
AN 7.NVESTIGATION OF PROBI,EM S RELATING TO rEIECTION FOR 

SECONDARY EDUCATION IN SIERRA LEON, 

by 

E. Gordon Dunstan 

Dean of the Faculty of Science 

Head of the Department of Physics 

Fourah Bay College 

The University College of Sierra Leone 

Thesis presented for the Degree of Doctor of Philosophy 

of the University of Edinburgh in the Faculty of Arts 

August, 1961 



ACKNO' ̀TI,TDr TFENTS 

The writer wishes to express his appreciation of the 

help and encouragement he has enjoyed from many persons 

including David U. Creed - Newton, until recently the 

Director of Education for Sierra Leone; some five - 

hundred or so young Sierra Leoneans, their teachers, 

and the Principals of their schools; Science Research 

Associates of Chicago, who permitted certain liberties 

with their copyright test material; and his tutors: 

Professor John Pilley, Dr. Margaret Donaldson, and 

Nr. A.E.G. Pilliner, of the Universi ty of Edinburgh. 

ABPREVI AT IOTAS AND CONVENTIONS 

The following abbreviations have been employed: 

T.T.T. Moray House Test of Intelligence; unless other - 

wise qualified Test No. 44 is intended. 

M.H.E. Moray House Test of English; normally M.H.F. 20. 

M.H.A. Moray House Test of Arithmetic; normally 

Y.H.A. 20. 

P.M.A. Primary Mental Abilities Tests; the tests for 

ages 7 to 11 are intended unless another age 

range is mentioned. 

C/E The Sierra Leone Common Entrance Examination. 

In discussions of the significance of statistics S 

indicates significance at the .05 level, SS at the .01 

level and SSS at the .001 level. ? indicates doubtful 

significance; S ?S indicates significance better than 

.05 and approaching the .01 level. 



CONTENTS 

I Background to the study. 

II Historical background. 

III African ability. 

IV The application of the tests and the results 

obtained. 

V Reliability, differential efficiency and 

speededness of the tests. 

VI An empirical study of the reliability of 

speeded tests. 

VII Occupational status and test performance. 

VIII Regression analysis and the multiple cutting 

score method. ?. General considerations. 

IX Regression analysis and the multiple cutting 

score method. II. An empirical study. 

X The prediction of secondary school success. 

XI A study of error. 

XII Summary and conclusions. 



CHAPTER I 

BACKGROUND TO TEE STUDY 

This study, which is mainly concerned with the test performance of 

several groups of Sierra Leonean children at the outset of their secondary 

school careers, was begun and carried through for a variety of reasons. 

In the first place, the writer, during his B.Ed.course became so 

interested in the application of quantitative methods to the study of 

educational problems that he desired to carry out further work in this 

field. Unfortunately the demands made upon his time in the United Kingdom, 

first of all in the Children's Branch of the Home Office, and later, at 

the University of London, Goldsmiths' College, prevented any such activity. 

In 1953 he went to Sierra Leone as Senior Lecturer in Education in the 

Teacher Training Department of Fourah Bay College, assured of the 

opportunities for research, only to discover that the demands on his 

time were even greater, and that even if time had been available for 

research, funds were not. At that time also there appeared to be an 

objection in official circles to the introduction of psychrometric 

methods into the local schools, but later, with the coming of new 

personnel, this attitude changed. In 1955 the writer returned to the 

teaching of Physics, setting out to develop a Department of Physics 

within a newly created Faculty of Science in the growing Fourah Bay 

College which was later to develop into the University College of Sierra 

Leone. Assured of the eventual arrival of staff which would relieve him 

of some of the burden of actual teaching, he approached the Director of 

Education for Sierra Leone, and discovered a kindred spirit, a former 

physicist, also interested in quantitative methods in education, and 

asked if there were any local educational problems that would warrant 
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investigation. There was, it appeared, some concern about the Common 

Entrance Examination. Selection of boys and girls was made, on a 

nation wide basis, for entry into the very limited number of secondary 

schools, by means of a competitive examination involving a paper of 

one and on half :lours in English and two papers in Arithmetic of one 

hour and half an hour respectively. The candidates, usually numbering 

between five and six thousand were from Standard IV and upwards in the 

primary schools,( the old system of "standards" still prevails in 

Sierra Leone ), and might be of any age from about eleven years upwards. 

The entry into the secondary schools was proving somewhat heterogeneous, 

and there appeared to be a falling off in standards which was causing 

the teachers in the secondary schools, at least, some concern. The 

Director was interested in the possibility of applying objective tests, 

and, had he the time to spare from the masses of paper and the attendance 

at committee meetings which is the unfortunate lot of administrators, 

would have experimented himself. 

In spite of the shadow which had fallen on the almost traditional 

selection procedure making use of objective tests of English, Arithmetic 

and so- called "Intelligence ", the writer retained a belief, perhaps not 

surprising in a physicist, in the value of some form of objective and 

quantitative assessment of the abilities of pupils. He was well aware of 

the difficulties surrounding any attempt to apply measuring devices, 

developed within one cultural context for application to children within 

that culture, to children in a rather different cultural context. However, 

he was not entirely happy about many of the arguments. he had heard and 

read in this regard, and took the view that if a reliable objective 

measure or measures were available, and if the prognostic value of such 

measure or measures could be demonstrated, then it should be used. In 

his view the proper approach was an empirical one; he was in fact in the 
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position of believing that the traditional "eleven plus" examination 

had value within the local context, but was prepared to be convinced 

otherwise by empirical evidence. This problem is discussed later on 

this work. 

There were, however, other reasons. During the last year of the 

Second World 'gar and for some months afterwards, the writer had served 

in the Royal Air Force in West Africa, and as well as British airmen, 

hac1.had at various times several hundr =ed. West African airmen, including 

a large proportion of Sierra Leoneans, under his command. He had learned 

from these latter something of their way of life and became interested 

in the efforts of his Education Officer in attempting to teach them 

beyond the limits of "Literacy" so that they could enter for trade 

training programmes and for promotion examinations. It then became quite 

clear to him that extended psychological study would be very well worth 

while, but, apart from an attempt to apply the Goodenough "man drawing" 

test, nothing much was then possible. However the interest remained and 

was one of the factors prompting a later return to Sierra Leone. That 

return, in a teaching capacity, brought experiences which reinforced the 

earlier conviction that here lay a rich field of psychological study.... 

if only the time and the facilities could be found. Time and time again, 

in considering the work of students, not only in teacher training courses, 

but also in degree courses in physics, the vexed question of the level 

of African ability intruded itself. On more than one occasion, at meetings 

of the Faculty Board to discuss student progress, the writer was asked: 

"Look here, you are supposed to understand these things, do their minds 

work the same as ours ? ". An equally frequent question was: "Are the children 

most suited to an academic career getting into the secondary schools and 

coming on to college, or is there somewhere or other a reservoir of ability 

as yet untapped ?" Within his own physics department the writer posed his 
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level of performance in laboratory work ? ", "Why was it so difficult to 

build up in the students an interest in practical work ? ", "Why was the 

transition from first year work to the more exacting, more rigorous, 

quantitative approach of the later years so difficult ? ", "Why was it so 

difficult to get students to apply knowledge to the solution of problems, 

yet so easy for them to learn and reproduce model answers to examination 

questions ?" The writer has had the experience of marking an almost perfect 

account of the use of the simple piece of apparatus used for the measure- 

ment of electrical resistance and known as "The Post Office Box ", and 

of watching the same student spend one and one half hours in a practical 

examination on the very same problem without succeeding in connecting up 

the apparatus correctly. Questioning revealed a complete lack of under- 

standing of what was involved. This experience has proved not uncommon. 

The conviction of the need for psychological study grew. It seemed 

desirable to attempt something at college level, but even more necessary 

to begin in the schools. Accordingly the opportunity presented as a result 

of the conversations with the Director of Education was s;emed, because 

although there was nothing very original in the problem of selection 

procedure which presented itself,(apart from the fact that an entirely 

different and test -unsophisticated population was involved), there was: - 

(a) the possibility that by studying the test performance of the 

Sierra Leonean children the writer might be able to clarify his own mind 

in regard to the question of applying objective tests to African children; 

(b) the possibility that by studying the error patterns and by further 

contact with the children something might be learned about the way in 

which they tackled problems, and 

(o) the experience might crystallise problems for more detailed in- 

vestigation on some future occasions. 



5 

There is, therefore, nothing very original in the work herein 

reported; but some comfort is taken in the statement of McNemar(1949) 

in connection with levels of significance in which he refers to ".... 

psychology and the other social sciences, wherein, unfortunately,. 

repetition is not the orc.er of the day, either because it is too costly 

or because it is too ròutine to interest those who have been indoctrinated 

with the idea that no study is worth while unless it gives one a chance 

to show 'originality'." The approach is empirical, informed by a some- 

what sceptical attitude which might be verbalized thus: " X says this, 

Y says that, Z says the other; I shall try it out and see what happens." 

It was some time before the testing programme could actually be 

undertaken, for the anticipated staff which would have relieved the writer's 

teaching load failed to materialise. A further difficulty arose out of 

the lack of financial aid which forced a considerable scaling down of the 

whole project. Originally it had been planned to experiment throughout 

the country, using the whole of the child population eligible to sit the 

local common entrance examination, and at approximately the same time, 

and the cost of materials ::a.s to be met by funds available to the Director 

of Education. However, by the time that reasonable staffing prospects 

within the writer's department indicated the desirability of making a 

start, the financial situation had deteriorated so markedly in Sierra 

Leone, which is a very poor country, that even to suggest going ahead 

was impossible. It was decided to proceed on a very limited scale, and 

to hope that it might prove possible to gain financial support from the 

small research fund available at Fourah Bay College. It is regrettably 

necessary to record that not merely was no financial aid forthcoming, 

( until a much later date, when the cost of materials for reproducing 

certain tests in a form suitable for checking reliabilities by the 

method of separately timed halves as described later, was met ), but 
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active opposition to the project was experienced. This merely served 

to make the writer, supported by the encouragement he received from 

the Director of Education and the interest aroused in the schools, all 

the more determined to go ahead, even in the most limited kind of way, 

and hope that results of some value might emerge. A further difficulty 

of an unexpected character arose on return from a leave period spent 

in the United Kingdom ( when the project was discussed at Edinburgh 

to find that a Common Entrance examination had been held, (in August:) 

and that there was to be considerable delay before the next one because 

the school year, which up till then had coincided with the calendar year, 

was to be changed to conform with the normal academic year, and all the 

secondary school entrants were to have an additional two terms. The 

children in whom the writer was interested were then just beginning their 

secondary school careers, and very considerable delay was certain if 

the next Common Entrance Examination were awaited. Under these circumstances 

it was decided to experiment with as many as possible of the entrants to 

secondary schools in the Freetown area, and materials were ordered; they 

did not arrive until after the children had entered their secondary 

schools. Thus it was necessary to deal with an already selected group, 

hut it was thought better to go ahead on this rather limited basis than 

to waste more time. Subsequent experience has shown that there was some 

virtue in this decision, forced by circumstance. In the first place the 

writer soon found that he could obtain no reliable assistance and had to 

do everything himself, so that the original scheme for dealing with a 

complete group of eligible candidates might have presented an impossible 

burden, even if funds had been available to attempt it. In the second 

place the writerls department continued to remain understaffed, so that 

extensive travelling about the country became impossible. In the third 

place the physical conditions in the secondary schools, although by no 
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means ideal for testing, and in some schools, poor, were nevertheless 

superior to those obtaining in the primary schools, where, in many 

instances, they were quite impossible. 

In the pages which follow some account is first given of the 

history of education in Sierra Leone, which although not immediately 

germane to the writer's purpose, may help to give insight into the 

educational background of the children who cooperated with the writer 

in this programme. There is some discussion of the vexed question of 

African and Negro ability, and of the aims of this investigation. The 

results of the testing programme with some four hundred plus first year 

pupils in Freetown Secondary Schools follow. The question of the reliability 

and speededness of the tests when applied under local conditions is discussed 

together with the results of further experiments, carried out at a later 

date, to test the reliabilities by the method of separately timed halves. 

Sex differences in performance have been given some consideration, 

because not on17. is 'fiis a matter of some interest to the writer, but 

it is obviously a matter of some importance if, at some future time, 

local norms are to be produced. Although originally it was not intended to 

probe at all into the relationship between test performance and socio- 

economic status, re- reading of Fells's notable study of "Intelligence 

and Cultural Differences" prompted an attempt to study this in a rather 

limited way, with somewhat interesting results which at least indicate 

the value of further investigation. There follows a discussion of 

methods of analysis of the prognostic value of the tests in which 

regression analysis is compared with the "multiple cutting score" 

method, and which contains an empirical study of the two approaches. 

It was thought that this might be of some value in an area where 

statistical facilities may not be readily available. This is followed 

by a regression analysis of the results of the experiment. The account 
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concludes with discussion of the errors made by the children in 

attempting a Moray House Test of Intelligence, in which an attempt 

is made to see how far these errors are related to lack of factual 

knowledge arising out of the limitations of the children's environment 

in relation to the test material and how far the errors arise from 

failure in the process of working out a solution. In doing this the 

theories of error due to Spearman and to Selz are contrasted. In 

the light of these admittedly limited results, tentative conclusions are 

drawn about the value of the tests, and also, based on the writer's 

knowledge of local educational services, about the limitations of 

those services. 



CHAPTER II 

HISTORICAL BACKGROUND 

It is perhaps somewhat trite to rekark that Africa is a vast 

continent, but necessary in view of the glib way in which, nowadays, 

the inclusive term "African" is used to describe the inhabitants of 

that continent as if they were of common stock. Africans themselves, 

in their efforts towards political and social emancipation, have been 

among the worst offenders in this respect; the general usage of the 

term "African" is perhaps a reaction against the use of the word 

"Negro ", which, whilst of more specific connotation, is felt by many 

to carry with it somewhat degrading associations. In fact, Africa 

contains several distinct races, and within each race a multiplicity 

of tribes. There appears to be no agreement among authorities as to 

exactly how, where, and when, the separation of the main racial 

stocks, Caucasian and Negro, took place, save that it happened a 

long time ago, since both races were in existence by upper palaeolithic 

times. Fleure. (1927) believes that the " cradle of modern man" was the 

region, once temperate and fertile, occupied now by the deserts of 

Arabia and the Sahara, from which area, as it reverted to desert, man 

was forced outwards into Europe, Asia, and Africa, and the main races 

came into being. Jeffreys (1952) decides, on the basis of archaeological 

evidence, that "Africa is the only continent that shows a continuous 

occupation by man for about a million years ", but Howells (1914), 

whilst admitting the possibility of an African origin, prefers the view 

that the original home of mankind was Southern Asia, whence the white 

races invaded Europe when the last glacial regression began. He 

maintains, tentatively, that the Negritoes (Pygmies) and the Negroes 
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are derived from a common stock in Southern Asia, and spread, after 

the white invasion of Europe, to Africa and the Pacific. 

The Bushman race, very much reduced in numbers and confined to 

the Kalahari Desert and the northern part of South West Africa, is 

probably the oldest race in Africa. Also insignificant in number 

are the Hottentots of southern South West Africa and the Pygmy of 

the forests of the Belgian Congo. Of essentiallyCaucasoid extraction 

are the Hamites, about 60 millions in number, who inhabit Africa north 

of the Sahara and west of the Nile down to the north of Kenya, and 

the Semites, closely related to the Hamites, but much more recent 

iamigrants. The so- called "Half Hamites", perhaps half a million in 

number, occupying a strip of country running down the centre of East 

Africa, show the physical characteristics of the Hamites slightly 

modified by Negro characteristics. The true negroid races are the 

Bantu, about 50 millions, inhabiting most of Africa south of the 

"Bantu line" which runs irregularly from the Rio del Rey to the Juba 

river, the Nilotic Negroes or Nilotes, about 10 millions,occupying 

the Sudan and the region southwards to Lake Victoria and westwards 

to the Cameroons, and the Negro, about 50 millions, occupying the 

region south of the Sahara from the Senegal river to the Cameroons. 

It is to this last group that the bulk of the population of Sierra 

Leone belongs. 

Sierra Leone is a small country, one of the group of former 

British West African Colonies or Protectorates which, at the time 

of writing, has just attained political independance. It occupies an 

area of about 28,000 square miles,(minute in comparison with the size 

of the continent), round about latitude eight degrees north on the 

western coast of Africa, and appears to be known to the "man in the 

street" of the Western World primarily as the site of "The White Man's 
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Grave ", a description now hppelessly out of date. It is mainly an 

agricultural country,(although iron ore, manganese, and diamonds, 

are produced), suffering from outmoded agricultural practices which 

it is difficult to change because of the conservatism of native farmers, 

and with an impoverished soil, the result of the periodical leeching 

by torrential rains during the rainy season, and the traditional 

native agricultural practices already referred to. It is.one of those 

regions which nowadays are referred to as "underdeveloped areas ", 

facing the enormous problems of consolidating its political independence 

and securing an honourable place in a competitive world. 

Historically, however, it may justly be claimed that Sierra Leone 

has an importance. quite out of proportion to its size or its economic 

productivity, for it was here that the first attempts at the resettle- 

ment of freed slaves were made, here the earliest efforts at a system 

of formal education on avowedly English lines, not merely elementary, 

were made in West Africa, and here were educated the majority of those 

West Africans who have played a major part in raising the cultural 

standards of the British ;rest African Colonies and in leading those 

countries to political independence. 

The Phoenicians and later, possibly about 500B.C., the .Carthaginians 

under Hanno, reached West Africa, but the Poitugeuse in the 15th Century 

were the first to attempt to open up the area. Pedro da Cintra gave the 

country its name "Leoness Serra Lyoa" when he saw the rugged and wild - 

looking mountains of the Colony Peninsula ( an anomalous feature on the 

generally flat and featureless West African coast), which, from some 

points of view from the sea have the appearance of a crouching lion, 

and around which, at the beginning and at the end of the rains, the 

roaring of lions is sometimes dramatically simulated by tropical 

thunderstorms. The Potuguese were followed by Dutch,French,and English 

traders interested in elephant tusks, cowhides, beeswax and gold, and 
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later, in slaves. The first English slave shipment was made by Sir John 

Hawkins in 1562 from Tagrin on the Sierra Leone River. Slave factories 

were set up here, as at other points along the West African Coast, there 

was considerable rivalry amongst the various traders and the Dutch and 

the French sacked the English factories. DeRuyter inscribed his name 

on a rock at "The Watering Place!' in 1644, and thus produced Sierra 

Leone's most ancient monument. This "watering place ", situated at 

King Jimmy wharf in Freetown, was well known in those days to navigators 

along the west coast as a "place of excellent water, continually running "; 

it was used by Drake on his way home after circumnavigating the globe 

in 1580. 

The eighteenth Century saw the growth in England of opinion against 

the slave trade; emancipation measures gave rise to a considerable 

problem of vagrancy and Granville Sharp, who had been prominent with 

Wilberforce in agitation against slavery, conceived the idea that it 

would be wiser to return the "Black Poor!_" to Africa than to try to support 

them on charity in England. His scheme received enthusiastic public 

support and in 1787 some three hundred and fifty "colonistsr were landed 

at the spot which is now Freetown and settled on land purchased from 

local chiefs to found Granville Town. This settlement lasted a mere two 

years for the town was burned by the Temne, one of the larger tribes 

of Sierra Leone. In 1791 Sharp sent out Falconbridge to revive the 

Colony: he could trace only 64 of the original settlers. In the same 

year the Sierra Leone Company, formed by Sharp and his friends, received 

its charter and united with the United Kingdom Government to send out 

supplies and recruits to the colony. These recruits were former American 

slaves who had fought on the British side daring the Revolutionary War 

and who had been transported to the quite unsuitable region of Nova Scotia 

on the cessation of hostilities. There were 1,196 of these "Nova Scotians" 
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to whom were added in 1800 about five hundred and fifty Jamaicans, 

known as Maroons, who had also been exiled in Novia Scotia following 

an uprising in Jamaica. The town rebuilt, on the site of Granville 

Town in 1792 was named Freetown, and a new chartergave the Sierra Leone 

Company the right to initiate laws and to establish a police force; 

in Freetown they established a Mayor, Aldermen, and Councillors, and 

set up a Maijoral Court.. The :.region around Freetown is known as the 

"Colony" ( a: small area of 256 square miles out of the total area of 

27,925 square miles, the remainder of which was later to become a 

Protectorate) and is the only one of the British West African Settle- 

ments that is a true colony in the sense that it consists of an alien 

population settled on foreign shores. These early settlers were 

"literate sober Christians, with English (perhaps corrupted) as their 

mother tongue. Maria Falconbridge tells that on landing they had . 

seven distinct sects with non -conformist leaders. The first Governor 

respected them, and sought their advice." L Easmon (1961) 7 Most of 

them had, or had adopted English names and wore European clothing, and 

to this day their descendants, when they can afford it, and when by 

training they should know the value of more rational dress under local 

conditions of temperature and humidity, persist in wearing morning dress 

to church on Sundays: and force their children to dress in a similarly 

unsuitable manner ( the "Eton" suit is still seen in Freetown on 

Sundays). Culturally the settlers were closer, through long association, 

with the Whites than with the indigenous population and sought to remain 

apart, considering the "locals" to be savages. To the native the settlers 

were something of a puzzle. clearly racially akin to themselves, but 

culturally "white men ", and there was friction. To the settlers were 

a. ded over the years many Africans freed from slave ships, possibly 

70,000. These, rather remarkably, for their background was dissimilar, 
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were assimilated to the Settlers; the "Liberated Africans" as they were 

called "were made over into at least nominal Christians with a European 

culture pattern "Little (1951)2. They were given English names, and 

in time swamped the original settlers; the present day Freetown 

population is largely descended from them, :iñ..cluding the majority of 

the children in this study, as is witnessed by the writer's records, 

for apart from the occasional "Kamara" or "Koroma ", the nominal roll 

is made up of familiar names like Davies, Pearce, Macauley, and even 

an O'Reilly: 

The provision of schooling dates from 1809; the civil estimates 

for that year include the sum of 2300 for the expenses of six teachers, 

male and female. This early effort seems to have been directed largely 

towards the children of "Liberated Africans ", for the sum was administered 

by the "Liberated African Department" which was responsible for the care 

of liberated slaves. By 1841 six schools had been set up and the 

Department was also responsible for "apprenticing" the children from 

these schools to people in the Colony. However, the major educational 

effort is due to the Missionary Societies; the Church Missionary Society 

began its work in the Colony in 1806, the Wesleyan Methodist Mission 

following five years later. Although the Missions were primarily 

concerned with evangelisation they found it necessary in Sierra Leone., 

as they did elsewhere, including the Home Country, to provide some 

measure of schooling, not only to "raise the level" of the people, but 

also to facilitate the process of religous instruction. The aim of the 

missionaries was to make schooling available to those for whom there 

was no government provision. The report of 1841 of the Inspector of 

Schools in Sierra Leone recognised two categories of schools, those 

for children shipped into the Colony and those for children born in 

the Colony; the Mission Schools fall into the second category. This 
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report shows also that in addition to the shhools for liberated 

Africans there were "eight government schools of colony children, 

which were by their nature more permanent ". The missionary effort was 

the greater however; the report of a Commissioner, sent out by the 

British Government in the same year of 181+1 to examine local conditions 

and report to a Select Committee of Parliament, gives the following 

figures : - 

Mission No. of Schools No. of Chn. 

22 2,821 

esleyan 13 1,541 

These schools were situated not only in Freetown, but in villages in 

the Colony peninsula having familiar names: Gloucester, York, Kent. 

It is not the purpose of this account to give a detailed history 

of the growth of education in Sierra Leone, but to provide information 

which will give something of the background of the children who co- 

operated in this study. More important than dates is some estimate of 

the kind and quality of the schooling which was provided. The schools 

suffered from the difficulty of the absence of a corps of trained teachers 

just as in the case of the Voluntary Schools in Britain at that time. 

The system adopted was the monitorial system, together with the "Infant 

School System" in some schools. A distinction was drawn between 

"schoolmasters" and "teachers "; the former were in charge of schools, 

the latter were, in effect, monitors.. The same inspectorial report 

referred to above gives the following description of the scene in a 

Mission School: 

" The Lancastrian method is here to be seen carried out in 

all its regularity; and the school is a very busy and 
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noisy scene, where a great deal of mechanical attention 

is enforced, and where, undoubtedly a good deal is engraven 

on the memory. The reason and observation of the pupils 

are at the same time opened and exercised, and knowledge, 

sometimes of a general kind, imparted in a more familiar 

and effective manner by the method of giving and requiring 

from the pupil explanations of what is read or repeated 

as the lesson proceeds - a precious exercise of the young 

faculties, equally agreeable to the teacher and interesting 

to the pupil, which ought, undoubtedly to be resorted to 

more than it is; and which, if limited with discretion, and 

not allowed to usurp the time due to task -work, or to 

degenerate into unprofitable digression and minuteness, is, 

at a certain age in particular, worth all other forms of 

instruction ". 

The same inspector however is critical of the over -emphasis of 

religious teaching which is always a danger in schools provided by 

religious organisations: he writes of "the scriptural and devotional 

reading and repetition which at present excludes almost everything 

else from the Sierra Leone Schools" and suggests that this over- 

emphasis will produce either a boy who develops a "fanaticism and 

religious presumption "or a boy who reacts strongly away from 

religion when he leaves school, and wastes his youth "imitating the 

amusements and vices of the Europeans ". The writer does not wish to 

appear antagonistic to the efforts of the Missionary Societies in 

educational work in Sierra Leone, in fact he would stoutly maintain 

his respect and regard for work done under difficult, conditions, 

often at great risk to life and health, but he would maintain that 

this (understandable) overemphasis has produced exactly the result 
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which the inspector forecast. 

The Commissioner of the same year is critical of the methods 

used; he speaks of "too much of a mere teaching of words, and a 

neglect of the knowledge of things, and too little employment of 

the faculty of thinking, and of instruction in habits of industry." 

Elementary education within the Colony developed largely through 

voluntary effort with Government aid, with increasing Government 

financial assistance and control, but it has continued to wear the , 

characteristics described above. Other voluntary bodies have added their 

contributions, notably the Roman Catholics and an American organisation 

now known as The Evangelical United Brethren. An approach is now being 

made to a decentralisation whereby local authorities ( or native 

administrations in the Protectorate) will take over responsibility for 

primary education. But primary education is not compulsory and fees 

continue to be charged. ilevertheless "approximately 8% of the 

Colony children are receiving some sort of formal education." 

Secondary education in the Colony area began in 1845 with the 

opening of the C.M.S. Grammar School for Boys, and an equivalent 

school for girls which later, as a result of a substantial bequest, 

became known as "The Annie Walsh Memorial School ". The boys school 

was originally organised in two classes; the curriculum of the upper 

class included composition, recitation, writing, English history, 

geography, astronomy. mathematics, Greek, Bible history, the Thirty - 

Nine Articles, and music.The curriculum of the lower class was the sa:_e 

except for mathematics and Greek. The girls school drew pupils from the 

village schools who showed promise of developing into teachers. 

However the real aim appears to have been the creation of a middle class; 

the Governor, writing to the Imperial Government in 1844 says of the 

projected schools that they " will be the means of establishing a new, 
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most important and influential grade in the society of Sierra Leone 

among which the husbands, the wives and the domestic intercourse of 

the middle classes of England will, for the first time., find 

representatives in Africa." (Ingham (1894)2. The Sisters of St. 

Joseph of Cluny opened the Convent and School of St. Joseph in 

Freetown in 1866 and this school carried out work at secondary school 

level, although the primary and secondary departments were not separated 

until forty five years later. The Wesleyan Methodist Mission opened 

a secondary school for boys in 1874. A similar school for girls, which 

rejoiced in the name "The Wesleyan Female Institution" was opened 

by a company of shareholders and was not actually taken over by the 

Mission until 1901. It is now better and more euphemistically known 

as The Methodist Girls High School or more simply as M.G.H.S.; the 

practice of using the initials of a title is as well developed in 

Sierra Leone as it is in Her Majesty's Services. The Evangelical 

United Brethren (E.U.B.) opened a school for boys in Freetown in 1904, 

called the Albert Academy; the original purpose of the school was to 

train boys for the Ministry and for service in the schools of the 

Mission. In 1922 a Roman Catholic secondary school for boys, 

St. Edward's School, was created out of the secondary classes of a 

former, largely primary St. Edward's School, and in 1925 the only 

government secondary school in Freetown, the Prince of Vales School, 

was formed out of a group of secondary classes attached since 1919 to 

the Government Primary School in Freetown. In 1926 a private secondary 

school for girls, aiming at providing an education which "combined the 

best academic standards with an essentially West African training and 

background ", called the Freetown Secondary School for Girls (F.S.S.G ) 

was opened. All of these schools have participated in one way or 

another in this study, and the writer cannot speak too highly of the 
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kindness.with which he has been received into them and of the interest 

shown in the work he was trying to do. 

The secondary schools were, and continue to be academically 

oriented. This was, and continues to be, a strong basis of criticism. 

The pioneers of secondary education had to face the criticism that 

"they would do better to concentrate on teaching the Africans to work 

with their hands rather than to encourage false notions of the superior 

worth of white collar occupations, which would only fill the country 

with a half educated arrogant class, with no real productive value." 

The objective of the Missions, however, was that of building up a better 

informed class who would be " leaders in Church and State ". It should 

be realised that, to the credit of the Missions, that objective was in 

some measure attained, for during the second half of the nineteenth 

century these schools educated those who were to prove themselves the 

leading citizens, not only in Sierra Leone, but also throughout 

British West Africa. But this has not been achieved without the full 

realisation of the dangers pointed out in those early days. There is 

now an over -evaluation of book learning and a despising of productive 

labour which may prove to be the biggest obstacle to the progress of 

the Country. The objective of the schools is the "School Certificate 

Examination" (orits equivalent) and the intense seeking after "education" 

which is characteristic of the social scene, amongst all classes, is a 

seeking after a paper qualification which will provide both status 

and entry into a secure appointment (preferably "in Government "). 

Although this study was carried out in the Colony it is worthwhile 

saying a little about conditions within the Protectorate and the 

development of education there. As elsewhere along the West African 

coast, once the Missions had established bases in the coastal areas 

they tended to push into the hinterland. Here was a region in many 
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respects the antithesis of the colony, in those days probably very 

little different from the primeval forest. Communication was difficult 

and the people tended to live in small villages under a chief; groups 

of chiefdoms constituted tribes, of which culturally and linguistically 

distinct groups there are thirteen in Sierra Leone today. There was 

almost constant feuding which seems to have been carried on to obtain 

slaves to work the rice farms and to serve as a medium of exchange. 

Life was communal, the family important; above the family the chief- 

dom and above that the tribe. "Secret Societies" exerted considerable 

influence over the people; the societies were at one and the same time 

political party, religious order, and medium of education. Chiefs 

probably derived their power from membership of the inner circle, 

control was exercised through magic and "medicine ", and through training 

programmes and initiation ceremonies the youth of the tribe attained 

adult status and tribal membership. Many of the practices of the 

secret societies are abhorent to Europeans and must have been particularly 

so to missionaries; ritualistic murder can hardly be condoned. On the 

other hand it must be realised that such societies were an integral 

part of the social structure and did fulfil an important educational 

function. [see, for example, Lewis (19514) and Little (1951 )J. 
The early penetration of this region, apart from that of the 

missionaries, was for trade, in which the Creoles of the Colony were 

prominent. Not until after the Berlin Conference of 1885 was there any 

serious attempt to extend British influence inland, but after 1885 there 

was considerable activity in making treaties of friendship, culminating 

in Governor Cardew's expedition of 1896 which resulted in the 

proclamation of a Protectorate. The advantages of a protectorate were 

not apparent to the native chiefs who became discontented as a result 

of the prohibition of slave dealing and inter -tribal war, and the 
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imposition of a tax of ten shillings per hilt. To them taxation to 

provide revenue for development was incomprehensible and it was 

interpreted as tribute to a new master who clearly had no right to 

it because he had not conquered. It is clear also from a subsequent 

Inquiry that the enforcement of the new order was tactless and the 

behaviour of the newly formed Frontier Police Force tyrannical. The 

Temne Chief Bai Bureh revolted and was dealt with so ineffectively 

that there was a general uprising which developed into war - The 

Hut Tax War. This uprising, carried out simultaneously throughout 

the Protectorate resulted in complete surprise and the almost complete 

extermination of Europeans and "contaminated Africans" (Creoles and 

Christian converts) throughout the Protectorate. The uprising was 

effectively suppressed, and the outcome of subsequent enquiry was 

the introductiòn of the system of "indirect rule ", popularized by 

Lord Lugard (1922) and applied later elsewhere. The Missions returned, 

commercial organisations were restored and expanded, a railway was 

started to open up the country and trade flourished. Alldridge, 

writing about it in 1 909 called his book "A Transformed Colony ". 

Primary education developed slowly; by 1936 missionary bodies 

maintained 80 schools in the Protectorate which were assisted by 

Government to the extent of £3,837, and a further 86 schools which . 

received no Government assistance at all. This represented only a fraction 

of the effort needed if universal primary education be regarded as the 

yardstick, for only 9,828 children out of a total child population 

of school age of about 330.000 were on the school books. 

There was, however, one development of considerable importance. 

In 1905 Government started a school for the sons and nominees of chiefs 

at Bo, the largest township in the Protectorate, some 136 miles from 

Freetown. The policy behind this experiment was the opposite of that 



22 

adopted. with "Liberated Africans ". It will be recalled that the " 

"Liberated Africans" were assimilated to the European culture pattern 

even to the wearing of unsuitable European clothing; at Bo the boys 

were to be kept African, and the situation was chosen in the interior 

to keep the boys away from the evil influence of Freetown. The boys 

1;ore "country gowns" of native weave and were housed in native round- 

houses, each of which had its "headman" and seven inhabitants. At 

meal times they ate their native "chop" country fashion from a single 

bowl placed in the middle of the room. The education consisted of the 

simple rudiments of for_r_al schooling together with a practical 

programme including farming, building, road making, bridge building, 

and other manual arts. Patriotism and loyalty to the Tribe were encouraged; 

there was moral training but no religious instruction. According to 

reoorts from visitors in years subsequent to its foundation, the school 

was an unqualified success; it was felt that the maladjustments resultant 

from the other type of education had been successfully overcome and 

that a new day 1.ould dawn for Sierra Leone when these boys became 

chiefs. L Alldridge (1909); Phelps Stokes Report (1922)J. 

Perhaps the educational tragedy of Sierra Leone is best summed up 

by saying that today Bo School, with new buildings provided by the 

Colonial Development and Welfare Funds is a Government secondary school 

for boys performing exactly the same function as the secondary schools 

of Freetown and the newer Government secondary schools in the provinces, 

of preparing students for paper qualificat.ons, whilst the country, 

which once exported rice, the staple diet of the people, now imports 

it at considerable expense from Italy. 

By 1954. some 28,228 Protectorate children were receiving formal 

education of some kind, possibly eight per cent of the children of 

school age. 
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CHAPTER III 

AFRICAN ABILITY 

Discussion of racial differences in ability, like the discussion 

of many other problems in differential psychology, is always accompanied 

by the danger that in drawing comparisons one may give offence. Nobody 

feels hurt by the assertion that the planet Jupiter is very much larger 

than the earth or that the atomic mass of Uranium is greater than the 

atomic mass of lead. Such facts are too remote from the everyday lives 

of ordinary men and women to give rise to an emotional reaction. It is, 

however, only a few hundred years since the assertion that the earth 

moves round the sun offended men's susceptibilities to such an extent 

that judicial action was taken against offenders. The subject matter 

of psychology is of direct concern to ordinary men and women and the 

assertion that one race or class is superior to another race or class 

is likely to meet with opposition. In so far as this leads to further 

investigation (as has been the case) this is all to the good, but it 

is to be hoped that a day may come when such matters can be viewed 

dispassionately, as we can now view the heliocentric orbit of the 

earth.or the atomic mass of Uranium. Francis Bacon said that "nature 

to be commanded must be obeyed "; it is only by acceptance and sub- 

mission to "irreducible and stubborn fact" that a measure of control 

can be attained, and if race X is superior to race Y (on the whole) 

in a certain direction Z, it is just as well to know and accept that 

fact and to act in accordance with it. 

There is no disagreement over certain physical divergences. between 

African and European stock: pigmentation, facial characteristics, the 

more numerous sweat glands of the African, are inherited. On the 

psychological side opinions differ. Myrdal (1944) maintains that the 
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presumption that because there are physical differences between Negroes 

and whites there must also be psychological differences does not necessarily 

follow. "Everything we know about development in the individual 

indicates that specific psychic traits, especially personality traits, 

but also the components of intelligence, are not present at birth and 

do not 'maturate' but actually develop through experience." He goes on 

to argue that "underlying capacities" are never directly observed and 

even if there were hereditary differences in these it would still not 

be necessary for empirically observable traits and capacities to differ 

at all between the two races." 

Morant (1952) takes a different view. He says: "there seems to 

be no reason why the general rule regarding variation within and between 

groups should not apply to mental, as well as to physical, characters. 

If variable characters of the former kind showed identical distributions 

for all racial populations, that would be a situation unparalleled, as 

far as is known, as regards any physical character in man or:.in any other 

animal. It seems to be impossible to evade the conclusion that some 

racial differences in mental characters must be expected. Existing 

evidence may not be extensive and cogent enough to reveal them, but it 

must be inferred that some exist." Morant, in effect, argues that even 

if observable differences in mental characteristics cannot yet be found, 

they must be there, whereas Myrdal argues that even if hereditary 

differences in "underlying capacities" exist, there is no reason why 

there should be any observable differences: 

It seems reasonable to the writer that there should be differences 

in the physical structure and organisation underlying "empirically 

observable traits and capacities ". Since, so far, no reliable evidence 

exists for complex behaviour without some form of neural organisation, 

it is necessary to assume some connection between neural structure and 
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organisation and behaviour; this is not to exclude the possibility 

of experience modifying structure, as it certainly modifies organ- 

isation. Sequeira (1932) has pointed out that the epidermis and the 

cerebral cortex both derive from the embryonic epiblast, that 

ethnologists regard skin colour and hair as the best criteria for 

differentiating the various races and goes on: " it should therefore 

not be surprising on embryological grounds to find differences in the 

characters of the cerebral cortex in different races." A certain amount 

of -,pork has been done on the comparative morphology of the brain and 

the histology of the cortex. Bennington (1912), Vint (1934) and 

Gordon (1934) have carried out comparative studies of brain size and 

agree in finding the African brain smaller. Pearl (1,ß34), Simmons (1942), 

and Connolly (1950) have obtained measurements in the same direction 

in the case of American Negroes. Such studies, whilst of interest in 

themselves throw very little light on the problem, since the correlation 

between intelligence and head size is, according to Penrose (1949)only 

0.1 to 0.2. The average brain capacity of European women is only 0.9 

of that of European men, yet there is no evidence of difference in 

average intelligence. Studies have also been made of fissuration, 

notably by Connolly (1950), and whilst various sulcal features were 

found to occur with different frequencies in different racial populations, 

little is added to our meagre knowledge of neural structure in so far 

as it affects intellectual behaviour. 

Vint's work on brain size has been supplemented by his work in 

cortical histology. He measured the thickness of several laminae of the 

cortex and compared the averages with those established for Europeans, 

and found differences. Of some importance is the fact that the supra - 

granular layer reaches only 84 of European development, and Lhat this 

layer is the last to be evolved. Cell counts on sections from different 
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sections of the cortex failed to show any-differences. Vint's somewhat 

remarkable conclusion " from both the average weight of the 

native brain and from measurements of its pre - frontal cortex I have 

arrived, in this preliminary investigation, at the conclusion that the 

stage of cerebral development reached by the average native is that of 

the average European boy of between 7 and 8 years of age" has been 

severely criticized on the ground that his results were derived from 

the study of the brains of natives who died from unspecified diseases, 

and that the comparison was made with normal Europeans. This criticism 

seems both just and sound. 14evertheless one point of interest emerges 

in that Vint points out that the increase in cortical thickness after 

birth, in Europeans, takes place as a result of the conversion of 

neuroblasts into neurones, chiefly in the supragranular layer, and that 

in the African brains he studied there were immature cells and that it 

was impossible to say whether these would mature under more favourable 

conditions of life and education. There is here clearly a rich field 

of research for those qualified. to carry it out. 

On the psychological side comparative studies have been made using 

various kinds of "intelligence" tests, which are of particular interest 

in relation to this study, but which have not escaped considerable 

criticism. Generally such studies have been motivated by the desire to 

seek genetic differences: the criticism is such that in this regard the 

search must be regarded as fruitless so far. 

Fick (1929), working in South Africa, tested Zulu children of 10 

to 14 years of age with the American Army Beta Test, and compared the 

results with those obtained from white South African children. . î. 

average of only 1.25 reached or exceeded the medians, at similar ages 

of the white children. Oliver (1932) used a battery of non -verbal group 

tests in East Africa, testing 93 African schoolboys. of average age 192 



27 

years and 124 European schoolboys of average age 15 years. Only 11+ 

of the Africans reached or exceeded the European mean and the African 

mean was 85¡% of the European mean. His conclusions, which are based 

partly on the brain studies of Vint, referred to above, are as follows: 

" (i) There are not sufficient data to establish definitely 

how the abilities of natives of East Africa .come are with_ 

those of Europeans. As far as the data go, however, they 

seem to suggest 

(ii) that the average. cerebral and mental development of 

natives of East Africa is in the neighbourhood of 8% 

of that of Europeans, and 

(iii) that a certain percentage of East African natives equal or 

excel the average European in cerebral and mental 

development." 

Further work by Fick was published in 1939 concerned with "The 

Educability of the South African Native ". Fick refers to the limited 

experimental and objective data available and affirms that the "unanimity 

of the data compensate for their fewness" in leading to the conclusion 

that "around the ages of 13 and 11+ native children are from !F to 5 

years inferior to European children in educability as gauged by the 

results of intelligence tests''. He regards the conclusion as confirmed 

by additional data which he presents, and continues: " Although all 

the facts regarding the educability of the Native may not be in, the 

available objective data point to a marked inferiority on the part of 

the Native in comparison with Europeans. The inferiority occurring in 

certain tests in which learning or environmental conditions are equal- 

ized for the Native and European groups does not appear to be of a 

temporary nature ". 

Fick's work is of interest if only because of the considerable 
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criticism which it has provoked, notably from Biesheuval (1943), 

whose monograph is no longer generally available. Fick's data are not 

in dispute, the criticism centres on the conclusions he draws from the 

test performances reported, and on his assertion that learning and en- 

vironmental conditions were equalized for the two groups. Biesheuval 

adopts the working hypothesis that there is a general factor of ability, 

g, and certain broad special abilities or group factors; he regards his 

position here as more akin to Thomson than to Spearman. Differences in 

intelligence are due to differences. in the amount of g and differences 

in the number, kind, and development of the broad special abilities or 

group factors. Limits of development are determined in respect of both 

g and the group factors by "genetic make up ", but "whereas the full 

realization of g is dependent only on certain general environmental 

conditions, that of the special abilities is dependent chiefly on 

specific training and cultural conditioning." Biesheuval holds that 

environmental influences exercise both an intrinsic and an extrinsic 

effect on test intelligence. 

Extrinsic Effects are those resultant from the unsuitability of 

the tests employed and from the strangeness of the test situation; 

strange and unfamiliar test material, the possible effect of being 

unaccustomed to test techniques, difficulties with the language medium, 

unfamiliarity with the symbolism employed and strangeness of the cultural 

content, are included in this category. 

Intrinsic Effects are those which influence intelligence itself. 

"Thought processes, perceptual habits, specific skills and interests 

which are peculiar to a particular culture and are not found in other 

cultures" are examples of qualitative intrinsic effects; quantitative 

aspects of environmental intrinsic influences are those which affect 

rate of growth and ultimate capacity. 
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In the light of this position, and making use of data derived 

from many of the well known investigations concerned with "Nature and 

Nurture" ( such as those in the 27th Yearbook of the National Society 

for the Study of Education), Biesheuval examines the extent to which 

cultural, home, school, nutritional, and temperamental factors influence 

the growth of intelligence, with special reference to the native child 

population of South Africa and reaches the conclusion that when all of 

these factors are taken into account the decrement in average I.Q. 

might well be 30 points and that this would account for the retardation 

found by Professor Fick. The writer finds himseJ..1' in complete agreement 

with Biesheuval, both as regards his basic hypothesis and his finding 

that many environmental factors influence the growth of "intelligence2 

and performance on tests of intelligence, but is somewhat dubious about 

the way in which each of the environmental effects is lumped with the 

others; it by no means follows that if inadequate home conditions 

depress the I. by x points and inferior conditions in school depress 

it by y points that the two together will depress I.t:. by x + y points; 

a great deal of experimental evidence will be necessary before such a 

conclusion can be drawn. However, this is not the main point of 

Biesheuval's study; it is clear that although Fick's data are probably 

correct the conclusions he draws from them are unwarrantable. On the 

basis of Biesheuval's reports of environmental conditions Fick's contention 

that " learning or environmental conditions are equalized for the 

Native ana European groups" cannot be maintained, and it is clear that, 

in the present state of our knowledge, and with our present techniques, 

inter -racial comparisons of innate ability cannot be made. 

Before proceeding further with this discussion it is of some 

interest to see something of the results of investigations into Negro 

ability in America. Although in parts of Brazil and Dutch Guiana African 
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cultural patterns have endured with little change, the tendency in the 

United States has been for the Negro to make himself into a "good 

American ", so that, in principle such groups might be expected to 

prove good control groups in determining how far the differences 

observed in Africa are, or are not, innate. iaany early investigations 

were thus motivated but more recently there has been a growing ap)reciation 

of the complexity of the problem which is well expressed in Klineberg's 

(1950) words: "The historl of the mental testing of ethnic or racial 

groups may almost be described as a progressive disillusionment with 

tests as measures of native ability, and a gradually increasing realiz- 

ation of the many complex environmental factors which enter into the 

result." A summary by Klineberg (194) of studies using intelligence 

tests shows an overall median I.Q. of 102 (range. 85 to 108) in 18 

studies of American white populations and an overall median Ieti. of 

e6 (range 58 to 105) in 27 American Negro studies. The position is 

summarised by ïiyrdal (1944): " Most studies of intelligence show that 

the average Negro in the samplg if judged by performance on the test 

is inferior to the average white in the sample, and some studies show 

that the average Negro has certain specific personality differences 

from the white man " Nevertheless there is a considerable overlap of 

scores, and the conclusion of Klineberg (1950) that " the net result 

of all the research that has been carried out in this field is that 

there is no scientific proof of innate racial differences in intelligence; 

that the obtained differences in test results are best explained in 

terms of factors in the social and educational environment; that as 

the environmental opportunities of different racial or ethnic groups 

become more similar, the observed differences in test results also tend 

to disappear " is seen to agree with that of Biesheuval. 

The writer well recalls an essay he wrote (too many years ago to 
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remember) as a postgraduate diploma stucent of education in which he. 

sought to maintain that one of the functions of the school was the 

development of intelligence: tis was returned to him with comment to 

the effect that "g" was innate, that the school could use it, but could 

not increase it. The comment was of course well in line with the 

psychological climate of the time. ,., ?e have come a long wary since those 

days; it seems to the writer that, a priori, there must be both 

individual and racial differences in the physiological machinery which 

underlies the manifestations of intelligence; the observation of 

Sequeira mentioned above supports that; but the results of the many 

studies of the relation. between socio- economic status and intelligence, 

for example, and speculative theories, such as Hebb's (11949) neuro- 

physiological theory have re- emphasised the importance of learning. 

