 

23. 

Now _C would like to i,u?'Jï. to -e. ) oI3?¿ 
I 1Cw of t'011ï:' ".rC e1.'c 

When you were young what did yoi_ ° family want you to be? 
Was there any particular occupation they wanted you to go into? 

24. Can you recollect when you first thought of becoming an engineer: 

25. Did you consider any alternatives to going to university or college? 
If yes, what were these? 

26.. That do you think makes a good student, yotiw otrn personal definition? 

27. What do you think r:akec a poor student? 

::22at do jrou think nahes a good (en;;i.neer}? 

29. s!bat do you think makes a poor(enginee4 

30.- The following are said to be some of the benefits to be gained 
from attending college or uni.erstty. Could you tell me how 
important each of these was to you personally? 

a) Opportunities to study in a particular field. 
b) Qualifications that will ensure a reasonably secure and wellpa±d 

livelihood. 
e) A broader outlook on life. 
d; Opportunities to work in a university atmosphere. 
e) Personal freedom and social life. 
f) Training for a particular job. 

extremely important 
quite important 
somewhat 
not too iooortant 
not at all important 

31. Could you give rye the rank order in which they were inrortan t 
to you personally? 
1st. 2nd. 3rd. 4th. 5th. 6th. 

32e flow well do you think your college /University education fitted 
you for a job in industry? 



*optional depends if time 

37 How would you compare the sort of relations you h*::.i. 1'di.V11 

college teaching st 1f;;f to those you have L°J.Lth people who 
supervise you now? 

3- : -. What plane; and ambitions did you have for the future when you 
left college? 

r 35. What was the reaction of your paints to the idea of going to 
univ e rsU;y? 

36e What was the reaction of your parents to the idea of your 
studying (subject)? 

.y- 37 What was the reaction of your parents to the idea of your 
becoming ( occupation)? ? 

r 38.. Have you any older brothers or sisters? 

39. Are you married? 
Planning to be married? 

If yes, a) what does your wife (fiance) thinl, of your present 
position? 

b) How does being married (or ,planning it) affect 
your career plans? 

40. How would you expect your future standard of living (economic 
income) to compare with that of the family in which you were 
brought up? 

41. Barring unforeseen developments do you think you could remain here 
permanently? 

(probe. - feasibility v. preference) 

42. From a personal point of view, would -you prefer a job that was 
primarily pure engineering or one that was primarily ac.inistration? 

43. Could you tell ree your starting salary with this company? 

44. Wh? Z, is your current salary? 

4. Do .you think you are sufficiently well paid? 

Iió -r to change the subject somewhat... there has -been a lot of 
discussion lately about the problems of graduate scientists and 
engineers going into industry. Perhaps you have read sore of the 
articles in magazines and journals about this. 

4' 46. How do you feel about this transition? 



470 ;low would VOu Co::.i'!:.?'(3 your nove from ûCh00] to ccl_l!e?e with 
your move 'from college to ar:dustry ? 

SOCIAL RELATIONS 

/4-8c''' Coulú. you think of all the places you are likely to see other 
EI;giiïe?."ï off the joh. How often would you say you speYid time 
with other engineers off the job? 

never 
lesr, tiîa27, once a month 
once or twice a month 
or1.cC or twice a week 
nearly every C7 ay 

49o`" Do you ever visit other (engineers) in their homes or do any 
(engineers) ever come to your home? 

If yes, very often 
occasionally 
rarely 

50.. With whom do you actually spend more of your -free time - 
other (engineers) or those outside (enginecrinr )? 

51. How would you compare the sort of ret_ :tions you had with othe 
students to those that you have with people withwhom you work? 

52, Could you tell me your three closest friends a their naines and 
occupations? 
PROFESSION 

53. Do you think of yourself as a professional? 

54. In your opinion are there any differences between professions 
and other occu.?ations? 

(probe -nand in those terms do you see yourself as a professional)? 

55. What do you think is the social status of the (engineer)? 

Do you feel that there is anything that we have overlooked, 
or anything on which you would like to comment further? 
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0Ti.IL2LY CVNYID1tNJ.iAL. 

(LliïS110i.i'i..J.:.J1: S .:1,R1JIiALi NT :xD ADTU7n_. ,SïT OF GRADUATE SCILN2Ian S 
AND E.' Z IN;3; ;RS . 

1. Name ..... .. 2. Date of birth .. . 

3. Country of birth. .. . , 4. Nationality 

5. Lie you (circle one) - 

single? 1 

- married? 2 year of marriage number of children 0000 

6. Please give the following information about your father or guardian. 
a) At a:) )ro ::irately what age did he leave school? ..... . 

b) Did he go to university? (circle one) Yes 1. No 2. 

c) What was his main occtil at i on? (circle one) Employed 1. Selfemployed 21 

d) In what in_d;;.stry or 7cnofessi on? 0 . 0 0 ... 0 ... 0 0 0 0 0 0 0 0 . 

e) In whaf capacity? .. ,. ,.. 

(Give title, rank or grade where a2;;dropriatce ) 

7. Could you please give similar information about your mother - 

a) _.t a proxiruately what age (U? she leave sdDol? 

b) she go to university? (circle one) Yes 1. No 

.c) Did she ever have an occupation? (circle one) Yes 1. No 2. 

d) If yes, please state it . .. 

8. Pleas give the following details of each school you attended 

from the age of 13 onwards. 

name town or district 
type o!' school At what a ̂e 

(e.g.independent(public) ,.., 
you leave 

direct grant, local authority) 
. 

a) ,....41.. .... ..., ..,.. .., 

b) .,. .,,<.O 0211601.0 

c'). o . . . . . . . . . . . . . . . . . . 0 . 41 

9. Which coll e.,e or university did you attend? 

10. At university did you lire: Year 1st. 2nd. 3rd. 4th. 

(circle as many as .z:> l;;) 

home 1 2 3 4 

lodgings 
hall 

1 

1 

2 
7 

3 

3 

4 
4 

flat 1 2 3 4 



1.f was your sOU.rce of finance at university? 
(circle as many as apply) 1 

Local education authority 1 

University scholarship 2 
Industrial scholarship 3 
Parent 
Other (specify)...... 

OOOOOOOOOOO i094187 

What was the title of your decree and year of graduation? 

13. What were the main subjects of your degree? 

14. What class of degree did you obtain? (If seconds were divided, 
please indicate which you obtained) 

15. People have different ideas about theHAIN iUR OSTI;S OF COLLE L: 

ICI :üCATION. Some of their ideas are listed below. As you read 
this list, consider what educational goals you th:inl- the IDEAL 
college or university CUGIiT TO El. -IIA ,I:SL. 

Indicate your opinion by writing: 
H (high) next to the coals you consider highly important in a university; 
M (medium) next to the goals you consider of medium importance; 
L (low) next to the goals you consider of little importance, 

irrelevant, or even distasteful to you. 

a) "Provide vocational training; develc_p skills 
and techniques directly applicable your career" 

b) "Develop your ability to get along with different 
k;.nds of people 

c) "provide a basic general education and 
appreciation of ideas" 

d)''Develop your knowledge and interest in 
community and wi rld problems" 

e) "Help develop your moral capacities, 
ethical standards and values" 

f)''Prepare you fc.77 a happy marriage and family life" 

IMPORTANCE RANK 
H, Ni, L. 1,2 etc. 

Now GO BACK and rank the ones you rated H 

by writing next to each H:- 

1 for the most important, 
2 for the second most important, 

and so on for all the "Ii "s on your list. Do NOT rank the "M "s and siLsiu ,. 



"Io. .- .G you nave any experience ',f the electrical engineering industry 
in your vacations? 

(circle one) Yes 1. No 2. 

17. Tf yes to 16 

+ Could you please name the companies and departments 
in which you worked? 

paeo.00noosee,oes.roo 66666666 .00000 

080.00.00-0to OOOOO 0004 0* 

. . . . . . . . . . . . . . 

13. When see'_-inó a job, 
a) for how many jobs did you apply? 

b) how many jobs were you offered? 

19. Jobs can be roughly clasified according to the type of employ.;r 
concerned. Below aro listed some of the main possibilities. 
When y ca were looking for your first job, had you made up your 
mind that you would NOT wa t a job which involved working for 
some such employers? 

(circle one) 
a) Decided against some such employers . oeo4 1 

b) Not decided against any such ol,l2loyer . ... 2 

a) IF DECIDED .A.GAIN3T SOME EMPLOYERS - 
of these six which had you decided against? (circle as many as apply) 

Private firms 1 

Publie' corporations 2 

Civil Service 3 
Government grant -aided research in itutions or 

associations '= 

Universities 
Local Education _authorities 6 

20. Below is a list of various sources of .information about jobs. 
Which of these did you use in seeking employment? 

AND 
21. In which ways did you come to hear about the first fulltime job 

which you took? 
( circle as many as apply) WAYS OF SE_KING WAY FOUND FIRST JOB 

University appointments board 1 . 1 

University teaching staff 2 2 
Adverts in nr,.tional daily or Sunday press 3 3 

Adverts in technical press 
Li. LE 

Employer visits to university 5 5 

'Vacation employment loy_aent 6 6 

Other students 7 i 

'Family and friends 8 

Friend in the company 
a 

1 , 10 Any other ways: no other ways 
wrote di_ectly to firm 11 11 

12 



22. Listed below are different kinds of o porfunitie., which a job 
might afford. If you wore k ti t-, °- Y to seer a job how much importance 
would you personally attach to each of those, disregarding 
whether or not your present job provides '.,hoe? 

'Please indicate next to each item i ,s degree of importance 
by writing the number 1,2,5,4 or 5, 

1 means not at all important 
2 means not too important 
3 means somewhat important 
4 means quite important 
5 means extremely important 

a) To make full use of my present knowledge and skills 
b) To grow and learn new knowledge and skills 
c) To make a lot of money 
d) To advance in administrative authority and status 
e) To work with colleagues of high technical competence 
.f To have congenial co-workers or colleagues 
g) To work under chiefs of high technical competence 
h) To associate with top executives in -xhe organisation 
i) To build my professional reputation 
j) To :cork on difficult and challenging problems 
k) To work on problems of value to the nation's well-being 
1) To have freedom to coo- y out my own ideas 
m) To contribute to broad technical knowleügo in my field 
n) To give no an opportunity to work with people rather than 

with things 
o) To remain in the city or area in which I grww up 
p) To get away from the city or area in which I grew up 

O 004 

O 000 

O 4104 

4.0111 

0004 

O 1.20 

O 604 

Do you think your present job will satisfy most of the 
opportunities you marked 'quite important' or ' extrerncly important', 
or some of them, or only a few of them? 

(circle one) 
will satisfy most of them 1 

will satisfy some of therm 2 

will satisfy few of them 3 

will satisfy none of them 

23. -Below are given a number of reasons which people offer for choosing 
their particular job. Which cf these a'plied when you decided to 
join this company? 

