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ABSTRACT

This thesis is essentially concerned with the nature of the

psychological process of which the skin conductance response (SCR)

is an indicant. In attempting to elucidate this question the

peripheral changes which mediate electrodermal activity are

examined. The treatment of this aspect is not intended to be

exhaustive but is rather directed toward exposition of a plausible

account, of the established findings. The subsequent discussion of

the central pathways and structures involved in the mediation of the

SCR constitutes little sore than a list of isolated findings.

The possibility that three skin conductance variables are

related to, and therefore indicants of, level of arousal is

disouused. The variables are skin conductance level (SCX), the

rate of spontaneous fluctuations of skin conductance (RSP3C) and

the rate at which the amplitude of the SCR habituates with

repetition of the stimulus (RHSCR). Attention is focussed on

the latter and evidence pertinent to the hypothesis that RHSCR

and level of arousal are inversely related is critically reviewed.

An experimental test of this hypothesis is reported. In this

experiment level of arousal, was manipulated by threatening, or

failing to threaten, subjects with painful electric shock. The

results are equivocal and raise doubts as to the suitability of

the data analysis employed, evidence that suggests these doubts

to be well founded i3 provided by the second experiment reported.

A /



A second attempt to test the hypothesis that RHSCR and level of

arousal are inversely related is reported. The results shed no light

on the hypothesis but do indicate that anxiety reduces the amplitude

of the SCRs to initial presentations of a stimulus. The remainder of

the thesis is concerned with an attempt to account for this effect.

Toward that end the SCR is placed in context as a component

of the orienting reflex (OR). The OR is discussed; its component

responses; its eliciting conditions; the determinants of its

intensity; the adequacy of its theoretical framework. The

conclusion drawn from this discussion is that the neuronal model

theory, which suggests that an OR, and by inference an SCR, is

dependent on discrepancy between the neuronal model and current

stimulation, is inadequate. An alternative is proposed suggesting

that the OR indicates the reflex provison of information processing-

capability (IPC) for an impinging stimulus. An experimental test of

this alternative account is reported the results of which are, to an

extent limited by the predictions made, supportive.

Finally it is suggested that the effect of anxiety on the

amplitude of the SCR is secondary to its effect on the distribution

of IPC. It is proposed that anxiety results in a greater employment

of IPC thus reducing the reserve available for provision for any

given stimulus.
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The research to be reported in this thesis was originally

stimulated by the report of a technique which provided objective

discrimination of anxiety state patients and normal subjects.

Lader and Wing (1966) found th t in a given experimental situation

the electrodermal activity (KM) of anxiety state patients differed

in several respects from that of normals. One respect in which the

two groups differed was in the rate at which the amplitude of the

skin conductance response (OCR), elicited by a neutral stimulus,

habituated with repeated presentation of the stimulus. Anxiety state

patients habitur ted less rapidly than normals. Lader and '■•■ing

sup-nested that this difference was fundamental and could account for

the majority of their findings. They accounted for the difference in

rate of habituation in terms of the interaction of arousal and rate

of habituation. Lader and Win* suggested that there was an inverse

relationship between level of arousal and rate of habituation, viz,

the greater a subject's arousal the less rapid his habituation. Thus

anxiety state patients habituated lets rapidly bee&u their level of

arousal was greater than that of normals.

The hypothesis is attractive; it c&n in fact provide an account

of all Lader ud Wing's fIndia 3; it is couched in tors3 of

traditional psychological concepts; it is not incompatible with a

large body of literature concerned with anxiety, arousal and learning

and it haa far reaching implications for both experimental and clinical

psychology. For the present author Lader and Wing'3 hypothesis of an

inverse relationship between level of arousal and rate of habitu tion

appeared to offer opportunities for experimental research which

combined /



combined the advantages of •relevance* and a concise theoretical

fi-amework. Such work would have immediate relevance to the

diagnosis and treatment of anxiety states and to the understanding

of behaviour in stressful conditions. Hie vast literature which

exists concerning arousal and habituation would ensure that there

would be no dearth of predictions arisi g from the hypothesis.

Furthermore since the dependent variables would be objective and

there would be opportunity for adequate controls the research would

be worthy of consideration by the hardest of •hard line'

experimentalists.

For these ud other more mundfine reasons the present author

argued that if level of arousal and rate of habituation axe

significantly and inversely related then anxiety induced in normal

subjects should retard their habituation, two tests of this

prediction were performed. The results of neither allowed the

conclusion that anxiety retards habituation. As a result the

nature of electrodermal activity, its peripheral mechanisms,

central pathways and its participation in the orienting reflex,

was considered in more detail. Lader and 1 ing's findings were re¬

examined and finally an account of their findings and those of the

present author was couched in terms of the distribution of

information processing capability and the efficacy of *pre-

attentive* analysis.

The exposition of the thesis represents a compromise between

the order dictated by the logic of the argument and that imposed

by the vagaries of insight. As a first approximation it starts at

the thumb and works up.

Readers /



Readers concerned with assessment of the argument rather

than the quantity of work carried out would do well to skip

Chapter 10.
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If a current at a known voltage is passed between two electrodes

on the surface of the skin then it is possible to calculate, using

Ohm's Law, the resistance, or 'apparent resistance', of that part of

the body through which the current flows. The resistance between two

such electrodes is composed of the resistance of the two layers of

skin and that of the interstitial fluid between the electrode

placements. If the skin over which the electrodes are to be placed

is abraded and a suitable electrolytic medium i3 used to enhance the

electrical contact between the electrodes and the body then the

resistance recorded represents that offered by the interstitial fluid.

In comparison with that offered by the skin this component of the

total resistance is negligible. If the skin beneath one electrode

placement is abraded then the resistance observed is effectively the

resistance of the skin under the second electrode. The value of

this resistance varies between and within subjects, it was first

used as a dependent variable in psychological experimentation by

Vigouroux (1878).

If the assistance of palmar or plantar skin is monitored over

an extended period of time a typical record will shov a reasonably

steady resistance level occasionally interrupted by discrete

fluctuations. Fluctuations of skin resistance, always a decrease,

uncorreiated with an. obvious sensory stimulation, with cough3 or

sighs, are known as non-specific or spontaneous fluctuations; those

contingent upon sensory timulation are known as skin resistance, cr

more recently conductance, reflexes. (SRRs or ''CRs) The amplitude of

an SCR will depenc on tho area of the electrodes employed, latencies

vary /
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vary from 1.3 to 2.5 seconds and half recovery times from 1 to 10

seconds.

F^ire first demonstrated SCR's in 1888 and he attributed the

change in skin conductance to alterations in the vascular supply to

the skin. Since that time however considerable evidence has

accumulated which indicates that the change in resistance is in some

way dependent upon the activation of sweat glands. The first

evidence of this nature was provided by Hermann (1878), Using a

preparation of innervated skin from the back of a frog Hermann

demonstrated an'ingoing'current in response to stimulation of the

nerves. In toads he observed that this electrioal change wa3

accompanied by secretory activity in the skin. In 1881 Hermann

reported a similar 'ingoing' current in the skin of human subjects

performing voluntary movements and he noted that such currents

were more readily observed in skin rich in sweat glands.

Tarchanoff (1890) reported experiments similar to those of Fere

but involving the measurement of skin potential rather than

resistance. The potential difference across an area of skin can be

measured in a manner similar to ths.t used for measurement of the

resrst&nce except in that no current is imposed; changes in skin

potential are closely related to changes in resistance. Tarchanoff

noted that the ease with which skin potential fluctuations were

obtained appeared to depend on the density of sweat glands in the

skin under observation. He attributed the changes in potential to

the action of secretory 'nerves1 and in doing so originated the

theory which iccounts for electrodermal activity in terms of sweat

gland /
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gland activation. Veraguth (1909) lent support to this theory by

pointing out that electrodermal responses in the cat e d dog can

only be obtained from the skin of the foot pads which are also the

only areas containing sweat glands.

Since these early experiments electrodermal activity (EDA) has

been used extensively as a dependent variable in psychological

experimentation and such use has stimulated interest in and research

into the peripheral mechanisms of EDA. The interest of psychologists

has understandably centered on the palmar and plantar surfaces in man

since it is these surfaces that show the greatest sensitivity to

psychological stimulation. The major differences between palmar and

plantar skin and the skin of other areas in man ax*e in the density
2

of sweat glands (approximately 2000/ceT in palmar and plantar regions
2

as opposed to 1-200/cm in the trunk and limbs: Weiner and Hellmann,

1960) and the thickness of the superficial layer of the epidermis,

the stratum corneum (0.5 - 1.3 mm thick on palmar or plantar surfaces,

much less thick elsewhere: Kuno, 1956).

When the sweat glands are inactive, either as a result of

experimental intervention into their peripheral mechanisms of

activation or merely as a result of relaxation of the subject,

measurements of basal skin conductance and potential can be made,

bnder such conditions it is found that skin conductance and skin

potential (typically surface negative) are less than when no effort

has been made to inactivate the sweat glands. Ignoring the possible

contibution of quiescent sweat glands to these values one can

attempt to account for basal resistance and potential in terms of the

properties /



properties of the epidermis. Current through the akin is carried "by

ions ami thus the conductance of a given area of akin will depend

upon the availability of ions and upon their ability to migrate

through the akin under the influence of a potential gradient. Given

the ionic nature of interstitial fluid and of the electrolyte

employed to enhance electrical contact between the electrode and the

akin the conductance will depend upon the degree of hydration of the

skin and its permeability with respect to the ions present. Thus the

low conductance values found when the sweat glands are quiescent

suggests that either the skin is not easily hydrated, in fact the

corneum is hygroscopic, or that it has the characteristics of a semi¬

permeable membrane. The fact that there is a basal potential

difference across the skin supports the latter possibility. Potential

differences in biological systems can eventually be traced to non¬

uniform distribution of ions. In the case of skin potential the

potential difference observed must depend upon differences in ionic

concentrations (strictly speaking •activities') between the

electrolyte employed and the interstitial fluid. Such a dependence

has been demonstrated by Christie and Venables (1971) who varied the

concentration of potassium ion in the electrolyte and found

that ba3&l skin potential level (3dPL) varied in reasonable agreement

to the variation predicted by use of the Nernst equation using {yTJ -
electrolyte and an estimated value of JvTJ - interstitial fluid.

The location of the barrier function of skin is somewhat unclear

although it is undoubtedly in the epidermis. As shown in figure 1 the

epidermis consists of three layers, the strata oorneum, lucidum and

malpighii. Until recently the stratum lucidum was believed to constitute

the /
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the barrier to diffusion of water and solubes ant this is supported

by the skin stripping experiments of Blank (1953) and Blank and

Gould (1959) and the ion penetration studi s of Sdelberg (1963)•

However Kligman (I96I4) argues that the stratum cornetim contributes

substantially to the barrier function.

The permeability characteristics of the epidermis are not as yet

well documented however one might speculate that the potential

difference observed across the sxin is in part at least a result of

the skins differential permeability to sodium and potassium ions.
+

If, for example, the skin were permeable to K and impermeable to

Ha"4 then the use of an electrolyte, with a greater than that

of the interstitial fluid, would result in a net diffusion of K+
into the interstitial fluid. The diffusion of K+ would be

unaccompanied by diffusion of Cl~ to the extent that the interstitial

fluid /CI-j would already be high due to the presence of NaCl. Thus

there would he a net transfer of positive charge from the electrolyte

to the interstitial fluid resulting in a surface negative potential.

The net transfer of K+ from the electrolyte to the interstitial fluid

would cease when the diminishing osmotic gradient was balanced by the

increasing and opposing electrical gradient. The values published by

Christie and Venables, (1971) even given the limitations of their

experimental lethod, suggest that this is not the whole story. It is

possible that this simple diffusion process is complicated by the

existence of active pump mechanisms such as are found in the membranes

of nerve tissue and red blood cells.

It /
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It is generally accepted that phasic changes in skin conductance

and skin potential are a function of sweat gland activity, however,

there is some evidence of a primary epidermal component. Kdelberg

(1961a)for example, reports skin conductance changes in isolated

epidermis. Such changes, if substantiated, must be accounted for in

terms of epidermal permeability changes.

An eccrine sweat gland is included in figure 1, it consists

essentially of a secretory and a ductal portion. On the outer surface

of the epithelial layers of the secretory region, but not of the duct,

are longitudinal smooth muscle fibres, myoepithelial cells. Gholinegic

nerve endings have been demonstrated in the vicinity of the seoretory

portion of tho gland but not in the vicinity of the duct. As already

noted there is little doubt that the phasic changes in akin potential

and conductance result from activation of the sweat glands. The

innervation of the sweat gland3 is solely via the sympathetic chain;

interruption cf thi3 supply abolishes the sweating response and EDA.

The chemical transmitter from the postganglionic fibres to their

target cells is, paradoxically, acetylcholine, (Dale and Peldberg,

193U) and thus the sweat response ind the EDR can be elicited by

intradermal injections of acetylcholine (Chalmers and Keele, 1952)

and cholinomimetics (Foster, 1971). Responses can be inhibited by

anticholinergic agents such as atropine (Lader and Montagu, 1962)

and hyoscyamine (Venables and Martin, 1967) and potentiated by

anticholinesterases such as neostigmine (Venables and Martin, 1967).

It appears to be generally assumed that the action of sympathetic

supply to the sweat glands involves direct control of the actual

process of secretion, however, this is not necessarily the case.

Kuno /



- 17 -

Kurio (1956) argues that secretion is continuous and by comparison

with the mammary gland it is not difficult to conceive of a local

feedback mechanism involving hydrostatic, osmotic or electrical

forces between the lumen of the gland and the secretory cells which

could control the rate of secretion. Given such a mechanism one

might speculate that the cholinergic influence acts indirectly by

causing the myoepithelial cells to contract, expelling the secreted

fluid from the lumen of the gland and thereby destroying whatever

balance was responsible for the current rate of secretion.

whatever toe details of the cholinergic activation of the

sweat glands it is necessary for both the sweat response and the

EDR. The understanding of the relationship between these

responses is as yet incomplete. An initial conception of the

relationship suggested that the filling of the sweat duct by an

electrolytic fluid, sweat, provided a low resistance pathway through

the epidermis. This might well be a sufficient account for the 3CR

observedt recovery of the original conductance level resulting from

emptying of the duct by reabsorption through the duct wall, escape

onto the skin surface or, if the myoepithelial contraction account

of the sweat response is accepted, return to the lumen of the

secretory portion of the gland. Variations in the recovery rate of

an SCR and the lack of readily observable relationship between the

amount of sweat appearing on the surface of the skin and the amplitude

of the 3CR (Edelberg, 196U) could be accounted for in terms of the

relative contribution of the duct emptying processes. However, it

is difficult to see how auch a mechanism could also account for the

SPR. /
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SPK. The SPR can appear as a uniphasic negative wave, a diphasic wave

consisting of a negative deflection followed by a positive wave or as

a uniphasic positive wave. (Wilcott, 1958a)

The positive wave of the SPR, when it occurs, appears to be

closely related to the appearance of sweat on the surface of the

skin, i.e. large sweat responses. Wileott (1962) has shown that the

positive wave, in terms of its amplitude and latency, is more closely

related to the sweat response, kj observed by a forced evaporation

technique, than i3 the negative wave. Furthermore, if the sweat

response is abolished by exsanguination then it is the positive

wave of the 5FK that suffers rather than the negativ wave. (Wilcott,

1958b)

In attempting to account for the waveform of the SPR in man it

is unwise to rely on extrapolation of conclusions based on studies of

the cat sweat gland as a comparison of the papers of Wilcott (1962)

and Shaver, Brusilow and Cooke (1962) will witness. The studies of

Schultz, Ullrich, Fromter, Holzgreve, Frick and Hegel (1965)» detailed

microelectrode studies of the sweat gland in man,are particularly

instructive with respect to the potentials generated within the swa^t

gland. These authors recorded electrical potentials of approximately

$OmV negative, relative to the interstitial fluid, in the sweat gland

duct. Fillluci the secretory portion of the sweat gland with oil had

no effect on this potential indicating that it is generated in the

ductal portion and further suggesting that secretion of the primary

fluid does not gene ate a potential. Schultz et al also measured

/TaClJ in the secretory and distal ductal portions of the sweat gland.

The /
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The primary fluid contained approximately 135 m.Eq/l whereas sweat at

the surface of the skin contained only approximately 25 m.Eq/l. This

suggests reabsorption of NaCl in the duct of the sweat gland and since

the reabsorption was reduced by subcutaneous injections of ouabain it

is highly likely that an active sodium pump is responsible. When the

pump was poisoned by ouabain not only did the reabsorption of NaCl

suffer but also the intraductal potential fell which suggests that

the sodium pump is involved in the generation of the sweat gland

potential. By analogy with sodium pumps identified in other

biological membranes, such as the frog skin, Fowles and Venables (1970)

present a plausible account of the 3PR waveform. They suggest that

low sudorific activity results in stimulation of the ductal sodium

pump in that the sweat expelled into the ductal portion of tne gland

contains NaCl. As a result there is a net transfer of Ra+ across the

epithelial membrane into the interstitial fluid which is iiot matched

by the passive diffusion of Cl"" because the membrane is relatively

impermeable to Cl~. Thus an intraductal negative potential is

generated, the negative potential which Schultz et al (1965) observed,

which makes a contribution to 3PL (as opposed to B3PL) and which during

an electrodenoal reflex constitutes the initial negative wave. If,

subsequently, secretion into the ductal portion of the gland ceases

tnen tne pump exhausta the supply of sodium and in time the potential

dissipates as a result of slow leakage of Cl through the epithelial

membrane. If on the other hand there is further or increased secretion

of sweat the availability of Na+ exceeds the capacity of tne pump and

thus although the pas ive diffusion of Cl increases proportionally

with the rate of transfer of Naf asymptotes. This would

yield a decrease in the negativity of the ductal lumen and produce the

positive /
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positive deflection of the SPR. Recovery from tfc < positive deflection

would occur as the of the sweat in the duct decz-eased, such that

the rate of diffusion of Cl~ diminished once again to the rate at

which Ma* waa being actively transported.

Phe generationcf the waveform of the 3PR is possibly considerably

more complex than the scheme outlined above. Sodium pumps which have

been examined in detail appear to involve the active exchange of K4
4^.

for Ma and the potentials generated across such membranes axe not a

direct result of the activity of the pump but rather a consequence of

the ionic gradients created. Noverthaloss, this account does encompass

much of the empirical evidence, particularly the association of large

sweat responses, the appearance of a positive potential wave ana slow

recovery of the SCR, and is possibly the only aocount couched in

terms of established biological processes.

Having discussed the processes involved in the generation of

eleotrodermal reflexes after the release of transmitter fro® the

postganglionic fibres one can now turn and examine the central

structures and pathways involved in causing the release of transmitter.

Discussion of the central mechanisms of electrodermal reflexes often

appears to consist of little more than a catalogue of isolated findings,

however, appreciation of the number of brain structures involved does

help one to consider seriously the far reaching concluaiojis which

workers in the field are willing to base on observations of wnen and

how much a person sweats.
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The final common pathway of excitatory impul :es to the sweat glands

are the sympathetic neurons leaving the spinal cord at the thoracic

and upper lumbar sections. As early as 187S Hermann and Luchsinger

demonstrated, in the cat, that section of the sciatic nerve or

removal of the lumbar sympathetic chain abolisi es the SCR of the

ipsilateral foot pad. Siiniliarly,stimulation of the distal 3tump

of either a divided sciatic nerve or of a severed lumbar chain evokes

a skin conductance response. Spinal SCRs were first demonstrated by

Wang, Ran and Lu (1929) who elicited reflexes in an acute spinal cat

by stimulation of the proximal stump of a bared cutcneous nerve. Ric iter

(1930) elicited SCRs in chronic spinal cats with a more physiologically

acceptable stimulus, a puff of air directed to the cats tail. Wang

and Brown (1956a) noted that the amplitude of the SCR elicited by

cutaneous nerve stimulation in the spinal cat was only 10-30/- of that

in the intact cat and thus even at the level of the spinal reflex

aupraaegmentai influence is substantial. Che fact that the latencies

of the spinal reflex in the spinal and intact animal are identical

suggests that suprasegmental influence ia tonic upon cell bodies within

the cord.

In animals the neurons involved in KDA in the spinal cord are

found in the ipsilateral ventrolateral horn at the high thoracic

level for the forelimbs and at the thoracic or lumbar level for the

hindlimbs (Patton, 19U5)• Sourek (1965) suggests that in man the

spinal pathways mediating electrodermal activity are in the antero¬

lateral and dorsolateral quadrants. Spontaneous ciDA is observed even

in the spinal animal, activity in the four iimb3 being desynchroniaed

(Ladpli, /
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(Ladpli, 1962). This suggests that the four spinal pools are not

structurally connected. Adequate afferent stimulation causes

synchronised responses in all limbs, the amplitude of which is

greater than that of spontaneous activity.

The techniques for exploring the brain to discover what

structures and pathways are involved in the excitation and

inhibition of a given process are well documented. One can section

the brain at various levels, lesion or stimulate regions suspected

of involvement, and examine the effects of these experimental

manipulations on the process. However, the use of such techniques

usually presumes that the eliciting stimuli are as well defined as the

elicited response. Thus a given stimulus can be presented before and

after the experimental manipulation and the characteristics of the

responses compared or alternatively the stimulus can be presented to

an experimental group and the responses elicited compared to those

elicited in a control group. IDE's can be elicited by a wide variety

of stimuli. It has already been noted that SCHs can be elicited by

stimulation of the skin or of cutaneous nerves and even palmar and

plantar skin conductance level (SCL) is responsive to extremes of

temperature. As will be shown later ICR's can also be elicited in

palmar and plantar skin by a wide variety of psychological stimuli

which appear to have little in common. ' okolov (I963a)maintains

that it is 'novelty' which acts as the stimulus. It is the nature

of the HCR, its presence and absence, to the characteristic of

stimuli which Sokolov labels 'novelty' that is the major interest

of the present thesis. Unfortunately very few studies have attempted

to identify brain structures involved in the SCRs to 'novelty',

rather /
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rather emphasis has been on the inflxience of auprasegmental

structures on the SCRs elicited by cutanec s nerve stimulation.

Wang and Brown (1956b) demonstrated in the cat that electrical

stimulation of the ventromedial bulbar reticular formation (VMHRF)

inhibits the SCR elicited by tetanisation of tie proximal stump of

a severed cutaneous nerve. The authors interpreted their results

as indicating that the VMBRF has an inhibitory influence on the

reflex, this interpretation is supported by the transection itudies

of Wang, Stein and Brown (1956). In the latter paper it was reported

that decerebr&tion at the intercollicular level, which effectively

eliminates all influence from above the VXBRF, abolishes the SCR

elicited by outaneous stimulation. Subsequent spinal transection

revives the SCR. This suggests that the inhibitory function of the

VMBRF' is itself normally inhibited or balanced by higher exoitatory

influence. Other regions identified by Wang and Brown (1956b) using

intercranial stimulation as having inhibitory influence on the SCR

elicited by cutaneous stimulation are the frontal oerebral cortex,

the oaudate nucleus of the corpus striatum and the anterior lobe of

the cerebellum. They suggest that the VMBRF may well be the most

important in that it has the loweat stimulation threshold and the

largest inhibitory effect. However, as Vtnablea and Christie (1973)

point out, citing the work of Bloch and Bonvallet (1960a), this might

well have be »n a result of the anaesthesia employed in that the

cortex will have suffered its effects to a much greater extent than

the VMBRF.

Bloch /



Bloch and Bonvallet (1960b) examined the effect of brain

stimulation above the level of the VMBRF. They demonstrated that

low voltage, short duration stimulation of the brainstem reticular

formation elicits EDR's identical to those elicited by peripheral

stimulation. They suggest that the FDR to short duration, weak

peripheral stimulation is mediated by the brief reticular activation

which it provokes. The regions between the bulbar area and the

posterior hypothalamus, stimulation of which elicit EDRs, are those

regions stimulation of which also gires rise to electro-encephalogram

signs of wakefulness and to the facilitation of motor activity.

Outside the reticular formation the only region discovered which had

a low threshold for evoking EDR's was a limited area of the anterior

hypothalamus and given the hypothalamus's established role in

homeostasis one mignt tentatively conclude that its involvement in

the control of sweating is thermoregulatory.

Lesions above the brain stem did not affect the ability of

peripheral stimulation to elicit on CDR. With lesions below the

brain stem the threshold for such responses was markedly raised

(Bloch and Bonvallet, 1960b). Thus the evidence suggests that the

reticular formation is an important link in the elicitation of EBR's

by peripheral stimulation; consideration of its anatomical connections

alone might lead one to suspect this. The reticular formation occupies

a central position between the afferent and efferent systems. It

receives collaterals from most afferent systems and input from the

cerebral cortex and the cerebellum. It has efferent fibres leading

to the cerebral cortex and the spinal cord.

The /
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The limbic system has been shown to be involved in EDA, however,

there is as yet little indication of the role which it plays, Yokota,

Bato arid Fujimori (1963) explored the limbic system of the cat with

electrical stimulation. The animals were immobilised with flaxedil

and the effects of limbic system stimulation on the EDR's elicited by

stimulation of the sciatic or peroneal nerve were observed. Stimulation

of the hippocampus and the fornix produced inhibition of the 3PR, the

latter also depressed SFL. Facilitation of the SFR was observed with

stimulation of the amygdala and the lateral preoptic area. The

latoxal preoptic area has been implicated in the regulation of water

balance by Peck and Rovin (1971)• In li htly anaesthetised oats

Lang, Tuovinen and Valleala (196U) demonstrated that stimulation of

the amygdala, at a sufficient level of intensity, caused an after-

discharge which was accompanied by an increase in SPL, Less intense

stimulation resulted in a phasic 3PR. Lesion studies by Bagshaw,

Kimble and Pribram (1965) support the stimulation experiments

indicating involvement of the amygdala in EQA in that amygdalectomy

was shown to result in marked attenuation of the SCR to 'novel'

stimuli in monkeys.