One cannot read Hebb's account of the difficulty of learning to recognize 

a triangle in the case of persons who were born blind and later had their 

sight restored, without realising the profundity of the early learning 

experiences of children, and how much later learning must depend upon 

the establishment of the "phase sequences" or whatever other neuro- 

physiological structure serves a similar purpose. It seems highly prbable 

therefore, that whatever innate differences in original equipment may 

exist between individuals and between races is such overshadowed in 

importance by the quality and èxtent of the experiences invoking the 

use and organisation of that equipment, and that, for all practical 

purposes, the search for innate differences is, at present at any rate, 

of little value. That matters in practice is the ability which can be 

brought to bear on the practical problems of life, and this is measured 

by tests in so far as the tests can be shown to have validity in the 

given context. There is evidence, as Biesheuval (1952) says, that 

" the effective intelligence of Africans, in terms of ability to reason, 
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to make adjustments to the needs of Western technological society 

and to profit by higher education, is appreciably below the mean of 

European communities ", and, if it is important for Africans to be 

able to reason well, to make adjustments to the needs of Western 

technological society and to profit by higher education, there is 

little point in doing anything other than making improvements in 

those conditions which experiment shows to be probable determinants of 

the ability to make those adjustments. 

In the opening address to the International Conference on Science 

in the Advancement of New States (15th August,1960), W.A. Lewis had 

something pertinent to say about education. He very rightly pointed 

out that underdeveloped countries cannot afford the same level. of 

ex)enditure upon education as the more developed countries; " they 

have to choose and their problem is what to leave out ". He continued: 

the current fashion is to spend lavishly at both ends of the scale, 

and to neglect the middle; to spend lavishly on university education 

and on attaining the goal of universal primary education, while 

neglecting secondary education in its various forms The big 

educational bottleneck in many of these countries is at the secondary 

level. They need agricultural agents, nurses, laboratory technicians, 

practical engineers, elementary school teachers, bookkeepers,secretaries, 

and a stream of other such people, whose normal training is a secondary 

education, followed by from one to three years in a vocational school, 

or by in- service training. The number required is at least five times 

the number of university graduates required. And the graduates cannot 

do their jobs unless they can find secondary school products. through 

whom to work." In a country such as Sierra Leone, where the national 

income is limited and where demands are made upon these meagre resources 

by all the social services, which stand in need of considerable extension 
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and development, the provision of universal secondary education is not 

at present possible. The problem of selecting the most promising 

pupils in the primary schools for secondary education is therefore 

an important one, much more so than in the case of a country like 

England, where, in principle, there is secondary education for all and 

provision for transfer of pupils from one type of secondary education 

to another. Granted all that has been discussed above about the extrinsic 

and the intrinsic environmental factors which affect test performance, 

the writer has long been of the opinion that many of the objections to 

the use of objective tests of the kind found in England and. other 

-:destern countries with African children are not well founded when,as 

is the case in Sierra Leone, the medium of education is the English 

language and the type of education given in the secondary schools 

approximates, however feebly, and whether rightly or wrongly, to that 

given in English Grammar Schools, and is oriented towards a qualification 

such as The 'Zest African General Certificate of Education. 

The main aims of this investigation are therefore: - 

(i) to find out if well known examples of such tests can be 

reliably used, 

(ii) to find out if they have any validity as predictors of 

success in the secondary education at present provided, 

(iii) to find out if differential aptitude batteries have any 

differential predictive value at the age of selection, 

(iv) to examine the kinds of error made, in order to see if 

the relatively depressed scores which were expected 

( and found ) arise largely from language difficulties 

such as inadenuate knowledge of words, or whether they 

arise from inadequacies in the method of attacking 

problems. 
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CHAPTER IV 

THE APPLICATION OP THE TESTS AND THE 
RESULTS OBTAINED. 

The Tests Used. 

It was decided to apply a typical English 11+ selection battery, 

consisting of Moray House Tests of Intelligence, English, and Arithmetic 

to all children, boys and girls, who had just entered the Freetown 

Seconds.- Schools, in so __ar as supplies of materials permitted, and 

to include with this some other objective test material, preferably consist- 

ing of a relatively large number of short, different tests, which could 

be used in the empirical study of the Multiple Cutting Score Method 

(Chapter VI). Another reason for including this additional material was 

interest in "differential aptitudes ". 

Vîhilst the tendency in Great Britain, in practice if not always in 

theory, has been to follow the tradition set by Spearman of regarding 

intelligence as a unitary trait exemplified by a "central intellective 

factor, g ", with such group factors (verbal - educational, numerical, etc) 

as were found necessary, the tendency in America has been to adopt a 

more "anarchical" approach, and Thurstone (1938), for example, has sought 

"primary mental abilities". As Bennett (1952) puts it: "Since the 1920's 

there has been a growing recognition of the need for measures of many as- 

pects of mental ability. The research and theories of Thorndike, Kelley, 

Spearman, Thomson, Thurstone, and others have made us increasingly aware 

that so- called intelligence is not a unitary trait - it iscomposed of 

many abilities, which are present in different individuals in varying 

amounts. A student may have excellent verbal facility, yet lack numerical 

or mechanical aptitude. A test which contains items which measure several 

of these aptitudes, but yields only a total score, obscures almost as 

much as it reveals of the true potentiality of the student ". Two notable 

tests, or rather batteries of tests, based on this principle are available, 
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the Primary Mental Abilities Tests, of Science Research Associates, 

Chicago, which are the direct outcome of investigations by the Thurstones, 

and the Differential Aptitude Tests of the Psychological Corporation, 

New York. 

The Science Associates' Primary Mental Abilities tests have suffered 

some criticism on account of their speededness, which affects their 

reliability; this aspect is investigated later. They are probably less 

reliable than the Differential Aptitude Tests, which are longer. The 

The Differential Aptitude tests too, are intended for grades 8 to 12 and 

would therefore probably prove too difficult for the children to be tested. 

The Primary Mental Abilities Tests are available in forms suitable for 

children from 5 to 7 years of age, from 7 to 11, and from 11 to 17 years 

of age, and thus appeared to be more suitable even if less reilable. It 

was not easy, in the absence of any previous testing history to decide 

between the P.M.A. tests for ages 7 to 11 and those for 11 to 17. It was 

conceivable that children at the beginning of a secondary school curriculum 

aimed at the General Certificate of Education might be very near, or 

might even surpass the ceiling of the 7 to 11 tests, on the other hadd 

they might find the 11 to 17 version much too difficult. Bearing in 

mind the results obtained by other investigators in other parts of .-.frica, 

and bearing in mind that if the P.M.A. 11 to 17 tests proved difficult, 

so also might the Moray House Tests, it was decided to put the major 

effort into the use of the P.M.A. 7 to 11 tests, but to try out the 11 to 

17 tests in one school. It may be said here and now that the 11 to 17 

tests were tried out in the three First Forms of one school and were found 

to be much too difficult; insufficient items of the tests at this level 

were attempted to provide reliable marks at all, and it is fortunate that 

the somewhat pessimistic guess that the tests for the lower age group 

would be most suitable, was ruade. 



36 

The tests in the P.M.A. 7 - 11 battery, described in terns of 

excerpts from the manual and with the times involved are as follows: 

Verbal Meaniiì - "The ability to understand ideas expressed in words. 

This ability is usually the most important single index of a child's 

potential for handling school work." Verbal meaning is measured by a 

synonyms testwhich presupuoses the ability to read and to understand 

the words, and which takes eight minutes, and a picture test, taking an 

unspecified time, since in this test the examiner reads a word and the 

children mark a picture corresponding to the word, and the timing can 

therefore be adjusted to the rate at which the children work. This test 

is alleged to be useful in the case of children who have á reading 

difficulty. The words used throughout the verbal test are simple 

straightforward words. The authors say: "Almost all of these words occur 

in the Kindergarten Union List. Very few are as high as second grade 

difficulty in the Free Association Study'. These tests are denoted through- 

out by the abbreviations V (for the words test) and V (for the oi cture 

t es ). 

ti'oa CO _. 
r_-_ 

-- i,e a._i 11t7 to ','":lálLE>_"_o CvUllt objects in two or 

three dir_7ensi ons." The test is made up of sou thirty problems in 

which five figures ara riven; f l-ora amongst the- last four one has to be 

selected which will make the first f i;ure a complete square. The test 

occupies seven minutes of actual testing time; it is denoted by the 

abbreviation S. 

Reasonir - "the ability to solve logical problems, to foresee and "pan." 

Leasoning is measured by two tests, one based on words in which, from a 

group of four words, the "one that does not belongs' has to be found, 

and one based on diagrams or figures, in which, again, "the one that does 

not belong" has to be found. The two tests are denoted by 
RR 

(words) and 

RF (figures) and occupy six minutes and eight minutes respectively. 
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Pe-rcation (Perceptual Speed) - "the ability to recognize likenesses 

ana differences between objects or symbols, quickly and accurately." In 

this test, from a group of four diagrams or stylised pictures, two 

identical ones have to be found. The test, denoted by P, takes five 

minutes; it is highly speeded. 

Number - "the ability to work with numbers and to handle simple 

quantitative problems rapidly and accurately." This test, (N) which 

makes use of a series of simple addition :.roblems, also takes five 

minutes. 

All instructions are given orally, the standardised form of instruct- 

ion being carefully designed to make sure that children understand what 

to do. Practice examples are given at the beginning of each test. Normal 

administration times for the complete battery are said to range from 

60 to 75 minutes, but in this administration 90 minutes was a more usual 

figure since extra time was taken over the explanations, in order to make 

sure that no child was penalised through not having understood exactly 

what to do. 

The P.M.A. tests are available only in test booklet and separate 

answer sheet form; this was found to introduce no c9i f :_ iculty. The test 

booklet is well printed, and proved highly attractive to the children, 

who were with great difficulty restrained from going through the booklet 

(at other than the proper time) to "see what comes next ". 

In normal use the scores are converted into "factor scores" from 

which "mental ages" and "quotients" may be obtained. No use has been made 

of this procedure in this investigation since we do not know even that 

these concepts are applicable, or, eüen if they are applicable, that the 

norms on which they are based, are applicable. Raw scores only have 

been used. 

Moray House Tests are well known as well standardised, highly re- 
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liable tests. The tests of arithmetic and English are straightforward 

objective tests of ability in these subject matter fields, having at least 

high "face validity ". The Intelligence test is a verbal group test of 

intelligence, sam-oling many types of intelligence test problems: synonyms, 

antonyms, analogies, code words, series, etc. The actual tests used 

were: - 

Arithmetic M.H.L. 20 (40 minutes) 

English M.H.E. 20 (40 minutes) 

Intelligence M.H.T. 44 (45 minutes). 

The administration of M.H.T. )1)1 was preceded by practice test P.P.7. 

Again norms obtained with English children were not used. 

The Children 

Rather more than 400 children cooperated in this part of the study.. 

They were all first form entrants into Freetown Secondary Schools; four 

boys' schools and four girls' schools participating. There are no co- 

educational secondary schools in Freetown. 224 girls and 206 boys attempted 

the P.M.A. tests which were administered first; 218 girls and 195 boys 

attempted the Moray House Tests which were administered a month later. 

The average age of the girls, at the time of taking the Moray House Tests 

was 159.89 completed months with a standard deviation of 15.23 months. 

The average age of the boys was 163.66 completed months with a standard 

deviation of 19.02 months. The girls group is therefore slightly younger, 

and chronologically more homogeneous. The whole group therefore has an 

average age of approximately thirteen and one half years, and includes a 

small minority of older boys and girls of 180+ completed months. The 

writer was informed in one boys' school that had he carried out his work 

some two years earlier he would have had results from one comparatively 

elderly gentleman of 20 years in his records! Some writers have remarked 

that "the African never knows his age ". This is frequently the case, 
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particularly among adults. However, in the Colony area a system of 

registration has been in force for some time and it is believed that 

the ages are reasonable reliable. In the testing programme, age and date 

of birth had to be recorded four times and the records were consistent 

in most cases; in doubtful cases a check was made against school records. 

The most likely source of error would arise from the presence of boys and 

girls from "up Country" who would be less likely to know their ages. 

General Organisation and Conditions. 

As soon as sufficient materials were available, with the cooperation 

of the Director of Education, a meeting with the Principals of the 

Secondary Schools was arranged. At this meeting the programme was explain- 

ed, cooperation was readily offered, and a time table, convenient both to 

the schools and to the investigator was drawn up. It was not possible 

to arrange for all children to carry out the tests at the same time, since, 

at that date, there was no hall, readily available and conveniently situa- 

ted, which could house all the children. It was also doubtful whether 

satisfactory invigilation could be arranged. The children were there- 

fore tested in their own classrooms in groups of about thirty. In this 

way it was possible for the writer to carry out the whole of the programme 

by himself. This also had the advantage that, with small groups it was 

possible to observe the behaviour of the children in order to see if any 

were unduly distressed or excited in any way. Although the tests were 

of a kind which the children had not encountered before, they appeared 

to settle down to the tasks very well indeed; there were no indications 

of undue stress whatsoever. Prior to the giving of instructions about 

the testing procedure, a few minutes were spent in general conversation 

with each group, discussing tests and examinations generally. Each group 

was told that each test would be found to contain a very much larger number 

of questions than was usually found in a school test, but that it was 
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possible to deal with this large number easily because the labour of 

writing out answers was avoided; it was also explained that a large number 

of questions was in general very much faire-2, s ___ce :.s very 

much better chance of finding something one knev4 Discussion on these 

lines appeared to be very well taken, and it was not uncommon at the end 

of a session to have to spend more time with interested groups who wanted 

to know more about the programme. No disciplinary problems arose, and the 

contacts with the boys and girls are remembered as interesting and 

enjoyable experiences. 

The physical conditions varied; they were better than any that could 

have been found in the primary schools, but generally not as good as 

would be found in most schools in the United Kingdom. Accomodation was 

limited, and in some instances the spacing of desks was not adeguate for 

testing purposes; it was however necessary to accept what was offered. 

Noise was frequently a disturbing factor. On one occasion the programme 

was enlivendd by a brass band practising .in the neighbourhood; on another, 

in a room situated against a boundary wall separating the school from a 

densely populated area, by a rather long drawn out wailing session whilst 

a parent administered chastisement to a small child. It is, however, 

noteworthy that noise did not seem to worry the children unduly, and sub- 

sequent enquiry supported this. However the conditions were nOt ideal, 

(and this probably had some effect on the reliabilities of the tests) but 

were as good as could be obtained with the resources available. 
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Results of the 'Testin Program aInne. 

The general level of performance is shown in Table IV.1 for the 

S.R.A. Primary 'lehtal -lbilities (7-41) tests, and in Table IV.2. for the 

Moray House Tests. Each table shows the average raw score for each school, 

the average raw score for girls, with the standard deviation, the average 

and standard deviation for the boys, and the overall average and standard 

deviation. 

Table I\T.1 

Mean Raw Scores on S.R.A. Prima Mental 
Abilities Tests. 

V S R RF P D? 

Max: Raw Score 36 37 27 27 27 50 52 

Girls' School A 19.55 14.69 10.56 16.13 17.54 15.74 35.20 

B 21.67 15.07 11.25 16.18 17.6o 17.25 36.27 

C 19.82 t3.44 11.20 16.28 17.98 16.20 38.32 

D 20.74 15.28 11. , 16.47 18.33 18.57 35.21 

All Gir1s (Id_224) 20.0+ 14.66 16.26 17.86 16.95 36.17 

Boys' School A 2052 15.34 13.10 16.00 17.64.. 18.28 34.91 

B 21.50 15.11 12.43 14.99 17.57 16.95 38.68 

C 23.36 16.60 14.82 17.22 18.)12 17.78 36.78 

D 17.2 1 .27 12.36 1.82 19.00 16.41 35.36 

All Bo s 1<-206 21.22 1 .55 1 .80 17.9 1 .47 36.81 

Bo s and Girls 20.81 1 .09 12.12 16.0 17. 0 17.20 647 

S. D.(Girls) 5.30 2..89 4.33 3.15 3.54 6.05 6.31 

S. D. BOVs) 6.17 4.36 4.61 3.52 3.60 6.10 5.54 

S.D. Boys 87. Girls 11111/11 .6 ,- 3.3 3.57 6.08 6.16 
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Table 1_V .2 

Dean Rawl Scores on xdórpv 
!puse 

" 7;_'l:;' Sc.aoo)- 

LET ! p 

30.30 

30.24 

31.00 , . : . . _ . .. 

31 ._: ` 3 1 . é 
. 

_ _ 1..,_ ,:1- c' : _°--_I. 

ors' .:cï.lool 31.15 26.66 44.54 

,_, 29.92 27.23 45.08, 

C 37e25 33.00 47.70 

D 2r 27 20 1 3°.3 _.._._..._,. _ .. . . _ . _ 

.2.,.l 92Ls___ _QL_= 196) 31.54 27.73 44.92 

L_ ßoTs and Girls 
I? 

= 1T13) 31.68 2974 43-22 

i 

S. D. (Girls) 10.81 12.55 11.45 

S. D _FOú's) .... 13'36 ? 3 
S. D. .:Boys and Girls 12.09 13.02 12.14 

12.80 

If we accept as a criterion of the suitability of the standard of 

a test that the mean hark of the whole group should be of the same order 

of magnitude as half the maximum possible score, then on the whole, the 

P.M.A. (7.11) tests are of about the right order of difficulty, but the 

i.oray house Tests are too difticult. Exceptions to this are the space 

test and the perception test in the P.H.A., which produce very low mean 

scores, and arithmetic in the Moray House set, which, on this criterion 

appears a little less difficult than the Intelligence Test and the English 

Test. The maximum possible score on I.H.E. 20 is 120, so that this test 

is relatively the most difficult for this group. A surprising result is 
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that for V 
P 

where the level of performance is much below that of V ; 
T,7 

it might have been supposed that a picture test would produce better 

results, in fact, the use of a picture test was urged upon the writer by 

many persons in discussion, but not by any who had had local experience. 

In the writer's opinion this result is a reflection of the verbalised and 

ritualistic primary education to which the children in thisexperiment 

have been exposed. 

The low mean score on the space test was not unexpected. Biesheuvel 

(1,952) found that the means of the Koh's Blocks aid Cube Construction 

tests were low in the case of a group of ilfrican children of ages 12-45 

years in comparison with the scores of an equal group of white children, 

although there was no significant difference in the case of the Passalong, 

ïaze and i atch Tests, and this may indicate a low ability to manipulate 

spatial relations. This is borne out by general experience; the writers 

own students reveal this lack in their laboratory classes. It must not 

however be assumed on the basis of this depression of test scores that 

any innate defect exists; that would be to go beyond the evidence, especia- 

lly in view of the fact that it is only recently that toys such as 

building blocks, jig saw puzzles and various kinds of constructional kit 

have made much impact on local child life. Then too it must be remembered 

that there is little place given in primary education to drawing or 

"doing ". The writer remembers one case in which a young primary school 

teacher, who had sufficient strength of character to advance beyond the 

local technique of (more) talk and (less) chalk to ask children to draw 

an illustration connected with the subject of her lesson, was soundly 

berated by a parent for permitting such waste of time and waste of exercise 

books which "cost plenty ". This too is indicative of the prevailing 

Creole attitude; the "educated" man must not demean himself by any sort 

of manupalitive activity, he must have a servant to do it for him. There 
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is a rich field for investigation here, but something much beyond a 

testing programme is needed. If some philanthropist could be persuaded 

to endow a number of primary schools lavishly equipped with toys demand- 

ing spatial manipulation, and if parents could be persuaded to allow 

in 
their children to remain them long enough, the outcome, in a decade, 

might be quite remarkable and might be the means of infusing new life 

into the moribund system of primary education now prevailing. 

Figures, and mean scores in Particular, are without significance 

unless some basis of comparison is implicit in them, or made explicit. 

The following comparison is made with full knowledge of the difficulties 

(mentioned earler) which arise if the performance of children in one 

culture is compared with the performance of children in another culture. 

In order to have a unit of measurem6nt, a ''standard" must be defined. 

The only basis of comparison here then is with the normative samples on 

which the tests were standardised. In the case of the P.M.A. tests, 

from the raw scores and the standardisation data in the manual a "mental 

age" may be found. Similarly from the manuals for the Moray house Tests 

we may find the age of the children in the standardisation sample who 

are reckoned to have a quotient of 100 and who achieve the same raw score 

as the mean of our experimental group. We may, with reservation, call 

these the "equivalent mental r.. es". To say that a child of chronological 

age 13 and I.û, 100 has the same "mental age" as a child of 10 and I.Q 

130, is misleading if it is to be understood as implying that the two 

children have the saine kinds of "mind ", or that they have equivalent 

"minds ". Without further analysis it can be taken as meaning no more 

than that the children attain the same level of performance on a particu- 

lar test, and that is the sense in which the term "equivalent mental age" 

is used here. The "equivalent mental ages" are shown in tables IV.3 and 

N.4. 
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Table IVA 

Equivalent Mean 1!ental Ages_ of Experimental 
Group on P.M.A. Tests. 

Vw V S RV, RF P N 

Girls 10-4 9-7 7-0 9-7 1.0-0 8-10 10:11 

Boys 10-5 9 -9 8 -10 9-)- 10-0 8 -10 11-0 

Bo, s & Girls 10 -r -8 8--2 9-6 10-0 8 -10 10-11 

Ages in Years and Months: 10-6 =10 years 6 months. 

Table IV.1+ 

Equivalent Mean Mental . es of Experimental 
Group on M.H. Tests. 

M.II.T.1Eh M.H.E.20 M.H.A.20 

Boys 10-6 10 -3 11-6 

Girls 10 -6 10-6 11 -5 

Boils and Girls 10-6 10-4 11-6 

It will be observed that the verbal VV and the verbal intelligence 

test, M.H.T. 1i1, give the same result, 10 years 6 months, showing that 

the level of performance is about the same as that of children chronolo- 

gically 3 years younger in the standardisation group. This is rather 6«a 

than the results obtained by Fick (1939) who, in the case of South 

African native children "around the ages of 13 and 1Li' found that they 

are "from 4 to 5 years inferior to European children in educability as 

gauged by the results of intelligence tests ". The experimental group is, 

however, a highly selected group and it seems probable that its mean scores 

on the various tests will be higher than those of the total child 

population of the same age ranee, so that the effective depression in 

in verbal score is probably greater than 3 years. 
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The performance level on the :''foray souse .:;nglis(l test is sli tly 

below the performance level on i,I.r.T. )1)1, by about 2 months, but the level 

on the Eoray House Arithmetic Test is (whilst still depressed) better by 

about one year. It seems evident that this represents the effect of 

nimary school teaching: it is a relatively easy Latter to drill pupils 

into behaviour patterns productive of moderate scores in arithmetic. 

Elsewhere it is suggested also that the Common Entrance Examination is 

too heavily loaded with arithmetic, and would, therefore, select those 

children who had acquired greater facility in arithmetical operations. 

The result for the P.M.A. "N" test is in line in the sense that the 

retardation is less than for the verbal test, but the relative improve- 

ment is only hall' that found with M.H.A. 20. The P.M.A. number test is 

confined to simple addition problems, and this makes the result somewhat 

surprising. The M.H.A. 20 involves problem arithmetic also; possibly 

the relative superiority in performance on M.H.A. 20 is the most 

encouraging feature of the performance. 

The low space test (s) scores have already been discussed. Possibly 

the low scores on perception (i') are probably related in some way, for 

although the inter -correlations of the P.M.A. test are low, the 

correlation between S and P is among the highest of these (0.34.17, see 

correlation matrix, table%4 ) . As already mentioned, the P test requires 

the candidate to select two identical figures from among four similar 

figures for each item, a task which is not in itself difficult but which 

in this test has to be carried out quickly. Altogether 50 items have 

to be dealt with in five minutes. The writer has had no experience in 

applying this test to large numbers of children of European origin, but 

in the one or two instances inwhich he has tried it out it seemed to 

present no great difficulty - in one case with a six year old girl. The 

majority of the boys and girls in this study had very few errors, the 
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difficulty seems to lie in combining speed with accuracy. Since the first 

testing, one or two other children have been tested who were able to 

attempt all of the items, but this seems exceptional. This test, incident- 

ally, appeared to be the most popular, and certainly the best remembered 

of the tests. There is clearly much opportunity for investigation here. 

Perhaps the most disturbing of the low scores are those for the 

two reasoning tests, R and RF. Each involves fundamentally the same 

process, each item being concerned with finding that one element out of 

four given which "does not belong" with the other three, the R 
yr 

test 

using words, the RF test using diagrams. The mean P1, score is better 

than the mean R score, and this is consistehtly the case from school to 
4J 

school, the excess being about equivalent to half a year of "mental age ", 

which suggests some language handicap, but even so, the mean "equivalent 

mental age" on RF of ten years is disturbing. There is no doubt whatever 

that the nature of the problem was understood. The test provides in 

each case three practice examples which are to be discussed orally, with 

blackboard demonstration, and it was found that by the time the first 

example had been discussed the majority of children were ready with and 

had, in fact, recorded the answers for the other two. 

There is a general consistency from school to school Which lends 

confidence to the result (certain indications of sex differences are 

discussed later) which is in line with the results of other investigations 

quoted in the previous chapter. It is obviously desirable to follow this 

group of children through their school careers to see if the more stimu- 

lating teaching of the secondary schools effects any improvement. This 

is clearly a long term programme which the writer would like to have 

followed through had he been remaining in Freetown. However, it did 

become possible later to carry out some tests with a fourth form group 

of boys in one school, boys who were, on the average some three years 
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older and with three years more schooling than the first formers who 

made up the experimental group. This testing was carried out at the 

request of the Principal of the school after a first form group had 

participated in the experiment on reliability using the method of 

"separately timed halves: The conditions were not ideal since the testing 

took place at the end of term, just before Christmas in the slack period 

following terminal examinations. There was considerable_. absenteeism 

which accounts for the wide variation in number tested. The tests 

administered were M.H.T. )-i4, M.H.E. 20, M.H.A. 20, (the same Moray 

House Tests used in the first form programme). In addition M.H.T. ¿.3 

was also available aid was administered as was the Nufferno test (Furneaux, 

no date given, also Furneaux, 1:952) GL /3A.35. The Nufferno test makes 

use of letter -series type problems of the kind used by Thurstone in the 

Primary Mental Abilities battery (for older children) and which are 

regarded as a good measure of inductive reasoning ability. Boys in two 

fourth forms were involved, IVA and NC; A stands for "academic" and C 

stands for "commercial ". The means are given in table IV.5, together 

with, in the case of the Moray House Tests, the "equivalent mental age" 

arrived at by the means described above. In the case of the Nufferno 

test, the available data do not permit this procedure but some norms are 

available for different kinds of population which permit a comparison on 

a percentile basis. 



Table IV..2 

Summary of Test Performance of Fourth Form Group. 

M.H.T.43 M.H.T. 44 M.h.E.20 M.H.A.20 G 15A.35 

IVA Mean 

N 

62.21, 

34 

54.44 

34 

45.34 

41 

49.55 

41 ' 

186.29 

41 

IVC Mean 44.76 39.94 41.16 4.5.28 124..04_ 

N 17 16 25 25 24 

Both. Mean 56.39 49.80 43.76 47.96 163.31 

N 0 66 66 65 

Equivalent Mental Ames - 16:ora house Tests. 

K.H.T.43 M.H.T.44 M.H.E.20 1 M.H.A.20 

IVA 

IVC 

Both 

12-4 

ii 4_11 

12-0 

11-40 

11-0 

i 1 -6 

11-3 

1 .1-0 

1 i -2 

; 

4 

t 

11-10 

1 1 -7 

11,-9 

(Ages in years and months) 
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Equivalent _'ercentilo Levels - 
3A.3,2. 

i ?o ra . c c nti_ 

oth 

'. i i l( LY'en in _ tit =_ e?. i, :fish Grammar Schools it yrs 16 <4 8 

-do- 12 years 5 months 1 <0 .fir 

C_iilCiren in C- Stream, English Grammar Schools, 11. 07 67 76 

-do- 12 years 5 months 58 4-0 1;8 

Children in Secondazy Liodern Schools, All Streams, 
12 years 5 months 

Both Sexes in all of the above 

These results confirm the earlier results and suggest t l t the relative 

depression increases rather than decreases with age. In English and in 

_arithmetic there is less than a year's difference in 'equivalent mental 

age" between the fourth form results and the first fora results. Such 

a conclusion must be , however, very tentative, since no data are 

available to permit an estimate of the standard of the fourth form 

group on entry to the Secondary School, and the need for study of the 

same group over a period of years is manifest. 

Relationsh_i with Me. 

Some analysis of the relationship between test score and age was 

necessary because of the prevailing opinion amongst teachers in the 

secondary schools that many older children were being admitted as a 

result of passing the Common Entrance Examination after several attempts. 

normally a positive regression on age is expected, and the results 

obtained with the IV form group in comparison with those obtained with 

the first form group indicate a positive relationship, however small. 

The selection, in the absence of any age allowance of appreciable numbers 

of older, less able children would tend to reduce or possibly even 
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.reverse the positive regression on age. 

For each set of test scores both the product moment 

correlation and the correlation ratio have been obtained 

for each test variable with age as the other variable, and 

the significance of these coefficients and the linearity 

of regression tested by the analysis of variance procedure 

described in Chapter 13 of McNemar (1949). It is there shown 

that if X and Y are two variables and if the product moment 

correlation between them is r, computed from a scatter dia- 

gram, and if t is the correlation ratio computed from the 

same diagram (i.e. with the same groupings), then certain 

variance estimates may be derived from which the signific- 

ances required can be estimated. These relationships are 

readily obtained from the scatter diagram. In this particular 

case X is age and Y is the test variable in question, and 

it was found possible to work with 15 groups each of 5 

months interval of age. Let there be in general k such 

groups divided on the basis of the X variable, and let 

there be mr cases in the r'th group. The following sums of 

squares relationships are readily obtained: 

Total Sum of `=squares _ :(Y ) 2 =1my2 (7Y ) 2 

Within Sum of Squares =7.27(y - .2zy2_ (zy)2 
m 
r r 

2 

Between Sum of Squares = ¿ m(Y - 7)2 = Y) (XEY) 
2 

mr N 

in which N is the total number of cases, 7r is the mean of 

the r'th group and!: denotes summation over groups. The 

square of the correlation ratio is then very simply 

obtained from: 
{ fi 

2_ _ Emr(Tr- F)2 /N 
= m4.(7,- 7)2 

1 Z a C Y 7)2 /N Z (Y - Y)2 /): 

N1V 
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w hich is readily se n to be the ratio of the Between S.Sq. 

to the Total S.Sq. If the between arrays variance is sig- 

nificantly greater than can be expected on the basis of 

sampling error in the array means, the correlation ratio 

is significant. Thus if sb denotes the between arrays 

variance and sv the within arrays variance, the ratio 

F = sb /s, may be tested by reference to tables of the 

variance ratio in the usual way. The degrees of freedom 

for the between arrays estimate áre k -1, and for the within 

arrays, N -k, and using these, sb and p 
2 may be obtained 

from the sums of squares computed using the formulae quoted 

above. 

It is also shown that if Y' denotes an individual's 

score predicted by a linear regression equation from his 

X score, the Y sum of Squares may be broken down into two 

components, a part depending on the variation of the predicted 

values about the mean, and a part depending on residuals or 

within arrays about the regression line. In the absence of 

correlation between,X and. Y the first of these would be 

zero; we should make the "trivial prediction" Y = . Let 
sr be the variance estimate based on the residual sum of 

squares and s2 be the variance estimate based on the scores 

predicted by a linear regression equation from X. it can be 

shown that the sampling distribution of sp /sr is that of F 

and hence reference to tables will show whether s2 is sig- 

nificantly greater than expected on the basis of sampling 

or not, i.e. that significant correlation does or does not 

exist according to whatever criterion of significance is 

acceptable. The sum of squares of the predicted scores, 

27Jmr(Y1.- Y)2is sown to be equal to r2EE(Y -Y)2 so that it 
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is readily obtained from the correlation coefficient and 

the total sum of squares. The degree of freedom is here 

unity since the freedom of the S.Sq. to vary stems from 

one value, b, the regression coefficient. The part of the 

sum of squares depending on the residuals,1Z(Y -Y') 
2 

is 

shown to be (1 - r2)2E(Y -1-)2, (as should be obvious from 

the fact that together with the linearly predicted portion 

it gives the total sum of squares) and the degrees of free- 

dom are N -2 (as is clear from the fact that two constants 

are "used up" in determining the regression line). Thus 

the data for determining the variance estimates and for 

entering the F table are also available from the smatter 

diagram. 

Linearity of regression may be tested by an extension 

of this procedure. A score Y in the r'th group may be con- 

sidered as deviating from the grand mean according to: 

Y - = (v - r) + C7r Yr) + (YTS ) 
from which, by squaring and summing, 

r r r 
2aCY - )2 = ZE(Y - r)2 + Zmr (Fr Yr)2 + Zmr(y' - )2 

The first component is the within arrays sum of squares 

with N -k degrees of freedom. The second component is a sum 

of squares based upon deviation of array means from linear 

regression; its degrees of freedom are k -2 (2 constants 

for the regression line), and a variance estimate sd may be 

based on this. It may be shown that 

z mr(r Yr) 2 = r2)2.7.(Y - 
y)2 

so that this and sd may be obtained also from the scatter 

diagram. The third component is a sum of squares based on 

prediction by linear regression and is similar to the sum of 
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squares from which 
s22 

was obtained, save that the same 

value is predicted for all scores within the array. In 

the reference quoted it is shown that the two sums of 

squares are the same in the case where r is calculated 

from the same scatter diagram, as is the case here. Thus 

z,mr(Y'- 7)2= AZ(Y - ) as before with one degree of 

freedom. The significance of curvilinearity can therefore 

be tested by using F = sd /sw. To summarise: 

(i) From the scatter diagram we compute r in the usual 

way. and 2,Y, 1E,Y2 and (ß.Y)2 /m 

(r 
for each array based on X. 

r 
We then compute Y and 7 m 

Y)2 
by summing over groups. 

r 
(ii) The sums of squares for the various sources of 

variation are computed by substituting in the formulae, 

which have been collected together in table IV.6. 

(iii) The F ratios are computed from the expressions 

given in table IV.6, and the significance tested by ref- 

erence to tables of F. 

Table IV.6 

Formulae for Calculating Sums of Squares and Variances 

Source Formula for S.Sq. d.f. Variance 

Total 

Within Arrays 

Between Arrays 

Linear Regression 

Residuals from 
Regression Line 

Deviation of Array(92 
Means from 

(Regression Line 

EEY2 - ( ; .Y) 2/N - 

r 2 
(NY> 

N -1 

N -k 

1;- 1 

1 

N -2 

k -2 

sw 

s2 

s22 

sz2 

sd 

7î,Y2 -7_, 

' )2 `_EY)2 mr - 
N 

r2 x Total S. "q. 

(1 -r2) x Total S.Sq. 

-r2) x Total S. q. 
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Table IV.7 

F - Ratio Tests of Significance 

'''ignificance of:- 

Correlation Ratio 

linear Correlation 

Curvilinearity 

2 sb 
2 
w 
s 
2 

_E 
2 

sr 

2 
sd 

s 
2 

nl n2 

-k 

N-2 

The results of applying the procedures described 

above are shown for boys and for girls separately for all 

of the tests (Y) with reference to age (X) in tables IV.8 

and 7V.9. From these tables it will be seen that there is 

a strong tendency towards negative regression on age, more 

marked in the case of boys than in the case of girls. With 

the boys there are significant regressions on age in all 

tests except S and N; in the case of N the non - significant 

correlation is positive. With the girls the overall pattern 

is similar save that in certain instances the correlation 

is not significant in some cases and there is probably no 

relationship with age in the case of Rw. It is noteworthy 

that the effect is most marked in the case of MHT and Tr E 
which are probably the tests making the greatest demands 

upon the abilities of the pupils. That there is no relation- 

ship with age in the case of N is understandable if the 

nature of this test is recalled: it consists entirely of 

addition problems and it seems reasonable to suppose that 

all of the children, irrespective of age will have reached 
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Table IV.8 

Relationship Between Test Scores and Age - Boys 

v.A. Tests. N = 205. 

Linear Correlation Correlation Ratio Curvilinearity 

r F Sig 1 F Sig F Sig 

V`V -0.179 6.72 SS 0.322 1.57 ?S 1.16 NS 

V 
P 

-0.217 10.01 SSS 0.276 1.12 NS 0.53 NS 

-0.049 0.05 ?TS 0.333 1.69 ?S 1.79 ?S 

RyV -0.290 18.6C `:SS 0.414 2.81 SS ?S 1.55 NS 

R. -0.162 5.45 S ?S 0.275 1.11 NS 0.79 NS 

P -0.175 6.38 ? ?S 0.238 0.81 NS 0.40 NS 

N 0.054 0.60 NS 0.220 0.69 NS 0.70 NS 
L 

'.H.T.44. N = 195. 

Linear Correlation Correlation Ratio Curvilinearity 

r F Sig 1 F Sig F Sig 

-0.352 27.22 SSS 0.418 0.65 NS 0.20 NS 

20 and 1,.14.A. 20. N = 191. 

inear Correlation Correlation Ratio Curvilinearity 

r F Sig 11 F Sig F Sig 

"1 -0.326 22.41 SSS 0.458 3.31 SSS 1.77 S 

LA -0.188 6.94 SS 0.344 1.68 S 1.27 I\T 

Degrees of Freedom 

Test Linear 
Correlation 

Correlation 
Ratio Curvilinearity 

n1 n2 n1 n2 n1 n2 

All P.L.A. 1 203 14 190 13 190 

-T' T 1 193 14 180 13 180 

MHE 2; MHA 1 189 14 176 13 176 
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Table I1T.9 

Relationship Between Test Scores and Age - Girls 

Y.M.A. Tests. N = 224. 

Linear Correlation Corr.elation Ratio Curvilinearit;; 

r .P `.ig i F Sig F Sig 

Vw -0.071 1.13 NS 0.240 0.91 NS 1 NS 

VP -0.143 4.62 S 0.331 1.63 l:?" 1.59 N" 

S -0.048 1 1`dS 0.223 1 NS 7 NS 

R 
W 

0.008 1 NS 0.218 1 Ns 1 NS 

Rf -0.019 NS 0.179 1 N`: 1 YS 

P -0.145 4.74 S 0.308 1.56 NS 1.31 NS 

N 0.074 1.21 NS 0.256 1.05 NS 1.04 NS 

W.H.T.44. N = 217 

Linear Correlation Correlation Ratio Curvilinearity 

r F Sig 1 F Sig F Sig 

-0.158 5.53 S?S 0.295 1.39 NS 1.07 NS 

T'.P-T.F.20 and M.H.A.20. N = 218 

Linear Correlation Correlation Ratio Curvilinearity 

r F Sig 1 F Sig F Sig 

-0.180 7.21 SSS 0.303 1.46 NS 1.02 NS 

7 -A -0.105 2.43 NS 0.303 1.46 NS 1.38 NS 

Degrees of Freedom 

Test Linear 
Correlation 

Correlation 
Ratio Curvilinearity 

nl n2 n1 n2 n1 n2 

All F.M.A. 1 222 14 209 13 209 

-T 1 215 14 202 13 202 

THE & NBA 1 216 14 203 13 203 
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the limit of performance in this field and will have left 

specific teaching in this aspect of the subject matter 

several years behind them. Improvement here would appear 

to be dependent upon specific remedial teaching, of the 

value of which there appears to be little understanding 

in Sierra Leone, judging by the practice in the schools. 

In the case of the space test, S, the absence of any 

relationship with age suggests that the test was equally 

difficult for the older and for the younger children. 

Generally, whatever relationship with age exists is linear, 

ecept in the case of the boys' performance on the Ioray 

House English Test. In this case the genral pattern of 

increasingly depressed scores with age was broken by 

rather better performances than expected by some of the 

older boys in one school, which may reflect the impact of 

specific teaching on the test performance. 

The results are in accordance with the view that the 

Secondary School intake is being diluted by a proportion 

of older, less able, pupils who have passed the Common 

Entrance Examination relatively late in life, probably 

after one or more unsuccessful attempts; the effect is 

more marked in the case of boys than in the case of girls. 

Sex Differences in Performance. 

The figures given in tables IV.l and IV.2 suggest 

the existence of sex differences in per'ormance on some 

of the tests, e.g. in the space test where there is a 

difference of over 2 points of raw score in favour of the 

boys in an overall mean score for both sexes of only 12.12. 

Such a sex difference would be parallel with sex differences 
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in spatial ability in English children, and is of interest, 

not merely in suggesting the existence of a group factor 

of spatial ability [Emmett (1949)], but also in its implic- 

ations regarding the origin of such a factor. For whilst 

it is plausible to argue that a difference in ability may 

be due to differences in the experiences of boys and girls 

when such differences are known to exist, it is difficult 

to sustain such an argument when the sort of experiences 

quoted as influencing spatial ability are lacking for both 

boys and girls. This would, of course, prejudice the argu- 

ment which at`empts to account for the depression of S scores 

for both boys and girls in terms of environmental lacks. 

The situation is therefore full of interesting possibilities 

for further research, although the writer's opinion, as 

expressed earlier, is that an answer can only be obtained 

as a result of deliberate and sustained effort -bp provide 

those experiences thought tb have influence upon spatial 

understanding. 

A preliminary analysis of the test scores, in which 

the sex differences in mean scores have been tested for 

significance against the standard error of the difference, 

has been carried out, with the results given in table IV.lO. 

There are significant differences in performance on Vp and 

S, in which the boys are superior, and in M.H.E. in which 

the girls are superior. The lack of significant sex differ- 

ences in performance on M.F.T. and the reasoning tests Rw 

and Rf is in line with the generally accepted view that 

the sexes are equally endowed in this respect, although 

this finding does not constitute proof. Results such as 

those given in table IV.lO must, however, be viewed with 
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some reserve in view of tree possible relationship with age. 

Table IV.10 

Sex Differences in Means. 

Test 
Diff. of 

Means ci.E.d.iff_ , t Sig. 

V W 0,776 0.557 1.39 NS 

V 0.897 0.361 2.49 S+ 
P 

S 2.069 0.432 4.79 r"r 

Rw 0.467 0.320 1.46 NS 

Rf 0.089 0.309 0.29 NS 

P 0.520 0.586 0.89 Nq. 

N 0.636 0.572 1.11 NS 

MET 0.275 1.204 0.23 NS 

MITE 3.818 1.273 3.00 SS+ 

IuïHA 1.969 1.198 1.64 NS 

Underlined differences, girls superior, otherwise boys 
superior. 

It has already been shown that in most tests there is a 

significant negative regression of raw score upon age for 

boys, but that for girls the regression is, in most cases, 

not significant, although the tendency is in the same 

direction. A check on the ages at the time of taking the 

F.M.A. test battery shows that tine boys are older than 

the girls by 4.019 months, that the standard error of the 

difference of mean ages is 1.6265 so that there is a sig- 

nificant difference (t= 2.47). In the light of these con- 

siderations it was decided to re- examine the sex differ- 

ences using a simple analysis of variance procedure, with 

covariance adjustments for age. 

1f test scores are denoted by Y and age by X, and 

scores are tabulated separately for boys and for girls, 

then it is only necessary to compute total, within groups, 
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and between groups sums of squares for Y and for X and 

sums of products XY, using the well known expressions 

given in table IV.11. From these data the regression 

coefficient by.x can be computed for the total 
group 

and for within groups, since, using deviation scores,x,y, 

b 
11xy Sum of Products 

y.x 2 
Sum of Squares, (x. ) 

and that part of the sum of squares for Y due to regression 

of Y upon X, given by 

Nr2d2 = N (2xy)2 15y2 y2 lxy)2_ (Sum of Products)2 
y (Zx2)(Zy2) N Lx2 Sum of Squares,X 

can be subtracted for the total and within groups cases 

from the sum of squares for Y (test variable) to give an 

adjusted sum of squares for Y from which the influence of 

age has been removed. The between groups adjusted sum of 

squares for Y is found by subtraction of the within groups 

adjusted sum of squares from the total adjusted sum of 

squares, since the variance estimates must be independent. 

From these adjusted sums of squares variance estimates may 

be made, and using the F - test procedure, the significance 

of the sex differences may be examined. The degrees of free- 

dom are also given in table IV.11. 

The results of this analysis of covariance are given in 

some detail in tables IV.l2 and IV.13, even if only because 

they show the effect of the negative regression upon age. 

Little difference has been made to the pattern of sex diff- 

erences, with the exception that there is now a sex difference 

in favour of the boys on Vv,, nearly significant at the 0.01 

level, and this brings the result into line with that obtained 

for Vp. The sex difference in performance on M.H.F.20, in 

which the girls are superior, remains, although at a 
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s ome - -;hat lower level of significance. On the Moray House 

Arithmetic Test the boys tend to be superior; the sex 

difference is significant at the 10% level and nearly so 

at the 5% level. The position in regard to the boys' 

superiority on the space test is confirmed. 

Table IV.11 

Formulae Used in the Analysis of Variance with Covariance 

Adjustments for Age. 

Total ',Tithin Grps. Between Grips' 

Sum of Squares X Pt Pw Pb 

Sum of Squares Y 
Wt Qw Qb 

Sum of Products Rt Rw Rb 

Degrees of 
Freedom N -1 N -2 1 

Regression, by.x Rt /Pt Rw /Pw 

R2 R2 
Adjusted S . Sq. Y Q- t = Kt 1, :v.1 Kt - `; ;, w- Pte. = 

Degrees of Freedom N -2 N -3 1 

P ` x2 - (Éx)2 p = £x2 t.X)2 , ax) (ÉX)2 t= fE w - mj ' 1b - mj N 

J 9 { 
2 J iY)2 )2 2 Q w = Y Q = 

EY_ fY) 
m b L. m 

N 
Qt = ffY - -- 

N 

í J í; , " í i j . 
R 
t 

2,"ffY R = XY -J ti R = 
J rrTY fEXT£Y t 

N 
w mi ` b mj 

N 

i j 

2: denotes summation within groups, 2: summation over groups 

mj = no. of cases in group j; N = total no. of cases. 
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Table IV.12 

Analys is of Variance with Covariance Ad'ustments for 
1-lise. Su Differences in P.M.A. Tests. 

Test Total '1ithin Between F Sig. 

Sum of Squares, X 123013 121281+ 1729 

Sum of Squares, Y 11018.56 18088.72 69.84 

Sum of Products, XY 11+689.8 -15068.3 378.5 

Vw Degrees of Freedom 11 28 )27 1 

Regression of Y on X -0.119 -0.124 

Adjusted S. Sq., Y 12364.3534 12176.6375 187.7159 

Degrees of Freedom 827 1 1126 1 

Variance Estimate 28.5837 187.7159 6. 7 S ?S 

Sum of Squares, X 123013 121288 1729 

Sum of Squares, Y 5831.47 5751.52 82.95 

Sum of Products, XY -720.6 -1128.6 408 

PDegrees of Freedom 1128 4.27 1 

Regression of Y on X -0.006 -0.009 

Adjusted S. Sq., Y 5830.248 5781.0179 89.2309 

Degrees of Freedom ) 27 4.26 1 

Variance Estimate 13.4766 89.2309 6.62 S ?S 

Sum of Squares, X 12301.3 121288 1729 

Sum of Squares, Y 9031.70 8566.48 4.65.30 

Sum of Products, XY 3468.0 14361.03 897.03 

S Degrees of Freedom 1128 1127 1. 

Regression of Y on X -0.028 -0.036 

Adjusted S. Sq., Y 8943.155 8809.671 524.484 

Degrees of Freedom 11 27 826 1 

Variance Estimate 19.741 524.484 --5.57 SSS 



Table IV.12 (continued 

Tes i Total , ithin Between F Sim 

Sum of Squares, X 123013 121284 1729 

Sun: of Squares, Y 4835.55 4U10.59 24.96 

Sum of Products, AY 3489.1; 3281.3 207.8 

R.q Degrees of Freedom 428 1127 1 

Regression of Y on X -0.28 -0.27 

Adjusted S. Sq., Y 4736.566 4721.815 14.771. 