(circle as many as apply) 

a) a reputation for good training 

b) the offer of graduate training 
e) a recommendation from the university apuifltments board 3 

d) a recolmendation from university teaching staff 4 

e) the location of the works 
5 
r 

f) the type of products made o 

g) a favourable impression of the conditions of work ...... 7 

h) the s;:arti.ng salary offered E 

i) good prospects for the future 9 

j) a favourable impression of the company recruiters 10 

k) personal reasons (e.g. fiance in the area) '11 

1) vacation work in the company ,12 

m) personal contact with the company 13 

n) the com-oany ideals 14 

o) favourable impressions of the industry's future 15 

P) the company's reputation in the country 16 

q) any other ( please specify) 

17 



24. People differ in their comments about their work. Some comments 
often heard are-listed below. Iiow appropriate would these comments 
be as descriptions of your own job? . 

Please indicate your degree of egree:ent with thecomment 
by writing 1,2,3,4 or 5. 

1 means strongly agree 
2 means agree 
3 means undecided 
4 means disagree 
5 means strongly disagree 

a)" My job is like a hobby to me" < 

b) "I;ïy job is usually interesting enough to keep me from 
getting bored" ..<. 

c) "It seems that my friends are more interested in their jobs" .... 
d) "I consider my job rather unpleasant" ... 
e) "I enjoy my work more than my leisure time ° .. . 

f) "I am often bored with my joí" ... 

g) "I feel fairly well satisfied with my present job" < . 

h) ""lest of the time I have to force myself to go to work' o 

i) "I am satisfied wich my job for the time being" .... 

j) "I feel that my job is no more interesting than others 
I could get" Co" 

k)"I do f- :nitely dislike my work" . 

1) "I feel that I am happier inn my work than : ;Iost other people" ... 

m) ItI'ios t days I am enthusiastic about m 
y 

I work' a o 

n) "Each day of work sc ins like it will never end" 
o) "i lire my job better than ß'%1e average person does'' 
p) "ì.Jr job is pretty uninteresting" .... 

0"I find real enjoyment in my work" ... . 

r) "I aì:ì disappointed that I ever took this job" .... 

25. Do you agr,: e or disagree with the following statezqents about 
getting ahead? Circle the A if you agree, the D if you disagree, 
and the ? if you are not sure. 

Agree Disagree Not sure 
"In order to got ahead those da;jÜ.... 

a) you can't afford to be squeamish 
about the means ycu use" A D ? 

b)yo-, have to be able to make people 
de what you want.' A D 

c) you really have to love your work" A D 

26. Which of the following do you think is the more descriptive 

of the job position you have now° 

(Circle one) 
a)The job duties and activities would be essentially 

the SAME regardless of who held the job 

b)The job duties and activities would CHANGE 

depending on the person who held the job 2 



27. a) Please indicate your preference with respect to your working 
habits by circling one of the following. 

b) At present, what are your ACTUAL working habits? (Circle one) 

Preference Actual 

Work alone, very seldom consulting othdrs 1 1 

Work alone, but have occasional work- related 
discussion 2 2 

Work alone, but have frequent work- related 
discussion 3 3 

Work closely with others,but not in a 
î ori:.al group 4 4 

Work in a formal group 5 5 

28. Iiow well does your supervisor know the jobs he supervises? 
(Circle one) 

He knows very little about the jobs 1 

He doesn't know the jobs very well 2 
he knows the jobs fairly well 3 
Ho knows the jobs very well <......4 

29. How much is your supervisor interested in helping those who 
work under him to get ahead in the company? 
(Circle one) 

He doesn't want them to get ahead 1 

He doesn't care whether they get ahead or not 2 

He is glad to see them get ahead, but he 
uloesn't help them Duch 3 

lie helps them get ahead if he gets a chance 4 
Ile goes out of his way to help them get ahead 5 

30. Taking jt all ii; Call, how well would you say your supervisor 
does his job 
(Circle one) 

He does a poor job 1 

He does a fair job 2 

He does a good job ........ .. . . . 3 

He does a very good job 4 
ile does an excellent job 000 5 

31. How good would you say your supervisor is at dealing with 
the people he supervises° 
(Circle one) 

He is poor at handling people .. . ............. 1 

He is net very good at dealing with people; 

does other things better ..... 2 

He is fairly good at dealing with noople 3 

He is geed at this -- better than most 4 
He is very good at this - it's his 

strongest point ....... .... 5 



32. What happens when someone on your level makes a complaint about 
something? 
(Circle one) 

It's hardly ever taken care of 1 

It's often NOT taken care cf 2 
It's usually taken care of 3 
It's almost always taken care of 4 

33. Suppose you left your job or position in your employing 
organisation. Under present conditions how easy do you 
think it would be for you to get a similar position in 
another organisation? 
(Circle one) 

Very easy i 

Fairly easy 9090 a 2 
Not very easy .......... 3 

34. In the next 5- 10 year period, do you feel that the demand 
for your p eselit kind of speciality will: 
(Circle one) 

increase sharply 0404000 1 

increase gradually 2 

stay at about the same level 3 
decrease gradually ........... 9 
decrease sharply 5 

35. What do you think is likely to hap-'en te the size of 
your resear.Gh and development organisation in the next 
5- 10 y ear peri.od 
(Circle one) 

It is likely to increase in size sharply .... 1 

It is likely to increase in size gradually .. 2 

It is likely to stay about the same 3 

It is likely. to decrease in size gradually 4 

It is likely to go out of business 5 

36. Do you think about your career more as: 
A) a series of opportunities to engage in activities you like 

to do 
OR B) a progression up one or more organisational ladders to a, 

position in which you aspire to be? 

Please indicate below which of these two statements is 

closest to your view of your own career. 

(Circle one) 

Almost entirely Largely as A Both. Largely as B Almost entirely 
as A. but also but also as B. 

partly as B. partly as A. 

1 2 3 4 5 



37. Scientists and engineers may differ widely in their .characteristic 
approach to their work - both the kinds of problems that attract 
them, and the Tway they go about the task. How closely does each 
of the following statements describe the approach you typically 
prefer to use? 

Please indicate next to each item your degree of preference 
by writing 1,2,3,4 cr 5. 

î means describes my proference completely 
2 moans describes my preference to a considerable extent 
3 n.eans describes my preference somewhat 
4 means describes my preference very little 
5 means describes my preference not at all 

a) I mainly prefer problems that will help build my 
professional reputation 

b) I mainly prefer problems that will lead to advancement . 

in my organisational status 

c) I prefer areas where I can be fairly sure of some 
acc(:table results, even though not spectacular 

d) I prefer to map out broad features of important 
now areas, leaving detailed study to others 

o) 1 prefer to probe deeply and thoroughly in 
selected areas, even though narrow ..................., 

f) I'm effective as a 'right- hand man', carrying the ball 
for a moro experienced advisor 

g) I prefer to develop my ideas inside my he.ad, before 
testing then against nature ..... . ............ 

h) I prefer to spend enough time to find general principles 
that apply to many situations ......... , 

i) I prefer to find immediate solutions to specific problems .... 

j) I find it fruitful to utilise abstract concepts 
several steps removed from direct observation 

-` simplicity -; . li'.Le to bring about order and si;p in 
chaotic or complex material 

... 

If you have any further comments following the interview 

and questionnaire could you please note them overleaf. 

Thank" you very much for your help. 



BIBLIOGRAPHY 

OFFICIAL SOURCES 

General Reports on Educational Policy 

Hi îer Technological Education, Report of a Special Committee appointed by 
the Minister of Education in April 1944, 
(Chairman: Lord Eustace Percy), 1945. 

Scientific Manpower, Report of the Committee appointed by the Lord President 
of the Council, (Chairman: Sir Alan Barlow), 
Cmd 6824, 1946. 

The Future Development of Hier Technological Education, Report of the 
National Advisory Council on Education for Industry 
and Commerce to the Minister of Education, 1950. 

Higher Technological Education, Statement of Government Policy for the 
Development of Higher Technological Education 
in Great Britain, Cmd 8357, 1951. 

Technical Education, Cmnd 9703, 1956. 

Better Opportunities in Technical Education, Cmnd 1254, 1961. 

Committee on Higher Education, Report of the Committee appointed by the 
Prime Minister, 1961 -63 (Chairman: Lord Robbins) 
Cmnd 2154, 1963. 

Appendix 2 (B), Students and their Education. 

Evidence Part 1, Written and oral evidence received by the Committee: Vols. 
B, D. 

Higher Education, Government Statement on the Report of the Committee under 
the Chairmanship of Lord Robbins, Oland 2165, 1963. 

Plan for Politechnics, Higher Education in the Further Education System, 
Cmnd 3006, 1966. 

De artment of Education and Science (D.E.S....2 

Education and Science in -- , Annual Reports of the Department of Education 
and Science, (1950- 1971). 

Statistics of Science and Technology, 1968, Joint publication with the 
Ministry of Technology, 1968. 



2 

University Grants Commission U.G.C.) 

A Note on Techno10 zy in Universities, to the Lords Commissioners of His 
Majesty's Treasury, 1950. 

University Develo iaent - Rep2rt on the Years 1947 -1952, Cmd 8875, 1953. 

University Develo ment - Interim Report on the Years 1952 -1956, Cmnd 79, 1957. 

Universit Development - 1952 -1957, Cmnd 531, 1958. 

University Development - 1957 -1962, Cmnd 2267, 1963. 

University Develo ment - 1962 -1967, Cmnd 3820, 1968. 

First Em 1 ent of Universit Graduates, 1962 -3 (19610; 1963-4(1965); 
19.4---5 19o ; 1965 -6 1967); 

(1970); 
1966 -7 (1968); 

1967 -8 (1969); 1968 -9 1969 -70 (1971); 
1970 -1 (1972). 

Advisory Council on Scientific Policy (A.C.S.P.) 

First Annual Report of the Adviso Council on Scientific Policy (191+7 -8), 
Cmd. 7171 56 , 1918. 

Second Annual Report of the Advisory Council on Scientific Polio 1948 -91, 
Cmd 7755, 1949. 

Third Annual Report of the Advisory Council on Scientific Policy_1949 -50), 
Cmd 7992, 1950. 

Fourth Annual Re ort of the Adviso Council on Scientific Polio 1950 -1 
Cmd 8299, 1951. 

Fifth Annual Report of the Advisory Council on Scientific Policy, (1951 -2), 
Cmd 851, 1952. 

Eighth Annual Report of the Advisory Council on Scientific Policy (1921:51, 
Cmd 9537, 1955. 

Annual Resort of the Adviso Council on Scientific Polio 

1957. 

Annual Report 

Report on the 

Scientific 

1956-7, Cmnd 278, 

of the Advisory Council on Scientific Policy 1957 -8, Cmnd 893, 
1958. 

Recruitment of Scientists and Engineers by the Engineering 

Industry, Committee on Scientific Manpower, 

(Chairman: Sir Solly Zuckerman), 1955. 

and Engineering Manpower in Great Britain 1956, Joint publication 
of the Office of Lord President of the Council 

and the Ministry of Labour and National Service, 

1956. 



3 

Scientific and En ineerinn. Manpower, 1959, Committee on Scientific Manpower, 
Chairman: Sir Solly Zuckerman), Cmnd 902, 1959. 

