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o ABSTRACT : \

"Individual Differences in Punllla*v Resnonse .
to Ch”omatlc S*:J.muh.-L

0
FY

The velatlonshln between the Lysencklan (190?)
extraversion dlmen51on and the neg-Favlovian dlmen51on

of Surength of the nervous s&stem (Eysenck, 196?; Gray,
1964), with introverts, the weak nervous'sysﬁém type,
posed as réaching the level of trénémgrgiﬁal inhib-
ition at lower levels of stimulus iﬁtgnsi%y,'was explored
with the. nunlllary 1ght reflex. Fif ty-one subgec»s,‘
leldedaequally into groups of lPt“OVeruS, ambiverts, and

extraverts, and equated for low *o moderate neuroticism

‘anu bsychotlclsm on the bas:is o"EPQ scores, observed

a serles 0f red and blue chromatwc light stimulations

unde: both a high- and Iow—intensi?y condition while
the pupillary light reflex was continuously monitored.
Subjects Qere‘also tested for red and blue hue discrim-
iﬁéfion ability. Magnitude of maximum constriction,
latencf}and rate of constriction, magnitude of maximum

K r ]
redilation, latency and mean rate of redilation, max-

imum redilated pupil SlZEﬁ mean tcnlc dark-adapted-

pupil size, frequency of/V— and W-waves, trials-to-

criterion-fatigue, and eyebl nk frequency during rest

1 Michazel Moss, Master's thesis presented to

the School of Graduate Studies of the University of
Ottawa, Ontarlo, 1979, xviii-218 p,.
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and stimulatioﬁ were meaéured. It was hypothesized
that extraverts, éharaéterized by a greater d%gree of
‘cdrtipgl inhibi%ion,would initially manifest a gfeater
degree of oculomotor inhibitidn as shown! in less ex-
tensive pupillary light reflexes than introverts, and
that infrqye;ts, reaching their threshold of trans-
marginal inhibition at a.lower level, would show less
extens%ve pupillary light feflexes than extraverts

at the end of the series of light'pfeéeﬁtations.

No-main effects due %o ‘extraversion were observed
for any“éf tﬂe ?hin%een components of the pupillary
light reflex, pupillary'response, or fatigue indices
under any of the‘hue_or'intensity cond;tions. Sig-
ﬁificéntly fewer trialsAtorcritérion—fatigue indicated
that introvérts fatigued féster than extraverts to the
" blue hue during the low-intensity level. This was
the only indication of a reiationship between extra-
version, sensitivity, stimulus intensity, and psycho-
physiological reactivity, and is in the hyéothesized
direction. _

The hypothesis that introverts are more per-
ceptually sensitive, and ﬁanifest'more intense, pro-
longed, or immedizte psychophysiological reactivity
to low-intensity stimulaf}ggi,was not confirmed.
Holmes' (1967) contention that high levels of acetyl-
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choline, inferred from rapid‘Pup%ilary constrié%iSn is
related to introversion, is i&éstioned. 'Significantly
less exterisive cons<triction and redilation, slower rates of
constriction and redilation, largef redilated pupil
sizes, and a greater frequency of fatigue effects were
obtained fbr'the red hue. In comparison with the low-intensity
céndition) significantly more extensive cdnstriction
and faster rates of redilation occurred for the high-
intensity condition, consistent with previous descrip-
tions of pupillary light reflex activity (Lowens<ein &
Zbewenfeld! 1952, 1969). Extraversion was not related
éo hue discrimination ability.

With respect to the balance of pérasympathetic
and sympathetic mechanisms of the pupillary light reflex,
the results of the correlational analyses of pupillary

components-were consistent with the findings of Lowen-

'stein and Loewenfeld (1950, 1969). The results are dis-

cussed in terms of individual differences in the pupillary
light reflex, the effects of stimuius intensity, individual
response specificity, and unexercised controls znd meth-
odological_problems inherent in previous studies. The
pupillary light reflex is indicated as a useful means for
investigating habituation and fatigue and a new .scoring

Procedure is introduced.
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INTRODUCTION
| o

In recent years, substantial advances have been made
towards a more complete understanding of the psychophysiologicai
concomitants %F such pasdc psychological processes as
perception, lé;rning,jnemory, and emotidn. The search for
biological factors underlying individual differences observed
in these fundamental psychological D*ocesses has done much
to increase present knowledge bearing on one of neuronhy31olo gy's
central problems, 1l.e., understandlng of the pr1nc1nle of neural
1nterconnect10ns Drop sed to mediate many forms of gross
behavieur in general, maladaptive expression 1in
particular.‘ The specification and elaboration of anatomical
pathways and control systems hypothesized to underly
behavioﬁral descriptions of d%ﬁ erences in soclalization
and maladdbtlve neurotlc’exnre551on have 'become critical
issues. There 1s a great Dnollderatlon of literature advocatlng
various theoretical approaches To describe relationships
between péycholoéical, social, and bioiogical functions,
~from both an experimental and clinical point of view.
Within th}s wide spectrum, one such controversial theoretical
approach ds the hypothesis of biologically.based‘dete;minants
of individual differences between introverts and extraveris
(Eysenck 1947, 1952, 1967).

Eysenck's (1967) theo*y of Densonallty has been

influential in suggesting to many psychologists that

Y



contemporary neurophysioclogical research‘on diffusely
activating mechanisms iﬁ thé central‘ne}vbus system 1is
relevant to researcéh into a wide range of behavioural
phenomena. Thié approach is unigue because it attempts
to relate individual differences in personality, humén L
behaviour, and éenéitivity to a ﬁiolﬁgical basis. More

specifically, Eysenck's (1967) hyvothesized identification o

, kg

two orthogonal type-level factors of extraversion and neu*o—
ticism with differences in levels of activity in cortlcore—
ulcular and llmblc:system loops, the dewvelopment of a dimj'“
ensional, quantitative personality classification, aﬁd tﬁe'__'
atuemnt to relate psychological and Dh351010c1ca1 Drocesses,

have contributed to the elucidation of 1nc1v1duaﬂ dlf’e”ences

-gﬁ
’

in human behaviour and perception. SR e
Eysenck (19467) hszas nronosed uhau

De rsonallty dlfferences along the 1nt”over5ﬂon-exuraverSLOn
en51oﬁhé;5;nd on individual differences in CO”ulC&l arousal

and inhibition Wthh are modulated in the corulcoretlcular .

loop. Introverts have been characterized by increased

levels of activity in the reticular formation, which accounts

for g”eate* e:f1c1ency in processing of sénsovy information,

faster and more complete conditioning and socialization, and

enhanced sensitivity. The more cortically inhibited

exiravert was proposed to manifest reduced sensitivity

2s a result of presumably lower levels of corticoreticular
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activity. After a decade of psychophysiological reséarch
provogated by Eysenck's (1967) excitation-inhibition '
propqsél; é‘barrage of dispagate results héve accumulated,
and the cdntroversy born of the theory reﬁains largely
unresolved. . \

-

Recent advances in the realm-of‘pupillometry(
hold considerdble promise that the pupillary response

may provide a sensitive, objective index for investigating

the proposed'excitation—inhibition hypothesis underlying
Eysenck's (1967) theory of extraversion. As indices of «
autonomic aciivity, pupilliary movements have been studied
extensively (Goldwater, 1972; Janisse, 1974). Most of the
research, however, hsas invéétigated pupillary activity
independent of both personality factors and changes in
illumination.