Degrees of Freedom 427 426 1 

Variance Estimate 11.084 1,4.771 1.33 NS 

Sum of Squares, X 123013 121284 1729 

Sum of Squares, Y 5477.69 5476.85 0.84 

Sum of Products, XY 2594.7 -2633 38.3 

RIB Degrees of Freedom 1128 427 1 

Regression of .. o_.. 7 -0.021 -0.022 

Adjusted S. So., Y 5)!22.960 5419.689 3.271 

Degrees of Freedom 427 ) 26 1 

Variance Estimate 12.72. 3.271 0.26 NS 

Sum of Squares, X 123013 121284 1729 

Sum of Squares, Y 15841.82 15815.85 25.97 

Sum of Products, XY -6659.6 -6871.5 211.9 

P Degrees of Freedom 428 1127 1 

Regression of Y on X -0.054 -0.057 

Adjusted S. Sq., Y 15481,.287 151126.536 54.751 

Degrees of Freedom 427 426 1 

Variance Estimate 36.213 54.751 1. 1 NS 
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Table IV.12 (continued .- Total Within Between - Si 

Sum. of Squares, X 12301:3 121284. 1729 

Sum of Squares, Y 1,5937.20 15880.41 56.79 

Sum of Products, XY ).062 3748.4 313.6 

N Degrees of Freedom 428 ) 27 1 

Regression of Y on X 0.033 0.031 

Adjusted S. Sq., Y 15803.069 15764.562 38.507 

Degrees of Freedom 427 426 1 

Variance Estimate 37.006 38. 07 1 .04 NS 
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Table IV.13 

Analysis of Variance with Covariance Addustments for 
Age. Sex Differences in Moray House Tests. 

To:.' Total ',-ithin s Between F Si- 

Sum of Squares, X 122280 120840 ± 1440 

Sum of Squares, Y 60003.00 59999.54 3.46 

Sum of Products, XY - 23102.7 -23032.7 -70,0 

L tT Degrees of Freedom 410 409 1 

Regression of Y on X -0.189 -0.1.91 

Adjusted S. Sq., Y 55638.143 55609.394 28.749 

Degrees of. Freedom 409 408 1 

Variance Estimate 156.22a_28.7400 °0 1 N. 

Sum of Squares, X 122334 1.20924. 141,0 

Sum of Squares, Y 69935.1 68409.5 1525.6 

Sum of Products, XY -25733.9 - 211266.7 1467.2_ 

I,? :c Degrees of Freedom 411 410 1 

Regression of Y on X -0.210 -0.201 

Adjusted S. Sq., Y 64521..776 63539.725 982.051 

Degrees of Freedom 410 409 1 

Variance Lsti _ate 155.354. 982.05 6.3 S ?S 

Sum of Squares, X 122334 120924 1410 

Sum of Squares, Y 60765.54 60359.04 406.50 

Sum of Products, XY -8033.0 -8792.1 759.1 

E A Degrees of Freedom 411 41,0 1 

Regression of Y on X -0.066 -0.073 

Adjusted S. Sq., Y 60238.057 59719.787 518.270 

Degrees of Freedom 410 409 1 

Variance Estimate 146.014 518.270 3. 5 ?S 
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CHAPTER V 

R- ,LIABILITY, DIFFERENTIAL EFFICIENCY AND 3PEJ DEDI\TE SS 

OF THE TESTS 

Granted that a measuring instrument measures something 

or other validly, it is important to know how accurately 

it measures whatever it is supposed to measure. The question 

of validity is discussed later; in this chapter some 

assessment of the reliability of the tests used is made, 

for although the reliability coefficients are quoted in 

the test manuals there is no guarantee that, when employed 

under different circumstances the tests will prove as 

reliable as before. Any discussion of the reliabilities of 

tests is complicated by the fact that psychologists appear 

to have views about the nature of the reliability of a 

measuring instrument which differ somewhat from those 

current in the more exact sciences. As a physicist the 

writer understands by the fact that an electrical measuring 

instrument, say an ammeter or a voltmeter, is constructed 

to satisfy British Standard 89 that it will measure current 

or potential within certain percentage limits of full scale 

deflection, and, moreover, that this is a characteristic 

of the instrument. The reliability of the instrument is 

not regarded as also including a factor allowing for possible 

variation of the measured quantity due to, say, the effect 

of atmospheric conditions upon the circuit in which the 

measurement takes place, or a factor allowing for possible 

error because the instrument was calibrated in a horizontal 

position and is now used in a vertical position, or even 

a factor allowing for the possibility that the experimenter 



68 

has a headache and cannot read the instrument with. customary 

accuracy. These are all factors extraneous to the instrument 

and the experimenter is expected to take account of them 

in other ways. In dealing with psychological tests however, 

the equivalents of these sources of variation, and more, 

are included in the concept of "reliabil_ity ". =ven possible 

variations in time in the ability tested are regarded as 

properly falling vwithin. the concept of reliability, which 

seeds to indicate that, if the same situation held in physics, 

the fluctuations of the current measured by the ammeter would 

be regarded as reducing its reliability; this would make 

the measurement of alternating current impossible since 

the instrument would be completely unreliable. It is only 

necessary to look at a list of "possible sources of variance 

in performance on a particular test", some or all of which 

are usually lumped together as "error",. such as that given 

in Chapter 4 of Thorndike (1949), to appreciate that, with 

the concept in this confused state, the reliability co- 

efficients quoted under one set of circumstances will not 

hold under another set of circumstances. In particular,-with 

African children, working under physical conditions generally 

inferior to those customary in testing situations, and with 

dubiety as to the effectiveness of motivation and the accept- 

ance, by the testee, of the need for sustained application 

and quickness of working, it seems highly probable that the 

reliability coefficients of tests will be very much reduced. 

The poorness of physical conditions has already been mentioned. 

The psychological characteristics which might have a serious 

effect upon reliability have been remarked upon by many 

writers. Westermann (1q39), for example, writes "With the 
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Negro emotional, momentary and explosive thinking pre- 

dominates ,dependence on excitement, on external 

influences and stimuli, is a characteristic sign of 

primitive mentality. Primitive man's energy is unstable 

and spasmodic. He is easily fired with enthusiasm for an 

undertaking and begins his work with great zest; but his 

interest dies down quickly and the work is abandoned.... 

Where the stimulus of emotion is lacking the Negro shows 

little spontaneity and is passive. He waits for what is 

coming to him and evades what is inconvenient, or adapts 

himself to it, instead of bravely confronting the obstacles 

of life and mastering them The Negro has but few 

gifts for work which aims at a distant goal and requires 

tenacity, independence, and foresight." Within the writer's 

experience of living and working with "educated" Africans, 

these remarks are undoubtedly true, and hence there must 

arise doubt as to the reliability, when applied to Africans, 

of tests which in themselves are well constructed and which, 

in a different context, have high reliability coefficients. 

However, it must be realised that most accounts of the 

psychology of the African are based on observation of adults, 

and it may well be that in the case of children who have 

been subject to some sort of school discipline since the 

age of five years (which is the case with the great majority 

of children in this investigation) these criticisms no 

longer apply. The writer has, time and time again, been 

assured that "the children love doing examinations ", and 

his impressions of the general behaviour of the children 

during the testing sessions certainly lend na_ szp ott -to 
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the description of the stereotype quoted above, a descript- 

ion which, however, he would unhesitatingly apply to older 

students. There is little to be gained by argument about 

such a problem, the only way in which the reliability of 

the tests can be assessed is by applying them and calculat- 

ing the reliability coefficients. 

There has been much discussion of the merits and de- 

merits of various ways of obtaining reliability coefficients, 

and it would appear that most authorities prefer the use of 

equivalent test forms. In the early stages of this invest- 

igation equivalent forms were not available and reliabilities 

had perforce to be calculated from the data available from 

a single test form. The figures for both the Primary Mental 

Abilities (7 -11) Tests and the Moray House Tests quoted in 

the respective manuals were obtained from single forms, and, 

from the point of view of comparison, therefore, the pro- 

cedure is not without merit. Later on a further experiment 

in reliability using the method of "separately timed halves" 

is described. The data for the' P.M :k.tests (Th urstone and 

Thurstone,l954) were obtained using Kuder Richardson 

Formula 20 ( Fuder and Richardson,l937) for all tests except 

the Perception Test (P) and the Number Test (N). For these, 

in which speed is important, Fuder Richardson Formula 21 

was used. There seems to be no particular merit in the use 

of Formula 21 if Formula 20 can be used. Formula 21 involves 

the additional assumption that all of the items are of the 

same difficulty and is easier to apply in the sense that the 

amount of computation is reduced. The reliabilities here have 

therefore in all cases been computed using Formula 20, or 

an equivalent procedure, namely Hoyt's analysis of variance 
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m ethod (Hoyt,1941). Actually, in the case of all of the 

P.M.A. tests both approaches were used with identical 

results. The reliability data given in the manuals for the 

Moray House Tests are also based. on Kuder Richardson Formula 

20, and this formula has therefore also been used to evaluate 

the reliabilities of the Moray House Tests used in this 

investigation. 

Table V.1 

Reliability Coefficients of P.M.A. Tests. 

No Vw Vp S Rw R P N 

Thurstone 505 .942 .881 .788 .876 .794 .808 .864 

Local 430 .835 0533 .773 .644 .662 .875 .860 

Local (100) 430 .934 .755 .925 .870 .878 .933 .920 

Local Girls 224 .809 .225 .746 .615 .654 .865 .885 

Local Boys 206 .858 .676 .776 .670 .764 .877 .821 

Sex Diff. S? SSS S SS NS NS SSS 

Table V.1 gives the reliability coefficients for the 

Primary Mental Abilities Tests. In this table the row 

labelled "Thurstone" gives the figures computed by the 

Thurstones from the test results of a sample of 505 children. 

It is important to note that these were much younger than 

the children in the present experiment, the age range being 

9 to 9% years. The "local" figures are based on the whole 

local group, boys and girls together; separate figures are 

also given for boys and for girls from which it is clear 

that some significant sex differences exist. Except in the case of 

N, the tests seem to be more reliable when applied to the 

boys than when applied to the girls. The row "Local (100) " 

is an estimate, made by using the Spearman -Brown Formula, 
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of the reliabilities which could be.obtained if the tests 

were lengthened so that each contained 100 items. 

Table V.2 

Reliability Coefficients of Moray House Tests 

No _MT MHE AMA 

Manual 200 0.975 0.980 0.976 
( N = 250) 

Boys and Girls 195 0.880 0.894 0.919 

Boys 80 0.908 0.917 0.924 

Girls 115 0.848 0.916 0.912 

The reliability coefficients obtained for the Moray 

House Tests are given in table V.2. There is again a suggest- 

ion of better reliabilities when the tests are applied to 

the boys; the difference for MHT 44 is significant at the 

.05 level; the other sex differences are not significant. 

As expected the tests appear less reliable when applied 

under local conditions than when applied to the original 

standardisation groups. This may be due partly to the fact 

that the local data have been obtained from a selected group, 

and it would be highly desirable to apply the tests to a 

more representative group in the primary schools. Some 

account may, however, be taken of the effect of selection 

by making use of a formula due to Davis (1944), based on 

Karl Pearson's selection formulae and applicable in the case 

of an estimate based on a sample which has been curtailed on 

some other variable. If 

rll is the reliability coefficient for the curtailed 

group, 

R11 is the reliability coef icient for the uncurtailed 

group, 
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r12 is the correlation between the curtailing 

variable,2, and the variable under study in the 

curtailed group, 

S2 is the standard deviation of variable 2 in the 

uncurtailed group, 

s2 is the standard deviation of variable 2 in the 

curtailed group, 

R11 - 

S2 
2 

r1 
i 

+ r_ 
12 2 - 1 

s2 

S2 
1 + 

r12 2 
- 1 

sZ 

In this case selection was on the basis of the Common 

Entrance Examination, and after much searching the data 

for this examination for the whole group of children were 

found, permitting an estimate of Data Data for s2 and r12 

were already available in the data for the regression 

analysis to be described later. Estimates of the reliability 

coefficients for the tests when applied to the unselected 

child population were made and will be found in table V.3. 

Table V.3 

Estimated Reliability Coefficients Corrected for Selection 

Vw, Vp S R`w R P N ATHT MBE T1HA 

.849 .567 .784 .710 .699 .87`' .876 .914 .910 .944 

There is some improvement, most noticeable in the case of 

the Moray House Tests of Intelligence and of Arithmetic 

which correlate most highly with the Common Entrance 

Examination. Certain reliability coefficients remain 
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distressingly low; the coefficient of 0.567 for the 

picture test, Vp, suggests that the greater part of the 

variance of this test is error variance. P and N, however, 

show slight improvements on the figures given in the manual, 

and the coefficient for S is not significantly different 

from the S.R.A. value. The TJoray House Tests are-the only 

tests with reliability coefficients greater than 0.900 but 

it must be remembered that they are longer than the several 

P.M.A. tests. 

The correction for selection is, in the writer's 

opinion, inadequate under the circumstances, for the ratio 

of the variances of total scores on the Common Entrance 

Examination in the uncurtailed and in the curtailed groups 

is only 1.862. This may be due to the effect of coaching 

for the examination (which appears to be one of the major 

pursuits of the primary schools) or it may be due to not 

all eligible children entering. What does appear certain 

is that an important factor in limiting the reliability 

coefficients is the limited range of scores; this is 

particularly the case with the reasoning tests Rw and Rf, 

and a case will be quoted later in which a negative 

reliability was obtained with one group on one of these. 

A fairer estimate under the circumstances is obtained by 

finding the standard errors of measurement. The standard 

deviations of raw scores (S.D) and the standard errors of 

measurement (S.E), computed using the reliability coeffic- 

ients uncorrected for 6eléétion are given in table V.4. 

No comparable data are available in the manual for the 

P.M.A. tests, but some estimates may be made for the Moray 

House Tests. The figures, S.D.(est), are median values, 
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rounded, obtained from standard deviations of raw scores 

found when the tests have been used by various English 

Local Education Authorities, and these values have been 

used, together with the reliability coefficients quoted 

in the manual, to obtain estimated standard errors of 

measurement. On this basis the standard errors of measure- 

ment obtained when the tests are applied to Sierra Leone 

children in Freetown are seen to be of the same order of 

magnitude as those obtained when the Moray House Tests 

are applied to English children in England. 

Table V.4 

Standard Errors of Measurement of P.M.A. and N.H. Tests. 

Vw S Rw R P N ITT MITE MHA 

".D. 5.74 3.69 4.59 3.35 3.57 6.08 6.16 12.09 13.02 12.14 

S.E. 2.33 2.52 2.19 2.00 2.08 2.15 2.31 4.19 4.24 3.45 

S.D. (TJ.F. ) estimated 26.20 30.50 25.30 

.E.(U.Y.) estimated 4.14 4.31 3.92 

In the case of the Primary Mental Abilities Tests comparison 

on the basis of the standard error of measurement is not 

possible; the data available suggest that certain tests, 

S, P, and N, can be applied with accuracy not dissimilar 

to that obtaining in the United States, that the verbal 

test V may be applied with fair accuracy, bearing in mind 

the limited length of the test, but that the picture test, 

Vp, and the reasoning tests Rw and Rf should be applied 

only with caution. The need for experimentation on a much 

larger scale is obvious. 
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Differential Efficiency. 

In discussing the tests used in this study it was 

stated that one reason for including the Primary Mental 

Abilities Tests was the desire to study a battery of tests 

designed for differential prediction. It is imi5ortant 

therefore to examine the differential efficiency' of this 

particular battery when employed under the conditions 

stated. Clearly, unless the correlations between the tests 

in the battery are low, differential prediction will be 

impossible, for the tests will all be measuring the same 

abilities or complex of abilities. The requirement of low 

intercorrelations is satisfied as may be seen by reference 

to the correlation matrices to be found in Chapters IX and X. 

This is not sufficient; the measuring instruments must not 

be so inaccuate that the difference to be distinguished 

is swallowed up in the error of measurement. 

Kelley (192.3) devised a formula for "determining the 

proportions of differences in excess of the chance pro- 

portions", that is to say, differences not attributable either 

to the unreliability of the tests or to the overlapping 

of measurement by them. This formula is: 

2 k2 log k 
X = 

AO/10.4343 (k2- 1) 

in which k is 0:1,,,m /O where d5,is the standard deviation of 

the differences in tests scores due to unreliability and 

o is the standard deviation of the obtained differences 

in test scores. The application and the significance of 

this formula have been discussed by Segel (1934) who has 

suggested a criterion for the differentiating power of 

tests, namely: "tests having a differentiating power of 
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less than 25 per cent should not be used in differential 

diagnosis ". This criterion appears to have met with general 

acceptance and was used by Benrett and Doppelt in the 

development of the Psychological Corporation's Differential 

Aptitude Tests; they developed a nomograph for obtaining 

for obtaining the proportion of differences in excess of 

chance from the mean reliability coefficients of, and the 

mean correlation coefficients between, the tests. 

Rummel (1953) has considerably simplified the procedure 

b7 showing that Yelley's k2 is equal to 1 - rdd where rdd 

is the reliability of the difference in scores on two tests, 

and has presented tables relating the proportion of differences 

in excess of chance to the reliability of differences. If 

two tests, i and j, are being considered, having reliabilities 

rii and r.. and intercorrelating rij, the reliability of 

the difference of test scores is 

rdd 
= 

r.. + r. - 2r. 
-'1 l l 

2 (1 - rij) 

from which, b7 reference to Rummel's table, the proportion 

of difference in excess of chance may be readily found from 

data usually available. This method has been employed to 

examine the differential efficiency of the Primary Mental 

Abilities (7 -11) Tests when applied to the experimental 

group, and the results will be found in table V.5. The 

figures for Sierra Leone are given in the part of the table 

above and to the right of the diagonal; below and to the 

left of the diagonal are figures computed from the reliab- 

ilities and correlations given in the P.M.A. manual. The 

differentiating power of the tests tends to be lower under 

local conditions; this is noticeably so in any combination 



7P 

involving Vp because of its limited reliability. In the 

table .hose combinations which satisfy Segel's criterion 

have been underlined; differential prediction should be 

possible with some combinations of the tests, but not with 

others, and clearly the battery should be used with caution 

for this purpose. 

Table V.5 

Proportions of Differences in Excess of Chance Proportions 

in the case of the Primary Mental Abilities (7 - 11) Tests 

V`V V 
P 

S Rw R P N 

,r .09 .54 .26 .29 .38 .41 

T .34 .17 .17 .14 .21 .27 

.42 .35 .20 .23 .31 .37 

Rw .28 34 .34 .15 .30 .35 

Rf .37 .32 .23 .27 .28 .34 

P .'1 .34 .27 .33 .26 .42 

U .46 .43 .38 .38 .35 .33 

Speededness. 

Some consideration of speededness in the tests is 

ili,portant for two reasons: 

(i) If a test is highly speeded, so that a large number 

of subjects does not finish the test, odd -even and item 

homogeneity methods of measuring reliability coefficients 

will give results which are spuriously high, for the un- 

completed items will add considerably to the odd -even 

correlation or to the homogeneity of the test. The effect 
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of speed on the reliability of tests has been discussed 

by Gulliksen (1950) and by Cronbach and :'Warrington (1951) 

who have presented formulae for the estimation of speed- 

edness. 

(ii) As indicated earlier, it is sometimes claimed 

that tests With a strict time limit are unfair to African 

subjects who are not accustomed to "working against the 

clock" and whose approach to the test situation is likely 

to be more leisúrely. Biesheuval (1943) has found the 

Heymans theory of temperament to be of value in the dis- 

cussion of African psychology. Tt will be recalled that 

on this theory temperament is considered to be the result 

of the interaction of three basic factors: a factor of 

"primary and secondary function ", a factor of "activity ", 

and a factor of "emotionality". The factor of "activity" 

is of interest here, for activity implies "a drive to 

action, mental or physical, a capacity to persevere in 

spite of obstacles and a desire for occupation for its own 

sake. ' Inactives', unlike 'actives', are not prepared to 

exert themselves und:tuly but tale an easier road." According 

to Biesheuval, Africans show more tendency to "primary 

function" and to "inaction" than do Europeans, and therefore 

we might expect this to have some influence on test scores. 

The effect might be manifest in one or in both of two ways: 

(a) a more leisurely approach in which case true speed - 

edness would be effective and would reduce reliabilities; 

(b) a tendency to give up in the face of the (usually) 

more difficult items towards the end of the test, which 

would give an appearance of speededness, but which the writer 

would not regard as true speededness, and the correction 
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f or the effect of speededness advocated, for example, by 

Cronbach and Warrington (1951) would not rightly be admiss- 

ible, although apparently so on the basis of answer pattern 

data. This assumes that giving up in the face of difficulty 

at the end of the test is on exactly the same level as 

omitting difficult (or apparently difficult) items in the 

body of the test - items normally counted as incorrect. 

The Technical Supplement to the Primary Mental Abilities 

Tests (7 -11) makes use of a speed index suggested by 

Gulliksen (1946); 

S = 
Number attempting final item 

Number attempting initial item 

and although this may appear to be a somewhat crude way of 

estimating speed, it has been used here so that comparison 

may be made with the speed indices quoted in the manual. 

This comparison is made in table V.6. 

Table V.6 

Speed Indices for the P.M.A. (7 -11) Tests 

No. VVB Vr 
J 

S R 
R P N 

Manual 165 .48 .08 .22 .23 .14 1.00 1.00 

Local 429 .47 .06 .38 .24 .10 .99 .90 

Boys 205 .47 .04 .41 .27 .12 .99 .90 

Girls 224 .47 .09 .36 .21 .09 .98 .90 

There is a very close similarity between the local figures 

and those given in the manual except in the case of the 

space test. The manual figure of .47 for Vw is, however, 

somewhat high for older pupils; to quote; "Teachers report 

that children in second grade find the last half of the Vw 

test so difficult that they tend to give up. Therefore the 



.index for Vw was recomputed omitting all second grade 

pupils. For grades 3 - 6 the S value for Vw was .37 ". 

A speed index was also computed for ]\T.H.T.44, and found 

to be .51 for girls, .54 for boys and .52 for boys and 

girls together. 

Gulliksen (1946) suggests that an S of .10 to .35 

is desirable for power tests; on this basis M.TT.T.44, 

Vw, S, P, and N are all speeded and it becomes necessary 

to investigate the effect of speed further. 



CHAPTER VI 

AN EMPIRICAL STUDY OF THE RELIABILITY OF SPEEDED TESTS 

General Considerations. 

The effect of speed in producing spuriously high 

reliability coefficients when these are obtained from the 

results of a single administration of the test, by item 

consistency methods such as those of Kuder and Richardson 

(1937), or by the correlation of odd item scores with even 

item scores, has already been touched upon in the previous 

chapter. Ideally, in the case of speeded tests, reliability 

is best measured by the correlation of two equivalent forms 

of the test, with, of course, the same time limits. This is, 

however, a counsel of perfection, since in many cases the 

equivalent forms do not exist and the production of equivalent 

can prove expensive. Cronbach and Warrington (1951) have 

carried out an interesting analysis in an attempt to estimate 

the effect of speededness on the reliability coefficient 

when this is measured by means of a single trial. Their 

analysis goes beyond that of Gulliksen (1950) in that they 

endeavour to take account of additional factors: 

(i) Some testees who finish the test before time is 

called would have been able to complete additional items 

had these been available. 

(ii) By using the correctness of performance on the 

last two items attempted, they estimate the likelihood of 

correctness of performance on later items had there been 

time to attempt these; thus, for example, if a person were 

to answer the last two items incorrectly, it is unlikely 



that his score would be much improved if additional time 

were allowed. 

By "envisioning 'invisible' items at the end of the 

test, all of which are so difficult that everyone's score on 

thennis inevitably zero" they show that the spuriousness of 

a single trial estimate of the reliability coefficient is 

related to a quantity D: 

f 49+v' 

D = E xt 
h to {co 

in which xis is the true score on an item, fa, is the true 

number of items finished, V and v are the additional 
numbers of items finished on two particular trials (i.e. 

the actual numbers of items finished are f +v and fo,+ V' ) 

and denotes summation over all persons taking the test. 
t, 

The correlation between equivalent forms, which, by 

definition will have the same means and standard deviations, 

is 

1r;cx' 'x 
M x pxp - ix, 

and D is the element of spuriousness in 2, xp xp. The 

relationship between the true reliability coefficient ri 

and the spurious reliability coefficient rs will be 

D 
= 

N6-z 

so that if an upper bound for D can be found, it is possible 

to obtain a lower bound for the true coefficient ri. 

Cronbach and Warrington show that 

2.4 
CTn) 

X N 
where Na cases have f< n, the number of items in the test, 



and x is a person's true score on the f 'th item. 
00 too 00 

The asumption is made that 

x L. 0 
j°° 

which is "true when the items are arranged in order of 

difficulty and the order of difficulty is the same for each 

person Should the latter condition not be true, departures 

will nevertheless average out over the group of 

subjects ". 

Single trial data permit only an approximation to the 

correction. The following assumptions are made to permit an 

estimate of the "lower bound ". 

(a) The number of cases whose true number finished is 

n or fewer is approximately the same as the number whose 

obtained number finished is n or fewer. 

(b) The number of cases who finish the n'th item but do 

not finish the (n +l)'th item (the first of the "invisible" 

items) is the same as the number who complete the (n -1)'th 

item, but not the n'th. On this basis 0(4)may be obtained 

from a frequency distribution of number of items finished 

in which the frequency for n items is set equal to the 

frequency for (n -1) items. 
Nq Na 

a, 
(e) De' may be estimated as p where xNp is the mean 

obtained score on the last items finished. Because the variance 

of obtained scores exceeds the variance of true scores this 

will overestimate the sum of squares and depress the lower 

bound somewhat. Cronbach and Warrington propose to use for 

xAp the mean score on the last two items attempted. 

Hence the true reliability chefficient ri will be 
x greater than re = rs - dita ?N 
x 



Empirical Studies. 

Apart from the data reported by the authors of the tests, 

no empirical studies appear to have been made of the reliability 

of the P.M.A.(7 -ll) tests. Studies have, however, been made 

of the corresponding tests for ages 11 -17 which have suffered 

some criticism because of their speededness. Among these 

studies that by Anastasi and Drake (1954) is of particular 

interest because the effect of speededness was calculated 

using both Gulliksen's formula and the more elaborate method 

of Cronbach and Warrington, and applied to split- halves relia- 

bilities, the result being compared with a figure obtained 

by correlating separately timed halves. The subjects in this 

study were 104 male students of mean age 16.55. Except in 

the case of the word fluency test (for which no equivalent 

exists in the 7 -11 battery) the separately timed halves were 

obtained in two ways. 

(a) In S and N the subjects were asked to mark the 

items reached at quarter time, half time and three quarters 

time. 

(b) In V and R two half tests were prepared for odd and 

even items respectively. 

The odd and even items were correlated and compared with the 

separately timed halves correlation; comparison was also made 

with the figures in the manual and these were found to be 

significantly higher except in the case of V. The Cronbach 

and Warrington "lower bound ", according to their figures, is 

markedly lower than the separately timed halves figures, but 

no reason is suggested for this. 

An interesting and useful feature of this investigation 

was that, in the case of the tests V and R for which separate 



half tests were prepared, independent speed indices could 

be computed for each half. The examination of these suggest- 

ed that V became more of a power test with practice, whereas 

R became more heavily loaded with speed in the second half. 

It was decided to attempt a study on somewhat similar 

lines with children of equivalent standing to those who 

constituted the original experimental group. This work was 

carried out some two years after the original study was begun, 

when a fresh intake had reached the secondary schools, and 

had spent approximately the same initial period in them. 

Both the P.M.A.(7 -11) and the Moray House Intelligence Tests 

were studied. 

The method used by Anastasi and Drake in the case of 

S and N of marking at quarter time intervals was rejected; 

in some earlier experiments using the P.M.A. 11 -17 tests 

(mentioned earlier in connection with their apparently great 

difficulty) the writer had asked children to follow this 

procedure and had found that it caused considerable distract- 

ion, confused the children, and the marking was frequently 

omitted so that it was quite impossible to discover from the 

answer sheets just which items candidates had reached. With 

a small number of items, as in the P.M.A. tests, an error of 

one item in marking time intervals can be quite serious. No 

equivalent form of the P.M.A. 7 -11 test exists, but two sep- 

arate halves were made; the permission of Science Research 

Associates having been asked, was very courteously given. 

In order to select items for these half tests, on the basis 

of the results obtained with the first group of children, 

tetrachoric correlations were obtained between each item and 

the whole test; the diagrams of Thurstone, Chessir and Saffir 
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were found useful for this purpose. For each test, each item 

was plotted as a point on graph paper, one coordinate being 

the correlation with the test, the other being the difficulty 

value of the item. Items were then selected in pairs so as 

to effect the best compromise possible in matching correlation 

and difficulty.The allocation of any item in a pair to either 

"form" of the test was made by tossing a coin. Certain of the 

P.M.A. tests have an odd number of items; rather than reject 

an item in order to get the same number of items in each 

separately timed half (the numbers were small enough as it 

was) one of the practice items was brought in. The time allow- 

ances were recalculated when this had been done. The half 

tests were made up by cutting items out of the test booklets 

and mounting them in the revised order on drawing paper. 

These were then reproduced using an "Agfa" photographic 

copying machine. It was found that with a little experiment- 

ation upon exposure times and attention to detail, particularly 

cleanliness of the apparatus, very satisfactory reproductions 

could be made. The test sheets thus made, together with the 

instructions, were stapled together in file covers. Some 40 

o.± each form were thus satisfactorily, if laboriously, 

produced. The instructions in the manual were rewritten to 

take account of the new situation, but the wording was only 

altered where necessary; as already indicated, time allowances 

were recalculated to allow for the additional item in certain 

tests. Since, by the very nature of the way in which the 

test is administered, speed does not enter into the picture 

test, V, this test was not used in this experiment. 

In the case of the Moray House Test of Intelligence, 

this elaborate procedure was unnecessary. There is a remark- 



able parallelism between these tests, so two tests were 

used, M.H.T.43 and M.H.T.44. 

Four schools cooperated in this part of the work, in 

each case all First -Formers present at the time of testing 

taking part. The children were in age, school history and 

general background quite similar to the children taking 

part in the original testing programme. The P.M.A. separately 

timed halves were applied in one boys' school and in one 

girls' school, and a similar programme was adopted with the 

Moray House Tests. In the case of the application of the 

P.M.A. tests in the boys' school, four separate forms were 

involved, and because of time -tabling and accomodation 

problems, it was necessary to deal with each form separately 

and with the two test halves at separate times. In this case 

there was a week's interval between the administration of 

each half. In the other cases the two halves were administered 

in succession with a short interval between each half. separate 

school forms, however, had to be tested on different days. 

For each half test, and for each test as a whole, 

reliability coefficients were calculated by Hoyt's method of 

analysis of variance. The half test reliabilities were corrected 

for length using both the Spearman -Brown foanula and that 

due to Guttman (1945), which does not assume that the 

standard deviations of the two halves are the same. Comparison 

of the values obtained by these two formulae from the same 

data give some indication of the equivalence of the two halves. 

The two halves were correlated to obtain a separately timed 

halves reliability which was also corrected for length. The 

correction for length was, of course, not necessary in the 

case of the Moray House Tests, for whole tests were used. 



For each half test (and whole tests in the case of 

M.H.Ts.) frequency distributions of the numbers of items 

attempted were made and the average score on the last two 

items attempted found for each child. From this data and 

other data available the Cronbach and ':Warrington speed 

index 
2- 

2 6f64) Xap 
H(0() 

Z No", x 

was computed. 

In the case of the P.M.A. tests, H(() 
for each whole 

z 
test was found by taking dfra)and 6x for the total number 

of items in the two halves together, but L L ,was derived 
from the last two items attempted in the second half test 

only, as in the case of the investigation by Anastasi and 

Drake, and on the basis of their argument that such a 

procedure "would most nearly reflect conditions at the 

termination of the total test ". The results of these 

investigations are given in tables VI.l to VI.4. 

Results of the Separately Timed Halves Experiment. 

The Hoyt reliabilities obtained for the boys taking the 

P.M.A. tests follow the pattern found with the original 

experimental group, save that a rather better coefficient 

is obtained for Rf. The reliability coefficients obtained for 

Vw and Rw are significantly lower than those quoted by 

Thurstone (1959-); the remainder do not differ significantly 

when the coefficients are converted to Fisher's "z" and the 

differences compared with the standard error of the z 

differences. There is a very close agreement between the 

boosted separately timed halves reliability coefficients whhen 

boosted by the Spearman -Brown formula and when Guttman's045) 



formula is used, which lends confidence to the assertion 

that the two halves are equivalent, but there is a very 

pronounced fall in all of the reliabilities which tends to 

support the view that the speededness of the tests does 

spuriously increase reliabilities calculated by internal 

consistency methods. However, examination of the "speeded - 

ness" in terms of the Cronbach and Warrington correction 

term indicates that for the tests as wholes only P and N 

are markedly speeded, and for all tests except N the 

"lower bound" to the reliability coefficient is greater 

than the separately timed halves reliability coefficient. 

This result is quite contrary to expectations, and certainly 

not in agreement with the findings of Anastasi and Drake 

with the 11 -17 version of the P.M.A. tests as shown in their 

tables. Some other factor must be operative and the suggest- 

ion is here made that "function fluctuation" is in operation. 

The first and second halves were administered with an 

interval of a week between them and function fluctuation 

would tend to depress the correlation between the two halves. 

The intercorrelations between the tests are too low, partic- 

ularly in view of the small number of cases involved, to 

permit the application of Thouless's method (1936). Paulsen 

(1931) suggested a "coefficient of trait variability" (C.T.V.) 

defined by: 

C.T.V. = 
r11' 

N rll rl'1' 

in which r11, is the test -retest or equivalent forms 

reliability, r11 is the boosted split -half reliability of 

one form and r1,1, is the boosted split -half reliability 
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of the other. A somewhat similar coefficient in which r11' 

is the actual (unboosted) equivalent forms reliability and 

r11 and r1,1, are the Hoyt reliabilities of the separate 

halves has beentried with the following results: 

Coefficients of Trait Variability - P.M.A.Tests. 
(Boys) 

Vw S Rw R P N 

0.737 0.798 0.753 0.877 0.594 0.803 

According to Paulsen (whose paper, unfortunately, was not 

available) the C.T.V. will be less than unity if trait 

variability is present. The obtained values are certainly 

less than unity, but whether significantly so it is not 

possible to say since no criterion of significance has been 

found. The lowest value is for P, and scrutiny of the 

answer sheets does reveal a noticeable variability in 

scores, although the nature of the test does not suggest 

any great variation in difficulty. The stereotype of African 

temperament mentioned earlier is such that trait variability 

seems likely to be more pronounced in African (if the over - 

generalisation may be permitted) than in European children. 

It may be mentioned that on this occasion the administration 

of the tests was carried out under much better conditions, 

in a new school building, with ample accomodation, and that 

conditions on the second testing were, as far as could be 

judged, exactly the same as on the first testing. It is 

possible therefore that function fluctuation may be a reason 

for the generally lower run of reliability coefficients which 

have been obtained in comparison with the figures quoted in 

the manuals. Clearly on the basis of such slender evidence 



Table VI.l 

Reliability and Speededness - Primary Mental Abilities 
Boys 

N = 87 

Reliabilities Vw S Rw Rf P N 

Manual (S.R.A.) 0.942 0.788 0.876 0.794 0.808 0.864 

Hoyt 0.8291 0.7723 0.6742 0.8137 0.8229 0.8666 

Separately Timed 
salves (S -B) 0.7066 0.6881 0.5776 0.7597 0.4517 0.7734 

Separately Timed 
Halves(Guttman) 0.7064 0.6877 0.5772 0.7560 0.4346 0.7734 

Lower Bound 
(C and W) 0.8149 0.7590 0.6559 0.8084 0.5557 0.7485 

Analysis of Proportions of Variance Attributable to Speed 

Vw S Rw Rf P N 

Form 1 of Test 0.2695 0.2123 0.0456 0.0286 0.88480.3474 

Form 2 of Test 0.0217 0.04o8 0.0201 0.0162 0.5917 0.2866 

Composite 0.0142 0.0133 0.0183 0.0053 0.2672 0.1181 

Practice Effect 

Vw S Rw Rf P N 

Difference of 
Means 1.058 1.138 0.839 0.747 1.264 -0.279 

S.E. diff. 0.326 0.279 0.254 0.252 0.402 0.333 

siff/S.E.diff 3.27 4.08 3.30 2.96 3.15 1.0 

Significance SS?S SSS ss ?s SS?S SS ?S NS 
i 

Negative diff. indicates lower mean score on second test. 



no definite pronouncement can be made, and the possibility 

is put forward as an interesting line of future investigation. 

The division of each test into two equivalent halves 

permits investigation of the effect of practice on score and 

on speededness, and the results will be found at the end of 

the table. It will be found that all of the tests show a re- 

duction in speededness with practice, and that this has a 

very marked effect on the speededness of the composite test 

or the test composed of the two halves taken together. This 

suggests that the tests could be very much improved if they 

were lengthened. In the case of all tests except N there is 

a significant increase in raw score with practice, amounting 

to about one point of raw score. A practice effect in N is, 

however, not to be expected, bearing in mind the nature of 

the test. 

The conditions of administration of the P.M.A. half 

tests to the girls differed from the conditions for the boys 

in that the second half followed the first half after only a 

short interval. The physical conditions were much more cramped 

and for this reason approximately half of the girls had Form 1 

first whilst the others had Form 2 first. The results are 

presented for the two groups separately. There is some 

variation from one group to the other in the reliability 

coefficients obtained, and the values, in both groups, for 

the two reasoning tests are remarkably low. In the group 

taking Form 1 first, one of the half tests of reasoning had 

a Hoyt reliability which was not significantly different from 

zero and which was numerically negative. It may well be that, 

in so far as the tests of reasoning were concerned, the 

numbers were too small in relation to the homogeneity of the 



group to permit reliable experimentation. 

The results agree with those obtained for the boys in 

that speeding is by no means pronounced, except in P and N 

which are speed tests. Where some indication is possible, 

the results also show that speededness decreases with practice. 

Practice produces significant gains in raw score in V and S 

in both groups, but not in any of the other tests. The tests 

V,Rw,Rf, in the case of the group taking Form 1 first, and 

V,Rf, in the case of the other group, show the same effect, 

as with the boys, of a separately timed halves reliability 

being less than the "lower Bound" which suggests that, if this 

is due to fluctuation of function (and not to inaccuracies 

resultant from small numbers) those fluctuations must be of 

short period. 

The "coefficient of trait variation" has been calculated 

for these cases; for both groups in the case of Vw it is 0.861; 

for the group taking Form 1 first, which shows the effect in 

Rw, whereas the other group does not, the C.T.V. is 0.289; 

in the group not showing the effect it is 1.008, which lends 

support. In the case of Rf, the coefficient cannot be calculated 

for the first group because one half test has effectively 

zero reliability; for the other group the C.T.V. for Rfis 

0.507. 

These results, together with the results for reliability 

and for differential prediction with the larger, original 

experimental group, suggest strongly the need for further 

investigation into the application of this differential 

battery in the local context. On the one hand, the speeded - 

ness, except in the case of P and N, is seen to be much less 

than was thought to be the case. This suggests that in many 



Table VI.2 

Reliability and Speededness - Primary Mental Abilities 
Girls 

Form 1 First 

Reliabilities Vw S Rw Rf P N 

Manual (S.R.A.) 0.942 0.788 0.876 0.794 0.808 0.864 

Hoyt 0.8885 0.6847 0.4637 0.3806 0.9199 0.9204 

Separately Timed 
Halves (S -B) 0.7906 0.7368 0.2095 0.1o33 0.7682 0.9249 

Separately Timed 
Halves(Guttman) 0.7905 0.7366 0.2095 0.0937 0.7597 0.9223 

Lower Bound 
(C and W) 0.8168 0.6355 0.4637 0.3760 0.5034 0.7626 

Form 2 First 

Reliabilities Vw S Rw Rf P N 

Manual (S.R.A.) 0.942 0.788 0.876 0.794 0.808 0.864 

Hoyt 0.7421 0.6973 0.4425 0.6310 0.9269 0.8668 

Separately Timed 
Halves (S -B) 0.6834 0.7393 0.4932 0.4277 0.7685 0.8256 

Separately Timed 
Halves(Guttman) 0.6774 0.7330 0.4845 0.4276 0.7662 0.8240 

Lower Bound 
(C and W) 0.7421 0.6858 0.4425 0.6310 0.5324 0.6813 

Analysis of Proportions of Variance due to Speed. 

Vw Sf P N 

Form 1 0.1049 0.0547 - 0.0384 0.4740 0.1685 

Form 2 0.0835 0.0424 - - 0.2878 0.0816 

Composite 0.0717 0.0492 - 0.0046 0.4165 0.1578 

(continued) 



Table VI.2(continued) 

Analysis of Proportions of Variance due to Speed (continued) 

Form 2 First 

VW S RW R P N 

Form 2 0.0306 0.0637 0.0034 - 0.5266 0.3006 

Form 1 - - - - 0.3588 0.2425 

Composite - 0.0115 - - 0.3945 0.1855 

Practice Effect 

Form 1 First 

VW S RW Rf P N 

Differehce of 
Means 0.886 1.657 0.257 -.143 -.943 -.857 

diff 0.404 0.363 0.378 0.396 0.649 0.362 

Diff/S.E.diff 0.219 4.57 1 1 1.45 1 

Significance S SSS NS NS NS NS 

No. of Cases = 35 

Form 2 First 

Vw S RVJ R P N 

Difference of 
Means -1.065 1.194 -.032 - 1.129 0.354 

S.E.diff 0.325 0.439 0.354 0.467 0.760 0.384 

Diff/S.E.diff 3.28 2.72 1 - 1.49 1 

Significance SS+ SS- NS - NS NS 

No. of Cases = 31 



cases the uncompleted items at the end of each test do not 

fall into the category of 'items not reached ". On the other 

hand, the marked fall in the reliabilities when separate 

halves are administered and the boosted correlations are 

obtained, suggests some disturbing factor, which may be 

function fluctuation. 

The results obtained with the Moray House Tests, M.H.T.43 

and M.H.T.44, are more "clear cut ". With both the boys and 

the girls two groups have been employed, one group taking 

one test first and the other group taking the other test 

first. The effect of the test -retest reliability falling 

below the Cronbach and Warrington "lower bound" is not found. 

There is some effect of speededness in that the Hoyt reliabilities 

are greater than the test -retest reliabilities, but the 

discrepancy is not so marked. Except in the case of boys 

taking M.H.T.43 first, the effect of practice is to reduce 

the speededness of the test; more items are attempted in the 

available time, although there is little overall change in 

the average score on the last two items attempted. In the 

case of the group showing an increase in speededness with 

practice it was found that this group also attempted more 

items; the increase in the Cronbach and Warrington correction 
L 

arises here from an increase in 07/44(129 51 as against 80.37 

at the first trial). There is, in all cases, an increase in 

mean raw score with practice of from 4 to 6 points, an 

increase which is significant at the .001 level. Because there 

is no marked differentiation between the sexes the results 

for boys and for girls have been combined in table VI.5. A 

similar test -retest reliability of 0.85 was obtained by 

correlating the scores on the same two Moray House Tests in 



the case of the older boys referred to in Chapter IV . The 

figure of 0.85 is low in comparison with the figures of 0.95 

and better normally quoted for Moray House Tests of Intelligence. 

It must be realised however that we are dealing with a selected 

group, and, moreover, a group in which the frequency of scores 

above half the maximum score possible is low. There is little 

doubt in the writer's mind that the application of such tests 

would be valuable in the local context (if they can be shown 

to have reasonable validity) and that many of the doubts 

expressed to him about their suitability are not well founded. 

Experimentation with extended time limits and with easier 

items to increase the spread of raw scores seems indicated. 

An approximate "round numbers" figure for the variance of 

raw scores in this reliability experiment is 150. A similar 

approximate figure from the standard deviation figures quoted 

in the manual for M.H.T.44 as obtained when this test has been 

used by various local education authorities is 900. On the 

basis of the present results, if the variance of raw scores 

were raised to 900, the reliability, by applying the Otis - 

Kelley formula, would become 0.976. 



Table VI.3 

Reliability and Speededness - Moray House Tests of 

Intelligence. Boys 

Reliabilities Manual Hoyt Equivalt. 
Forms 

Lower Bd. 
(CandW) 

M.H.T.43 (First) 0.979 0.8752 0.7361 
0.8643 

M.H.T.44 0.975 0.8877 0.7334 

M.H.T.44 (First) 0.975 0.8711 0.6567 
0.9022 

M.H.T.43 0.979 0.8810 0.4700 

Proportions of Variance due to Speed and Practice Effect 

H2 D4f. 
lleans 

S.E. 
diff 

Diff 
Si . g N SEdiff 

M.H.T.43 (First) 0.1391 
4.267 0.931 4.583 SSS 45 

M.H.T.44 0.1543 

M.H.T.44 (First) 0.4110 
4.794 0.887 5.405 SSS 34 

M.H.T.43 0.2144 
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Table VI.4 

Reliability and Speededness - Moray House Tests of 

Intelligence. Girls. 

Reliabilities Manual Hoyt Equivalt. 
Forms 

Lower Bd. 
(CandW) 

M.H.T.43 (First) 0.979 0.8639 0.6994 
0.8190 

M.H.T.44 0.975 0.8917 0.8362 

M.H.T.44 (First) 0.975 0.8612 0.6667 
0.7887 

M.H.T.43 0.979 0.9187 0.7637 

Proportions of Test Variance due to Speed and Practice Effect 

2 H Diff of 
Means 

S.E. Diff 
Sig. N 

diff. SEdiff 

M.H.T.43 (first) 0.1645 
4.257 1.226 3.472 SSS 35 

M.H.T.44 0.0555 

M.H.T.44 (First) 0.1945 
6.324 1.517 4.168 SSS 34 

M.H.T.43 0.1550 



Table VI.5 

Reliability and Speededness - Moray House Tests of 

Intelligence. Boys and Girls. 

Reliabilities Manual Hoyt Equivalt. 
Forms 

Lower Bd. 
(Candw) 

M.H.T.43 (First) 0.979 0.8693 0.5570 
0.8458 

M.H.T.44 0.975 0.8880 0.7835 

M.H.T.44 (first) 0.975 0.8811 0.5858 
0.8500 

M.H.T.43 0.979 0.9076 0.7964 

Proportions of Variance due to Speed and Practice Effect 

2 
H 

Diff of 
Means 

S.E. 
diff 

Diff 
Sig. N 

SEdiff 

M.H.T.43 (First) 0.3123 
4.138 0.7525 5.499 SSS 80 

M.H.T.44 0.1045 

M.H.T.44 (First) 0.2953 
5.574 0.8835 6.309 SSS 68 

M.H.T.43 0.1112 
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CHAPTER VII 

OCCUPATIONAL STATUS AND TEST PERFORMANCE 

A large number of research studies has been carried 

out on the relation between socio- economic status and 

intelligence. There is general agreement that statistically 

significant differences in I.Q. exist between pupils from 

different socio- economic levels, but a variety of views exists 

as to the reason for such differences. Broadly speaking, three 

points of view may be distinguished. 

The genetic point of view, held, for example, by 

Terman and his asociates, is that intelligence is genetically 

determined, that the more intelligent parents tend both to 

achieve "higher" socio- economic status and to have the more 

intelligent children, so that the more intelligent children 

come from the higher socio- economic levels. 

The environmentalist point of view is that the environ- 

ment provided by the higher socio- economic levels is more 

stimulating to mental growth than that provided by the lower 

socio- economic levels, and, because of this, intelligence 

shows a positive correlation with socio- economic status. 

Probably both of these views are not held in extreme 

form nowadays, workers in this field differing in the amount 

and degree of environmental influence which they are prepared 

to admit. 