The Long Term Demand for Scientific Lían- oliver, Committee on Scientific Manpower 
and the Statistics Committee, (Chairman: Sir 
Solly Zuckerman), Cmnd 1490, 1961. 

Scientific and Technolo- ,,ical Manpower in Great Britain, 1962, Committee on 
Scientific Manpower, (Chairman: Sir Solly Zuckerman) 
Cmnd 2146, 1963. 

Committee on Manpower Resources for Science and Technology 

Review of the Scope and Problems of Scientific and Technological Man ower Folic 
(Chairman: Sir Willis Jackson , Cmnd 2800, 1965. 

mort on the 1965 Triennial Man over Survey of Engineers, Technologists, 
Scientists and Technical Supporting Staff, 
Chairman: Sir Willis Jackson), Cmnd 3103, 1966. 

Interim Resort of the Workin_ Grou on Manpower Parameters for Scientific 
Growth, Chairman: Professor M.M. Swann, 
Cmnd 3102, 1966. 

The Brain Drain, Report of the Working Group on Migration, (Chairman: 
Dr. F.E. Jones), Cmnd 3)47, 1967. 

The Education and Training Requirements for the Electrical and Mechanical 
En ineering Industries, Chairman: G.S. Bosworth), 
1966. 

The Flow into Employment of Scientists, Engineers and Technologists, Report 
of the Working Group on Manpower for Scientific 
Growth, (Chairman: Professor M.M. Swann), 

Cmnd 3760, 1968. 

Council for Scientific Policy. 

Report on Science Policy, Cmnd 3307, 1966. 

Enquiry into the Flow of Candidates in Science and Technology into Higher 

Education, 

Interim Report (Chairman: Dr. F.S. Dainton), Cmnd 2893, 1966 

Report, (Chairman: Dr. F.S. Dainton), Cmnd 354.1, 1968. 

Enuir into Loner -Term Postgraduate Courses for Engineers and Technologists, 
19o4- 5, H. Arthur , 19.5. 



14- 

Scientists and Engineers and their Choice of Jobs 1956 -1959, (Dr. D. Sheppard), 
1968. 

Occupational Choice, Science Policy Studies No. 2, (J.R. Butler), 1967. 

The Employment of Hi 1 Suecialised Graduates: a comparative study in the 
UK and USA, Science Policy Studies No. 3, 
T:.5 McCarthy), 1968. 

Central Advisory Council for Science and Technology 

Technological Innovation in Britain, 1968. 

Ministry of Technology/Department of Trade and Industry 

The Survey of Professional En ineers 1966, Joint publication with the C.E.I., 
1967. 

The Survey of Professional Engineers 1968, Joint publication with the C.E.I., 
1970. 

The Survey of Professional Scientists 1968, Joint publication with the 
C.S.T.I., 1970. 

People with Qualifications in Engineering Technology and Science, 
1959 -08, 1970. 

Report of the 7Torking Party on Relations between Universities and Industry 
in Electronics Research and Development, 
Chairman: Professor Oatley), Electronics Research 

Council, 1969. 

National Economic Development Office 

Statistics of the Electronics Industry, 1967. 

Electronic Statistics and their Sources, 1968. 

Annual Statistical Surve r of the Electronics Industry, (1969), (1970). 

Labour Losses in the Electronics Industry, 1970. 

Economic Assessment to 1972, 1970. 



5 

Qualified :'an owes in the Electronics Industry - a preliminary report, Report 
of the Electronics E.D.C. iorking Group on 

Scientific and Technological Manpower, (Chairman: 
Professor G.D. Sims), 1971. 

Department of Scientific and Industrial Research 

Engineering Design, Report of a Committee Appointed to Consider the Present 

Standing of Mechanical Engineering Design, 

(Chairman: G.B.R. Failden), 1963. 

Ministry of Labour 

Electronics, Manpower Studies No. 5, 1967. 



BOOKS AND JOURNALS 

Abrahamson, M. 

Acton Society Trust 

Ahamed, B. and 
Blaug, M. (eds.) 

Albrow, M. 

Allen, T.J. 

Allison, D. (ed.) 

Argle s , M. 

Argyle, M. 

Argyris, C. 

Armbruster, W. and 
Bodenhoeffer, H.J. 

Armitage, P. 

Armitage, P. and 
',illiams, G. 

Armytage, 

Armytage, 

Ashby, E. 

Ashby, E. 

6 

"The Integration of Industrial Scientists ", 
Administrative Science ii?arterly, vol. 9, no. 2, 
1964.. 

The Arts Graduate in Industry, London, Acton 
Society Trust, 1962. 

The Practice of Manpower Forecasting, Amsterdam, 
Elsevier, 1973. 

"The Study of Organisations - Objectivity or Bias ?" 
in J. Gould, (ed.) Penguin Survey of the Social 
Sciences 1968, Harmondsworth, Penguin Books, 1968. 

"Managing the Flow of Scientific and Technological 
Information ", unpublished Ph.D dissertation, 
Massachussetts Institute of Technology, 1966. 

The R & D Game: technical technical managers, 
and research roductivit , Cambridge, Massachussetts, 
M.I.T. Press, 19 9. 

South Kensington to Robbins, London, Longmans, 1964. 

The Social Psycholoy of Work, London, Allen Lane 
Press, 1972. 

"On the Effectiveness of Research and Development 
Organisations ", American Scientist, vol. 56, no. 4, 
1969. 

"Manpower Approach versus Cultural Approach in 
Manpower Planning ", International Institute for 
Labour Studies Bulletin No. 9, 1972. 

"Educational Planning and Manpower Needs" in 
D.J. Bartholomew and B.R. Morris (eds.), Aspects 
of Manpower Planning, London, English Universities 
Press, 1971. 

"Sketching a Scenario for British Post -Secondary 

Education in the 1980's ", in T. Green (ed.) 

Educational Planning in Perspective, London, 

Futures /IC Science and Technology Press, 1971. 

Civic Universities, London, Ernest Benn, 1955. 

The Rise of 

Kegan Paul, 
the Technocrats, 

19 5. 

y and the Academics, Technolo 
1958. 

London, Routledge and 

London, Macmillan, 

"Investment in Man", Advancement of Science, 

vol. 20, no. 85, 1963. 



Ashby, E. 

Avery, R. "r. 

Azum-i K. 

Baldamus, f. 

Ball, R.J. 

Banks, J.A. 

Banks, O. 

Baran, P. and 
Sweezey, P. 

Barber, B. 

Barber, B. and 

Hirsch, W. (eds.) 

Barber, B. 

Barnes, S.B. 

Barnes, S.B. 

Bartholomew, D.J. and 

Morris, B.R. (eds.) 

Barton, A.H. 

Bauer, R. 

7 

"Science and Anti -Science ", in P. Halmos (ed.), 
The Sociology of Science Sociological Review Mono. 
No. 18, September 1972. 

"Encultration in Industrial Research ", Institute 
of Radio Engineers Transactions on Engineering 
anagement, EM -7 No. 1, 19 00. 

Higher Education and Business Recruitment in 
Japan, New York, Columbia Teachers College, 1969. 

Efficiency and Effort: an analysis of industrial , 

administration, London, Social Science Paperbacks, 
1961. 

"Comments on Papers on Manpower Planning in Major 
Organisations ", in N.A.B. Wilson (ed.), Manpower 
Research, London, English Universities Press, 1969. 

"The Structure of Industrial Enterprise in 
Industrial Society ", in P. Halmos (ed.),The 
Development of Industrial Societies: Sociological 
Review Monograph No. 8, October 1964. 

Parity and Prestige in English Education, London, 
Routledge and Kegan Paul, 1953. 

Monopoly Capital, Harmondsworth, Penguin Books, 
1968. 

Science and the Social Order, Glencoe, Illinois, 

Free Press, 1952. 

The Sociology of Science, Glencoe, Illinois, 

Free Press, 1962. 

"Sociology of Science ", International Encyclopaedia 
of Social Sciences, (D. Sills, ed.), New York, 
Macmillan, 1977- 

"Occupational Choice and Scientific Values ", 

paper to Seminar on "Industrial Science and the 

Educational Process ", Science Studies Unit, 

University of Edinburgh, 20th -22nd September, 1968. 

"Making Out in Industrial Research ", Science Studies 

vol. 1, no. 2, 1971. 

Aspects of Manpower Planning, London, English 

Universities Press, 1971. 

Studyinci the Effects of College Education, New 

Haven, Connecticutt, The Edward Hozen Foundation, 

1959. 

Second Order Consequences: a methodological essay 

on the impact of technology, Cambridge, assach- 

ussetts, M.I.T. Press, 1969. 



Beard, R. 

Becker, H.S. and 
Carper, J. 

Becker, H.S. and 
Carper, J. 

Becker, H.S. and 
Strauss, A.L. 

Becker, H.S. 

Becker, H.S. 

Becker, H.S. 

Becker, H.S. and 
Geer, B. 

Becker, H.S., Geer, B., 
and Hughes, E.C. 

Becker, H.S. 

Beeching, Lord. 

Beer, J.J. and 
Lewis, W.D. 

Ben -David, J. 

Ben -David, J. 

Berg, I. 

Berger, P. and 

Luckman, T. 

Berlew, D.E. and 

Hall, D.T. 

8 

Research into Teaching Methods in Higher Education, 
London, Society for Research into Higher Education, 
1967. 

"The Elements of Identification with an Occupation", 
American Sociological Review, vol. 21, no. 3, 1956. 

"The Development of Identification with an 
Occupation ", American Journal of Sociology, vol. 61, 
no. 4, 1956. 

"Careers, Personality and Adult Socialisation ", 
American Journal. of Sociology, vol. 62, no. 3, 1956. 

"Personal Change in Adult Life ", Sociometry, vol. 27: 
no. 1, 1964. 

"Notes on the Concept of Commitment ", American 
Journal of Sociola, vol. 66, no. 1, 1960. 

Boys in White: Student Culture in Medical School, 
Chicago, University of Chicago Press, 1961. 

"Latent Culture: A Note on the Theory of Latent 
Social Roles ", Administrative Science Quarterly, 
vol. 5, no. 2, 1960. 

Making the Grade: The Academic Side of Colle e 

Life, New York, Wiley, 19 8. 

Sociological Work, London, Allen Lane Press, 1970. 

"Opening Address" in S.C. Brown and N. Clarke (eds.) 
The Education of a Physicist, Edinburgh, Oliver and 
Boyd, 1966. 

"Aspects of the Professionalisation of Science ", 
Daedalus, Fall 1963. 

"Professions in the Class System of Present -Day 
Societies ", Current Sociology, vol. 12, no. 3, 

1963/tß. 

The Scientist's Role in Society: A Comparative 
Study, Englewood Cliffs, few Jersey, Prentice Hall, 
1971. 

Education and Jobs: The Great Traininz Robbery, 
New York, Praeger, 1970. 

The Social Construction of Reality, London, Allen 
Lane Press, 1967. 

"The Socialisation of Managers: the Effects of 

Expectations on Performance ", Alfred P. Sloan 
School of Management Working Paler 125 -65, M.I.T. 
75. 