An abundant literature exists advocating that the
recording of pupillary reactivity offers a promising technique
for studying hypotheses concerniné-cbrtical and subcortical
mechanisms which have been proposed in the rationale for
the physiological basis of personality. There is, hoﬁever,
a2 pauclity of such demonstratiogs. The pupillary light refliex
has yet to be exploited as z measure of autonomic reactivity,
particularly as related to personality, and no normativg
data of the reflex is avallable. Rationale for the

use of the light reflex in examining hypotheses in

relation to inferred corticoreticular activity rests
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on Lowenstein and Loewenfeld's (1950, 1952, 1969) description
of the anatomical and physiological mechanisms of the-
reflex, as well as the adaptive'role of the pupil in
determining the amount of liéhtienergy admitted to the
‘vjsual system by the organism.

The pupillary light reflsx is bi-directional in.
nature, with both branches of the auitonomic nervous system
involved in the elicitation of the reflex. Constriction
is mediated by parasympathetic activity via the ciliary
ganglion; dilation is under the control of sympathetic
impulses arising in the superior cervical ganglion.
Inhibition of the light reflex by sensory or emo*‘cionl1
stimuli occurs when .impulses from the ceﬁtral nervous
system and brainstem reticular sysiem impulses inhibit the-
oculomotor nucleus and prevent ﬁxtgnsive pupillary constriction.

The pupillary light refiex gradually reduces when the
eye 1s exposed to repeated light stimuli at short intervals. \\-///ﬂ
This has been understood as =z Tatigue effect and explained
in term§ of efferent parasympathetic inhibition of the

“pupillary sphincier due to supranuclear impulses.

t should, therefore, be possible to assess the degree of

[N
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cortical inhibition characterized biﬁa greater degree.of

oculomotor nucleus inhibition manifested in the light
. * . -
reflex. o : s e

ARl
. R

As differential responsiveness between introverts
and extraverts has been reported with other physiological

measures, individual differences in inhibition aznd fatigue of

. the pupillary light reflgxq predicted from Eysenck's (1967)

proposal, might provide a test of the hypothesized cortico-

reticular mechanisms presumed to mediate behaviours .along -

. N . . .::- s ¥
the extraversion dimension. Because of their presuned = - -

enhanced sensitivity, introverts should initizlly manifest faster
and more extensive constriction and redilation of éhe

pupillary light reflex, and fatigue faster during a series

of repeated light stimulations.

(3

A model for the“observed relationship between

introversidn, speed of dﬁﬁditioniné:}and synaptic'ffénsmitter
substancés as indexed by speed of pupillary constriction

and rediiéfion, has been proposed by Rubin (1960, 1964)

and elaborated by Holmes {1967). Holmes (1967) has related -
speed or efficiency of neural transmission at cholinergic
synapses with zmount-of acetylcholine present, speedlof

pupillary constriction, conditionability, and introversion.

. I these results can be partially replicated, em@&oxing a

more exa&ttﬁeasure of pupilléry reactivity, further éupport
for the hypothesis relating introversion with high'levels
of acetyicholine would be provided. In addition, in view

'3

.t
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specificatign of the strength and dominance of sympathetic’

and' parasympathetic -interaction for individuals differing*

in degree of extraversion might be.accomplished.. By
attempting a more thorough analysis-of the pupillar&
light reflex than has been previously reported, the
significance of specific fatigue indices and additional
pd{illary measures to psychophysiology are also analyzed.

The possibility that different adapiive and fatigue
characteristics and motor outlets in the form of eyeblinks
are adopted by inciyiduals differing in terms of inferred
'cortical excitability is zssessed.

This thesis attempts to ascertain whether components

of the pupillary iight reflex, fatigue indices, and
eyeblinks to chromatic light stimuli may be used to
differentiate individuals differing in degree of
extraversion. The use of chromatic light stimuli stems
primzrily from investigations linking extraversion with
individual differences in sensitivity to hues, speculated
links between personalify and hue preference, and resezrch
indicating differential arousal potential and stimulus

energy for hues at opposite ends of the spectrum. An

attempt will zlso be made to liﬁk extraversion to sensitivity

to hues by employing measures of hue discrimination,
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and to relate hue-discrim;natory abfiié} to the pupillary

"light reflex characteristics.
' To accomplish these aims, the basic ‘strategy of
the present study essentié;ly consists of administering
the Eysenck Perso?fiiig.Quéstionnaire'(EEQ),( Eysenck &
Eysenck, 1975)~to»a group of volunteé;s, selecting three
subgroups based on their extraversion scoreés, ana recording
measures for hue discrimination ability and the pupillary
‘reactions to chromatic light §%imuli. The pupillary
response and hue diserimination data are then measured and
7 compared. ‘
Chapter I presents a review 6fathe relgyant resFarch
on which the questions to be explored are based. Atéen%ion
focuses on Eysenck's personality theory and on the -
.psychophysiclogical findings addressing the hypoﬁhesis'
of individual differences in corticoreticular azctivity
between introverts and extraverts. Research pertaining
to pupillary reactivity and excitation is then repbrted,
and the dynamics of the pupillary responée are described.
The relevant research relating hue with personality and
pgychoPhysiological reactivity -is presented, followed
by a statement of the hypotheses.
The second chapter presehts a description of the

classification of the subjects, psychological instruments

and apparatus, experimental and statistical procedures,
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and scoring methodology. 'The resulis are Presented in
.Chapter III. The final cfapter involves a discussion
of. the results and considers implications and potential

research.



CHAPTER I v
REVIEW OF THE LITERATURE

This chapter presents a review of the"theoreticaf
models and relevant research findings which led to the
formulation of the questions to be explored in the present
investigation. A review of Eysenck's bi-dimensional
per;pnality theory is followed by the psychoph&siological

- research bearing directily on this proposal. A description
of the anatomical and physiological mechanisms involved
in the ﬂhpillary response is then presented, followed
by research r;lating the pupillary responsé with psycho-.
physiological excitation and personzliity. The literature
relating individual differences in personality to the
Hﬁjgsychophysiological effects of hue 1s ouilined, and in
the finai‘seétion a summary and statement of the hypotheses

are presented.

~

Eysenck's Theory of Personality

The explorztion, analysils, and explanation of
the blological basis of personality have been accelerated
by the work of Eysenck (1947, 1952, 1955, 1967).
Based on evidence from a large number of factor analytic

studies of self-report inventories, Eysenck (1967) has



identified the two orthogonal type-ldvel factors of
extraversion and neuroticism as the main contributors to
. a description of personality, and has put forward a
dimensional , quantitatiye schemata s an alternative

to the more categorical, non-quantitative, psychiatric
Dersonality classification. In reporting two major
ocrthogonal factors closely resembling the fundamental
-personality dimensions of Eysenck (1967), support for
this proposal has been provided by Hildebrand (195@),
Cattell (1965), Cattell and Scheier (1961), and Farley (1970).
Factor analytic studles of the MMPI zlso support this view
(Xleinmuntz, 1967; Lanyon & Goodstein, 1971).