The third point of view is that the observed differences 

in I.Q. are artefacts which do not accurately reflect any 

important differences in the abilities of pupils from 

different socio- economic levels. The tests contain a dis- 
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proportionate amount of material drawn from the cultural 

experiences of the higher socio- economic groups, whose 

children thus have an advantage. This is a point of view 

which has been developed particularly by the Chicago school 

of thought (Davis, Havighurst, et al) and which is studied 

empirically in "Intelligence and Cultural Differences ", 

(Eells et al, 1951). 

The work described in this chapter was the outcome of 

re- reading Eells's study. It was felt that, although 

rigorous study was not possible under the prevailing 

circumstances, it ought to be possible using the data 

arising in this research, together with any other data 

easily assembled, to make a tentative approach to the 

question: is there any relationship between the socio- economic 

status of the pupils studied and their abilities as revealed 

in their test performance? It might well have proved, for 

example, that the more fortunate pupils showed a level of 

ability which approximated more closely to European standards 

and that the overall depression of scores was the result of 

this performance being swamped by the very mediocre perform- 

ance of less fortunate pupils. Some of the pupils in the 

schools were known to be the children of professionally 

occupied parents whose economic status was at least equal to 

the writer's; some parents were known to be in a much better 

financial position and to posess property producing a very 

considerable income, be able to purchase large and expensive 

motor cars with unusual frequency, and to take holidays in 

Europe and America. Other children were known to be able to 

find their school fees with difficulty; cases are not unknown 

of children who have gone from house to house begging for 



money with which to pay their fees. Without any objective 

evidence on which to base a conclusion it was nevertheless 

felt, largely as a result of observation and the general 

knowledge accumulated as a result of living within a community, 

that the extremes of socio- economic status were wider in the 

local secondary schools than they were, nowadays, in British 

secondary schools, and that, if there were resultant differ- 

ences in ability, it should not be difficult to detect them. 

That such differences existed seemed probable in view of the 

fact that Murray (1947) had carried out an investigation on 

lines similar to, but more restricted than, that of Bells in 

the case of Negro children in the United States, and with 

very similar results. 

Certain limitations have to be recognised at the outset. 

Eells carried out his investigation with a large number of 

tests and a large number of children and had facilities such 

as an I.B.M. machine to ease the burden of analysis. This 

made it possible to detect significant differences in test 

performance on individual items in the case of extreme socio- 

economic groups. In the present case large numbers of tests 

and of children were not available. For reasons given later 

the number of children considered in this part of the study 

had to be reduced and financial limitations made it necessary 

to "make do" with the test results already achieved. At the 

same time it was felt that Eells's procedure of selecting 

extreme groups for analysis was open to methodological 

objection. In connection with the treatment of the analysis 

of variance, for example, McNemar (1949) states, "....and 

furthermore it provides an overall test of significance 

which is not subject to the fallacy inherent in singling 
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the "uncle" may not be a blood relation at all. It was 

therefore necessary to use only cases in which it was clear 

from the records that a child was living with his natural 

parents: this restricted the numbers considerably to 120 

girls and 89 boys. 

Finally it must be borne in mind that the group of 209 

children thus studied is not only selected because of the 

factor mentioned in the previous paragraph; the whole group 

was previously selected by the Common Entrance Examination. 

The results are only applicable within this and similar groups 

and it is highly desirable, in view of the null result found, 

that the experiment should be repeated with much wider scope. 

The Analysis of Variance. 

For the purpose of analysis the 89 boys and the 120 girls 

of the original experimental group for whom reliable occupation- 

al status information was available were classified by sex 

and according to the following parental occupational groups. 

The names of the occupational groups have their ordinary 

significance except where otherwise indicated. 

Professional. 

Clerical. 

Business People (engaged in businesses in established 

premisses). 

Craftworkers (this somewhat euphemistically describes 

those who work at some craft or trade 

demanding manual skill). 

Small Traders (local tenor for persons engaged in trade 

but not owning or hiring premisses from 

which the trade is carried on; very 
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similar to hawkers, itinerant vendors, etc.). 

Transport Workers (lorry, bus, and train drivers and 

the like). 

Soldiers, Sailors, etc. ( uniformed services, not of 

"officer status "). 

Sums of scores and sums of squares of scores were cal- 

culated for each of the 14 categories thus defined and 

assembled in an 8 x 3 table, the extra row and column being 

for for sums over sex categories and occupational categories 

respectively. Constants were then fitted and an analysis of 

variance carried out using Yates's (1933) method. This was 

done for each test variable employed and the results of this 

are given in tables below. The entry for each variable consists 

of two parts; in the first part the interaction between 

occupational status and sex is tested for significance; in 

no case was this interaction found to be significant. In the 

second part occupational status and sex are tested for 

significant differences. 

Examination of table VII.l. shows some evidence of 

differences between occupational status groups and some 

evidence that, with other variables, differences large enough 

to be statistically significant do not exist. The analysis 

of variance in the case of age, which was included as a 

variable because earlier work showed a negative regression 

upon age reveals differences in age significant at the .01 

level between the occupational status groups. In some cases 

also there are significant sex differences. It was therefore decided 

to carry the analysis further and to deal with boys and girls 

separately, making covariance adjustments for age in all those 
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Table VII.1 

Analysis of Variance: Sex / Parental Occupation for 11 Variables 

1. Significance of Interaction: Sex / Parental Occupation 

Test 
Variable,Within 

Variance Variance 
Ratio Sig 

Classes Interaction 

Vw 28.44 17.98 1 NS 

Vp 18.15 18.12 1 NS 

S 18.33 9.73 1 NS 

RW 9.097 4.675 1 NS 

Rf 11.318 6.314 1 NS 

P 33.879 14.539 1 NS 

N 50.714 64.621 1.27 NS 

NIHT 136.802 32.106 1 NS 

MEE 147.155 102.599 1 NS 

N1HA 171.199 336.019 1.96 NS 

Age 263.17 213.84 1 NS 

Degrees of Freedom: Interaction, 6 throughout. 

Within Classes, 181 for Moray 

House Tests, 

195 for P.M.A. 

Tests and Age. 

2. Analysis of Variance: Sex and Occupational Status 

Differences 

Test. Source S.Sq. d-f. Variance F Sig 

Sex neglecting Occpn. 69.710 1 

Residue 279.505 6 46.580 1.64 NS 

VGA Occpn.neglecting Sex 304.300 6 

Residue 44.925 1 44.925 1.58 NS 

Total 349.225 7 
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Table VII.1 

2. Analysis of Variance: Sex and Occupational Status 

Differences. Continued 

Test. Source S.Sq. d.f.Variance F Sig 

Sex neglecting Occpn. 117.615 1 

Residue 285.364 6 47.560 2.62 S+ 

Vp Occpn.neglecting Sex 300.374 6 

Residue 102.605 1 102.605 5.65 S+ 

Total 402.979 7 

Sex neglecting Occpn. 312.829 1 

Residue 377,177 6 62.847 3.43 SS 

5 Occpn.neglecting Sex 406.963 6 

Residue 283.043 1 283.043 15.44 SSS 

Total 690.006 7 

Sex neglecting Occpn. 0.553 1 

Residue 139.306 6 23.218 2.55 5+ 

RW Occpn.neglecting Sex 139.682 6 

Residue 0.177 1 0.177 <1 NS 

Total 139.859 7 

Sex neglecting Occpn. 14.153 1 

Residue 182.234 6 30.372 4.81 SSS 

Rf Occpn.neglecting Sex 180.527 6 

Residue 15.860 1 15.860 1.40 NS 

Total 196.387 7 

Sex neglecting Occpn. 22.705 1 

Residue 725.761 6 120.960 3.57 SS+ 

P Occpn.neglecting Sex 741.903 6 

Residue 6.563 1 6.563 4. 1 NS 

Total 748.466 7 

Sex neglecting Occpn. 40.880 1 

Residue 290.484 6 48.414 <1 NS 

N Occpn.neglecting Sex 297.647 6 

Residue 33.717 1 33.717 "...a. NS 

Total 331.364 7 



Table VII.l 

2. Analysis of Variance: Sex and Occupational Status 

Differences, Continued 

Test Source S.Sq. d.f.Variance F Sig 

Sex neglecting Occpn. 243.130 1 

Residue 2209.435 6 368.239 2,69 S+ 

MHT Occpn.neglecting Sex 2209.620 6 

Residue 242.945 1 242.945 1.78 NS 

Total 2452.565 7 

Sex neglecting Occpn. 151.570 1 

Residue 1387.323 6 231.221 1.57 NS 

IVIHE Occpn,neglecting Sex 1371.927 6 

Residue 166.966 1 166.966 1.13 NS 

Total 1538.893 7 

Sex neglecting Occpn. 322.360 1 

Residue 875.074 6 145.846 G 1 NS 

YEA Occpn.neglecting Sex 953.934 6 

Residue 243.500 1 243.500 1.42 NS 

Total 1197.434 7 

Sex neglecting Occpn. 133.000 1 

Residue 5761.880 6 960.313 3.65 SS 

Age Occpn.neglecting Sex 5706.070 6 

Residue 188.810 1 188.810 4.1 NS 

Total 5894.880 7 



cases in which a difference significant at the .05 level 

or above was found. Actually this was done for all of the 

P.M.A. tests and for the Moray House Test of Intelligence. 

The method adopted was exactly the same as that described 

in Chapter IV, and the results are given in table VI:I.2. 

for boys and in table VII.3. for girls. 

Examination of these tables shows that in the case of 

boys there are no significant differences in test performance 

between occupational status groups. In the case of girls there 

are significant differences in V (.05 level), in S (better 

than .05) and in Rw (better than .05). The F ratio for girls 

in the case of Rf, although not significant at the .05 level, 

was fairly high as also were the F ratios for girls in the 

cases of M.H.T. and Vw. For all of these cases the occupational 

status groups were taken in pairs and an analysis of variance 

with covariance adjustments for age was made for each pair. 

Details of this large number of comparisons is not given in 

the same form as in the other covariance analyses, instead a 

summary of the results is presented in tables VII.4 to VII.6. 

In these tables the occupational status group titles are used 

along each edge as a basis of division in much the same way 

that test names are used to divide up a correlation matrix. 

In each "cell" will be found the value of "F ", the variance 

ratio computed for any particular variable when an analysis 

of variance with covariance adjustments for age is carried 

out for the two particular occupational status groups defining 

that cell. The degrees of freedom are also given and the 

level of significance indicated. Since in a square array the 

intersection of any two occupational status groups will occur 

twice, the array has been divided by a diagonal line from the 
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Table VII.2. 

Analysis of Variance between Occupational Status Groups with 

Covariance Adjustments for Age 

Boys 

Test Total Within Between F Sig 

Sum of Squares X 27473.00. 23197.560 4275.440 

Sum of Squares Y 3559.021 3378.160 180.860 

Sum of Products XY -2740.301 -2072.796 -667.504 

VW Degrees of Freedom 88 82 6 

Regression Y on X -0.10 -0.089 

Adjusted S.Sq. Y. 3285.66 3192.942 92.726 

Degrees of Freedom 87 81 6 

Variance Estimate 39.42 15.45 <1 NS 

Sum of Squares X 27473.00. 23197.560 4275.440 m 

Sum of Squares Y 1454.41* 1289.965 164.445 

Sum of Products XY -1948.60* -1507.101 -441.499 

V 
P 

Degrees of Freedom 88 82 6 

Regression Y on X -0.07 -0.065 

Adjusted S.Sq. Y 1316.200 1192.052 124.148 

Degrees of Freedom 87 81 6 

Variance Estimate 14.717 20.691 1.41NS 

Sum of Squares X 27473.00. 23197.560 4275.440 

Sum of Squares Y 1641.60* 1524.239 117.361 

Sum of Products XY -547.701 - 46.033 -501.667 

S Degrees of Freedom 88 82 6 

Regression Y on X -0.020 -0.002 

Adjusted S.Sq. Y 1630.681 1524.148 106.533 

Degrees of Freedom 87 81 6 

Variance Estimate 18.82 17.76 <1 NS 
Sum of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 937.890 895.710 42.180 

Sum of Products XY -1611.161 -1319.578 -291.220 

Rw Degrees of Freedom 88 82 6 

Regression Y on X - 0.05 - 0.057 

Adjusted S.Sq. Y 843.41* 820.647 22.763 

Degrees of Freedom 87 81 6 

Variance Estimate 10.130 3.794 4:_l NS 
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Table VII.2 

Analysis of Variance between Occupational Status Groups with 

Covariance Adjustments for Age - Boys 

Test Total 4ithin Between F Sig 

Sum of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 1244.500 1140.792 103.708 

Sum of Products XY - 683.800 -245.219 -438.581 

Rf Degrees of Freedom 88 82 6 

Regression Y on X -0.025 -0.011 

Adjusted S.Sq. Y 1227.480 1138.200 89.280 

Degrees of Freedom 87 81 6 

Variance Estimate 14.052 14.880 4 1 NS 

Sum of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 2803.060 2444.246 358.814 

Sum of Products XY -2151.400 -1230.566 -920.834 

P Degrees of Freedom 88 82 6 

Regression Y on X - 0.078 - 0.053 

Adjusted S.Sq. Y 2634.585 2378.968 255.617 

Degrees of Freedom 87 81 6 

Variance Estimate 29.370 42.603 1.45 NS 

Sum of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 4035.000 3859.730 175.270 

Sum of Products XY 410.700 119.970 290.730 

N Degrees of Freedom 88 82 6 

Regression Y on X 0.015 0.005 

Adjusted S.Sq. Y 4028.860 3859.110 169.750 

Degrees of Freedom 87 81 6 

Variance Estimate 47.643 28.292 1 NS 

Sum of Squares X 23786.000 18879.730 4906.270 

Sum of Squares Y 14611.990 13472.079 1139.911 

Sum of Products XY -7736.200 -6052.2104.1683.990 

MHT Degrees of Freedom 79 73 6 

Regression Y on X - 0.325 - 0.321 

Adjusted S.Sq. Y 12097,725 11529.320 568.405 

Degrees of Freedom 78 72 6 

Variance Estimate 160.129 94.734 1 NS 
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Table VII.3 

Analysis of Variance between Occupational Status Groups with 

Covariance Adjustments for Age - Girls 

Test Total Within Between F Sig 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 2737.700 2167.187 206.513 

Sum of Products XY -674.950 -415.940 -259.010 

Vw Degrees of Freedom 119 113 6 

Regression Y on X -0.025 -0.017 

Adjusted S.Sq. Y 2357.007 2160.131 196.875 

Degrees of Freedom 118 112 6 

Variance Estimate 19.287 32.813 1.70 NS 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 1966.925 1737.268 229.657 

Sum of Products XY -882.520 -476.200 -406.320 

Vp Degrees of Freedom 119 113 6 

Regression Y on X -0.030 -0.019 

Adjusted S.Sq. Y 1938.386 1728.020 210.366 

Degrees of Freedom 118 112 6 

Variance Estimate 15.429 35.061 2.27 S 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 2367.792 2049.580 318.212 

Suvlof Products XY -867.700 - 88.119 -779.5812 

S Degrees of Freedom 119 113 6 

Regression Y on X - 0.032 - 0.004 

Adjusted S.Sq. Y 2340.203 2049.263 290.940 

Degrees of Freedom 118 112 6 

Variance Estimate 18.297 48.49 2.65 S+ 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 1003.467 878.292 125.175 

Sum of Products XY -201.230 -63.170 -138.060 

Rw Degrees of Freedom 119 113 6 

Regression Y on X -0.007 -0.003 

Adjusted S.Sq. Y 1001.983 878.129 123.854 

Degrees of Freedom 118 112 6 

Variance Estimate 7.318 20.642 2.82 S+ 



115 

Table VII.3 

Analysis of Variance between Occupational Status Groups with 

Covariance Adjustments for Age - Girls 

Test Total Within Between F Sig 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 1182.667 1066.260 116.407 

Sum of Products XY -701.830 -423.140 -278.690 

Rf Degrees of Freedom 119 113 6 

Regression Y on X -0.026 -0.017 

Adjusted S.Sq. Y 1164.618 1058.958 105.660 

Degrees of Freedom 118 112 6 

Variance Estimate 9.455 17.61 1.86 NS 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 4616.325 4162.142 454.183 

Sum of Products XY -2437.820 -1751.750 -686.070 

P Degrees of Freedom 119 113 6 

Regression Y on X -0.089 -0.071 

Adjusted S.Sq. Y 4398.554 4036.997 361.557 

Degrees of Freedom 118 112 6 

Variance Estimate 36.045 60.26 1.67 NS 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 6532.370 6327.075 205.295 

Sum of Products XY 1127.390 1068.130 59.260 

N Degrees of Freedom 119 113 6 

Regression Y on X 0.041 0.044 

Adjusted S.Sq. Y 6485.795 6280.547 205.248 

Degrees of Freedom 118 112 6 

Variance Estimate 56.076 34.208 <1 NS 

Sum of Squares X 26796.200 23721.870 3074.330 

Sum of Squares Y 12551.170 11289.008 1262.162 

Sum of Products XY -4417.740 -3654.226 -963.514 

IvîHT Degrees of Freedom 114 108 6 

Regression Y on X -0.165 -0.146 

Adjusted S.Sq. Y 11822.243 10784.691 1037.552 

Degrees of Freedom 113 107 6 

Varaince Estimate 100.792 172.925 1.72 NS 
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Table VII.4 

Analysis of Variance between Occupational Status Groups with 

Covariance Adjustments for Age - Vw and V - Girls 

V 
w 

Prof Cler Bus C Wkrs S/Tdrs T,W]:rs 

F 1 

NS 

n1=1 

n2=35 

SS 

F 1 

NS 

n1=1 

n2=40 

F 1 

NS 

n1=1 

n2=56 

F 1 

NS 

n1=1 

n2=54 

F=3.82 

NS 

n1=1 

n2=55 

F=1.48 

NS 

n1=1 

n2=37 

L; 

vn1=1 

F=8.05 

SS 

n2=56 

F=1.14 

NS 

n1=1 

n2=43 

F 1 

NS 

n1=1 

n2=44 

F=6.02 

S+ 

n1=1 

n2=26 

F 1 

NS 

n1=1 

n2=24 

F 1 

NS 

n1=1 

n2=29 

r' 

F=4.28 

S 

n1=1 

n2=54 

F 1 

NS 

n1=1 

n2=43 

F 1 

NS 

n1=1 

n2=42 

F=1.65 

NS 

n1=1 

n2=24 

F 1 

N`? 

n1=1 

n2=22 

F 1 

NS 

n1=1 

n2=27 

3 ú 

F=7.91 

SS 

n1=1 

n2=55 

F 1 

NS 

n1=1 

n2=44 

F 1 

NS 

n1=1 

n2=42 

F=7.30 

S+ 

n1=1 

n2=25 

F=1.19 

NS 

n1=1 

n2=23 

F 1 

NS 

n1=1 

n2=28 

.6 

F 1 

NS 

n1=1 

n2 =37 

F=2.61 

NS 

n1=1 

n 
2 
=26 

F=1.31 

NS 

n1=1 

n 
2 
=24 

F=2.83 

NS 

n1=1 

n2 =25 \, 

F=1.67 

NS 

n1=1 

n =5 
2 

F=3.46 

NS 

nl=1 

n 
2 
=10 

3 .:, 

1-. 

F=2.69 

NS 

n 
1= 

1 

n2=35 

F 1 

NS 

n1=1 

n2=24 

Fl 
NS 

n1=1 

n2=22 

F 1 

NS 

n1- -1 

n2=23 

F=4.45 

NS 

n-1 
1- 

n2=5 

F 1 

NS 

n1 =1 

n2=8 

N 
vil 

F=1.14 

NS 

n1=1 

n2=40 

F 1 

NS 

n1=1 

n2=29 

F 1 

NS 

n1=1 

n2=27 

F 1 

NS 

n1=1 

n2=28 

=1.20 

NS 

n1=1 

n2=10 

F=1.97 

NS 

n1=1 

n2=8 

\ 

Prof Cler Bus C Wkrs S Tdrs T Wkrs SS 

V 
P 
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Table VII.5 

Analysis of Variance between Occupational Status Groups with 

Covariance Adjustments for Age - S and Rw - Girls 

S 

Prof Cler Bus C/Wkrs 

F=4.88 

S 

n1=1 

n2=55 

F=1.54 

NS 

n1=1 

n2=44 

S/Tdrs 

F 1 

NS 

n1=1 

n2=37 

F=1.35 

NS 

n1=1 

n2=26 

T +:krs , 

F=1.47 

NS 

n1=1 

n2=35 

F=1.33 

NS 

n1=1 

n2=24 

SS 

F=1.97 

NS 

n1=1 

n2=40 

F 1 

NS 

n1=1 

n 
2 
=29 

ó 
G1`. 

V 

F=18.11 

SSS 

n1=1 

n2=56 

F=1.27 

NS 

n1=1 

56 

F=8.73 

SS 

n1=1 

n.,=54 
L 

F=5.57 

S 

n1=1 

n2=43 

Zn2= 
': 

h 
s m 

F=1.67 

NS 

n1=1 

n2=54 

F=2.99 

NS 

n1=1 

n2=43 

F=1.20 

NS 

n1=1 

n2=42 

F=5.15 

S 

n1=1 

n2=24 

F 1 

NS 

n1=1 

n2-22 

F 1 

NS 

n1=1 

n2=27 

3 

F=4.69 

S 

n1=1 

n2=55 

F=3.58 

NS 

n1=1 

n2=44 

F 1 

NS 

n1=1 

n2=42 

F=2.68 

NS 

n1=1 

n2=25 

F 1 

NS 

n1=1 

n2=23 

F 1 

NS 

n1=1 

n2=28 

wn1=1 

F 1 

NS 

n2=37 

F=3.01 

NS 

n1=1 

n2=26 

F 1 

NS 

n1=1 

n2=24 

F 1 

NS 

n1=1 

n2=25 

F=3.09 

NS 

n1=1 

n2=5 

F=1.50 

NS 

n1=1 

n2=10 

tv i 

F 1 

NS 

n1=1 

n2=35 

F 1 

NS 

n1=1 

n2=24 

F 1 

NS 

n1=1 

n2=22 

F 1 

NS 

n1=1 

n2=23 

F l 

NS 

n1=1 

n2=5 

F 1 

NS 

n1=1 

n2=8 

N 
`n 

F 1 

NS 

n2=40 

F=2.37 

NS 

n2=29 

F 1 

NS 
n1=1 

n2=27 

Fl 
NS 

n1=1 

n2=28 

Fl 
NS 

n1=1 

n2=10 

Fl 
NS 

n1=1 

n2=8 

Prof Cler Bus C Wkrs S Tdrs T Wkrs SS 

R w 



Table VII.6 

Analysis of Variance between Occupational Status Groups with 

Covariance Adjustments for Age - Rf and Iri.H.T. - Girls 

Rf 

, Prof Cler . Bus C/Wkrs. 

F=1.32 

NS 

n1=1 

n2=55 

S/Tdrs 

F 1 

NS 

n1=1 

n2=37 

, T/Wkrs 

F=2.89 

NS 

n1=1 

n2=35 

, SS , 

F 1 

NS 

n1=1 

n2=40 

F=7.08 

S+ 

n1=1 

n2=56 

F=1.97 

NS 

n1=1 

n2=54 

s: 
o, 

V 

F=4.50 

S 

n1=1 

n2=54 

F 1 

NS 

n1=1 

n2=43 

F=2.53 

NS 

n1=1 

n2=44 

F=1.87 

NS 

n1=1 

n2=26 

F 1 

NS 

n1=1 

n2=24 

F=2.43 

NS 

n1=1 

n2=29 

3 n 

F 1 

NS 

n1=1 

n2=51 

F=1.80 

NS 

n1=1 

n2=42 

F 1 

NS 

n1=1 

n2=42 

Fl 
NS 

n1=1 

n2=24 

F 1 

NS 

n1=1 

n2=22 

F=1.21 

NS 

n1=1 

n2=27 

3 
ùn1=1 

F=3.71 

NS 

n2=52 

F 1 

NS 

n1=1 

n2=43 

F=1.04 

NS 

n1=1 

n2=40 

F 1 

NS 

n1=1 

n2=25 

F=1,o4 

NS 

n1=1 

n2=23 

F 1 

NS 

n1=1 

n2=28 

v 
n1=1 

Fl 
NS 

n2=34 

Fl 
NS 

n1=1 

n2=25 

Fl 
NS 

n1=1 

n2=22 

Fl 
NS 

n1=1 

n2=23 

F=7.47 

S 

n1=1 

n2=5 

F 1 

NS 

n1=1 

n2=10 

x 
3 

i--= 

F=2.49 

NS 

n1=1 

n2=33 

F=1.62 

NS 

n1=1 

n2=24 

F=2.71 

NS 

n1=1 

n2=21 

F=2.31 

NS 

n1=1 

n2=22 

F=7.97 

S 

n1=1 

n2=4 

F=3.00 

NS 

n1=1 

n2=8 

stt 

v) 

F=1.15 

NS 

n1=1 

n2=38 

F 1 

NS 

n1=1 

n2=29 

F 1 

NS 

n1=1 

n2=26 

Fl 
NS 

n1=1 

n2=27 

F 1 

NS 

n1=1 

n2=9 

F=1.43 

NS 

n1=1 

n2=8 

, Prof Cler . Bus . C/Wkrs S/Tdrs . T/Wkrs SS 

N.H. T . 
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top left hand corner to the bottom right hand corner and 

this permits the results for two variables to be recorded 

in one table. Scrutiny of these tables shows that the majority 

of the F ratios are below the .05 level of significance and 

that although some significant ratios are found these are not 

distributed in such a way as to suggest any uniform or regular 

variation of ability with occupational status. For example, 

there is no significant difference in performance on Vw 

between the professional group and any of the other groups, 

although there is a suggestion of a difference approaching 

the .05 level between this group and the Craftworkers. In 

the case of Vp the Professional group is superior in perform- 

ance to the Clerical, Business, and Craftworker groups, bmt 

not to any of the others. In the case of M.H.T. only two 

significant differences will be found, between the Professional 

and the Clerical groups, and between the Transport Workers and 

the Small Traders. It is concluded that there is no evidence 

of systematic variation of ability in test performance with 

occupational status of the parents of the children tested. 

The test performance has been analysed in relation to 

the parental occupational status in various other ways in the 

case of some of the tests employed. Records were made for each 

item and for each child in the case of these variables showing 

whether the item was answered correctly, incorrectly, omitted, 

or "not reached ". It was assumed that any omissions after the 

last item obviously attempted was "not reached ". in the case 

of wrong answers the position of the wrong answer was recorded, 

e.g., in the case of an item in the Moray House Test of 

Intelligence offering 6 choices, an incorrect answer which 

was, say, the fourth of the choices offered (including the 
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correct answer) was recorded as W4. Eells, in the course of 

his study, examined status differences in distribution of 

wrong responses and found no significant difference between 

the high status group and the low status group in this respect 

whether the status differences were tested for each response 

separately or by means of the Chi square test. In the present 

investigation the numbers do not permit the testing of each 

response separately, but it has been possible to record the 

observed frequencies for each status group for each wrong 

answer position in certain cases. The expected frequencies 

were then calculated on the basis that there were no status 

differences and chi square computed with the results shown 

in tables VII.7. and VII.8. 

Table VII.7. 

Values of Chi -square in the Analysis of Wrong Responses 

by Status Groups - Boys 

Variable Chi -square d.f. P 

Vw 18.77 18 .30 - .50 

V 
P 

16.29 18 .50 - .70 

S 16.10 18 .50 - .70 

Rw 8.76 18 .95 - .98 

Rf 12.92 18 .70 - .80 

N.R.T. 6 choice items 22.25 30 .80 -..90 

P is the probability of obtaining a value of Chi -square as 

great or greater as a result of random influences. The P 

column gives the limits between which P must lie as given in 

the usual Chi -square tables. 
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Table VII.8. . 

Values of Chi -square in the Analysis of wrong Responses 

by Status Groups - Girls 

Variable Chi -square d.f. P 

Vw 21.88 18 .20 - .30 

V 
P 

17.73 18 .30 - .50 

S 17.12 18 .50 - .70 

Rw 20.09 18 .30 - .50 

Rf 21.46 18 .20 - .30 

M.H.T. 6 choice items 32.82 30 .30 - .50 

See note to table V1I.7. 

From tables VII.7 and VI:I.8 it will be seen that there 

is a reasonable probability that observable differences in 

the distribution of wrong responses by status groups arise 

from random influences. This point of view is reinforced if 

we make use of the combinatorial property of Chi -square 

according to which the several Chi - square values for any 

variable may be summed with degrees of freedom equal to the 

sum of the degrees of freedom for the samples. Table VII.9 

gives the values for boys and girls together. Since in all 

cases the degrees of freedom exceed 30, the limiting value 

in the tables of Chi -square, the expression 

in which n is the number of degrees of freedom, and which 

has a sampling distribution following very closely the 

unit normal curve, has been employed. 
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Table VII.9. 

Values of Chi -square in the Analysis of Wrong Responses 

by Status Groups - Boys and Girls 

Variable Chi - square d.f. P 

Vw 40.66 36 .28 

V 
P 

34.02 36 .57 

S 33.22 36 .61 

Rw 28.85 36 .80 

Rf 34.38 36 .55 

M.H.T. 6 choice items 55.06 60 .66 

Another possible way of comparing the test performance 

of the occupational status groups is in terms of the numbers 

or proportions of omitted items; the analysis of wrong responses 

in the preceding section took account of actual wrong responses 

only and omitted items were not considered at all. Bells in 

his investigation of "Intelligence and Cultural Differences" 

studied status differences in omitting items in order to 

test the hypothesis that there might be a larger proportion 

of omitted items in the case of low status pupils or that they 

might guess much more frequently than other pupils when they 

did not know the answer. He found that low status pupils did, 

in fact, omit items more frequently than high status pupils, 

but only to the extent that they make more wrong responses 

than high status pupils. So far the results in this investigation 

suggest no differences between pupils in different status 

groups and it is desirable to see if there are any differences 

in the omitting of items, particularly so as the proportion 



for the whole group seems higher than would be expected by 

comparison with British children. (This expectation is based 

on impression only - no objective data are available.) 

Differences between occupational status groups in the omitting 

of items have been examined, in the case of the same tests 

as those examined for wrong responses, by a simple analysis 

of variance procedure with covariance adjustments for age, 

and for boys and for girls separately. The results are collected 

together in Tables VIi.lO and VII.11. Examination of these 

tables shows that in no case are there significant differences 

between occupational status groups in omitting items in any 

of the tests examined. 

Conclusions. 

With due regard to the provisos mentioned at the beginning 

of this chapter it may be concluded that there is no support 

given by the evidence adduced here to the hypothesis that 

there are significant differences in test performance between 

the children of parents of different occupational status. 

This conclusion is so different from what might have been 

expected from results obtained elsewhere that investigation 

on a much larger scale is called for. That there will be 

considerable differences in the home environments, in nourish- 

ment, in the provision of toys and reading materials, seems 

a reasonable presumption. The economic circumstances of the 

group designated "professional" approximate quite closely to 

the economic circumstances of similar persons in the United 

Kingdom; the circumstances of some of the other categories 

may be, if anything, relatively depressed. For reasons given, 

no specific enquiry has been made into such matters, but 
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Table VII.10 

Analysis of Variance between Occupational Status Groups in 

Omitting Items, with Covariance Adjustments for Age - Boys 

Test Total Within Between F Sig 

Sum of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 1501.528 1414.353 87.175 

Sum of Products XY 459.110 4.195 454.915 

Vw Degrees of Freedom 88 82 6 

Regression Y on X 0.017 0 

Adjusted S.Sq. Y 1493.856 1414.351 79.505 

Degrees of Freedom 87 81 6 

Variance Estimate 17.461 13.251 <1 NS 

3um of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 404.180 371.781 32.399 

Sum of Products XY 275.580 364.657 -89.077 

V 
P 

Degrees of Freedom 88 82 6 

Regression Y on X 0.010 0.016 

Adjusted S.Sq. Y 401.416 366.049 35.367 

Degrees of Freedom 87 81 6 

Variance Estimate 4.519 5.895 1.30 NS 

Sum of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 337.281 306.364 30.917 

Sum of Products XY 153.040 115.900 37.140 

S Degrees of Freedom 88 82 6 

Regression Y on X 0.006 0.005 

Adjusted S.Sq. Y 336.428 305.785 30.643 

Degrees of Freedom 87 81 6 

Variance Estimate 3.775 5.107 1.35 NS 

Sum of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 133.191 126.408 6.783 

Sum of Products XY 327.383 277.955 49.428 

Rw Degrees of Freedom 88 82 6 

Regression Y on X 0.012 0.012 

Adjusted S.Sq. Y 129.290 123.078 6.212 

Degrees of Freedom 87 81 6 

Variance Estimate 1.519 1.035 <1 NS 



Table VII.10 

Analysis of Variance betweek Occupational Status Groups in 

Omitting Items, with Covariance Adjustments for Age - Boys 

Test Total Within Between F Sig 

Sum of Squares X 27473.000 23197.560 4275.440 

Sum of Squares Y 482.719 451.332 31.387 

Sum of Products XY 833.150 657.745 175.405 

Rf Degrees of Freedom 88 82 6 

Regression Y on X 0.030 0.028 

Adjusted S.Sq. Y 457.453 432.682 24.771 

Degrees of Freedom 87 81 6 

Variance Estimate 5.342 4.129 <1 NS 

Sum of Squares X 23786.000 18879.730 4906.270 

Sum of Squares Y 6785.950 6089.235 696.715 

Sum of Products XY 2926.000 1724.127 1201.873 

I tRT Degrees of Freedom 79 73 6 

Regression Y on X 0.123 0.091 

Adjusted S.Sq. Y 6426.012 5931.785 

Degrees of Freedom 78 72 6 

l Variance Estimate 82.386 82.371 1 NS 
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Analysis of Variance between Occupational Status Groups in 

Omitting Items, with Covariance Adjustments for Age - Girls 

Test Total Within Between F Sig 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 1974.367 1932.169 42.198 

Sum of ProductsXY 525.784 386.880 138.904 

Vw Degrees of Freedom 119 113 6 

Regression Y on X 0.019 0.016 

Adjusted S.Sq.Y 1964.237 1926.065 38.172 

Degrees of Freedom 118 112 6 

Variance Estimate 17.197 6.362 <1 NS 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 1985.967 1875.280 110.687 

Sum of ProductsXY 783.984 473.700 310.284 

Vp Degrees of Freedom 119 113 6 

Regression Y on X 0.029 0.019 

Adjusted S.Sq. Y 1963.445 1866.129 97.316 

Degrees of Freedom 118 112 6 

Variance Estimate 16.662 16.219 <l NS 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 1068.125 1034.422 33.703 

Sum of ProductsXY -50.125 -198.929 148.804 

S Degrees of Freedom 119 113 6 

Regression Y on X -0.002 -0.008 

Adjusted S.Sq. Y 1067.204 1032.808 34.396 

Degrees of Freedom 118 112 6 

Variance Estimate 9.222 5.733 <1 NS 

Sum of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 291.967 286.980 4.987 

Sum of ProductsXY 458.684 383.515 75.169 

Rw Degrees of Freedom 119 113 6 

Regression Y on X 0.017 0.016 

Adjusted S.Sq. Y 284.258 280.982 3.276 

Degrees of Freedom 118 112 6 

Variance Estimate 2.509 0.546 ..4.1 NS 
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Table VII.11 

Analysis of Variance between Occupational Status Groups in 

Omitting Items, with Covariance Adjustments for Age - Girls 

Test Total Within Between F Sig 

Sun of Squares X 27290.000 24520.500 2769.500 

Sum of Squares Y 457.952 432.812 24.780 

Sum of Products XY 651.142 479.554 171.588 

Rf Degrees of Freedom 119 113 6 

Regression Y on X 0.024 0.020 

Adjusted S.Sq. Y 442.056 423.433 18.623 

Degrees of Freedom 118 112 6 

Variance Estimate 3.781 3.104 <1 NS 

Sum of Squares X 26796.200 23721.870 3074.330 

Sum of Squares Y 10586.696 10230.810 355.886 

Sum of Products XY 3673.570 3119.556 554.014 

NHT Degrees of Freedom 114 108 6 

Regression Y on X 0.137 0.132 

Adjusted S.Sq. Y 10083.075 9820.571 262.504 

Degrees of Freedom 113 107 6 

Variance Estimate 91.781 43.751 <1 NS 
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knowledge of the circumstances of some families lends 

support to this presumption. Without much more extensive 

enquiry the application of the "method of differences" 

seems precluded. One may, however, draw tentative conclusions 

on the basis of the "method of agreement ". There are two 

factors which appear to be common to all groups, and else - 

where both factors have been held to be causal factors in 

producing status differences in performance on-tests similar 

to those used. 

The first common factor is parental attitude. Although 

the generalisation is often made that "Africans love children" 

(and there is a measure of truth in this), and although the 

life of the African baby is almost universally one of 

intimate contact with its mother, there arrears to be little 

comradeship between parents and children. Discipline tends 

to be based upon custom and authority rather than upon reason 

and affection; corporal punishment is common and sometimes 

capricious. The children of better -off parents may be indulged, 

but from the aspect of the psychological relationship between 

child and parents the more socially and economically privileged 

children may be as unfortunate as the underprivileged 

children. The fact that in Sierra Leone children are sometimes 

given away possibly speaks for itself. 

The second common factor is that children of different 

occupational groups attend the sane primary schools. 

Havighurst, in Fells et al (1951) states: "In many cities 

the best equipped schools and the best -prepared teachers are 

in the higher status area of the community, while the lower 

class pupils go to run- down schools with less able teachers ". 

This is not true in the case of the schools attended by the 
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boys and girls in this study. In the.writer's opinion, 

based on personal knowledge of primary schools in the 

Freetown area, the majority of these schools fall into 

Favi.g'urst's category of run -down schools, all of them 'Pcking 

reasonable provision of books and materials and all following 

the same stereotyped ritualistic curriculum. 

A possible third factor is the general lack of cultural 

amenities in the area. Throughout Eells's study we find frequent 

reference to the possible advantages high status pupils may 

enjoy by reason of their contact with cultural activities; 

in Freetown the high status pupils are as badly off in this 

regard as the low status pupils. 

Thus the findings of this preliminary study of the 

relationship between the performance and the occupational 

status of the children are not necessarily at variance with 

those of other, more elaborate studies, although the actual 

results differ. If the results obtained with this selected 

group of children reflect the situation in the general child 

population, they provide no support to the hypothesis that 

"upward mobility within the social status scale is related to 

intelligence, so that the people at the top of the scale tend 

to be selected with respect to intelligence and that this 

superior parental intelligence is then inherited by their 

children "; they do tend to emphasise the view that parental 

attitude (rather than economic circumstance) and the quality 

of primary schooling play an important part in developing 

ability of the kind measured by the objective tests used 

in this study. 
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CHAPTER VIII 

REGRESSION ANALYSIS AND THE MULTIPLE CUTTING SCORE METHOD 

I. GENERAI, CON'IDERATIONS 

The function of scientific research is the analysis 

of natural phenomena with a view to finding laws in terms 

of which future occurences may be predicted. In the exact 

sciences such as physics, at least on the macroscopic 

scale, it has been found possible to express phenomena in 

terms of mathematical relationships which are applicable 

within a high order of accuracy, and this is the case 

because it is possible to control many of the variables 

operative and to study the effect of one only at a time. 

In microscopic physics, (e.g. in the kinetic theory of 

gases, in statistical mechanics, in the study of many 

aspects of nuclear phenomena), this high degree of abstrac- 

tion is not possible and it is necessary to make use of 

statistical concepts (e.g. the Poisson distribution in 

radioactivity, Fermi -Dirac statistics in solid state physics). 

In such studies also we are not usually concerned with 

the behavi oi_,r of an individual entity, but with whole 

populations (e.g. it is not possible to predict when an 

individual radioactive atom will undergo beta -decay, only 

the probability that an atom will so behave). In the social 

sciences, and particularly in psychology, it is equally 

necessary to deal with populations, and it has (as yet, at 

any rate) proved impossible to abstract from the many 

variables operative to such an extent that quantitative 

laws of the kind found in macroscopic physics can be found. 

Nevertheless the scientific objectives are exactly the 
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t he same: practical prediction and control. There is 

disagreement as to the most effective way in which such 

objectives may be achieved. One point of view regarding 

the "prediction of personal adjustment" is that it is not 

carried out on an acturial basis, but that by a detailed 

and intimate study of the individual, considered uniquely 

as a person, his behaviour in a given set of circumstances 

may be predicted. There is, it is averred, no question 

of appeal to class frequencies nor consideration of 

behaviour in analogous situations; rather the judgement 

represents something new and unique and "intuitions lead 

to certainty ". This is the point of view of the proponents 

of the "Case Study Method ", among whom G.W.Allport (1937, 

1942) has been prominent; it is the point of view of many 

psychiatrists. The other view is that all predictions are 

made on an actuarial basis, whether or not statistical 

methods have been overtly used. Even with the case study 

method at best the prediction can only be "X will probably 

do so and so ". This is, for example, the view of Sarbin 

(1944). The writer, as a physicist, and therefore a 

respector of quantitative methods, is naturally favourably 

disposed towards the statistical approach. His view is 

that it may well be the case that there are some individ- 

uals who are capable of intuitions (regarding personal 

adjustment) which lead to certainty, but so far he is 

unaware of any evidence to that effect. Pending the pro- 

duction of empirical evidence he prefers to place his 

trust in statistical methods which admittedly do not lead 

to certainty, but which at least contain the means for the 

estimation of their own error. 
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One of the important applications of psychometry is 

the prediction of probable academic or vocational or 

social achievement from scores derived from tests, quest- 

ionnaires, biographical data sheets and the like. In the 

academic field there has been, in some quarters, a retreat 

from statistical methods in favour of a more intuitive 

approach, whereas on the vocational side, in industry, 

where efficiency is important in terms of money, and where 

job adjustment and employee satisfaction contribute to 

efficiency, there has been a marked increase in the use 

of such methods. As Ruch (1943) says: "Industrial manage- 

ment has recognized for a long time the value of purchasing 

materials and equipment on specification. In fact, the 

industrialist frequently engages in considerable engineer- 

ing work at his own expense to set up specifications before 

making an it portant purchase. No good business man would 

contemplate for a moment the purchase of a $20,000 piece 

of equipment on the basis of a five -minute interview with 

the salesman of one company. Quite to the contrary, he 

has his engineers set up specifications and calls for 

competitive bids from several suppliers. Taken. over a 

period of ten years, a $40,00 a week workman represents 

an expenditure of over $20,000. His selection and place- 

ment on a job is an important transaction which is en- 

titled to, and is comjng to receive, more than five 

minutes of a hurried interviewer's time." In the same 

paper Ruch quotes impressive figures of efficiency gains 

as a result of the application of psychological tests in 

industry. 

Because it is frequently not possible to achieve 
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high predictive efficiency by the use of a single variable, 

methods have been developed for using batteries of tests 

and combining a number of variables together to give a 

single prediction score. The most widely used has been 

the multiple regression method and, generally speaking it 

has proved the most efficient. It is, however, a lengthy 

process and it entails the possession, by the user, of 

statistical skills. Various attempts have been made: 

(a) to simplify the procedure whereby regression 

weights are determined in order to reduce the time, and 

hence the cost, of the procedure; 

(b) to devise simpler procedures which can be used 

by persons without much statistical training. 

It is not the intention here to discuss the general 

procedure of regression analysis; that is well covered in 

the many texts available, e.g. Ezekiel (1959). An attempt 

will be made to discuss one method which does not depend 

on regression analysis, the "multiple cutting score method" 

due to Ruch(1943, 1945), to discuss various proposed mod- 

ifications of regression analysis, to consider some em- 

pirical comparisons which have been made of the multiple 

cutting score method with the multiple regression method 

in the. vocational field which suggest that the former is 

as efficient, but more time saving than, the latter, and 

then, since (as far as the writer has been able to ascertain 

within the limited facilities at his disposal) no empir- 

ical comparison of the two procedures has been made in 

the educational field, to make such a comparison with data 

available from the present enquiry. As Grimsley (1946) 

puts it: "7f it is found that the multiple cutting -score 



134 

method yields batteries of tests which have greater pre- 

dictive efficiency than those developed by the multiple 

correlation method, the findings are of considerable 

theoretical importance; or if it is found that the multiple 

cutting -score method is approximately equal in efficiency, 

the finding is of great practical significance, because 

of the fact that it requires little time and no statistical 

training on the part of the user." From the point of view 

of work in Sierra Leone this last comment applies strongly. 

Multiple Correlation Methods of Selecting and Weighting 

a Test Battery. 

A good deal of the literature on the subject of multiple 

correlation methods stems from the U.S.A., and the method 

of computing the regression coefficients adopted is almost 

universally that due to Doolittle (1878). This is the 

method given in well known textbooks such as those due to 

Thorndike (1949), McNemar (1949), and Peters and VanVoorhis 

(1940). Thomson (1950) in the mathematical appendix to his 

"Factorial Analysis of Human Ability" refers to the almost 

universal employment of the Doolittle procedure in the 

United States, and gives' his opinion that the use of the 

reciprocal matrix, calculated by pivotal condensation, is 

superior. In the writer's opinion both methods are some- 

what tedious if the number of variables is at all large, 

say ten or twelve, as in cases to be considered. In practice 

it appears doubtful if much is gained by the use of so 

many variables since not only does each test contribute 

to the multiple correlation, but also to the error, and 

in the case of the former a law of diminishing returns 

seems to operate. Eventually a point is reached at which 
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the addition of variables adds more error than validity 

to the battery. It is true that once the reciprocal of 

the matrix of correlation coefficients has been obtained 

it is both easy and quick to find the standard errors of 

the regression coefficients and to eliminate those which 

are not significant, but this means going through the 

whole laborious process. It is not surprising therefore 

to find that efforts have been directed towards the find- 

ing of short cut and approximation procedures. In 1938 

Wherry published two formulas for estimating beta weights, 

the procedure being designed to: 

TI (1) decide whether the exact values are worth 

obtaining, 

(2) obtain immediate approximation answers which 

the investigator might otherwise have to wait 

hours or days to obtain, and 

(3) select certain variables from a larger group 

which may then be given an exact solution." 

Further developments followed in 1941; an account of 

Wherry's method for the successive addition of variables 

is given in Stead (1940). 

The most valid single test is first chosen, then a 

second test is chosen which will add most to the validity 

of the first test, and so on. As each test is added, so 

the increase in the multiple correlation diminishes, while 

the chance error increases. Application of Wherry's shrink- 

age formula after each test is added indicates whether the 

test adds more error than validity to the battery, at which 

point the addition of further tests will lower the multiple 

correlation coefficient. This method was used in the 
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empirical comparisons mentioned. below. 

Flanagan put forward a successive approximation 

technique in 1940 which was criticised by Jackson (1943). 

Both methods involve some loss in predictive efficiency. 

Jenkins (1946) produced a quick method depending on the 

use of graphs which he supplies, and which, on the basis 

of his figures, gives close approximation with large samples 

but not such good ones with small samples. The "1- method" 

of Toops )1941) selects the most useful variables and sums 

them for a composite score. Stead (1940) states that the 

"L- method" is more lengthy than the Wherry- Doolittle 

procedure; it requires the use of a Hollerith machine and 

was therefore beyond the writer's scope. In general most 

of the approximation techniques are disappointing, for 

either they attain ease of application with considerable 

loss of predictive efficiency, or, like Toops's method, 

maintain a reasonable level of predictive efficiency but 

prove even more complicated than the Wherry- Doolittle 

method. 

A method of more recent date, due to Linhart (1960), 

has proved of considerable interest and value. Linhart's 

approach is that if it is desired to predict a criterion, 

xo, from xl, x2,..., xk, a regression sample of size n, 

taken from the k +1 dimensional distribution of xo,xx2'.. 

...,xk is used to estimate the regression coefficients. 

A number of "predictor sets" from xl,x2,...,xk, are sampled 

randomly and corresponding values of xo are predicted. For 

a given regression sample and a given predictor set the 

length 1 of the confidence interval for xo is calculated. 