It has been known since the work of Bechterew (1905) that

stimulation of the cortex can elicit sweat responses. Langworthy

and Richter ^1930) obtained EDA as a result of stimulation of points

on the cortex adjacent to the motor area. Fulton, Kennard and Watts

(193U) demonstrated sweat responses in the hands of monkeys as a

result of stimulation of the preaiotor cortex. Barrow (1937) accounts

for the closn association of the cortical mechanisms of palmar and

plantar /
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plantar sweating with the motor area of the cortex in terms of the

improvement in grip resulting from moderate activity of the sweat

glands. Paradoxically, lesion of the premotor cortex results in a

period of profuse pulmar sweating (Pulton, Jacobsen and Kennard,

1932). As noted earlier the frontal cortex has been shown to have

an inhibitory effect on SJR's elicited by cutaneous stimulation

(Wang and Brown, 1956a) however, Kimble, Bagshaw and Pribram (1965)

report diminished SCR's to novel stimuli following lateral frontal

cortex lesion.

Having briefly surveyed the peripheral and. central mechanisms

of EDA we are now in a position to examine some of the findings of

research in which EDA has been used as the dependent variable.

Initially attention will focus on the use of skin conductance as an

indicant of arousal and in particular on the use of the rate of

habituation of the SCR to a discrete neutral stimulus as an indicant

of pathological anxiety. However, the inadequacy of explanations

within this limited field will justify consideration of the SCR in

the context of the orientation reflex and the attempt to account

for the effects of anxiety on the rate of habituation of the SCR in

terms of attention and information processing.
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CHAPTER 3*

SKIN CONDUCTANCE AND LEVEL OF AROUSAL

* The Bain substance of this chapter consists of a discussion
of the work of Lader and Wing. Original reports of their
work are to be found in Lader (196U)» Lader and Wing (196I4
and 1965) and Wing and Lader (1965) however this work has
also been published in 'Physiological measures, sedative
drugs and morbid anxiety*, (Lader and Wing, 1966).
References to •Lader and Wing' in the present chapter are
directed at this latter publication unless otherwise
specified.



- 29 -

In 'Physiological measures, sedative drugs and morbid anxiety'

(Lader and Wing, 1966) the authors review evidence suggesting that

three commonly used electrodermal variables, skin conductance level

(SCL), the rate of spontaneous fluctuations of skin conductance

(R.iPSC), and the rate of habituation of the skin conductance response

to discrete neutral stimuli (RHSCR) are related to arousal level.

Citing Duffy's (1950 discussion of SCL in which she suggests that

SCL can be used as an index of energy mobilisation, arid the

experiments of Davis (193U) showing that SCL rises in proportion

to the difficulty of mental arithmetic which subjects are required to

perform, and of Stennett (1957) who manipulated arousal by varying

the rewards and punishments for the performance of a task and

demonstrated that SCL varied accordingly, Lader and Wing imply that

SCL is a useful index of the level of arousal.

Lader and Wing also suggest that RSFsC reflects level of arousal

and support this claim by reference to Lacey and Lacey (1958) who

investigated the RSP3C in human subjects before and during the

performance of experimental tasks. Lacey and Lacey demonstrated that

the R3FSC increases when a subject is required to perform a task,

that the increase in RSPSC is reproducible and that it adapts as the

t»3k is prolonged. It can be argued that the increase in RSF3C

reflects the increase in arousal caused by performance of the task

and this interpretation is supported by studies indicating an

increase in the RSFSC as a result of experimentally induced stress

(Silverman, Cohen an Shmavonian, 1959» Katk.in, 1965 an^ 1966;

Miller and Shmavonian, 1965)*

Phe /
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The RSF3C has also been shown to correlate with the rate at

which the skin conductance response to a discrete neutral stimulus

habituates. Mundy-Castle and KcKiever (1953) group their subjects

according to whether they showed no SFSCs, an intermediate or high

RSF3C and demonstrated that the rate of habituation of the SCR was

inversely proportional to the RSFSC, i.e. the greater the number of

spontaneous fluctuations of skin conductance emitted by a subject the

slower his habituation of responses to a specifio stimulus.

On the basis of these findings Lader and Wing argue that since

RoFSC appears to be related to both arousal level and RHSCR then one

might expect to find a relationship between RHSCR and arousal, the

implicit assumption being that subjects having a high resting RSFSC

do so because they are more highly aroused than subjects having a

low resting RSFSC. They suggest, furthermore, that since anxiety

'is one of the emotions related to a high arousal state' (Lader and

Wing, 1966, p 5) it might well be possible to discriminate normals

from anxiety state patients on the basis of their electrodermal

characteristics. Lader and Wing attribute the failure of previous

studies to establish consistert distinctions between normals and

anxiety state patients in terms of EDA largely to the use of

heterogeneous patient groups (e.g. Malmo and Shagass, 19U9» Howe,

1958) and consequently they designed to examine the EDA (electrodermal

activity)of patients with 'free-floating' or situational anxiety

excluding patients for whom the anxiety was secondary to some other

illness such as depressi n or early schizophrenia. In a subsequently

reported experiment (first published by Lader and Wing, 196I4) Lader

and Wing compared patients with anxiety states and normal control

subjects /
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subjects in terms of their skin conductance characteristics in a

situation which after a 12 minute rest period involved the

presentation of 20 identical auditory stimuli. The stimuli were

pure tones of 1000 Hz, 1 second duration and they were presented on

a variable interval schedule with an interval range of U5-80 seconds

and a mean interval of 1 minute. The.skin conductance records were

analysed in terms of 3CL, the log conductance reading taken every

minute during the rest period, immediately before each stimulus in

the stimulation period and 1 minute after the last stimulus; in

terms of 3F3C, the number of SFSC's in 1(0 second periods during each

minute of the rest period and during the J4O seconds preceding each

stimulus; and in terms of the SCRs to each of the stimuli, the

change in log conductance in the 5 second period following the

presentation of a stimulus. The amplitudes of the SCRs were then

used to calculate indices of habituation rate. Their results

indicate that at the onset of the stimulation period the SCL for

beta patient and normal groups rose, the latter adapted during the

course of the stimulation period, the former did not, the R3P3C also

increased for both groups but in this case adapted for both groups,

and, in so f ,r as Lader and Wing's technique for assessing habituation

rate was appropriate, that the patient group habituated, in terms of

their SCRs, less rapidl ' than the normal group.

To account for this latter finding Lader and Wing hypothesise an inverse

relationship between the level of arousal and the rate of habituation.

They suggest that the rate of habituation is a property of the central

nervous system and that in the population at large there is a continuum

from /
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from people who habituate slowly or not at all to those who habituate

rapidly. Patients with anxiety 3tates are among those who habituate

slowly and thus the increase in arousal resulting from the first

presentation of a stimulus is not dissipated by the time of the

second stimulus onset, Thus with subsequent presentations their

arousal is raised retarding still further a slow habituation process.

This account is supported by Lader and Wing's finding of higher and.

non-adapting SGLs in anxiety state patients. They go further in

postulating that the same 'vicious cycle' occurs in anxiety state

patients in response to stimuli in real life situations and that

the resulting chronic over-arousal is experienced as anxiety. Lader

and Mathews (1968) suggest an account of systematic desensitisation

in the treatment of phobic anxiety in teems of the postulated inverse

relationship of arousal ^evel and rate of habituation and in passing

attribute the phenomena of dishabituation, recovery of the habituated

SCR subsequent to the presentation of a novel stimulus, and spontaneous

recovery of the habituated SCR to increases in level of arousal.

Obviously the conception of anxiety outlined above has far

reaching consequences with respect to the diagnosis and treatment of

anxiety states and as such deserves further attention. There are two

separable hypotheses, that there is in the normal population a

physiological continuum reflected in the rate of habituation and that

there is an inverse relationship between level of arousal and rate of

habituation. Support for the former can be inferred from the numeiaua

reports of a large variance in the rate of habituation in normals

(hundy-Castle and McKiever, 1953; Lader, 1961+5 Koepke and Pribram,

1966; Crider and Lunn, 1971). The latter hypothesis is not as

adequately supported by experimental data. The work of hundy-Castle

and /
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and McKiever (1953) supports the hypothesis if resting RSFSC

is accepted as an indicant of arousal level and possibly more

questionably if it is accepted that the causal link is one of

high arousal level retarding habituation. If, on the other

hand, spontaneous fluctuations are regarded as responses of

the subject to aspects of his external and internal environment

beyond the control of the experimenter it might be argued that those

subjects showing a high RSFSC are those who habituate slowly to

the experimental situation and the concept of arousal level

becomes redundant in the explanation. Furthermore if habituation

is viewed, as Chorpe (1956) suggests, as the simplest form of

learning, then Lader and /'ing's hypothesis is contrary to the

literature reporting facilitation of simple learning by both

path dLogical (Welch and Kubis, 191+7) and non-pathological

anxiety (Ream, 1955)* Indeed, if the changes in SCL, RSFSC

and SCR amplitude during a habituation series are examinee in

detail it will be seen that SCL and RSFSC rise dramatically in

response to the first stimulus, presumably reflecting an incre se

in arousal, and adapt slowly thereafter. It will also be noticed

that habituation approximates exponential decay which is hardly

to be expected if arousal level an< rate of habituation were

significantly and inversely related.

Assessment of the hypothesis that higi arousal level retards

habituation is complicated by the absence of a single reliable indicant

of arousal (Lacey, 1950) however, it is generally accepted (huffy, 1957)

that arousal occurs in a continuum from a low point during deep sleep to

a high point during extreme excitement. Thus it might be expected from

Lader and Wing's hypothesis that habituation of the SCR should occur

most /
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most rapidly during sleep. Jokolov (1963a) claims that with the

onset of sleep an habituated SCR will recover as a result of the

weakening of cortical inhibition on the afferent input to the

reticular formation and this is supported by the work of Johnson

and Lubin (1967). The latter workers report, in abstract, that

the SCR, and other physiological responses to a 3 second tone

presented at 30-^5 second intervals recover with the onset of sleep

and show little, if any, habituation thereafter. Oswald (1962)

failed to demonstrate SCR habituation during medium or deep sleep.

McDonald, Johnson and Hora (1961+) monitored the electroencephalogram

(hiiXJ) of subjects during habituation and compared the habituation

rates of those subjects who exhibited REG evidence of drowsiness

during the habituation series with those who appeared alert throughout.

In two experiments, using different stimuli they demonstrated no

difference in the rate of SCR habituation between alert arid drowsy

subjects. Firth (1973) however has presented clear evidence of

habituation during all stages of sleep.

Thus the evidence relating to habituation of the SCR during

sleep and drowsy states in somewhat contradictory, however, there

does appear to be an absence of claims that habituation is more

rapid during sleep than during wakefulness.

Arousal level can be manipulated by the administration of certain

drugs, however, as hikes (1961) has emphasised, not all me sures of

arousal are equally affected by a given drug. Thus, for example,

administration of atropine results in high voltage, slow wave E G

patterns characteristic of sleep in spite of the fact that the animal

might /
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might well be behaviourally awake. Fhe barbituates are widely

recognised, especially in the clinical field, as sedatives} in

sufficiently large doses they induce sleep and in smaller doses

impair performance of simple skills (Leg .e and Steinberg, 196?).

Lader (196I4) examined the effect of cyclobarbitone on eleotrodermal

variables and found that compared with placebo cor.tr, ia cyclobarbitone

depressed !3CL and HSPSC and accelerated habituation of the SCK. In

1965 Lader and Wing reported that aroylobarbitone sodium and

chlordiazepoxide had similar effects in patients with anxiety

states. Since anxiety state patients were characterised by higher

SCL and RSFSC and by a slower rate of habituation as compared with

normals (Lader and Wing, 19&U) the effect of the sedatives tested

can be termed •normalising'. Both drug studies provide support for

Lader and Wing's hypothesis concerning arousal and rate of habituation

in that the drugs employed are rener illy believed to depress arousal

level and they were shown to accelerate habituation. Furthermore

chlorpromazine, a depressant thought to act directly on the reticular

formation of the brain stem (Himwich and Rinaldi, 1957) or by

suppressing afferent activation of the reticular formation (Killam and

Killarn, 1957) has been shown 10 accelerate habituation (.>cholander,196l}

Fey, 1961), however, Scholander (1961) reported that methamphetaiaine, a

stimulant, also accelerated habituation of the SCR, a finding contrary

to predictions from Lader and Wing's hypothesis.

Other investigations of the effect of anxiety on the habituation

of the SCR fail to provide unqualified confirmation of Lader and in:-'a

findings and thus fail to bolster the dependent hypothesis. Tan (196U)

found no difference between the patient and control group in the rate

of /
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of habituation however his patient group was not exclusively anxiety

state. Habituation has also been studied under conditions of normal,

real life anxiety. Beam (1955)* although primarily interested in

conditioning and learning in normal subjects in either neutral

emotional states or anxious because of impending examinations or

public appearances, reports the data for SCR adaptation in pre¬

conditioning trials and finds no difference between anxious and non-

anxious subjects. Maltziuan, Smith, Kantor and Mandell (1971) tested

two groups of subjects, one of undergraduates, one of postgraduates,

on two separate occasions. The authors argued that on the first

occasion the undergraduate group would be more apprehensive since

it was their first experience with the experimental laboratory

whereas on the second occasion the postgraduate group would be more

apprehensive because the test immediately preceded an oral examination.

Several stimulus series were employed to elicit the SCR and to monitor

its habituation of which the tone series is of most relevance to the

present discussion. The tone series consisted of five 70db, 1000Ha

tones of 0.5 seconds duration and presented with a mean interstimulus

interval of 10 seconds. The data is not analysed by the authors with

a view to examining habituation rates nevertheless inspection of the

graph presented and comparison of the two groups in each session does

lend support for Lader and Wing, in that on the first session the

postgraduate group does appear to habituate more rapidly than the

undergraduate group and vice versa on the second session.

The consideration of sleep studies, drug studies and the effects

of anxiety fail to provide clear support for an inverse relationship

between level of arousal and rate of habituation. A possibly simpler

way /
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way to test Lader and Wing,s hypothesis would be to manipulate

arousal level with threats of noxious stimulation and monitor

habituation rate. The hypothesis allows the predictio that in

a sample of the normal population increasing the level of arousal

should retard habituation. This is not to say that a substantial

number of subjects in a normal sample will necessarily reach their

'critical level of arousal1, defined by Lader and Mathews (1968) as

the level of arousal above which no habituation will occur, as a

result of experimental, manipulations, neveitheless their habituation

should be retarded. The following experiment was designed to examine

the effects of the threat of electric shock on the rate of habituation

of normal subjects.
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CHAPTER h

EXPERIMENT Ii A FIRST ATTEMPT TO EXAMINE
THE EFFECT OF ANXIETY ON THE HABITUATION OF THE
SKIN CONDUCTANCE RESPONSE IN NORMAL SUBJECTS



INTRODUCTION

The purpose of the present experiment is to examine the effects

of anxiety, induced in normal subjects by the threat of painful

electric shock, on the rate of habituation of the SCR to a discrete,

neutral, auditory stimulus. The working hypothesis, based on the

findings of Lader and Wing (1966) and their subsequent discussion, is

that habituation is retarded by anxiety. Strictly speaking the

experiment is a constructive replication of Lader and Wing's experiment

it is an operational replication in that the stimulation procedure is

based on that of Lader and Wing,

METHOD

Subjects

The 30 subjects used, U4 of whom were female, were students and

members of staff of the University Lepartment of Pscyhiatry. Their

average age was 20,8 years with a range of 17-27 years. Trait

anxiety has been shown to be a re?,evant variable with respect to the

reaction of a subject to stress (Penz and Dronsejko, 1969) and with

respect to the habituation of the orientation reaction as assessed by

peripheral vasoconstriction (Koepke and Pribram, 1967) although not

when assessed by SCR (Koepke and Pribram, 1966) and so subjects were

matched with respect to their score on the Taylor Manifest Anxiety

Scale, Age (Surwillo and <iuilter, 1969) and sex (Kopacz and Smith,

1971) have also been shown to be relevant variables with respect to

electrodermal activity and thus subjects were also matched in terms

of these variables in an attempt to minimise between group variance.

One member from each pair was randomly assigned to one of two

experimental groups.

Experimental/
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Kxperidental situation

During testing each subject sat j.n a small sound attenuated room

which was brought to a temper ture of 21°0 before the test began.

Although tiiC room was equipped with air conditioning it was decided

that the noise of the conditioner switching on and off during the

experimental period would interfere with the subject's reactions and

that a slight rise in temperature during testing would be the lesser

of the two evils. The maximum rise in temperature noted during the

tests was 3°C. Subjects were provided with a stop clock. All

recording equipment was heu«ed in the adjacent laboratory.

Dependent variables

(a) Subjective rating of anxiety: To check that the threat of

shock had caused anxiety subjects were required to indicate their

level of anxiety at the end of each experimental session on a lOOnun

line. The poles of the line were labelled 'no anxiety' and 'the

moat anxious yo\: could ever imagine'.

(b) ikin resistance; Details of the apparatus employed for

monitoring skin resistance are given in Appendix I. The sensitivity

used in the resent experiment was 100mV/cm during the initial stages

of habituation and $QkN/gra during the later stages, the apparatus was

calibrated such that deflections of 1cm represented resistance changes

of 10K«fl. and S&Xl respectively.

(c) heart rate; SCC lead I was used. Che signal was amplified

by a Devices A.C.1 preamplifier an; converted into a rote by a Devices

Instantaneous /
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Instantaneous Hatemeter Type 2750. The 3CG signal could also be

displayed on an oscilloscope.

^ath skin resistance and heart rate were displayed continuously

on a Devices 2-channel polygraph, in addition heart rate was read at

10 seoond intervals by a Solatron digital voltmeter and punched on

computer tape.

Stimulation

The stimulus series consisted of twenty 1 seoond, 1000Hz tones

presented through a loudspeaker 18 inches behind the subject's head.

The intensity, measured at the position of the subject's head was 100dB

(i.e. intensity referenced to 0.0002 dyne.era t) and the inter-stimulus

intervals varied between 1*5 and 75 seconds with an average interval of

60 seconds. The presentation of the series, preceded by an 11 minute

period of silence was made by use of a tape recorder. The presentation

of stimuli was automatically noted on the polygraph record.

Design

Each subject was exposed to the stimulus series twice, in one

session without threat of shock (NT condition), and in the other with

the threat of electric shock programmed to occur within the last five

minutes of the 31 minute session (T condition). L'here was a three

minute interval between sessions. The purpose of exposing each subject

to both conditions was to enable within subject com-oarisonr. In fact

analysis of the data collected during the second session added nothing

to the information gained by analysis of the first session data and thus

only the latter will be reported.

Subjects /
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Subjects in Group A received the 'no-threat* condition in

session one and the 'threat* condition in session two. The order

of conditions was reversed for subjects in Group B. Given that the

data collected in session two is to be omitted Group A will hereafter

be known as Group NT ana Group B as Group T.

On no occasion was an electric shock actually administered.

irocedure

Potential subjects were asked to complete a Taylor Manifest

Anxiety Scale questionnaire before any information regarding the

study was divulged, thus providing a basis for matching subjects.

After attachment of the electrodes a standardised set of

instructions was re. d to each subject informing them that the purpose

of the experiment was to record psychophysiological responses to

auditory stimulation. They were told to expect an 11 minute period

of silence followed by a period of 20 minutes during which loud tones

would be presented. In the 'threat' condition this was followed by

informing the subject that at some time during the last five minutes

of the session a brief, but painful, electric shock would be

administered. All subjects were requested to make themselves

comfortable and then remain as still as possible for the duration of

the session.

At the end of tue session each subject was asked to indicate the

level of anxiety experienced immediately before the session was

terminated by the entrance of the experimenter. During the three

minutes /
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minutes between sessions the electrode placements were checked and

fresh instructions given. Subjects who had received the T condition

were assured that there was no possibility of shock in the next session

and subjects who had received the HT condition were advised that a shock

would be administered.

At the end of the experiment subjects were questioned as to their

feelings about the experiment and asked not to divulge any information

concerning the study to others.

Analysis of data

(a) Subjective rating of anxiety: A subject's level of anxiety

at the end of a session ras taken as the distance in millimetres of

his mark from the 'no anxiety' pole of the scale.

(b) Skin resistance: Two measures were derived from the skin

resistance record, SCL and SCR amplitude. Skin resistance readings

were taken from the polygraph record at one minute intervals during

the rest period and imraedd ately before each SCR during the stimulation

period. A final reading was taken one minute after the final stimulus.

This provided 32 resistance readings (in CA) which were then converted

into conductance readings (in^mhos).

The amplitude of the SCR was taken as the difference between the

ure-stimulus reading, in conductance units, and the highest conductance

within 6 seconds after the stimulus onset.

The rationalefor employing conductance units rather than resistance

units is explained in Section 2 of Appendix I.

(c) Heart /
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(c) Heart_rate: A total of 136 readings of HIl were isade for

each subject during the last '?} minutes of each experimental session.

These readings were averaged in fours before further analysis.

The skin conductance level, skin conductance response and heart

rate data were subjected to a split plot analysis of variance.

KSSU1,T::>

Due to a technical fault the data for one subject was lost, the

data for this aubjeot's match was dropped from the analysis thus

reducing the number of subjects in each group to 1ij.

Subjective ratings of anxiety

The group means and standard deviations for the two ratings

obtained were 9.6 - 11.7 and $0.7 - 19.9 for Group NT and. T

respectively, indicating higher levels of subjective anxiety at

the end of the 'Threat' condition than at the end of the 'No Threat*

condition. A sign test (Siegel, 1956) indicated that these

differences were significant (p<0.00l).

Skin conductance level

Table I is that of the analysis of variance of the 8CL data

arid it indicates a significant, interaction of Treatment x Time.

Figure 2 illustrates the plot of mean SCL against time for the two

groups. The difference between groups is almost significant (t «

1.90; for p<0.0$ and df » 832, t » 1.96) at the time of the first

reading but this difference diminishes during the rest period

(Headings /
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TABLE I

Analysis of variance of SCL

Main treatment: Threat v Ro Threat
Bub treatment : Readings, 1 . . . . . 32
Blocks : Rain treatment nested within subjects

Source of Variation df
Sum of
Squares

Mean

Square
P

MAIK PLOT:

Treatment 1 0.61 0.61 0.01ns
Error 26 3U53.17 132.81
TOTAL 27 3W3.78

SUB PLOTS:

Headings 31 UU9.7U 12*.51 10.09**

Linear trend 1 332.75 332.75 231.31**
Quadratic trend 1 1.73 1.73 1.20ns l

Cubic trend 1 2*5.91 2*5.91 31.92**
Remainder 28 69.32* 2.US 1.72 ;

Interaction

Treatment x Reading 31 91.25 2.9U 2.05** f
Linear trend 1 12.02 12.02 8.35** j
Quadratic trend 1 55.27 55.27 38.U2** I
Remainder 29 23.97 0.83 0.57 i

Sub Plot error 806 1159.2*8 1.UU

TOTAL 895 5152*.25

ns - not significant
**

- p<0.01
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(Headings 1-12). Both groups show an increase in SCL in response to

the first few stimuli (Readings 12-20) but only that for Group NT

is significant (t » 1+»5Q» for p<0.0p and df « 806, t « 1.98). Over

leadings 20-32 there is no significant change in dCL for Group NT

but the SCL for Group T increases significantly (t ■ 2.85l for

pC>.05 and df » 806, t ■ 1.96).

Skin conductance respoi a

An analysis of variance which took account of possible co¬

variation between the pre-stimulus conductance levels and the

amplitude of subsequent responses was not significantly different

from an analysis which took no account of such possible co-variation

and thus it w§s assumed that there was no significant dependence of

response amplitude on pre-atimulus level.

Inspection of the plot of means, figure 3, suggested that

habituation wa3 complete for both groups by the 11th stimulus and

thus separate analyses of variance were performed on stimuli 1-11,

12-15 and 16-20.