Bernal, J.D. 

Bibby,J. 

9 

"Public Policy and Science ", Political (Duarterly, 
vol. 38, no. 1, 1967. 

"University Expansion and the Academic Labour 
Market ", Higher Education Review, vol. 4, no. 1, 
1971. 

Bibby, J. "Rewards and Careers ", I- ïigher Éducation ?eview, 
vol. 3, no. 1, 1970. 

Bidwell, C.E. "The Young Professional in the Army: A study of 
Occupational Identity ", American Sociological Review, 
vol. 26, no. 3, 1961. 

Bittner, E. "The Concept of Organisation ", Social Research, 
vol. 32, no. 3, 1965. 

Blau, P.ì:í. et al. "Occupational Choice: A Conceptual Framework ", 
Industrial and Labour Relations Review, vol. 9, 

no. 4, 1956. 

Blaug, ':_'. "Approaches to Educational Planning ", Economic 
Journal, vol. 77, no. 306, 1967. 

Blaug, M. Peston, ïì., The Utilisation of Educated Manpower in Industry, 
and gickerman, A. London, Oliver and Boyd, 1967. 

Blaug, M. 

Blaug, M. 

Blauner, R. 

Blood, J.'::. (ed.) 

Blumer, H. 

bogdanor, V. 

Bolton, B. 

Bott, E. 

An Introduction to the Economics of Education, 
London, Allen Lane Press, 1970. 

"The Correlation between Education and Earnings: 
What Does it Signify ? ", Higher Education, vol. 1, 
no. 1, 1972. 

'work Satisfaction and Industrial Trends in Modern 
Society ", in ;i. Galenson and S.M. Lipset (eds.) 
Labour and Trade Unionism, New York, Wiley, 1960. 

The Management of Scientific Talent, New York, 
American Management Association, 1963. 

"Sociological Implications of the Thought of 

G.H. Mead ", American Journal of Sociolo ar, vol. 71, 
no. 5, 1966. 

"The Labour Party in Opposition 1951- 1964" in 
V. Bogdanor and R. Skidelsky (eds.), The Age of 

Affluence 1951 -1964, London, Macmillan, 1970. 

"Designing undergraduate courses ", in International 

Symposium on Management and Economics in the 

Electronics Industry, London, I.E.E., 1970. 

Family and Social Network, London, Tavistock, 1957. 

Box, S. and Cotg ave, S. "Scientific Identity, Occupational Selection, 

Role Strain ", British Journal of Sociology, vol. 17, 

no. 1, 1966. 



Box, S. and Ford, J. 

Marginality ", Socioloa, vol. 1, no. 3, 1967. 

Box, S. and Cotgrove, S. "The Productivity of Industrial Scientists ", 
Sociology, vol. 2, no. 2, 1968. 

"Commitment to Science: A Solution to Student 

Brayf leld, A.H. and 
Rothe, H.F. 

Broson, G. et al. 

Brown, S.C. and 
Schwartz, B.B. (eds.) 

10 

"An Index of Job Satisfaction ", Journal of lied 
Psycholor, vol. 35, no. 5, 1951. 

Patterns and Policies in Hi Cher Education_, 
Harmondsworth, Penguin, 1372. 

Scientific Man over: A Dilemma for Graduate 
Education, Cambridge, Massachussetts, M.I.T. Press, 
1971. 

Bryant, D.T. "A Survey of the Development of Manpower Planning 
Policies ", British Journal of Industrial Relations, 
vol. 3, no. 3, 1965. 

Bumas, L.O. "Engineering Occupational Choice, 1950 -65 ", 
Industrial Relations, vol. 9, no. 2, 1970. 

Burgess, T and 
Pratt, J. 

Policy and Practice: The Colleges of Advanced 
TechnoloLr, London, Allen Lane Press, 1970. 

Burns, T. "Cultural Milieux ", Mimeo, Department of Sociology, 
University of Edinburgh, 1964. 

Burns, T. and The Management of Innovation, 2nd edition, London, 

Stalker, G.M. Social Science Paperbacks, 1966. 

Burns, T. 

Butcher, H.J. 

Butcher, H.J. and 
Pont, H.J. 

Calder,N. 

Caldwell, B. 

Campbell, M.B. 

"The Comparative Study of Organisations ", in 
V..H. Vroom (ed.), I,Iethods of Organisational Research 
Pittsburgh, University of Pittsburgh Press, 197. 

"Univetsity Education" in H.J. Butcher (ed.) 
Educational Research in Britain, University of 
London Press, 19(38. 

"Opinions about Careers among Scottish School- 
children of High Ability ", British Journal of 
Educational Psycholoa, vol. 377Part 3, 190 . 

"Lord Hailsham's Strategists ", New Scientist, 
12th November, 1959. 

"The Usefulness of the Critical Period Hypothesis 
in the Study of Filiative Behaviour ", Merrill 
Palmer Quarterly, vol. 8, no. 4, 1962. 

"Non-specialist Study in Undergraduate Curricula 

of the New Universities and Colleges of Advanced 

Technology in England ", University of Michigan 

Comparative Education Dissertation Series No. 10, 

Ann Arbor, 1966. 



Caplan, G. 

Caplow, T. 

Cardwell,,D.S.L. 

Carper, J. and 
Beeker, H.S. 

Carr Saunders, A.M. 
and ';ilson, P.A. 

Carter, C.F. and 
Tilliams, B. 

Carter, C.F. and 
;Williams, B. 

Carter, C.F. and 
t;illiams, B. 

Casimir, B.G. 

Chamber, S.P. 

Christopherson, D.G. 

Cicourel, A.V. and 

Kitsuse, J.I. 

Clark, B. 

Clark, D.G. 

Clark, N.G. 

Clarke, R. 

Clements, R.V. 

11 

Principles of Preventive Psychiatry, London, 
Tavistock, 194. 

Principles of Organisation, New York, I-iarecourt 
Brace and World, 1964. 

The Organisation of Science in England: a 
Retrospect, London, Heinneman, 1957. 

"Adjustments to Conflicting Expectations in the 
Development of Identification with an Occupation ", 
Social Forces, vol. 36, no. 1, 1957 -8. 

"Professions ", Encicloraedia of the Social Sciences, 
(ed. E. Seligman , i'er York, Macmillan, 1934. 

Industry and Technical Progress, London, Oxford 
University Press, 1957. 

Science in Industry: Policy for Pro press, London, 
Oxford University Press, 1959. 

"Government Scientific Policy and the Growth of 
the British Economy ", Minerva, vol. 3, no. 1, 1964. 

"The Relation between Universities and Industry in 
the Netherlands ", in S. Brown and N. Clark (eds.) 
The Education of a Physicist, Edinburgh, Oliver 
7777777777- nd Boyd, 19 . 

"Education and Industry ", Chuter Ede Lecture 1964, 
Nature, 18th July 1964. 

The Engineer in the University, London, English 
Universities Press, 1967. 

The Educational Decision -Makers, New York, Bobbs 
Merrill, 1963. 

Educating the Expert So_czet, San Francisco, 

Chandler Publishing, 1962. 

The Industrial Lianager, London, Business Public- 

ations, 1966. 

"The Techno - Economic relationship between Industry 

and the Scientific Infrastructure - with special 

reference to the electronics industry and 

Scottish Economic Development ", unpublished Ph.D 

dissertation, University of Edinburgh, 1971. 

"Engineers, Unions and the Class Struggle," 

New Scientist, 7th January, 1971. 

Managers: A Study of their Careers in Indus, 
London, Allen and Unwin, 1958. 



12 

Committee of Vice -Chancellors and Principals, "The Place of Technological 
Education in University Studies ", Home Universities 
Conference, 1949. 

Committee of Vice -Chancellors and Principals, "Impact on the Universities of 
the Government's Policy for the Expansion of 
Technological Education ", Home Universities. 
Conference, 1956. 

Committee of Vice -Chancellors and Principals, "New Universities ", Home 
Universities Conference, 1960. 

Committee of Vice -Chancellors and Principals, "Alternatives to University 
Education/Relations between the Universities and 
Industry ", Home Universities Conference, 1962. 

Committee of Vice -Chancellors and Principals, "Universities and the Future 
Pattern of Higher Education /University Expansion 
in the Short Term ", Home Universities Conference, 
1963. 

Committee of Vice- Chancellors and Principals, "Industry and the Universities - 
Aspects of Interdependence ", Home Universities 
Conference, 1965. 

Confederation of British Industries, Report of the '.,orking Party on the 
Training and Experience Appropriate for Graduates 
Entering Industry, C.I.I., Education and Training 
Bulletin, December 1967. 

Confederation of British Industries, Industry, Science and Universities, 
Report of a Working Party on Universities and 
Industrial Research to the Universities and Industry 
Joint Committee, (Chairman: Mr. P. Docksey) 
London, C.E.I., 1970. 

Conference of Representatives from Engineering Societies of Western Europe 
and United States of America, Report on Education 
and Training of Professional Engineers, Brussells, 
EUSEC, 1960. 

Corbyn, P. and 
yield, D. 

Coser, R. 

Cotgrove, S. 

Cotgrove, S. 

Cotgrove, C. 

"Science Education in a Social Context ", 

New Scientist, 17th September, 1970. 

"Role Distance, Sociological Ambivalence and 

Transitional Status Systems ", American Journal of 
Sociology, vol. 72, no. 2, 1966. 

Technical Education and Social Change, 

Allen and Unwin, 1958. 

"Policy-making in Technical Education ", 

Education, vol. 1, no. 3, 1959. 

"The Sociology of Science and Technology", 

Inaugural Lecture, Bath, Bath University Press, 

1967. 

London, 

Technical 



Cotgrove, S. and Box, S. Science, Industry and Society, London, Allen 
and Unwin, 1970. 

Cotgrove, S. and 
Fuller, H. 

Craig, C. 

Cross, M. and 
Jobling, R.G. 

13 

"Occupational Socialisation and Choice: the 
Effects of Sandwich Courses ", Sociology, vol. 6, 
no. 1, 1972. 

The Employment of Cambridge Graduates, Cambridge, 
Cambridge University Press, 1963. 

"The English Universities - A Preliminary Inquiry ", 
Universities Quarterly, vol. 23, no. 2, 1969. 

Crozier, M. The Bureaucratic Phenomenon, London, Tavistock, 
1905. 

Cyert, R.M. and 
MacCrimmon, K.R. 

Dalton, M. 

Danielson, L.E. 

"Organisations" in G. Lindsey and E. Aronson, (eds.) 
The Handbook of Social Ps cholo , 2nd edition, 
Reading, Addison - esley, 19 8. 

Mien Who 'manage, New York, Wiley, 1958. 

Characteristics of Scientists and Engineers, Ann 
Arbor, Bureau of ndustr-i al Relations, University 
of Michigan, 1960. 

Davies, C. Changes in Subsject Choice at School and University, 
London, Weidenfeld and Nicholson, 1969. 

Davies, D.S. and "Education for Change ", Nature, 10th June, 1967. 
McCarthy, I.I.C. 

Davies, L. 

Davies, J.U.G. 

Davis, J.A. 