The expected value of 1, E(1), is taken as a measure of 
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the precision of prediction within the given population 

if regression samples of size n are used." Linhart goes 

on to say: "It can be shown that E(1) may be smaller if 

only certain k -r of the available predictor variates are 

used as compared with E(1) for all k predictor variates. 

The precision of prediction, in the above mentioned sense, 

may therefore deteriorate if more variables are used." 

The hypothesis E(1)ß E(r)(1), where E(1) refers to 

the length of the confidence interval when all of the k 

variables are used, and E(r)(1) refers to the expected 

length. of the confidence interval when certain r of the 

k variables are omitted, is tested; only if the hypothesis 

is rejected are these r variables used. Expressions are 
A 

derived for E(1) and for E(1), an unbiassed estimate of 

E(1). In order to test the hypothesis E(1) E(r)(1) the 

statistic 

u -. 

12 

(1) 

is computed. This "is distributed like a multiple correl- 

ation coefficient obtained from a sample of size N = n -k +r 

out of a population with r independent variables, having 

a multiple correlation 

U = 

2 2 
P - P(r) 

1 p2 (r) 

P is the multiple correlation of xo on x1,x2,...,xk. The 

hypothesis E(1)7 E(r)(1) is equivalent to the hypothesis 

U < Uo , where 

% 

E k -r,n 

k,n 

(2) 
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= n+1 ( tr,-k-1) 2 

14n n-k-1 .05 

where tOn ;k 
-1) is the five per cent point (double 

tailed) of Student's distribution with n -k -1 degrees of 

freedom. 

In order to carry out the test graphs of lower 

confidence limits for multiple P are used. Such graphs 

are said to be available in the 1941 edition of Ezekiel's 

"Methods of Correlation Analysis" (although they are not 

found in the current edition) and in an earlier paper 

of Linhart's (1958) which the writer has not been able 

to obtain. However, as Linhart points.out later, tables 

and graphs of upper and lower confidence limits for the 

ordinary correlation coefficient may be used; if the 

lower confidence limits are changed to zero whenever 

they are negative, they apply also to the multiple cor- 

relation coefficient, and in this connection David's 

(1954) tables and charts have proved invaluable. 

This apparently complex procedure is much simpler 

than it appears, and the routine of computation and 

testing will be described later. It is important first 

to note Linhart's remarks on the "trivial prediction ", 

which arises when k -r = 0 corresponding to the problem: 

is it worthwhile attempting a prediction at all or better 

to rely on the trivial prediction; "the value of xo will 

be Rio ". The expected length of the confidence interval 

for xo can be obtained and there are cases in which this 

is less than the expected length when some predictor 

variates are used. Linhart gives as an example: in a 
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sample, n =30, and one predictor variable the correlation 

between this variable and the criterioñ must be better 

than 0.19 in absolute value. Further: "to obtain better 

precision of prediction with k variables than with k -r 

variables it is not enough that the multiple correlation 

coefficient increases if further r variables are included 

in the analysis, but it must increase by more than a 

certain positive constant, the value of which depends 

mainly on the sample size. Again the calculation of E(i) 

will demonstrate the gain in prediction." (It is difficult 

to avoid quoting the whole paper, which is full of interest, 

and which should certainly be consulted.) 

In the case of the trivial prediction the statistic 

used is u = R (corresponding to (1) above) "which is dis- 

tributed like a multiple correlation coefficient of size 

N =n out of a population with r independent variables, 

having a multiple correlation U = P." Corresponding to 

(2) above, in this case we have: 

U = 
0 

1 

Ek, n 

and the hypothesis E(1) .E(r)(l) is again equivalent to 

the hypothesis 

The ratio E k -r,n found in the expression for U0 is, 

Ek,n 
according to Idnhart , affected very little by the factor 

[tfl_hi [ 
2 

1I 
to -k 

-1 
2 so that the approximation .05 /.05 

1 E k-r,n 
Ek,n 

r 
n-k+r-1 

may be used. As a result of this all of the statistics 

are very easy to compute using the procedure to be des- 
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cribed later for finding what happens as each variable 

is selected. In general, therefore, it is possible to 

determine whether any prediction, other than the trivial 

prediction is worthwhile, or, if it is worthwhile, whether 

all k or certain k -r predictor variables should be used 

by computing u (given in (1)) 1 y o g' )) and Uo = [r /(n- k +r -1)] , 

(the corresponding expressions in the case of the trivial 

prediction, k -r = 0, being straightforward extrapolations 

from the more general case, k -r. 0.) Then in graphs of 

lower confidence limits for multiple P (or in corresponding 

graphs for the correlation coefficient, with the modific- 

ation mentioned above), the curve corresponding to r 

independent variables and a sample of size N = n -k +r is 

located. 1f the point (u,U0) is above the curve, the null 

hypothesis is not rejected and only k -r variables may 

be used. 

The hypothesis, strictly speaking, should be form- 

ulated without using the data, otherwise the test is no 

longer exact; i.e. there should be some basis other than 

the data from which ultimately regression weights are 

calculated on which it is decided that variables xp, xq, 

xr might be used as predictor variables, and then the 

hypothesis may be tested by means of Linhart's method. 

This is not always possible; it is not so with the ex- 

ample given by Linhart, and it is not so in the present 

investigation. Linhart suggests that even in such cases 

the test should be used. In such cases it is possibleto 

to proceed by Wherry's method of test selection, in 

which the variable having the highest correlation with 

the criterion is selected first, then the variable which 
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yields the highest increase in multiple R, and so on. The 

tests described are applied at each stage of the selection. 

Linbart makes use of Dwyer's (1952) notation; this notation 

is used below. The complete procedure is then as follows: 

1. For k variables prepare a. k x k table as for a 

correlation matrix, but it is not necessary to enter the 

correlations yet. To the right of it add a column for xo, 

the criterion variable, and a sum column for use in check- 

ing. To the right of this again prepare columns for 
v2i, 

2 2 v2i / z21, v3i, v3 /z3i,...,etc., where these quantities are 

defined below. Below the grid for the correlation coeffic- 

ients provide rows for 
zli, sai' z2i' sbi.a' z3i' sci.ab " 

...,etc., also defined below. Examples of these tabular 

arrangements will be found in the empirical studies of 

the next two chapters. 

2. Jnter in the xo column the correlation of each 

test with the criterion. select as first variable, a, that 

test which has the highest correlation with the criterion. 

Apply the u test. In this case u = R, the correlation with 
1 

the criterion, Uo = [1 /(n- l +l -1)]' and N = n -k +r = n -1 +1 

= n. If the point (u,U0) is below the curve joining the 

lower 95 per cent confidence limits in David's Chart II, 

the null hypothesis is rejected and variable a may be used 

as a predictor. If the point (u,U0) is above that curve, 

the null hypothesis is not rejected and variable a should 

not be used. 

3. Fill in the row of correlations of all tests with 

variable a, and sum. Below the grid complete row zli = l.o 

in every case, and the next row, 
çai' 

where sai 
= rai, 

i.e. 

the row of correlations of all tests with test a is repeat- 



142 

ed. Compute z2i 
= zli - sai 

and enter in the row below sai. 

Compute v2i 
= 

vii 
sa.isao' where vli = r1o, and enter in 

the first column beyond the sum column. Compute, and enter 

in the next column v2i 
/z2i. 

This quantity is an estimate 

of the increase in the square of multiple R were any test 

added to the battery. Select as next variable, b., that 

variable having the highest value of v2; /z2i. Apply the 

u test. For the test u is.now given by formula 1 above. 

R2 - R2 = v2 /z and 1 - R2 = 1 - r2 . U is now 
(1) 2b 2b (1) oa o 

approximately [1 /(n- k +r -1)] 1% = [1 /(n- 2 +1 -1)] %, and N is 

n -2 +1 = n -1. The point (u,U0) is located and compared with 

the curve of the 95 per cent lower confidence limits for 

a sample of size N in David's Chart 1I. As before, if the 

point is below the curve, the null hypothesis is rejected 

and variable b may also be used as a predictor. 

4. If the null hypothesis is rejected in the case of 

variable b, fill in the row of correlations of all variables 

with variable b. Compute row sbi.a "here 

sbi.a = (sbi sais ab 
) /sbb.a 

2 % 
sbb.a = 

(1 - sab) 

sab = r ab ' 

= rbi; sai = rai. 

As already indicated, Dwyer's notation has been employed, 

and this accounts for the somewhat unfamiliar appearance 

of the expressions in which s is used instead of the more 

usual r for the correlation coefficient. For the benefit 

of the statistically unsophisticated it may be said that, 

with the aid of a simple desk calculator the process is 

quick and easy, and with a little practice becomes almost 

automatic. The quantity sah = rab is constant, being the 
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c orrelation between the first and second variables selected, 

so that sbb.a is found by setting up 1 (with an adequate 

number of decimal places), and punching in rab. The machine 

is set in reverse and the squaring process operated; the 

square root is easily found in tables such as Barlow's, or 

if the tables available do not give enough significant 

figures, by the machine method given in Dwyer (1951). For 

the numerator of sbi.a' sab should be carried mentally. 

Each column is treated in turn; sbi is the entry in the b 

row of the grid and should be punched into the machine, with 

an adequate number of decimal places. With the machine 

working in reverse sab is multiplied by sai, the entry in 

the second row beneath the grid. This procedure, with addit- 

ional subtractions, is applied for sci.ab' etc., and once 

learned runs along automatically; it is also useful in the 

event of requiring values such as sdi.abc' sei.abcd' etc., 

which are not quoted. Compute also z = z - s2 
3i 2i bi.a (the 

procedure for which should now be obvious) and v3i which is 

v2i sbi.asbo.a' 
and vai /z3i. The quantity vai /z3i gives 

the increase in multiple R2 to be expected if any one var- 

iable is uSed in addition to variables a and b. (The nature 

of sbi.a is discussed later.) The variable having the highest 

value of v3i /z3i is tried as the next possible predictor 

variable and the u test is applied. Formula 1 gives u. 

2 R2 
v2 /z and 1 - R2 = r2 + v2 /z whence 
3i 3i (1) oa 2i 2i' 

u may be found. The estimate of Uo, [ Y is 

now [1 /(n- 3 +1 -1)] , and the sample size is N = n -3 +1. As 

before, the point (u,U0) is located with reference to the 

appropriate curve in David's Chart II, and the null hypo- 

thesis tested. 
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5. The process is repeated until the null hypothesis 

is no longer rejected. For convenience the necessary 

formulae are collected together below. 

2 2 2 Ih 

sai -rai' sbb.a = (1 - -ab ' scc.ab - 
(1 

- sac sbc.a) 

sbi.a = (sbi - saisab)/sbb.a 

sci.ab - (sci saisac sbi.asbc.a)/scc.ab 

zli = 1 

- 
2 

z2i = zli sai 
2 

z3i 
= 

z2i - sbi.a 
2 

z4i 
= 

z3i - sci.ab 

vii 
- rio 

v = v 
2i 

v3i - v2i 

v4i = v3i 

ai~ao 

- sbi.asbo.a 

sci.absco.ab 

Subscript o refers to the criterion variable, a to the 

first variable selected, b to the second, and so on. 

6. An interesting development of the procedure given 

by hinhart is that the regression analysis may be carried 

out on a sample which is smaller than that which it is 

ultimately intended to use, so that although a stage may 

be reached at which application of the u test leads no 

longer to rejection of the null hypothesis, it may be the 

case that in a larger sample the null hypothesis would be 

rejected. A method is given in Linhart's 1960 paper for 

testing this. In this case, if n' is the size of the 

larger sample (to be used later), u is calculated as 

before from the sample n, but the value of Uo is shown to 

be: 

U = 
0 

/ k-r,' n 

Ek,n' 

so that the approximate value is 

U' Uo 
- k 
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The point (u,Uó) is tested against the curve correspond- 

ing to a sample of size N = n -k +r (i.e. the sample size 

is that corresponding to the smaller sample n from which 

the data have been derived, not the larger sample n'). 

This procedure is particularly useful in the case of 

pilot studies. 

Calculation of Regression Weights in the case of Linhart's 

F ethod . 

The procedure as described so far provides a ready 

method for selecting those tests which should be used as 

predictor variables. In practice it has been found that 

rarely has the process had to be extended beyond the use 

of 4 variables with samples of about 200. Once the rhythm 

of the procedure has been experienced the computation 

proceeds (using 9 or 10 variables) more rapidly than does 

writing a description of it! Unfortunately Linhart's paper 

does not give the back solution for the regression weights, 

even in the example of the application of the method. 

Linhart says: "The back solutions to obtain the estimated 

regression coefficients has not been carried out here, since 

it is planned to increase the sample size." It seems likely 

that the back solution is given in Dwyer's 1952 paper, but 

efforts to obtain sight of this have been of no avail; 

apparently as a U.S.Army document its circulation is still 

"restricted ". However a hint may be obtained from an assert- 

ion of Linhart's that "the computing scheme is essentially 

that of the square root method ". Summerfield and Lubin, 

(1951) describe a square root method for selecting variables 

in regression analysis, in which use is made of a triangular 

matrix T made up of elements described as "semi- partial 
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correlation coefficients ". A first .axis, factor, or 

reference vector is identified with one of the variables 

(usually that one having the highest correlation with the 

criterion). A second, orthogonal, factor is derived "to 

account for the residual variance of the second variable 

after the extraction of its communality in factor 1". A 

third factor accounts for the residual variance after 

removal of its communality in factors 1 and 2 and so on. 

Following the notation used by Summerfield and. Lubin, 

which will be connected up with that used by Dwyer in due 

course, let us denote the variables by X1, X2'" 'Xi'" 'Xn 
and the criterion by X0. The factors mentioned above are 

denoted by X1, X2.1' X3.12'°" ' Xi.1,2,..i -1' 

and X c.1,2,....n Since the factors are orthogonal, the 

first variable must have a zero loading on the second 

factor, the first two variables must have zero loadings on 

the third factor, etc., and we have the triangular matrix 

T, illustrated in fig. YI:II.1. In this matrix the general 

element in the g'th column, r. , is the 

correlation of the i'th test with Xg.1,2,...,g_1' that 

part of the Xg score that cannot be predicted from X1, X2,. 

....,Xg Burt has suggested that these are equivalent to 

"semi- partial" correlations (which must be clearly dieting- 

uished from partial correlations). Quite clearly the semi - 

partial correlations rl(g.1,2,...,g 
-1)' r2(g.1,2,..,g -1)' 

r , must be zero since X 
1, 

X ,.X 
g- 1(í.1,2) 1 2 

... g -1 

can only correlate zero with a score from which all linear 

influence of X1, X2,..., Xg_1, has been subtracted. 

If R is the n by n matrix of correlation coefficients 

between the n independent variables, B is the column of 
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Figure VIII.1 

The Triangular Matrix T and the Correlations with the 

Criterion of the Orthogonal Factors 

1 X2.1 "'Xi.1,2,..i -1 Tln.l,2..n- 1c.1,2,.n 
X1 1.0 0 ... 0 .. 0 0 

X2 r21 r 2(2.1)- ' 

0 .. O 0 

. . 

Xi 
rs.l ri(2.1)"'ri(i.1,2, ..i-1)" 0 

'n rnl rn(2.l) " 'rn(i.1,2,..i-1)''rn(n.1,2,..n-1) O 

X 
rc1 rc(2.1) " ' rc(1.1 2 i-l) " rc(n.l 2 r , ,.. , ,..n-1) c(c.1,2,..n) 

The variables are X1, X2'" 'Xi .... Xn' 
The criterion is X0. 

The orthogonal factors are X-, X2.1' ....X. 

Xn.1,2,..n -1' 
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beta weights, and rc is the column vector of correlation 

coefficients between the n independent variables and the 

criterion, 

But, 

whence 

RB = r 
c 

TT' =R 

TT'B = rc. 

Premultiplying by T-1, 
T'B 

= T-lrc (3) 

The column vector T - -rc is the set of correlations of the 

n orthogonal factors of the triangular matrix T with the 

criterion, which are also found in figure VIII,' as the 

row of correlations for the criterion variable, i.e. the 

row below T. Bearing in mind that `I' is the transpose of 

T, and calling the columns of T: tl, t2,...., tn, and 

denoting the element of the i'th row in t. by tij, euation 

3 may be written: 

i=1 
rc(j.1,2,...,j-1) 

In column to all of the elements are zero except tnn, so 

that 

n rn(n.1,2,..,n -1) - rc(n.1,2,..,n -1) 

from which(3 may be found. 

Column to contains 
to -1,n -1 

and tn,n -1 apart from zeros. 

I 5 n-1 rn-1(n-1.1,2,..,n-2) + P n rn(n-1.1,2,..,n-2) 

= rc(n-1.1,2,..,n-2), 

and knowing ( n (obtained from column tn4, (3 n -1 
may be 

calculated. In this manner we may proceed backwards through. 

the triangular matrix to obtain all of the beta weights. 

Suimnerfield and hubin recommend that " the computation 
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2 n . 

Rc.1,2,...,n = i ric 
should always be carried out. It is a useful though not 

infallible check on the computation of the 
(- 

weights." 

This back solution depends upon having available 

the semi- partial correlations which are the elements of 

the triangular matrix T. let us suppose that variable 1 

has been selected; that part of variable 2 which remains 

when the linear effect of variable i is held constant is 

X2.1 = X2 ( a21 + b21X1) 

in which b21 is the regression coefficient and a21 the 

constant. If standard scores, z, are employed, then, 

z2.1 = z2 - b21 
zl 

z2.1 is not a standard score since if z2 has a standard 

deviation of unity, z2.1 must have a lesser value 

The semi- partial correlations of i with 2.1 will be:- 

ziz2.1 (since cr. = 1) 
1(2.1) N qtr. 

z,t4 

Z. - blz1) 

N p' 
z2.4 

ziZ2 

zz1 
b21 

N 

Cr 

- 
1'91 (4) 
2 l 

The standard deviation of z2.1 may be found if we think 

of variable 2 as made up of two parts, a part z21 due to 

the linear effect of variable 1 and a residual, z7,l. 

From the variance relation it follows that since these 

two parts aré essentially uncorrelated, 

1 = a + CrL 
z 



and 
a- 

zz 1 = 
1 - r21 

Thus (4) becomes 

ri(2.1) 
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rit ril r21 

( 1- r21)1/ 

But using Dwyer's notation, which was used above in 

connection with Linhart's method of selecting variables, 

ri2 = r21 = rbi = sbi ; 

rli = rai = ai r21 = r12 = rab = sab 

( a is the first variable selected, i.e. 1; b is the 

second variable selected, i.e. 2) 

Thus 
sbi s al 

s ab sbi sas i ab 
ri(2.1) 

qimilarly: 

( 1 - s2 )1/2 s 
sbi .a 

ab bb.a 

rí(3.12) = sci.ab ; rí(4.1,2 :3) = sdi.abc etc. 

Hence the semi -partial correlations may be obtainedd 

directly from the wort sheet when selecting the variables 

by Linhart's method; thus column t1 of T consists of the 

correlations with the other variables used of the first 

variable selected, variable a, and these are in row s 
ai 

of the work sheet; column t2 entries are in row sbi.a 

and so on. The last row of figure VIII.l, the correlations 

of the criterion with the orthogonal factors, are found 

in the criterion column; they are s , s , s ao bo.a co.ab° ° " 
etc. respectively. The data necessary for a back solution 

for the beta weights is thus readily set up once the 

variables have been selected by Linhart's procedure. In a 

number of the analyses made in the course of this invest- 

igation this procedure has been checked against the method 
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of finding beta weights using the .reciprocal of the 

matrix of cOrrelation coefficients. Apart from slight 

differences due to arithmetical aproximations the beta 

weights found by the combination ofLinhart's method and 

the square root method are identical with those found by 

using the reciprocal matrix - as of course should be the 

case. 

The Multiple Cutting Score Method. 

There is nothing particularly ne: in the use of 

cutting scores. The method has long been in use education- 

ally, for example it is the (unreliable) method in official 

use in the writer's present college for selecting entrants 

who must have obtained "at least five credits at the G.C.E. 

examination in not more than two sittings, including 

English Language and one science subject ". 
A' 

A G X 
Fig. VJII.2 

Fig. VIII.2 gives a pictorial comparison of the multiple 

cutting score method and the multiple regression method 

in the case of two variables. The lines AA' and BB' 

represent the cutting scores on the two tests, whilst 

CC' represents the selection level by regression. The 
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relationship between there lines in the figure is quite 

arbitrary. it will be seen that, depending upon the cut - 

tin; scores and the selection level, there are some can- 

didates rejected by both procedures, but that the candid- 

ates whose representative points lie within the horizon - 

tally shaded areas are accepted by the regression method 

but rejected by the multiple cutting score method, whilst 

the opposite is the case for candidates whose represent- 

ative points lie in the vertically shaded area. 

Horst (1941) attempted an analytical formulation of 

the multiple cutting score method, but his approach assumes 

normality of distribution, whereas one of the advantages 

claimed for the procedure is that it is free from assump- 

tions such as normality, hornoscedasticity, and linearity 

of regression which are assumed in multiple regression 

analysis. 

Thorndike (1949) says that "there is no really 

analytical way of establishing the two critical scores 

below which an individual shall be disqualified" (two 

scores because his discussion is with reference to a 

diagram like that in figure Viil.2) and describes the 

procedure as necessarily a trial and error one ". He takes 

the view that "various possible cutting points must be 

tried for each of the tests, and these must be tried out 

in all their possible combinations. When only two or three 

tests have been used, the number of combinations is not 

very large, but this number multiplies very rapidly as 

the number of tests is increased. If it were proposed 

to examine the appropriateness of no snore than three 

different cutting scores on each of ten different tests, 
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the total number of combinations for which results would 

have to be analysed would be some 59,000. Under these 

circumstances, the method obviously breaks down under its 

own weight". 

The multiple cutting score method used in this study, 

and in certain other studies to be briefly described, is 

due to Ruch. It may be interpreted as an empirical pro- 

cedure for selecting cutting scores which obviates the 

difficulty which Thorndike sees. it has been claimed for 

the method that its predictive efficiency is equal to 

that of the multiple regression method but that it is 

much. more rapidly carried out. The general basis of the 

method first appeared in Ruch (1943) but the procedure now 

to be described follows Grimsley (1946, 1949) who elaborated 

it a little. 

Procedure. 

(a) Each individual's test scores and criterion 

scores are recorded on a card of convenient sîze; the 

normal card index size is quite suitable. 

(b) The cards are sorted into two or more groups on 

the basis of criterion score. The number of groups depends 

upon the number of candidates and the fineness desired. 

``Iith a small sample only two groups might be feasible; in 

Ruch's (1945) study 3 groups were used. The empirical study 

reported in the next chapter makes use of 6 groups. The 

division into groups must not be so fine that the group 

means become unreliable. 

(c) For each of the groups the mean score on each 

test is found. These are rounded to the nearest whole 

number. The means thus established -are the cutting scores. 
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The means of the test scores of the upper criterion group 

constitute the "A standard ", those of the next group the 

"B standard ", and so on. 

(d) The cards are sorted on the basis of the scores 

on one test at a time, and table VIII.3 is completed. The 

mean and per cent values in this table are cumulative from 

left to right, for if a candidate meets a given standard on 

a test he also meets all lower standards. 

Table VIII.3 

Test Meal. Criterion Score and % Selected by each Standard 

l 
2 

3 

tandard A Standard B Standard C 

Mean 

Standard D 

Fear_ 

(e) The means are plotted against per cent selected 

for each test; examples of these graphs will be found in 

the report of the empirical investigation in the next 

chapter. From the graphs thus obtained the order of use- 

fulness of the tests is found by inspection, and the tests 

are numbered in that order. 

(f) The cards are sorted into groups meeting the A 

standard, the B standard,...,etc. on the basis of test 

number one, the most useful test. The cards of all who 

fail the lowest standard are discarded. This process is 

repeated on the basis of test number two, test number three, 

etc., and the results entered in table VIII.4. If the 

addition of any test is found to reduce the predictive 
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efficiency of the battery at any stage, that test should 

not be used and the cards should be sorted back into their 

previous order. A reduction in predictive efficiency is 

shown by a fall in the mean criterion score at the given 

level of selection (Ruch, 1945). The effect of this pro- 

cess is to classify each candidate according to his 

lowest test score. 

Table VIII.4 

Test 

Batt- 

enes 

Mean Criterion Score and % Selected by each Standard 

Standard A 
' 

Standard B Standard C Standard C. 

Mean % Mean Mean Mean 
----- 

1 

1,2 

1,2,3 

(g) The criterion means are plotted against the per 

cent selected at each standard for each battery and the 

most useful battery found from inspection of the graphs. 

Empirical Comparisons of the Multiple Cutting Score Method 

with Multiple Regression Methods. 

Grimsley (1946) states that he made an unpublished 

study comparing the two methods in the selection of 

trainee draftrmen at the Lockheed Aircraft Factory at 

Burbank, California in 1943, the same year that Ruch first 

published the multiple cutting score method. He found the 

two methods to be equal in predictive efficiency. 

In 1945 Ruch carried out a comparative study of the 

two methods, using them in the selection of winch operators. 

There were'in fact two studies. In Study I two groups at 
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the Stevedore Training School at Port Hueneme were used, 

the first of 382 men being selected at random from "General 

Detail" prior to training, the second of 327 men being 

selected in part by the mechanical aptitude test of the 

Navy Basic Battery (U.S.A.) prior to assignment. Men with 

General Classification Test scores of 50 and above were 

excluded, since such were not normally available for cargo 

handling teams. The second study made use of the two groups 

of the first study together with 111 cases with G.C.T. 

scores of 50 and above. These men were divided randomly 

into two groups. In each study a cross -validation process 

was adopted, the one group being used to establish the 

test batteries the selective value of which was then tested 

on the other group. In each study only three standards 

were used: Standard A at the "multiple of five nearest 

the mean of the upper quartile ", Standard B at theUmultiple 

of five score value which is nearest the Arithmetic Mean 

of the total group ", Standard C at the "multiple of five 

nearest the mean of the lowest quartile ". The efficiencies 

of the two methods were compared by matching the number 

of men passing the standards set by the multiple cutting 

score method with the same number of men chosen in order 

of their predicted criterion scores using beta weights of 

tests selected by the '.`Wherry Doolittle method. In neither 

study was there any significant difference at any level 

of selection although there was some indication that the 

multiple cutting score method might be superior at the 

upper level of selection although inferior at the lower 

levels. Ruch's recommendation to the N.D.R.C. Applied 

Psychology Panel was : 
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"Inasmuch as the Wherry- Doolittle Nethod does not 

significantly improve the prediction of success in winch 

operation and since it is considerably core time con- 

suming than the multiple Cutting -`-'core method, our 

recommendation is that the latter be used in selecting 

men from General Detail for cargo handling training." 

Wahoske (1L46) in a study which made no use of cross 

validation, found that the multiple cutting score method 

was superior to the Wherry- Doolittle at all levels of 

selection. The differences at each level were not individ- 

ually significant but appeared so if "interpreted in light 

of the general formula for the probability of combined 

events ". Only about a third of the time required for 

computation using the Wherry- Doolittle method was required 

for the multiple cutting score method. It was suggested that 

the superiority of the multiple cutting score method lay 

in its avoidance of the assumptions of linearity of 

regression and compensation which are required by multiple 

regression methods. 

Grimsley (1946) made a comparative study of the two 

methods, establishing the cutting scores and the test 

batteries on one group of 250 students of elementary 

accounting at the University of Southern California and 

comparing the predictive efficiencies when these test 

batteries were applied to a parallel group of 250 students 

of the same subject. His results are in line with those 

of Ruch (1945). The multiple cutting score method required 

about a third of the time required by the 'Merry- Doolittle 

procedure, and there was no significant difference in 

predictive efficiency at any level of selection, although 
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there was a suggestion of superiority of the multiple 

cutting score method at the highest level of selection. 



 rn 

CHAPTER IX 

REGRE`:r. :ION ANALYSIS AND THi, 1JOLT i I LE CUTTING SCORE 1\ TROD 

II AN EMPIRICAL STUI)Y 

Data for an empirical comparison of a multiple 

regression method with the multiple cutting score method 

existed in the test score data of the children tested in 

Freetown Secondary Schools. It was decided to make use of 

this for an empirical comparison, since,as indicated 

earlier in this work, there appeared to be some advantage 

in the local context in a method of selection which made 

no great demand upon statistical knowledge and which might 

be quick to apply. In addition, all of the comparative 

studies made had had adult subjects and were largely in 

the vocational field; it seemed desirable to make a study 

with children in the educational field. 

With the variety of test scores available, many 

combinations were possible since any one variable could be 

considered as the criterion and be "predicted" by the others. 

Whilst it would have been interesting to examine a fair 

proportion of the possible combinations it was felt that 

time was not available for too extensive experimentation 

with figures. Two predictions were, however, of intrinsic 

interest in addition to their value for the empirical study 

of the selection methods. These were: - 

(i) to attempt a prediction of the v1.H.T.44 scores 

by means of the P.M.A. scores, since, presumably, some 

relationship existed; 

(ii) to use the P.M.A. tests together with the Moray 
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House tests to "predict" the Common Entrahce Examination 

marks. 

Because of its intrinsic interest, the Linhart test 

selection procedure was adopted for the regression method, 

the procedure described in the previous chapter was followed 

in applying the multiple cutting score method. Those 

children for whom records were available for all of the 

necessary tests were divided into two nearly equal groups 

on the basis of their M.N.T. scores. Whilst this was the 

principal basis of division, efforts were made to see that 

the schools were represented approximately in proportion 

to their numbers and that there was an approximate parallel- 

ism as regards age; a measure of compromise was necessary. 

The groups were called the "Standard Group" and the "Prediction 

Group ". A card was prepared for each child in each group 

on which were recorded name, age, school, and all test scores. 

Provision was made on the card for noting the progress of 

the sorting process during the application of the multiple 

cutting score method in order to facilitate re- sorting at 

any time and in case the cards became disarranged, and also 

for recording criterion scores predicted by regression. 

A. Application of the Linhart Method. 

Product- moment correlations of all the necessary tests 

with each other and with the criterion were computed from 

scatter plots for the standard group. In the case of the 

prediction of M.H.T. as criterion, age was also included as 

a variable to see if either test selection procedure selected 

it as a significant variable. It will be recalled that the 

test results showed a tendency towards a negative regression 

upon age, and since no age allowances were made, it was 



Table IX.1 

Intercorrelations of Tests Standard. Group. 

V, V. 
L 

S RW Rf P N MHT EHE YHA C/E Age 

VW 

V 
P 

S 

RW 

R. 

P 

N 

THT 

MH, ' 

TRFA 

C/E 

Age 

0.5475 0.1821 

0.3058 

0.2124 

0.1857 

0.3344 

0.1552 

0.2658 

0.2539 

0.3366 

0.2201 

0.2995 

0.3417 

0.1240 

0.2164 

0.1305 

0.0520 

0.0829_0.3321 

-.1216 

-.0553 

0.1769 

0.2131 

0.4138 

0.4323 

0.3646 

0.2979 

0.0281 

0.5917 

0.5080 

0.2518 

0.2858 

0.1489 

0.2167 

0.2296 

0.5960 

0.0953 

0.1025 

0.0485 

0.0428 

0.0592 

0.0625 

0.4427 

0.2235 

0.2053 

0.2311 

0.1820 

0.1528 

0.2694 

0.2048 

0.0502 

0.2080 

0.3982 

0.2903 

0.5010 

-.0417 

-.1571 

-.1860 

-.1017 

-.1377 

-.0844 

0.0901 

-.2287 

-.175 5 

-.0858 

-.0888 
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e 



162 

important to examine its possible influence in this way. 

The matrix of correlations is given in table IX.1, in 

which data for both predictions are available. It will 

be seen that the correlations are moderate or low, and 

that,except in the case of N, the correlation with age 

is negative and most prominent in the cases of M.H.T. and 

M.H.E. 

Selection of the Variables. 

Table IX.2 gives the work sheet for the Linhart method 

of test selection with M.H.T. as the criterion; the analysis 

proceeds as follows: 

(a) Variable 4 (Rw) is selected as the first predictor 

variable because it has the highest correlation (.4323) 

with the criterion. The u test is applied. 

n = 201, N = 201, u = .4323, 

Uo = [71(201-14.1-1)71% = .0707. 

The point (.432,.071) is below the curve joining the lower 

(95 %) confidence limits for a sample of size N = 201 -1 +1 = 

201 in David's (1954) Chart II; the null hypothesis is 

rejected and variable 4 (Rw) may be used as a predictor. 

(b) The correlations of all other variables with variable 4 

are entered in row 4 together with a check sum in the "sum" 

column. Rows zli ( = 1.0000 throughout) and sai = s41 ( same 

as row 4) are completed. Values of z2i 
= 

zii- 
sai = 1 r41 

are computed and entered in row z2i; v2i = vli saisao = 

r. - ra.rao = r. - 43 3raiis also found and entered in 

the column immediately to the right of the sum column. The 

entry for variable a = 4 is, and should be, zero. v2i 
/z2i 

is computed for each variable and entered in the next 

column. It will be seen that the values of v2; /z2i are 
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small, showing that none of the remaining variables will 

make much contribution to the square of the multiple r. 

However, the largest value is that for variable 2 (V p) 

and this variable is accordingly selected as the second 

possible predictor and the u test applied. 

n = 201, N = 200. 

R2- Rte = .1152, 1 - Ro = 1 - .43232. 

R2 u 

1112_ 

2 = .3764. U0 = El/(201-2+1-1):1% = .0709. 
1 - 

RtI)- 
The point (.376,.071) is below the curve joining the 

lower confidence limits for a sample of size N = 201 -2 +1 

= 200 in David's Chart II. The null hypothesis is rejected 

and variable 2 may therefore be used as an additional 

predictor. 

(c4 The correlations of all other variables with variable 

2 are entered in row 2 and summed. The quantity sbb.a 

(1 - sab)` = (1 - r42)1A is next found; it is required for 

the computation of sbi.a = 
(sbi sab sai)/ sbb.a 

1 

(r2i - r42 roi) /(1 - r42)2. The values of sbi.a are entered 

in the appropriate row, not forgetting the entry for the 

criterion, which is important in the back solution for the 

regression coefficients, using a triangular matrix, and 

the entry in the sum column, where the computed value should 

equal the actual row sum within the limits of any approx- 

imations made. As an additional check it may be noted that 

the numerator of sbi.a for i = b is sbb.a 
= z22. 

Next the 

values of z3i 
= z21 sbi.a 

are found and entered in the 

next row, and values of v = v - sbi.a and 
3i 2i bi.a bo.a 

v3i /z3i are found and entered in the appropriate columns. 

The values of v3i /z3i are small, the largest being .0263 



for variable 5 (Rf). Variable 5 is therefore tested by 

the u test as the next possible predictor. 

n = 201, N = 199. 

R2 - R _ .0263, 1 - Ro = 1 - (.43232 +.1152) = .6979. 

2 2 
1- 
1 

1'= u = 
1. 

= .1904, U0 = [1/(201- 3 +1 -1)] .0711. 
R2) 

GI 

The point (.190,.071) is above the curve corresponding to 

a sample of size N = 201 -3 +1 = 199 in David's Chart II, 

hence the null hypothesis is not rejected and. variable 5 

should not be used. It is possible that, with a larger 

sample variable 5 would be of value as a predictor variable 

and this may be tested, as indicated in the previous chapter. 

in a population of, say, 4,000, the approximate value of U0 

% /(4,000-3+1-1) 
would be [l/] = .0158; the value of u is 

the same as before. The point (.190, .016) is below the 

curve corresponding to a sample of size N = 201 -3 +1 = 199 

in David's Chart II; the null hypothesis is now rejected 

and in the larger sample variable 5 may be used. It is clear 

however that now very little is being added to the square 

of the multiple correlation coefficient. 

The Regression Coefficients. 

The regression coefficients (beta weights) have been cal- 

culated for the case of two variables and also for three 

variables since the rejection of variable 5 in the case of 

the actual sample (n = 201) was "borderline ". 

For 2 variables (4 and 2) the triangular matrix and 

the correlations of the criterion with the orthogonal 

factors are given in table IX.3. Using the back solution 

method described in the previous chapter, and following 

the usual procedure for obtaining from the beta weights 
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Table -17.2 



Table 1X.2 

Work Sheet for Selection of Variables by Linhart's Method. 

1 
V 

vr 

2 

V 3 

S 
4 
RW 

5 

R 
6 
D 

7 
N 

12 
Age 

1 

2 .5475 1.0000 .3058 .1857 .2658 .2n5 .0520 -.1571 

3 

4 .2124 .1857 .3344 1.0000 .3366 .1240 -.1216 -.1017 

5 .1552 .2658 .2539 .3366 1.0000 .2164 -.0553 -.1377 

, 

7 

12 
711 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

,-i .2124 .1857 .3344 1.0000 .3366 .1240 -.1216 -.1017 

z2i .9549 .9655 .8882 --- .8867 .9846 .9852 .9897 

s2i.4 .5171 .9826 .2480 --- .2069 .2814 .0759 -.1406 

33i .6975 --- .8267 --- .8439 .9054 .9794 .9699 

s5i.4,2-.0254 --- .0980 --- .9186 .1267 -.0328 -.0810 

z4i .6869 --- .8171 --- --- .8893 .9783 .9633 

Criterion: M.H.T. 

Grit Sum v2i 
2 

v21 v3i 
2 

v3i v4i 
2 

v4i 

z21 z3 z4i 
.2131 .1213 .0154 -.0542 .0043 -.0501 .0037 

.4138 2.9130 .3335 .1152 

.3321 .1875 .0396 .1033 .0129 .0874 .0094 

.4323 2.4021 

.3646 2.3995 .2191 .0541 .1489 .0263 

.2979 .2443 .0606 .1488 .0245 .1283 .0185 

.0281 .0807 .0066 .0549 .0031 .06o2 .0037 

-.2287 -.1847 .0345 -.1370 .0194 -.1239 .0159 

1. n =201, N =201, (.432,.071) 

.4323 2.4021 Hyp. rej. Use var. 4. 

2. n =201, N =200, (.376,.071) 

.3394 2.5107 Hyp. rej. Use var.2. 

3. n =201, N =199, (.190,.071) 

.1621 1.1664 Hyp. not rej. Do not use var. 5. 
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the regression coefficients for raw scores and the constant 

"K ", we arrive at the values in table Ix.4. 

Table IX.3 

Variables 
, 

a 
4 

b 
2 

a 4 1.0000 

b 2 .1857 .9826 

crit 0 .4323 .3394 

Table IX .4 

The Test Weights and the Constant "K" 

Test (3weights bweights 

a 4 .3682 1.4515 

b 2 .3454 1.o264 

Constant ":" = -6.8779 

The square 

obtained in 

rm = 

2 
rm = 

r2 = m 

of the multiple correlation, 

three ways: 

T4 (3Lric 
L 

2 

rc(i.l,2,..,,i-1) 
L 

2 

v2i 

rm , has been 

= .3021 

= .3021 

= .3021 r2 + ca 
Z2i )max 

rm = 0.5496. 

For 3 variables (4,2 and 5) the triangular matrix 

and the correlations of the criterion with the orthogonal 

factors are given in table IX.5, and the test weights and 

the constant "K" in table IX.6. 
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Table IX.5 

Triangular Matrix and Correlations of the Criterion,MHI, 

in the case of three Variables, 4(Rw), 2(Vp), 5(Rf) 

Variables a 
4 

b 
2 

c 

5 

a 4 1.0000 ' 

b 2 .1857 .9826 

c 5 .3366 .2069 .9186 

Crit 0 .4323 .3394 .1621 

Table IX.6 

The Test Weights and the Constant "K" 

Test 0 weights b weights 

a 4 0.3157 1.2446 

b 2 0.3082 0.9158 

c 5 0.1765 0.6556 

Constant "K" = -13.4429 

The square of the multiple correlation, rñ , has been 

obtained in three ways: 

2 

rm = Z,pi.r.c 
L 

2 2 

rìn = rc(i.1,2,...,i -1) 
L 

2 

rm = rc 
2 2 v2i 

2 

a (z 
2i 

) max 
z 
3i max 

rm = 0.5731 

= .3284 

= .3284 

_ .3284 

Comparison with weights obtained using a reciprocal matrix. 

In the discussion of the Linhart test selection 

procedure and the use of the triangular matrix in the 
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Table ix.) 

Beta-weiglats Standard errors and i,iul_i:ple 
Correlation in the case of 8 Variables. 

1 

V 
2. 

V 
3 
S 

4 
R 

5 6 
P 

7 
N 

8 

Age 

Beta weights 
b.081. 

.266 9 .0494 .3103 .1432 .1231 .05Z4 -.1207 

Standard 
Error .070 .073 .066 .065 .063 .061+ .060 .059 

S ; i1ií'icance NS S NS S ? ? NS ? 

Multiple r 0.6089 

Table LX.10 

Beta -wei ts Standard Errors and iiultinle 
Correlation in the case of 3 Variables. 

Variables 

4 

R 

2 

V 
1 

5 

L' 

Beta weights .3157 .3083 .1.764 

Standard Error .062 .061 .063 

Significance S S S 

Multinle r 0.5731 I 
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back solution for the beta weights it was suggested that 

the procedure gave results identical,within the limits 

imposed by arithmetical approximations,with those obtained 

by using the reciprocal of the matrix of intercorrelations 

of the tests. It was decided to check this empirically. 

The reciprocal of the matrix of intercorrelations of all 

of the 8 possible predicting variables and also the 

reciprocal of the correlation matrix of the 3 variables, 

Rw, Vp, and Rf, selected by the Linhart procedure were 

computed by Aitken's method of pivotal condensation. These 

matrices are given as figures IX.7 and IX.8, and the beta 

weights, their standard errors and the multiple correlations 

obtained from them in tables IX.9 and IX.10, whilst a 

comparison is made in table IX.11. It will be seen that 

there is virtually complete agreement between the two 

approaches when the three tests are used in each. Making 

use of the inverse of the matrix of intercorrelations of 

all 8 variables and the standard errors of the beta weights, 

only two of the weights are seen to be definitely signifi- 

cant, Rw and Vp. The beta weight for Rf is possibly 

significant and that for P might be -so. It is interesting 

to note that if we assume a larger sample and continue with 

the Linhart procedure, obtaining v4i /z4i, that the largest 

value of this quantity is for variable 6, (P). In a sample 

of 4,000 this variable might be selected. 
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Table IX.11 

Comparison of Beta Weights obtained by Linhart's Method 

with those obtained by Reciprocal Matrix for 8 Variables 

Rw V 
A 

R 

Linhart's Method .3157 .3082 .1765 

Reciprocal Matrix .3103 .2889 .1432 

Difference .0054 .0193 .0333 

Standard Error .065 .073 .063 

In a similar manner the Linhart method has been used 

to select variables for the prediction of scores on the 

Sierra Leone Common Entrance Examination. To the former 

eight variables have been added the three Moray House 

Tests. The work sheet is reproduced as figure IX.12. 

Variable 11 (M.H.A.) is selected as the first predictor 

since it has the highest correlation (.5010) with the 

criterion; the u test is applied, u = .5010, U0 = .0707, 

and the point (.501,.071) being above the appropriate 

curve in David's Chart II, the null Hypothesis is rejected. 

Clearly variable 11 should be used as a predictor. The 

highest value of v2i /Z2i 
is that of variable 9 (34.H.T.) 

For the calculated values of u = .339, U0 = .071, the 

u test again leads to rejection of the null hypothesis 

and variable 9 may be used as a predictor. The highest 

value of vii /z3i is that of variable 4 (R ), but in this 

case the null hypothesis is not rejected, the values of 

u and Uo being 0.165 and 0.071 respectively. Even if the 

sample size were increased to 4,000 ( u = .165, U0 = .016) 

the null hypothesis is not rejected, and variable 4 should 
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Table 1X.12 Work Sheet for Selection of 

1 

VW 

2 

V 
P 

3 

S 

4 

RW 

5 

R 

6 

P 

7 

N 

8 

Age 

1 

2 

3 

4 

5 

6 

7 

8 

9 .2131 .4138 .3321 .4323 .3646 .2979 .0281 -.2287 

10 

11 .0953 .1025 .0485 .0428 .0592 .0625 .4427 -.0858 

zli 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
Si 
a .0953 .1025 .0485 .0428 .0592 .0625 .4427 -.0858 

z2i .9909 .9895 .9977 .9982 .9965 .9961 .8040 .9926 

s9i.11 .1968 .4010 .3296 .4337 .3605 .2913 -.0727 -.2150 

z3i .9522 .8287 .8890 .8101 .8666 .9112 .7987 .9464 

Variables by Linhart's Method. Criterion: C /E. 

9 

T:ïHT 

10 

MHE 

11 

IdiHA 

` 

Crit Sum v2i 
2 

v 2 v3i 
2 

v3i 

z2i z31 

.2311 .1834 .0339 .1256 .0166 

.1820 .1306 .0172 .0128 .0002 

.1528 .1285 .0166 .0317 .0011 

.2694 .2480 .0616 .1206 .0180 

.2048 .1751 .0308 .0692 .0055 

.0502 .0189 .0004 -.0666 .0049 

.2080 .0138 .0002 .0351 .0016 

-.0888 -.0458 .0021 -.0173 .0003 

1.0000 .5960 .2235 .3982 4.0709 .2862 .0862 

.2903 .1874 .0367 .0217 .0007 

.2235 .2053 1.0000 .5010 2.6975 

1.0000 1.0000 1.0000 1. n=201, N=201, (.501,.07 

.2235 .2053 1.0000 .5010 2.6975 Hyp. rej. Use var.11. 

.9501 .9579 --- 2. n=201. N=200, (.339,.01 

.9747 .5644 --- .2937 3.5580 Hyp. rej. Use var. 9. 

--- .6393 3. n=201, N=199, (.165,.07 

1) 

1) 

1) 

yp. no -t rej. o no -t use 

var.4. 



not be used. 

77, 

Table I' .13 

Triangular Matrix and Correlations of the Criterion (C /E) 

in the case of two Variables, 11 (M.II.A.) and 9 (M.H.E.) 

Variables 
a 
11 

b 
9 

a 11 1.0000 . 

b 9 .2235 .9747 

Crit 0 .5010 .2937 

The triangular matrix of semi -partial correlation co- 

efficients and the correlations of the criterion with 

the orthogonal factors are given in table IX.13. Using 

the back solution method described the beta weights, b- 

weights and the constant K,together with the multiple 

correlation are obtained, the values being given in 

table IX.14 

Table IX.14 

The Test Weights, the Constant K and Multiple Correlation 

in the case of two Variables used to predict C/E 

Test weights b- weights 

a 11 

b 9 

0.4337 

0.3013 

0.7077 

0.4252 

Constant K 71.0089 

r2 = r2 .3373 m ,i-1)- 

rm = 27-Aric = .3373 

2 2 

rm rca 

r 
m. 

2 

v2i 

Z2i max 

.3372 

= .5808 
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Apart from their use in the comparison with the 

multiple cutting score method, these values give some 

indication of the structure of the Common Entrance 

Examination. It is perhaps too overloaded with Arithmetic. 

On the other hand it is dependent to some extent upon 

whatever kind of "intelligence" M.H.T. measures. However, 

when we take out the variance, presumably associated with 

verbal facility, which is common to M.H.T. and M.H.E., 

and also that common to M.H.T. and Vw, there is insufficient 

left to make M.H.E. or Vw useful predictors. This suggests 

that the kind of question set in the English paper of the 

Common Entrance Examination can be answered satisfactorily 

on the basis of native wit rather than knowledge of 

Englishusage. Although this may not be a bad thing in 

itself, when it is borne in mind, as will be seen in the 

next chapter, that M.H.E. is a useful predictor of success 

in the secondary school, from the point of view of selection 

for secondary education some improvement in the English 

paper seems desirable. From a comparison of the English 

paper set in this particular Common Entrance Examination 

with M.H.E. it is suggested that the important element 

lacking is the type of question which tests the comprehension 

of a printed passage. The inclusion of such questions 

might not only improve selection but might also have a s 

salutory effect upon the work done in English in the 

primary schools. 