Table II represents the analysis of variance for stimuli 1-11

and shows a significant main effect of Treatment, i.e. an overall

difference in amplitude of r spouses between the groups, an effect

of stimulus Number, i.e. habituation, but no other significant

effects. Particularly one should note that although the Stimulus

Number effect is significant there is no significant Stimulus Number x

Treatment interaction indicating that the course of habituation in

the two groups is not significantly different.

fhe /
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TABLE II

Analysis of variance of SCRs 1-11

Main treatments Threat v No Threat
Sub treatment s Stimulus Numbers 1 • . • • • 11
Blocks s Main treatment nested within subjects

Source of Variation df
Sum of
Squares

Mean

Squares
P

MAIN PLOTi

Treatment 1 21.27 21.27 U.U5*
Error 26 I2I4.UU U.79

TOTAL 27 1U5.71 I

SUB PLOTSt

Stimulus Number 10 22.56 2.26 U.8I1**
Linear trend 1 18.93 18.93 ifo.59**
Quadratic trend 1 0.10 0.10 0.21ns
Remainder 8 3.5h o.iU* 0.95

interaction

Treatment x Stimulus No , 10 2.35 0.21, 0.51ns
Linear trend 1 0.93 0.93 2,00ns
Remainder 9 1.1*2 0.16 o.3U

Sub !lot Error 260 121.23 0.U7

TOTAL 307 291.85

ns - not significant
* - p<0.05
** „ p<0.01
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TABLE III

Analysis of variance of SCRs 12-15

Main treatment: Threat v No Threat
Sub treatment : Stimulus Numbers 12 15
Blocks : Main treatment nested within subjects

Source of variation df
Sum of

Squares
Kean

Square
p

MAIN PLOT:

Treatment 1 1.28 1.28 0.82ns
Error 26 L0.7? 1.57
TOTAL 27 b2.00

SUB PLOTSt

Stimulus Number 3 0.27 0.09 0.6bns

Linear trend 1 0.09 0.09 0.63ns
Remainder 2 0.18 0.18 1.28

Interaction

Treatment x Stimulus No 3 0.11 0.0b 0.27ns
Linear trend 1 0.06 0.06 0.b3«8
Remainder 2 0.05 0.03 0.19

Sub Plot error 78 10.91 0.1b

TOTAL 111 53.30

ns - not significant
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tabu: iy

Analysis of variance of 30 s 16-20

Main treatmentI Thre-t v No Threat
Sub treatment : Stimulus Numbers 16.....20
Blocks > Main treatment nested within subjects

Source of Variation df
Sura of

Squares
Mean
Square

p

MAIN PLOTi

Treatment 1 0.70 0.70 0.80ns
Lrror 26 22.72 0.87
TOTAL 27 23.M

SUB PLOTSs

Stimulus Number k 1.67 0.1*2 1,39ns
Linear trend 1 0.1*6 0.1*6 1•6Lns
Remainder 3 1.21 0.1*0 1.3*4

Interaction

Treatment x Stimulus No U 1.62 0.1*0 1.3l*ns
Linear trend 1 1.19 1.19 3.93ns
Remainder 3 o.i*3 0.11* 0.1*7

Sub plot error 101* 31.1*1 0.30

TOTAL 139 56.11

ns - not significant
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The analysis of variance of stimuli 12-15 (Tftble III) revealed

no significant effects and one can infer from this that both groups

asymptoted and that there was no significant difference in the level

of their asymptotes.

The analysis of variance of stimuli 16-20 (Table IV) revealed

no significant effects however a t test on the means of the

amplitudes of response to stimulus 20 revealed a significant

difference (t « 2.02; for p<0.05 and df » 130, t ® 1.96).

heart rate

Table V is that of the analysis of variance of the heart rate

data and it indicates a significant Treatment x Time interaction.

This interaction can be seen as the divergence of the means for the

two groups (figure h) during the last few minute > of the experimental

session with the mean heart rate of Group T being significantly

greater than that of Group NT. For a difference between the jaeans

-1
to be significant at the Sh level it must exceed 8.80 beats.min .

Inspection of figure it reveals that this first occurs at heart rate

data point 29 an; remains so for the remainder of the readings.

Heart rate reading 29 corresponds to approximately 28 minutes after

the experimental session had begun.

BISCbdvilON

The purpose of this study wan to examine the effects of anxiety

on the habituation of the SCH arid although the subjective ratings of

anxiety indie; te that the threat of electric shock was effective in

inducing anxiety the heart rate data suggests that the effectiveness

of /
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TABLE V

Analysis of variance of HR

Main treatment; Threat v N© Threat
Sub treatment s Times 1 ..... 3b
Blocks s Main treatment nested within subjects

Source of variation df
Sum of

Squares
Mean

Square
F

MAIN PLOT;

Treatment 1 6363.143 6363.1*3 1,66ns
Error 26 99989.81 381*5.76
TOTAL 27 106353.19

SUB PLOTS;

Time 33 1775.19 53.79 1.87* *
Linear trend 1 81*8.82 81*8.82 29.1*3**
quadratic trend 1 1*22.35 1*22.35 11*. 61***
Remainder 31 501*. 02 16.26 0.56

Interaction

Treatment x Time 33 2519.17 76.3U 2.65**
Linear trend 1 1365.11 1365.11 1*7.33**
Quadratic trend 1 1*83.81 1*83.81 16.78**
Cubic trend 1 63.hi 63.1*7 2.20
Remainder 30 606.78 20.23 0.70

Sub Tlot error 858 21*71*1*. 85 38.81*

TOTAL 951 135392.38

ns - not significant
** - p<0.01
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of the threat wa3 restricted to the period during1 which shock was

imminent. dubjectB in the 'Threat' condition were advised that

the experimental session would last 31 tainutee and tha the electric

shock, would be presented at some time during the last five minutes.

The mean heart rate of the •Threat' group became significantly greater

than that of the 'Ho hre.it' group at tJie 29th data point. This

corresponds to almost 28 minutes after the experiment!'1 session had

begun and approximately 2 minutes after the onset of the period

during which the shock wan to be presented,

the assumption that cardioacceler tio: indicates anxiety is

based on the work of Dearie (1961 and 1966) who monitored heart rn te

while subjects awaited the presentation of electric shock. In 1961

Deane concludes t-

"When 0 expects a noxious stimulus of unknown strength

a state of anxiety with its asssocia ed response of

cardiac acceleration is aroused ..."

(Deans, 1961, p i<93)

However, the cardioacceleration in the present study might, in the

light of Bowers' (1971) findings,be considered somewhat surprising.

owers investigated the effects of temporally certain and temporally

uncertain electric shock on heart rate and found that the former gave

rise to cardioacceler. ..ion and the latter to cardiodsceler tion. In

the present study subjects were led to expect shock at any time

during the last five minutes of the session. Thus they effectively

awaited temporally uncertain shock uring that period which, given

bowers' findings, might be expected to give rise to cardi dec leration

rather than the cardioacceloration observed. Bowers accounted for

his /
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his results in terras of the opposing effects of anxiety arising from

the anticipation of shock and of vigilance for uncertainty removing

cues# The former he suggested causes cardioacceleration and the

Istter cardiodeceleration, in his 'temporally uncertain' group the

latter predominated. Since Bowers' subjects were given experience

of the maximal intensity of shock to be employed in the study,

whereas subjects in the present study were merely told that it would

be painful, it is possible that the anxiety induced in the present

study was greater than that in Bowers' experiment. If so this would

account for the predominance of cardioacceleration.

As noted in Chapter 3 there is evidence to suggest that SCL is

an indicant of stress or arousal and thereby of anxiety. If the SCL

is accepted as an indicant of anxiety then the SCL data generated by

the present study serves to confirm the conclusion, inferred from the

heart rate data, that anxiety increased only during the latter stages

of the experimental session for those subjects threatened with electric

shock. Although the SCL of the 'Threat' group was higher immediately

after the threat had been administered it diminished such that at the

time of the first stimulus there was no significant difference

oetween the groups. The greater increase in SCL of the 'No threat*

group in response to the first few stimuli probably merely reflects

the greater SCR response amplitudes of that group; of greater

significance is the increase in SCL in the 'Threat* group which

commences at the 2Lth reading i.e. after approximately 23 minutes of

the experimental session and 3 minutes before the onset of the period

during which shock was believed to he imminent.

Thus /



Thus there appears to be a strong possibility that the

technique employed to induce anxiety failed to do so at the

appropriate time during the experiment. Inspection of the SCR

data suggests that habituation for both groups was effectively

completed by the 11th stimulus, according to the HR and SCL

data anxiety in response to the expected shock did not occur

until after the 12th stimulus. It should therefore not be

surprising, even given the hypothesis which prosipted this study,

that the analysis of variance performed on tne amplitudes of

responses to the first 11 stimuli failed to show any difference

in the gradient of habituation.

Although the rate3 of habituation of the two groups, at least

in terms of the method of assessment of habituation rate employed,

appeared to be similar the analysis of the responses to the fir. t

11 stimuli did reveal an overall greater mean amplitude of response

for Group NT. This is in agreement with the findings of Laaer and

Wing (1966) who reported significantly greater amplitudes of

response for the normal group a3 opposed to the anxiety state

patient group. It is difficult to account for this at the present

time, an account in terms of anxiety would seem inappropriate since

the KR and SQL data fail to confirm that subjects in the 'Threat*

condition were anxious during the presentation of the first 11 stimuli.

However, as will be discussed later (Chapter ) it is possible that

although the threat of shock had failed to induce anxiety during- this

period it nevertheless had caused subjects to direct their attention

at aspects of their environment ether than the presentation of the tones.

It /



It in also difficult to account for the significantly greater

mean response amplitude of Gjoup f on stimulus 20. If th«>re were a

radual divergence of the group means over stimuli 16-PO one might

conclude that the onset of anxiety is associated with the recovery of

an habituated SCR. However significant difference between the groups

is limited to stimulus ?0 and inspection of the raw data suggests

that the significance relies on one subject who showed a response of

5.U951 /»mho3 as opposed to an average response amplitude for the

Thus, in conclusion it must be admitted that the experiment

failed to allow any firm conclusions as to the effect of anxiety on

the habituation of the ICR to a discrete, neutral, auditory stimulus.

It does however indicate that the psychophysiological manifestation

of anxiety, but not necessarily the subjective experience, as a result

of threat of electric shock is restricted to that period during which

shock is imminent. furthermore the results of the present experiment

provide guidelines for the experimental design required to provide a

more adequate test of the hypothesis.

5.U931y»mhos a;
other subjects
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It might have appeared surprising thnt in spite of the effort

to replicate Lader and Wing's (1966) stimulation prooe ure in

.xperiment I their method of data analysis was not followed. fhere

axe three stages in the assessment of experimental results, the

demonstration of differences if they exist, the articulation of

those differences and the ttempt to provide a theoretical account.

Although the regression technique employed by fader and Wing

concisely demonstrates diff ranees between their experimental

groups it is the present author's opinion that their description of

those differences is inadequate and in fact misleading when used as

the basis for a theoretical account. Lader and Wing (1966) assessed

jCR amplitude in terms of the change in log conductance. Subsequently

they performed regression analysis on mean SCR amplitude against log

stimulus number 2-2C for each group and found that the gradients of

the regression for the groups were significantly different. In the

experiment which compared normals and anxiety state patients they

found that the gradient of the regression for the patient group was

significantly less negative than that for the normal group and they

concluded that the SCR amplitude of normals habituates more rapidly

with repeated presentation of a stimulus than d as that of «nxiety

state patients. This might well be the case, however, their

statistical analysis which confounds the effects of initial amplitude,

rate of decay and final amplitude cannot alone justify this conclusion.

Habituation is commonly regarded as exponential decay (Thompson

and .-•pe-neer,1?&6) and thus, given the limited sensitivity of recording

apparatus used for monitoring skin resistance, should "entuaily

result in ICRs of apparently eero amplitude. Ihrthermore, given the

high /
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high decay rates which can he estimated from the response amplitudes

to the first few stimuli the level of zero responding should,

theoretically, be reached rapidly. In the data presented in

experiment I the mean amplitude of response of the 'No rhreat' group

was O.?^2yunilnos which assuming simple exponential decay suggests a

decay factor of approximately 0.87. With a decay factor of this

order one would expect the mean response amplitude to stimulus 20 to

be Less than O.OfiOyttmhos whereas,.in fact,it stands at 0.286yHi>.hos.
This suggests the alternative conclusions that habituation is not,

in fact,exponential or that there is interference with the

experimental observation of its exponential course in the later

stages of CFi habituation. Similar conclusions can be inferred

from the mean response amplitudes of the 'Threat* group in Experiment I#

from the data generated by Lader and Wing and from the examination of

Individual records. hen individual records ae examined it becomes

obvious that habituation to zero amplitude is by no mear.s the rule.
e

^

Chose subjects who do in fact, after several repetitions of the

stimulus, fail to respond rarely do so for longer than lg-5 further

repetitions.

If one is reluctant to dismiss the hypothesis that habituation

is exponential then an account of the failure of 3CH date to reflect

exponential decay in the later stages of habituation can be couched

in tarns of the changing distribution of error around the true course

of habituation as response amplitudes tend to zero. Attempts to

monitor the course of habituation of any response make the implicit

assumption that, apart from the state which the diminution of response

reflects, /

to stimulus one was The nean amplitude to stimulus 11
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reflects, conditions, both subjective and objective, remain constant.

' ith respect to objective conditions, the physical environment of the

subject, this assumption, given a conscientious experimenter, is

probably quite valid. However, t .ere is little control of the

organising subjective state. For exam.)le, if the subject has not

previously habituated to the experimental laboratory taen in the course

of the experimental session this may, in part at least, occur. If, on

the other hand, the subject has visited the laboratory on many

occasions then it is quite likely that he will find it increasingly

difficult to remain awake. It is reasonable to assume that factors

such as these will affect the amplitude of the hCIi to any given

stimulus arid in fact the large error variance found in 3CR data

supports this assumption. The influence of these factors

undoubtedly causes error when the c.urae of habituation is

assessed however i:i common with inquiry into other aspects of

psychological function it is, at least in the early stages of

habituation, safe to assume that the error will cancel provided

a sufficiently large number of subjects are employed. However this

assumption is not valid in the later stages of habituation of the

3CR. negative 3CPs, decreases iri conductance are not observed thus

as the true amplitude cr the JCR approaches zero the error factor,

no longer cancelling, will obscure its observation. In practical

terms the effect will manifest as a premature and finite asymptote.

Any attempt to assess the true rate of habituation will suffer from

the inclusion in the analysis of points beyond that at which the

error factor fails to cancel.

The /
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The conclusion that the assessment of habituation rate must rely

on data from the early stages of habituation can also be arrived at

from a second approach, habituation is defined as 'a response decrement

as a result of repeated stimulation' (Harris, 19U3; Thompson and

Spencer, 1966) arid thus points beyond that at which response decrement

caaaes have no relevance to the assessment of habituation rate.

Figure 5 representing an admittedly crude replot of Lader and

Wing's data on the habituation of normals and anxiety state patients

taken from their figure 2U on page Sir of their monograph (Lader and

Wing, 1966) demonstrates clearly that given the arguments above, their

analysis included much data which was irrelevant to the assessment of

habituation rate and excluded one data point, the mean response

amplitude to stimulus on®, which was relevant. The analysis perf'onned

on the data generated in xperiment I here reported suffers the former

shortcoming but not to so great an extent. In analysing the data from

Experiment I an attempt was tnade to locate the points in the habituation

curves at which the course of habituation apparently changed (Hinkley,

1972) but unfortunately the standard deviations of the points thus

identified wore so large as to render them meaningless, fhe failure

to locate statistically meaningful change points led to the admittedly

arbitrary choice of stimulus 11 as the last relevant data point and the

subsequent analysis for Stimulus Number x Treatment interaction over

stimuli 1-11.

Further consequences of the arguments expounded above become

apparent when an attempt is made to compare two habituation curves,

Lader and Wing (1966) sought to determine whether two groups of

subjects /
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subjects differed significantly in their rates of habituation, ' aver,

their analysis in terms of the regression of response amplitude against

log Stimulus Number fails to discrimin te between the effects of

different habituation rates ana different final response amplitudes.

Any factor which influences habituation rate might well also affect

final response amplitude. Indeed Lader and ' ing report that the

final level of responding was greater for the patient group than for

the group of normal subjects. Given that Lader and Wing included in

their analysis the responses to stimuli after that at which the

final response amplitude was first reached the smaller gradient of

the patient regression line could well be, and indeed from figure

appears to be, a function of greater final response amplitude rather

than a decreased rate of habituation.

To emphasise the points made in the above discussion it might be

noted that if the data generated in Bxperiment I here reported is

subjected to regression analysis as detailed by Lader and Wing then

the regression equations are as followsi-

Group NT Y = 0.2297 - 0.0706 x

Group T Y = 0.0693 - 0.0135 x

and the difference between the gradients is highly significant- (F = 35*6,

d.f 1,3U). Thus in spite of the failure to find significant Stimulus Number

x Treatment interaction in the analysis of variance of response amplitudes

to stimuli 1-11 i.e. no difference in habituation r,.tes, the re-ares ion

technique indicates less rapid habituation for the stressed group,

Group T. Of the two alternative conclusions,the resent author, for

reasons outlined above, considers the former to be more valid. However,

the /
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the failure to demonstr te differences in rate of habituation b.y the

analysis ofmriance may well be a function of the technique rather

than a function of the absence of differences. Analysis of variance

was employed not because it was considered eminently appropriate to

the problem at hand but because other techniques appeared leas

suitable. Thus there was doubt as to whether Stimulus Number x Treatment

interaction would prove significant if differences in the rate of

habituation did in fact exist, l^is doubt served to prompt on

experimental test.

As will be outlined later the SCR can be considered a3 a

component of the orienting reflex, the most comprehensive theoretical

account of which is due to Sokolov (1963*0* Within the context of

Sokolov*s account of the habituation of the SCR any factor which

serves to facilitate the assimilation of information concerning the

stimulus to which the response habituates will also facilitate, hasten,

habituation. Sokolov arrives at this conclusion as a result of

conceptualisation of the habituation of this orienting reflex as

reflecting the formation of a 'neuronal model* of the stimulus. The

neuronal model of the stimulus is perfected with repetition of the

stimulus, when perfected no orienting reflex occurs and during the

habituation process the amplitude of the response is proportional

to the discrepancy between the stimulus and the neuronal model.

Sokolov insists that the neuronal model is neuronal representation

of all characteristics of the stimulus including the timing of its

presentation. Thus any factor which enables the subject to arrive at

cin estimate of the time interval between presentations of a stimulus

should hasten the habituation of the response to that stimulus. If a

stimulus /
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stimulus is presented at a fixed interstiaulua interval then a group

of subjects -/ho have the benefit of a top clock to facilitate

estimation of the interval and prediction of subsequent stimuli

should habituate more rapidly than a second group who are without

such an aid. Furthermore the method of assessment of habituation

and the statistical analysis employed should reveal that difference.
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CHAPTER <

EXPERIMENT III AN ATTEMPT TO PRODUCE
DIFFERENCES IN RATE OF HABITUATION AND

TO DESCRIBE THEM STATISTICALLY
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INTRODUCTION

The present experiment was designed, to test the oapacity of

analysis of variance to discriminate between SCR amplitude habituation

curves. In the previous chapter it was argued, albeit briefly, that

subjects provided with a stop clock should habituate to a stimulus

presented on a fixed interval schedule more rapidly than subjects not

provided with a stop clock, and that analysis of variance, if an

appropriate technique for analysing habituation curves, should be

sensitive to such a difference.

METHOD

Subjects

'The 1+0 Subjects employed, 20 of whom were female, were medical

students at the University. Their average age was 20.1+ years with

a range of 17-26 years. Apart from ensuring equal distribution of

the sexes, subjects were assigned at random to one of two groups.

Txuerimental situation

This was as in Experiment I except in that the stop clock was

removed when subjects in the 'No Clock' group were tested. Furthermore,

in the present experiment the air conditioner was employed throughout

the experimental sessions since the subjects wore headphones which

muffled its noise. Thus the experimental room temperature was 22 i 1°C.

Dependent variable

In the present experiment only skin resistance was monitored.

Details of the apparatus are given in Appendix I. Sensitivity and calibration

were as in Experiment I.

Stimulation /
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Stimulation

The stimulus series consisted of 8, one second, 1000 Hz tones

presented through headphones. The intensity measured between the

headphones was 90dB and the inter3timulus interval was 30 seconds

for the first 6 intervals and 25 seconds for the 7th and final

interval. Stimulus presentation was automatically noted on the

polygraph record.

hesign

The subjects were presented with the stimulus series on one

occasion only. Subjects in the control, •ho Clock' group (NO) were

allowed no objective indicant of the passage of time, those in the

experimental, 'Clock' group (C) were provided with a stop clock.

Procedure

After attachment of the electrodes a standardised set of

instructions was read to each subject informing them that the

purpose of the 3tudy was to record psychophysiological responses

to auditory stimulation. They were told to expect a period of

silence followed by a period during which tones would be presented.

The attention of subjects in Gigoup C w s drawn to the stop clock

and they were advised that they could U3e the stop clock, which ran

continuously throughout the experimental session, to help predict

the timing of stimuli if they so wished. All subjects were requested

to make themselves comfortable and then remain as still as possible

for the duration of the experiment.

Analysis /
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Analysis of data

Skin resistance readings were taken from the polygraph record

immediately before each stimulus onset. The lowest resistance

within 6 seconds of each stimulus onset was also noted. Responses,

the difference between pre- and post-stimulus readings, were

quantified as the change in conductance irywmhos. Responses to the
first seven stimuli were subjected to analysis of variance.

The 8th and final stimulus in the series was included merely

to provide a check that subjects in the 'Clock' group were in fact,

by the end of the series, aware of the interstimulus interval and

predicting stimulus onset. It was reasoned that subjects in the

'Clock' group would be sensitive to a 5 second decrease in the

interval and thus their responses to stimulus 8 would be greater

than their responses to stimulus 7« 'The 'No Clock' group on the

other hand would not be sensitive to the interval change and thus

there would be relatively little difference in their responses to

stimuli 7 and 8. Thus to establish whether or not the 'Clock* group

were using the stop clock the indi idual differences in response

amplitudes to stimuli 7 and 8 were subjected to a Kann-'Vhitney test.

■RESULTS

Due to a technical failure the data for one subject was lost,

thus reducing the number of subjects in the NC group to 19.

figure 6 shows the mean response amplitudes plotted against

Stimulus Number and Table "VI is that of the analysis of variance for

Stimulus Numbers 1-7. The analysis indicates that the main Treatment

effect /
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TABU.; VI

Analysis of variance of OCRs

/lain treatment* Clock v No Clock
Sub treatment I Stimulus Numbers 1 7
Blocks : lain treatment nested within subjects

Source of variation df
Sum of

Squares
Mean

Square
p

MAIN PLOT:

Treatment 1 8.09 ft.09 0.98ns
Error 37 306.23 8.28

TOTAL 38 31U.32

SUB PLOTS:

Stimulus Number 6 30.23 5.01+ 9.52**
Linear trend 1 21:. 52 224.52 I+6.32**
quadratic trend 1 U.73 U.73 8.93**
Remainder u 0.98 0.2$ 0.1+6

Interaction

Treatment x Stimulus No 6 5.60 0.93 1.76ns
Linear trend 1 1.73 1.73 3.26ns
Quadratic trend 1 2.21+ 2.21+ 1+.21+*
Remainder 1+ 1.63 0.1+1 0.77

Sub Plot error 222 117.51 0.53

TOTAL 272 1*67•65

ns - not significant
* - P<o.o$
** - p<0.01



- 7U -

effect was insignificant, that the sub-effect, Stimulus Number, wan

significant, i.e. there was habituation but that the Stimulus Number

x Treatment interaction was not significant. It is this latter

interaction that is of greatest impertance to the present experiment.

The lack of significant interaction indicates that the habituation

curves of the two groups are not significantly different.

A Mann-Whitney teat on the differences in response amplitude to

stimuli 7-8 revealed a significant difference between the groups

(z = 3*386, p ^0,05) indicating that there was a significantly greater

increase in response amplitude from stimulus 7 to stimulus 8 for the

•Clock' group.

DISCUSSION

The ultimate purpose of the present experiment was to determine

whether or not analysis of variance would be sensitive to differences

in rate of habituation. It was argued that a certain experimental

manipulation would yield two groups with differing rates of

habituation the data from which could then be used to evaluate the

sensitivity of the statistical technique. If the interaction of

Stimulus Number and Treatment had proved significant then one would

have been able to conclude that the experimental manipulation did

influence habituation rate and that analysis of variance was a

statistical technique that could be sensitive to differences in

habituation rate. Unfortunately the interaction proved insignificant

and one is left with the alternatives:-

(i) That there was no difference in habituation rate. Thus the

experiment /
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experiment fails to support Sokolov's (1963a) view of the habituation

of the orienting reflex and on still ia no wiser as to whether

an. lysis of variance would be sensitive to differences in rate of

habituation.

(2) That there wan a difference in habituation rate. Thus the

results lend support to Sokolov's hypothesis and cae can conclude that

an " /sis of variance is not sensitive to differences in SCR

habituation rate.

Perhaps a more graceful axperiaenter would, at this point,

admit that the design of the experiment waa tempered with optimism

rather than good eenae and terminate the discussion. The present

author,however, believes that there is evidence to fevour the

second of the two alternatives.

There are two possible reasons why .he interaction of Stimulus

Number and Treatment should prove insignificant in spite >f differences

in habituation rate. The first is large error variance about which

little can be done. The effects of the second, interference with the

observation of habituation by non-unifor distribution of error in

the later at&gea of habituation (discussed 'n Chapter 5), however,

can be avoided by restricting one's attention to the early stages of

habituation only. In u.e present experiment there was a significant

decrease in response amplitude over stimuli 1-3 for the 'Clock' group

(t =« £.03} for p^D.001 and df « 222, t « 3*29) whereas the decrement

in response amplitude for the 'No 'lock' group was not significant

(t = 0.82). This suggests that the subjects in the 'Clock' group

habituated more rapidly than those in the 'No Clook* group.

The /
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The significance of the Kami-Whitney test on response amplitude

change over stimuli 7 an 8 suggests that subjects in the 'Clock' group

were in fact using the stop clock to aid prediction of stimulus onset.

In conclusion, it might be noted, that the compounding of

hypotheses, in the present experiment that the experimental treatment

would alter habituation rate ard that the analysis e mployed would be

sensitive to that difference, is unwise. However, given the purpose

of the study there was little alternative, to test the sensitivity of

the analysis technique on anything but 'real' data would have been

meaningless. A possible improvement would have been trie inclusion of

a second method of assessing habitua ion such as the number of trials

to a criterion of non-rosponding.

Given the lack of significant Stimulus -umber x fre tment

interaction one is at a loss as to which of the hypotheses to abandon,

if not both. The present author has argued that there were differences

in habituation rate and the analysis for stimulus Number x Treatment

interaction was insensitive to them. This implies that before further

experimentation an alternative and more sensitive analysis technique

should be found. Forever, in spite of unsuccessful attempts to find

an adequately sensitive analysis it was nevertheless decidd to re¬

examine the effects of anxiety on the rate of habituation.