The differences between introverted and extraverted
rersonallty types were originally explained by Eysenck (194?,
1952, 1955) with reference~to the reactive inhibition
construct borrowed from Pavlov (1927) and Hull (1943).
Inhibition was considered as a central ég%fical Drocess,
and 1t was postulated that differences.in the rate at |
which individuzls accumulated reactive inhibition in
response to stimulation accounted for the observed |
differences between introverts and extraverts on
various pgper:and—pencil and behavioural tests. Introverts
were characterized by weakeg and slower developmenf of
inhibition and a faster dissipation of inhibition

-

than extraverts, and were predisposed to develop KK
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ankiety and depression symptoms, in contrast to extraverted,
hysterical convefsion and psychopathy, in case of neurotic
breaﬁdown (Eysenck, 1957, 1963).

More recently, Eysenck (1967), responding to
developments in psychophysiology (Gellhorm & Loofbourrow,
1963; Gray, 1964, 1967; MacLean, 1958, 1960; Routtenburg,
1@?6@ Samuels, 1959), has shiftea his emphasis from the

concébt“of‘%mactive inhibition to those of arousal and
N = .

.

éxcitation and the specification of the neural structures

proposed to account for the excitation-inhibition hypothesis.
The theoretical contention of a2 two-dimensional, 5i—polar
personality theory, mediated by a two-dimensional arousal
system, (Eysenck, 1967), was proposed to integrate individual
differences at the descriptive level with the general
behavioural principles established by experimental and
physiological psychology.

0f central importance was the specification of
physiological determinants for understanding why neurotic
expression in introverts frequently takes the form of
such disorders as ahxiety reactions, phobias, reactive
depression, and obsessive-compulsive disturbances,
while extraverted emotional instability appears'most
often in hysterical and psychopathic behaviours. Studies

of identical twins brought up separately have indicated
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an influencé of heredity on extraversion and neuroticism
(Shields, 1962). The finding that an individual's
position on the intyoversion-extraversion dimention can
be shifted with drugs, depressahts exerting an extraverting
effect and stimulants being introveriting, has provided
another link with blological science (Eysehck, 1973).
.To explain these phenomena, differences in activity
levels of two distinct neurophysiological loops were
postulated as the regulators of constitutional differences
proposed by the concepts of extraversion and neuroticism.
Individua; differences in extraversion were explained
by differences in levéls of activity in the corticoreticular <
loop, with introverts characterized by higher levels
of activity. -’

According.to this proposal (Eysenck, 1567),
‘the cortex is maintained in a state of functional tonus
by collaterazls of the reticular formatién mediating
neural messages relayed along the classical ascending
afferent pathways'to the pariticular prqjection areas.
The reticular formation continues to either transmit or
inhibit arousal messages rélayed to the cortex, depending

on the nature of the information being transmitted.
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Because of differences within this loop, the introvert
is characterized by higher levelsg of ¢tortical arousal and
lower levels of inhibition than the extravert. This

constitutional difference was proposed to explain the

Q

- ’ . . . . . ) [/
introvert's greater efficiency in thé processing of [7

sensory information, enhanced sensitiviity, and faster

"and more complete conditioning. In contrast, the extravert,

‘presumed to be more cortically inhibited due to lower e

levels of reticular activity, was expected to condition
slower, show less efficiency in sensory information
processing, and manifest reduced sensitivity. The im-
portance of the MLToular formation as a mediator of cortical
excitation has been implicated from the initial work of
Bremer (1935, 1936), Moruzzi and Magoun (1949), and
Lindsley (1949, 1950).

Subsequent demonstrations have indicated a
positive association Dbetween reticular activity, perceptual
sensitivity, and attention (Gellhorn, Koella, & Ballin,
1954 Livingston, French, & Hernandez-Peon, 1953;
Segundo & Arana, 1955). Eysenck's (1967) observations
of differences in performance during sensory tasks
between individuals differing in degree of extraversion
have been cited as evidence linking introversion witl

—_

cortical arousal.

Eysenck (1967) leans heavily on the Papez (1937)
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and MacLean (1958) theories. of emotion in providing

a physiological rationale fo: his concept of neuroticism.,™
Neuroticism has beenm linked with differences in adtivity ~
primarily in the limbic system, with differential
thresholds for hypothalamic activity proposed to mediate
differences in responsivity of the g&%iathetic nervous
system. Such siructures as the hypothaliamus, amygdala,

and hippocampus, as well as the reticular system, have

been implicated in this second loov. It was proposed

thav collaterals from the viscerzl brain transmit arouszl
messages to the coriex via the reticular formation in 2
manner similar to information transmission via the
ascending afferent pathways. Greater responsivity,
excltability, and agitation characterized high neuroticism
scorers. Low levels of autonomic activity, inferred

from differences in sensitivity, attention, and conditioning
between introverts and extraverts, ‘contrasted with high
levels of neurotic autonomic activation concomitant with
expressions of fear, distress, or anger. Unlike extraversicn,
which is physiologically manifested'via corticzl control
over the arousal impulses received from the reticular
formation, in the case of neuroficism activating

impulses from the reticular formation are not directly
wunder the control of the cortex. Thus, sensory stimulation

can produce cortical arousal without the involvement of
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the visceral brain.

Eysenck (i?éj, 1970, 192%,'19?5) now accepts
psychoticism as a third major pérsonality factor,
independent of extraversion and neuroticism. Suﬁport for
the existencé of, this third major personality dimension
has been provided by Royce (1972) in a factor-analytic
review. However, because meésurement of this third
factor has only gust recently been made possible
(Eysenck & Eysenck, 1975), the nature of the dimension
is extremely spéculative.

Eysenck's (1967) excitation—inhiﬁition hypothesis
has. been extended by the work of Gray (1564, 1967), wﬁo

-
has proposed a2 rapproachment beiween the extraversion

“dimension and the Russian dimension of strength of the

nervous system. It was hypothesized that the Introvert's
proposed higher levels of cortical arousal and lower
ievels of inhibition were highly similar or identical to

the Russian wezk nervous system individuszli, where cortical

excitatory processes dominatgd. The extravert, characterized

by presumably lower levels of cortical arousal and higher
levels of inhibition,.@as simiiar to the strong nervous
system individual (Eysenck, 1967; Gray, 1964, 1967).

Gray has speculatedtthat because of more easily triggered



cortical activity in +the thalamo-cortical inhibitory
system, extraverted individuals suppress sensory input.

Conversely, greater efficiency of sensory receptors was

-propesed to characterize introverted individualé (Gray, 1967).