B. The Multiple Cutting Score Method. 

Establishment of Critical Scores. 

It was found possible to make use of six sets of 
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critical scores which were established on the basis of 

criterion scores by the procedure described in Chapter VIII. 

The mean test scores together with the basis of division 

will be found in table IX.15, and the integral values of 

these, which are the critical scores, in table IX.16, in 

the case of M.H.T. as criterion. Tables IX.17 and IX.18 . 

give the corresponding information in the case of C/E as 

criterion. It will be seen that in certain instances there 

are reversals; in such cases the highest mean below the 

reversal was used as the critical score for that standard 

and all standards above. The negative regression on age is 

well brought out by the critical scores; in order to cope 

with this in case the procedure selected age as a variable, 

the ages have been taken as negative numbers. In the case 

of C/E as criterion age was omitted 

Classification of Standard Group by Critical Scores; 

Graphical Determination of the Relative Usefulness of 

the Tests and Construction of Trial Batteries. 

Classification of the standard group was a simple 

process of sorting the cards into 8 groups for each test 

at a time, the 8 groups being those which satisfied the 

seven standards and a group, which is called the FF group, 

which failed to satisfy the lowest, or F, standard. For 

the A group the mean criterion score and per cent selected 

were found; the corresponding figures for the B group 

include the A group, since if a candidate satisfies any 

one standard he certainly satisfies all lower standards; 

and so on to the F group. In addition the mean and per cent 

selected (not cumulative) were found for the FF group. 
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Table IX.:12 

i :ean Test Scores of Six Grou7,)s . stablished on 
the Basis of Criterion Scores. Criterion:lIT. 

Test 
Upper 
15 

Upper 
2 

TT 25.96 23.87 

V 1:8,1.2 17.15 

S 114.96 13.60 

4 R 1.8,1.2 17.49 

19.96 19.19 

6 P 19.15 18.70 

7 IT 36.46 36.77 

Arte 150.92 
15)±2.21; 

L=ean Values 
Upper Total 

Grout 

22.83 20.90 

16.80 

13.21. 

17.23 

19.1 

1 8.31i- 

35.90 

i5.07 

11.79 

16.01 

17.77 

17.02 

36.05 

1o_ 8 151,22_ 

Table I:ß.16 

Integral Values of Critical Scores. Criterion: 1.11T. 

Lower Lower 
221 

18.30 17.32 

13.23 12.96 

10.53 11,.04 

111..43 14.20 

16.76 15.96 

15.23 13.60 

36.28 34.28 

164.21 167.80 

2 IT 

p 

3 S 

Critical Scores or standards 

C ______t_ D____ ---F _o._._ - _ 

26 214 23 21. 18 1.7 

15 13 18 17 

15 

18 
;,r 

5 RI, 20 

6 P 19 

7 E. 36 

14. 

17 

13 12 

17 17 16 

19 19 
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Table IX.17 

Kean Test Scores of Si x Groups Lstablished on the Basis 
of Criterion Scores,. Criterion C i. 

Test 
Kean Values 

Upper 
12 . Upper Upper 5 Total 

Gro m 
Lower 
2 0 

Lower 
12.% 

1 V 
., 

...._ 

23.28 

___1,5 

23..10 ' 22.25 20.86 19.74 20.32 

E 

2 16.16 16.36 15.89 15.05 11.4.52 14.28 

3 S 13.04 13.36 12.71 12.77 11.00 11,.72 

4 R 17.48 17.41, 16.60 15.99 15.08 15.00 
VT 

5 r, 18.80 18.56 18 iJ-F9 17.76 16.84 16.44 

6 P 15.68 17.00 17.60 17.00 16.34 15.92 

7 N 37.92 37.80 37.47 36.04 33.82 33.44 

9 tBT!' 39.92 39.24 35.93 31.67 26.08 24.68 

10 1\:1-13 37.76 34.59 30.58 26.98 27.40 

11 Mit1.A i 0.32 .50.70 7.95 43.23 37.22_, 3564 

Table IX.18 

Integral Values of Critical Scores: Criterion, C/ E. 

Test 
Critical Scores or Standards 

A B C D E P 

1 V_ 
,; 

23 23 22 21 20 20 

2 V 16 16 16 15 15 14 
P 

3 S 13 13 13 13 12 12 

4 Rw 17 17 17 16 15 15 

5 Rf 19 19 18 18 17 16 

6 P 17 17 17 17 16 16 

7 N 38 38 37 36 34 33 

9 MHT 40 39 36 32 26 25 

10 E117 38 36 35 31 27 27 

11 MHA 53 51 48 43 37 36 
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This was done since Grimsley (1946) found that the in- 

clusion of the percentage rejected by the test and the mean 

of this rejected group facilitated the process of graphical 

selection of the tests. As Grimsley says: "In general, the 

lower the mean criterion score of the cases in the FF 

group, and the lower the percentage of cases in this group, 

the better the test." The.results of the process are shown 

for the two criteria in tables IX.19 and IX.20. 

In figure IX.21 the data of table IX,19, with MHT as 

criterion are shown graphically. The problem now is to find 

the relative usefulness of the tests. In this connection 

Grimsley may again be quoted: " The inspection process for 

determining the order of value of the individual tests is 

not difficult; however, a few pointers may be useful. On 

a graph such as figure 1, the amount of correlation between 

a test and the criterion is shown by the slope of the line 

connecting the A,B,C,D,E, and F points for that test. If 

the slope is upward to the right the correlation is negative, 

and if it is upward to the left the correlation is positive. 

The greater the range of criterion scores between the A 

and F points the higher the correlation of the test with 

the criterion. Vertical distance on the graph represents 

the percent of cases selected; consequently some consider- 

ation should be given to the spacing of the A,B,C points 

along the lines. The percentage selected by the A standard 

on any given test should not be too small, probably not 

less than 30, if the test is to be used with others in a 

battery, because many individuals who meet the A standard 

on one test will fail it on another. Consequently if the 

A standard is too high on the individual tests no one will 



 

be able to meet it on all of the tests of the battery. 

The percentage who fail the lowest critical score should 

be small for the same reason. On the graphs the ideal test 

would appear as a long straight line extending from the 

lower right to the upper left." 

Inspection of the graphs in figure IX.21 shows that 

they all have the same general trend; all the tests correlate 

to some extent with the criterion. The graph shows variable 

8 (age) as having a positive correlation only because we 

have given all the scores a negative sign. Variables 7 and 

8 appear to be the least useful; variable 7 discriminates 

only at the lowest critical score and variable 8 has the 

smallest range of mean criterion scores between the A and 

the F levels. Variable 6 also tends to discriminate only 

at the lower levels. Variables 1,2,and 4 are undoubtedly 

the most promising. It was decided therefore to make two 

attempts at constructing trial batteries, one beginning 

ith test 1 (V ), the other beginning with test 4 (Rw), 

partly because the percentage selected by test 1 at the 

A critical score was low and partly because test 4 was 

selected first by the Linhart procedure. Table IX.22 gives 

the mean criterion score and the per cent selected at each 

critical score level for various batteries based on test 1. 

These values are represented graphically in figure IX.23. 

In table IX.24 test 4 has been used as the basis, tests 2 

and 5 added in that order and then test I added. The first 

two tests are those firmly selected by the Linhart procedure, 

the third test, test 5, is the test which, according to 

Linhart's method might prove of value as a predictor in 

a larger population. Graphical representation of this set 



Table IX.19 

Mean Criterion Score (M) and Percentage Selected at each 

Critical Score Level; Criterion: M.H.T.44. 

v 
w Vp S Rw ßf P N Age 

A 
M 42.48 40.00 37.85 39.82 38.11 36.86 32.41 36.52 

% 20.90 28.86 27.36 30.85 28.36 43.78 54.73 30.35 

B 
M 39.12 38.24 36.70 37.84 36.50 36.86 32.41 36.00 

% 33.33 37.31 34.83 43.78 42.79 43.78 54.73 38.31 

C M 37.88 38.24 35.22 37.84 36.50 36.86 32.41 35.49 

% 36.82 37.31 43.28 43.78 42.79 43.78 54.73 43.28 

D 
If, 36.00 35.16 34.01 35.46 34.95 34.29 32.41 35.34 

`ó 53.73 55.22 51.74 60.70 59.20 59.70 54.73 47.76 

F II 33.39 35.16 33.25 33.21 34.13 33.71 32.41 34.04 

% 75.12 55.22 61.69 80.10 70.15 66.67 54.73 62.19 

F 
M 33.21 33.14 33.25 33.21 33.31 32.92 31.99 33.52 

% 79.10 76.12 61.69 80.10 78.11 78.11 67.66 67.16 

FF 
, M 26.57 27.63 29.52 26.23 26.50 27.91 31.48 28.35 

% 20.90 23.88 38.31 19.90 21.89 21.89 32.34 32.84 

of trial batteries will be found in figure IX.25. 

In figure IX.25 it will be seen how the addition of 

tests improves discrimination at the upper levels, but 

only at the expense of a very marked increase in the 

percentage at the FF level; this effect is also seen in 

figure IX.23. The improvement in selection by the addition 

of Test 1 to battery Q (tests 4,2,5) is small, whereas 

battery Q is much superior at the lower levels of selection. 

It was therefore decided to make use of battery Q (tests 

4,2,5) which is, in fact, the same battery as that 



Table IX.20 

Mean Criterion Score (M) and Percentage Selected at each 

Critical Score Level. Criterion: C /J. 

A 
' /0 

B 
M 1 ó 

C 

M ; 
D 

M 

1 Vw 119.02 36.5 119.02 36.5 118.56 43.5 118.03 53.5 

2 V 
P 

118.16 45.0 118.16 45.0 118.16 45.0 116.78 55.0 

3 S 118.18 43.0 118.18 43.0 118.18 43.0 118.18 43.0 

4 Rw 119.52 43.0 119.52 43.0 119.52 43.0 117.54 60.0 

5 Rf 117.86 42.5 117.86 42.5 117.44 59.0 117.44 59.0 

6 P 115.98 59.0 115.98 59.0 115.98 59.0 115.98 59.0 

7 N 117.28 40.0 117.28 40.0 117.78 47.0 117.84 54.5 

9 P!MHT 124.40 23.5 124.44 26.0 123.56 33.0 120.61 45.0 

10 YEE 120.73 28.0 120.55 31.0 119.98 33.5 119.o9 43.5 

11 MHA 126.40120.5 126.84 23.5 123.90 32.0 122.09 49.0 

E F FF 
i,-1 $ M ; M ;''o 

1 Vw 117.19 61.5 117.19 61.5 112.30 38.5 

2 V 
D 

116.78 55.0 116.40 65.5 113.22 34.5 

3 S 116.23 51.5 116.23 51.5 114.32 48.5 

4 Rw 117.04 69.5 117.04 69.5 111.35 30.5 

5 Rf 116.47 70.0 116.35 78.0 111.59 22.0 

6 P 115.83 66.0 115.83 66.0 114.29 34.0 

7 N 117.84 67.5 116.50 72.5 112.16 27.5 

9 MHT 117.20 67.5 117.06 71.0 111.00 29.0 

10 MBE 116.34 58.5 116.34 58.5 113.84 41.5 

11 MI-IA 118.28 72.0 118.02 76.0 106.72 24.0 

selected by the Linhart method, but includes the doubtful 

predictor, test 5 (Rf). Since a priori, we might have 

expected test 1 (Vv), a verbal test, to be of some value 

in predicting performance on a verbal group test of 

intelligence, although this test was not selected by the 

Linhart method, and since the graphical method does 

suggest the value of test 1, it was decided also to 
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12.5 

Table IX.22 

Mean Criterion Score and Percentage Selected by Trial 

Batteries based on Test 1 at each Critical Score Level 

Tests 1 1,4 

M % 

1,4,2 

M o 

1,4,2,5 

Ti ; o M T 

A 42.48 20.90 45.09 10.95 45.25 7.96 51.75 3.98 

B 39.12 33.33 43.36 19.40 43.66 14.43 48.94 8.96 

C 37.88 36.82 42.25 21.39 43.30 14.93 48.11 9.45 

D 36.00 53.73 39.18 33.83 40.89 27.86 44.10 20.40 

E 33.39 75.12 34.65 61.19 36.25 50.75 38.15 41.79 

F 33.21 79.10 34.36 64.68 36.12 51.74 37.30 45.77 

FF 26.57 20.90 27.17 35.32 27.23 47.76 27.19 54.23 

Table IX.24 

Mean Criterion Score and Percentage Selected by Trial 

Batteries based on Test 4 at each Critical Score Level 

Tests 4 4,2 4,2,5 4,2,5,1 

M o M % ó M r 
o I T 

A 39.82 30.85 45.29 11.94 51.45 5.47 51.75 3.98 

B 37.84 43.78 42.24 20.90 45.78 13.43 48.94 8.96 

C 37.84 43.78 42.24 20.90 45.78 13.43 48.11 9.45 

D 35.46 60.70 39.14 36.32 42.44 25.87 44.10 20.40 

E 33.21 80.10 34.84 61.69 36.36 50.75 38.15 41.79 

F 33.21 80.10 34.84 61.69 35.84 54.73 37.30 45077 

FF 26.23 19.90 26.96 38.31 26.97 45.27 27.19 54.23 

compare a multiple cutting score battery of tests 1 and 

4 with the battery of tests 4 and 2 selected by Linhart's 

method. These comparisons will be made later. 

The graphs in which the mean criterion score is 

plotted against percentage selected for each critical 

score level for each test when the criterion is the 
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Common Entrance Examination are given in Figure IX.26. 

In this case there is little doubt that the most useful 

tests are M.H.A. and M.H.T. and that little would be gained 

by adding any of the others. This is in agreement with the 

selection made by Linhart's method. Table 1X.27 gives the 

mean criterion score and percentage selected at each level 

for this combination and also when each of the other tests 

is added. Inspection of the table shows that nothing is 

gained by adding any of the other tests to a simple battery 

composed of M.H.A. and M.H.T. and this battery was therfore 

used for the application of the multiple cutting score 

method to the prediction group. 

C. Comparison of the Batteries Selected by the Iultiple 

Cutting Score Method with those Selected by Regression. 

Thorndike (1949) says "Any critical empirical test of the 

results for multiple cutoff procedures must be based on 

the effectiveness of the cutoff values as applied to a 

new sample distinct from the one that was used to determine 

the cutting scores." It is, of course, highly desirable 

that a cross validation procedure be adopted whatever 

method of prediction be employed and that the "shrinkage" 

attendant upon the application of the battery to a new 

group be found. In the few available studies comparing 

multiple cutting score methods with regression methods 

the division into "standard" and "prediction" groups has 

been made on the basis of the criterion. This is the case 

also in this study in so far as MoH.T. has been used as 

the criterion. Whilst the prediction situation is usually 

one in which a battery of tests is applied to a population 



Table IX.27 

Mean Criterion Score and Percentage Selected at each 

Critical Score Level for Basic Battery, M.H.A. +M.H.T. 

and when each test is added to the Basic Battery 

A B 
% 

C 

M 
D 

M Q M % M 

Basic 130.79 7.0 132.03 8.5 129.50 13.0 126.46 25.5 

Basic +Vw 132.93 3.5 133.28 4.5 130.62 8.5 127.93 20.0 

Basic +Vp 133.83 4.5 135.59 5.5 133.72 8.0 128.17 16.5 

Basic +S 132.05 5.5 131.58 6.0 133.53 7.5 130.10 15.5 

Bas1c +Rw 132.00 5.0 133.35 6.5 131.10 10.0 127.71 17.5 

Basic +Rf 133.86 3.5 136.00 4.5 133.32 9.5 128.01 20.0 

Basic +P 130.63 6.0 131.32 7.0 129.25 9.0 126.71 19.0 

Basic +N 138.63 4.0 139.28 4.5 130.94 8.5 127.64 17.5 

Basic +1VIBE 134.00 4.5 132.05 5.5 130.13 8.0 127.51 18.0 

E F FF 

Basic 120.34 50.0 119.51 57.0 109.73 43.0 

Basic +Vw 121.94 35.5 121.34 40.0 111.28 60.0 

Basic +Vp 120.81 33.0 119.82 42.0 112.03 58.0 

Basic +9 123.56 27.0 12.2.01 31.5 112.22 68.5 

Basic +Rw 121.92 39.0 121.19 43.5 110.77 56.5 

Basic +Rf 121.46 38.5 120.04 47.5 110.70 52.5 

Basic +P 119.89 35.5 119.01 40.5 112.78 59.5 

Basic +N 120.20 38.5 119.66 46.5 111.50 53.5 

Basic +MBE 119.88 37.5 119.48 41.0 112.40 59.0 

of a determinate kind and therefore the "standard" and 

"prediction" groups should be of the same kind, division 

on the basis of the actual criterion used seems a little 

too specific; in the writer's opinion it would he preferable 

to make the division on the basis of some other relevant 

variable or variables. It is, of course, difficult to 

define "relevant variables" in this connection. Ideally 

it is desirable to reproduce the prediction situation 



which is expected to happen on future selection occasions. 

In this case a population of children of about the same 

age range, from a variety of schools, and of about the 

same range of ability, would serve. As will be seen from 

the account of the "standard" and "prediction" groups, an 

attempt has been made to approximate this situation 

within the limited facilities available. But there is a 

lingering doubt that using as a criterion one of the 

measures used as a basis of division may favour one method 

at the expense of the other or may favour the general 

process of prediction. Hence, since it was possible to 

obtain the overall Common 7ntrance Examination marks of 

the majority of the children, and since this examination, 

as far as could be ascertained, had been conducted under 

conditions uniform for all of the children and had clearly 

been carefully marked under as objective conditions as 

possible, it was decided to use the Common Entrance 

Examination as a criterion also, employing the same 

standard and prediction groups. This also had the advantage 

that a time interval was involved, although it was in the 

reverse direction to that normally considered. 

The critical scores and the regression weights were 

applied to the prediction group. The application of the 

multiple cutting score battery was a simple process of 

sorting the cards for the prediction group children on 

the basis of the cutting scores for each test of the battery 

in order, and calculating the means and the percentages 

selected at each standard. The application of the regression 

weights was a straightforward matter of substituting the 

test scores in the prediction equation and recording the 
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predicted score for each child on the individual card. 

The impression is gained from reading some of the 

literature that this is a laborious process and very time 

consuming. The writer did not find it so; after a small 

number of substitutions in the formula the weights and the 

constant "Ye' are memorised (for the time being) and, 

operating the desk calculator with one hand, and recording 

on the card with the other, it is possible to work almost 

as rapidly as the mechanics of the machine will allow and 

run through some 200 cards at a rate of one a minute. 

Following the pattern of Ruch's ( 1945) study and 

Grimsley's (1946) study, the two methods have been compared 

in the case of each criterion on the basis of (1) relative 

predictive efficiency, (2) amount of shrinkage, (3) number 

of tests required, and (4) time involved. 

(1). Relative Predictive Efficiency. 

The -,procedure is simply described in Ruch's words: 

" In order to compare the efficiency with which the two 

methods selected, the number of men passing the standards 

set by the Multiple Cutting Score Method were matched with 

the same number of men chosen in order of their predicted 

winch scores using the Seta weights of the tests selected 

by the 'Wherry- =Doolittle Method". The results of the 

application of the process are given in tables IX.28 to 

X.31. The tables are self -explanatory, save that possibly 

it should be mentioned that the standard error of the 

difference between the mean criterion scores at each level 

of selection must be calculated using the formula for cor- 

related scores and that the correlation has been estimated 

as the proportion of overlapping cases. In these tables 



LM refers to the Linhart method, MCS refers to the 

multiple cutting score method; all differences are shown 

in favour of the Linhart method so that a negative 

difference means that the mean criterion score was 

greater in the case of the application of the multiple 

cutting score method at that particular level of selection. 

On the whole the differences between the two methods 

are small and such as might be expected from random 

influences. In the case of table IX.30 where the two 

methods employ the same tests however, there are significant 

differences at the E, F, and FF levels, and an approximation 

thereto at the A level. If we interpret the negative 

difference at the FF level as favourable to the Linhart 

procedure, in the sense that we would desire the mean of 

the failing group (FF) to be as low as possible in com- 

parison with the means of the selected groups, then, in 

this case, at all levels, the Linhart method is superior 

although not always significantly so. For the same criterion 

but with slightly different multiple cutting score batteries 

at certain levels the one method is superior, at other 

levels the other method, but never significantly so, the 

maximum critical ratio being 1.30. It will be recalled that 

both Ruch and Grimsley remarked upon a tendency for the 

multiple cutting score method to be superior at the A level 

of selection; this is not the case here. 

Table IX.31 is for the case in which the criterion is 

the Common Entrance Examination. It is also a case in which 

the two methods employ the same test batteries, but it 

differs from the other examples in that the criterion is 

not the basis of division into standard and prediction 



Table IX.28 

Comparison of the Groups Selected by the Two Methods 

Criterion: M.H.T. M.C.S. Batter,: Tests 1 and 4 

Lev 
Cases 

Selected 
Common 
Cases r 

Mean Crit. 
Score Diff. S.E. C.R. 

No % No $ LM MCS 

A 23 11.56 12 52.17 .522 45.17 45.74 -0.57 2.979 0.19 

B 39 19.60 23 58.97 .590 43.10 43.15 -0.05 1.999 0.03 

C 46 23.12 31 67.39 .674 42.11 41.48 0.63 1.668 0.38 

D 78 39.20 74 94.87 .949 38.97 38.32 0.65 1.538 0.42 

E 128 64.32 106 82.81 .828 35.77 35.76 0.01 0.733 0.14 

F 134 67.34 116 86.57 .866 35.48 35.39 0.09 0.594 0.15 

FF 65 32.66 47 72.31 .723 24.72 25.05 -0.33 0.815 0.41 

Table IX.29 

Comparison of the Groups Selected by the Two Methods 

Criterion: M.H.T. M.C.S. Battery: Tests 4,2 and 5 

Lev Cases 
Selected 

Common 
Cases r 

I' +l'ean Crit. 
Score Diff. S.E. C.R. 

No % No % 
LI'J" P,+ ICS 

A 15 7.54 9 60.00 .600 47.73 45.67 2.06 3.287 0.63 

B 28 14.07 17 60.71 .607 45.14 43.39 1.75 2.109 0.83 

C 28 14.07 17 60.71 .607 45.14 43.39 1.75 2.109 0.83 

D 57 28.64 40 70.18 .702 40.07 40.33 -0.26 1.302 0.20 

E 105 52.76 87 82.86 .829 36.39 35.51 0.88 0.707 1.25 

F 111 55.78 92 82.88 .829 36.23 35.52 0.71 0.682 1.04 

FF 88 44.22 69 78.41 .784 26.59 27.48 -0.89 0.685 1.30 

groups. Here the tendency is for the multiple cutting 

score method to be superior at the upper levels of selection 

but for the regression method to be better at the lower 

levels, significantly so at the FF level (C.R. = 2.77) 

and approaching significance at the E and F levels (C.R.s 

2.07 and 1.78). This is more in accord with Ruch's and 

Grimsley's results except that they quote no instance of 
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Table IX.30 

Comparison of the Groups Selected by the Two Methods 

Criterion: N.H.T. Y.C.S. Battery: Tests 4 and 2 

Lev 
Cases 

Selected 
Common 
Cases r 

Bean Grit. 
Score Diff. S.E. C.R. 

No f No yó LM MCS 

A 26 13.07 21 80.77 .808 45.31 42.38 2.93 1.577 1.86 

B 46 23.12 34 73.91 .739 41.57 40.46 1.11 1.370 0.81 

C 46 23.12 34 73.91 .739 41.57 40.46 1.11 1.370 0.81 

D 80 40.20 70 87.50 .875 38.79 38.20 0.59 0.684 0.86 

E 130 65.33 117 90.00 .900 35.65 34.45 1.20 0.473 2.54 

F 130 65.33 117 90.00 .900 35.65 34.45 1.20 0.473 2.54 

- "F 69 34.67 56 81.16 .812 25.01 27.29 -2.28 0.772 2.95 

Table IX.31 

Comparison of the Groups Selected by the Two Methods 

Criterion: C/E H.C.S. Battery: M.B.A. and M.H.T. 

Lev 
Cases 
Selected 

Common 
Cases r 

PTean Grit. 
Score Diff. S.E. C.R. 

No % No % LM ICS 

A 25 13.09 19 76.00 .760 136.02 137.70 -1.68 2.095 0.80 

B 26 13.61 20 76.92 .769 136.12 137.48 -1.36 1.980 0.69 

C 33 17.28 26 78.79 .788 133.70 136.95 -3.25 1.754 1.85 

D 56 29.32 42 82.35 .824 130.34 129.10 1.24 1.285 0.97 

E 108 56.54 88 81.48 .815 123.58 121.78 1.80 0.871 2.07 

F 119 62.30 105 88.24 .882 122.66 121.44 1.22 0.684 1.78 

FF 72 37.70 58 80.55 .806 107.40 109.41 -2.01 0.725 2.77 

the regression method being significantly superior. 

Comparative Shrinkage 

By the term "shrinkage" we here mean, for any one 

method, the difference in mean criterion score between 

the standard group and the prediction group at any level 

of selection. For each of the cases examined the appropriate 



 

quantities are given in tables IX.32 to IX.35. 

Table IX.32 

ev 
Linhart Battery 

`- 

F.C.S. Battery 

S-Group F-Group Diff. S-Group P-Group Diff. 

A 46.36 45.17 -1.19 45.09 45.74 +0.65 

B 42.67 43.10 +0.43 43.36 43.15 -0.21 

C 42.59 42.11 -0.48 42.25 41.48 -0.77 

D 40.59 38.97 -1.62 3).18 38.32 -0.86 

E 35.57 35.77 +0.20 34.65 35.76 +1.11 

F 35.35 35.48 +0.13 34.36 35.39 +1.03 

FF 

i , 

25.35 24.72 -0.63 27.17 25.05 -2.12 

Table IX.33 

Lev 
Linhart Battery M.C.S. Battery 

S- Group P -Group Diff. S -Group P -Group Diff. 

A 47.87 47.73 -0.14 51.45 45.67 -5.78 

B 43.79 45.14 +1.35 45.78 43.39 -2.39 

C 43.79 45.14 +1.35 45.78 43.39 -2.39 

D 41.46 40.07 -1.39 42.44 40.33 -2.11 

E 37.20 36.39 -0.81 36.36 35.51 -0.85 

F 36.77 36.23 -0.54 35.84 35.52 -0.32 

FF 25.60 26.59 +0.99 26.97 27.48 +0.51 

For Table IX.32 the M.C.S. battery consists of tests 

1 (Vw) and 4 (Rw); for table Ix.33 the N.C.S. battery 

consists of tests 4 (Rw), 2 (Vp) and 5 (Rf). In both 

cases the criterion is N.H.T. 

In these tables a minus difference denotes a loss in 

predictive efficiency, a plus difference a chance gain 

in predictive efficiency. Generally speaking we should 

expect a loss rather than a gain in predictive efficiency 



on cross validation; the apz)arently large gains shown in 

table IX.35 are accounted for partly by the fact that the 

prediction group was not equated to the standard group in 

respect of Common Entrance Examination scores and has a 

mean of 1.6 units greater. 

Table IX.34 

Lev 
Linhart Battery I`.C.S. Battery 

S-Group P-Group Diff. S-Group P-Group Diff. 

A 44.96 45.31 +0.35 45.29 42.38 -2.91 

B 42.13 41.57 -0.56 42.24 40.46 -1.78 

C 42.13 41.57 -0.56 42.24 40.46 -1.78 

D 39.49 38.79 -0.70 39.14 38.20 -0.94 

E 35.14 35.65 +0.51 34.84 34.45 -0.39 

F 35.14 35.65 +0.51 34.84 34.45 -0.39 

FF 25.27 25.01 -0.26 26.96 27.29 +0.33 

Criterion: J.H.T. 1ä.C.9. Battery: Tests 4 and 2. 

Table Iñ..35 

Lev 
Linhart Battery IT.C.S. Battery 

P -Group Diff. S -Group P -Group Diff. S -Group 

A 129.85 136.02 +6.17 130.78 137.70 +6.91 

B 129.61 136,12 +6.51 132.03 137.48 +5.45 

C 129.76 133.70 +3.94 129.50 136.95 +7.45 

D 126.76 130.34 +3.58 126.46 129.10 +2.64 

E 120.92 123.58 +2.66 120.34 121.78 +1.44 

F 120.21 122.66 +2.45 119.51 121.44 +1.93 

FF 107.13 107.40 +0.27 109.73 109.41 -0.32 

Criterion: C /E. M.C.S. Battery: M.H.A. and M.H.T. 

Another reason for the apparent gains is that the 

Prediction Group proved to have a disproportionate number 

of children with high Common Entrance Examination scores 
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inflating the A,B,and O levels. Tn general, positive 

and negative differences are distributed amongst the 

differences obtained by both methods; Grimsley mentions 

a tendency at the highest selection level for the multiple 

cutting score method to show the least shrinkage and the 

regression method the most; table IX.33 shows quite the 

opposite effect in the case where the multiple cutting 

score method uses a somewhat similar battery (tests 4,1,5) 

and in table IX.34, the case where the batteries are the 

same, the hinhart method is superior to the multiple 

cutting score method at all levels of selection. 

It is of some interest to estimate whether the losses 

due to shrinkage are significant or not. Since the "gains" 

must be the result of random influences it would appear 

that most losses, which are of the same order of magnitude, 

are due to random influences also, and therefore are not 

significant. There are, however, some cases which do not 

fit this pattern. Some idea of the standard error of the 

difference between the means of the S and P groups at each 

level may be gained if it is realised that these are groups 

matched on the basis of M.H.T. scores. The standard error 

of a difference between means when successive samples are 

matched on a true criterion is given by Peters and VanVoorhis 

(1940) as ,..2 
U X( 1- rx,T) +cr-C 1- ry,T) 

CY- 
mX-my Nh NY 

in which the i's are reliability coefficients. If we assume 

that and 0- are the same,(which is very nearly the case) 

and that Nx = N which is true, and take for the reliabilities 

the value 0.88 found for the whole group for F.H.T. (which 
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is probably an overestimate of the reliability in such 

small samples.as the cutting score groups, but this will 

tend to underestimate the standard error of the difference 

of means), we have 

or-. -07, 6- - riI) 
s p 7 

crm x 0.28 

The standard error of the difference between the means of 

the standard group and the prediction group at any selection 

le7e1 is of the order of half the standard error of the 

mean at that level. It was necessary to compute standard 

errors of means in connection with the tables IX.28 to 

IX.31, and using these the shrinkages in tables IX.32 to 

IX.35 have been examined. Those cases in which the difference 

between the S group and the p group is approximately twice 

the standard error as estimated above have been underlined, 

and those cases in which the difference is greater than 

twice the standard error have been doubly underlined. It 

must be clearly understood that these are based on approx- 

imate values; nevertheless there is a tendency for the 

shrinkage in the case of the multiple cutting score method 

to approach significance more frequently than in the case 

of the regression method. Grimsley's (1946) conclusion in 

this regard is: "While there are no formulas available for 

the calculation of the significance of the differences in 

shrinkage between the two methods, they appear to be 

insignificant. However, it is interesting to note that 

at the highest selection level the multiple cutting score 

battery shows the least shrinkage and the Wherry- Doolittle 

battery the most." This conclusion is not borne out by 
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the findings of this study, for whilst there may be no 

formulas available for the calculation of the significance 

of the differences in shrinkage between the two methods ", 

it is clear that, since there is some correlation between 

the groups selected by the two methods at the various 

levels, and since the standard errors for both methods are, 

at the same level, of the same order of magnitude, the 

standard error of the difference in shrinkage between the 

two methods will be less than the standard error of the 

shrinkage in the case of either method at that level. In 

no case is a difference, significant or approaching sig- 

nificance in the case of one method at a given level 

associated with a difference, significant or approaching 

significance, in the case of the other method at the same 

level, so that where a significant difference exists for 

one method, the difference between the two methods is 

probably significant. 

Number of Tests Required. 

In general the two methods seem to select the same 

number of tests. In the case of the use of the Common 

Entrance Examination as criterion, the same tests were 

selected by both methods, but in the case of the use of 

M.H.T. as criterion, although it was possible to argue 

from knowledge of the results of the Linhart selection 

procedure to the use of the same tests in the multiple 

cutting score battery, other combinations were possible, 

with not dissimilar results, although the batteries selected 

by the two methods had much in common. 

Time spent in Developing and Applying the Batteries. 

It was originally intended (a) to keep a record of 
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the time actually spent in using each procedure for the 

selection of tests and in their application to the 

prediction group, and (b) organise an experiment in which 

the data, together with prepared work sheets would be handed 

over to groups of volunteers who would apply the methods, 

be timed, and be asked to record their impressions. 

Neither intention was fulfilled. As regards the second 

intention, no volunteers could be found. As regards the 

first, the demands on the writer's time were such that a 

good deal of the work had to be done in whatever short 

periods of time were available, and the attempt to keep 

records became forgotten in the urgency of " getting 

something done ". Only impressions can be recorded. The 

most tedious task was the computation of the correlations. 

The next most tedious task was sorting the cards. The carry- 

ing out of Linhart's procedure was found full of interest 

and was far less time consuming than dealing with all of 

the variables by the Doolittle method or by using a 

reciprocal matrix found by pivotal condensation. From all 

points of view the writer prefers the Linhart method, and 

doubts very much whether, including the computation of the 

correlations the whole process takes three time as long as 

does the multiple cutting score method as Grimsley and 

Wahoske state is the case with the Wherry- Doolittle method. 

Certainly once correlations are available, the hinhart 

procedure is far less time consuming than the process of 

card sorting and calculating means and percentages and d 

drawing graphs. This presupposes the use, and some facility 

in the use, of a desk calculator and an interest in the 

"run of the figures "; without at least the desk calculator 



however, the computations necessary for the application 

of Linhart's method would prove somewhat tedious. 

Conclusions. 

(i) Although at first sight the multiple cutting 

score method gives results which are not very dissimilar 

from those obtained by the use of regression methods, 

this study, in contrast with other studies quoted, suggests 

that significant shrinkage is more likely in the case of 

the multiple cutting score method. This study, however, 

differs from the studies mentioned in its field of application, 

and it would appear desirable that further empirical com- 

parisons should be made. 

(ii) The Linhart method of test selection, and the 

use of a triangular matrix was found to be a relatively 

quick and easy method of obtaining regression coefficients. 

Since it is usually the case in practice that not all 

variables are selected,(probably in most cases two or 

three), and since the Linhart method does not require a 

complete matrix of correlations, but only the correlations 

of all variables with the criterion, and the correlations 

of the variables selected with each other and the other 

variables, further time could be saved by computing only 

the necessary correlations. The method gives results which, 

in the one instance where comparison was made, do not differ 

significantly from those obtained using a reciprocal 

matrix. 

(iii) Nevertheless, in cases where interest in, or 

facilities for, computation are not available, the multiple 

cutting score method provides a reasonable approximation 

to the results obtained b y regression analysis. In its 
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application, however, the writer felt somewhat at a loss 

at times because of the absence of any quantitative 

criteria for the selection of tests. 
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CHAPTER X 

THE PREDICTION OF SECONDARY SCHOOL SUCCESS 

The prediction of "success" is a matter which is 

bound up with the meaning given to that word; opinions 

differ very much about that meaning in relation to 

secondary education. To some, "success in the secondary 

school" means the attainment of a minimum academic standard 

certified, for example, by success in an external examination; 

to others success means becoming a member of the "First 

Fifteen" or "First Eleven" and getting one's colours. 

The important people who make speeches on school "Speech 

Days" often have quite a different outlook since they seem, 

by their own accounts, to have achieved little academic 

success, but, by implication, to have acquired those 

qualities of character which make for success in the world. 

Writers on "education" have produced such a variety of aims 

that no student of the subject need be at a loss in finding 

an authority to back up his personal predilections. This 

broadness and lack of definition in the criterion of success 

in secondary education makes it extremely difficult to 

measure in any objective way and with a limited time between 

the selection and the evaluation of success. The lack of 

definition also sets an upper limit to the prognostic 

value of any selection procedure, since the multiple 

correlation between a battery of tests ( or assessments 

of some kind) cannot be greater than the index of reliability 

(square root of the reliability coefficient) of the criterion. 

In practice most students of the validities of tests used 

in selection procedures make use of a limited criterion 



which is closely related to academic achievement, such as 

performance in an external examination or teachers' 

assessments which are usually based upon marks gained in 

school work and in school examinations. This study is no 

exception; the criterion is based squarely upon the academic 

achievement of the boys and girls concerned. This does not 

represent the writer's view of the meaning of "success in 

secondary education ". He is not one of those persons who 

belittle academic achievement but he does believe that 

any school must have much more to offer than preparation 

for academic success. There is little doubt, however, that 

in Sierra Leone secondary school success more often means 

academic success than it does in, say, England in relation 

to the Grammar School; the objective is a paper qualification. 

However much this may be deplored, it is a fact which must 

be accepted, and a fact therefore which, in this very 

limited context, makes the ordinary procedure of estimating 

the validity of a selection examination by finding its 

multiple correlation with a criterion based on academic 

achievement more appropriate than it would be in the 

United Kingdom. It must be admitted also that the criterion, 

however appropriate to local circumstance and however 

inappropriate at a more progressive level of educational 

thinking, has been chosen for convenience. 

It is necessary to have a criterion which can be 

expressed in quantitative terms. A search was made for a 

battery of standardised objective tests of secondary school 

achievement; no battery could be found or assembled which 

would have suited all the schools and it is very doubtful 
e 

if the money for its purchase in adquate quantities would 
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have been forthcoming. After the children had finished 

their first part year at school (see Chapter I) and were 

well on their way towards completing their second year, 

by arrangement with the Director of Education, another 

meeting with the _Principals of the schools was held at 

which the need for a uniform criterion was explained and 

the whole matter generally discussed. It became clear that 

a uniform examination for all schools was not possible, but 

it was arranged that within any one school all of the 

pupils in the experimental group would have the same papers 

marked by the same teachers on the same standard. It was 

also arranged that the examination marks would be handed 

over to the writer who agreed to prepare a suitable form 

for the purpose. The marks became available from the various 

schools when the writer returned from leave in the United 

Lingdom in September 1960, and were based on examinations 

conducted by the schools, in the schools, in the previous 

July. It was hoped that it would be possible on this basis 

to calculate correlations between the tests employed and 

the criterion within each school, and to combine these 

correlations, using Fisher's "z ", as Emmett (1942) did in 

the Yorkshire investigation. Study of the mark lists in 

the case of most schools showed that the desideratum which 

had been agreed at the meeting of marking all children in 

any one school on the same standard had not been attained. 

In addition it was found that there were noticeable 

curriculum variations; in certain schools not all of the 

children were studying a language other than English; in 

some girls' schools some girls were examined in Mathematics 

and some in Arithmetic only. Thus the numbers taking 
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examination subjects on which a uniform criterion could 

be based seemed to become more and more limited. They were 

further reduced by absences and by departures from schools, 

and likely to be reduced still more since it seemed desirable 

to reserve a group of reasonable size for cross validation. 

The following decisions were made: - 

(a) In one boys' school where the number of boys 

concerned had shrunk by only 5 to 55, and where the boys, 

although in three different forms had all taken the same 

school examinations (this being the custom in that school), 

to compute correlations using each available subject in 

turn as criterion, and by regression analysis to see to 

what extent performance in specific subject matter fields 

could be predicted by the test battery and to compare this 

prediction with the correlation of the Common Entrance 

Examination with each criterion, and to extend this to some 

of the other schools if experience showed that results could 

be obtained with the small numbers involved. It was desired 

to follow the procedure in at least one girls' school, but 

the available numbers in each form were small and in no 

case had all forms been uniformly examined. 

(b) To scale all marks within each school on an 

arbitrary standard (for that school) and combine them to 

give an overall criterion score for each pupil; to calculate 

correlations with this criterion, to combine the correlations 

(as in Emmett's investigation) and then to carry out a 

regression analysis. Sutherland (1952) used a criterion 

which may be described in his own words: "After con:;:idering 

the requirements of the examinations and the opinions of 

headmasters, it was decided to define 'success in the 
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secondary school' by the quotient 

= 
(2E + 2M + s + a + 1) 

7 

where E = (2e + g + h) /4 and M = (ar + al + g) /3 and the 

small letters denote English, Geography, History, Arithmetic, 

Algebra, Geometry, Science, Art, and languages." This 

seemed a promising start save that only one school offered 

Art (a deplorable feature of education in Sierra Leone). 

Art was eliminated and the 2e in the E score was replaced 

by el + e2 where el is the score in English Language and 

e2 is the score in English Literature which in all cases 

had been given as separate subjects. The division in the 

`. score was dropped and a criterion defined as 

X = 2E + 2M + s + 1 

where = (el + e2 + g + h) /4 and M = (ar + al + g) /3. 

Scrutiny of the mark sheets showed that it was possible to 

find a fair proportion of children in all schools (but not 

in all forms) for whom such a criterion would be suitable. 

The criterion was discussed with certain of the l'rincipals 

and adopted. 

(c) It was found that there was considerable variation 

from school to school in the correlations between the criterion 

and the several tests of the battery. Emmett (1942) found the 

same effect in the Yorkshire investigation. He points out 

that "this might have been expected for the entries into 

different schools in a given year are not truly random 

samples of those receiving scholarship awards. Some success- 

ful children were refused secondary school education by their 

parents the distribution of ability in different towns 

and villages will certainly not be uniform, and the 
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level of ability of those leaving the secondary schools 

before their second or third year is completed was not 

likely to have been the same for each school." In defence 

of his procedure he says: "although the averaging of 

significantly different data may not be statistically 

respectable, the circumstances of the experiment seem to 

preclude any other course, while the omission of the 

aberrants would present an incomplete picture of the 

situation." Although it may well be the case that, in this 

sample all of the reasons which Emmett gives for the wide 

range of correlations apply, the method of combination 

using the z transformation probably introduces some loss 

due to differences in the ability levels in the schools. 

The problem is discussed in McClelland (1945) where examples 

of the loss are given. The loss can obviously be avoided 

by scaling the marks in the schools on to a common standard 

and recalculating the correlations with the tests (the 

inter -test correlations are not affected since they can 

be computed on a uniform standard for the whole sample). 

The actual labour of scaling (already carried out once 

within each school) may be avoided, for McClelland quotes 

the formula:- 
L nAerrAraAl7iFA + u nn4!" 

F(ß) I/Z nA Át n, S 
nn p Z nA C'Z 

in which: - 

--tir(a) is the correlation between intelligence score 

and follow up marks for all schools A, B, C, D,.. 

when the follow up marks are scaled on Qualifying 

examination marks, 

iiFA is the correlation between intelligence score 

and follow up mark for school A, 



 

fl-A is the frequency for school A, 

6eA is the standard deviation of ' ualifying marks 

for pupils in school A, 

074 is the standard deviation of intelligence scores 

for pupils in school A, 

Q is the deviation of mean intelligence score 

for school A from the mean intelligence score 

for all schools, 

pis the deviation of mean Qualifying score for 

school A from mean Qualifying score for all 

schools, 

denotes summation over all schools. 

Clearly, by substituting the various variables in turn 

for "intelligence" in this formula, better combined 

correlations are obtainable, provided we have some equi- 

valent for the "Qualifying examination ". The equivalent is 

the Common Entrance Examination, for which scores were 

available for the great majority of the pupils, and this 

was used and a new set of correlations calculated and a 

regression analysis carried out. This procedure has the 

disadvantage that we can no longer employ the Corson 

Entrance Examination as a variable in our regression analysis, 

but no other choice is available. 

It was found possible to preserve a small group, 

three forms of boys in one school and two froms of girls 

in another school, as a group for cross validation. The 

regression equations developed were applied to this group 

in order to see what sort of shrinkage took place. 

The method of regression analysis employed was that 

due to Linhart (19604 described in Chapter VIII and used 
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Table X . 1 



Table X.1. 

Correlations Between Test Variables in the case of 55 Boys. 

, 

1 
VW 

2 

V 
P 

3 

S 

- 

4 

R 
5 6 

P 
7 

N 
P 

-fiT 

9 

T2HE 

10 
MEA 

11 
C/E 

12 
Age 

1 Vw 

2 Vp 

3 S 

4 Rw 

5 Rf 

6 P 

7 N 

MET 

9 MgE 

10 MHA 

11 C/E 

12 Age 

.3420 .1905 

.2646 

-.1211 

.2456 

.4514 

.1737 

.3659 

.4500 

.5130 

.2132 

.2899 

.2671 

.1527 

.2959 

.0899 

.1828 

-.0128 

-.1540 

-.1206 

.0912 

.4926 

.5565 

.2696 

.2633 

.4511 

.4299 

-.0054 

.5146 

.6003 

.1198 

.2988 

.2510 

.1910 

.2754 

.6448 

.0800 

.0545 

-.0339 

.0274 

-.0186 

.2595 

.5692 

.1299 

.1691 

.1977 

.2372 

.0431 

.4634 

.0055 

.2089 

.1624 

.3133 

.2411 

.3111 

-.1225 

.1362 

-.0515 

-.2255 

-.2424 

-.1492 

.0658 

-.3277 

-.2355 

-.0973 

-.1926 

. 



in Chapter 7X and for the reasons given there. The results 

of the alalysés follow. 

Prediction of Performance in Specific School Subjects in 

one School. 

The correlations between the test variables in one 

boys' school in the case of 55 boys are given in table X.1. 

The correlations between the test variables and the various 

criterion variables employed will be found in the criterion 

columns of the work sheets used for the Iinhart method of 

selecting predictor variables which are reproduced as 

figures X.2 to X.5. 

( i) English Language as Criterion. 

The T i nhart work sheet is given as figure X.2. Variable 

9 (I vJHE) is selected as the first variable to be tested as 

a possible predictor since it has the highest correlation 

(0.5134) with the criterion. For n = 55, N = 55, u = .5134 

and Uo= [l/(55- I +1 -1)] 1 

= 0.1361. The point (.513, .136) 

is below the curve joining the lower confidence limits in 

David's Chart II; the null hypothesis is rejected ( see 

Chapter. VIII) and variable 9 may be used as a predictor. 

z2i = zli - sqi; v2i = v11 - sgisgO 
and vsi /z2i are next 

computed. 

The largest value of v2; /z2i is that of variable 10 

(MIT) which is next tried as a possible predictor. For 

this variable R2 - R(1) = .0797; 1 - R(2 1) = .7364 and 

? R 2 2 
1/ 

(1) 
0.329; Uo = [1/(55- 2 +1 -1)] 

1 
= 1374. 

2 
1 - R(1) 

The point (.329,.137) is above the curve joining the 

lower confidence limits in David's Chart l.I, the null 
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Figure 7.2. 
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Work Sheet for Selection of Variables by Linhart's Method. 

1 

Vw 

2 

VP 
3 
S 

4 
i ? 
' , W 

5 
1) Lf 

6 

-: 
7 8 

MHT 

1 

2 

3 

4 

5 

6 

7 

8 

9 .5146 .6c v5 ,1i c7n39 .2510 .1910 .2754 .6449 

10 

11 

12 

zli 1.0000 1.0000 1.0000 1.000c 1.0000 1.0000 1.0000 1.0000 

s9i .5146 .6003 .1198 .2988 .2510 .1910 .2754 .6448 

z21 .7352 .:6396 .9856 .9107 .9370 .9635 .9242 .5842 

Criterion: English Language. 