Davis, K. and 
Moore, W. 

Dedijer,S. 

Deutsch, A.R. 

Devons, E. 

Liberal Studies and Higher Technology, Cardiff, 
University of sales, 1965. 

"Graduates and Industry: Why the Gulf ? ", New 
Society, 24th June 1965. 

Under'raduate Career Decisions, Chicago, Aldine, 
1965. 

"Some Principles of Stratification ", American 
Sociological Review, vol. 10, no. 2, 1945. 

"International Comparisons of Science ", New 

Scientist, 20th February, 1964. 

"The C- rowing Job of Technical Recruiting" in J. 

Blood (ed.), The Management of Scientific Talent, 

New York, American Management Association., 1963. 

"Managing an Organisation" in A. Cairncross (ed.) 
Papers in Planning; and Economic Management by 
Ely Devons, Manchester, Manchester University Press, 
1970. 



Dorey, H.A. and 
Scrambler, R.D. 

Dubin, R. 

Duncan, P. 

Dupree, A.H. 

Eagles, M.R.B. 

Economist Intelligence 

Elliott, P. 

Ellis, P.D. 

Ellis, N.D. 

Emmett, D. 

14 

"Educating the Electronics Engineer ", International 
Symposium on Management and Economics in the 
Electronics Industry, London, I.E.E., 1970. 

The World of ,','ork, Englewood Cliffs, New Jersey, 
Prentice Hall, 1958. 

"From Scientist to :nager ", in P. Halmos (ed.) 
The Sociology of Science: Sociological Review 
Monograph No. 18, September 1972. 

"Public Education for Science and Technology ", 
Science, 13th September, 1961. 

"The D.S.I.R.: Public Support for Science in 
the Interr Years ", unpublished paper in the 
History and Social Studies of Science Unit, 1970. 

Unit, The Economic Effects of Disarmament, London, 
The Economist Intelligence Unit, 1963. 

The Sociology of the Professions, London, 
Macmillan, 1971. 

"The Occupation of Science ", Technology and 
Society, vol. 5, no. I, 1969. 

"The Scientific 7Torker: A Study of Qualified 
Scientists and Engineers (Q.S.E.$)", unpublished 
Ph.D thesis, University of Leeds, 1969. 

Rules, Roles and Relationships, London, Macmillan, 
1966. 

Engineering Industry Training Board, Report and Accounts, annually for 196, 
1969, 1970, 1971. 

Engineering Industry 

Engineering Industry 

Erikson, E. 

Etzioni, A. 

Yvan, W.11. 

Evan, N.Y. 

Training Board, The Training of the Professional 

Engineer, EookSet No. 5. 

Training Board, "Surveys of Trpining Cost", unpublished, 

paper. 

Identity and the Life Cycle: Selected Papers, 

Psychological Issues Monograph, vol. 1, no. 1, 

1959. 

"Organisational Control Structure", in J. 1. 

(ed.), Handbook of %ri i z s, ,_ 1: a, Chicazo, 

Morally, 1965. 

Mole Strain arad the rm of in 

Research. Organizations", Izerican 

Sociology, vol. 68, no. 3, 1962. 

"Peer ';roups interaction ami C'rzaniza wion-..:.l 

Socialisation: Study of Latour TàurraverM, 

American Sociolcgica.%. 'Review,, vo l. 23, ma. 3, 
s95". 



Evan, 

Finniston, H.M. 

Floud, J. 

Folger, J.K. and 
ram, C.B. 

15 

"The Engineering Profession: A cross Cultural 
Analysis ", in R. Perrucci and J. Gerstl (eds.) 
The Engineers and the Social System, New York, 
Wiley, 1969. 

"The Contribution of Research to Industry" in 
B. Walters and K. Hudson, (eds) Technology and 
Society, Bath, Bath University Press, 1965. 

"The Demands of Society ", in M. Reeves (ed.) 
Eighteen Plus, London, Faber, 1965. 

"Trends in Education in Relation to Occupational 
Structure ", Socio1o,y of Education, Fall 1964- 

Folger, J.K., Astin, H.S. Human Resources and Higher Education, New York, 
and Bayer, A.E. Russell Sage Foundation, Basic Books, 1970. 

Review Symposium, 

Folk, H. 

Folk, H. 

"Human Resources and Higher Education" (u.H. Form, 
R.H. Turner, S.E. Harris), Sociology of Education, 
vol. 44, no. Fall 1971. 

"The Response of Higher Education to Economic 
Needs" in Policy Conference on Highly Qualified 
Manpower, Paris, 0.E.C.D., 1967. 

The Shortage of Engineers and Scientists, Lexington, 
î._assachussetts, Heath, 1970. 

Ford, J. and Box, S. "Sociological Theory and Occupational Choice ", 
Sociological Review, vol. 15, no. 3s 1967. 

Freeman, C. 

Freeman, C. et al. 

Fryer, B. 

Galbraith, J.K. 

Gascoigne, I.M. 

Gee, C. and 
McIlwain, D. 

Geer, B. 

Geer, B. 

"Research and Development in Electronic Capital 
Goods ", National Institute Economic Review, vol. 34 

1965. 

"The Goals of R & D in the 1970's ", Science Studies, 
vol. 1, no. 2, 1971. 

"Unemployment, Myths and Science ", New Scientist, 
16th December, 1971. 

The New Industrial State, London, Hanish Hamilton, 
1967. 

"Manpower Forecasting at the Enterprise Level ", 

British Journal of Industrial Relations, vol. 6, 

part 1, 1968. 

"Electronics: a Show Case ", in A. Robertson (ed.) 

A Penguin Survey of Business and Industry, 

Harmondsworth, Penguin Books, 1967. 

"Notes on Occupational Commitment ", School Review, 

vol. 71+, no. 1, 1966. 

"Teaching ", International Encyclopaedia of the 

Social Sciences, (ed. D.L. Sills), New York, 
Macmillan, 1963. 



Geer, B, et al. 

Gerstl, J. and 
Hutton, S.P. 

Gibbs, ',,'.J. et al. 

Glaser, B.G. 

Glaser, B. and 
Strauss, A.L. 

Gluckman, M. 

Goeschel, H. 

Coffman, E. 

Goldman, J. 

Goldner, F.H. and 
Ritti, R.R. 

Goldsen, K. 

Goldthorpe, J.H. 

Goldthorpe, J.H. et al. 

Gouldner, A. 

Cowing, M. 

Green, V.H. 

Grieg, J. 

16 

"Learning the Ropes: Situational Learning in Four 
Occupational Training Programmes" in I. Deutscher 
and P. Thompson (eds.), Among the People: Encounter 
with the poor, New York, Basic Books, 1963. 

Engineers: The Anatomy of a Profession, London, 
Tavistock, 1966. 

"Postgraduate Activities in Electrical Engineering ", 
Journal of the Institution of Electrical Engineers, 
Proceedings Part I, 1952. 

Organisational Scientists: Their Professional 
Careers, Indianapolis, Bobbs Merrill, 1965. 

Status Passage, Chicago, Aldine, 1970. 

"Les Rites de Passage" in M. Gluckman (ed.) Essays 
on the Ritual of Social Relations, Manchester, 
Manchester University Press, 19 2. 

"Gearing Research into Overall Company Activity ", 
Research Management, vol. 9, no. 5, 1966. 

Asylums, New York, Doubleday, 1961. 

"Basic Research in Industry ", D. Allison (ed.) 
The R c. D Game, Cambridge, Massachussetts, M.I.T. 
Press, 1969. 

"Professionalisation as Career Immobility ", 

American Journal of Sociology, vol. 72, no. 5, 
1967. 

What College Students Think, Princeton, New Jersey, 
Von Nostrand, 1960. 

"Attitudes and Behaviour of Car Assembly Workers ", 

British Journal of Sociology, vol. 17, no. 3, 

1966. 

The Affluent Yorker: Industrial Attitudes and 

Behaviour, Cambridge, Cambridge University Press, 

1968. 

"Organisational Analysis" in R.K. Merton, L. Boom, 

and L. Cottrell, (eds.), Sociology Today: Problems 

and Prospects, vol. 2, New York, Harper, 1959. 

Britain and Atomic Energy 1939 -45, London, 

Macmillan, 1964. 

The Universities, Harmondsworth, Penguin Books, 1969. 

"Apprenticeship and Training Systems in the Radio 

Industry ", Journal of the Institution of Electrical 

Engineers, vol. 93, Part Illa, Radio, 1945. 



17 

Gulbenkian Educational Discussion 1961, "Intellectual Responsibilities and 
the Pattern of Higher Education ", Universities 
Quarterly, vol. 16, no. 2, 1962. 

Gulbenkian Educational Discussion 1965, "Higher Education for the Professions ", 
Universities Quarterly, vol. 20, no. 2, 1966. 

Gunn, L.A. "Organising for Science in Britain: Some Relevant 
Questions ", Minerva, vol. 5, no. 2, 1967. 

Gunn, L.A. 

Hagstrom, W.O. 

Hall, A.D. 
Larbalester, D.C. 
and Massey, L. 

Hall, M. 

Hall, R.H. 

"Government, Technology and Planning in Britain ", 
in D.O. Edge and N. Wolfe (eds.) , Meaning and 
Control, London, Tavistock, 1973. 

The Scientific Community, New York, Basic Books, 
1965. 

"What Advice Do Students Get ? ", New Society, 
3rd November, 1964 

"Research v. Industry ", Hi.g.her Education Stevie:-;, 

vol. 1, no. 2, 1969. 

Organisations: Structure and Process, Englewood 
Cliffs, Prentice Hall, 1972. 

Halsey, A.H. Flood, J. Education, Economy and Society, Glencoe, Illinois, 

and Anderson, C.A. (eds.) Free Press, 1961. 

Halsey, A.H. 

Halsey, A.H. 

Halsey, A.H. 

Halsey, A.H. (ed.) 

Handel, S.B. 

Handlin, O. 

I-Iansen, W.L. 

Ilarlow, C.J.E. 

Henderson, W.O. 

"University Expansion and the Collegiate Ideal ", 

Universities Quarterly, vol. 16, no. 1, 1961. 

"The Sociology of Education ", in N.J. Smelser (ed.), 

Sociology: An Introduction, New York, Wiley, 1967. 

"The Universities and the State ", Universities 

Quarterly, vol. 23, no. 2, 1969. 

Trends in British Society, London, Macmillan, 1972. 

The Electronic Revolution, Harmondsworth, Penguin 

Books, 1967. 

"Science and Technology in Popular Culture" in 

G. Holton (ed.), Science and Culture, Boston, 

Houghton Mifflin, 1965. 

"Professional Engineers: Salary Structure Problems ", 

Industrial Relations, vol. 2, no. 3, 1963. 

Defence Technolo and the Western Alliance No. 2, 

The European Armaments Base: A Survey, Parts i and 
2, London, The Institutefbr Strategic Studies, 

1967. 

"Peter Beuth and the Rise of Prussian Industry, 

1810 -1845" in T.P. Hughes (ed.) , The Development 

of ;';estera Technolo since 1500, New York, 
cmi an, i-. 