Introverts, who apparently display activity
congruent with the neo-Pavliovian weak nervous .sysiem
dimension, have been shown to exhidbit greater sensory

seneltivitysmith, 1968; Stelmack & Campbell, 1974), lower

threshold levels of transmarginal inhibition (Frigon, 1976;

Wigglesworth & Smith, i976), and greater &ifficulty in
extinguishing of the orienting response (Stelmack, Bourgeois,
Chian, & Pickard, 1979). Results supportive of the introvert's
proposed sensory sensitization as oppospd to the extravert's
éensory repression have been reported utilizing measures

of pain threshold and sensitivity (Bartol & Costeilo, 1976;
Haslam, i96?; Lymn & Eysenck, 1951), salivary activity
(Corcoran, 1964; Eysenck & Eysenck, 1967), taste sensitivity
(Fisher, Marks, Hill, & Rockey, 1968), sensory sensitivity

(Siddle, Moorish, White, & Mangan, 1969), énd vigilance

(Bakan, 1959; Harkins & Geen, 1975; Krupski, Raskin, & Bakan,

1671},

'In recently proposing a further modificztion of
Eysenck's (1967) theoretical position, Gray (1970, ‘
1972, 1973) has explicated more fully the role of specific

emotlonal response patterning in the explanation of

.hn



behaviours subsumed under the concepts of psychopathy

and dysthymia, within tﬂe extraversion and neuroticism
model. This modification, (Gray, 1970, 1972, 1973), with

a shift in emphasis to limbic structures, has ildentified
introversion with greatgr susceptibliiity to nonreward

and punishment, as mediated by differential activity levels
of*the frontal cortex, medial septal area, hippocampus{ and
the ascending reticular system. A4 system 1inking the medial
hypothalamus, medial forebrain, and septal area, mediating
approach behaviour to signals of reward, was identified
with extraversion. Support for this position has been
provided from studies which have indicated an i;traverting
effect on béhaviour‘éue to;bofh frontal cortex lesions and
the drug sodium amobérbital (Gray, 1970, 1972).

The neuroticism dimension, according to this model,
is mediated by both of these functionally distinct limbic
subsystems, and manifested by increased sensitivity to
both punishment and reward. Thus, introversion was related -
to susceptibility to punishment and z predominant emotional
response predisposition of anxiety and fear in high-
neuroticism individuals, and extraversion wé identified
with greater responsivity to appetitive stimuli and a '
predominant emotional response predisposition of anger,
in ﬁigh—neuroticism individuals. Congruenée with Eysenck's

-~
(1967) contention of differential emotional reactive
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predispositions for introverts and extraverts is fuéfher
enhanced in that the proposed heightened psychophysiological
response for introverts, as mediated by reticular system
activity, is subsumed within Gray's (1973) proposal
outlining the physiological determinants of.extraversion.
The small variation in extraversion typically accounted

for by many autonomic measures may be due to the less
immediamély relevant physiological structures Gray (1973)
has proposed to account for the extraversion and neuroéicism
dimensions.

The hypothesized differences in corticoreticular
activity and limbic sysﬁgm structures propesed by Eysenck
(1967) and extended by the modifications cited, are of
fundamental significance in exploring Basic soclzl and
bsychiatric behaviour. Although this theory has enriched
expgfi.ental résearch into personality and its suitability
to experimental psychology has been repeztedly demonstrated,
after over fen years of research, controversy still remains
regarding the hypothes}s of differences in corticoreticular

activity bvetween introverts and extravertes. Psychophysiological
Y

resezrch which has addressed this hypothesis will now be

reviewed.
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Extraversion and Psychophysiological Research

Because most of the research addressing the proposal
of ‘differences in level of corticoreticular exéitation
between introverts and extraverts has primarily employed
indirect measures of gross autonomic reactivity, such
as electrodermal and electrocortical activity, these studles
will be emphasized in the present review. Electrodermal
techniques have been widely employed in the study of
the orienting reaction (OR) an@ hypotheses concerning
cortical arousal (Lyrn, 1966; 0'CGorman, 1977; Sokolov, 1963).
Sokolov's (1963) model of the OR as z basis for favourable
stimulus receﬁtion involves components that have been
described as either Sensory (lowered sensory thresholds),
somatic (orientétion towafdé,stimulation), autonomic
(incregsed skin conductance; heart rate deceleration,
pupillary dilation), or central (desynchronization of
EEG) .

_ According +o Sckolov (1963), Anokhin (1965), and
Maltzman and Raskin (1965), +he OR is an holistic reflex
occurring with any quantitative or qualitative change in a
stimulus. The OR is independent of stimulus modality, subject
to habituation.or extinction on repeated stimulus
presentations. The most widely accepted physioclogical

rationale for the OR {Lymn, 1966; Sokolov,1963) has

[
‘
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implicated a congruence be?weén the attentional mechanisms
of the Soviet model and the systems which Eysenck (1967)
has proposed in his contention fof.the biological basis
of extraversion, i.e., impulses relayed by way of collaterals
from ascending sensory tracts are mediated via the reticular
formation, which transmits activating impulses %o the
posterior hypothalamus, initiating autonomic components of
The OR. When stimulus chéracteristics are mafched with
those of 2 pre-existing neuronal mo;g&(in the cortex,
inhibitory impulses are transmitted via the reticular
formation to the collaterals transmitting impulses.from
the sensory organs, and habituation occurs. Because of
the central role of cortical excitaztory and inhibitory .
activity in OR élicitation-and habituation, inferences regarding
levels of corticoreticular activitj‘ have been made by
comparing electrodermal response levels and from electrodermal
habituation of the OR. .

The proposed.differences in extraversion, as
reflected in the OR, are derived from the congruence of the
Sokolovian (1963) and Eysenckian models of attentibn and
excitation-inhibition. Extention of the OR concept to
the investigation of the psychophysiology of extraversion
is largely due to the work of 0'Gorman (1977) and Stelmack
(in press). In the Russian typology, greater OR amplitudes

and longer rates of habituation are characteristic



of the introverted, weak nervous system type (Eysenck,
1967; Gray, 196L, 1967; Nebylitsyn & Gray. 1972). Although
at the present time it is not possib}e to specify the

exact structures from which individual differences in

response originate, the electrodermal response has generally

served z2s = basis for examining hypotheses concerning

corticdreticular activity and behav;gyral investigations

along Eysenckian dimensions (Thompson, Groves, Teyler, &
. ]

Roemen, 1$73; Stelmack, in press).

From measures of. both tonic and phasic electrodermal

r

activity, introverts have beep reported to exhibit greater
levels of corticoresicular activity. Support for Eysenck's
(1967) hypothesis has been provided by Bartel and Martin
(1974), who reported greater electrodermal initial
amplitudes for introverts to orange light stimull.

Greater initial amplitudes of the OR for introverts have

. also been observed by Wigglesworth and Smith (1976)

o tones of 1000 Hz 80 GB SPL and 90 &B SPL intensity.
Stelmack, Bourgeois, Chian, and Pickard (1979), in a
series of studies, have also reported greater initial
amplitudes of thé Qkin conductznce response for introverts

to red, blue, znd gray chromatic stimuli.

S;

g



-

Crider and Lunn (1971) have noted a greater
number of spontaneous electrodermal fluctuations for
introverts to 1300 Hz 80 d8 SPL and 90 dB SPL tones.
Further support for the introvert's greater reactivity
has Dbeen provided by Coles, Gale, and Kline (1971}, who
reported shorter latencies along with a greater number
of spontaneous electrodermal fluctuations for introverts
to a 1000 Hz 75 55 SFL  tone. Similariy, Sadler,
Méfferd, and Houck (1971) have reported a greater mezn
number of electredermal responses to auditory stimulation
for introveris. Desjardins (1976), in two experiments
which employed visuzlly presented abstract and concrete
word stimulil, reported that-extraversion was significantly
inversely related to spontaneous electrodermal fluctua%ions.
Higner skin conductance levels were zlso reported for
introverts in the study by Desjardins (1976) and in two
separzte experiments reported by Fowles, Roberts, and
Nazgel (1977) which utilized tones at 1000 Hz 75 dB and 83
dB 1ntensity levels. These results were interpreted as
suppertive of the view.of congruence of the extraversion
dimension with the dimension of strength of the nervous
system (Eysenck, 1967, Gray, 1964, 1967).