9 
MHE 

10 
MHA 

11 
CE 

12 
e 

Cri t S-= -v- 

2 
Ar2i 

z2i 

.1967 -.0675 .0062 

.3261 .0179 .0005 

-.0223 -.0838 .0071 

.1490 -.0044 .0000 

.2428 .1139 .0139 

-.0433- -.1414 .0207 

-.0691 -.2105 .0479 

.4947 .1637 .0458 

1,C) .1691 .2411 -.2355 .5134 4.5833 

-.1914 -.2782 .0797 

.2087 .0849 .0077 

-.1394 -.0185 .0004 

1.0000 1.0000 1.0000 1.0000 1. n=55, N=55 

1.0000 .1691 .2411 -.2355 .5134 4.5338 Hyp. rej. ' 

--- .9714 .9419 .9445 2. n=55, N=54 

YP. 

var. 

no 

10. 

, (.513,.136) 

Js e var. 9. 

, (.329,.137) 

rej. Do not use 
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hypothesis is not rejected, variable 10 should not be used. 

There is no disproof of the hypothesis that variables 

9 and 10 together will yield a worse prediction than variable 

9 alone if a sample of 55 is used to estimate the regression 

coefficients; there is the possibility that the sample size 

may be increased, say to 500, a little larger than the total 

number of children participating in the experiment. In 

this case n' = 500, N = 55- 2+1 -1 = 53; u has the same value 

0.329, as before and U 1 1( 500-2+1-1)=1% 045. The 

point (.329,.045) is above the curve joining the lower 

confidence limits in David's Chart II for N = 53, the null 

hypothesis is not rejected and variable 10 should still 

not be used. 

(ii) English Literature as Criterion. 

The correlations between the test variables and the 

criterion are given in the criterion column of the Linhart 

work sheet, reproduced as figure X.3. Variable 9 (fY ) is 

again selected as the first predictor variable and the 

"u test" applied. For n = 55, N = 55 , u = .6654 and 

U0 = .1361; the point-(.665,.136) is above the curve for 

N = 55 joining the lower confidence limits in David's Chart 

II, the null hypothesis is rejected and variable 9 should 

be used as a predictor. Proceeding on the same lines as 

in the case of Tnglish Language as criterion, the second 

possible predictor is variable 5, for which v2i /z2i = .045. 

The value of u is 0.284 and of U0, 0.137. The point 

(.284,.137) is above the appropriate curve in David's 

Chant II and the null hypothesis is therefore not rejected; 

variable 5 should not therefore be used as a predictor. 

This is found to be the case also for n' = 500,-when U0, as 
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figure 7.3 



Figure X.3 

Work Sheet for Selection of Variables by Linhart's Method. 

1 

VVI 

2 

V 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Zli 

s9i 
z2i 

5146 

1.0000 

.5146 

.7352 

1.0000 

.6003 .1198 

.6396 .9856 

Criterion: English Literature. 

5 

Rf 
7 
N 

8 
MI-IT 

9 
MHE 

10 
MHA 

11 
C/E 

12 
Age Crit Sum V2i 

2 

V2i 
z21 

.4019 .0595 .0048 

.4427 .0433 .0029 

-.0098 -.0895 .0087 

.2508 .0520 .0030 

.3724 .2054 .0450 

.1248 -.0 °23 .0000 

.1025 -.0808 .0071 

.5589 .1299 .0289 

.1 '1110 75', .6448 1.0000 .1691 2411 -.2355 .6654 4.7358 

.2379 .1254 .0162 

.0289 -.1315 .0184 

-.2355 -.0788 .0066 

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1. n =55, N =55, (.665,.136) 

.2988 .2510 .1910 .2754 .6448 1.0000 .1691 .2411 -.2355 .6654 4.7358 Hyp. rej. Use var. 9. 

.9107 .9370 .9635 .9242 .5842 .9714 .9419 .9445 n =55, N =54, (.284..137) 

Hyp. not.rej. .)o not 

use var. 5. 



in the previous case, is ap-nroximately 0.045. 

(iii) History as Criterion. 

The wort . sheet, with the correlations of History 

with the test variables in the criterion column, is given 

as Figure X.4. The analysis, with the values of u and U , 

is summarised on the work sheet. Again only variable 9 

WHE) is selected as a predictor. 

(iv) Geography as Criterion. 

The work sheet is reproduced as fissure X.5. Variable 1 

(Vw) is selected as first predictor variable and satisfies 

the u test. No other variable is selected, even in the 

case of a possible larger sample. 

(v) Mathematics, Latin, General Science as Criteria. 

In none of these cases does the first variable selected 

satisfy thew test and therefore none of the test variables 

used in the experiment would appear to have much value as 

predictor variables. 

It is clear from David's Charts that with a small 

sample of this size (n = 55) no variable will satisfy the 

u test as first predictor variable if its correlation with 

the criterion is much below 0.4. It is interesting to note 

that in the case of English Language, English Literature 

and possibly History, that M.H.T. would also satisfy the 

u test as first predictor variable; it does not, of course, 

show up well as second predictor variable after M.H.E. 

because the two tests have a good deal in comr_on; in the 

case of this particular sample of 55 boys, the highest 

correlation between test variables is that of 0.6448 

between these two. The Common Entrance Examination does 

not correlate particularly well with any of the criterion 
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Fïr7zr.e 7.4 



Figure X.4 

Work Sheet for Selection of Variables by Linhart's Method. Criterion: History. 

1 
V 

3 
S 

5 

R. 
6 
i) 

7 8 
NJHT 

9 
'.THE 

10 
PdIHA 

11 
r/7 12 

Age 
Crit Sum - 

21 

2 

v2i 

z2i 

1 .2420 .0146 .0003 

2 .2590 - .00063 .0001 

3 .0419 -.0110 .0001 

4 .2420 .1100 .0133 

5 .1916 .0807 .0070 

6 -.1445 -.2287 .0543 

7 .1292 .0075 .0001 

8 .3719 .0870 .0129 

.6003 .2510 .1910 .2754 .6448 1.0000+ 1_ 1 .4419 4.512> 

10 .2168 .1421 .0208 

11 .1680 .0615 .0040 

12 .0222 ,1263 .0169 

z11 1,-0000 1.00(2 1.0000 1.0000 1.0000 .0000 1.0000 1.0000 1.0000 1_ . 0000 1.0000 1.0000 1. n =55, N =55, (.442,.136) 

s9i. .5146 .60C3 .1198 .2988 .2510 .1910 .2754 .6448 1.0000 .1691 .2411 -.2355 .4419 4.5123 Hyp. rej. Use var. 9. 

z2i .7352 .6396 .9856 .9107 .9370 .9635 .9242 .5842 .9714 .9419 .9445 2. n =55, N =54, (.260,.137) 

Hyp. not rej. Do not use 

var. 6. 
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Figure X.5 

Work Sheet for Selection of Variables by Linhart's Method. Criterion: Geography. 

2 

V 
P 

.1905 

4 
R 

5 

R 
f 

6 
p 

7 
N 

8 
MHT 

9 
MHE 

10 11 
C/E 

12 
Age 

Crit Surn v21 
v 2 
2i 

z2i 

1 1.0000 .3420 -.1211 .1737 .2132 .0899 .4926 .5146 .0800 -.1225 .4456 3.4962 

2 .1861 .0337 .0013 

3 -.1639 -.2488 .0642 

4 .0790 .1330 .0179 

5 .0552 -.0222 .0005 

6 -.1028 -.1978 .0410 

7 .2726 .2325 .0545 

8 .2402 .0207 .0006 

9 .3597 .1304 .0236 

10 .0629 .0273 .0007 

11 .2021 .1140 .0135 

12 .1481 .2027 .0417 

Zli 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 .0000 1.0000 1.0000 1.0000 1. n =55, N= 55,(.446,.136), 

sli 1.0000 .3420 .1905 -.1211 .1737 .2132 .0899 .4926 .5146 .0800 .1977 -.1225 .4456 3.4962 Hyp. rej. Use var. 1. 

z2i 
.8830 .9637 a85. .9698 .9545 .9919 .7573 .7352 .9936 .9609 .9850 2. n =55, N= 54,(.283,.137), 

Hyp. not.rej. Do not 

use var. 3. 
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variables except in the case of Mathematics (0.3403) , 

when it is selected as first predictor variable but fails 

to satisfy the u test. 

Prediction of a Common Overall Criterion from Results in 

Several Schools. 

As already indicated it WFS found possible to define 

a criterion of "success in the secondary school ", the 

subject elements of which were common to a number of forms 

in several schools, and still retain a group of children 

for cross -validation purposes. The scores of each pupil in 

each subject element were arbitrarily scaled, within each 

form, to give the same mean and standard deviation, and 

were added in accordance with the definition of the 

criterion to give a criterion score. Within each form the 

criterion scores were correlated with each test variable 

and with age, and the correlation coefficients were trans- 

formed to z values using the customary tables. The z values 

were then averaged, giving each weight inversely as its 

variance in accordance with the method given by Fisher (1954). 

The averaged z values were then converted back to correlation 

coefficients. Since, as already indicated above, the 

correlations between the criterion and the test variables 

appeared to vary considerably from form to form, the 

differences of each of the z values from the weighted mean 

were found and also the standard error of this difference, 

and a critical ratio for each difference thus obtained. 

The method adopted is illustrated in table X.6, 'which is 

for the correlation of the criterion with the Moray House 

Test of English. In this table the first four rows refer 

to boys' forms, the other four rows refer to girls' forms. 
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The sum of the column headed z X (n -3) divided by the 

sum of column (n -3) gives the weighted mean z which is 

readily converted into a correlation coefficient. In 

this particular case the critical ratios are all less 

than unity, showing that the correlations are in agreement 

with the hypothesis that they are derived from random 

samples from the same population. The critical ratios do 

not prove to be always less than unity in the case of some 

of the other criterion relationships examined and accordingly 

a frequency distribution was made of the critical ratios 

arising in the complete set; this is given in table X.7 

together with the expected frequencies based on the hypo- 

thesis that these will be randomly distributed. It will be 

seen that although a small number,3, of critical ratios in 

excess of the value 2.00 occur, the largest being 2.15, the 

actual distribution is not very dissimilar to the chance 

distribution, confirming the hypothesis that the variations 

in the correlation coefficients are such as would be expected 

from random sampling. 

No problem arises in regard to the other necessary 

correlation coefficients, those between the test variables, 

since the standard is the same throughout the whole group 

of children; these have therefore been computed for the 

group as a whole, and the matrix of correlations is 

presented as table X.8. 

Prediction variables have been selected using Linhart's 

method, the work sheet being reproduced as figure X.9. 

Variable 8 (MET) is selected first this being the variable 

with the highest correlation with the criterion, followed 

by variables 11 (C /E) and 9 (MHE) in that order. All of these 
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Table X.8 



Table 

Iatrix of Correlation Coefficients for Regression Sample. 

l 
2 

V 
P 

3 

S 
4 
Rw 

5 

R 
6 

P 
7 8 

Taft' 

9 

MHE 
10 
MHA 

11 
C/E 

12 
Age 

0 Crit 

1 VW 

2 V 
P 

3 S 

4 RW 

5 Rf 

6 P 

7 N 

8 11.+I;:iT 

9 MHE 

10 MHA 

_ll VE 
12 Age 

.3047 .1961 

.5067 

.0906 

.2361 

.3295 

.1636 

.2067 

.2294 

.2697 

.2979 

.1079 

.2978 

.3585 

.3465 

.1962 

.1995 

.1917 

.3239 

.2172 

.2380 

.1993 

.0842 

.0623 

.0687 

-.0596 

.0060 

.1324 

--- - 

.5172 

.4809 

.4382 

.3178 

.3428 

.3866 

.2943 

.0490 

-- - - - -- 

.4442 

.6181 

.5918 

.2648 

.2624 

.1719 

.2651 

.1840 

.6061 

- -- --- 

.3117 

.0026 

.0205 

.0126 

-.0058 

.1220 

.0622 

.4231 

.1865 

.0987 

- - 

.4339 

.1110 

.0913 

.0609 

.2639 

.1391 

.0403 

.1519 

.4508 

.2027 

.5305 

-.1275 

-.0984 

-.0810 

-.0105 

-.0510 

-.1205 

-.1208 

.0323 

-.2455 

-.2460 

-.0351 

-.2025 
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satisfy the u test when applied as in previous examples 

and the actual values of u and U will be found in the 

summary on the work sheet. The next (fourth) possible 

predictor variable is variable 5 (Rf) which, however, fails 

to satisfy the u test, so that the null hypothesis is not 

rejected and this variable should not be used, although 

from the run of the curves in David's Chart II it appears 

just possible that it might prove of value in a much larger 

population ( 3,000). The values of v4i / z4i for variable 

10 (MHA) and for variable 7 (N) run fairly close to the 

value for variable 5 and suggest the possible value of an 

Arithmetic test. 

It is interesting to note that the Intelligence test 

is selected first and after that the Common Entrance 

Examination; then, in spite of its common variance with 

the Intelligence test, the Moray House English test. This 

serves to confirm the view put forward earlier that the 

Common Entrance Examination, although a well conducted 

examination with a high degree of objectivity, is too 

heavily loaded with arithmetic and not heavily enough 

loaded with English. It is clear also that the Moray House 

Test of Intelligence alone, with a duration of only 45 

minutes is at least as good a predictor of success as the 

whole Common Entrance Examination lasting 3 hours, for the 

merit of a test when considered independently is shown by 

the square of its correlation with the criterion, this 

representing the comron variance. When considering tests 

as a team, however, the appropriate figure is the regression 

coefficient for standard scores (beta weight). The regression 

coefficients for the variables selected by Linhart's method 
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Figure X_.9 



Figure N.9 

Work Sheet for Selection of Variables by Linhart's Method. 

1 

c- 

3 

4 

5 

6 

7 

10 

11 

12 

zli 

s8i 

z2i 

slli.8 
1z3i 

s9i.8,11 

1z4i 

1. 

2. 

3. 

4. 

Criterion: Combined Teachers' Harks. 

1 
V 

2 

V 
3 
S 

4 
RW 

5 

Rf 
6 

P 
8 

MHT 
9 

MhE 
:10 

MHA 
11 
C/-r, 

12 
Age 

Crit Sum v2i 

2 
V2-i V3i 

2 

v3i 
z,, . 

zii 
.0090 

.0032 

.0020 

.0134 

.0050 

.0204 

.0352 

.0148 

.0006 

.4809 

.6181 

.1110 

.4382 

.5918 

.0913 

.3178 

.2648 

.0609 

.3428 

.2624 

.2639 

.3866 

.1719 

.1391 

.2943 

.2651 

.0403 

.0490 

.1840 

.1519 

1.0000 

.6061 

.4508 

.6061 

1.0000 

.2027 

.1865 

.0987 

.5305 

.4508 

.2027 

1.0000 

-.2455 
-.2460 

-.2025 

.3047 

.1961 

.0906 

.1636 

.2979 

.1962 

.1993 

.5172 

.4442 

.3117 

.4339 

-.1275 

4.8247 

4.4638 

3.2738 

.0560 

-.0305 

-.0738 

-.0137 

.0980 

.0440 

.1740 

.1307 

.2152 

.2007 

-.0005 

.0041 

.0012 

.0061 

.0002 

.0113 

.0021 

.0303 

.0270 

.0480 

.0506 

.0826 

-.0038 

-.0530 

-.0412 

.1068 

.0673 

.1413 

.1485 

.1028 

.0226 

1.0000 

.4809 

.7687 

-.1185 

.7547 

.4009 

.5940 

1.0000 

.4382 

.8080 

-.1190 

.7938 

.4003 

.6336 

1.0000 

.3178 

.8990 

-.0923 

.8905 

.0820 

.8838 

1.0000 

.3428 

.8825 

.1225 

.8675 

.0813 

.8609 

1.0000 

.3866 

.8505 

-.0394 

.8490 

-.0830 

.8421 

1.0000 

.2943 

.9134 

-.1035 

.9027 

.0992 

.8928 

1.0000 

.0490 

.9976 

.1454 

.9765 

.2095 

.9326 

1.0000 
1.0000 .6061 

.6326 
-.0790 

.6264 

.7915 

1.0000 

.1865 

.9652 

.5001 

.7151 

.0318 

.7141 

1.0000 

.4508 

.7968 

.8926 

OM MID IMP 

1.0000 

-.2455 

.9397 

-.1o29 

.9291 

-.1331 

.9114 

.5172 

.2249 

.1876 

4.8247 

1.2310 

2.0681 

v 4i 
2 

Voi 

z41 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

.0074 

-.0789 

-.0684 

-.0565 

.1223 

.0487 

.1020 

.0968 

.0476 

.0001 

.0098 

.0053 

.0037 

.0178 

.0027 

.0111 

.0131 

.0025 

n =214, N =214, (.517,.069), Hyp. rej. Use var. 8. 

n =214, N =213, (.263, .069), Hyp. rej. Use var.11. 

n =214, N =212, (.227,.069), Hyp. rej. Use var. 9. 

n =214, N =211, (.166,.069), Hyp. not rej. Do not use var.5. 
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have therefore been computed by the square root method,as 

discussed earlier, and will be found in table X.10 

Table X.10 

Regression Coefficients for H.H.T., 0 /E, and M.H.F. by 

Back Solution using Triangular Matrix 

1UT-IT C/E MEE 
t1 t2 t3 

Xl X2 X3 

MET X1 1.0000 

C/E X2 .4508 .8926 

PME X3 .6061 -.0790 .7915 

Xc .5172 .2249 .1876 

2 2 

rm rc(i.1,2,...,i-1) 

2 r. 
rm = 

Z(3` 
ic 

2 2 

2 2 ¡v 
rm = rca +t 

2i vii 

Z21 max Zii max 

.1876 
C i ) a+E _ . 7915 = .2370 

.2249+.0790 x .2370 - 
. 8926 

= .2729 

(iii) OMH'r = 

.5172-.4508 x .2729-.6061 x .2370 

_ .2505 

= 0.3533 

= 0.3532 

= 0.3533 

rm = 0.5944 ± .0442 

As a further empirical example comparing the Linhart 

approach to regression analysis with the method using the 

reciprocal of the matrix of correlation coefficients, the 

regression coefficients have also been obtained by this 

latter method from the 3 x 3 matrix of intercorrelations 

of PMT, C /E, and MEE, from which reciprocal matrix, also, 

the standard errors of the regression coefficients are 

easily found. These results are given in table X.11. It will 

be seen that the two approaches give the same regression 

coefficients, which are significant at better than the .01 

level, and a multiple correlation of 0.5944. It will be seen 
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Table X.11 

Regression Coefficients for M.H.T., M.E.E. , C /E, by 

Calculation from Reciprocal Matrix 

PET Ni J C/E 

MHT 1.9212 -1.0313 -.6570 

1I+THE -1.0313 1.5964 .1413 

C/E -.6570 .1413 1.2676 

Row 1 x .5172 .9936 -.5334 -.3398 

Row 2 x .4442 -.4581 .7091 .0628 

Row 3 x .4339 -.2851 .0613 .5500 

Add for Tbs. .2505 .2370 .2730 

(3 MHT MHk 13 c(E 

rm = .3533; rm = .5944 
± 

.0442 

Matrix of Variances and Covariances and Standard Errors 

of Regression Coefficients 

MET lt¡IHE C/E 

MET .0059 -.0032 -.0020 

MEE -.0032 .0049 .0004 

C/E -.0020 .0004 .0039 

S.E. .077 .071 .062 

1 - rm = .6467; N-p-1 = 214-3-1 = 210; 

1 - rm 

N-p-1 
.00308. 
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that, although, considered separately, the Moray House 

Test of Intelligence is the best single predictor, being 

superior to both the Common Entrance Examination and the 

Moray House Test of English, within the team of three tests, 

the Comr +[on Entrance Examination has a slight advantage as 

shown by its slightly higher regression coefficient; it 

must be remembered that it is a much longer test. 

The results thus far obtained suggest that it would 

be worthwhile to try the effect of the customary battery 

of M.H.T., M.H.E., and M.H.A. The fact that the Common 

Entrance Examination seems to be heavily loaded with 

Arithmetic at the expense of English indicates that, in 

the absence of the Common Entrance Examination as a variable, 

the Linhart procedure would select M.H.T., M.H.E., and either 

M.H.A. or N. This has been tried; the Linhart work sheet 

for the case when the Common Entrance Examination is omitted 

is given as Figure X.12. Variables 8 (N HT), 10 CL A) and 9 

(MHE) are selected in that order and satisfy the u test so 

that they may be used as predictor variables. There is once 

again an indication that variable 5 (Rf) should be used as 

a predictor, but once again it fails to satisfy the u test. 

The triangular matrix and the back solution for the regression 

coefficients are given in table X.13. Again by way of com- 

parison the regression coefficients have also been obtained 

from the reciprocal of the matrix of intercorrelations 

between the test variables; on this occasion age was also 

included as a variable to see if it had any significant 

effect. The regression coefficients thus obtained are given 

in table X.14 together with the matrix of variances and 

covariances and the standard errors of the regression 
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Figure X.12 



Figure X.12 

Work Sheet for Selection of Variables by I,inhart's Method. Criterion: Combined Teachers' Marks. 

- 
1 

Vw 
2 

V 
p 

3 
S 

4 
RW 

5 

Rf 
6 

P 
7 
N 

8 
MHT 

9 
MHE 

0 lH 12e ;rit Sum v2i 
2 

Z2i vai 
2 

Zii 
21 z31 

1 .3047 .0560 .0041 .0754 .0075 
2 .1961 -.0305 .0012 -.0169 .0004 

3 .0906 -.0738 .0061 -.0634 .0045 

4 .1636 -.0137 .0002 .0018 .0000 

5 .2979 .0980 .0113 .0868 .0089 

6 .1962 .0440 .0021 .0424 .0020 

7 .19G3 .1740 .0303 .0817 .0081 

8 .4809 .4382 .3178 .3428 .3866 .2943 .0490 1.0000 .6061 .1865 -.2455 .5172 4.3739 

9 .6181 .5918 .2648 .2624 .1719 .2651 .1840 .6061 1.00 .0987 -.2460 .4442 4.2611 .1307 .0270 .1339 .0284 

10 .0026 .0205 .0126 -.0058 .1220 .0622 .4231 .1865 .0987 1.0000 -.0351 .3117 2.1990 .2152 .0480 

12 -.1275 -.0005 .0000 .0019 .0000 

zli 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 v v2. 

s8i .4809 .4382 .3178 .3428 .3866 .2943 .0490 1.0000 .6061 .1865 -.2455 .5172 4.3739 
41 

z4i 
z21 .7687 .8080 .8990 .8825 .8505 .9134 .9976 - -- .6326 .9652 .9397 

1 .0065 .0001 
s101.8 -.0886 -.0623 -.0475 -.0709 .0508 .0074 .4212 - -- -.0146 .9820 .0109 .2190 1.4073 

2 -.0858 .0116 
zii .7609 .8041 .8967 .8775 .8480 .9133 .8202 - -- .6324 - -- .9396 

3 -.0785 .0069 
s9i.8,10 .4091 .4090 .0899 .0674 -.0776 .1092 .2018 - -- .7953 - -- -.1220 .1684 2.0504 

4 -.0095 .0001 
z4i .5935 .6368 .8887 .8729 .8419 .9014 .7795 - -- - -- - -- .9247 

5 .0999 .0119 

1. n =214, N =214, (.517,.069), Hyp. rej. Use var. 8. 6 .0240 .0006 

2. n =214, N =213, (.256,.069), Hyp. rej. Use var.10. 7 .0477 .0029 

3. n =214, N= 212, (.204,.069), Hyp. rej. Use var. 9. 8 

4. n =214, N =211, (.134,.069), Hyp. not rej. Do not use 9 

var. 5. 10 

12 .0224 .0005 
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coefficients. The regression coefficients obtained by 

the two methods are compared in Table X.15; it will be 

seen that the slight differences are very much less than 

the standard errors of the regression coefficients, and 

that the regression codfficient for age is not significant. 

Table X.13 

Regression Coefficients for M.H.T. ,M.H.A,and M.H.E. ,by 

Back Solution using Triangular Matrix 

MHT MHA MEE 
t1 t2 t3 

X1 X2 X3 

MHT X1 1.0000 

IlOIA X2 .1865 .9820 

I`'I"HE X3 .6061 -.0146 .7953 

Xc .5172 .2190 .1684 

2 2 

rm rc(i.1,2,...,i-1) 

2 

rm = 

v2 v2 
rm = rca 

+ 
21 3i = 0.3439 

(i) .1684 
= .2117 Mn= .7953 

.2190+.0146 x .2117 (ii)Nm 
.9820 

_ .2262 

(iii) MNT = 
.5172-.1865 x .2262-.6061 x .2117 

= 0.3438 

= .3467 

= 0.3439 rm = 0.5864 ± .0449 

Z2i max Z3i max 

The multiple correlation for the battery composed of 

M.H.T., M.H.A. , and M.H.E. is .5864, compared with a 

multiple correlation of .5944 for the battery composed of 

1I.H.T., M.H.E., and the Common Entrance Examination, and 

with a correlation of .4339 between the Common Entrance 

Examination and the criterion. The first multiple r has a 

standard error of.0449, the second of .0442. There is there- 

fore very little to choose between the two batteries on 
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Table X.14 

Regression Coefficients for M.H.T.,M.H.E., and M.H.A.,by 

Calculation from Reciprocal Matrix 

MHT MHE FHA Age 

MHT 1.6478 -.9372 -.2090 .1667 

P.i E -.9372 1.6066 .0220 .1659 

MHA -.2090 .0220 1.0365 -.0095 

Age .1667 .1659 -.0095 1.0814 

i 

Row 1 x .5172 .8522 -.4847 -.1081 .0862 

Row 2 x .4442 -.4163 .7137 .0098 .0737 

Row 3 x .3117 -.0652 .0069 .3231 -.0030 

Row 4 x -.1275 -.0213 -.0212 .0012 -.1379 

Add for Weights .3494 .2147 .2260 .0190 

ßMHT (3 MHE f3-MHA ß1K 

r2 = .3441; rM = .5866 ± .0442 

Matrix of Variances and Covariances and Standard Errors 

of Regression Coefficients 

MHT M IE MIA Á9e 

MHT .0054 -.0031 -.0007 .0006 

MHE -.0031 .0053 .0001 .0005 

MHA -.0007 .0001 .0034 -.0003 

Age -.0006 .0005 -.0003 .0036 

S.E. .074 .073 .058 .060 

1 -rm = .6559; N-p-1 = 214-4-1 = 199; 

1-r2 
m 

= .0033 
N-p-1 
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grounds of predictive efficiency. The battery of Moray 

liouse Tests occupies an actual testing time of 125 minutes, 

the battery composed of M.H.T., I!-7.H.E. , and C/E occupies 

265 minutes, the Common Entrance Examination alone occupies 

180 minutes; on grounds of economy of time, plus convenience 

in administration and scoring, without any significant 

loss in predictive efficiency, and with a definite improve- 

ment on the Common Entrance Examination alone, the Moray 

House Battery appears to have advantages. 

The Primary Mental Abilities Tests have not shown up 

well in the regression analysis; only one of the tests, Rf, 

was selected tentatively by the Linhart procedure, and that 

test failed to satisfy the u test. As a matter of interest 

a further analysis was carried out using only the P.M.A. 

tests and age as the variables. Variables 1 (Vw), 5 (Rf) 

and 7 (ii) were selected, in that order, by Linhart's 

method and satisfied the u test, so that they may be used 

as predictor variables. Variable 8 (age) was next selected, 

but failed to satisfy the u test, so that it should not be 

used as a predictor. The use of these predictor variables 

leads to a multiple correlation of .4528 with the criterion, 

that is to say, rather better than the correlation between. 

the criterion and the Common Entrance Examination. This 

result is less satisfactory than that obtained with the 

Moray House Battery of M.H.T., M.H.E., and N.H.A. , but it 

is quite remarkable when it is realised that, with these 

3 P.N.A. tests involving an actual testing time of only 

21 minutes it is possible to achieve at least as good a 

prediction as with the Common Entrance Examination 

taking 3 hours or almost 9 times as long: 
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Work Sheet for Selection of Variables by Linhart's Method 

1 2 

V 
3 
S 

4 
R W 

5 

R 
f 

6 

P 
7 
1\1 

12 
Age 

1 

2 

3 

4 

5 

6 

7 

12 

1.0000 

.1079 

.0842 

.5067 

.2978 

.0623 

.2361 

.3585 

.0687 

.2067 

.3465 

-.0596 

.1079 

1.0000 

.0060 

.1995 

.2380 

.1324 

.0842 

.0060 

1.0000 

-.0984 

-.1205 

-.1208 

Z11 1.0000 1.0000 1.0000 

sli 1.0000 .5067 .2361 

z2i --- .7433 .9443 

s5i.1 --- .2446 .3350 

23i --- .6834 .8320 

s7i.1,5 --- .0205 .0500 

z4i --- .6830 .8295 

1.0000 1.0000 1.0000 1.0000 1.0000 

.2067 .1079 .1995 .0842 -.0984 

. 9573 .9884 .9602 .9929 .9903 

.3261 .9942 .2177 -.0031 -.1105 

. 8509 - -- .9128 .9929 .9781 

-.0763 - -- .1167 .9962 -.1126 

.8451 - -- .8992 - -- .9654 

P.M.A. Tests considered alone. 

Crit S 1,Lm 
2i 

2 
v 
2i 

z2i 
v3i 

2 

v3i 
Zii 

voi 
2 

v4i 

Z4i 

.3135 

.1659 

.0625 

.2375 

.2895 

.1309 

.2262 

-.2098 

.3135 

2.5562 

2.5237 

1.394 

.0070 

-.0115 

.1727 

.2557 

.0684 

.1998 

-.1790 

. 0001 

. 0001 

.0311 

. 0661 

.0049 

.0402 

.0323 

-.0559 

-.0977 

.0883 

.0124 

.2006 

-.1505 

.0046 

.0115 

.0092 

.0002 

.0405 

.0232 

-.0600 

-.1077 

.1036 

-.0111 

-.1279 

.0053 

.0140 

.0127 

.0001 

.0169 

.2572 

.2013 

2.5562 

2.2611 

1.1954 

1. n =214, N =214, (.314,.069) 

Hyp. rej. Use var. 1. 

2. n =214, N =213, (.271,.069) 

Hyp. rej. Use var. 5 
3. n =214, N =212, (.220,.069) 

Hyp. rej. Use var. 7. 

4. n =214, N =211, (.146,.069) 

Hyp. not rej. Do not use var. 8. 
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Table X.15 

Comparison of Regression Coefficients obtained by 

Triangular Matrix and by Reciprocal Matrix 

MET MBE NRA Age 

Triangular Matrix .3467 .2117 .2262 - 

Reciprocal Matrix .3494 .2147 .2260 .0190 

Difference .0027 .0030 .0002 .0190 

Standard Error .074 .073 .058 .060 

Table X.16 

Regression Coefficients for Vw, Rf, and N by Back 

Solution using Triangular Matrix 

VW 

t1 

Rf 

t2 

N 

t3 

X1 X2.1 X3.12 

Vw Xl 1.0000 ' 

Rf 7 .1079 .9942 

N X 
3 

.0842 -.0031 .9927 

Xc .3135 .2572 .2013 

(i)pp - 
.2013 

- .2028 
.9927 

(ii) 3RF .25724..0031 x .2028 

.9942 

= .2593 

(iii) 3Yw = 

.3135-.1079 x .2593-.0842 x .2028 

_ .2684 

r2 = r2 1) 
=.2050 

m c(i.1,2,...,i- 

2 3r =.2051 r 
m 

= .4528 ± .0540 r = m 1c =. 

7.1 2 2 

r2 = 
r2 y2i v31 = .2049 

m ca 
Z2i max Z3i max 



redaction with Adjusted Correlation Coefficients. 

The problem of combining correlations between the 

test variables and the criterion computed for a number 

of groups when the standard may vary between groups has 

been mentioned and a formula has been quoted for finding 

the value of the correlation coefficient when the criterion 

scores are scaled on a com.on variable. Using the Compon 

Entrance Examination as a basis for scaling, the correlations 

between the criterion and the test variables were re- 

calculated and a regression analysis carried out, the 

predictor variables being selected by Linhart's method 

exactly as before. The necessity of using the Common 

Entrance Examination as the basis of scaling has the 

unfortunate result that it is no longer available as a v 

variable in the regression analysis, but some as essmert 

of the Common Entrance Examination has already been made. 

The Ijinhart work sheet is reproduced as figure X.18; the 

correlations with the criterion will be found in the 

criterion column of the work sheet and examination of these 

will show the effect of scaling. The correlations with the 

criterion of Vp, S, Rf, and F have been reduced, all the 

other correlations with the criterion have been increased. 

Variable 8 (I'4THT) is selected first and satisfies the u 

test; variables 10 (LHA) and 9 (MBE) are selected next in 

that order and also satisfy the u test. There is a suggestion 

that variable 2 (Vp) might be used as a predictor variable 

but it fails to satisfy the u test. The variables selected 

are therefore exactly as before; the regression coefficients 

will be different, however, because of the change in the 

values of the correlation coefficients. The calculation of 
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Figure X.18 



Figure X.18 

',Mork Sheet for Selection of Variables by Linhart's Method. Criterion Scaled on C/E Examination. 

7_ 

V,, 
.. 

2 

v-n 

3 

S 
4 
R` 

5 

R 
f 

6 

P 
7 
N 

8 
TFT 

9 

1-I :s 

10 
_I -A 

12 
ie Crit Sum v21 v2 

v3i v2 
z2i z3i 

3i 

1 .3135 .0538 .0038 .0819 .0088 

2 .1659 -.0707 .0062 -.0510 .0032 

3 .0625 -.1091 .0132 -.0940 .0099 

4 .2375 .0524 .0031 -.0749 .0064 

5 .2895 .0807 .0077 .0646 .0049 

6 .1309 -.0280 .0009 -.0304 .0010 

7 .2262 .1997 .0400 .0660 .0053 

8 .4809 .4382 .3178 .3428 .3866 .2943 .0490 1.0000 .6061 .1865 -.2455 .5400 4.3967 

9 .6181 .5918 .2648 .2624 .1719 .2651 .1840 .6061 1.0000 .0987 -.2460 .4616 4.2785 .1343 .0255 .1389 .0305 

10 .0026 .0205 .0126 -.0058 .1220 .0622 .4231 .1865 .0987 1.0000 -.0351 .4124 2.2997 .3117 .1007 

12 -.2908 -.0772 .0063 .0738 .0058 

zli 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

s81 
v41 
4, 

z4i 
z2i 

.4809 

.7687 

.4382 

.8080 

.3178 

.8990 

.3428 .3866 .2943 

.9134 

.0490 

.9976 

1.0000 

--- 

.6061 

.6326 

.1865 

.9652 

-.2455 

.9397 

.5400 4.3967 

1 .0105 .0002 
101.8 -.0886 -.0623 -.0475 -.0710 .0508 .0074 .4214 --- -.0146 .9825 .0109 .3173 1.5061 

2 -.1224 .0235 
I z3i .7609 .8041 .8967 .8774 .8480 .9133 .8200 --- .6324 --- .9396 

3 -.1097 .0136 
.6,10 .4091 .4090 .0899 .0674 -.0776 .1092 .2018 --- .7953 --- -.1220 .1747 2.0568 

4 -.0867 .0086 
I z4i .5935 .6368 .8887 .8729 .8419 .9014 .7793 --- --- --- .9247 

, 5 -.0511 .0031 

1. n=214, N=214, (.540,.069), Hyp. rej. Use var. 8. 6 -.0494 .0027 

2. n=214, N=213, (.377,.069), Hyp. rej. Use ve.r.10. - 7 .0308 .0012 

3. n=214, N=212, (.224,.069), Fyp. rej. Use var. 9. 8 

4. n=214, N=211, (.202,.069), Hyp. not rej. -0o not use var.2 9 

10 

12 .0951 .0098, 
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the regression coefficients using the triangular matrix 

is shown in table X.19 

Table X.1,) 

Regression Coefficients for M.H.T. ,] .H.A. ,and T.F.E. by 

Back Solution using Triangular Tvatrix 

MHT T.'íHA NHE 

t + t5 

''1 X2 .1 > .12 

MET X1 1.0000 ' 

1!HA X2 .1865 .9825 

I:'IHE X. .6061 -.0146 .7`)53 

X 
e 

.5400 .3173 .1747 

r2 = r2. 
m c(i.1,2,...,i-1) 

2 

rm = (Lic 
2 2 

r2 r2 V2i ( 
v 

3i)ca 

Z Z 2i max 3i max 

! . ) P _ 
.1747 

- .2197 
.7953 

ii) .3173+.0146x.2197 
N* 

.9825 

_ .3262 

(iii) (3MNT = 

.5400-.1865x.3262-.6061x.2197 

= .3460 

=.4228 

=.4228 rm =.6502 ± .0395 

= ,¢228 

Standard Errors of Regression Coefficients 

111HT P,`11IA lUTHE 

0.067 0.054 0.066 

The regression coefficients were also obtained using the 

reciprocal matrix, with identical results; the standard 

errors of the regression coefficients quoted in table X.19 

were obtained using the reciprocal matrix. The use of the 

adjusted correlations with the criterion has resulted in 
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a slightly larger multiple correlation of 

rm = 0.6502 ± .0395 

giving a standard error of estimate of 

S.E.est _ 11.91 

The unbiassed estimate, rm, that is to say, the value of 

the multiple correlation coefficient corrected for 

"shrinkage ", has been calculated from the formula: 

2 

r1.23....n = 1-( 1- 
r1.23....n' N- n 

in which N is the number of cases and n the number of 

variables, giving a value 

r = 0.6460 

The Influence of Selection. 

The regression analyses so far have been carried out 

using data obtained by testing a group of children already 

selected for secondary education by the Common Entrance 

Examination. Other selective influences also have probably 

been in operation; some children who would have been selected 

may have been prevented from accepting a secondary school 

place because of financial circumstances; others may have 

been ill at the time of the examination. By the time of 

the experimental testing programme, or by the time of 

obtaining the teachers' marks on which the criterion scores 

were. based, some children who had been selected had, for 

various reasons, left the secondary schools. The standard 

deviations of the scores on the variables used are thus 

reduced below the values which would obtain in the unselected 

population; these standard deviations will not all be reduced 
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to the same extent and thus the correlations, and hence 

the regression coefficients, will be affected. In most 

regression analyses it is possible to correct for this 

effect by making use of Karl Pearson's (1903) selection 

equations. In the Yorkshire investigation (Emmett,1942) 

this was possible since standard deviations and interc 

correlations of the test variables in the unselected 

population were known; it was only necessary to estimate 

the values in the unselected population of the criterion. 

ln this investigation such a procedure is not possible 

for we have no data at all for the variables employed in 

so far as the unselected population is concerned and it 

would be most unwise to assume that they approximate to 

those given in the manuals. It is however possible to 

make use again of the Common Entrance Examination results, 

for the selected group and for the unselected group. In 

the case where curtailment is made on the basis of variable 

3,(known in the curtailed and in the uncurtailed groups) 

and data for variables 1 and 2 are available only for the 

curtailed group: 

R12 - - 2 
2 S S 

1+ ri. 2 - r23 2 - 1 
s3 s3 

S2 

+ r13 r23 -2 - 1 

s3 

in which 

R12 is the correlation between variables 1 and 2 

in the uncurtailed group, 

r12 is the correlation between variables 1 and 2 

in the curtailed group, 

r13 and r23 are the correlations respectively of 
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Table X.20 



Table X.20. 

Matrix of Correlation Coefficients Corrected for Selection. 

1 

VW 
2 

Vp 
3 

S 
4 
Rw 

5 

R 
f 

6 
-_ 

7 
1? 

8 
?tTHT 

9 

': íHE 

10 
A1HA 

11 
C/T', 

12 
Age 

0 Cri 
1 Vw 

2 V 
P 

3 S 

4 Rw 

5 Rf 

6 P 

7 N 

8 MHT 

9 1VHE 

10 MHA 

11 C/E 

12 Age 

.3231 .1855 

.5109 

.0817 

.2403 

.3326 

.3161 

.2241 

.2421 

.2750 

.3135 

.1196 

.3051 

.3622 

.3643 

.1329 

.2021 

.1940 

.3253 

.2197 

.2407 

.2634 

.0972 

.0733 

.0768 

.0241 

.0238 

.1362 

.6218 

.4808 

.4354 

.3145 

.3990 

.4031 

.2857 

.0987 

.4870 

.6232 

.5951 

.2703 

.2945 

.1912 

.2673 

.2049 

.6209 

.5355 

.0476 

.0556 

.0362 

.0959 

.1651 

.0723 

.4375 

.3249 

.1687 

-.2738 

-.1031 

-.0965 

-.0211 

-.0942 

-.1435 

-.1277 

.0057 

-.2989 

-.2811 

-.1145 
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variables 1 and 2 with the curtailing 

variable, 

S3 is the standard deviation of variable 3 in the 

un.curtailed group, 

s3 is the standard deviation of variable 3 in the 

curtailed group. 

Using this formula estimates of the correlations in the 

unselected population were made and these are given in 

table X.20. A fresh regression analysis was carried out 

following the same procedure as before. The work sheet 

for Linhart's method of selecting predictor variables 

is reproduced as Figure X.21; as before variables 8 (l''l1T), 

10 (FHA), and 9 (11TH E) were selected in that order, all 

satisfied the u test and may therefore be used as predictor 

variables. In addition to these variable 2 (V p) was 

selected as a fourth predictor variable and just satisfied 

the u test. The back solution for the regression co- 

efficients is given in table X.22. It will be sen that 

the regression coefficient for variable 2 (VD) is negative; 

that this does not arise by error is shown by the agree- 

ment of the values of rm obtained by different methods, 

in one of which, 
ßi,r1c 

, the sign of the regression 

coefficient matters whereas the others are obtained 

without using the actual values of the regression co- 

efficients. Vp is, therefore, in this case, acting as a 

suppressant. Its effect may be seen by making the assumption 

that only the first three variables may be used. The 

regression coefficients for this case have been found, 

( see table X.23 ) and it will be noticed that the multiple 

correlation falls from 0,7429 to 0.7293. The effect of 
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Figure K.21 



Figure X.21 

Work Sheet for Selection of Variables by Linhart's Method. Correlations Corrected for Selection. 

1 
Vv,, 

2 

V 
3 
S 

4 
RW 

5 
R 
f 

6 
P 

7 
N 

8 
MHT 

9 

PME 
10 
T?TA 

12 
Age 

Grit -3um 

v2i 
v2 

v3i 
v2 Z2i 

2i 

Z3i. 

3i 

1 .3231 .0241 .0008 .0646 .0055 

2 .5109 1.0nc10 .3326 .2421 .3051 .1940 .0733 .4354 .5951 .0556 -.0965 .1855 3.8331 -.0852 .0090 -.0532 .0035 

3 . .0817 -.1139 .0144 -.0892 .0089 

4 .3161 .0680 .0055 .0806 .0077 

5 .3135 .0629 .0047 .0501 .0030 

6 .1329 -.0447 .0022 -.0371 .0015 

7 .2634 .2020 .0412 .0509 .0032 

8 .4808 .4354 .3145 .3990 .4031 .2857 .0987 1.0000 .6209 .3249 -.2989 .6218 4.6859 

9 .6232 .5951 .2703 .2945 .1912 .2673 .2049 .6209 1.0000 .1687 -.2811 .4870 4.4420 .1009 .0166 .1132 .0209 

10 .0476 .0556 .0362 .0959 .1651 .0723 .4375 .3249 .1687 1.0000.-.1145 .5355 2.8248 .3335 .1243 

12 -.2738 -.0879 .0085 -.0815 .0073 

Sli 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
v vçi 

8i .4808 .4354 .3145 .3990 .4031 .2857 .0987 1.0000 .6209 .3249 -.2989 .6218 4.6859 4 Z4i 
z 2i .7688 .8104 .9011 .8408 .8375 .9184 .9903 --- .6145 .8944 .9107 

1 .0054 .0000 
s10i.8 -.1148 -.0908 -.0698 -.0357 .0361 -.0217 .4287 --- -.0349 .9457 -.0184 .3526 1.3771 

2 -.1126 .0200 
z3i .7557 .8022 .8962 .8395 .8362 .9179 .8065 --- .6133 --- .9103 

3 -.1026 .0119 
9i.8,10 .4095 .4107 .0927 .0581 -.0738 .1138 .2025 --- .7831 --- -.1228 .1446 2.0183 4 .0722 .0062 

Z41 .5880 .6335 .8876 .8361 .8308 .9050 .7655 --- --- --- .8952 
5 .0608 .0044 

.8,10,9 .1545 .7959 .1900 .0519 .2050 .0263' -.0175 --- --- --- .1035 -.1415 1.3682 
6 -.0536 .0032 

z5i .5641 --- .8515 .8335 .7887 .9043! .7652 --- --- --- .8845 
7 .0216 .0006 

1. n=5390, N=214, (.622,.014), Hyp. rej. Use var. 8. 8 

2. n=5390, N=213, (.450,.014), Hyp. rej. Use var.10. 9 

3. n=5390, N=212, (.207,.014), Hyp. rej. Use var. 9. 10 

4. n=5390, N=211, (.207,.014), Hyp. rej. Use var. 2. 12 -.0637 .0045 

s2i 

5. n =5390, N =210, (.048,.014), Hyp. not rej. Do not use 

var. 5. 
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Table X.22 

Regression Coefficients for M.H.T.,M.H.A.,M.H.E.,and Vp 

in the Unselected Population by Back ^olution using a 

Triangular Matrix 

MHT 

t1 

X i 

TF'_ A 

t2 

x2.1 

MITE 

t3 

3.12 

V 
p 

t4 

ZT 

'`4.123 

MHT 
`r 

1.0000 ' 

MHA X2 .3249 .9457 ' 

. 

MHE X3 .6209 -.0349 .7831 

Vp X4 .4354 -.0908 .4107 .7959 

Xc 
. 

.6218 .3526 
_ 

.1446 -.1415 

2 
r 

2 

rc(i.1,2,...,i-1) 

2 

rm = ic 

2 2 2 

r2 r2 v2i v3i v4i 
m ca 

(i) py0 _ -.1778 

(ii) (36HE = 

( iii ) (3Mpq = 

iv) prow = 

.2779 

.3660 

.4078 

= .5519 

= .5519 

= .5519 

2i max Z3i max Z4i max 

rm = 0.7429 
± 

.0306 

using the suppressant is to increase the regression 

coefficients of M.H.T. and M.H.E. and to reduce that of 

M.H.A., with the overall effect of slightly improving 

the multiple regression coefficient. 
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Table X.23 

Regression Coefficients for M.H.T.,M.H.A.,and M.H.E. in 

the Unselected Population by Back Solution using a 

Triangular Matrix 

., 

MHT lúïHA T HE 
t 
1 

t2 t3 

Xl X 
2.1 X3.12 

iI-ìT X 1_ . ?. . r; 

HA .>24'. .9457 

`THE .6209 -.0349 .7831 

Xc .6218 .3526 .1446 

(j) 43H0E = .1847 

PMNg = .3797 

(iii) 
(SMNT = 

2 2 
rm = 2: rci.1,2,...,i-1) _ .5319 

rm - !.(3Zi ic 

2 

2 2 v2i 
rm = rca 

+ + 

2i )max 

2 

vai 

Z3i max 

rm = 0.7239 ± .0320 

= ,5319 

.5319 

Cross Validation. 

As already stated, a small group, consisting of 34 

girls in one school and 54 boys in another school, for 

whom teachers' marks were available permitting calculation 

of a criterion score as defined above, was excluded from 

the regression analysis and retained for cross validation 

purposes. T-he regression coefficients for raw scores and 

the constant K were computed, giving the regression 
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equation 

xc = .5518 xl + .5507 x2 + .3236 x3 + 99.3151 

in which xc is the predicted criterion score, xl, x2, 

and x3 are the raw scores respectively on M.H.T., M.H.A., 

and M.H.E. The equation was used to "predict" the scaled 

criterion scores of the boys and girls in the two schools 

and the predicted scores were then correlated with the 

actual scores with the results shown in table X.24. 