CHAPTER 7

EXPERIMENT IIII A SECOND ATTEMPT TO EXAMINE
THE EFFECT OF ANXIETY ON THE HABITUATION OF THE
SKIN CONDUCTANCE RESPONSE IN NORMAL SUBJECTS
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Experiment I was designed to examine the effects of anxiety on

the habitu tion of the ;CR to a discrete, neutral auditory stimulus.

Ithough the analysis of the data collected indicated no significant

difference in the habituation rates of the 'Threat* and *No Threat*

groups firm conclusions were hampered by the fact that the

psychophysiological manifestations of anxiety indicated that anxiety

was restricted to the final stages of the habituation series when in

fact habituation had already occurred. The present experiment was

designed to examine the same question but in this experiment the

habituation series was much shorter, 6 stimuli as opposed to 20

stimuli, and subjects were lead to expect electric shock at anytime

during the series as opposed to at the end of the aeries. The

modifications of design were to ensure that subjects in the 'Threat*

group were anxious during the habituation process. A further

modification involved the inclusion of a third tjroup to control for

the effects of the expectation of additional stimuli other than

noxious stimuli. This group will be referred to henceforth as the

'Placebo* group.

METHOD

Subjects

The 36 subjects employed, 1U of whom were female, were medical

and postgraduate student- at the University. Their average age was

20.8 years with a ran: e of 18-27 years. Except for making the

distribution of sexea as equal as possible, assignment of subjects to

one of the three groups was at random.

Experimental /
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Experimental situation

This was as in Experiment I except in that the stop clock was

removed, subjects wore headphones and the air conditioner was

employed throughout the experimental sessions.

Dependent variables

Only skin resistance was monitored. Details of the apparatus

are given in Appendix I and sensitivity and calibration were as in

ixperiment I.

Stimulation

The stimulus series consisted of 6, one second, 1000Hz tones

presented through headphones. The intensity measured between the

headphones was 100dB and the interstimulus interval was 3^ seconds.

Design

There were 3 groups, a control group, a 'Threat' group and a

•Placebo' group, each of 12 subjects.

Procedure

After attachment of the electroces a standardised s ;t of

instructions was read to each subject informing them that the purpose

of the study was to record psychophysiological responses to auditory

stimulation. They were told to expect a period of silence followed

by a period during which tones would be presented. Subjects in the

•Threat* condition were further informed that at some time during the

tone series a brief but painful electric shock would be presented.

Subjects in the 'Placebo' group were informed that at some time during

the /
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the tone series a second form of stimul tion would be employed hut

that this stimulation would not be unpleasant.

When skin resistance had reached a steady level the tones

series wat initiated.

Analysis of data

The skin resistance .immediately before each stimulus onset and

the lowest value within 6 seconds of stimulus onset were noted from

the polygraph recor s. Resistance values were converted into

conductance values ana the responses, the difference between pre-

and post-stimulus readings in micromhos, were subjected to analysis

of variance.

Rh.JULTli

t'ableVII i3 that of the analysis of variance and mean response

amplitudes are plotted against Stimulus Number in figure 7.

The main effect is not significant but that of the sub effect,

Stimulus Number is significant indicating habituation. The Stimulus

Number * Treatment interaction is significant, this effect being

predominantly in the linear component. The significance of the

Stimulus Number x Treatment interaction indioates that there were

differences between the grou>s in .he course of habituation. However,

when the plots of the means are examined it appears that the 'Threat*

group underwent little habituation and in fact the difference between

the mean amplitude of response to stimulus 1 and to stimulus 6 for tho

Threat' group is not significant (t • 1.22f for p<D.05 and df = 165,

t /
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TABLE VII

Analysis of variance of SCita

Main treatmentt Control v Placebo v Threat
Sub treatment > Stimulus dumber 1 .... 6
Blooka : Main treatment nested within subjects

Source of Variation df
Sum of

Squares
««•

Mean

Square
F

MAIN PLOT*

Treatment 2 129.20 61* .60 1 .l*2ns
Error 33 11*98.62 1*5.1*1
TOTAL 35 1627.81

SUB PLOTS*

Stimulus Number 5 315.58 63.12 15.63**
Linear trend 1 268.97 268.97 66.61**
quadratic trend 1 1*0.95 1*0.95 10.11***
Remainder 3 5.66 1.89 0.1*7

Interaction

Treatment x Stimulus No. 10 90.1*5 9.05 2.21**
Linear trend 2 82.70 1*1.35 10.21***
Remainder 8 7.75 0.97 0.21*

Sub Plot error 165 666.31 i*.0l*

TOTAL 215 2700.15

ns - not significant
* - P< 0.05
** - p<0.01
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t = 1.96). Furthermore the response of the 'Threat* group to stimulus 1

although significantly smaller than those of the 'Control* and 'Placebo'

groups to stimulus 1 (between Threat and Control/Placebo groups at

stimulus 1, t = 3.315 for p<0.001and df 198, t = 3.29) is not

significantly different from the responses of the 'Control' and 'Placebo

groups to stimulus 6 (between Threat group at stimulus 1 and Control/

Placebo groups at stimulus 6, t = 0.07; for p<0.05 and df = 198, t = 1.

Throughout the course of habituation there were no significant

differences between the 'Control' and 'Placebo' groups.

DISCUSSION

The present experiment was designed to examine the effects of

anxiety on the rate of habituation of the SCR and as such, like

Experiment I, it failed. The significant interaction of Stimulus

Number x Treatment might lead one to conclude that the anxiety induced

by threat of electric shock affected habituation rate,however, closer

examination of the data reveals that this conclusion is invalid.

Certainly the 'Threat' group exhibited a smaller response decrement

as a result of repetition of the stimulus than either the 'Control'

or 'Placebo' groups but this was entirely a function of abnormally

small initial responses. The mean amplitude of the responses of the

•Threat' group to stimulus 1 was indistinguishable from the mean

amplitude of responses of the 'Control' and 'Placebo' groups to

stimulus 6.

The lack of significant difference between the 'Control' and

•Placebo' groups suggests that the effects of the expectation of an

electric /
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electric shock are specific to the expectation of unpleasant, painful

stimulation rather than merely the expectation of extra stimulation.

The present data, in that it shows smaller initial responses as

a result of anxiety, is in agreement with that generated "by Experiment I

if it is assumed that subjects in the 'Threat' group in Experiment I

were experiencing anxiety at the time of stimulus 1. Furthermore, it

is in agreement with the data of Lader and Wing (1966) who,on page ,8U *

reports-

"the normal subjects have larger earlier responses than

the patients."

Thus it seems that a reduction in the size of the initial responses

to a stimulus, if not the primary cause of an apparent decrease in

the rate of habituation, is certainly the more robust finding. Indeed,

if it is assumed that,in spite of the lack of physiological manifestation

of anxiety during habituation in Experiment I,that the 'Threat' subjects

nevertheless experienced anxiety then one might conclude that anxiety

has no effect on the rate of habituation.

Whatever position is adopted with respect to the effect of

anxiety on the rate of habituation it is clear that it must remain

opinion until further work is carried out. The present author, however,

while regarding the maximal habituation hypothesis of Lader and

Kathews (1968) with suspicion, felt at this point that it was wise to

abandon the attempt bo discern the effects of anxiety on habituation

rate and instead attempt to account for the findings of the work so

far completed. The two experiments described in which the 3Chs of a

group of subjects threatened with electric shock were compared with a

control/
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control group indicate smaller initial response amplitudes for the

former. An attempt will now be made to account for this finding.
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The SCRs observed by Lader and Wing (1966) and by the present

author in the three experiments so far reported were most probably

components of the orienting reflex (OR). Although the intensity of

the stimulus used by Lader and Wing was reported as 100dB, an

intensity which Sokolov (1963a) classifies as painful and giving

rise to a defensive reflex their subjects described the stimulus as

being 'of moderate to severe intensity, but never painful or

unbearable'. (Lader and Wing, 1966, p U7)• Furthermore the SCRs

to this stimulus did in a majority of cases exhibit substantial

habituation whereas Sokolov reports that the SCR as a component of

the defensive reflex 'undergoes extinction with difficulty and, in

some cases, escapes it altogether*. (Sokolov, 1963a, p 60). The

discrepancy here might well be due to different methods of

presentation of the stimulus. Lader and Wing presented the stimulus

by means of a loudspeaker placed 30cm behind and 30cm above an

imaginary line passing through the subject's external auditory meati.

Sokolov does not describe in detail the method of stimulation however

one might infer from his report that the tones were 'of strictly

predetermined intensity' (Sokolov, 1963a, p 38) that earphones were

employed. In ilxperirnent III here reported 100dB tones were

presented via headphones and the elicited SCRs nevertheless appeared

to fulfil at least one criterion for components of the OR in that

they habituated.

Unfortunately none of the experiments under consideration,

those of Lader and Wing (1966) and those of the present author,

provide sufficient data to enable examination of the nature of the

SCRs elicited in light of the full three criteria, outlined by

Sokolov /
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Sokolov (iy63a) and stated below, which define a response as a

component of the OR. However in an attempt to account for the

findings of Lader and Wing and those of the present author one

could do worse than to consider the orienting reflex and its

habituation in detail.

By far the most concise and comprehensive discussion of the

orienting reflex is provided by Lynn (1966) and thus much of what

follows is derived from that source and additionally from Sokolov

(1963a).

The orienting reflex was first described in terms of its motor

components by Pavlov in 1910 (Pavlov, 19U7-U9, cited by Sokolov,

1963a; Pavlov 1927) • The orienting reflex is the first response

of the body to any type of stimulus. It involves specific movements

of the eyes, eyelids, ears, head and trunk thereby orienting the

appropriate sensory receptors to ensure optimal conditions for

perception of the stimulus. It might well be noted at this point

that if the stimulus is brief and discrete then the orienting reflex

will fail to facilitate reception of the stimulus but might well

facilitate analysis of the stimulus and most certainly facilitates

reception of subsequent stimulation from the same source. Forbes

and Sherrington (191U) also described the orienting reflex,

"Certain acoustic stimuli excite reflex movements of

the pinna, neck, tail and limbs in the cat ... The

motor responses are of a kind which suggest that each

stimuli can excite purely reflexly a certain amount

of orientation of the animal to the stimuli ..."

(Forbes and Sherrington, 191U# p 379)

Using /
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Using the characteristics of motor orientation as criteria

other physiological changes which occur simultaneously have been

identified as components of the OR. The three criteria, as

outlined by hokolov (1963b, p 5I46) are as follows

(1) Nonspecificity with regard to the quality of the stimulus.

A response which is a component of the OR will be elicited by a novel

stimulus regardless of the modality or parameters of the stimulus.

Thus peripheral vasoconstriction which occurs in response to the

application of a cold stimulus cannot, without qualification, be

regarded as a component of the OR since application of a hot stimulus

will give rise to peripheral vasodilation. However peripheral vaso¬

constriction in response to an auditory stimulus can be classified as

a component of the OR since it will occur whatever the frequency of the

stimulus. Furthermore a similar vasoconstrictory response will be

observed following novel visual stimulation. The vasoccnstrictory

response to the application of a cold stimulus is classified by

Sokolov (1963b) as an adaptive reflex in that It serves to limit the

effect of the stimulus.

(2) Nonapecificity with regard to the intensity of stimulation.

Within the range of non-painful stimuli a response which is a component

of the OR will be elicited by any intensity of stimulation and even by

a decrease in the intensity of & jontinuous stimulus.

(3) Selectivity of extinction of various properties of the

stimulus with repeated presentation. A response which is a com onent

of the OR and which is elicited by a novel stimulus will habituate

with repeated presentation of the stimulus. It will however rec ver

in response to any change in the stimulus.

Given /
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Given these criteria the cessation of ongoing responses and the

general rise in muscle tonus observed in response to stimuli can be

classified as components of the OK as can changes in the

electroencephalogram (EEG) .in the direction of higher frequency and

lower amplitude waveforms. Vegetative changes such as peripheral

vasoconstriction, cephalic vasodilation, respiratory and cardiac

responses and skin conductance responses have also been identified

as components of the OR. Furthermore in addition to the motor

responses which orient the sensory receptors toward the source of

the stimulus there is evidence of a momentary increase in the

sensitivity of the sensory analysers which can also be classified as

a component of the OR. Both Edelberg (1961) and Sokolov (19631O have

presented evidence indicating that sensitivity of the organism to

sensory stimulation increases following a stimulus which elicits an OR.

jSdelberg (1961) demonstrated increased tactile sensitivity to

vibratory stimulation, as shown by lower detection threshold, during

spontaneous and experimenter induced orienting reflexes and he

suggests that this might, in part at least, be associated with the

local manifestation of orientation, the skin conductance response.

He also presents evidence which indicates that there are more central

aspects of the orienting reflex which in some circumstances can

counteract the effects of peripheral sensitisation and presumably in

others supplement it. In some subjects the presentation of an

orienting reflex eliciting extraneous stimulus caused a rise in

detection threshold rather than a fall. Edelberg attributes this to

distraction of the subject's attention by the extraneous stimulus.

Furthermore he observed falls in detection threshold in the absence

of /
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of orienting reflexes. Subjects would eventually cease to respond to

a slightly suprathreshold vibratory stimulus that was presented

repeatedly. If then a somewhat more intense stimulus was applied a

recovery of responding was invariably observed to the subsequent

stimuls even if this were at a lower intensity than that of the

preceding series and despite the absence of electrodermal or vasomotor

evidence of orientation. Thus the peripheral manifestations of the

orienting reflex may well be processes of receptor sensitisation, as

Edelberg suggests is the case with the SCR and tactile sensitivity but

they will not enhance the organisms reception of information unless

attention is focussed on the appropriate source and furthermore that

attention is focussed on a particular source does not imply that

stimulation from that source will elicit an OR.

Sokolov (1963b) investigated changes in the sensitivity of the

eye which occur during the orienting reflex in unanaesthetised

rabbits. He observed that the electroretinographic response of the

eye to a light flickering at UO Hz was greater immediately after

the presentation of a second light or an auditory stimulus and he

attributed this effect to the elicitation of an 08 by the extraneous

stimulus. In 1963 Sokolov (1963a P 285) briefly reports an experiment

indicating a fall in detection threshold for light stimulation as a

result of the elicitation of an OR by an auditory stimulus. Using

human subjects he determined the detection threshold and then

presented a light 0.8 of threshold intensity. Subjects were asked

to respond if they detected the light and as might be expected with

a subthreshold stimulus they failed to respond. However following

an orienting reflex eliciting auditory stimulus the light stimulus

was /
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was detected. Although details of this experiment are not available

(in English) it must be assumed that either the location of the

sound source was adjacent to that of the test light or that subjects

were led, by instruction or by repeated trials, to expect a light

stimulus following the auditory stimulus.

In much the same way as the SCR is thought by Edelberg (1961)

to be associated with increased tactile sensitivity there is

evidence that the EEG component of the OR, desynchronisation, is

associated with increased sensitivity of the cortex. Lindsley (1958)

mimicked the EEG response component of the OR in cerveau isole

preparations of the cat hy electrical stimulation of the reticular

formation. Before and during such electrical stimulation, paired

light flashes with a $0 msec interval gave rise to a single cortical

evoked potential. However in the 10 see period following cessation

of electrical stimulation of the reticular formation each of the

flashes evoked a separate cortical response. The author concluded

that EEG desynchronisation was associated with enhancement of the

power of the cortex to differentiate closely spaced stimuli.

Sokolov (1960) also presents evidence of increased lability of the

cortex as a result of desynchronisation of the EEG. Within a limited

range the cortex will reproduce the frequency of a flashing light

stimulus however with repeated presentations this ability diminishes.

Sokolov used an l8c.p.s. flickering light and after the cortex had

ceased to show evidence of following this frequency an auditory

stimulus was presented. In the period immediately subsequent to the

auditory stimulation the cortex once again showed evidence of

reproducing the imposed frequency and continued to do 30 with each

presentation /
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presentation of the auditory stimulus until the OR to the auditory

stimulus had habituated. Sokolov concludes froui these findings that

the sensitivity of the cortex is increased during an orienting reflex

and that the increase in sensitivity is associated with desynchronisation

of the EEG.

Thus the orienting reflex involves orientation of the receptor

organs towards the source of the eliciting stimulation and an increase

in sensitivity of the sensory analysers. It should be noted that the

facilitation of the reception of information from the source of the

eliciting stimulus is often at the expense of sensitivity to other

sources of stimulation. This is obvious with respect to receptor

orientation, orientation of the eyes toward a source of stimulation in

one corner of a room is unlikely to increase the sensitivity of the

organism to visual input from the opposite corner however there is

evidence that this might also be the case with respect to the

sensitivity of the analyser. In addition to the findings of Edelberg

(1961) already discussed, an experiment by Broadbent and Gregory (1963)

although outside the traditional OR literature, suggests that attention

to one source of information reduces sensitivity to a second source.

Broadbent and Gregory (19^3) presented subjects with a list of

6 digits to one ear while simultaneously presenting a detection task,

white noise which sometimes contained a target tone, to the other ear.

In one condition subjects were instructed to ignore the digits and

merely report the presence or absence of a tone in the white noise.

In a second condition they were required to retain the digits for

subsequent recall. The rate of tone detection, of false alarms and

the /
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the oonfidence with whioh subjects reported targets in this latter,

divided attention condition was compared with that in the former

c ridition 1 which subjects could focus attention on the detection

task. The results, analysed in terms of Signal Detection Theory

(Tanner and .,wots, 1 ) indicated that when attention waa divided d*

for the target tones decreased, i.e. the detection of the tone

suffered in a manner resembling the effects of reducing the signal

intensity. If one assumes that the ont3et of the digit • eries elicits

an OR then these findings stand in contrast to those cited previously

(Edelberg 1961, okolov 1963a) suggesting an increase in sensitivity

as a result of the elicitation of the OR, The conflict can be

resolved by hypothesising that the inc.re se in sensitivity has a

directional component. In Broadbent and Gregory's experiment as a

result of instructions to the subjects the reception and analysis of

the digit series benefits from the increased sensitivity at the expense

of the detection of the tone whereas in typical studies of sensitivity

changes following an OR as a result of instruction or repeated trials

the detection task benefits fron: the increased sensitivity. Of course

the evidence of Broad bent and Gregory is not unequivocal wit! respect

to the account of sensitivity changes offered here. It Terrains to be

demonstrated that the t vet of a series of digits will elicit an OR and

that the perception and. recall of a series of digits is enhanced by the

elicitation of an OR, However Broadbe t and Gregory's findings should

cause hesitation before claims th t the orienting reflex involves a

general increase in sensitivity to aeneory input are entertainer,
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CHAPTER 9

THE ORIENTING REFLEXJ ITS ELICITING CONDITIONS
AND THE DETERMINANTS OF ITS INTENSITY



The orienting reflex is commonly regarded as a unified response,

a constellation of physiological responses activated simultaneously

by particular stimulus conditions and sharing a common teleological

account. In Sokolov's view the orienting reflex is *a response which

mobilises all its (the bodys') resources for the perception of the

new stimulus' (Sokolov, 1963a* P 6U)• Thus experimental findings with

respect to any one component of the orienting reflex are often

generalised to all other components and although such generalisation

has often been shown to be justified by subsequent research there are

grounds for caution. Voronin and ookolov (i960) report an experiment

carried out by b-Boa-Hua which clearly indicates the independence of

the components of the orienting- reflex and emphasises that all component

responses are not necessarily elicited in all subjects on all occasions.

U-Boa-Hua monitored the electroencephalograph (EEG), rolandic fissure

rhythm, skin conductance, respiration, eye movements and digits! flemor

tonus of 100 subjects during the first presentation of an auditory

stimulus. Cf the 100 subjects characteristic orienting reflexes were

noted in the electroencephalographic (EEG) records of 8$ subjects, in

the rolandic fissure rhythms of 53 subjects, in the skin conductance

of 95 subject , in the respiration of 63 subjects, in the eye movement

charts of U2 subjects and in the digital electromyographic (EMG) record

of only one subject. Disregarding the EMG data the simultaneous

appearance of all the OR components monitored was seen in only 11

subjects. Furthermore there are differences in the rate at which the

various component responses of the orienting reflex elicited by the

first presentation of a stimulus will habituate with repetition of the

stimulus /



stimulus. The rate at which a given component habituates appears to

be dependent to a large extent on the modality of stimulation

(S^colov, 1963a)* It oust also be remembered that the appearance of

any one component response of the orientin reflex does not

necessarily signify the occurrence of an orienting reflex since all

components of the orienting reflex (with the possible exception of

cephalic vasodilation) also occur as components o? other unconditioned

reflexes, (dokolov, 1963b). Thus in the following discussions

emphasis will be placed on those studies which employed SG measurement

and notice will be given when arguments rely on generalisation of

findings based on the measurement of other OR components. Fortunately

such a policy does not place as severe limitations on discussion as

one might imagine, dkin conductance is one of the most convenient

measures of OR and furthermore the findings of U-Boa-Hua cited earlier

indicate that it is one of the mo3t reliable, it is not surprising

therefore that SC is also one of the most popular measures of the

orienting reflex.

Before discussing the factors which influence the amplitude of

the OR, a discussion pertinent to the findings of Lader and Wing(l966)

and to the results of rxperiments I and III here reported, it is

necessary to consider the type of stimuli which elicit the OR. Until

recently the sine qua non for elicitation of the OR has been believed

to be 'novelty'. Berlyne (i960) has discussed the question of novelty

and has drawn distinctions between long terra, short term, absolute and

relative novelty however with respect to the orienting reflex the

ooncept of novelty only comes to have substance within the context of

Sokolov's (1963a) 'neuronal model thoery* and within the context of

experimental /
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experimental design. In a typical investigation of the orienting

reflex the subject 3its quietly for several minutes, until steady

levels of the psychophysiological variables being monitored are

obtained, before the first stimulus presentation. The stimulus is

then repeated and possibly after several repetitions some feature

of the stimulus is changed. Sokolov suggests that an organism forms

a 'neuronal model' of impinging stimuli, that perfection of the

model requires several repetitions of the stimulus and that the

elicitation of an orienting reflex depends on a discrepancy between

the current neuronal model(s) existing in the organism and the

current stimulation. The neuronal model is assumed to d ecay with

time if the appropriate stimulus is not presented and thuti a stimulus

which has never before been presented or has not been presented 3r the

recent history of the organism will fail to coincide with any neuronal

model held by the organism and an orienting reflex will be elicited.

With re arence to the 'typical' orientation study discussed above it

is obvious that Sokolov'a theory would predict an orienting reflex to

the first stimulus presentation and in fact such a stimulus rarely

fails to elicit an OR. With repetition of the stimulus a neuronal

model is established, perfect d and as a result the stimulus eventually

fails to elicit an OR. Within this theoretical framework the rate of

habituation of the SCR can be viewed as reflecting the 3peed with

which a neuronal model is formed.

This conception of the OR owes a great deal to Pavlov who,

discussing trie OR in 1927, writes:-

'*It is this reflex which brings about the immediate

response /



response in man and animals to the slightest changes

in the world around them ..."

(Pavlov, 1927, P 12)
Sokolov writes

"It is the response of the "body to all changes in

the environment ..."

(Sokolov, 1963a, p 61+)

and later:-

"The development of an OR is a sign that the nervous

system has detected a change in the stimulu , that it

has differentiated one stimulus from another."

(Sokolov, 1963a, p 283)

Sokolov further maintains that the amplitude of the OR elicited by

a stimulus is directly proportional to the discrepancy between the

stimulus and the 'neuronal model'. In 1969 he writes:-

"Vithin a certain range of amplitude and duration the

OR is proportional to the difference between the

tro.ce (the neuronal model) and the stimulus operating

at a given moment."

(Sokolov, 1969, P 6?U)

This assertion is supported by an experiment reported in i960

(Sokolov, 1960) demonstrating the amplitude of the OR, assessed in

terms of the duration of ot-rhythia depression, to various frequencies

of tones presented after habituation to a tone of 1OOOHz. Although

the report lacks detail it clearly implies that the duration of o*.-

rhythm depression is directly proportional to the difference in

frequency b tv/een the stimulus to which the response had been

habituated and the frequency of the test stimulus.

However /
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However, since Sokolov brought experimental investigation of

the OR back into vogue evidence has accumulated which suggests that

the neuronal model tneory is inadequate. That the first presentation

of a stimulus elicits an OR has not suffered contradiction but that

after habituation of the OR any discernible change in the stimulus is

sufficient to cause the recovery of the OR and that the amplitude of

the recovered OR is directly proportional to discrepancy between the

neuronal model and the current stimulus has failed to gin unqualified

support.

Sokolov has claimed that any change in the stimulus, whether it

bej-

"intensified, weakened, lengthened or shortened: when

it is presented before the usual time: when it has

been omitted at the usual time"

(Sokolov, 1969» P 67T4)

provided the change is discernible, is sufficient to elicit the OR.

O'Gorman, Mangon and Gowen (1970) tested Sokolov's theory by

habituating subjects to a tune of 2 seconds duration, 60db intensity

and 1000Hz frequency. The tone was presented on a variable interval

schedule, with a mean intertria^ interval of 20 sees, until subjects

failed to respond to three successive presentations. Hie tone

presented Hubsequent to this criterion of habituation being fulfill d

was changed. There were 15 change conditions; three involved changes

in frequency, 2 decreases and one increase;three involved changes in

intensity, 2 decreases and one increasejand nine conditions involved

changes in both frequency and intensity. A sixteenth condition, the

control condition, involved no chan e in the stimulus. The skin

conductance /
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conductance response to the changed tone was recorded and subsequently

compared with the response to the corresponding stimulus in the control

condition. The results indicate that only an increase in stimulus

intensity caused a significant recovery of the OR, Bernstein (1968)

has also reported that an increase in intensity of stimulation is more

likely to cause the return of the OR than an equivalent decrease in

intensity.