In an attempt to directly investigate the apparent

similarities between. the extraversion and neo-Pavlovian

strength-sensitivity dimensionéi Mangan and 0'Gorman (1969)
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observed longer trials to habituation for introverts to
380 Hz 60 dB SPL and 1000 Hz 60 4B SPL tones.

Crider and Lunn-(1971) also noted that introverts
habituzted slower than extraverts to 1300 Hz 90 4B inteksity
tone stimuli. Further support for Eysenck's (1967)
hypothesis has been provided in the three experiments of
Stelmack et al. (1979), where longer trials to criterion
electrodermal rate of habituation for introverts were
noted fr both chromatic and neutral, affective, and taboo
word stimuli. Investigzations which have related longer
OR habituation rates and higher electrodermal conductance
levels with both number of spontaneous responses and initial
amplitude of the OR (Bull & Gale, 1973; Siddie & Heron, 1975)
add further support to these studies.

Although the cited studies cannot easily be dismissed,
the balance is édjusted by investigations which have reported

negative and contradictory findings. Among these, negative

results have been reported by Sadler, Mefford, and Hbuék
(1971), who noted no significant differences in the rate

of electrodermal habituation to the three auditorily presented
60 dB alphabetical letters employed in their study.

Siddle (1971) noted no relationship between extra-
version, tria;s to eriterion habituation réte, and
electrodermal initial amplitude o a 1000 Hz 60 dB
intensity tone. Similarly, nonsignificant resulis have

been reported by Koriat, Averill, and Malmstrom (1973),
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forfboth.eléctrodermal and cardiac measures of habituation
to 1000 Kz 75 dB tones. No significant differences between
‘extraversion groups were observed by Coles, Gale, & Kline
(1971) to the 1000 Hz 65 dB tone stimuli employed in their
study. Fel] and Orlebeke (1974) reported no signzficant
differences between extraversion groups for either electro- i
dermal habituation, electrodermal amplitude, or heart rate
to 1000 Hz 60 dB tones during periods before znd during
a 3-min matﬂemétical task. -

Disparate results have azlso been reported by Mangan
and O'Gorman (1969), who attempted 4o differentiate introverts
and extraveris with electrodermal criteria. Because of the
design employed, neuroticism was a confounding factor, with
faster habituation rates o tﬁé 1000 Hz 60 4B tone observed
for both high-neuroticism introverts ahd‘low-neurotioism
extraverts than for low-neuroticism introverts. 1In a
separate study, (Mangan & 0'Gorman, 1969), extravef%s were
shown to exhibit higher initial amplitudes of the electro-
dermal CR +than introvertg to a 380 Hz 57 dB tone. These
results are contrary to Eysenck's (1$67) hyvothesis.

No significant differences between extraversion
groups were observed for either skin conductance level or
trials to habituation to chromatic light stimuli

in the study reported by Bartol and Martin (1974).

Similarly, Wigglesworth and Smith (1976) did not observe
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any significant differences Cus to the sxtraversion factor

for trials to criterion habituation rate of skin resistance

to either 1000 Hz 80 4B SFL tones, either alone or following a
paired-associate learning task,

In an invesitigation into the effects of high- and
low-intimacy self-disclosure, no differences between introf;rts
and extraverts were observed on meésures of both heart rate
and electrodermal reactivity (Ashworth, Fruman, Chaikin,

& Derlega, 19?63.' Similar nonsignificant results have been
reported in a se%ies of four investigations by Fowles,
Roberts, and Nagel (1977), where skin conductance levels
following an éasy and difficult paired-assoclzte learning task
to 1000 Hz 80 dB and 100 dB tones were analyzed. In a
separate sample, extraverts showed higher skin conductance
leveis than introverts to 1000 Hz 100 dB SFL tones

following the difficult paired-associate learning task.

The controversy propagated by Eysenck'é (1967) \
theory of personzlity is further extended by the collage
of disparate findings where more direct electrocortical
indices of psychophysiological activation have been
employed. Increased levels of corticoreticular activity
for introverts, as inferred from low amplitude, higﬁ
frequency activity in the 8-13 Hz frequency range, have
been reported by Savage (1964). A study by Gale, Coles,

and Blaydon (1969) in which reclining subjects opened’



and closed their eyes has also identified introversion
~with increased levels of cortical arcusal. Similarly,
Marton (1972) reported significantly higher levels of |
cortical activity for "introverts, as inferred from
electrocortical habltuation measures to low frequency
tone stimuli. Significant pesitive correlations beiween
extraversion and mean alpha abundance have been reported
in an investigation into the relationship between
extraversion, imagery, and alpha abundance, where slide-
presented words were employed as imagery stimuli (Morris
& Gale, 1974). Further support for Eysenck's (1967)
hypothesis is gleaned from the work of Frigon (1976). who,
investigating the congruence of the Russian strength of
the nervous systiem and extraversion dimensions (Eysenck,
1967; Gray, 1964), observed faster extiﬁction of CS-UCS
paifings with reinforcements for introverts. Greater
cortical arousal for introverts was inferred from greater
mean duration of alpha blocking during CS of the CS-UCS
pairings of pictorial slides with a 70 4B tone.

The confliciing results of the electrodermal OR
research are reinforced by electrocortical studies which
have failed to support Eysenck's (1967) hypothesis. Non-
significant results have been reported by Fenton and
Scotton (1967) and Gale, Coles, Kline, and Penfold (1971}

in independent efforts to relate extravefsion with alpha

[N

18



19

abundance as well as basal and response measures, during

abituation of the OR. Nonsignificant results have also

bagn reported by Winter, Broadhurst, and Glass (1972),
who EEG amplitude under conditions proposed to
induce low arousal (eyes closed) and high arousal (eyes
opened and closed during arithmetic problem-solwving).
Emplbying a German translaticn of the Maudsley Personzlity
Inventory (Brengleman & Brengleman, 1960), Bedker—Carus
(1972} also observed no relationship between extraversion,
vigilance, and the EEGC.

Resul®ts endorsing the contrary hypothesis of
higher levels of arousal for exiraverts have been
provided by Broadhurst and Glass (1969). The possibility
of confounding effects attributable to sex differences
was discussed, and the classification procedure employed
may also be questioned. Support for +this contrary hypothesis
has also been provided by Gale, Harpham, and Lucas (1972)
in a study designed to consider time of day effects on EEC
arousal indices. However, small sample size and score
distributions favouring extraversion.limited the
implications of this study.

Measurement of cortical evoked potentials (EP)

has also been employed in testing hypotheses along the
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Eysenckian dimensions of sensory sensitivity, activation,
" and attention. Although a direct relationship between
sensitivity and the-evoked response has not been reported,
increased levels of attention have been inferred from
enhanced evoked potential amplitudes (NAZtZnen, 1975).
Shagass and Schwartz (1965) have reported levels of
increased cortical activity for introverts, as réflected
in the somatosensory evoked response. Hendrickson (1973)
employed evoked response measures to 100 Ez &0 4B SPL toﬁes,
and -observed significant negative correlations between
extraversion and the amplitudes of both the K,-P, and
‘I:he‘Nz—P3 components. Further support for the introvert'g
Presumed higher levels of cortical arousal has been
provided by Stelmack, Achorn, and Michaud (1977), who
reported increased N,-P, amplitudes for introverts
in two separate studies in which 500 Hz'55 dB and 80_dB
SPL  tone stimﬁli were employed.