18 

Herzberg, F., Mausner, B., The Motivation to ;;cork, New York, Wiley, 1959. 
and Snyderman, B.B. 

Heywood, J. 

Hilton, D. 

"Minton, Lord. 

Bibliography of British Technological Education and 
Training, Brunel Further Education Monography No. 3, 
London, Hutchison, 1971. 

"Lack of Advice, No Enthusiasm: Results of a 
University Survey ", Choosing a Career, November, 
1965. 

Engineers and Engineering, London, Oxford University 
Press, 1970. 

Hordley, 1. and Lee, D.J. "Social Change in Technical Education ", Sociolo r, 

vol. 4, no. 1, 1970. 

Holloway, B.J. 

Holloway, B.J. 

Holloway, B.J. 

Horowitz, I.L. 

Howton, F.W. 

Hudson, L. 

Hudson, L. 

Hudson, L. 

Hughes, E.C. 

Huntington, M. 

Hutchings, D. 

Hutchings, D. 

"The Threat of Manpower Starvation ", New Scientist, 
12th November, 1964. 

"Great Expectations ", New Scientist, 20th May, 1971. 

"Higher Education and Employment: A View from the 
Interface ", in F. Jevons and H. D. Turner (eds.) 

That Kind of Graduate Do We Need ?, London, Oxford 
University Press, 1972. 

"Engineering and Sociological Perspectives on 

Development: Interdisciplinary Contraints in 

Social Forecasting ", International Social Science 

Journal, vol. 21, no.-777. 

"Work Assignment and Interpersonal Relations in a 

Research Organisation ", in C. Orth, J.C. Bailey, 

and F.W. Wolek (eds.), Mm-inistering Research and 

Develóment, New York, Tavistock, 1965. 

"Research on Intellectual Types: Artists, 

Scientists and Technologists ", Advancement of Science 

vol. 22, no. 4, 1966. 

Contrary Imaginations Harmondsworth, Penguin Books, 

l90. 

frames of ;Mind, Harmondsworth, Penguin Books, 1970. 

Men and Their Work, Glencoe, Illinois, Free Press, 

1958. 

"The Development of a Professional Self -Image" 

in R.K. Merton, G. Reader and P. Kendall (eds.), 

The Student Physician, Cambridge, Massachussetts, 

Harvard University Press, 1957. 

Technology and the Sixth Form Boy, London, Oxford 

University Press, 19 3. 

The Science Undergraduate, London, Oxford University 

Press, 1967. 



Hutchinas, D. 

Institution 

Institution 

of Electrical 

of Electrical 

19 

"First Degree Classes in Britain ", The Physics 
Bulletin, vol. 22, 1971. 

Engineers, Journal of the Institution of Electrical 
Engineersz Electronics and Power, (journal. 

Engineers, The Professional Electrical Engineers. 
The Training of Graduates, A Report of the Joint 
Committee on Practical Training in the Electrical 
Engineering Industry, 1957. 

Institute of Physics and the Physical Society, General Information Booklet 
No. 2, 1967. 
Membership Regulations and Fees, Booklet No. 3, 1967, 
The Scientific Education of Ph sicists, Booklet 
No. 8, 1967. 
Physics as a Career, Booklet 7o. 9, 1967. 

Institute of Physics and the Physical Society, Physics Education (journal), 
Physics Bulletin, (journal). 

Institute of Physics, 

Israel, J. 

Jackson, B. and 
Marsden, D. 

Jackson, Sir Willis 

Jackson, Lord 

Jackson, Lord 

Jahoda, 

Janowitz, ?.i. 

"Conference on Physics Education and Industry ", 
An impression of the Joint Royal Society - 
Institute of Physics Wbrking Party on the Relation- 
ship between University Education in Physics and 
the Needs of Industry, Paper CE /30, Institute of 
Physics, 1970. 

"Problems of Role Learning" in J. Berger, 
J. Zelditch and B. Anderson, (eds.), Sociological 
Theories in Progress, vol. 1, Boston, Houghton 
Mifflin, 1966. 

Education and the Working Class, Harmondsworth, 
Penguin Books, 1966. 

"The Partnership between Science and Electrical 
Engineering ", Inaugural Lecture, Imperial College 
of Science and Technology, 1962. 

"The Future Nationally and Internationally ", 
Engineering Societies in the Life of a Country: 

A Series of Lectures Commemorating the 150th 
Anniversary of the Institute of Civil Engineers, 
London, Institute of Civil Engineers, 1968. 

"The Magnitude of Occupational Obsolescence in 

Engineering and Science ", in S.S. Dubin (ed.), 
Professional Obsolescence, London, English 
Universities Press, 1971. 

The Education of Technologists, London, Social 

Science Paperbacks, 1967. 

The Professional Soldier, Glencoe, Illinois, 

Free Press, 1960. 



Jevons, F.R. and 
Turner, H.D. (eds.) 

Jewkes, J. 

Jobling, R.G. 

Johnson, T.J. 

Jones, G. 

Kahn, R.L. et al. 

Kaplan, 

Kaplan, H. 

Kaplan, 

20 

What Kind of Graduates Do We Need ?, London, Oxford 
University Press, 1972. 

"How Much Science ? ", Economic Journal, no. 277, 
vol. 70, 1960. 

"Some Sociological Aspects of University 
Development in England ", Sociological Review, 
vol. 17, no. 1, 1969. 

Professions and Power, London, Macmillan, 1972. 

"The Needs of Industry ", C.R.A.C. Journal, vol. 1, 
no. 2, 1964. 

Organisational Stress: Studies in Role Conflict 
and Ambiguity, New York, Wiley, 1964. 

"Organisation: Will it Choke or Promote the Growth 
of Science ", in K. Hill (ed.), The Manaement of 
Scientists, Boston, Beacon Press, 1964. 

"Professional Scientists in Industry: An Essay 
Review ", Social Problems, 1965. 

"Truth and Cliché in the Sociology of Science ", 
Minerva, vol. 9, no. 3, 1971. 

Katz, D. and Kahn, R.L. The Social Psychology of Organisations, 
Wiley, 1966. 

Kelsall, A.K., Poole, A., Graduates: The Sociology of an Elite, 
and Kuhn, A. Methuen, 1970. 

New York, 

London, 

Kelsall, R.K., Kuhn. A., "The Young Science Graduate ", Universities Quarterly, 
and Poole, A. vol. 25, no. 3, 1971. 

King, I.O. 

ülinov-Mall ul, R. 

Kogan, M. 

Kornhauser, 1. 

Knight, R. 

Krohn, R.G. 

"Science and the Professional Dilemma" in J. Gould 
(ed.), Penguin Survey of the Social Sciences, 1968, 
Harmondsworth, Penguin Books, 19g. 

"Enrolments in Higher Education as Related to 
Earnings ", British Journal of Industrial Relations, 
vol. 9, no. 1, 1971. 

The Politics of Education, Harmondsworth, Penguin 
Books. 1971. 

Scientists in Industry: Conflict and Accommodation, 
Berkeley, University of California Press, 1967---- 

"Changes in the Occupational Structure of the 
Working Population ", Journal of the Royal Statist- 
ical Society, Series A, 3, 1967. 

"The Institutional Location of the Scientist and 
His Scientific Values ", Institution of Radio 

Ennin rs ee Transactions on Engineering Management, 

EMS -$, no.3, 1961. 



Krohn, ;.G. 

Lacey, C. 

Lane, M. 

Lauman, E.O. and 
Rapoport, R.N. 

Lauwerys, J. and 
Scanlon, D.G. (eds.) 

Layard, R. 

Layard, R., King, J. 
and ;doser, C. 

Layard, R. et al. 

Layard, R. 

Layton, C. 

Layton, E.T. 

Leach, G. 

LeBold, W.K., Perrucci, 

and Howland, ' T. 

Lewis, C.G. 

Litterer, J. (ed.) 

McCarthy, M.C. 

LcCormick, K.J. 

21 

The Social Shaping of Science: Institutions, 
Ideology and Careers in Science, Westport, 
Connecticut, Greenwood, 1971. 

Hightown Grammar: The School as a Social System, 
Manchester, Manchester University Press, 1970. 

"Explaining Educational Choice ", Sociology, vol. 6, 
no. 2, 1972. 

"The Institutional Effect on Career Achievement 
of Technologists ", Human Relations, vol.21,no.3, 
1967. 

The -Jorld Yearbook of Education: Education within 
Industry, London, Evans, 1968. 

"Manpower Needs and the Planning of Higher Education; 
in B.C. Roberts and J.H. Smith (eds.) ;._anpower 

Policy and Employment Trends, London, London School 
of Economics, 1966. 

The Impact of Robbins, Harmondsworth, Penguin 
Books, 19 99. 

ualified Manpower and Economic Performances, London, 
Allen Lane Press, 1971. 

"Economic Theories of Educational Planning" in 
M.H. Feston and B.A. Corry (eds.), Essays in Honour 
of Lord Robbins, London, Weidenfeld and Nicholson, 
1972. 

Ten Innovations, London, Allen and Unwin, 1972. 

The Revolt of the Engineers: Social Responsibility 
and the American Engineering Profession, Cleveland, 
Ohio, Press of Case :'estern University, 1971. 

"Tomorrow's Engineers ", Third Programme Broadcast, 
EDO Tape TLN 10 T4873, 3rd March, 1969. 

R., "The Engineer in Industry and Government ", Journal 

of Engineering Education, vol. 56, no. 7, 1966. 

Manpower Planning: a Bibliography, London, English , 

Universities Press, 1970. 

Or anisations : Structure and Behaviour, New York, 
Wiley, 199. 

The Employment of Highly Specialised Graduates, 

Science Policy Studies No. 3, London, Department 

of Education and Science, 1968. 

"The Expert: Some Comments on the Literature on 

Scientists and Engineers ", Technology and Society, 

vol. 5, no.2, 1969. 



I:icCormick, K.J. 

i."cClelland, D.C. 

I,icGreath, M.C. 

MacFarlane, B.A. 

22 

"Models and Assumptions Underlying Manpower Planning 
in Science and Technology" in P. Halmos (ed.) 
Sociology of Science Sociological Review Monograph 
No. 18, September 1972. 

"The Role of Achievement Orientation in the Transfer 
of Technology ", in H. Gruber and D. Marquis (eds.), 
Factors in the Transfer of Technology, Boston, 
M.I.T. Press, 1969. 

"Factors Influencing Choice of Higher Education ", 
Research into Higher Education 1970, London, 
Society for Research into Higher Education, 1971. 

"The Chartered Engineer: A Study of the 
Recruitment, Qualifications, Conditions of 
Employment, and Professional Associations of 
Chartered Civil, Electrical and Mechanical Engineers 
in Great Britain ", unpublished Ph.D thesis, 
University of London, 1961. 

MacLeod, R.M. "The Social Framework of 'Nature' in its First 
Fifty Years ", Nature, Novemer 1969. 

McHugh, P. 

McPherson, A.F. 

McPherson, A.F. 

McPherson, A.F. and 

Atherton, G.F. 

McPherson, A.F. 

Maglen, L. and 
Layard, R. 