Table X.24 

Comparison of Obtained Criterion Scores and Predicted 

Criterion Scores in Two Schools 

N r rm rm 

Boys 54 .6046 

Girls 34 .6592 .6502 .6460 

Boys & Girls 88 .6198 

it will be seen that in the case of the girls there is 

a chance gain in predictive efficiency, but this is not 

so with the boys. Taking the group as a whole there is a 

drop of 0.0262 below the shrunken multiple correlation 

rm of 0.6460; this, however, is less than the standard 

error of the multiple correlation coefficient. 



CHAPTER XI 

A STUDY OF ERROR 

The errors which children make in attempting tests are 

usually studied with a view to improving their performance 

on subsequent occasions. The study of error also has value 

in leading to a better understanding of the processes 

involved in attempting to solve the problems presented in 

the test. Brigham (1932) in a study of items in College 

Scholastic and Aptitude Tests regarded errors as "characteristic 

solutions of the problems set" and states that "our studies 

have indicated error to be not capricious but orderly ". It 

is important therefore to examine the errors made by the 

children in this study to see how far the results agree with 

studies of error made under similar conditions elsewhere, and 

how far they conform with theories of error which have been 

advanced by psychologists. 

There are two major psychological theories of error, due 

to Spearman (1928) on the one hand, and to Selz (1922) on the 

other. A third point of view due to Muller and Pilzecker (1900) 

is mentioned in the literature, but will not be considered 

here, for it is a theory of substitution, like Spearman's 

theory, interpreted in a mechanical way and bearing a strong 

resemblance to the conditioned response. It is probably 

applicable to experiments of the word association kind, but 

no examples of its application have been encountered in the 

present study; in so far as the theory is one of substitution 

it may be considered along with Spearman's theory. 

Spearman's point of view is concisely put in a quotation: 



it the liability to error must needs ensue whenever an 

item arises in any context by virtue of reproduction, but is 

then taken as being there by virtue of intuitive evidence 

such as invests the three principles of noegenesis," which 

may be further summarised by saying that errors are due to 

"reproduction replacing eduction" the phrase being taken from 

a paper by Fortes (1932) who gives a useful summary of both 

the point of view of Spearman and that of Selz before study- 

ing errors in "perceptual intelligence tests ". Although there 

is a great deal more to Spearman's theory than has been stated 

here, it is not intended to burden the reader with much more 

detail. The crux of the problem is perhaps best illustrated 

by further quotation; Spearman writes: "... any item or 

relation whatever may fit their original context perfectly 

well and yet, on being retained when this context changes 

may result in presenting any degree of misfit," in comment 

upon which Lawrence (1957), who studied the errors made by 

New Zealand children on a verbal test, remarks that Spearman 

emphasises "being retained ", and continues:" yet it would 

seem that the error arises from failure to understand the 

implications of the change of context, while reproduction 

of the item or relation arises as a result of this faulty 

approach to the problem, i.e., the crucial factor is relevance, 

not retentivity." 

To the writer, Spearman's theory seems to be related to 

those of the Associationists. The work of Selz is a continuation 

of the work of the Wúrzburg psychologists whom Humphrey (1951) 

regards as reacting against the associational hypothesis. 

The Würzburg group, it will be recalled, had developed a 

doctrine of "imageless thought ", maintaining that "association" 



although a necessary mechanism of thought, was not sufficient 

to account for their experimental results. Selz's "aim was 

to provide a completely non -associational theory of thinking ", 

and he approached the problem by experiments very similar 

to those of the Wurzburgers, in which a task (Aufgabe) was 

presented together with a stimulus word, to which the subject 

responded, after which introspective analysis took place. 

Examples of the tasks are Thole? Part? Coordinate? Subordinate? 

Superordinate? Description? Definition? The Wurzburgers 

had demonstrated determining tendencies in thought: Selz's 

aim in his experiments was to bring the Aufgabe and all 

processes associated with it under scrutiny. From the analysis 

of experimental protocols he developed a theory of "productive 

thinking" from which his theory of error follows. For Selz 

the process of thinking is one of making knowledge become 

actual (Wissenaktualisierung). The stimulus word, the Aufgabe, 

and the response word together form a "complex "; the stimulus 

word and the Aufgabe together set up an "anticipatory schema" 

(antizipierendes Schema), and the process of actualizing the 

knowledge consists in completing the complex in accordance 

with the "laws of complex completion" (Komplexergánzung). 

At first sight this theory might be looked upon merely as 

another version of association: the difference may be brought 

out by quoting from Humphrey (1951): "Experiment shows that 

so far from consisting of the recall of an elementary present- 

ation, or discrete group of such, by means of reproductive 

tendencies adherent to the stimulus word, reproduction 

consists essentially in the bringing into consciousness of 

a total unitary and latently present relational fact. 

Experience of such a relational fact is imageless ". The 
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emphasis is on "total integration in thining ". 

As regards error Selz's point of view is that errors 

do not arise from strong reproductive tendencies issuing 

from the stimulus word, but from the process of Wissenaktual- 

isierung; the complex is only partially efficient because 

some of its constituents have "low dispositional effectiveness" 

(Law of Part ,efficiency). Thus, in the words of Wilcocks(1928): 

"...the most common. ground for these errors was, in his 

experiments, that a related problem was served instead of the 

one actually set ", which may be referred to as "task displace- 

ment". The law of part efficiency operates through the 

drop-fling of some characteristics of the task, the "low 

dispositional effect" of some elements, the "prepotency of 

particular elements" and the greater "preparedness" of the 

more abstract or general characteristics ( "abstractive 

preparedness "). Thus error arises through incomplete function- 

ing of the task. 

Selz's theory has been criticised mainly on the basis 

of certain logical inconsistencies and lacks in regard to 

the "energising" of the process of :lissenaktualisierung 

[o . g . Numphrey (1951) p.1011. This does not prevent us from 

trying to make use of his theory of error. It is at once 

apparent that it has much in common with points of view 

put forward by Gestalt theorists, and by many experimenters 

in "problem solving". 

The Gestalt writers do not deal specifically with 

error to any great extent, but it seems to be implicit in 

their account of problem solving that error will arise from 

failure to appreciate the structure of a problem. In 

particular, the experimental work of Duncker (1945) is 



247 

noteworthy, with conclusions which may be quoted as 

relevant here: 

"It is therefore meaningful to say that what is done 

in any solution of problems consists in formulating the 

problem more productively." 

"The final form of a solution is typically attained 

by way of mediating phases of the process, of which each 

one, in retrospect possesses the character of a solution, 

and, in prospect, that of a problem." 

"In very many cases, the mediating phases are not 

mentioned because the S simply does not realise that he has 

already modified the original demand of the problem. The 

thing seems to him so self- evident that he does not have 

at all the feeling of having already taken a step forward. 

This can go so far that the S deprives himself of freedom 

of movement to a dangerous degree. By substituting unawares 

a much narrower problem for the original he will therefore 

remain in the framework of this narrower problem, just 

because he confuses it with the original." 

Hildreth (1941) has used the term "difficulty reduction 

tendency" to describe inadequate problem solving behaviour. 

When children (or adults) are confronted with a problem 

which is too difficult for them or beyond their experience 

or understanding, they tend to substitute a simpler problem, 

or distort the original problem so that it comes more nearly 

within their scope. "The subject remakes the problem so that 

it will be a meaningful whole for him" "the reduction 

is a comfort seeking device. The unpleasant situation is 

avoided. ".... "Pabit binds people to lower level mental 

responses than they are actually capable of making." This 
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is, presumably, very similar to what ':Wertheimer (1945) would 

call "premature or short cut closure ", and is clearly in 

line with Selz's "task displacement ". 

Many other examples could be cited; an excellent set of 

references is given in Lawrence (1957). Of more direct connect- 

ion with the two theories of error are the investigations 

of .,ilcocks (1928) and Fortes (1932) for in both cases the 

theories inform the investigation, whereas in the other 

studies mentioned there is no direct reference to the theories. 

The avowed object of Jilcocks was to show that Selz's theory 

was inadequate and needed to be supplemented by a law of 

substitution, as indeed he showed to be the case with certain 

types of simple reaction task. Fortes analysed errors on 

perceptual intelligence tests and found very few errors which 

could be accounted for by reproduction. In his opinion the 

main factor in the production of error was the "displacement 

of cognitive energy from the total situation to a part only" 

and the antecedant condition for this was the "indeterminate 

cognition of the total perceptual situation ", a conclusion 

which seems to the writer more in agreement with Selz than 

with Spearman, although Fortes himself regards Spearman's 

theory as including both the law of substitution and the 

theory of Selz . Brigham (1932) in the analysis of errors 

made in College Scholastic Aptitude Tests rejects Spearman's 

theory; he regards it as merely labelling the same process 

"noegenesis" if it happens to lead to the right answer, and 

"reproduction" if it happens to lead to the wrong answer. 

Brigham's observation that a frequent cause of error was the 

displacement of a problem from a narrow to a much broader 

and mainly irrelevant context is clearly an example of the 
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application of Selz's Law. of Abstractive repare1ness. 

l'Tore recent is the work of Lawrence (1957), reading of 

which motivated this part of this investigation. Following 

an extensive summary of the literature Lawrence describes 

an analysis of errors made by 274 New Zealand children of 

median age 11 years 8 months in Form 1 of an intermediate 

School on the Otis Intermediate Verbal Group Test, Form B. 

He very rightly points out that the mere calculating of the 

frequencies with which particular errors occur, whilst of 

use in selecting variables for further study, is of little 

value in telling us that a certain process has operated to 

produce the wrong response. This is a criticism which. might 

well be directed against Eells's (1951) study. In discussing 

errors made on particular items which show significant 

status differences Fells frequently assumes that "low status" 

children have no experience of the kinds of things mentioned 

and then argues from that in favour of his point of view 

that the test items favour the high status children. He 

should have enquired. Lawrence does this; he says: "the 

most direct method of investigation is the actual re- working, 

by the child, of the incorrect items, and this method was 

chosen as being most likely to give the fullest information 

about the conditions leading to the production of error." 

A sample of 84 children, covering the whole range of ability, 

was interviewed, with results which are better accounted for 

by selz's theory than by Spearman's, in fact "the items most 

likel: to show the operation of reproduction indicate that 

failure is due to the educing of an inadequate relation 

rather than to a failure to educe at all." Spearman's theory 

is not entirely rejected, but "what the evidence does suggest 
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is that reproduction may operate as one particular process 

resulting from the more basic condition of inadequate form- 

ulation of the task - thus Selz's interpretation contains, 

yet goes beyond that of Spearman." 

The carrying out of a similar experiment with African 

children is of interest because of the light which the 

results may throw upon their test behaviour. It was felt that 

in the cognitive behaviour of the children in the test 

situation there might be something parallel to "unreliable 

behaviour ",(where the term behaviour is used with its more 

common connotation of inter -personal behaviour) of a kind 

which is frequently regarded as characteristic of "the 

African ". In particular an investigation made by Carothers 

(1951) was in mind. He described and analysed 33 examples of 

"unreliable behaviour" in Africans who "were not feeble- 

minded or evil, but fair samples of their race ". The failures 

were such as "...would only occur frequently in western 

European civilisation in persons who would be considered 

thoroughly irresponsible, whereas Africans who do not fre- 

quently default in ways like these are rather exceptional 

people." To those who have not lived and worked with Africans 

the implications of these words of Carothers (who has had 

many years of work in Africa as Medical Of'icer and psychiatrist) 

may seem rather "hard on the African". There is very little 

in the literature that can be quoted in support, but most 

Europeans who have worked in Africa could quote parallel 

instances. However, it is the conclusions reached by Carothers 

which are of interest here. They area - 

(i) "...a failure to gee an event as an element in 

a total situation, and as having a variety of relevant 



relationships. Only 3 or 4 of the examples do not show 

evidence of this failure. The relationships that were most 

frequently ignored in this series were the causal, function- 

al and temporal Examples of other ignored relation- 

ships, e.g., spatial, ethical and occupational occurred, 

but less cominomly. The inability to attend to two things 

at once, or at least to keep the second near to the threshold 

of consciousness while attending to the first, and which 

frequently accounts for a lack of distractibility, is clearly 

seen in four examples and is part and parcel of the same 

phenomenon." 

(ii) " A continual tendency to follow routine procedures 

in an unreasoning fashion." 

(iii) " A lack of interest and attention unless the 

situation appeals in a directly personal and emotional 

fashion." 

Carothers gives reasons for believing that these tendencies 

were not illusory or "merely apparent to the European ". 

The first point is the one of greatest relevance here 

since it may well represent an attitude which affects cognitive 

as well as inter -personal behaviour, and that this might 

prove to be the case seemed evident to the writer because 

"difficulty in seeing an element in a total situation, and 

as having a variety of relevant relationships" and "inability 

to attend to two things at once" appeared to him to be 

characteristic of the difficulties which his students were 

experiencing in the study of Physics. As a very simple and 

obvious example of the inability to attend to two things at 

once, in electrical experiments in the writer's laboratory, 

of the kind in which adjustments have to be made to a piece 
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of apparatus (e.g. setting the frequency of a valve osc- 

illator) whilst attending to more than one instrument at a 

time (e.g. finding a position of resonance by observing 

maximum current, shown on an ammeter, whilst maintaining 

the voltage output constant), the greatest difficulty has 

been experienced in getting students to observe what is 

going on as shown by both meters, and a good many emergency 

repairs have had to be carried out as a result. 

The link between Carothers's findings and "indeterminate 

cognition of the total perceptual situation" may not be as 

tenuous as, at first sight, it might appear, but it sprang 

at once to the writer's mind on reading Iawrence's paper; 

he was already acquainted with Carothers's work. 

It was planned to interview as many children as possible 

of the original experimental group who had taken N.H.T.44, 

about a year after the first testing, by which time repro- 

duction from memory would hardly be possible, and to work 

through the test with them, if possible making tape recordings 

which could be studied at leisure. It was not, in fact, -Found 

possible to interview as many children as desired. One 

major obstacle was the lack of suitable accomodation in the 

schools, since it was essential that the interviews be 

carried out with privacy, away from the classroom, and with 

as little to remind the child of the local teacher -pupil 

situation as possible. In fact 30 boys, at all available 

levels of ability, were interviewed, being half of the boys 

tested in one school. In this particular school the top 

floor consisted of two staff flats; which became vacant and 

remained so for some time, (an unusual state of affairs in 

Freetown) and one of these was made available. It was readily 



accessible from the school, but sufficiently remote 

physically to engender a kind of psychological remoteness. 

It had the advantage of an excellent view of the region around 

Freetown and of the harbour, which provided a useful start 

in general conversation to achieve "rapport ". The door to 

the verandah could be left open, and so could the door of 

the room, since no interruption was likely, and there was no 

sense of being confined in a room for the purpose of being 

examined. After the first attempt the use of the tape recorder 

was abandoned since it was found that a certain amount of 

"monitoring" was necessary, and the tape had to be changed 

in the middle of the proceedings, which lent an air of 

artificiality, felt to be most undesirable. Another factor 

limiting the number of children was the time involved. It 

was found right at the be inning that if results of any value 

were to be achieved, a great deal of time would have to be 

devoted to each case. Some of the interviews lasted for more 

than one and one half hours. A good deal of time was spent 

in general conversation, about school, about future plans, 

about the reasons for the interview. It was explained that 

it was in no sense an examination, that whatever the outcome 

the boy's school position would be unaffected, that the dis- 

cussion was confidential and that nobody, apart from the two 

people concerned, would know what was said. It was emphasised 

that what was required was cooperation and that the investigator 

(the term as such was never used) was genuinely interested 

inseeing how the boys tackled the problems and would welcome 

any comments the boys themselves cared to make. They were asked 

not to be afraid to say that a word or an idea was strange to 

them, and in this connection were told that the test material 
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had been compiled in the United Kingdom and that it might 

refer to things of which'they knew little; examples were 

given by way of explanation of things which they would know 

very well but which would be difficult for people who had not 

lived in Africa. All boys were told that if they had any 

doubts about the procedure they would not be asked to co- 

operate and would be free to go away without any sort of 

repercussion. Nobody refused to cooperate. A great deal of 

time was spent in some cases in pursuing items to correct 

conclusions. This was done for two reasons: to see if the 

correct answers could be obtained by dint of much probing, 

and also because it was felt that where a boy was obviously 

interested in the outcome of the attempt to work through a 

problem, it was unfair to let him go away with any false 

conceptions. Sometimes only two interviews were possible in 

a morning, and rarely was the whole test covered. Before 

each interview the boy's previous attempt was studied to 

see if any items of special interest were present; apart 

from this the parts of the test used were staggered so that 

over the whole group the test was covered a good many times. 

Because of these variations any figures quoted must be re- 

garded as "suggestive" rather than "reliable ". Notes were made 

during the proceedings and no attempt was made to conceal 

this. Where it was felt that a verbatim record was desirable 

the boy was told, "that's very interesting; do you mind if I 

write it down exactly as you said it? It will give me something 

to think about," or some such statement. The writer may be 

wrong in thinking that he "got this across ", but it was not 

difficult to talk with the boys, and he received a fair quota 

of nods, waves, and other greetings as he walked in in the 



morning and as he left at lunchtime. One very subjective 

and (at present) unverifiable impression is worth recording 

as a result of the attempts to "get the right answer somehow ": 

the feeling that the ability to do the problems was there if 

somehow or other it could be "unlocked ". 

The results of these interviews were analysed using the 

scheme of classification of errors employed by Lawrence (1957). 

This was followed partly so that some comparison could be made 

and partly because it seemed to the writer to be comprehensive. 

(i) Inadequate formulation of the task. This was found by 

Lawrence to be the most frequent cause of error, and was 

characteristically found as an expansion of a specific re- 

quirement into a more general requirement, especially notice- 

able in analogy items where the specific relation "this is a 

particular function of that" was often replaced by the more 

general relation "this goes with that ". This was found to be 

the case also in this investigation: many examples could be 

given of which the few offered are typical. In item 7 of M.H.T.44, 

"Bow is to Arrow as Rifle is to (shoot/ trigger/ bullet/ 

barrel/ archer/ target), a common response was "shoot ", 

because " both are used to shoot ". In the case of one boy 

the same type of error was made throughout the analogy items, 

7 to 13, except for the last one, 13, for which he immediately 

unhesitatingly, and correctly gave the explanation "after A 

there are 3 letters before E; after January there are 3 months 

before Fay comes." In discussing item I7, the same boy quite 

clearly understood the nature of the set of classification 

problems of which this is one; he described the three given 

terms "emerald, opal, ruby," as "precious stones "; when asked 



if he knew the names of any other precious stones he 

immediately gave "diamond;" when asked to do the problem 

his response was "jewel ", because " we can make all these into 

jewels ". 

Item 9, Tennis is to Racket as Golf is to (ball/ game/ hole/ 

club/ bunker/ cricket), was also a fruitful source of this 

kind of error. It is true that some children failed this 

item through sheer ignorance of the two games (although both 

are played locally) and we are not considering these. A 

common solution was "ball: because ball is used for playing 

golf, racket is uad for playing tennis." Similarly with the 

next item: Book is to Library as Food is to (bread/ eat/ 

drink/ cook/ larder/ oven), wherein a common erroneous 

response was "eat" because, to quote one particular case, 

"food is cooked to eat and library is a place where books 

are kept for lending ". Taken back over the examples this boy 

was questioned about the relationship between the first part 

of the analogy and the second, and clearly he could see no 

connection at all, saying that books and library had nothing 

to do with food and eating. It seemed clear in this case as 

in many others, that this was not a case of associative re- 

production; he appreciated that there was some connection 

between books and library and that he had to find an answer 

showing some connection with food; he did not realise that 

it must be the same relation, as is shown in his attempt at 

item II, Ankle is ten Toe as Wrist is to Arm, "because it's 

just near the wrist; ankle is just near the toe ". 

The " difficulty reduction tendency" (Hildreth) falls 

within this category, and was particularly noticeable in 

problems involving alphabetical relationships (as Lawrence 
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found) and in problems of a hypothetical character. In many 

instances an item such as: "If the letters of the alphabet 

were written in the opposite order, beginning with Z, which 

letter would then come three letters after P ? would be 

reduced to "which letter comes after P ?" and "Which letter 

in the word MI7iADVENTURE occurs latest in the alphabet would 

be interpreted as "which is the last letter in the word ?" 

The errors made on the hypothetical propositions: 88. If all 

small creatures could move faster than larger ones, which 

one of the following would move the fastest? (lion/ frog/ 

eagle/ snake/ wasp/ deer) and 89. If all light substances 

were worth more than heavier ones, which of the following 

would be worth most? (petrol/ cork/ air/ water/ cotton wool/ 

silver), illustrated an observation of Brigham's that 

candidates refused to accept the printed premisses as true, 

but viewed them " in the wider universe of experience ". Time 

and time again item 88 brought responses such as "snake, 

because it can move very swiftly on the ground ", and item 

89, "silver, because it is very costly ". 

Substitution of a different task due to perseveration 

of method from earlier items was found to be responsible for 

inadequate formulation of the task in many cases. This was 

particularly the case with the letter series comprising items 

95 to I00, in which many boys blindly followed the rule 

worked out in the illustrative example. In some cases the 

one rule was blindly followed theoughout all of the examples, 

the boys quite confident that they were doing the right thing, 

but in order cases, and these were boys whose overall performance 

on the test tended to be superior, the question, "Is that the 

right rule ?" or "What is the rule to follow here ?" would 



check the boy, lead to further consideration, sometimes with 

the correct result, although with some backsliding to the 

rule given in the example or to the even more simple rule 

of alphabetical order. 

As in Lawrence's study, inadequate formulation of the 

task was found to be the most frequent cause of error, 

accounting for 55.4% of errors examined. 

(ii) Prepotency of particular details or characteristics 

of the task. 

The prepotency of the unusual and the unfamiliar in 

distorting the analysis of a problem and the effects of over - 

learning of certain ways of perceiving data have been noted 

by several investigators, Woodworth (1938), Hildreth (1942), 

Morgan (1944), and Maslow (1948). In item 49 in which the 

problem is to find two elements most like each other in some 

way, one boy offered "Bishop" and "General" because he was 

familiar with all the other words and thought the unfamiliar 

ones chosen "must be right ". In item 28, finding the word 

most nearly opposite to "genuine ", one boy offered "honest" 

and immediately changed it to "ingenious" because "it looks 

like genuine ". Discussion showed that he was quite unfamiliar 

with the word which was explained to him, with examples. The 

boy however persisted that "ingenious" was the correct answer, 

because "if you are ingenious you can easily make money and 

take it to a shop and buy things - the genuine person cannot 

do that." 

In this investigation prepotency of particular details 

was not a frequent cause of error, accounting for only 2.9% 

of errors, fewer than in Lawrence's investigation. 



(iii) Failure to read or to consider all the choices 

offerred; misreading and inability to read a word understood 

aurally. 

This also was not a frequent cause of error (2.9 %). 

Examples of failure to consider all the choices and of mis- 

reading were found, but no case of inability to read a word, 

whether understood or not. In item 20, for example, one boy's 

first choice was "sky ", the first of the distractors. On 

being asked, "Have you looked at all the words ?" he looked 

through and then offered the last distractor "eclipse ", because 

"the sun, moon, and planets are all involved in the eclipse." 

In item 8 the word "steam" was misread as "stream", giving 

the incorrect analogy: "Gas is to Gasometer as Water is to 

Stream ". 

(iv) Correct working of the problem t_ but failure to 

express the answer in the specific terms required by the 

instructions. 

This proved to be the least frequent cause of error 

(I.4 %). Such errors as did thus arise were restricted almost 

entirely to items 2 and 34. Item 2 asks: "If the letters of 

the alphabet were written in the opposite order, beginning 

with Z, which letter would then come three letters after P ?" 

and brought sometimes the res?oonse, "ONM". Item 34, asking 

for the number of coins, was frequently answered by giving 

their total value. 

(v) Difficulty in "re- centering ", lack of flexibility 

in shifting a word from one context to another, or in 

breaking up a word combination with a strong gestalt. 



(v) Difficulty in "re- centering ", lack of flexibility 

in shifting a word from one context to another, or in 

breakin: u a word combination with a stron estalt. 

Frequently in item 9: "Tennis is to Racket as Golf is 

to ?" the correct answer was inhibited because "club" was 

thought of as a group of people as in "tennis club ", "golf 

club ", "football club ". One boy in fact got the correct answer 

by a duplicate use of the error, arguing that a person could 

be in a tennis "racket" or in a golf "club ", just as he 

could be in any other "racket ": Another example of blocking 

was found with item 53 in which "Thames" was (correctly, 

but not in this context) thought of as the name given to a 

certain type of Ford van, just as certain models of Ford 

cars are currently called "Zephyr ", "Consul ", etc. In item 

I9, calling for the selection of a word like "Breakfast, Tea, 

Lunch ", one boy started off with "meal" and immediately 

changed it to "coffee ", because "you can take coffee during 

breakfast, also tea for breakfast, and at lunch you can also 

have coffee.:." This boy had started out approximately on the 

right lines, classifying the given terms as "meals ". The 

presence of "coffee" among the distractors broke up this 

classification and "coffee" and "tea" were thereafter thought 

of as "beverages taken with meals ". Once this had happened 

a correct solution was impossible; no amount of questioning 

could break up the new gestalt formed; it was necessary to 

say: "don't think of tea as something you drink, think of it 

as the meal that usually takes place at about four or five 

o'clock." 

Although some interesting examples were found, this 

cause of error was not of great importance, accounting for 
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only 3.3% of all errors examined. 

(vi) Lack of confidence, leading to avoidance of the 

item, or over -confidence, leading to satisfaction with an 

incomplete or poor solution. 

This was not a frequent cause of error in the face to 

face situation, although in testing sessions a large number 

of items was omitted. There were some instances where boys 

said "I don't understand ", but this was usually with 

reference to instructions, and "look over the instructions 

again" or "have a look at the example" usually sufficed 

to produce an attempt at the problem. 3.1% of all errors 

examined were cases in which the example was "avoided ". 

(vii) Correct answer, but with wrong or inadequate 

reason; the reading of a wrong but not completely excluded 

interpretation into the data; rejection of the correct 

answer on reasonable grounds. 

Jones (1953) in his paper on "Process Testing" pointed 

out that there was considerable discrepancy between getting 

an answer right and understanding its rightness. In his 

investigation "for three of the fifteen questions better 

reasons were given for choosing incorrect alternatives than 

for choosing correct ones." 

item 9, already mentioned because of the restriction 

of the meaning of "club" to "a group of persons" was, by 

reason of this same restriction sometimes a case of a right 

answer with a wrong reason; one boy, for example, choosing 

"club" because "games are played by clubs ". item 13 brought 

some interesting results. The item runs: "A is to E as 



January is to...(February/ March/ April/ May/ June/ July), 

and a common response was February. Seen only on paper this 

might well be regarded as an example of reproduction by 

association, but enquiry proved otherwise. The argument was, 

in fact, that "A is to E is the relation of the first to the 

second vowel, and February is chosen because it is the second 

month, January being the first," which is a very plausible 

argument indeed. 

Another interesting argument arose from item 29, to 

find the word most nearly opposite to "interested" from among 

(indifferent/ curious/ silly / anxious/ exhausted/ eager). 

"Exhausted" was offered because "when you are exhausted you 

are tired and don't want to know anything, when you are inter- 

ested you are anxious to know something." 

A common choice for the opposite of "weak" in item 23 was 

"light "; in every case examined in which this error was made 

the argument was effectively the same: "when you are weak you 

can feel your body heavy, but when you are not weak you feel 

your body light and can do all things as usual ". 

7.6% of errors could be classified under this heading. 

(viii) Lack of specific information required for the 

problem. 

It was a matter of considerable interest to see if this 

category proved to be the most important source of error. It 

is obvious from the results so far quoted that it cannot be, 

but it proved to be the second most important source (23.5 %). 

There was some ignorance about "gasometer" and "reservoir" 

in item 8. Ignorance about "gasometer" is understandable since 

there are no gasometers in Freetown, any gas used being bottled 



gas; on the other hand quite a number of boys appeared 

to be quite certain that a gasometer was a "thing in which 

gas is stored ". Ignorance about "reservoir" is less easy to 

explain since a common local topic of conversation and of 

news is a scheme for improving the water supply by damming 

a valley and creating a reservoir. The boys who didn't know 

the word seemed to know all about the scheme. 

Another curious example of ignorance was discovered in 

discussing item 77 in which the first and last members of 

"Thigh/ ankle/ knee/ toe/ calf" have to be found when the 

series is correctly ordered. It was found in many cases that 

although the words were familiar, when asked to demonstrate, 

many boys could not attach the correct label to parts of 

their own bodies. On the other hand, one boy who correctly 

named and indicated all of these parts could not do the 

problem: 

The majority of the cases of lack of specific information 

arose out of only a small number of items, which may be listed: 

Item 7 - confusion about rifles and bullets. 

Item 8 - gasometer and reservoir. 

Item 9 - ignorance of the games tennis and golf. 

Item I6 - some colours, particularly indigo and 

scarlet, not known. 

Item 30 - "vulgar" and "noble" not properly understood. 

Item 45 - "peat" not known. 

Item 53 - places thought of as "other countries ". 

Item 77 - parts of the body not known. 

It is, however, interesting to note that in no case 

was the ignorance universal; for every case of ignorance a 

case of knowledge could be found. For example, in item 53, 



some boys knew the two rivers, knew Scotland was another 

country and that Birmingham and Yorkshire were in England. 

Also, in many cases, in each of the items named, errors 

which on paper might have appeared to be examples of ignor- 

ance of the terms proved to be examples of "inadequate form- 

ulation of the problem ". 

(ix) Complete failure to formulate the task. 

Apart from the cases of avoidance mentioned in connection 

with category (vi) there were no cases of complete failure 

to formulate the task. As Lawrence says "....on the whole, 

however, there was a tendency for the tasks to be at least 

partially formulated as the children attempted to extract 

some meaning from the items. The distinction was not a clear 

cut one between understanding and not understanding the 

nature of the task; rather there were degrees of understanding, 

dependent upon the degree of adequate formulation of the task." 

It was not found possible to arrange any interviews with 

girls. However, an attempt to obtain some confirmation of the 

results obtained with the boys was made in the case of the 

girls who cooperated in the reliability of the P.M.A. tests 

by the method of separately timed halves experiment. A set of 

four sheets was prepared each of which contained from 20 to 

30 items from M.H.T.44. The same instructions and illustrative 

examples were given, but between each item and the next a 

space was left and the girls were instructed: "As you do each 

item write in the space below it, as briefly as possible, the 

reasons for your answer. If there are any words you don't 

know, or anything which seems strange and puzzling, make a 



note of it." Before issuing the sheets the group was given 

a talk about the object of the experiment stressing the points 

made in the interviews with the boys. The girls then worked 

through each sheet, without any time limit; when a girl 

finished one sheet she was given another. The issue of the 

sheets was staggered so that, in the group as a whole, the 

greater part of the test material was covered many times. 

The sheets were then collected, scrutinised at leisure, and 

an attempt made to classify the errors using the scheme des- 

cribed above. 

Experience with this technique served to underline the 

value of the interview technique used with the boys and to 

show how difficult it is to find a reson for an error merely 

by scrutinising scripts. It was, in fact, found quite 

impossible to decide to which category many of the errors 

belonged. It was relatively easy to guess, but the experience 

with the boys showed the unreliability and undesirability of 

this. Analysis was accordingly restricted to attempting to 

decide whether an error appeared to fall into the first 

category of "inadequate formulation of the task" or into the 

eighth category of " lack of specific information required 

for the problem" as a check on the relative distribution of 

these types of error. The girls produced the same types of 

error as the boys; in particular most of the examples given 

above for the boys could be found in the girls' papers together 

with written explanations of the same kind as those elicited 

in the interviews. No new examples of interest were found. 

Some girls mentioned terms which they did not understand or 

did not know and these were associated mainly with the items 

listed in connection with category (viii) above. There were 
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very few instances in which an explanation was not attempted, 

but it was clear that often the production of an explanation 

was a burden, in some cases frankly admitted in words such 

as:" I know how to do it but I cannot explain," in other cases 

revealed by a statement of the problem in a different way. 

This latter feature has often been observed in examination 

answer scripts in the case of the writer's physics students. 

There were 484 examples of "inadequate formulation of the 

task" and 8I examples of "lack of specific information 

required for the problem ", giving percentages, in round 

numbers of 80 and 20 respectively. It is possible that these 

numbers would be materially affected by the errors which could 

not be classified. In the case of the boys it will be recalled 

that the category "inadequate formulation of the task" acconnt- 

ed for 55.4% of all errors, and the category "lack of specific 

information required for the problem" accounted for 23.5%, 

a ratio of roughly 2 to I as against 4 to I for the girls. 

The "direction" of the result is right in the sense that, 

in both cases, "inadequate formulation of the task" appears 

to be a more frequent cause of error than " lack of specific 

information required for the problem ". 

Lawrence's figures for each category of error in the case 

of New Zealand children are compared with the writer's figures 

in the case of Sierra Leone children in the table below, in 

which the numbers (i) to (ix) refer to the categories as 

listed above. As already indicated, the writer's figures 

must be regarded as "suggestive" rather than "reliable ". In 

addition, in making comparison between the two groups it must 

be remembered that the same test was not used for each group 

and that possibly the Moray House Test gives, in the case of 



the Sierra Leone children, more scope for making errors of 

the kind described in category (i). 

Comparison of Causes of Error in Performance on Intelligence 

Test Items 

Relative Frequencies (Percentages) 

Category i ii iii iv v vi vii viii ix 

New Zealand 

Sierra Leone 

31.0 

55.4 

8.0 

2.9 

14.0 

2.9 

13.0 

1.4 

7.0 

3.3 

? 

3.1 

15.0 

7.6 

8.0 

23.5 

4.0 

- 

Within these limitations, comparison suggests that: 

(a) in the case of African children "lack of specific 

information required for the task" is a more important source 

of error, and this is in line with prevailing opinion about 

the cultural loading of intelligence test items. Clearly if 

a child does not know what gasometers, reservoirs, etc., are, 

he cannot, except by chance, correctly answer items involving 

these terms. 

(b) nevertheless an even more important source of error is 

that due to "inadequate formulation of the task ". This is the 

most frequent source in both groups, and, in the African group 

accounts for more than half the errors. The writer interprets 

this as meaning that, although part of the depression of score 

in the case of Africans is due to lack of knowledge about things 

mentioned (Biesheuval's "extrinsic" environmental influence), 

an even more important cause of the lower level of performance 

is lack of facility in dealing with the problems set. There is 

a greater tendency to deal with a related (and to the child, 

presumably, easier) problem than with the problem actually 



set. This is in line with the fact that in the P.M.A. tests 

the relative depression was most serious in the reasoning 

tests and least with the numerical and verbal tests, and it 

is also in line with the writer's experience in dealing with 

his own college students. From this point of view, if we avoid 

the hypothesis that this reflects innate differences in ability, 

the environmental factors described by Biesheuval as "intrinsic" 

are more important than those described as "extrinsic ". In 

view of the tentative conclusions drawn in the chapter on 

occupational status and ability it is now suggested that an 

important factor in limiting the performance of the children 

is the quality of the primary education to which they have 

been subjected, the one factor which has been the same for 

all of them. 

The historical background study of Chapter II tells 

something of the origin of this primary schooling and of the 

attitudes which informed early educational effort in Sierra 

Leone. The primary schools have progressed little beyond the 

monitorial system with which they started. In many instances 

teachers are little better than monitors, and this can perhaps 

be better appreciated if it is realised that in recent times 

(since the writer's return to Sierra Leone) it was possible 

for an African Minister of Government to express an opinion 

that any child who had got as far as Standard IV could easily 

become a teacher. It has often appeared to the writer that the 

level of performance of teachers is little beyond that of the 

children; this must entail a measure of insecurity which may 

partly account for the authoritarian attitude frequently found; 

teacher is always right, teacher must never be questioned, 

because teacher may not know the answer. Teaching therefore 



settles down to mechanically following a rigid pattern of 

instruction known as "keeping to the syllabus ". Provided 

the pattern is learned there is little need to think. In 

conjunction with this the prevailing Creole attitude to 

practical activity must be considered. This attitude is 

banausic; those who engage in productive labour, especially 

farming, are despised. The "educated" person does not work 

with his hands; he has a piece of paper which certifies how 

good he is and what a lot he knows, and this entitles him 

to tell others what to do. There is therefore little urge 

to introduce practical activities into the schools; some 

teacher trainees may have been inspired to attempt something 

on these lines, but as soon as they go into regular service 

in the primary schools the difficulties of obtaining materials 

and the general climate of opinion suffice rapidly to kill 

any enthusiasm. A further discouragement is found in the 

rapidity with which apparatus and materials "disappear ". 

Even illustrations and charts cannot be left on the classroom 

walls for this reason. Thus primary education provides little 

beyond the rudiments of the "three R's "; it seems depressant 

rather than inspiring, ritualistic rather than functional. 

It encourages learning a pattern rather than learning how to 

set about solving problems. To the writer it appears that 

this may be the chief factor in the production of the depression 

of scores on the objective tests tried out in this study, but 

the evidence is only suggestive, it is not conclusive. 

The results of this study are in most respects very 

similar to tI :ose obtained by Lawrence (1957). The figures 

are different, but, as in his case, the concepts of task 

displacement and part efficiency due to Selz "prove to be 



of considerable value in interpreting the origin of error ". 

It will be appreciated also that the results obtained with 

regard to the sources of cognitive error are parallel with 

the important conclusion reached by Carothers in regard to 

failures of Africana in the field of inter- personal behaviour; 

his observation that such failure is frequently due to "...a 

failure to see an event as an element in a total situation, 

and as having a variety of relevant relationships" might 

well have been made as a result of study of the cognitive 

errors described in this chapter. Whether this failure is 

significant of innate defect or whether it is indicative of 

lacks characteristic of both the social and intellectual 

education to which African children are subjected cannot be 

decided upon the basis of evidence at present available, and, 

as indicated earlier, the writer is of the opinion that the 

proper approach is an empirical one; we shall only find out 

if the situation can be improved by making every effort 

possible to improve it. There is reason to hope that this 

may be possible. With Lawrence also we may note the similarity 

between the results obtained regarding the conditions product- 

ive of error and those obtained in experiments on reasoning 

and problem solving. Bearing in mind studies such as that of 

Hebb (1949), the facility with which problems are solved is 

seen to depend not only upon possible innate ability but also 

upon the "cumulative effects of the numerous and varied learning 

experiences of the child." We should not therefore adopt a 

fatalistic attitude towards the sorry picture presented. 

Lawrence has something pertinent to remark in this connection: 

"Inadequate formulation of the task, to take an example, is 

not just the result of undue haste or a lapse of attention; 
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it is also a failure jr. a crucial cognitive sill - clari- 

fying the requirements of a given. problem.... such skill 

is developed with more or less efficiency and con =;cious 

application, from the earli e t years through a wide range 

of media. Attention to detail, verification or checking, 

flexibility in approach, consciousness of degrees of 

relevance rather than merely right versus wrong - these 

cannot be left to develop adequately without deliberate 

guidance and exercise." We do not know whether or not there 

are innate racial differences in ability; we do know that many 

studies of the effective ability of Africans in those direct- 

ions especially concerned with the problem of adjustment 

to complex modern technological society agree in noting 

serious deficiencies. There is great need for further 

empirical study of the problem. It is suggested that the right 

approach would be the setting up of a group of experimental 

primary schools of the highest quality in Freetown. These 

schools should be endowed in such a way as to free them 

from any possibility of interference or control by "Government" 

or by any other of the vested educational interests in the 

region. They should be selective, but only in the sense that 

the school population should be chosen to be a represent- 

ative cross section of the child population. They should be 

staffed by an adequate number of teachers of the highest 

quality, devoted to primary education and even more devoted 

to children of primary school age. They should include a 

proportion of teachers specially trained in remedial methods. 

There should be associated with the school adequate medical 

and psychological services and facilities for the provision 

of meals. The curriculum should be integrated with the 



psychological service in such a way that many of the experiments 

concerned with problem solving behaviour could be repeated 

and longitudinal studies of child development carried out. 

The writer has faith that, if this could be done, the results 

in a generation would be so startling that even the Creole 

pursuit of "appearance" rather than "reality" in education 

would be arrested and the children of Sierra Leone be given 

the opportunities for development which the present "appearance" 

of elementary education fails to provide. 
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CHAPTFR Xii 

SUi!NARY AND CONCLUSIONS 

This study began as a study of the prognostic value of 

certain typical objective tests in selection for secondary 

education in an African context,but, from the sheer interest 

of the problems, developed into something larger and more 

speculative, so that, in retrospect, the title of the 

thesis appears most inadequate. 

The application of the tests prodüced results in line 

with those obtained in other parts of Africa in showing a 

serious depression of raw scores. The tests were examined 

for reliability. The reliability was found to be below that 

quoted in the test manuals. Part of the reduction may be 

due to the effects of speed and of function fluctuation, 

but the effect of limited range of performance is a more 

serious factor. It was estimated that, in the case of a 

Moray House Test of intelligence, if the range of raw scores 

were similar to that obtaining in the United Kingdom, 

comparable reliabilities would be obtained. The Frimar; 

Mental Abilities Tests, which are individually much shorter, 

are consequently less reliable than the foray TTouse Tests. 

With the actual reliabilities obtaining in the _-population 

tested, the value of these tests for differential prediction 

appears limited. 

Differential studies in relation to sex and to the 

occupational status of children's parents were carried out. 

It seems unlikely that there are any significant differences 

in performance between boys and girls except in the case of 



spatial perception. The remarkably low scores on the space 

test may be related to deficiencies in those experiences, 

which, in the case of more fortunate children, are alleged 

to aid the development of spatial perceptual ability, but, 

since these deficiencies are the same, qualitatively, for 

boys and for girls, there is much scope for empirical 

investigation here. Rather remarkably no notable significant 

differences in ability between different occupational groups 

were found; such differences as there were seemed sporadic 

and did not favour "higher" occupational groups. Because 

the group used in the investigation was already a selected 

group, investigation on a much wider scale was urged. It 

seemed possible to the writer, however, that the effect 

reflected the uniformity of primary schooling, common to 

all occupational status groups, and uniformity of parental 

attitude, and that these were more important than economic 

status. 

Prior to investigating the validity of the tests as 

prognostic instruments, a more recently developed selection 

procedure, the "multiple cutting -score method" was contrasted 

with the more usual multiple regression procedure. An 

empirical comparison of the two procedures was made using 

data acquired during the course of the main investigation, 

which confirmed, in the educational field, the results 

obtained by other workers in the vocational field, that the 

two methods had approximately the same predictive value, but 

that the multiple cutting -score method was less time consum- 

ing. The writer felt, however, that the multiple cutting - 

score method was more erratic, and that, provided a method 

of selection of variables, such as that due to Linhart, was 
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used in the multiple regression approach, the saving of time 

by the multiple cutting -score procedure was perhaps not as 

noteworthy as other studies had suggested. It was felt that 

this might be a purely personal preference, and that in cases 

where the necessary degree of statistical sophistication 

was not available, the multiple cutting -score method had 

considerable value. 

The method of selecting variables due to Linhart, in 

combination with a back -solution method for finding the 

values of the regression coefficients based on the "square 

root method ", was employed in studying the prognostic value 

of the tests, a criterion based on a combination of teachers' 

marks being employed. In one study correlations between the 

tests and the criterion were worked out for each Form group 

and were combined using Fisher's "z "; evidence was adduced 

to show that the correlations were such as would be obtained 

from a series of samples from the same larger group. In 

another study the correlations were combined using a formula 

producmng the result which would have been obtained had the 

criterion scores been scaled on the Sierra Leone Common 

Entrance Examination scores as a common variable. In the 

study first mentioned a battery composed of Moray House Testa 

of Intelligence and English together with the Common Entrance 

Examination was selected and gave a multiple correlation of . 

0.594; a battery of Moray House Tests of Intelligence, 

Arithmetic and English, gave a not significantly different 

multiple correlation of 0.586, but could have been administer- 

ed in less than half the time occupied by the first -mentioned 

battery, and in less time than the Common Entrance Examination 

alone which correlated only 0.434 with the criterion. The 



best single predictor was the Moray House Test of Intelligence. 

The Primary Mental Abilities battery was considered on its 

own since none of its tests was selected from the total 

battery by the Linhart method. The tests Vw, Rf, and N 

were selected as predictor variables with a multiple R of 

0.453. This is little better than the correlation between 

the criterion and the Common Entrance Examination, but it 

is a quite noteworthy result when it is realised that these 

three .M.A. tests can be administered in 2I minutes as 

against I80 minutes for the Common Entrance Examination. 

In the second study, in which, effectively the criterion 

was scaled against the Common Entrance Examination, the 

Moray House Tests of Intelligence, Arithmetic, and English 

were again selected; the multiple correlation improved to 

the value 0.650, which, corrected for shrinkage, becomes 

0.646. 

Again making use of the Common Entrance Examination 

results, known both for the regression sample and for the 

general child population of secondary school selection age, 

correlations corrected for selection were computed and the 

analysis repeated. The same three variables, M.H.T., 14 T.H.A., 

and M.H.E. were selected as predictor variables and there 

was an interesting indication that the P.M.A. picture test, 

V, might be of value as a suppressant. Without thus using 

Vp the multiple correlation rose to 0.729; with the use of 

the suppressant it rose to 0.743. This phase of the study 

was completed by a cross validation study using a group of 

boys and girls deliberately excluded from the regression 

sample for this purpose. Using the regression equations each 

child's criterion score was "predicted" and the correlation 
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with the actual scores found. in the case of the girls there 

was actually a small chance gain in predictive efficiency; 

in the case of the boys a loss. For boys and girls together 

the correlation between predicted scores and actual scores 

was 0.620, which, compared with the "shrunken" multiple 

correlation coefficient of 0.646 is seen to differ by less 

than the standard error of the multiple R. 

The multiple correlations obtained, whilst inferior 

to many obtained in the United Kingdom in recent studies, 

are not dissimilar to those found by Emmett (1945) in the 

Yorkshire investigation. The comparison is felt to be a 

reasonable one, for in Emr ett's investigation the discrim- 

inatory efficiency of the tests was stated to be low; 

although the Moray House Tests used in the present study 

were later ones, having under United T,ingdon conditions 

much greater discriminatory efficiency than those used in 

the Yorkshire investigation, in the Freetown child popul- 

ation their discriminatory efficiency was not high because 

of the relatively general poor performance. it is con- 

sidered that the results obtained provide useful empirical 

evidence of the value of objective tests under the condit- 

ions described, and it is suggested that with tests of a 

similar nature, but designed for more efficient discrim- 

ination under those conditions, improved predictive eff- 

iciency would be obtained. Even with the tests actually 

used, tests of a kind which, it is sometimes argued, are 

inappropriate for an African child population, better 

results were achieved than with the well conducted but 

much lengthier Common Entrance Examination. The fact that 

the verbal group test of intelligence proved to be the best 
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single predictor emphasises its particular value in selection 

for secondary education under conditions in which primary 

education is not all that it ought to be. 

The errors made by a group of boys in performance on 

the verbal group test of intelligence were studied using 

an interview technique and a classificatory scheme due to 

Lawrence (1957). It was found that errors arising from 

"inadequate formulation of the task" were more frequent 

than any other kind, with errors arising from insufficient 

knowledge the next most frequent. Selz's theory of error 

was found of most value in attempting to understand the 

origin of the errors made. The overwhelming importance of 

"inadequate formulation of the task" in causing error, 

combined with speculative theories such as that of Hebb 

(1949) showing how experience interacts with innate ability 

in producing "operational intelligence" led to a less 

pessimistic view of the depressed raw scores actually found, 

and this, combined with personal knowledge of the state of 

primary education in Sierra Leone, led to the suggestion 

that an experiment in providing primary education of the 

highest quality, with psychological control and extended 

research into the problem solving behaviour of African 

children, might produce results which would lead to much 

needed improvements in Primary Education in Sierra Leone. 
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