Results supporting the proposed linkage of - d
extraversion with diffeérences in hedonic tone have been
observed from research investigating the effects of
depressant and stimulant drugs on the magnitude of the
contingent negative variation (CNV) (Ashton, Millman,
Telford, & Thompson, 1974). "Introverts were shéwn to

exhibit faster rates of nicotine intake than extraverts,
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and from inferences from the percentage‘change in CNV
mggnitudes, the drug was shown 1o have a depressant effect
on introverts and stimulant effect on extraverts. The

_results were interpreted in terms of differential strategies
of nicotine intake between extraversion groups for main-
taining optimal cortical arousal levels. Similarly,
Janssen, Mattie, Gorcel, and Werre (1978) found that
introverts showed a ldwer mean CNV amplitude to white noise
in contrast to periods without the noise. These results:
concur with expectations of grgater corticoreticular
activity in introverts.

Although the electrocortical démonstrations.carr§ -
significant impﬁrt, the hypothesis of increased cortic;reficular
activity for introverts has not been unanimously endorsed.
Negative resultsfﬁave been reported by Haseth, Shagzss,
and Straumanis (1969) and Burgess (1973) in separate
attempts to relafe extraversion with the somatosensory
evoked response. Correciions for individual differences
in perceptual sensitivity may have eliminated the
differences of interest in these studies. Two separate
attempts by Rust (1975) to replicate the investigations
relating extraversion with amplitude of the auditory
evoked response, employing ;OOO Hz 95 dB, 75 d&B, and 55 dB

intensity tones, have been unsuccessful. In the
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investigation reported by Stelmack et al. (1977), no
‘differences between extraversion Eroups were obéerved
under the high frequency (8KHz) stimulation.

Summary: In view of the many differences in
subject selection and preparation, measurement parameiers,
and recording and scoring methodologies utilized, at
present it would seem that the demonstration of a
relationship between extraversion and level of cortico-
reticular zctivity inferred from psyghophysiological
data remains equivocal. Based on available evidence, perhaps
“theenly conclusion which may be drawn at the present time -
is that, under moderate stimulus conditions, the direction of

the results 1s towards z confirmation of Eysenck's (1967) hypothesis. .

The Pupillliary Response

A rapidly increasing volume of literature has
suggested that the registration of pupillary size and
’movements may serve as sensitive znd accurate indices
for studies investigating individual differences in
corticoreticular and autonomic nervous system activity
(Goldwater, 1972; Hess, 1964, 1965, 1972; Janisse, 1973,
1974, 1676; Lowenstein & Loewenfeld, 1952, 1969; Stelmack
& Mandelzys, 1975). Changes in the shape of the iris,

which controls the size of the pupil, are inmervated by both

branches of the auténomic nervous system, with con-
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striction attfibuted primarily to parasympathetic control
and dilation mediated primarily by sympathetic activity.
The reflex of the pupil to an increase and subsequent
decrease in light intensity is bi-directional. The chain
of events between the stimulus (1ight flash) and the
response (constriction and subsequent redilation with
stimulus offset) of this fundamental form of reflexive
behaviour has been elucidated Dby Lowenstein and Loewe;feld
(1950, 1969): From the initial rapid pupillary consiriction
which occurs with the-onset of light stimulation, activity
of Eyimarily parasympathetic origin can be inferred.
Afferent reflex impulses travel through the exterior
structures of the eye to the retina, and then via the optic -
“tract to cross in the optib chizasm, emerging from the
posterior third of the tract. Impulses then travel
via the superior .-colliculi 1o synapse in cells of
t Te-tectal nﬁElQpSLJ The light reflex impulses are

e
then *transmilitted via.pre—tectal f;bres 40 the superior
oculomotor nucleus. Efferent parasympathetic impg}ses
are relayed to the smooth sphincier muscles inmmervating
the iris, causing constriction 'of the pupillary aperature.
Two phases of constriction have been identified: a fdst
ascending primary phase, primarily due o parasympathetic

reflex activity, and a slower; descending secondary phase

mediated by increasing sympathetic activity. Increased

-
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sympathetic opposition from efferent sympathetic impulses

3

5?fising in the neocortex, thalamus, and hypothalamus

exert a moderating effect and are thought to largely

7,

determine the shape of <the reflex.

Similarly, redilation consists of two phases:

-

an initial rapid phase, reflecting parasympathetic relax--

~

ation, followed by a negatively accelerating secondary
thase mediated by peripheral sympathetic activity. With
the offset of stimulation, the radial strands of the
bdilator pupillze are stimulated by impulses from the
neocortex, thalamus, and hypothalamus via the cervical
cord, superior cervical ganglion, and peripheral

sympathetic chain, causing the pupillary aperature to
di%?te.

. . . L . R
occurs primarily due to central parasympathetic inhid-

Inhibition of constriction of the light reflex

ition, with interfering impulses arising from higher

24

brain centres and afferent reticular formation collaterals

inhibiting efferent impulses from being transmitted
from the oculomotﬁr nucleus to the pupillary sphincter
(iowenstein & Loewenfeld, 1952, 1969). Strengthening
of parasympathetic or sympathic nervous system activity
as well as weakening of parasympathetic tonus have been

shown to cause decreased and sluggish constriction and
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redilation of the light reflex (Loewenfeld, 1950).
No explanation has been offered for this effect.

Both environmental and subject factors affect the
pupillary light refiex. 1In accdr@ance with its
adaptive nature of regulating the amount of light admitted
by the organism, it is common knowledge that the pupil
constricts and dilates in proportion to the amount of
light striking the retina. High intensity light stimuii
have been found to elicit reflexes characterized by faster
and more extensive consitriction and subsequent redilation
than low intensity stimull (Becuma, 1962; Lowensteln &
Loewenfeld, 1952, 1961, 1969; Reeves, 1920; ten Doesschate
& Alpermn, 1967). Indeed, the action spectrum of the light
reflex has Dbeen shown to be highly similar to that of the
psyghophysical (fovezl) luminosity curve (Alpern & Campbell,
1962) . “

Botﬁ sensory and psychologicallj induced stress
have been gshown to elicit pupillary diZation responses
independent df the light refiex, as well.as inhibition of the
light reflex (Arima & Wilson, 1972; Janisse, 1973, 1974,
1976; Lowenstein & Loewenfeld, 1552; Lowenstein, Feinberg;
& Loewenfeld, 1963; Plouffe & Stelmack, in preg%; Rubin, 1964,

1972). Gang (19453) has reviewed several studies in which



the pupillary light re?lex was inhibited by emotional
pupillary dilation. In addition, greater tonic pupil

sizes and less ex%ensive light reflexes have been found for
hyperexcitadble subjects (Apley, Haslam, & Tulloh, 1971;
Lowenstein & Loewenfeld, 1961; Lowensiein, Feinberg, &
Loewenfeld, 1663). Tﬁe extent of both effects has been
shown to depend on both the intensity and suddeness of

the stimulus and the general lével of cortico-thalamo-
hypothaliamic activity (Lowenstein & Loewenfeld,rl952,.1969).
Fatigue of the pupillary licht reflex, azs indicated by less
extensive and siower rates of consiriction zand redilation,
and the appearance of V, W, and tohohaptic wave forms, has
been observed following repeéted exposures to light
stimulation. However, psychosensory stimulation Has been
found to gquickly reestablish <he exhausted reflex (Lowenstein
& Loewenfeld, 1950, 1952).
| Inferences of general zctivation fEVel have been made
employing the pupillary response under conditions prior

to stimulation where tonic pupil size may be measured, or

foliowing psychosensory stimulation employing non-visual stimuli.