Koepke and Pribram (1966) assessed the effect of change of duration

of the stimulus on OR return. They habituated subjects to either a

2 second or 20 second tone and then reversed the durations and report

that only of the subjects employed responded to the change in

duration. Siddle and Heron (personal communication) found that

omission of a stimulus after habituation had occurred did not cause

significant recovery of the OR assessed in terms of SCR and digital

vasoconstrictive response. Bernstein, Taylor, Austen, Mathenson and

Soarpelli (1971) employed geometric patterns as stimuli, Subjects were

habituated to one pattern and then either a discrete change or a

gradual change of pattern was presented. The gradual changes of

pattern were designed so as to give the illusion of either movement

tovard or movement away from the subject and the discrete changes

involved presentations of the final patterns in the gradual change

conditions, i'he results .indie te that apparent movement was more

effective in eliciting the OR with movement toward being the most

effective. Houck and Mefferd (19&9) compared the effects of

intrusion of iitr* and inter-modal stimuli after habituation. Subjects

were habituated to the presentation of & light or tone arid subsequently

for /
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for intra-modal changes the wavelength of the light or the frequency

of the tone was changed and for inter-modal changes subjects habituated

to a light were presented with a tone and vice versa. Recovery of the

OR, assessed in terms of SCR'3 as compared with control groups, in

response to the change in stimulation was significant only for the

inter-modal change.

0'Gorman (1973) in a review of the liter .ture concerned with

the return of the OR to changes in stimulus conditions concludes that

the only conditions which have been found consistently to elicit the

OR are an increase in intensity of the stimulus or a change in the

modality of stimulation. It might, be noted at this point that the

first presentation of a stimulus, which as already mentioned, rarely

fails to elicit an OR might well be considered as a change in the

modality of stimulation, typical OR studies involve either the

absence of stimulation or the presence of monotonous background

stimulation over the channel in which the stimulus to be habituated

will eventually be presented. Such conditions will promote attention

to other input channels and the onset of the first stimulus will cause

a switch of attention to its input channel. 0*Gorman (1973) also

draws attention to the fact that not all human subjects respond with

an OR to changes of which they are aware. Several of the investigations

reported above (Siddle and Heron, op. cit.; O'Gorman et al, 1970;

Houck and Kefferd, 1969) make the point that most subjects who failed

to show an OR to the change were nevertheless aware that the change

had occurred. Bernstein (1969) in an experiment involving changes in

illumination noted that of 3U subjects who at the end of the experimaat

described the stimulus change correctly only 13 gave an OR to the change.

He /
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He suggests that the elicitation of the OR is not as feflexive and

mechanistic as the neuronal model theory implies and rather than

occurring to any change in stimulation onl.< occurs if the subject

perceives the change as potentially meaningful* Thus the OR does not

automatically accompany registration of stinulus change, it appears

rather to accompany some process subsequent to registration which may

or may not occur depending on the stimulus change involved and

presumably the significance of tnat change to the particular

individual under observation.

hVidence that the amplitude of the OR elicited by stimulus change

is not necessarily dependent on the extent of the change is provided

by Zimny and Schwabe (1966)and Ge©r(l969)« Geer habituated subjects

to a tone of 1000Hz and then ohanged thefrequency to 1010, 1100 or

2000Hz and found no significant differences in the amplitude of the

OR among the three change groups.

The above discussion makes it clear that stimulus change, or novelty,

is not sufficient to elicit an OR. There has been evidence available for

many years that novelty is -'unnecessary for the elicitation of the OR but

it has failed to be considered as such primarily because of the

distinction, drawn by Sokolov, between neutral and signal stimuli.

So^olov (1963a) points out that a ne tral stimulus to which the OR

has been habituated can recover the power to elicit an OR if it is

transformed into a signal stimulus. If, for example, (Sokolov, 1960)

the OR (assessed in terms of peripheral vasoconstriction) to a tone

is habituated and the OR to an electric shock is a3 a result of

repeated presentation transformed into a defense reaction (DR.)(as

assessed /
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assessed by cephalic vasoconstriction), then subsequent pairing of

the tone and the shcck will cause the return of the OR to both the

tone and the shock. With repeated presentation of the paired tone-

shock combination the OR will habituate once again and eventually the

tone will come to act as a conditioned excitatory stimulus (CS+) for
a DR. furthermore if after establishing conditioning of the DR a third

stimulus is introduced as a conditioned inhibitory stimulus (CS ) then

the OR not only occurs to the new CS~ but also returns to the CS+.
Sokolov reports thati-

"the more difficult the discrimination (between CS+ and CS~)

the more persistent the OR and the more difficult is the

formation of the conditioned reflex."

(Sokolov, 1963a, p 173)

Gernana (1968) reviewing the literature concerned with the

psychophysiological correlates of conditioned response formation

and emphasising studies which allow separate analysis of the

psychophysiological responses to the C3, the anticipatory responses

to the unconditioned stimulus (UCS) and the responses to the TJCS

Concludes that the responses to the CS increase in magnitude during

the early stages of conditioning, peak before the first observation

of a conditioned response (CR) and then diminish. There is nothing

in the literature to suggest that the activation observed in response

to the CS is not, as Sokolov implies, an OR to the CS and thus one

can conclude that the OR to the CS increases in amplitude during

early conditioning trials and peaks before the first occurrence of

a CR. Germaoa in fact offers this as a possible account of

'activational peaking' but fails to make the point as strongly as

one might because of a reluctance to aceept that the OR is a response

to /
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to anything oth«r than novelty. Sokolov no doubt would share this

reluctance but in f d avoids the dilemma by attributing the return

of toe OR in toe early stages of classical conditioning to the

novelty of the CH-UC3 pairing. In discussing the experiment cited

above (Sokolov, i960) in which the fate of the OR during classical

conditioning of a BR is observed Sokolov was asked (p 22^):-

"If you have habituated two different orienting reflexes

which have been presented separately* the fact that they

are brought together simultaneously gives you a new

stimulus and, hence, a new orienting reflex'

Sokolov repliesi-

"That*s right. There is nov slty in the combination"

However, in view of toe fact that the IR's to the future CS and

'DCS could presumably be habituated by presentation of those stimuli

on any one of an infinite number ofno.i-contingent schedule without

jeopardising the return of toe OF when contingency is introduced it

is difficult to see how the OH return can be ascribed to novelty.

Furthermore when a neutral stimulus, to which the OR has been

habituated, is transformed into a signal stimulus by instructing the

subject to perform a raotor response contingent on its presentation or

instructing him merely to watch out for the stimulus, OR return will

be observed (Bokolov, 19&3&). In those cases it is even more

difficult to attribute return of the OR to any form of novelty other

t an the novel meaning of the stimulus. more reasonable account

of such OB return would seem to be possible in tor*** of Bernstein's (1968)

contention that the OR occurs in response to the potential aieaningfulness

of the stimulus. Ihus unpaired presentations of the C3 will eventually

fail /
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fall to elicit the OR because of the lack of contingencies, the

CS when unpaired is meaningless. Pairing of the CS and the UC3

imparts meaning to the CS, the OR returns and its strength is

maximum at a point when the meaning becomes apparent to the subject.

Thus it appears that novelty is neither necessary nor sufficient

for elicitation of the OR and. that some account other than mismatch

between the neuronal model and current stimulus input must be sought.

Bernstein (1968) ha3 suggested that the OR is elicited by potentially

meaningful stimuli, implyi g that the OR accompanies further analysis

of such stimuli. Unfortunately the concept of a 'potentially

meaningful stimulus' is not one which lends itself easily to

experimental investigation; however, it casts a convenient light

within which to examine the factors influencing the amplitude of

the OR.

Given that the OR serves to facilitate reception and possibly

analysis of sensory input and that it is elicited by any stimulus

which appears to be potentially meaningful, it is not surprising

that the onset of any stimulus which is relatively novel, i.e. has

not been presented in the recent history of the organism, should

elicit an OR. Furthermore, it might be expected that the more

intense the stimulus the greater the amplitude of the OR. This is

in fact the case. Hcvland and Riesen (19U0) measured the amplitude

of the 'a-component' (the initial negative deflection) of the akin

potential response to tones of various intensities. Their results

indicate an almost line r relationship between the intensity of the

tones and the logarithm of the response amplitude. Sokolov measured

the /
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the amplitude of the SCR to tones of various intensities and ttfritess-

"the size of the reaction (SCR) is somewhat greater

in the range of weak stimuli than the medium ones,

after which it steadily increases with the intensity

of stimuli."

(Sokolov, 1963a, p 63)

Germana and Klein (1968) recorded the hear . rate (HR) and SCR's of

subjects to tones of intensities 50» 70 and 90 db and. report that

the magnitude of the SCR was directly related to stimulus intensity.

Interpretation of the heart rate data is more complicated, it is as

yet unclear which component, if any, of the HR response, which is

usually multiphasic, represents the OR. Germana and Kleir's data

indicate that the HR is triphasic, an initial acceleratory phase,

a deceleratory phase and a final late acceleratory phase. On the

basis that the acceleratory phases habituated with repeated

presentation of the stimulus the author^ concluded that the haart

rate component of the OR was an acceleratory response and accepting

this their data indicates that the amplitude of the IR component of

the OR increases with increasing intensity of stimulation. Uno and

Grings (1963) monitored the responses of skin conductance, skin

potential, heart rate, finger blood volume and finger pulse volume

to burst: of white noise of various intensities. In the range 60-

100 db they found that response magnitudes were directly related to

stimulus intensity. In a study of the electromyogrxph of face, neck

and arm muscles during auditory stimulation. Gogan (1970) distinguished

two components. An initial component which he labels 'startle• showed

a latency of 20-1+0 msec and a duration of 160-180 msec, a second

component /
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corapo writ widea he identifies aa the orientation component has a

latency of 35^~50O msec and a duration of 3-10 sec. When the

amplitudes of these components were examined with respect to the

intensity of stimulation he found that the foi r varied with

intensity whereas the latter did not. This might be taken to

suggest that the 2MG component of toe OR does not Vary with

intensity however later in the same paper Gogan writea j-

"a fair correlation exists between amplitua of toe

startle Md toe am^litode of the corresponding

orienting reactions."

There may be merit in attempting to identify components within

a given response system. Certainly with respect to SCR there is

evidence to suggest that the response observed froa toe pala of the

hand is composed of two components, one reflecting sweat gland

activity, the other epidermal activity (nichter, 1929). -Furthermore

the two components appear to have differin adaptive or behavioural

significance (idelberg and right, 196d; Mordkoff, Edelberg and

listiok, 1967) Mordkoff et al (19^7) have suggested that the

epidermal component of the SCR accompanies the On whereas the sweat

gland component is primarily associated with a defensive, anxiety¬

like response. In this context it would be instructive to examine

the reactivity of toe two components tc -t mulus intensity: it might

well be that while one component is associated with the perception of

a potentially meaningful stimulus the other component would be more

reactive to the intensity of stimulation.

It /
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It is tempting to suggest that the infallability of the OH to

the first presentation of a stimulus is a consequence of an increase

in intensity of stimulation however ther;- is ample evidence to

indicate that an OR is also elicited by the first presentation of a

stimulus which involves a decrease in stimulus intensity e.g.

Bernstein (19^9)•

Investigation of the autonomic responses to stimuli of various

intensities has since 19U0 been mainly concerned with the physical

intensity of the stimulus however prior to 19U0 a considerable body

of literature was published relating the amplitude of the SCR to

ratings of intensity of subjective experience. It might be argued

that such work is relatively meaningless in comparison to work in

which the stimulus intensity has to he rated objectively,however the

SCR, presumably representing the OR, can he elicited b the

presentation of words. With such stimuli one has no recourse in

attempting to assess intensity other than to obtain subjective

ratings. KcCurdy (1950) reviewed 10 studies, including one of his

own, from which he was able to calculate the correlation between

ratings of intensity of subjective experience and SCR amplitude. Five

of these experiments were specifically concerned with the SCR elicited

oy the presentation of words. McCurdy reports correlation coefficients

ranging between 0.U5 and 1.00 with an average of above 0.7# As the

author points out correlations of this order between any two

variables are rare in psychological experimentation and he laments

that ( p 325):-

"little /
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"little attention has been paid to the very sturdy fact

of the connection between the subjective evaluation of

stimuli and the electrical events detected at the surface

of the skin"

It is exciting, albeit damnably speculative, to juxtapose the

views of Bernstein (1969) and i cCurdy (1950). Bernstein suggests that

the OR is elicited by a potentially meaningful stimulus and NcCurdy

suggests that the amplitude of the SCR (OR) is proportional to the

intensity of the subjective experience elicited which might be

translated as its meaningfulness.

A second factor, concerning the organism rather than the

stimulus, which affects the amplitude of the OR is the extent to

which the subject is attending to the stimulus. Darrow (1936) in

discussion of the characteristics of SCRs to stimuli exhibited by

patients in the withdrawn states of catatonia writes (p 77)s-

"It is the writer's conviction that the phenomenon in

withdrawn states is primarily a function of the

individual's lack of attention to and comprehension of

the stimulating situation. Stimuli early in a series

occasion small reactions in these conditions because

•attention' is not aroused."

Two recent studies have investigated the effect of instructions to

attend to stimuli on the amplitude of the OR as assessed by the SCR.

Kom and heyer (1968) compared the effect of instructions to 'stay

alert and pay attention to the tones you will hear. Be ready for

whatever might happen' as opposed to 'after a while you will hear

a /
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a few tones. Don't be concerned about them, just relax', on the

amplitude of the SCR to a series of tones. The results indicate

that the average amplitude of SCR to the first tone was significantly

greater in the 'attend* group. It is possible of course that the

instructions given by Korn and Meyer to their 'attend' group did more

than merely direct attention, 'Be ready for whatever mi~ht happen*

might well have elicited anxiety and certainly will have conferred

some potential meaning to the tones. Gliner, Barley and Badia (1971)

presented subjects with a compound stimuli and compared the e 'fects

of instructing subjects to attend either to the first or the second

element of the compound on the amplitude of response to the first

element, '"tace again instructions to attend to a stimulus hanced the

amplit de of the SCR to that stimulus.

There i3 also evidence that subjects attending elsewhere show

smaller responses. Schola.ider (1960) examined the SCRs of subjects

exposed to the same series of white noise stimuli on two occasions

separated by an interval of 3 days. On one occasion subjects were

instructed to relax and on the other occasion they were required to

fix their eye3 steadily upon the small red bulb of the pupillary

camera throughout the experimental session. Although Sehalonder

does not analyse his results in terms of the amplitude of response

to the first stimulus inspection of the graph he presents (his

figure 1 on p 261) strongly suggests that the amplitude of the SCR,

in the 'fix your gese' condition was considerably smaller* The

author discusses hi3 results in terms of alertness saiggesting that

when subjects were fixating on the light they were more alert than in

the condition in which they were merely told to relax. He accounts

for /
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for .. .e differences between the two conditions in these terms.

However it is obviously als< the ca3« that subjects asked to fix: te

the small bulb were pre-occupied with the sighting device and their

attention was xplicitly directed away from the auditory stimulation;

the results obtained might veil be accounted for in term; of

attention.

In order to clarify the situation it was decided to study

the effeots of distraction of attention on the amplitude of the SCR

to the presentation of an auditory stimulus. The first experiment

wai designed to throw light on tie question in hand in that it

examinod the affects of distraction on the amplitude of tne SCR to

the first presentation of a stimulus and its habituation with

repeated presentation of the stimulus. The second experiment

examined the effects of distraction of attention on the amplitude of

the SCI? after habituation to the stimulus had occurred.
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CHAPTER 10

A STUDY OF THE EFFECTS OF ATTENTIONAL SET ON
THE AMPLITUDE OF THE SKIN CONDUCTANCE RESPONSE
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GhKhltAL BiiRODUCTIOR

The purpose of the present study was to examine the effects of

distraction of attention on the amplitude of the SCR to a repeated

auditory stimulus, Evidence wa reviewed in the previous chapter

which suggests that where a subject's attention is directed does

influence the amplitude of the SCRt Two experiments (Kern and Meyer,

1968; Gliner et al,19?l) indicated that if the subject's attention

were directed toward the stimulus then the amplitude of the SCR to

the first presentation would be increased. One study (Scholander,

i960) presented data that led the present author to suspect that

if the subject's attention were directed elsewhere the amplitude

of the SCR would be diminished. Thus the hypothesis tested by the

first experiment to be reported is that distraction of attention

will diminish the amplitude of the SCR to the initial presentations

of a stimulus. The possibility that distraction of attention affects

the rate at which the SCR habituates was also entertained.

There is little evidence which bears directly on the possible

influence of distraction of attention on the amplitude of an already

habituated SCR however it might be argued that if its effect on the

SCR to the initial presentation of a stimulus is to reduce the

amplitude then a similar effect might he expected on the amplitude

of an already habituated SCR. (Fortunately the amplitude of an already

habituated SCR is rarely zero when a reasonably intense stimulus i3

employed.) This forms the workin hypothesis for the second experiment.
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EXPERIMENT IV

The effect of distraction of attention on

the initial aaplitude and subsequent
habituation of the 3CR to repeated auditory stimulus.

INTRODUCTION

The experiment to be reported was originally undertaken with

the purpose of examining the effects of a distracting task on the

amplitude of the SCR to a discrete, neutral, auditory stimulus and

on the rate at which the SCR habituated with repeated presentations

of the stimulus. Echolander (196O) examined the effect of requiring

subjects to fixate a small light during habituation and reports that

habituation is retarded, ibcamination of the figures included in his

report suggests, additionally, that the initial amplitude of the SCR

wao reduced. The present experiment was designed to test the

hypotheses that»-

(1) Distraction of attention will reduce the amplitude of

the SCR to the first presentation of a stimulus, and

(2) that it will retard habituation

The present author's experience of attempts to distlngtish

different rates of habituation led him to expect that the present

experiment would prove to be inadequate as a test of the second

hypothesis however there appeared to be no reason why firm conclusions

as to the validity of the first hypothesis should not be reached.

Unfortunately the results Jdiea to show any significant effects of the

distracting task. This was not taken as indication that

distraction has no effect on the amplitude of the SCR. Rather the

adequacy /
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adequacy of the distracting task, which was such that subjects rapidly

cane :,o dismiss it as unimportant, was questioned.

METHOD

Subjects

She 36 subjects employed, 18 of whom were female, we e stuoents

at the University. The average age of the subject wa3 20.9 years

with a ran :e of 18-25 years. Apart from ensuring equal distribution

of the sexes subjects were assigned at random to one of three .groups.

Experimental situation

This waa as in Experiment I exce t in that the stop clock was

removed, the air conditioner was employed throughout the experimental

sessions and subjects wore headphones. Additionally the experimental

room was equipped with a signal light, a voltmeter and a response

button.

Dependent variable

''kin resistance wa3 monitored throughout the experimental

sessions. Details of the apparatus are given in Appendix I.

Sensitivity a.nd calibration were as in Experiment I.

-timulatio

The stimulus series c nsisted of 5» one second, 1000Hz tones

presented over headphones. The intensity measured between the

headphones wa3 95dB and the interstimulus interval was 30 seconds.

Distracting /
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Distracting task

Attention was distracted from the tone series by requiring

subjects to watch a small voltmeter which was placed at their side.

Subjects were warned that at some time during the experiment a red

signal light, placed directly in front of them at a distance of

approximately U feet might be illuminated. Whenever the red light

was on the voltmeter would be connected to a random signal generator

which would cause the needle of the voltmeter to oscillate rapidly.

Subjects were told that the needle of the voltmeter would rarely

register in excess of 8 volts and that whenever the signal light was

on they should watch the voltmeter carefully and respond with the

response button attached to the arm of the chair whenever 8 volts

was exceeded. It was stressed that they need only monitor the

voltmeter when the red light was on.

She red signal light and the oscillations of the voltmeter were

controlled manually by the experimenter. The lighting of the

experimental room was sufficiently dim and the signal light

sufficiently bright that the latter's onset and offset would be

easily noticed by subjects provided they kept their eyes open.

The manual control of the voltmeter was limited such that

readings in excess of 8 volts were never registered. Detection

responses were marked automatically on the polygraph record, hone

were expectea and in fact none were recorded.

Design /
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Design

There were 3 groups of 12 subjects. Subjects in the control group

were never required to monitor the voltmeter. In one experimental

group (1B) the red signal light was switched on approximately 10 seconds

before the onset of the first stimulus and switched off approximately

10 seconds after the first stimulus. Thus the attentior of subjects

in thi3 group was distracted during the presentatio of the first

stimulus. Subjects in a second experimental group (2-ljD') were

distracted during a period which commenced approximately 10 seconds

before the second tone stimulus and ended approximately 10 seconds

after the fourth tone stimulus.

frocedure

After attachment of the electrodes subjects were informed that

the purpose of the study was to record psychophysiological responses

under a variety of stimulus and task conditions. They were told to

expect a period of silence followed by a period during which tones

would be presented over the headphones. The nature of the distracting

task was explained and subjects were warned that they would have to

attend carefully to the voltmeter if they were to detect excessive

readings. The experiment was then begun.

At the end of the experiment subjects were questionned as to the

entent to which they had attended to the voltmeter when required to

do so and to the extent to which they found attention to the voltmeter

difficult.

Analysis /
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Anal,') is of data

kin resistance readings were taken immediately before each tone

stimulus onset and the lowest resistance within 6 seconds of stimulus

onset was also noted. Responses were quantified as the change in

c nductance and subjected to analysis of variance.

RESULTS

TableVIIIis that of the analysis of variance, the mean response

amplitudes are also listed. The only significant effect is that of

Stimulus Number which merely indicates that habituation occurred. The

only difference which approaches significance at the 10?' level is that

between the mean res jonse amplitude of the II) group to stimulus one

and that of the combined Control and 2-iiD mean response amplitude to

stimulus one (t = 1.626; for p^0.1 and df * 165» t * 1.6U5).

DISCUSSION

The results of the present experiment suggest that distraction

of attention has no significant effect on the amplitude of the SCR to

an auditory stimulus nor on its habituation with repetition of the

stimulus. However it is the author's opinion that an underlying

assumption of the present experiment,that the distracting task was

effective, might be questioned. In discussing the orienting reflax

in previous chapters no conclusions were drawn as to what process the

orienting reflex represents. The possibility that it reflects the

formation of a neuronal model of the stimulus although not questioned

directly was out in doubt in that predictions arising from the theory

which encompasses this view found little support in the literature

reviewed. Thus there is no justification for speculation as to the

manner /
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TABLE VIII

Analysis of variance of SCRs and Group Means

Main treatment* Control v 1D v 2-UD
Sub treatment t Stimulus Number 1 • • • 5
Blocks t Main treatment nested within subjects

Source of variation df
Sum of

Squares
Mean

Square
F

MAIN PLOT*

Treatment 2 U1+.73 22.37 0.33ns
Error 33 2271.8U 68.81*
TOTAL 35 2316.57

SUB PLOT*

Stimulus Number U 109.16 27.29 U.39**

Interaction

Treatment x Stimulus No. 8 23.59 2.95 O.USna
Sub Plot error 132 819.88 6.21

TOTAL 179 3269.21

na - not significant
** - p<0.01

MEANS

STIMULUS HO. 1 2 3 U 5

GROUP

CONTROL U.30 1.87 1.73 1.62 1.17

2-I+D 3.63 1.1+9 1.52 1.33 1.03

1D 1.1*8 1.21 0.89 0.58 0.60
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manner in which distraction might influence the amplitude of

orientation. Nevertheless it sasma reasonable to assume that

if distraction of attention does affect the amplitude of the

SCR to a stimulus its effect will only be observed if distraction

is substantial. There are two reasons to doubt that the distraction

sk employed in the present experiment fulfilled tl ia condition.

In terms of receptor orientation,And possibly in terns of

sensory input channel uiilit-ition, simultaneous attention to a

visual and auditory input are not incompatible. Certainly in the

traditional 'divided attention' literature experimenters have

presented competing inputs in the same sensory modality (.Broadbent,

1958). Thus in the nreaent experiment it is possible that attention

to the visual task and orientation to the auditory stimulus were not

mutually exclusive. Furthermore neither the visual task nor the

auditory stimulation could be considered as taxing the capacity of a

human subject to receive and process information. When questioned

after the experiment several subjects in fact pointed out that they

found the visual distracting task to be relatively simple and to

require little attention.

Thus before any conclusions regarding the effects of distraction

of attention on the CR are drawn this experiment must be repeated

with the substitution of a more exacting distraction task. One

possible technique would be to present an auditory search task to

one ear while presenting tones to the other ear.



EXPERIMENT V

The effect of distraction of attention on

the amplitude of an habituated SGR

INTRODUCTION

The present experiment was designed to examine the effects of

distraction of attention on the amplitude of an already habituated

SCR. It was suggested in the general introduction to this chapter

that one might expect a reduction in SCR amplitude however it was

noted that there is no experimental data to support this view.

Subjects in the present experiment were presented with a stimulus

until the amplitude of the SCR appeared to have ceased to decrement.