Mareson, S. 

March, J.G. and 

Simon, H.A. 

Marris, P. 

"Social Disintegration as a Requisite of 
Resocialisation ", Social Forces, vol. ) no. 3, 

1966. 

"The Dainton Report - A Scottish ", 

Universities Quarterly, vol. 22, no. 3, 1968. 

"Swing from Science or Retreat from Reason ", 

Universities Quarterly, vol. 21+, no. 1, 1969. 

"Why they become Postgraduates ", Higher Education 

Review, vol. 3, no. 1, 1970. 

"Some Methodological and Substantive Conclusions 

from a Longitudinal Study of the Educational and 

Occupational Behaviour of Scots Entering Tertiary 
Education ", in K. Svalestaga (ed.) Sociological 

Microjournal - Volume 6, University of Copenhagen, 

The Sociological Institute (forthcoming). 

"How Profitable is Engineering Education ? ", 

Higher Education Review, vol. 2, no. 2, 1970. 

The Scientist in American Society, Industrial 

Relations Section, Princeton University, 1960. 

Organisations, New York, ',Ailey, 1958. 

The Experience of Higher Education, London, 

Tavistock, 1964. 



I,:arris, R. 

:.:arquis, D.C. 

-acquis, D.G. and 
Allen, T.J. 

Maslow, A.H. 

Massie, J.L. 

Merton, R.K. 

Trierton, R.K. 

Miller, I.A. 

Miller, D.l. 

Hiller, L. and Incoe, I. 

Moon, J. 

Moore, D.J. and 
Renck, R. 

Moore, G.H. 

Morris, V. and 

Ziderman, A. 

Morton, J. 

doser, C.A. and 

Layard, R. 

23 

The Economic Theo of L :ana erial Ca italism, 
London, Macmillan, 19 4. 

"Scientists in a Technology- Oriented Organisation - 
Their Expectations, Incentives, and Career Patterns ", 
Alfred P. Sloan School of Management corking Paper 
No. 191 -66, I:_.I.T., 1966. 

"Communication Patterns in Applied Technology ", 
in H. Gruber and D.G. Marquis (eds.), Factors in 
the Transfer of Technology, Cambridge, Massachussetts 
M.I.T. Press, 1969. 

Motivation and Personality, New York, Harper, 1954. 

"Management Theory" in J. March (ed.) Handbook of 
Organisations, Chicago, Rand McNally, 1965. 

Social Theory and Social Structure, 3rd edition, 

New York, Free Press, 1957. 

"Basic Research and Potentials of Relevance ", 

American Behavioural Scientist, vol. 6, no. 9, 1963. 

"The Scientist in Industry ", Hew Society, 7th July, 
1966. 

"The Study of Social Relationships: Situation, 

Identity and Social Interaction ", in S. Koch, 

Psychology: Study of a Science, vol. 5, New York, 
McGraw Hill, 1959. 

"The Concept of Crisis: Current Status and 

Mental Health Implications ", Human Organisations, 

vol. 22, no. 3, 1963. 

"Professional Ethics and Education: A Study of 

Mechanical Engineers ", Vocational Aspect, vol. 22, 

1970. 

"The Professional Employee in Industry" in C. Orth, 

J.C. Bailey and F.W. :7olek (eds.), Administering 

Research and Development, New York, Tavistock, 1965. 

"To Create Something Original" in G. Walters (ed.), 

Technological University: An Experiment in Bath, 

Bath, Bath University Press, 1966. 

"The Economic Return on Investment in Higher 

Education in England Thies", Economic Trends, 

No. 211, 1971. 

"From Research to Technology" in D. Allison (ed.), 

The R & D Game, Cambridge, M.I.T. Press, 1969. 

"Planning the Scale of Higher Education in Britain: 

Some Statistical Problems ", Journal of the Royal 

Statistical Society, vol. 127, no. 4, 1964. 



Murray, H. and 
Armstrong, R. 

Musgrove, F. 

Musgrove, F. and 
Batock, A. 

Nature 

Nature 

Niblett, W.R. 

Nichols, T. 

Oleson, V. and 
'hittaker, E.W. 

Organisation for European 

2Z- 

"Report of a Pilot Study on the Mobility of 
Scientists and Technologists" (Personal Communication 
from Dr. H. i urray). 

"Self- Concepts and Occupational Identities ", 
Universities Quarterly, vol. 23, no. 3, 1969. 

"Swinging Scientists and Escalating Engineers ", 
Mimeo, University of Bradord, 1969. 

"Is there time for thinkging ? ", Nature, 5th 
September, 1970. 

"Graduate Employment: Revised Trends'", Nature, 
28th November, 1970. 

"Expansion and Traditional Values ", in M. Reeves 
(ed.), Eighteen Plus, London, Faber, 1965. 

Ownership Control and Ideology, London, Allen and 
Unwin, 1969. 

"Critical Notes on Sociological Studies of 
Professional Socialisation ", in J.A. Jackson (ed.), 
Professions and Professionalisation, London, 
Cambridge University Press, 1970. 

Economic Development, Policy Conference on Highly 
Qualified Manpower, Paris 1966, Paris, OECD, 1966. 

Organisation for European Economic Development, Reviews of National Science 
Policy: United Kingdom and Germany, Paris, OECD, 
1967. 

Organisation for European Economic Development, Gaps in Technology: Analytical 
Report, Paris, OECD, 1970. 

Administering Research and. Development, New York, 

Tavistock, 1965. 
Orth, C., Bailey, J.C. 

and Wolek, F.W. (eds) , 

Page, G.T. 

Pahl, R. and Pahl, R.E. 

Parkin, F. 

Parker, H.M.D. et al. 

Parsons, T. 

Payne, G.L. 

Engineering and the Schools, Oxford, Institution of 

Mechanical Engineers, 1965. 

Managers and Their Wives, London, Allen Lane Press, 

1971. 

Class, Inequality and Political Order, London, 

MacGibbon and Kee, 1971. 

Manpower: A study of wartime policy and 
administration, London, H.Lï.S.O., 1957. 

"Professions ", International Encyclopaedia of the 

Social Sciences, (ed. D.L. Sills), New York, 

Macmillan, 1968. 

Britain's Scientific and Technological Manpower, 

London, Oxford University Press, 1960. 



Peacock, A.T. 

Peck, E.J. 

Pelz, D. and 
Andrews, F. 

Perrucci, R. and 
Cerstl, J.E. 

Perkin, H. 

Perkin, H. 

Peters, A.J. (ed.) 

Pippard, A.B. 

Pippard, A.B. 

25 

"Economic Growth and the Demand for Qualified 
Manpower ", District Bank Review, June 1963. 

"Science and Technology" in R. Caves (ed.), 
Britain's Economic Prospects, London, Allen and 
Unwin, 1968. 

Scientists in Organisations, New York, 7iley, 1966. 

Profession Without Community: Engineers in 
American Society, New York, Random House, 1969. 

New Universities in the United Kingdom, Paris, 
OECD,1969. 

"University Planning ", Higher Education, vol. 1, 

no. 1, 1970. 

The Expansion of Further Education in England and 
Wales, London, MacGibbon and Kee, 1968. 

"First Degree Courses in Britain" in Brown S.C. 
and Clarke N. (ed.) , The :education of a Physicist, 
Edinburgh, Oliver and Boyd, 1966. 

"The Structure of a Morally Committed University ", 
in J. Lawler (ed.), Him er Education: Patterns of 
Change in the 1970's, London, Routledge and Kegan 
Paul, 1972. 

Political and Economic Planning, Graduates in Industry, London, P.E.P., 1957. 

Political and Economic Planning, Attitudes in British :;ìanagement: A P.L.P. 
Report, London, P.E.P., 1965 (reprinted as 
Thrusters and Slee ers, Harmondsworth, Penguin 
Books, 19 

Poole, J.B. and 

Andrews, K. (eds.) 

Porte, T. R. La, 

Posten, M.M., Hay, D. 

and Scott, J.D. 

Prandy, K. 

Price, D.J. de Solla 

Price, D.J. de Solla 

The Government of Science in Britain, London, 

Weidenfeld and _'icholson, 1972. 
"Conditions of Strain and Accommodation in 

Industrial Research Organisations ", Administrative 
Science Quarterly, vol. 10, no. 1, 175. 

Desiar and Develoment of Weapons: Studies in 

Government and Industrial Organisation, London, 

H.Iei.S.O., 19 k- 

Professional Engineers, London, Faber, 1966. 

"Is Technology Historically Independent of Science ? ", 

Technology and Culture, vol. 6, no. 4, 1965. 

"Communications in Science: The .nds - Philosophy 

and Forecast ", in A de Reuck and J. Knight (eds.) , 
Communication in Science: Documentation and 

Automation, London, Churchill, 1967. 

ri 



Purkiss, C.J. 

Pyke, R.M. 

Pym, D. 

Rapoport, R.N. and 
Rapoport, R. 

Rapoport, R.N.,Lauman, E. 
and Ferdinand, T. 

Rapoport, R.N. and 
Lauman, E. 

Rees, A. 

Richardson, V.A. 

Robbins, Lord 

Roberts, E.B. 

Roberts, E.B. 

Rogers, T.G.P. and 
;;illiams, P. 

Rose, H. and Rose, S. 

Rosenberg, M. et al. 

Rosinski, H. 

Roth, J.A. 

Rothstein, W.G. 

26 

"A Review of Manpower Planning ", Mimeo, Institute 
of Manpower Studies, July 1971. 

"A History of Scientists in England ", unpublished 
M.Sc thesis, University of London, 1961. 

"The misuse of Professional Manpower" in D. Pym 
(ed.) , Industrial Society, Harmondsworth, Penguin, 
1968. 

";fork and Family in Contemporary Society ", 
American Sociological Review, vol. 30, no. 3, 1965. 

"The Power of Choice: Careerline Decisions of 
Technologists' Class of 1961v ", (unpublished paper - 
personal communication). 

"Technologists in mid- career: Factors Affecting 
the 'ten-year out' patterns of engineers and 
scientists from three universities ", (1964 
unpublished paper - personal communication). 

"Information Networks in Labour Markets ", American 
Economic Review, vol. 55, no. 2, 1966. 

"A Measurement of Demand for Professional Engineers ", 
British Journal of Industrial Relations, vol. 7, 
no. 1, 1969. 

'aeport on Robbins ", Universities TT darter 
vol. 20, no. 1, 1965. 

The Dynamics of Researchz and Development New York, 
Harper Row, 1964. 

"Facts and Folklore in Research and Development 

Management ", Industrial L:anagement Review, vol. 8, 

no. 5, 1967. 

The Recruitment and Training of Graduates, London, 

Institute of Personnel :: anagement, 1970. 

Science and Society, London, Allen Lane Press, 1969. 

Occupations and Values, Glencoe, Illinois, Free 

Press, 1957. 

Power and Human Destiny , London, Pall ::fall Press, 19 
Timetables: Structuring the Passa e of Time in 

Hospital Treatment and other Careers, New York, 

Bobbs Merrill, 1964. 