Both ps&chosensory pupll constriction and dilation have

been considered toiresultl from changes in the degree

of cortico~thalamo-hypothalamic activity (Lowenstein &
(ioewenﬁeld, 19:=8}. Evidende has been provided sug-

gesting that these physiological phenomena may be more



complex than this and has implicated the importance of
reticular formétion and lateral geniculate structures
(Legg, 1975; Schaeppi & Koella, 1964). ‘

Psychosensory pupil constriction has been attributed
to all of the following: +to a decrease of sympathetic
innervation, parasympathetic activity, decreases of central
inhibition of the Edinger-Westphal nucleus, and the cho-
linergic transmitter substance acetylcholine. Psychosensory
Pupil dilation is thought to be czused by sympathetic
innervation of the dilator pupillae, inhibition of the
Edinger-Westphal nucleus, and increased edinephrine leveis.

Sensory or emotional stimulii, as well as fatigue
and sgontaneous thought or emotions have been shown *o
_increase pupillary activity (Hess, 1960, 1865; Janisse, 1973,
1975; Stelmack & Mandelzys, 1975). Psychosensory pupil
dilation has been understood in terms of the Sokolovian
‘(1963) OR model and the pupillary response to light has
been shown to exhibit characteristics of a conditioned
response (Lowenstein &lLoewenfeld, 1952; Maltzman & Raskin,
1965; Stelmack & Mandelzys, 1975).

The light reflex is not dependent on light alone,
but also upon sensory stimuli which maintain wakefulness,
This has been known for a long time (Lowenstéin & Loewenfeld,

1820). Further support for this contention is gleaned

27
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from the studies of Hodes and Magoun (1942), in which
direct stimulation of the reticular formation was shown %o
produce both dilztion of the pupil and inhibited light reflex
responses. Fatigue, chronic clinicél disorders as narcolepsy,
central nervous system diseases as syphilis and epilepsy,
lesions in the optic tract, and sleep deprivation have
-all been shown to inhibit or diminish pupillary response
amplitudes (Geacintov & Peavler, 1974; Lowenstein & Loewenfeld,
1952, 1964; Yoss, Moyer, and Ogle (1969). Decreased
pupillary sizg accompanying decreased wakefulness has
21s0 been repog%edfbyalbwenstein, Feinberg, and Loewenfeld
(1963). 1In addition, decreased tonic pupil size, longer
latencies to constriction, and greater varlability of
constriétion and redilation have been shown to accompany
increasing age (Birren, Casperson, & Botwinick, 1950
Felnberg & Podolak, 1965: Lowenstein, Feinberg, & Loewénfeld,
1963; McCawley, Stroebel, & Glueck, 1966; Weaf%, 1663) .

0f particular relevance to the present study is the
report that changes in hue result in rate-sensitive
pupillary contractiong (Clynes, 1962; Kohn & Clynes, 1960).
Evidence also suggesfs that, in 211 liklihood, 2ll rods
and cones when independently chromatically stimulated,
are capable of exciting pupillary constriction responses
(Alpern, McCready, & Barr, 1963).

The pupil has been shown to exhibit properties



similar to other psychophysioclogical indices which have
addresses the hypothesis of differences in levels of
corticoreticular activity, e.g., habituation on repeated
stimulus presentations (Lowensteln & Loewenfeld, 1952, 1969;
Plouffe & Stelmack, in press), parasympathetic reboundl
effects (Rubin, 1%64, 1972), and a gradual arousal decrement
(decrease in size) over time (Woodmansee, 1966).

In addition, in view of the’ fact that the eye and-
brain have developed from the same eﬁbryological tissue
(Patten, 1968), it is surprising that the pupillary light
reflex has not'been employed more in psychophysiélogical
research, particularly as related to personality. Advantages
over other indices of psychophysiologleal ‘reactivity include
the fzctor that the light reflex is relatively free from
extraneous factors due to spontaneous thoughts or emotions
which typically confound electrodermal response measures in
particular.

) The ciarity with which separate auitonomic components
and fatigue effects emerge also indicates the usefulness of

the pupillary light reflex as a psychophysiological measure.
The pupillary light reflex would seem to provide a particularly
useful means for the investigation of habituation, since it
does not exfinguish (Plouffe & Stelmack, in press). The

reflex 1s also unique in that the pupil provides the only
autonomic response that is open to unaided observation

(Janisse, 1976).

N
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Pupillarv Response, Psychophvsiological Reactivity,

and Extraversion

Although the pupillaryclight reflex has been

infrequently employed in studies of individual did-
-ferences)suggestions that the pupillary response might

provide a useful indicater of activation are supported
by é largé literature. Most of the pupillometric
studies have assessed changes in pupil size and pupillary
movements elther during dark or light adaptation, or to
psychosensory stimulation, where light reflex artifacts
were considered as independent or largely uncontrolled
(Goldwater, 1972; Hess, 1964, 1965, 1969; Janisse, 1973,
1976; Lowenstein & Loewenfeld, 1966, 1669).

The history of pupillometrics is relatively

young. The piloneering work in the rezim of puplillometry

1

was‘a series of studies by Hess and his co-workers at

the University of Chicage. This research suggested that
attitudes might De reflected by the degree of pupillary
activity (Hess, 1964,1965; Hess & Polt, 1960, 1964).

From these coniroversial studies came the proposal thaf
pupillary dilation and constriction might be considered

as consistent bi-directional indicators of interests,

)
attitudes, and thought processes. The bi-directional nature

of the pupillary resvonse occurring indevendently of illumination,

-

has remained a much debated issue. The prevailing opinion
in the li%erature is that psychosensory dilation of the

pupll is a general indicator of activation (Goldwater, 1972;
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Janisse, 1976; Kzhneman, 1973; Lowenstein & Loewenfeld,
1652, 1969; Stelmack & Mandelzys, 1975). The historical
developments of puplillometry have been elucidated in two
reviews by Hakerem (1967, 1974). .

Lowenstein (1%920) has related increases in arousal
and attention to pupillary dilation, and more recently
asserted that "all physiologic and sensory stimuii,
with the exception of light,‘dilate the pupil, and
none of them contrzet it." (Lowenstein, 1966, p. 263).

This contention has, however, been questioned by Clynes

. {1967) who observed pupillary consiriction to both dark
flashes znd changes in hue. ©No explanation has been offered
for the fbrmer phenomenon, which has been termed “"paradoxical
pupillary constriction”.