Subsequently the direction of their attention was manipulated for a

period of time which encompassed the presentation of a further

stimulus. In that the habituation series was interrupted by

extraneous stimulation the design of this experiment resembles that

required for the production of dishabituation. Dishabituation, the

recovery of an habituated orienting reflex subsequent to the

presentation of a novel stimulus, is generally considered to be due

to a change in arousal level (Sharpless and Jasper, 1956; Lader and

Mathews, 1968). Sharpless and Jasper (1956) claim that if the increase

in arousal caused by the 'would-be' dishabituating stimulus has

subsided by the time the next stimulus in the habituation series is

presented then dishabituation will not be observed. Thus to avoid

dishabituation effects the signals designed to direct the subject's

attention were presented approximately 10 seconds before the

subsequent stimulus in the habituation series. This 10 second

interval was sufficient for the SCRs and presumably the shift in

arousal /
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arousal level elicited "by the attention-directing signals to

subside.

METHOD

Sub.jects

The US subjects employed, 22 of whom were female, v/ere students

and members of staff of the University. Their average age was 21.2

years with a range of 18-27 years. Apart from distributing the sexes

as equally as possible subjects were assigned at random to one of

three groups.

Kixperimental situation

This was as in Experiment IV except in that the signal light

was replaced by a signalling panel which provided 3 altern tive

messages conveyed by illuminating the appropriate panel.

Dependent variables

(a) Skin resistance! As in ibcperiment IV

(b) Heart rates As in Experiment I

Stimulation

The stimulus series consisted of 1000Hz tones of one second

duration presented over headphones. The tones were generated by an

Interlab SQ10 audio generator and the timing of their presentation

and their duration were controlled by a bank of synchronous timers.

The interstimulus interval was 30 - 0.5 seconds and presentation

could be continued indefinitely. The intensity of the tones

measured between the headphones wr3 95<iB.

Design /
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fhere were 3 groups, •Control1, 'Meter' and 'Tone', of 15

subjects. Their treatment differed with respect to the message

presented after habituation had occurred. For subjects in the

•Control' grou> the panel message illuminated reads-

•Please sit still and relax.'

that for the 'Meter* grout readt-

'Please watch the meter now.'

and that for the 'Tone' group reads-

•Please listen to the tones carefully.'

The message delivered to subjects in the 'Control' group w s assumed

to be neutral with respect to the direction of their attention. Hie

message given to sxxbjects in the 'Meter' group was designed to direct

their attention away from the auditory stimulation and that given to

the 'Tone' group subjects was designed to direct their attention

toward the auditory stimulation.

rocedure

After attachment of the electrodes and a vague preliminary

introduction to the purpose of the study subjects were informed that

after a period of silence a series of tones would be presented. fhey

were advised that after the beginning of the tone series one of the

panels that were placed approximately k feet in front of them would

he illuminated. Subjects were asked to heed which ever message was

illuminated for the duration of its illumination. In the sverit that

the 'Meter' message was illuminated they were told that the needle of

the voltmeter would be;;in to oscillate and that they were required to

monitor its oscillations and report by pressing the response button

provided /
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provided whenever readings in excess of 8 volts were registered.

At this point the experimenter left the experimental cubicle

and the experiment commenced. The presentation of tones was

continued until three consecutive tones had been presented without

substantial decrement in response amplitude. Approximately

10 seconds before the subsequent tone presentation one of the

panel messages was illuminated and if this were the 'Meter' message

the voltmeter reading was varied manually within the range 0-8 volts.

Since the voltmeter never registered in excess of 8 volts no

detection responses were expected and in fact none were recorded.

Approximately 10 seconds after the tone presentation the panel

illumination was switched off. One further tone was presented

before the experiment was terminated.

Analysis of data

There were 5 relevant tone presentations, 3 before manipulation

of attention (Tones 1,2 and 3)» one during (Tone U) and one after

(Tone 5) manipulation of attention. The SC and HR data reported

refer to these five tone presentations.

(a) Skin conductance response: The skin conductance responses

to the five relevant tones were calculated from the skin resistance

records. A SCR was tfdcen as the change in skin conductance within

6 seconds of tone onset. The SCR data was subjected to an analysis

of variance ana Mann-Whitney tests were used to examine change® in

response amplitude over relevant tones 1-U in detail.

(b) Heart /
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(b) Heart rate} The heart rate was read from the polygraph

record for the I* beats before and the beats after tone onset.

The heart rate data for each of the 3 Groups was subjected to a

separate analysis of variance.

RK3ULTS

On average Tone I4 corresponded to approximately the 11th

tone presentation of the series.

(a) Gkj;: conductance response: Table IX is tiiat of the

analysis of variance of the JCR data, no significant effects are

revealed. Inspection of the group means for each tone presentation

indicated only one significant difference, that beIween the mean

response amplitude of the Control and Tone groups to Tone 5 (t = 2.56}

for p <0.0 2 and df « 210, t ** 2.33). This difference was most

probably attributable to the response of a single subject in the

Control group who gave a response of 12.9252^Irmhos compared to an
average for the remainder of subjects in the Control group of

0.6614yumhos.

3 nee the pirpose of the study was to examine the effects of

attentional set on the amplitude of an habituated SCR it was decided

to use the response amplitudes to Tones 1,2 and 3 as indicants of the

•habituated level* of ilCR amplitude and to make comparisons between

habituated level and the resppnaes to Tone U. (inclusion of responses

to Tone 5 i* the calculation of 'habituated level' was considered but

it was decided that the effects of manipulation of attontional set

might endure langer than the message illumination and thus affect the

amplitude /
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TABLi IX

Analysis of variance of SCRs

Main treatment* Control v Meter v Tone
Sub treatment : Stimulus Numbers 1 ... 5
Blocks s Main treatment nested within subjects

Source of variation df
Sum of
Squares

Mean

Square
p

MAIN PLOT*

Treatment 2 U.37 2.19 0.31ns
Error U2 301.32 7.17

TOTAL kh 305.70

SUB PLOT*

Stimulus Number h 1.23 0.31 0.32ns

Interaction

Treatment x Stimulus No. 8 13.12 1.61+ 1.72ns

Sub Plot error 168 160.21 0.95

TOTAL 22b, 1+80.25

ns - not significant
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amplitude of response to Tone 5«) In this manner an overall

habituated level (involving the pooling of the responses of all

subjects to Tones 1,2 and 3)» group habituated levels (involving the

pooling of all subjects in a given group) and individual habituated

levels were calculated. The results of these calculations, together

with the mean response amplitude to 'Tone U for the three groups, are

shown in Table X t-tests revealed no significant differences between

the overall habituated level and the mean responses of the 3 groups

to Tone h, and between the group habituated levels and the mean responses

Tone I4. However, significant differences were found when the

differences between individual habituated levels and individual responses

to Tone 14 were examined. The algebraic averages of these differences

for each of the 3 groups were as followsj-

Control -O.3863 //mhos

Meter +0.2916 ^//mhos
Tone -0.36146 ^//mhos

Mann-Whitney tests indicated significant differences between the

Control and the Meter groups and between the Meter and the Tone

groups (T = 182 and 114.7 respectively; for p^0.0$ and = 15,

T = 185).

(b) Heart rate: The amount of heart rate data generated in the

present experiment was so great that it exceeded the capacity of the

computer program used for analysis of variance. However, since the

data collected was such that within subject comparisons were possible

it was decided that separate analyses for each of the .hree groups

would suffice.

Table /
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TABLE X

Common and Group habituated levels and
Group mean responses to Tone 1+ (in^irohos).

GROUP
COMMON

HABITUATED LEVEL
GROUP

HABITUATED LEVEL
GROUP MEAN

RESPONSES TONE U

CONTROL 0.801 0.1*15

METER 0.680 0.519 0.811

TONE 0.717 0.353
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Table XI ia that of the analysis of variance of the heart rate

of the Control group. The analysis indicates that the effect of

Stimulus Number is marginally significant. However this effect

rather than being a change in heart rate as a result of the

experimental manipulation at the time of Tone h was more probably due

to a general decrease in heart rate over the five tones. Certainly

the mean heart rate for Tone 1* was not significantly different from

the mean heart rate to Tones 1, 2, 3 and The mean heart rate

for the Control group for the 5 tones is plotted against Time in

figure 8.

Table XII is that of the analysis of the Meter group. This

shows that the effects of Stimulus Number and Beat are significant.

The significant effect of Stimulus Number manifests as a significantly

greater mean heart rate at the time when Tone U was presented (t=10.03{

for p^O.001 and df = 1316, t = 3*29)» Inspection of the means

revealed that substantial and coherant change of heart rate with

Beat was restricted to the means of Tone 1} and thus the means for this

Tone are plotted against Beat together with the pooled data from Tones

1, 2, 3 and. $ in figure 8. The significant difference between the

mean heart rate of Tone U and the pooled means of Tones 1, 2, 3 and 5

might be taken as evidence that performance of the vigilance task

increases heart rate however in figure 8 it can be seen that by far

the greatest differences occur after the presentation of the tone

(for significance at the 5% level thfc difference between the curves

at any given time must be greater than 2.3 beats/min).

Table /
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TABLE XI

Analysis of variance of the Control Group HP.

Randomised block design
Blocks t Subjects (15)
Treatments» Stimulus Numbers 1 • . . 5l Beats 1.....19

Source of variation df
Sua of
Squares

Mean

Square
F

Subjects 1i* 1231*23.19 8815.91* 1*20.37**

Treatments»

Stimulus Number 1* 198.50 1*9.62 2.37*
Beat 18 257.61 11*.31 0.68ns

Interaction

Stimulus No. x Beat 72 1019.00 114.15 0.68ns
Error 1316 27599.09 20.97

TOTAL 1l*2l* 152)497.38

ns - not significant
* - p<0.05
** - p<0.01
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TABLE XII

Analysis of variance of the Meter Group HE

Randomised block design
Blocks j Subjects (15)
Treatments! Stimulus Numbers 1 • . . 5» Beats 1.....19

Source of variation df
Sum of
Squares

Mean

Square
p

Subjects 1U 118590.38 81)70.78 528.78**

Treatments:

Stimulus Number 8 1775.85 14+3.96 27.51**
Beat 18 1+69.05 26.06 1.61*

Interaction

Stimulus No. x Beat 72 1031.II4 18.32 0.89ns
arror 1316 2121)2.08 16.18

TOTAL 1828 11+3108.14+

na - not significant
* - p<0.05
** - p<0.01
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Table XIII Is that of the analysis of variance of the Tone

group heart rate data. Once attain the effect of Stimulus Number is

significant and manifests as a difference between the means of Tones

1, 2, 3 and 5 and the mean of Ton® 1*. The mean heart rate of Tone U

is significantly less than that of Tones 1,23 and 5 (t » 5*15? for

p<0.001 and df a 1316, t * 3*29). The pooled means of Tones 1,2,

3 and 5 and the means of Tone h are plotted against beats in figure 9»

The effect of the attention-directing signal, in this case appears to

be an overall decre ae in heart rate, however the heart rate response

to Tone U appears to be more prominent than that to the other tones

and is an acceleration of heart rate. This can be illustrated by

talcing the average of the four heart rate readings before the

presentation cf the tone and using this value as a baseline to assess

the response to the tone. The mean pre-stimulus heart rate for Tonec

1, 2, 3 5 is 76.10 beats/min and for a post-stimulus mean to be

significantly different at the 55 level it must differ from this value

by 0.98 beats/min. A difference of this order does not occur and one

can conclude that there ia no significant heart rate response to Tones

1,2, 3 and 5» The same calculations for the mean heart rates for

Tone i| gives a pre-stimulus baseline of 7h>b2 beats/min and a required

minimum difference of 2.19 beats/sain. A difference greater than this

minimum occurs soon after the presentation of the tone.

DISCUSSION

The heart rate data reported here suggests that instructions to

attend to the auditory stimulation result in an overall decrease in

heart rate and as such are in agreement with the data reported by the

Laceys /
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TABLL XIII

Analysis of variance' of trie Tune Group Hit

Randomised block design
Blocks ; Subjects (15)
Treatments: Stimulus lumbers 1. . . Si Beats 1 19

Source of variation df
Sum of

Squares
Mean

Square
P

Subjects 18 100162.88 7158.89 877.8?**

Treatments:

Stimulus t'umber
Beat

8
18

650.57
316.83

162.6k
17.58

10.86**
1.17ns

Interaction

Stimulus Mo. x Beat
Error

72
1316

984.28
19708.79

13.12
18.97

0.68ns

TOTAL 1828 121778.98

ns - not significant
* - p< 0.05
** - p<0.01



- 136 -

Laceys (Lacey, 1959? Lacey and Lacey, 1998» 196U) demonstrating

decreases in heart rate in situations requiri.ng subjects to attend

to their external environment. Subjects required to attend to the

visual vigilance task showed an incre tse in heart rate but this might

well have been entirely due to the response to the auditory stimulation

as opposed to the requirement to attend to their external environment.

In both 'attend' conditions there wa3 clear evidence of an

acceler^tory response of heart rate to the tone. In the Meter group

the recovery from this acceleration was slow but the.ro was no

obvious late acceloratory component as is seen in the heart rate of

the Tone group. Graham and Clifton (1966) aft r reviewing the

literature concerned with the HR component of the OR conclude that

it is deceleration rather than acceleration. In the context of

their analysis of ICR responses the acceleratory response seen in the

present data would be classed as defense or startle responses.

However more recently Germans and Klein (1968) have presented

evidence that the HR response to auditory stimulation is tri¬

phasic, early acceleration, deceleration and finally a late acceleration.

The accelerator responses by discriminating stimulus intensities and by

habituating with repetition of the stimulus best fulfilled the criteria

defining orienting responses. If this is the case then the present

data demonstrates the return of the orienting reflex both when the

attention of subjects is directed toward the stimulus and whe it is

directed away from the stimulus. More concisely the OR returns when

attentions! set is changed.

The /
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The main purpose of the present study was to examine the effects

of distraction of attention on the amplitude of an habituated SCR.

In one condition (Meter) the attention of subjects was directed away

from the auditory stimulus, in a second (Tone) it was directed toward

the auditory stimulus and the third condition was intended to be

neutral with respect to direction of attention and to control for the

effects of interrupting the habituation series with a visually presented

message. Analysis of the data generated revealed no significant

within group changes however there was divergence of response

amplitudes. Inspection of the means indicates a tendency for the

amplitude of response in the Meter condition to increase and for that

in the Tone and Control conditions to decrease. Mann-Whitney tests

indicated that this divergence of the means was significant, however

the interpretation of these changes is complicated if not impossible.

Does one assume that the Control procedure had no effect on SCR

amplitude and thus attempt to account for the failure of the SCR

component of the OR to return in the Tone group in spite of a return

of the HR component? Does one assume that the Control procedure in

fact caused a decrease in response amplitude in which case one had to

account for a reduction in the SCR component of the OR in the Tone

group in spite of a return of the HR component? Possibly, the only

valid conclusion is that distractioi of attention (Meter condition)

does not cause a decrease in the amplitude of an already habituated

SCR.
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GEMERAL DISCUSSION

'Che results of the two experiments reported here are relevant

to the discussion of Chapter in one respect only. The results

of Experiment IV fail to support the hypothesis that the amplitude

of the 8CF to the initial presentation of a stimulus is reduced by

d recting subjects attention at other aspects of their environment.

However, it was argued that the procedure adopted to distract the

attention of subjects was not as effective a3 it might have been

and thus the hyoothesis should be allowed to stand until further

work is carried out. Thus in the next chapter discussion of factors

affecting the amplitude of the SCR will be continued. In Chapter 9

it was hypothesised that the intensity of the stimulus and the extent

to which the subject' ; attention is directed towards the stimulus are

relevant to the discussion of SCR amplitude. In Chapter 11 evidence

will be reported that indicates that the amount of information

conveyed by the stimulus and the amount of time allowed the subject

for processing the information affect the amplitude of the SCR.

One final point might be made with respect to the data

generated by Experiment V. The results indicate that of the SCR

and HR responses to stimulation the latter is more sensitive to

the conditions investigated. It is unfortunate that whereas there

is general agreement on what constitutes a SCR component of the

orienting reflex there is such controversy as to the nature of the

HR components.
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CHAPTER 11

THE ORIENTING REFLEXj
A FURTHER DETERMINANT OF ITS INTENSITY
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In attempting to account for the amplitude of the OH one final

study ia worthy of consideration. Harding, Stevens and Marston

(1973) examined the relationship between the amplitude of the SCP. to

a stimulus and the amount of infor ation that the stimulus conveyed.

A stimulation procedure was employed that involved three dimensions,

tone onset, tone frequency (1000Hz or IjOOHz) and tone input channel

(left or right ear). In selecting their responses on a It-way manipu-

landum subjects were instructed to gate (ignore) 3(SQ)» ), l(f>2)
or O(S^) of the stimulus dimensions. Thus in one condition (gate
no dimensions) a subject's response selection was dependent on the

tone presentation, its frequency arl its input channel whereas at the

other extreme, Sq (gate all dimensions) subjects were merely asked to
respond on any of the ^-buttons whenever they likoc regardless of

tone presentation. It was argued that the amount of information that

subjects had to process for execution of a response decreased in the

order • The tones were presented for various durations

'0.5» 1.0, and Ij.O sees) and subjects were encouraged to complete their

responses before tone offset thus aliowin/.; for variation of the rate

of information processing. In all there were 12 conditions, 3 tone

durations and It gating conditions and correspondingly 12 groups of

subjects. Analysis of the simple effects of gating condition and

stimulus duration suggested that the magnitude of phasic skin

resistance varied directly with the number of relevant dimensions

and inversely with the time allowed for infers.;, ,i • processing, lurther

analyses taking into account the actual reaction times of subjects

revealed a product-raonent correlation between achieved rate of

information/
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information processing and the mean magnitude of phasic skin

resistance response of 0.99. This indicated that 98% of the

variance among the phasic skin resistance means could be accounted

for by the rate of information processing variable. These results

were confirmed in a sacond experiment employing intra-subject

comparisons. Furthermore attempts to account for the findings of

these experiments in terms of three other current hypotheses, namelyj-

(a) That the SCR serves a preparatory function for

subsequent skeletal activity (Tursky, Schwartz and

Crider, 1970).

(b) That it reflects transitory increments in motivation.

(c) That it reflects increments in skeletal response

conflict (Earlyne, 1960) proved less effective.

Tursky et al (1970) reported larger autonomic responses when

subjects were required to signal the solution of a problem with a

skeletal response than when they were instrusted to process the

information covertly. The authors argued on the basis of this

finding that autonomic responses served a preparatory function for

subsequent skeletal activity. Harding et al (1973) point out that

the relevant differences between overt and covert problem solving

procedures, at least with respect to autonomic function, are that

in the fonmer case there is usually a limit on the time available

for information processing and secondly that there is additional

information processing required in that the cognitive solution must

be translated into the motor analogue. In effect the differences are

differences /
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differences in the rate of information processing and it is to this

that one should attribute differences in autonomic response amplitude.

The findings and conclusions of Harding et al are not

incompatible with the effects of instructions to attend and the

imposition of distracting tasks on the amplitude of the SCR to a

stimulus however one still has the problem of reconciling these

findings with the fact that the more intense the stimulus the

greater the SCR amplitude. The key to this reconciliation is

possibly contained in the results of Harding et al's second experiment.

The authors write (p 30U)»-

"Initial exposure to the tones when any dimensions were

relevant evoked large autonomic responses at the shorter

information processing times ... With experience,

however, phasio skin resist .nee differentiated between the

gating conditions . . • "

This suggests that the phasic skin resistance response does not

necessarily reflect the actual rate of information processing but

rather the information processing capability (IPC) made available

for a given stimulus. On initial presentation of a potentially

informative stimulus a large IPC is reflexively made available,

with subsequent presentations and experience the IPC made available

is trimmed to atch the actual requirements, if no processing is

required, i.e. the stimulus is meaningless, then the reflex provision

of IPC and the acconq allying SCR habituates. If this account is

accepted then it is a small step to incorporate a mechanism allowing

for a larger IPC being commandeered by more intense stimuli on the

basis /
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basis of adaptive value, more intense stimuli are usually more

important and thus deserving of a more rapid analysis or in

terms of known parameters of neuronal transmission, more intense

stimuli excite a wider range of nerve fibres.
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CHAPTER 12

AN ALTERNATIVE TO THE NEURONAL MODEL THEORY,
AN EXPERIMENTAL TEST
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In the previous chapter an account of the OR and its habituation

in terms of the reflex provision of information processing capability

was suggested. To summarise

The presentation of any stimulus which has not been presented in

the recent history of the organism is assumed to act as the stimulus

for the reflex provision of information processing; capability (IPC)

for that stimulus. 'Hie provision of IPC is accompanied by

physiological changes known collectively as the OR. Three factors

which affect the proportion of IPC provided and thus the amplitude

of the accompanying physiological changes were discussed, the

intensity of the stimulus, the extent to which the organisms IPC is

engaged elsewhere and the speed at which the organisnis expected to

process any information conveyed by the stimulus.

With repeated presentation of the stimulus the proportion of

IPC provided is trimmed to match that actually required in terms of

the amount of information to be processed and the time available for

processing. If the stimulus is irrelevant to the organism then

habituation proceeds until reflex provision of IPC ceases or at least

to the extent that the reflex can be successfully suppressed. Once

this has occurred a change in the stimulus will reactivate the OR to

the extent that the change is perceived by the organism as potentially

meaningful. Three t,ypes of changes have been identified which appear

to be consistently regarded by human subjects as potentially meaningful,

an increase in stimulus intensity, movement (strictly 'apparent move¬

ment*) in the visual field, and a change in modality of stimulation.

Needless /
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Needless to say this account is tentative; the work of Harding

et al (1973)» discussed in the previous chapter, does much to

establish a direct relationship between the rate of information

processing and the amplitude of orientation as indicated by the SCR

but there is a dearth of reported experimentation that has examined

the habituation of the OH elicited by informative (in the Information

Theory sense) stimuli. There is for example no direct evidence that

the OH will fail to habituate to stimuli which consistently demand
e

substantial processing as is required by the hypothesis. Certainly

if the C3 in the classical conditioning paradigm is regarded as a

stimulus which 'consistently demands substantial processing' then

there is a wealth of contradictory evidence (Sokolov, 1963a; Germana,

1968). Thus it would be instructive to compare the amplitude of

orientation to a repeated stinmlus which continues, in spite of

repetition, to require analysis with that to a stimulus which does

not continue to require analysis. Furthermore although it has been

suggested that the OR indicates the reflex provision of IPC and its

habituation the diminution of the reflex there is little evidence to

favour this account rather than an account in terms of actual information

processing. If a stimulus is employed, the analysis of which takes longer

than the usual duration of the OH, then within the context of the latter

alternative one would expect the duration of the OR to be prolonged such

that it matches that of the information processing.

The experiment which follows was designed to examine these questions.
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INTRODUCTION

Implicit in the hypothesis that the physiological manifestations

known collectively as the OH reflect the reflex provision of a

proportion of IPC to a stimulus are the assumptions that an organism's

capability is limited and that prior to the onset of the stimulus it

is, in part at least, idle or directed elsewhere. If the former were

not the case, if in fact the organisms capability were infinite then

presumably all possible sources of stimulation could be adequately

provided for simultaneously and if the latter were not the case then

it would similarly be erroneous to speak of the 'provision' of

processing capability. Psychologists who would question the first

assumption are rare and can be referred to Broadbent (1958)* The

second assumption is one that must be provided for in the design of

an experiment directed towards examining amplitudes of orientation.

Provision must be made that 'prior to the onset of the stimulus the

organisms processing capabilities are in part at least, directed

elsewhere'. 'Directed elsewhere' can in the present context be

rephrased as 'directed toward a different sensory input channel'

however the concept of sensory input channel is not well defined.

Definitions of sensory input channel range from those in terms of the

particular source of stimulation to those in terms of the modality of

stimulation. To be prudent the present experiment employed alternating

visual and auditory stimulation.

One hypothesis to be tested by the present experiment is that

the OR to a stimulus, which continues, in spite of repetition, to

demandsubstantial processing, will fail to habituate. To meet the

requirement /
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requirement of a stimulus which continues to demand substantial

processing in spite of repeated presentation a scanning task was

employed. The stimuli were lists of digits and subjects were

required to monitor the lists for target combinations. In the visual

mode the digits comprising a list were presented simultaneously, in

the auditory mode presentation was serial. It might well be argued

that different lists of digits, in spite of their physical

similarity, are different stimuli and as such do not meet the

requirement. There is no counter argu-nent. Stimuli which in spite

of repetition in identical format continue to require any processing

capability can require little more than a CS in classical conditioning

and it has already been conceded that if a CS is considered to fxilfil

the requirement then there is already sufficient evidence to abandon

the hypothesis.

A second hypothesis to be tested is that the OR does in fact

reflect the provision of processing capability for a particular

stimulus or sensory input channel rather than actual information

processing. If the latter is the case then the duration of the OR

should match that of the information processing. In the present

experiment stimulus duration was 20 seconds. In the auditory mode,

since presentation was serial, subjects inevitably continued to

process information throughout the 20 second period. This was not

theoretically the case with visual presentations however the digit

lists were of such length that it was unlikely that subjects could

complete their scan in less than the 20 seconds allowed. If the OR

indicates information processing then its duration should natch that

of the stimuli, 20 seconds.

METHOD /
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METHOD

Subjects

Of the 1+0 subjects originally employed in this study, by their

performance of the task involved and by their later verbal report,

8 subjects clearly failed to understand what was required of them.

As a result their psychophysiological records contained many artifacts,

were illegible and were discarded. The average age of the remaining

and to be reported subjects was 20.7 years with a range of 18-27 years.

Eleven of these subjects were female; all were students or members of

staff of the Depart ent.

Experimental stiuation

The experiment was carried out in the same situation as Experiment

I, however the air conditioner was employed throughout the experiment

and the stop clock was removed. Additionally the experimental room

was equipped with a 9 inch video monitor placed approximately i+ feet

in frontof the subject and subjects wore headphones.