"Engineers and the Functionalist Model of the 

Professions ", in R. Perrucci and J.E. Gerstl (eds.), 

Engineers and the Social System, New York, 5iley, 

1969. 



Rudd, E. and 
Hatch, S. 

Rudd, E. 

Sanderson, H. 

Sandford, C.T. 

Schein, E.H. 

Schein, et. al. 

Schein, L.H. 

Schein, E.H. 

Schtsetz, A. 

Schon, D.A. 

Schon, D.A. 

Scott, T.R. 

Seidman, J. 

Sharp, L.M. 

Sheldrake, P.F. 

Shera, J.H. 

Shepherd, 

27 

Graduate Study and After, London, Weidenfeld and 
Nicholson, 19677 

"Rates of Return to Ph.D.s ", 11:izher Education Review, 
vol. 3, no. 1, 1970. 

The Universities and British Industry 1850 -1970, 
London, Routledge and Kegan Paul, 1972. 

"The Integrated Course" in Eé Walters (ed.), 
A Technolof-ical University: An Ex eriment in bath, 
Bath, Bath University Press, 19 . 

Organisational PsyycholoUy, Englewood Cliffs, 
Prentice Hall, 1964. 

"Career Orientations and Perceptions of Rewarded 
Activity in Research Organisations ", Alfred P. 
Sloan School of Manaremen, 
M.I.T. 1964. 

"Management Development as a Process of Influence ", 
in H.J. Leavitt and L. Pondy, (eds.), Reading,. in 
Managerial Psychology, Chicago, University of Chicago 
1964. 

"How to Break in the College Graduate ", Harvard 
Business Review, vol. 42, no. 6, 1964. 

"The Stranger: An Essay in Social Psychology ", 
in Collected _a ers, vol. 2, The Hague, Nij,hoff, 
19 4. 

The Displacement of Concepts, London, Tavistock, 1963 

nechnology and Change, Oxford, Pergammon Press, 1967. 

"Professionals in Bureaucracies - Areas of Conflict ", 
in H. Volter and D.L. Mills (eds.), 
Profeszionalisation, Englewood Cliffs, New Jersey, 
Prentice Hall, 1966. 

"Engineering Unionism" in R. Perrucci and J. ' erstl 

(eds.), Tne Engineers and the Social System, New 
York, Wiley, 1969. 

Lducation and Employment, Baltimore, ::aryland, John 

Hopkins University Press, 1970. 

"Orientations towards Bork Among Computer 

Programmers", Sociology, vol. 5, no. 2, 1971. 

Documentation and the Organisation of Know1eIie, 

Cosby, Lockwood and Son, 19 . 

"Engineers as _arginal Men ", Journal of Enineerin.. 

Education, vol. 47, no. 2, 1957. 



Shephard, H.A. 

Shimshoni, D. 

Shurcliffe, A.W. 

Silber, E. et al. 

Silber, E. at al. 

Sims, G.D. and 
Farvis, W.E.J. 

Smith, P.B. 

Sofer, C. 

Spence, G.J. 

Stein, M. 

Stigler, G. 

Stinchcombe, A.L. 

Storer, N.W. 

28 

"Nine Dilemmas in Industrial Research ", in B. 
Barber and ,T. Hirsch (eds.), Sociooloo of Science, 
Glencoe, Illinois, Free Press, 1962. 

"Aspectt of Scientific Entrepreneurship ", 
unpublished Ph.D thesis, Harvard University, 1966. 

"Manipulating Demand and Supply of High -Level 
Manpower ", International Labour Review, vol. 101, 
no. 2, 1970. 

"Adaptive Behaviour in Competent ldolescents: 
Coping with the Anticipation of College, "Archives 
of General Psychiatry, vol. 5, 1961. 

"Competent Adolescent Coping with College 
Decisions ", Archives of General Psychiatry, vol. 5, 
1961. 

"Education, Manpower and the Electronics Industry" 
in International Symposium on Management and 
and Economics in the Electronics Industry, London, 
I.E.E., 1970. 

"Training and Developing Executives" in D. Pym (ed.) 
Industrial Societi: Social Sciences in Management, 
Harmondsworth, Penguin Books, 19 8. 

Men in Mid- Career, Cambridge, Cambridge University 
Press, 1970. 

"The Growth and Coordination of Scientific and 
Technical Manpower Studies in the U.K." in 
Polie Conference on Highly Qualified Manpower, 
Paris, OECD, 19 7. 

The Eclipse of Community, New York, Harper 
Torchbook, 1960. 

"Information in the Labour Market ", Journal of 

Political Economy, Supplement, 1962. 

"Social Structures and Organisation" in J.G. March 
(ed.), Handbook of Organisations, New York, Rand 
McNally, 1964.. 

The Social System of Science, New York, Holt 

Rhinehart and Winston, 1966. 

Strauss, A .L. and The Professional Scientist, Chicago, Aldine, 1962. 

Rainwater, L. 

Strauss, G. "Professional or Employee Oriented: Dilemma for 

Engineering Unions ", Industrial and Labour Relations 

Review, vol. 17, no. 4, 1964.. 



Swann, M. 

Taguiri, R. 

Taylor, C.;; . and 
Barron, F. (eds.) 

Thain, ` :. 

Thomason, G.F. 

Thomason, G.F. 

Thring, M. 

Turner, B. 

Turner, G. 

Universities ?uarterly 

29 

"Review of Bentley Glass The Timely and the Timeless: 
the interrelationships of Science, Education and 
Society ", New Scientist, 22nd October, 1970. 

"Value Orientations of Scientists and Managers ", 
in C. Orthy, J.C. Bailey and F.I. ',Volek (eds.), 
Administering Research and Development, New York, 
Tavistock, 1965. 

Scientific Creativity: Its Recognition and 
Development, New York, Wiley, 19o3. 

"The Employment of Scientists in Industry" in 
G. Walters and S. Cotgrove (eds.), Scientists in 
British Industry, Bath, Bath University Press, 1967. 

"The Recruitment and Selection of Scientists" in 
G. '`:alters and S. Cotgrove, (eds.), Scientists in 
British Industry, Bath, Bath University Press, 1967. 

The i:anagement of Research and Development, London, 
Batsford, 1970. 

"A Hippocratic Oath for Applied Scientists ", 
New Scientist, 7th January, 1971. 

Exploring the Industrial Subculture, London, 
Macmillan, 1971. 

Business in Britain, London, Eyre and Spottiswoode, 
1969. 

"Concepts of Excellence ", Universities Quarterly, 
vol. 23, no. 3, 1969. 

United Kingdom Association of Professional Engineers, Plan for a Profession: 
The Manifesto of UKAPE, London, UKAPE, 1970. 

The Engineers and the Price System, New York, 
Viking Press, 1922. 

Veblen, T. 

Venables, P. 

Volkhart, E.H. (ed.) 

Vollmer, H.M. et al. 

°:aller, 

Walters, G. and 

Cotgrove, S.F. (eds.) 

"Dualism in Higher Education ", Universities 
Quarterly, vol. 20, no. 1, 1965. 

Social Behaviour and Personality: Contributions 
of W.A. Thomas to Theory and Social Research, 
New York, Social Science Research Council, 1951. 

Adaptations of Scientists in Five Organisations: 

A Comparative Analysis, Menlo Park, California, 
Stanford Research Institute, 1964. 

The Sociology 
Edition, 1965. 

f Teaching, New York, Wiley Science 

Scientists in British Industry, Bath, Bath 
University Press, 1967. 



,;alters, G. 

':;arner, L. 

: atson., . 

.: eber, H. 

Weinberg, A. 

.:est, S.S. 

,.heeler, S. 

`;.1-iybrew, E.G. 

Thyte, 

Wiesner, J.B. 

:':ilensky, H.L. 

';Iilensky, H.L. 

alliams, B. 

,'illiams, G., 

Gregory, F. 

and Simpson, J. 

rilliams, R. 

30 

A Technological University: An Experiment in Bath, 
Bath, Bath University -Press, 1966. 

"The Professional Organisation "in A. Strauss and 
L. Rainwater, The Professional Scientist, Chicago, 
Aldine, 1962, 

"Social Mobility and Social Class in Industrial 
Communities" in Y. Gluckman and E. Devons (eds.), 
Closed Systems and Open Lands, Edinburgh, Oliver 
and Boyd, 1964. 

"Science as a Vocation ", in B. Barber and H. Hirsch 
(eds.), Sociology of Science, Glencoe, Illinois, 
Free Press, 1962 

"Social Problems and National Socio- Technical 
Institutes" in Applied Science and Technological 
Progress, A Report to the Committee on Science 
and Astronautics, U.S. House of Representatives 
by the National Academy of Sciences, Washington, 
D.C. U.S. Government Printing Office, 1967. 

"The Ideology of Academic Scientists ", Institute 
of Radio Engineers Transactions on Enrineerinr 
Management, EM -7, 19 0. 

"The Social Structure of Formally Organised 
Socialisation Settings" in O. Brun and S. Teeler, 
Socialisation after Childhood, New York, Ailey, 
1966. 

"Recent Trends in the Labour Market for the 
Highly Qualified", Mimeo, Department of Employment, 
Unit for Qualified Manpower, November 1972. 

The Organisation Man, Harmondsworth, Penguin Books, 
1960. 

"Technology and Society" in H. Woolf (ed.), 

Science as a Cultural Force, The John Hopkins Press, 

Baltimore, 1964. 

"Work, Careers and Social Integration ", International] 

Social Science Journal, vol. 12, no. 4, 1960. 

"The ProfessionalisatiOn of Everyone ? ", American 

Journal of Sociolozr, vol. 70, no. 2, 197.7.- 

"Science and Technology as Development Factors: 

United Kingdom ", International Social Science 

Journal, vol. 13, no. 3, 1966. 

Crisis in Procurement: a case study of the T -2, 

London, Royal United Services Institution, 1969. 

"Careers in Industry: :hat Students Think ", 

New Society, 26th ::arch, 1970. 



Wilson, B. 

Wilson, N.A.B. (ed.) 

Wolfe, N. 

31 

"The Needs of Students" in E. Reeves (ed.), 
Eighteen Plus, London, Faber, 1965. 

Manpower Research, London, English Universities 
Press, 1970. 

"Cost Escalation in Research and Development 
Activities" in D.O. Edge and N. Wolfe (eds.), 
I=ïeaning and Control, London, Tavistock, 1973. 

;Woodward, J. Industrial Organisation: Theory and Practice, 
London, Oxford University Press, 1965. 

Zalenik, A., Dalton, G., Orientation and Conflict in Career, Boston, 
and Barnes, L.B. Massachussetts, Harvard University Graduate School 

of Business Administration Division of Research, 
1970., 

Zindberg, D. 

Zuckerman, S. 

Zuckerman, S. 

"The Widening Gap: Attitudes of First Year Students 
and Staff towards Chemistry, Science, Careers and 
Commitment ", Science Studies, vol. 1, no.s 3 /42 
1971. 

"Progress towards Doubling our Scientific Manpower ", 
New Scientist, 3rd April 1958. 

"The Image of Technology ", Maurice Hubbock 
Memorial Lecture No. 4, London, 1967. 