Dependent variables

(a) Skin resistmncei Skin resistance was recorded throughout

the experimental sessions, details of the apparatus employed are

given in Appendix I. The sensitivity settings used in the present

experiment were 50mV/cm and 20m?/cm and the calibration was such that

deflections of 1 cm represented res stance changes of 5Kil and 2KXL

respectively.

(b) Heart /
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(b) Heart rate: It was not originally intended that heart rate

should be monitored however after several subjects had been tested it

was realiaeu that such Monitoring might provide useful information,

fhus the heart rate, recorded as in hxperiment I, was obtained for

22 subjects.

(c) Target detection responding! Subjects were provided with

a small button which was to be pressed wt enever a target was detected.

Responses were recorded on the poly raph however as will be explained

in the 'Procedure1 section the design of the experiment and the wording

of the instructions given to subjects were such that responding was

minimal. Responses were recorded merely to help account for artifacts

in the skin resistance records and. to help assess the extent to which

subjects understood what was required of them.

Stimulation

Both visual and auditory stimulation were employed in the present

study. There were three stimulus conditions in each sodality.

(a) Informative stimuli; These consisted of lists of digits

selected from random lists, A total of 36 different lists were

prepared, U were employed as practice lists and 32 were employed in

the experiment. The latter were edited to ensure that on no occasion

were three consecutive odd or three consecutive even numbers (target

combinations) presented. Two target combinations war allowed in the

U practice lists. Of the J6 lis s 18 were presented visually and 18

auditcr&lly.

In /
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In the visual mode the 40 digits comprising a list were presented

simultaneously in 8 columaia by means of a slide projector and a close

circuit video system. The slide projector was controlled by signals

on one channel of a stereo audio tape thus providing synchronisation

with the auditory presentations which were recorded on the second

channel of the tape.

Auditory presentations were made by use of the tape recorder and

headphones. The 40 digits comprising a list were presented at & rate

of 2 digits/sec.

The duration of auditory and visual informative stimuli was

20 seconds. 1 pilot etudy had indicated that 20 seconds was

insufficient time for a human subject to complete an adequate visual

scan of 40 digits for the targe combinations and thus it was assumed

that whilst the visual displays were available the subjects would be

continuously processing information. In the auditory mode, since

presentation was serial, subjects could not complete the task before,

at the earliest, the last second of the presentation.

(b) Non-informative stimulit In the visual mode these stimuli

consisted of blank slides providing a blank illuminated field. In

terms of physical intensity the visual non-informative ($) stimuli

were of greater intensity than the informative (l) stimuli. In the

auditory mode the N stimuli con®ieted of periods of white noiae.

Throughout the auditory I presentations the maximum Intensity of sound

was 60dB, the white noiae of the & stimuli was set at this intensity.

Thus /
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Thus the N stimuli were of at least as great intensity as the

I stimuli and if the predicted differences in amplitude of

orientation between N and I stimuli were found they could not be

attributed to the greater physical intensity of the I stimuli.

(c) The third stimulus condition was 'no stimulation*. In the

visual mode this was achieved by the use of blackened slides and in

the auditory mode by silence. This stimulus condition was in operation

in a given mode whenever neither of the other two stimulus conditions

were in Operation and. during the 60 second interval between stimulus

series.

Five stimulation series were employed each comprising of 5» 20

second periods of auditory stimulation and 5* 20 second prriod3 of

visual stimulation, thus lasting a total of 200 seconds. The

stimulation series were composed as followsi-

Series 1) Auditory I stimuli alternated with visual N stimuli.

2) Auditory N stimuli alternated with visual I stimuli.

3) Auditory and visual I stimuli alternated.

4) A repeated auditory I stimulus alternated with changing

visual I stimuli.

5) Changing auditory I stimuli alternated with a repeated

visual I stimulus.

Counterbalancing of both the order of modality of stimulation

within a series and the order of presentation of series was considered.

Such a procedure is usual in habituation studies to counteract the

effects of primacy of stimulation and transfer of habituation, however

a /
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a pilot atudy involving I, N and I stimuli presented without

instructions to scan for targets, indicated that substantial

habituation to the stimuli only occurred between the first and

second presentations in each series. In light of this counter¬

balancing was deemed unnecessary.

A summary of the stimulation employed is shown in figure 10.

As noted earlier lists, 2 auditory and 2 visual, were

employed as practice lists. One list in each modality contained

a target. The visual practice lists were presented for 30 seconds

and the rate of digit presentation in the auditory lists was

1$ digits/sec. The purpose of the practice lists was to familiarise

subjects with the type and method of stimulation and also to test

whether or not they had understood the instructions.

Procedure

During and after attachment of the electrodes subjects were

informed that the electrodes wore recording electrodes designed

to monitor physiological functions and that the purpose of the

experiment was to record such functions during the performance of

a task. They were advised that during the experimental period they

would be presented with lists of digits both visually and auditorallyj-

"sometimes visual lists will alternate with periods of

noise, sometimes auditory lists will alternate with

blank visual displays and sometimes visual lists will

alternate with auditory lists but visual and auditory

lists will never be presented simultaneously."

Subjects /
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Subjects were informed that their ta3k was to scan the visual

displays and listen to the auditory presentations in an attempt to

detect target combinations. Target combinations consisted of three

consecutive odd or three consecutive even numbers and detections

were to be signalled by a response on the sm..ll button on the right

arm of the chair.

It will be remembered from discussion in the 'stimulation1

section above that all lists used in experiment, as opposed to the

practice period, were edited to ensure that there were no targets.

This was done to minimise detection and response artifacts in the

skin resistance record which was essentially taken for the purpose

of examining 3kin resistance responses accompanying stimulus change.

Since 'ialse alarms' were likely to aause at least as much interference

as correct detections instructions were worded so as to encourage

subjects to adopt a cautious detection criterion {j?) t-

"The task is a difficult one, the rate of digit

presentation is high and targets occur infrequently.

Although occasional missed targets will not upset the

data collection procedure too drastically, false alarms,

responding in the absence of a target will. So please

only respond when you are absolutely sure that a target

has occurred."

Subjects were farther informed that the stimulus series would be

preceded by recapitulation of the instructions and by a practice series.

At /
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At this point the experimenter left the room and tho tape recorder

presenting auditory messages and stimuli and controlling visual

pro ;entations was switched on. Psychophyaiologice recordin,- was

commenced.

After the practice series a message on the audio tape warned

subjects that the experiment would begin shortly and that presentations

would be more rapid than in the practice trials, rhey vere advised

that if they were at all unsur® o what was required of them they

should stop the experiment at this point by depressing their response

button. If subjects did not sign! y that they had further questions

within one minute the experiment began.

At the end of the experimental session subjects wer<> questioned

in an attempt to assess to what ^ xtent they had understood the task*

to what extent they had been able to maintain their concentration in

spite of the frustration of making few if any responses and as to

whether or not they had noticed the occasions on which t isual list

and an auditory list had been repeated unchanged.

Analysis of data

(a) .Skin resistance; An earlier pilot study had indicated that

skin resistance chan es in response to the changes of stimulation

employed in the present study were in fact discrete responses rather

than prolonged changes in level. Examination of the charts generated

in the present experiment (a selection are shown in figure 11a)

confirmed this. In comparison with h€Rs observed in earlier experiments

those elioited in the present experiment were generally smaller in

amplitude /
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amplitude and had greater onset latencies. The latter wa3 probably

an artifact of the recording procedure rather than a real difference.

In previous experiments tones had been employed as stimuli and the

recording of tone onset on the polygraph record had served as point

from which SCR onset latency was assessed. In the present experiment

the signal from the tape recorder which activated slide changes was

marked on the polygraph record and was used as the point from which

SCR onset latency was assessed. H0wever between the emission of the

taped signal ana the actual presentation of the new stimulus there

was a finite period of time during which the slide was automatically

changed. Thus in assessing SCRs in the present experiment the time

allowed for an acceptable SCR was extended from 6 %o 8 seconds.

Thus in analysing the records generated in the present experiment

resistance readings were taken immediately before the onsi t of stimulus

change. The post-stimulus change readings were "taken as the lowest

resistance readings within 8 seconds of the onset of stimulus change.

Resistance readings were converted into conductance units (^nmhos) and
SCRs for eacb stimulus change ware calculated.

In each stimulus series, ignoring the onset of the inter-

series interval, there were 10 stimulus changes. Only the data ftom

the first 3 of the 5 Stimulation Sfries was analysed thus yielding a

total of jO SCRs for each subject. These SCRs were classified according

to whether they were responses tos-

1. The onset of auditory I stimuli in series one (a5)

2. The onset of visual N stimuli (Vo)

3. The onset of auditory N itimuli (Ao)

h» The /
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ii. The onset of visual I stimuli in series two (V5)

5. The onset of auditory I stimuli in series three (A10)

6. The onset of visual I stimuli in series three (V10)

and subjected to analysis of variance. In analysing the data responses

to the onset of I stimuli (A5» V5, A10, V10) were often pooled and

compared with the pooled responses to the onset of N stimuli (Ao and

Vo) as an abbreviation the former is feared to s Group I and the

latter as Group N.

(b) Heart rate; These records were read so as to provide the

heart rate for 5 beats before stimulus chant,© and the 20 beats there¬

after. Once again the data from Stimulation .ieries and 5 was

neglected thus leaving records of the heart rata over the occurrence

of 3G stimulus changes for each subject. These were classified in

a wanner identical to the classification of the SCR data. Baoh of the

six groups therefore contained the heart rate record over the occurrence

of 5 stimulus changes for each subject. The data for tho last three

stimulus changes in each group was averaged for each subject. The data

for eacii grouping was then subjected to individual analyses of

variance.

Hypotheses

(1) It was argued that the OR reflected the reflex provision of

information processing capability to a stimulus on its presentation

rather than the actual processing of information. If this is the case

then the SCR as a component of the OR should be a discrete response

occurririg shortly after the onset of each stimulus (ideally as in

figure 11b). If the OR represented actual information processing then

the /
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thse response to I stimuli used in the present experiment should be

a change in SCL rather than on SCP. (ideally as in iigure 11c).

The same argument applies to the HR data however the intervals

between stimulus changes in the present experiment were not

sufficiently great to allow such analysis. The time course of the

HR response is greater than that of the SCR and approaches the inter-

stimulus-change interval thus precluding possible discrimination of

HR responses and changes in HF level.

(2) It has been argued that habituation of the OR represents

the gradual trimming of the information processing capability

provided to that actually required as the stimulus is repealed.

Thus in the present experiment, although habituation of the SCRs to

both N and I stimuli might be expected, habituation to the former

will proceed to a greater extent, theoretically until the SCR

amplitude is aero, than habituation to the latter.

This hypothesis can be tested by comparing the asymptotic level

of the amplitude of SCRs elicited by I stimuli with that of SCRs

elicited by N stimuli. In practice this will involve the comparison

of the amplitude of SCR elicited by later stimulus changes in /'5»

V5, A10 and VI 0 with those in Ao and Vo.

The same argument applies to the HR data, the responses to N

stimuli should habituate whereas those to I stimuli sb6uld not. In

practice Group I HR data should describe an HR response and Group N

HR data should not.

(3) One /
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(3) One aspect of the present conceptualisation of the Oh .and

its habituation which has not so far been made explicit is the extent

of analysis which occurs before the OR is initiates. If,as suggested,

orientation continues to stimuli known to be relevant but ceases to

stimuli known to be irrelevant tnen preliminary analysis permitting

discrimination of relevant and irrelevant stimuli must occur before

the OH is initiated# If this is the case then in the present

experiment since subjects had been pre-instructeb as to the discrim¬

ination of I and U stimuli one might expect that even the first

presentation of an I stimulus would elicit a greater OCR than the first

presentation of an N stimulus. This can be teated by comparing the SCR

amplitude to the first stimulus change in Group I to that in Gsoup H.

A test of this hypothesis in terms of the HR dav.a is excluded

since the responses to the first two stimulus changes in each group

were left unanalysed.

(U) In Stimulation Series 1,2 and 3 the I stimuli continued to

have the status of I stimuli because of the nature of the task and

because each list was different. If a given list was presented

repeatedly one might argue that its status would gradually change

from I to H as subjects becaiae aware that it was the same list that

was re-appearing. Initial presentations of the list would elicit

prelimins y analysis, the conclusion of which would be that the stimulus

was of I utafcus. Subsequently there would be orientation and the list

would be scanned for targets. Later presentations would elicit

preliminary analysis which if capable of leading to the conclusion

that the list was one which had been presented an scanned on previous

occasions might result in the failure of orientation.

In /
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In Stimulation Series i| an auditory list was repeated

unchanged and in Stimulation Series 5 a visual list was repeated

unchanged. Given the argument above it might be expected that

the OR to tneBe nominally I stimuli would suffer greater

habituation than the OR to •trujy' I stimuli.

Unfortunately the number of repetitions of the unchanged

lists (5) was insufficient for the majority of subjects to

realise that it was a single list repeated. Pew subjects

reported at the end of the experiment that they had noticed

repetitions of a given list and those that did claimed that they

had nevertheless continued to scan it in case they had missed a

target on previous occasions or in case there had been minor

changes in the list that bawl yielded a target combination. In

view of this the data generated by Stimulation Series U and 5

was left unanalysed.

RESULTS

A. Skin conductance

(1) With reference to hypothesis One: Examination of the

skin resistance records generated in the present experiment lends

support to the first hypothesis entertained. Although recovery

rates varied and often so called spontaneous fluctuations of iC

occurred during the presentation of I stimuli on no occasion was

the increase in skir conductance elicited by the onset of an I

stimulus sustained throughout the duration of information processing.

(2) With/
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(2) With reference to Hypothesis two* Table XIV is that of the

analysis of variance of the SCR data. The significant effect of

Stimulus Change dumber indicates that habituation did occur.

Inspection of means revealed that this effect was due to the

difference in mean amplitude of the SCRs elicited by I stimuli one

and two. This difference was significant (t * i».21| for p <0.001

and df « 899# t » 3.2$} whereas the difference in mean amplitude

of the SCSa elicited by S stimuli one and two was not significant

(t - 1.30).

Since a significant decrease in response amplitude occurred

only over Stimulus Change Numbers one and two the responses to

Stimulus Change Numbers 2, 3# U and 5 were pooled for I stimuli

and H stimuli to provide for a comparison of the asymptotic levels

of responding to I and K stimuli. The difference between these

levels '.as significant (t * 8.26, p< 0.001).

(3) With reference to Hypothesis throe: A comparison of

the pooled responses elicited by the first presentation of an I

stimulus in each Stimulation Series with the pool of responses

elicited by the first presentation of an N stimulus revealed that

the former was significantly greater than the latter (t « 7.6?).

Figure 12 represents a plot of the mean amplitude of f'CRs

elicited by I stimuli and those eUeited by 5! stimuli against the

number of the Stimulus Change.

B. ilearft /
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TABLE XIV

Analysis of variance of SCRs

Randomised block design
Blocks: Subjects (32)
Treatments: Stimulus - change Numbers 1 ... 5

Groups V^j Aq, V^t

Source of Variation df
Sum of

Squares
Mean

Square
P

Subjects 31 135.2U U.36 16.98**

Treatments:

Stimulus Change No. h 9.96 2.50 9.71**
Groups

r4
2 2U.75 U.95 19.27**

Interaction:

Stimulus Change No. x Group 20 7.68 0.38 1.L9ns
Irror 899 231.01 O.26

TOTAL 959 U08.66

ns - not significant
** - p<0.01
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TABLE XV

Analysis of variance of HR for
Groups A^t VQ, Aq, V^t A1()> and V^Q
Randomised Block Designs
Blocks : Subjects (22)
Treatment} Stimulus Change Number

Source of variation df
Sum of

Squares
Mean

Square
F

l5
Subjects
Stimulus Change No.
Error
TOTAL

0

Subjects
Stimulus Change No.
Error
TOTAL

0

Subjects
Stimulus Change No.
Error
TOTAL

Subjects
Stimulus Change No.
Error
TOTAL

10

Subjects
Stimulus Change No.
Error
TOTAL

^10
Subjects
Stimulus Change No.
Error
TOTAL

21

2i+
5ob
51+9

21
21+

5oi+
5b9

21

2b
50b
51+9

21

2b
50b
51+9

21
2b

50b
5b9

21

2b
50b
5b9

115573.06
3531.U7
5396.97

121+501.50

13515U.13
71U.52
651b.23

11+21+1+2.88

91888.19
538.72
5852.30
98279.19

80607.13
2218.11
61+1+3.20
89268.38

82867.88
1806.51+
51+1+8.58
90122.9I+

86691.31
631.8I+

5320.21+
9261+3.38

5503.1+8
167.11+
10.71

61+35.91
29.77
13.01+

1+375.63
22.1+5
11.61

3838.1+3
92.1+2
12.78

391+6.09
72.27
10.81

1+128.16
26.33
10.56

513.95
13.71+

1+93.1+0
2.28

376.83
1.93

300.25
7.23

365.02
6.96

391.07
2.1+9

All significant at 1% level
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B. Heart Rate

The analyses for the 6 heart rate groups are shown in Table XV.

The variances were sufficiently homogeneous to justify the calculation

of a common variance. The HR data has relevance to only one of the

hypotheses entertained viz that the HR component of the OR will

habituate to N stimuli and not to I stimuli. To test this the data

for A5» V5, A10 and V10 were pooled and compared with the pooled

data for Ao and Vo. To facilitate comparison of these two groupings

pre-stimulus change base levels were calculated using the first $

beats for each stimulus change and subsequent means were expressed

in terms of their deviations from these base levels. Plots of the

deviations from base levels over time are shown in figure 13. For

deviations from the base levels to be significant at the 5>% level

they must exceed 0.8 beats/min for Group I and 1.1 beats/min for

Group N. From figure 13 it can be seen that significant deviations

in Group I are the rule rather than the exception and are coherent

and those for Group N are not.

DISCUSSION

The SCR data generated by the present study supports the

hypothesis that an SCR reflects the onset of information processing

rather than actual information processing. This hypothesis can be

articulated as 'the SCR reflects the reflex provision of information

processing capability for a stimulus at its onset* as it was earlier

in this report. However articulation in this form would suggest that

the SCR elicited by the onset of an I stimulus in the present

experiment would be greater if that I stimulus had been preceded by

an /
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an I stimulus in a different modality rather than by an N stimulus.

A comparison of the means of A5 and A10 and of 75 and 710 in the

present study indicates that this was not the case. The absence of

the predicted difference might well have been a result of habituation

in which case it was patently unwise to have failed to counterbalance

the order of Stimulation Series.

The design of the present experiment, in particular the inter-

stimulus interval employed, precluded the discrimination of any

possible effect of the stimuli on Hit level since the HR responses

elicited by the onset of the stimuli appeared incomplete even after

15 seconds. However in view of the fact that the task employed in

the present study did most certainly involve attention to external

stimulation one might suspect given the findings and discussion of

the Laceys (Lacey, 1959; lacey and Lacey, 1958, 19&U) that I stimuli

would cause an increase in HR level, (in fact the data generated in

the present study suggests if anything that the performance of the

scanning task decreased HR; the grand mean for Group I was 87.U beats/

min and that for Gsoup N was 89.1» the Standard Error being 0.06.

However firm conclusions are hampered by the fact that heart

rate readings overlapped stimuli to a certain extent.) Never-

the less the HR data did allow assessment of the HR component of the

OR. Hypothesis two predicted that there would be an HR orienting

response to the onset of I stimuli despite repetition whereas there

would not be an HR orienting response to N stimuli. Analysis was

hampered by the fact that there is controversy as to what constitutes

an HR orienting response however the fact that there were clear and

coherent change* of FIR following the presentation of an I stimulus

and /
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and not following the presentation of an N stimulus and that the

former were to all purposes identical to those observed and labelled

HR orienting responses by Germana and Klein (1968) leads to two

conclusions. Firstly that the predictions arising from Hypothesis

two are supported in that I stimuli gave rise to an HR response and

K stimuli did not and secondly that the HR component of the OR is,

as Germana and Klein claim, an early accelerator,/ phase, a

deceleratory phase and a late acceleratory phase.

Hypothesis two was also supported by the SCR data, responses

to I stimuli were consistently greater than responses to N stimuli.

This fact also bolsters Hypothesis three in that it indicates that

the amplitude of orientation was sensitive to the distinction

between I and N stimuli before subjects could possibly have become

aware of the order of stimulus presentation thus implying that

preliminary analysis capable of discriminating I and N stimuli had

occurred before the amplitude of the subsequent OR had been

determined.

In all,the results of the present experiment support the

conceptualisation of the OR and its habituation arrived at in the

previous chapter and outlined in the introduction to the present

chapter. However as noted earlier in this discussion there is as

yet no direct evidence bearing on the question of whether the OR

indicates the reflex provision of processing capability for a

stimulus at its onset or merely indicates the onset of information

processing. The distinction may well be semantic,however an

adequate /
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adequate test of the validity of this distinction would be provided

by a situation in which subjects process information at a constant

rate over a period of time during which the information input modality

is changed. (The present exoeriment fails to provide an adequate

test because there was no control of rate of information processing

when the lists were presented visually and because ther-^ was a

hiatus, albeit small, between visual and auditory presentations.)

If the OR indicates onset of information processing then no OR

should be observed at the point at which input modality is changed

whereas if the OR indicates the reflex provision of information

processing capability an OR should be observed when information

processing capability is transferred from one modality to a second.

Until evidence bearing on this point is made available the present

author will continue to assume that the OR indicates the 3 atter.

This is purely a matter of convenience; if the OR in fact indicate

the former then the name 'orienting reflex' becomes an inappropriate

rubric for the SCR and other responses dependent on the same

eliciting conditions.

At this point it is possible to return and re-examine What was

admittedly a weak point in the argument that lead to the present

experiment. It -was noted in the introduction to the present chapter

that OR to a CS in classical conditioning habituates in spite of the

fact that the CS continues to be relevant and informative in that it

heralds the onset of the UC3. This appears to be evidence contrary

to predictions arising from the conceptualisation of the OR and its

habituation presently entertained. However the results of the present

experiment /
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experiment suggest that some degree of analysis of sensory input

occurs before the OR is initiated and it is possibly at this 'pre-

attentive' (a word first coined by Neisser, 19&7) level that the

information conveyed by a CS is assimilated. Certainly the

discrimination of CS+ and CS~ (whether the latter is explicit or

not) in typical classical conditioning studies can hardly be

considered to involve more than cursory information processing and

as Sokolov (1963a) has pointed out if the discrimination of CS+
and CS~ is difficult then the OR does not habituate.
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CONCLUSION
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la previous chapters a particular theoretical account of the

oCR was proposed, viz, that the SCR reflects the provision of

information processing capability, and to a limited extent supported

by the results of Experiment VI. In the present chapter an attempt

will be made to account for the effect of anxiety on the 3CK in the

light of those proposals.

The findings of Lader end Wing (1966) indicate that pathological

anxiety is accompanied by a reduction in the amplitude of 3CRs

elicited by the initial presentations of a neutral stimulus. The

results of Experiments 1 and III reported earlier suggest that this

is also true of anxiety induced in normal subjects by the threat of

electric shock. L-ader and Wing's findings further indicate that

habituation of the SCR in anxiety state patients does not proceed to

the same extent that it does in normal subjects, i.e. that their

asymptotic level of response is greater than that of normal subjects.

It has been argued that the amplitude of the SCR indicates the

proportion of IPC made available to a stimulus, thus if anxiety reduces

the amplitude of the SCR one might infer that it is causing a reduction

in the proportion of IPC made available to a stimulus. There are two

possible reasons why this should be. Anxiety might serve to suppress

the reflex provision of IPC in much the asee way as the reflex is

suppressed when the respons e to a meaningless stimulus habituates.

Alternatively anxiety could result in the engagement of IPC by

aspects of a subjeots environment other than the presentation of the

habituation /
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habituation series. This would reduce the IPC available for reflex

provision for any particular stimulus and thus reduce the amplitude

of the elicited SCR. The latter alternative appears more plausible.

It is generally accepted that experimental laboratories evoke

at least mild apprehension in the most bold and confident of subjects

and it is reasonable to assume that anxiety state patients are

considerably more susceptible to this effect. The apprehension,

presumably due to the novelty and uncertainty, is likely to result

in close inspection of the environment in an attempi to reduce the

uncertainty and allay fears. Such activity will engage IPC< the

greater the apprehension, the more detailed and prolonged the

inspection; the greater the proportion of IPC engaged, the less

IPC available for reflex provision for any particular stimulus. A

similar argument applies with respect to norraal subjects threatened

with electric shock. They will be more concerned with the experimenter's

ability to deliver painful shocks safely and with the timing, locus

and intensity of the shocks than with the presentation of the

habituation series. Thus the IPC of anxiety state patients and

anxious normals is likely to be more heavily taxed than that of non-

anxious normals, and at any given time less IPC will be free to be

provided for an impinging stimulus.

Incidentally if spontaneous fluctuations of SC are viewed as

SCRs to stimuli not programmed by the experimenter then the above

argument would lead one to expect a greater rate of spontaneous

fluctuations of skin conductance in anxiety state patients as was

found to be the case by I. ler and Wing.

There /
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There is in foot evidence which suggests that anxiety affects

the distribution of a subject's IPC. Wachtel (1968) has shown that

the reaction time to peripheral lights increases as a result of the

threat of electric shock whereas performance of a central task is

unimpaired. Sasterbrook (1959) has argued that a major effect of

anxiety is a narrowing and focussing of the field of attention with

heightened responsiveness to central cues and reduced responsiveness

to more incidental cues. If the presentation of a neutral stimulus

is considered to be peripheral to one's main concerns, as it surely

must be by anxious patients and normal subjects awaiting painful

electric shock, then it might be expected to commandeer less IPC.

If one accepts that the SCRs elicited by initial presentations

of a stimulus are reduced simply because more IPC is elsewhere

engaged then it only remains to account for the greater asymptotic

level, of response found in anxious patients. Less IPC is provided

for the inital presentations. Nevertheless some IPC is provided

and it is surprising therefore that the stimulus and its

contingencies are not assimilated and that habituation does not

proceed to the same extent as in normal subjects. Certainly the

reduction in SCR amplitude found in anxious normals does not

Impair their ability to habituate to the same extent as non-anxious

normals. An account of the failure of anxiety state patients to

habituate to the same level as normals can be couched in terms of the

efficacy of 'pre-attentive' analysis of sensory Input. It was argued

in Chapter 12 that discrimination of meaningless and potentially

meaningful /
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meaningful stiiauli occurs before the SCR is initiated, Parsimony would

be served if any stimulus not classified by pre-attentive analysis as

me; ninglesa had the power to elicit the 3CR and allowed this

assumption impairment or failure of pre-attentive analysis would lead

to persistent elicitation of the SCR by a repeated stimulus. Further¬

more such a failure of pre-attentive analysis would contribute to a

reduction in the amplitude of the SCR to initial presentations and

possibly account for high rates of spontaneous fluctuations of skin

conductance.

This account is of course highly speculative.However there iB

evidence from another quarter that patients suffering anxiety also

suffer from an inability to filter out meaningless sensory input.

McCallum and Walter (1968) investigated the contingent negative

variation (CSV)* in neurotics, for whom the major symptom was non¬

specific anxiety, and in normals. They demonstrated that the CbV

could be reduced by the presentation of a distracting stimulus and

more importantly in the present context that this effect habituated

in normals but not in the patient group.

* CNV - a slow change of potential in the fronto-vertical regions in
man occurring in the period between cerebral evoked responses
to pairs of stimuli when the second stimulus requires a motor
response or decision by the subject.
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There are two methods of measuring the resistance of skin,

•constant-current' or 'constant-voltage'; both invoke Chm's Law.

In the constant-current method the current passing between the

electrodes is held relatively constant and thus by Chm's Law

/ V\
(R = changes in resistance are reflected by changes in voltage.

Thus by monitoring the voltage drop between the electrodes and by

calibration in terms of resistance one can obtain readings of skin

resistance. In the cons taut-voltage method the voltage is kept

constant and changes In conductance are reflected by changes in

1 X
current (G a ^ 3 ^),

The constant-voltage system has distinct advantages1-

(l) Both techniques depend on the validity of the application

of Ohm's Law to the skin, on the linearity of the relationship

between voltages and current given a constant resistance. Edelberg

(1967) tested the linearity of voltage-current curves in UO subjects

and found that when skin resistance was low, high current densities

(up to J$^UA/om ) could be employed without incurring non-linearity
but when skin resistance was high non-linearity occurred at much

lower current densities. Vernbles and Christie (1973) offer an

account of these findings in terms of the amount of current carried

by an active sweat gland. They suggest that the relationship between

voltage and current for a single sweat gig id is linear, provided the

current carried by that land is low. Thus at a given current

density the current carried by a single gland will be inversely

proportional to the number of glands active; when resistance is low,

i.e. /
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i.e. when many glands are active a single gland will carry a small

proportion of the current and the voltage-current relationship will

be linear; however, when skin resistance is high an active gland will

carry much more current and the relationship will be non-linear.

Thus to insure linearity of the voltage-current curve it would be

preferable to maintain a low constant voltage drop across the skin

rather than a constant ourrent since with the former the current

carried by a single gland will be independent of the number of glands

active.

(2) The akin can be viewed as consisting of sweat gland and

epidermal conducting pathways connected in parallel between the

overlying electrode-electrolyte system at one end and by the inter¬

stitial fluid at the other. Resistances in parallel add as their

reciprocals, conductances are directly additive. Thus conductance

unit, are to be preferred in electroderta.l measurements (Kontagu
and Coles, 1966). The constant-voltage system is at an obvious

advantage in this respect since the write-out is directly proportional

to the skin conductance.

(3) When measuring skin resistance on© usually wishes to measure

both levels and responses. Typically a subject may have a resistance

of 50 K-tV. and one would want to detect responses as small as 1 kA.
If toe write-out were calibrated so as to facilitate the reading of

S!iL then Sjths of the order of 1 KSX would appear as unreadably small

deflections. In order to avoid this problem a suppressing oirc it is

employed such that the voltage level corresponding to SRL is opposed

by /
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by a measured voltage opposite in sign. As SB changes, either as a

result of slow changes of SRL or rapid SRRs the opposing voltage is

changed proportionally. Lykken and Venables (1971) have demonstrated

that for a given change in 3kin resistance less resettings of the

suppression control are required with a constant voltage system than

with a constant current system.

In spite of the advantages of the constant-voltages system

however the constant-current technique was employed throughout the

research reported in this thesis. Of the advantages of the constant-

voltage technique noted the latter two are purely a matter of convenience

for the experimenter and provided that the current density is limited to
2

a maximum of 10^«A/ci iidelberg, Greiner and Burch (1960) have shown
that Ohm's Law is operative in a linear fashion, thus vindicating the

use of the constant-current technique.

The circuit employed for the measurement of skin resistance,

together with the values of the components, is shown in figure 11*

A lead tetrapolar electrode system was used, the annular elements were

connected to the current source and the disc electrodes were used to

measure the voltage drop across the current path separating the bwo

electrode placements. With this system polarisation products- build

up in the vicinity of the annular elements without affecting the

voltage readings taken from the disc electrodes. Lykken (1999) has

shown that lead tetra-polar electrodes used with a weak NaCl solution

as the electrolyte suffer little from polarisation potentials and

offer little resistance sren when used for periods of up to one hour.

The /
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The circuit illustrated provides for a relatively constant

current of 10^|A. In comparison with the subjec-fe resistance
is very small and thus changes in the latter will have little effect

on the current flowing. In order to enable the recording of SRL and

have sufficient sensitivity to record small SKRs a suppression or

backing-off circuit is included. The backing-off circuit provides

fixed voltages (0-3V in steps of 9.5V» corresponding to 0-300KA)

which can be used to balance the voltage recorded across the

electrodes. The residual signal was amplified by a Devices DC-6

pre-amplifier with Sub. Unit. 01 and displayed on a Devices 2-Channel

polygraph. The value of the backing-off voltage being used at any

given time was noted manually on the chart.

The active electrode was placed over the whorl of the left thumb

2
in contact with 0.71cm of skin delimited by a corn plaster. All

resistance and conductance values cited in this thesis are referred

to this area of skin. The reference electrode was placed about 10cm

below the elbow on the lateral aspect of the left arm. The skin

beneath both the active and the reference eLectrode was cleaned with

ether and the skin beneath the reference electrode was also rubbed

briskly with emery cloth until a slight erythema was produced to

reduce the skin resistance. The electrolyte was 0.05 molar NaCl

(K-Y Jelly).
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Anxiety and the Habituation of the Skin
Conductance Response

J. M J. Watts
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ABSTRACT

The effect of threat of shod; on the habituation of the skin conductance response (SCR) to a
series of auditory slimuii was assessed. Skin resistance and heart rate were recorded during Re¬
presentation of 20. ' sec, 1000 Hz tones in a control session and in a session at the end of which
subjects were led to expect a painful electric shock. The effects of the threat of shock consisted of
recovery of tiic SCR and an increase in skin conductance level and heart rate. They were
restricted to the period during which subjects believed the shock to he imminent.
Two possible reasons for the SCR recovery were offered, one its terms of Lader and Mathews'

(1968) 'maximal habituation' hypothesis and a second in terms of a change in the stimulus
complex.
DESCRIPTORS: Habituation, Anxiety, Skin conductance response, Skin conductance level,

Heart rate.

Lader and Wing (1964) investigated the habitua¬
tion of the skin conductance response (SCR) to a

repetitive auditory stimulus in normal subjects and
patients with anxiety states. Their results indicated
impaired habituation in the patient group and they
proposed that this impairment is a characteristic of
such patients. More specifically, "in a subject v.-ho
habituates slowly the stimulus raises his level of
activity and retards still further an already slow rate
of habituation [p. 217]." Lader and Mathews
(1968) hypothesize that the underlying impairment
of habituation found in anxious patients is itself a
result of a high level of arousal; a higher tonic level
of arousal due to chronic anxiety or anxiety
aroused by the experimental situation than is found
in noimal subjects. This is supported by Lader and
Wing's finding of higher skin conductance levels
(SCLs) in anxious patients throughout the experi¬
ment.

This reasoning leads to the prediction that the
course of habituation in normal subjects should be
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advised me throughout the study and allowed me the use of the
Psychophysiology Laboratory. John Duffy made the statistical
analysis possible and Ralph McGuire advised during prepara¬
tion of the paper.
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Department of Psychiatry, Royal Edinburgh Hospital, Morn-
ineside Park, FJ;rburgh, EH 10 5HF, Scotland.

dependent on their level of anxiety and, given
sufficient anxiety, habituation should be impaired,
absent, or possibly even reversed. ('Habituation'
in this context refers to a diminution in autonomic

response rather than to the underlying neural
mechanism of such a diminution. Groves and

Thompson (1970) might argue that the absence of a
diminution of response does not indicate failure of
the habituation process but rather the superimposi-
lion of sensitization.)
Maltzman, Smith, Kantor, and Mande.ll (1971)

investigated the habituation of the SCR to various
stimuli in two groups of students. In the first
session a group of postgraduate students, with
considerable previous experience of the laboratory
and research techniques, habituated more rapidly
than a group of undergraduates lacking such ex¬
perience. In a second session, which for tiie
postgraduates occurred immediately prior to an
examination, the undergraduates habituated more
rapidly. The authors attributed their findings to
differences in arousal level at the times of testing.
In the first session the undergraduates were as¬
sumed more aroused as a result of greater anxietv
associated with the experimental environment and
in the second the postgraduates as a consequence
of their impending examination. These assump¬
tions were supported by recordings of cephalic
vasomotor activity.
The present study was designed to test th"

hypothesis that threat of electric shock will impair
596
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habituation of the SCR to a series of neutral

auditory stimuli in normal subjects. The experi¬
mental procedure was based on that of L rider and
Wing and provision was made io ailow both within
and between subject comparisons.

Method

Subjects

The 30 subjects used, 14 of whom were female, were
students and members of the staff of the University Department
of Psychiatry. Their average age was 20.8 yrs with a range of
i7—27 yrs. Subjects were matched in terms of age, sex, and
Taylor Manifest Anxiety Scale score, and one member from
each pair was randomly assigned to one of two experimental
groups.

Experimenial Situation

During testing each subject sat in a small sound attenuated
room which was brought to a temperature of 21°C before the test
began. The maximum rise in temperature noted during the tests
was 3CC. Subjects were provided with a stop clock and all
recording equipment was housed in the adjacent iaboratory.

Dependent Variables

Subjective Rating of Anxiety. To check that the threat of
shock had caused anxiety subjects were required to mark their
level of anxiety at the end of each session on a 100 mm line.
The poles of the line were labelled 'no anxiety' and 'the most
anxious you could ever imagine.'
Skin Resistance. A lead tetra-polar electrode system (Lyk-

ken, 1959) was used in conjunction with circuitry designed to
yield a current density of 7.3/xA/cirr (Venables Martin,
1967). The active electrode was placed over the whorl of the
left thumb and the reference electrode, in contact with 7.86cm2
of skin, was placed on the lateral aspect of the left arm
approximately 10 cm below the elbow. The electrolyte, 0.05
molar NaCl, was confined by a Scholl corn plaster.
Heart Rate. EKG lead I was used and the amplified signal

was converted into rate by a Devices ratemeter.
Both skin resistance and heart rate were displayed continu¬

ously on a Devices polygraph; in addition heart rate was read at
10 sec intervals by a Solution digital voltmeter and punched on
computer tape.

Stimulation

The stimulus series consisted of 20, 1 sec, 1000 Hz tones

presented through a loudspeaker 46 cm behind the subject's
head. The intensity, measured at the position of the subject's
head, was 100 dB and the interstimulus intervals varied
between 45 and 75 sec with an average interval of 60 sec. The
presentation of the series, preceded by an 11 niin period ol
silence, was made by use of a tape recorder.

Design

Each subject was exposed to the stimulus series twice, in one
session w ithout threat of shock (no-thieat condition) and in the
other with the threat of electric shock programmed to occur
within the last 5 min of the 31 min session (threat condition).
There was a 3 min interval between sessions. Subjects in Group
A received the 'no-threat' condition in session one and the

'threat' condition in session two. The order of conditions was

reversed for subjects in Group B. On no occasion was an
electric shock actually given.

Procedure

Before any information regarding the study was divulged
potential subjects were asked to complete a Taylor Manifest
Anxiety Scale questionnaire to enable matching of groups in
terms of manifest anxiety.
After attachment of the electrodes a standardized set of

instructions was read to each subject informing them that the
purpose of the experiment was to record psychophysiological
responses to auditory stimulation. They were told to expect an
1 1 min period of silence followed by a period of 20 min during
which loud tones would be presented. In the 'threat' condition
this was followed by informing the subject that at some time
during the last 5 min of the session a brief but painful electric
shock would be administered.
At the end of the session each subject was asked to indicate

tiie level of anxiety fell immediately before the experimenter
entered the room. Three min later the second session com¬

menced, at the end of which a second subjective rating of
anxiety was obtained. Subjects were then questioned as to their
feelings about the experiment and asked not to divulge any
information concerning the study to others.

Skin resistance v. as recorded continuously throughout both
sessions and heart rate was monitored for the last 23 inin of each
session.

Analysis of Data

Subjective Rating ofAnxiety. A subject's anxiety level at the
end of a session was taken as the distance in mm of his mark
from the 'normal' pole of the scale.
Skin Resistance. Two measures were derived from the skin

resistance record. SCL and amplitude of skin conductance
response to the stimuli (SCR). Skin resistance readings were
taken from the polygraph record at 1 min intervals during the
rest period and immediately before each SCR during the
stimulation period. A final reading was taken 1 min after the
final stimulus. This provided 32 readings for each session.
These were converted into log conductances and averaged in
groups of 4 to provide 8 SCL readings for further analysis.

The amplitude of the SCR was taken as the difference
between the prestimulus reading and the highest conductance
within 6 sec after the stimulus.
Heart Rate. A total of 136 readings were taken for each

subject in each session. They were averaged in groups of 4
before further analysis.
An individual range correction (Lykken, 1972) was applied

to each set of data (in the case of SCL independent corrections
were made fot each session in order to mitigate the possible
effects due to temperature rise), and the corrected data was
subjected to a split-split-plot analysis of variance (Kempthorne,
1952).

Results

Subjective Rating ofAnxiety
The Group means and standard deviations for

the two ratings obtained were 9.0±1|.7 and
50.7± 19.9 for Group A and 59 6±2/l.l and
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5.0±6.9 for Group B (Sessions 1 and 2 respective¬
ly), indicating higher levels of subjective anxiety at
the end of the 'threat' condition than at the end of
the 'no-threat' condition. A sign test (Sicgel, 1956)
indicated that these differences were significant.1

Skin Conductance Level

The analysis of variance indicated that the ef¬
fects of Group, Session, and Treatment Condition
Group x Session interaction) were not significant.
The effects of Time, /r(7/392)~39.58, the interac¬
tion of Session x Time, F(7/392)= 2.16, and that of
Treatment Condition x Time, 6(7/392) — 3.67,
were significant.
The effect of the interaction of Treatment Condi¬

tion X Time was considered of prime importance
and thus to illustrate this effect clearly each indi¬
vidual value was adjusted for the effects of Group,
Session, and Treatment Condition. The mean ad¬
justed (residual) SCL values are plotted against
Time in Figs. 1 and 2. These figures allow direct
examination ot the interaction effect uncontami-
naled by main effects.
For a t value significant at the 57c level the

means must differ by 16 units and thus it can tie
seen that there are significant differences between
the two groups at times 2, 14. 18, and 30 in
Session 1 and at time 30 in Session 2.

Skin Conductance Response
A preliminary check for outliers and non-normal¬

ity revealed that the data was skewed. An arcsin
transformation was used to impose normality. The
analysis indicated no significant difference be¬
tween Groups implying that the order in which the
two conditions were presented had no significant

,S1
Skin Conductance i

level" Residuals i
0-

-30 V o--oGROUP A (no threat)

GROUP B (threat)

1G[ 20
1st stimulus

time in minutes

130
20th stimulus

Tig. 1. SCL mean residuals for Groups A and B during
Session 1 plotted against Time.

15-
Skin Conductance
lever Residuals

0-

GROUP A (threat)

o--o GROUP B I no threat)

1st stimulus

TIME IN MINUTES

'Significance is defined as p<.05.

Fig. 2. SCI. mean residuals for Groups A and B during
Session 2 plotted against i ime.

effect. As was to be expected in a habituation study
the effects due to Session, F (1/28) = 10.28.
Stimulus Number. F( 19/1064)= 15.50, and their
interaction. 6"(19/I064) = 5.17, were significant.
Mere importantly .he effect due to the interaction
of Treatment Condition x Stimulus Number was

significant, 6'( 19/1064) — 4.33, and to illustrate this
more clearly the individual response amplitudes
were adjusted to remove the main effects or Group,
Session, and Treatment Condition. The residuals
are plotted in Figs. 3 and 4. By use of a r-test it was
shown that means differing by 0.1476 radions arc
significantly different at the 5c/c level. Inspection of
Fig. 3 reveals that the mean responses of the two
groups differed for stimuli 2. 4. 5. 6, 8. 17. i8, 19.
and 20 in Session 1 and in Session 2 (Fig. 4) for
stimuli 1,19, and 20.

It should be noted that the individual range
correction applied to this data could give rise to
misinterpretation. The steeper gradient of the
Group B habituation curve in Session 1 is not a
result of more rapid habituation of Group B suo-
jects but rather much greater maximum responses
of subjects in Group A. (Mean of the first response
for Group A = 0.0812 and for Group B =-
0.0591.) The significant difference found between
the mean responses of the two groups to the first
stimulus in the second session is likewise an
artifact of the correction.

Heart Rate

Hue to a technical fault the heart rate data lor
one pair of subjects was lost, thus bringing the
number of subjects in each group to 14. The
analysis revealed significant effects due to Session.
/•'( 1/26) = 5.48, and Treatment Condition, c (>
26)=39.63; the means oi the corrected heart iates
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Fig. 3. SCR mean residuals for Groups A and B during
Session 1 plotted against Stimulus Number.
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Fig. 5. MR mean residuals for Groups A and B during
Session 1 plotted against Time.
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Fig. 4. SCR mean residuals for Groups A and B during
Session 2 plotted against Stimulus Number.

for the groups in the two sessions were 34.9, 45.5,
and 52.4, 29.2 for Groups A and B respectively.
Once again an adjustment was made to remove
main effects and the residuals representing the
significant interaction of Treatment Condition x
Time, /r(19/1064)= 4.90, are plotted in Fias. Sand
6.
A r-tcst indicates that the divergence of mean

corrected heart rates becomes significant at the 5T
level when the means differ by 10.5 units. The
graphs reveal that the most dramatic divergence
between the means for the two Treatment Condi¬
tions occurs in the last few minutes of each
session. The mean heart rates of Croup A at the
time of the last measurement in Session 1 and in
Session 2 were 73.7 bpm and 83.4 bpm respective¬
ly, and those of Group B were 87.1 bpm and 72.0
bpm respectively.

Fig. 6. MR mean residuals for Groups A and B during
Session 2 plotted against Time.

The application of the Geisser-Greenhouse con¬
servative approximation of degrees of freedom
(Edwards, 1968) to the data generated in the
present study did not affect the significant differ¬
ences reported other than for the significance of the
Session x Time and Treatment Condition x Time
interactions in the analysis of SCLs. Using conser¬
vative approximations of degrees of freedom these
effects were not significant.

Discussion

The most striking aspect of the data presented is
the fact that major changes in physiological indices
of arousal, contrary to expectation, were restricted
to that period in which subjects had been led to
believe that presentation of electric shock was
imminent. Unfortunately only a single rating of
subjective anxiety was obtained in each session.
One wonders whether, given the opportunity to
rate anxiety at frequent intervals during the ses¬
sion, changes in subjective rating would have
paralleled the physiological changes observed.
The subjective ratings of anxiety obtained indi¬

cate that subjects were made anxious by threat of
electric shock and this is further supported by the
finding of cardiac acceleration in the 'threat' condi¬
tion However, the increase in heart rate observed
in the present study might, in the light of Bowers
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(1971), be considered somewhat surprising. Bow¬
ers investigated the effects of temporally certain
and temporally uncertain electric shock on heart
rate and found that the former gave rise to cardiac
acceleration and the latter to cardiac deceleration.
In the present study subjects were led to expect
shock at any time in the last 5 min of the session.
Thus they effectively awaited temporally uncertain
shock during that period which, given Bowers'
findings, might be expected to give rise to cardiac
deceleration rather than the cardiac acceleration
observed. Bowers accounted for his results in
terms of the opposition of the effects of anxiety
arising from anticipation of shock and of vigilance
for uncertainty removing cues The former he
suggested causes cardiac acceleration and the latter
cardiac deceleration, in his 'temporally uncertain'
group the latter predominated. Since Bowers' sub¬
jects were given experience of the maximal inten¬
sity of shock to be employed in the study, whereas
subjects in the present study were merely told that
it would be painful, it is possible that the anxiety
induced in the present study was greater than that
in Bowers' experiment. If so this would account
for the predominance of cardiac acceleration.
The significant fall in heart rate across sessions

irrespective of the order of the two treatment
conditions implies the presence of some factor
which caused cardiac acceleration but which

adapted with time. During casual questioning of
subjects after they had been tested all but 2
admitted to apprehension on first entering the
experimental laboratory. This mild anxiety, which
presumably adapted with time spent in the labora¬
tory. could account for the noted effect.
The interpretation of the SCL data is compli¬

cated by two factors, the lack of control over the
environment from which the subjects came to the
experiment, and the effect of the gradual rise in the
temperature of the experimental room during the
experiment. Inspection of individual SCL curves
indicated that during the initial rest period there
was no uniform effect. Those subjects who had
come from inside the building tended to show a fall
in SCL throughout the rest period whereas those
who had come in from the cold showed a rise.
The graded rise in temperature and hence SCL

throughout the experimental period possibly served
to mask part of the effect of the threat.' However,
the last mean reading for the 'threat' condition was
greater than that for the 'no threat' condition in
both sessions.

The SCR data can be conveniently discussed in
three stages, initial habituation, minimal response
period, and the final stage during which SCR
recovery occurred in the 'threat' condition.

In Session 1, although the rates of habituation
were simitar, the average amplitude of Group A
responses to the first few stimuli was greater than
that of Group B. This might be taken to indicate
that anxiety reducer the amplitude of the SCR but
the heart rate and SCL records immediately before
onset of the stimulus series suggest that there was
no difference in anxiety level between the two
groups at this time. An alternative reason for this
difference could be the extent to which subjects
attempted to predict the timing of the stimuli. The
effect of threat of shock on the firsi response in the
first session was noted after 0 subjects had been
tested. Hence all subsequent subjects were ques¬
tioned after the experiment with respect to the
extent to which they had attempted to predict the
onset of the first stimulus. Nineteen of the 25

subjects; questioned admitted to attempting.to pre¬
dict, by watching the clock, the timing of the first
stimulus in the 'threat' condition, but had tended to

doze during the corresponding period in the 'no
threat' condition. Subjects were given sufficient
information to be able to predict the onset of the
first stimulus to within I rnin. The smaller SCR
observed in the 'threat' condition might have been
due tc relatively less surprise by the first tone.
Prediction of the onset of the first stimulus might
also account for the difference between the SCL
curves in Session I for Group A and Group B.
The absence of differential rates of initial

habituation between the two conditions is contrary
to the hypothesis on which the study is based.
There are two possible explanations. The heart rate
data suggests that subjects in the threat condition
were not 'anxious' until the last 5 min of the
session, i.e. that period during which shock was
imminent. Thus it might be that the threat
employed in the present study was inadequate to
cause anxiety during initial habituation.
An alternative explanation might focus on the

different attentional sets of subjects in the two
conditions. It has already been noted that in the
'threat' condition subjects tended to be more atten¬
tive to the timing of the stimuli. Such an attentional
set might be expected to accelerate habituation
(Coffey, 1966), thus masking possible decclnating
effects of anxiety.
There were few instances of complete habitua¬

tion of the SCR. presumably a result of the use of a
variable interstimulus interval. The recovery of the
SCR, the onset of which was almost simultaneous
with the onset of cardiac acceleration, indicates
that anxiety does affect the amplitude of the SCR to
a neutral stimulus. Furthermore this cannot be
accounted for in terms of the Law of InitP'l Values,
which in this case would if anything predict the
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opposite result, or in terms of spontaneous recov¬
ery since there was no such recovery in the 'no
threat' condition.
A more plausible interpretation of the recovery

of the SCR could be in terms of Ladcr and
Mathews' hypothesis that high levels of arousal
retard, and can possibly reverse, habituation. The
SCL and HR records indicate that subjects in the
'threat' condition became particularly aroused dur¬
ing the last 5 min of the habituation series, which is
precisely that period during which SCR recovery
occurred.

However, the present results could also be
accounted for in terms of dishabituation of the SCR
as a Jesuit of a change in the stimulus complex
(Berlyne, 1960). Although it has been previously
argued with respect to the heart rate data that the
effect of anxiety exceeded that of the effort to
perceive uncertainty removing cues, the possibility
remains that the effect of imminent electric shock
on SCR is mediated by a change in perceptual set
rather than a change in arousal level.
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