In addition to the study of fatigue and fatigue— -
related disorders, measurement of pupillary reactivity has
been employed in the analysis of attentional and psychiatric
disorders as schiéophrenia and manic-depressive syndromes
(Lowenstein & Loewenfeld, 1952; Lowens+t2in, Feinbeyg, &
Loewenfeld, 1963; Ikushimaz & Matsunasga, 1§77; Patterson, 1976;
Rubin, 1964, 1972). Differences in reticular formation
activity have been implicated in these diéorders and
such individual differences in coriicoreticular activation

are consistent with Eysenck's (1967) hypothesis. The positive



association betﬁeen perceptual sensitivity, awareness of
environmental stimull, and physiological reactivity
reported in these studies, has been reflected in smaller
tonic pupil sizes and inhkibition of the light reflex
for the chronically fatigued, unconscious, and schizobhrenic
patients.
Libby, Lacey, and Lacey (1973) have also reported
that attention to the environment leads to sympathetic-
like pﬁpillgry dilation and parasympathetic-like cardiac
slowing,’ i.ﬁ;L directionél fractionation. The contention
of z positive relationship between environmental sensitivity
and pupillary dilation is énhanced by the demonstration that
increases in pupillary digmeter have accompanied cortical
desynchronization, whereas decreases in vupillary diameter
have been reported with cortical synchronizatioﬁ, whether
occurring spontaneously or through direct or indirect »
stimulation of the reticular formation (Naguet, 1960).
‘Although the measurement of pupillary reactivity
‘as an indicator of ¥eneral psychophysiological reactivity
is far from being resolved, research centering on
pupillary zctivity has generally supported z positive
link beiween psychosensory pupillary dilation and cortico-

reticular activation (Kahneman & Beatty, 1966; Libby,‘

Lacey, & Lacey, 1973; Maltzman and Raskin, 1965; Nunally,
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Knott, Duchnowski, & Parker, 1967; Stelmack & Mandelzys,
1975). Psychosensory pupilléry dilation has been associated
with problem difficulty level (Kahneman, 1973; Kahneman &

. Béatty, 1966), social‘gnd political attitudes (Hess, 1965;°
Woodmansee, 1967), sexually arousing stimuli (Bernick,
Kling, & Borowitz, 1971; Hess, Seltzer, & Shlien, 1965;
Zuckerman, 1971), social familiarity and interpersonal
attraction,(Boddickgr, 1969; Fitzgerald, 1968; Karp, 1972),
imagery (Colman & Paivio,, 1969; Paivio & Simpson, 1966),
stress and anxiety (Adams, 1968; Francis, 1969; Janisse,
1973, 1974, 1576; Patrick, 1969; Walters, 1975), deception
(Berrien & Huntington, 1943; Ekman & Friesen, 1§69;
Heilveil,.1976), low reasoning ability (Crough, 1968), and ~
increasea cognitive load, information processing and
retrieval (Berthold & Slowlzczek, 1975; Gardner, Beltramo,

& Krinsky, 1975; Gardner & Xzhneman, 1973). Nunally,

Knott, Duchnowski, and Parker (1967), in an investigation
which assessed the sensitivity of the pupillary response to
five widely differing types of stimulation representing
activating situations of varying response systems, concluded

 that pupillary dilation was a general indicator of all
types of activation.

- In addition to these types of studies, some work
has been done in attempts to relate pupillary reacti&ity with

other autonomic indices. Under hypothalamic stimulation,
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Ranson ;hd Mégpun (1933) positively associated pupillary
dilation with rate of respiration. Harsh, Beebe-Center,
and Stevens (1939) related pupillary dilation with cardizc
acceleration to voluntary breathing chaﬁggs. In other
animal- studies, Lindsley and Sassaman (1939) positively
correlated pupillaxy d@lation.with both skin potential
and heart rate during piiomotor activity. )

- In human subject research, Kahneman,-Tursky,-
Shapiro, and Crider (1969) noted a vositive association
between pupil size, electrodermal response, and heart
rate. Under conditipns designed %o increase autonomic
zctivation, Scott, Wells, Waxrd, and Morgan §1967) reported
a significant ﬁositive c;rrelation between psychosensory
pupil dilation and the électrodermal response. Simiilarly,
Mandelzys (1973}, employing neutral, affective, and taboo
word stimull, noted that electrodermal latency and
amplitude corresponded to pupillary reactiviiy for groups
differing in degree of extraversion. No aésociation
beiween the imﬁulsive puplllary response and visu;i
evoked potentials was reported in a recent study by Klix and
Klassa (1975) investigating the relationship between cognitive
requirements and psychophysiological reactivity. However,
the hypothesis of‘a monotonic relationship between

the amplitude of the pupillary reaction and the measure

of difficulty of the experimental situation was confirmed.



Patterson (1976), employing a sample of male schizophrenics,
has recently related fast skin conductance recovery to non-
signal tones to slow pupill?ry constriction in the light-
dark rei;ex. Conversely, slow skin conductance recovery
-wés related to fast pupillary con;triction. Se%eral studies
have indicated the superiority of pupil size és a2 more
sensitive peripheral measure of autonomic activation than
.electrodermal ( Colman & Paivio, 1969),‘heart rate (Gibney,
1966}, and corticosteroid level measurements (Bernick,
Kiing, & Borowitz, 1971).

There have been relatively few studies relgﬁ%pg
pupillaxy reactivity with individual differences in _
personality-dimensions such as extraversion. Holmes k196?)
light-adapted the pupils of 16 subjects to white light,
photographed them a 5-, 10-, and 15-sec intervals following

. stimulus offset, and‘ﬁeasured'the extent of dilation. .
On the basis of pupll size during these intervals, mean
dilation measures were compﬁfed; and subjects were
classified into two groups of 8 fast and slow dilstors.
Although these results fziled to reach signifiqance;
fast dilators were found to have relatively higher extra-
version scores on the ﬁaudsley Personality Inventory (MPI)
(Eysenck, 1962). Subjects were also classified into two
groups of 8 fast and slow constrictors on the basis of
photographs taken at’i-; -2-; and-3-sec-inbervals:fodlowing

-
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the onset of a lightlstimulus. The fast constrictors

were observ to ha¥e lower extraversion scores. _Qhe
-

results were interpreted as consistent with Rubin's

(1960, 1964) proposed model relating speed of pupillary
constriction with amount of écetylcholine present at
ch?Linergic synapses, with speed of pupillary dilation
pdsiti%ely assoclated with amount of adrenergic transmitter
substance. Greater.amounts of acetylcholine, as inferred///'
. from speed of pupillary constriction, were linked with
the‘éreater sensitivity, envirommental awareness, and

rapld verbal conditionability of introverts.

Several attempis h ve 2n made to assess the
effects of both Eysenckiaﬁ (-1967) extraversion and-
neuroticism on pupillary reactivity. Francis (1969),
employing auditory stimulation, related pupillary dilation
with the neuroticism dimension of the Eysenck Personality
Inventory (EPI) (Eysenck & Eysenck, 1968). Boddicker
(1972) attempted to relate both extraversion and neuroticism
with pupillary activity. By classifying 40. subjects
into fou;)quadrants on the basis of their EPI scores, it
was noted that low extraversion and low neuroticism
scorers tended to exhibit higher pupillary reactivity.
as reflected in the ﬁhpillary OR response to positive,
neutral, and hegative affect word stimuli. These results
failéd t0 reach significance however, and the contam-

inating effect of neuroticism is clear.
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Plouffe and‘stelmack (in press) attempted to rectify the
confounding effects of neuroticism and exﬁraversion
found in'many studies by measuring the light refiex to
low—inte%sity white light for three groups differing in
degree of reuroticism, but equated for moderite extraversion.
The ligﬁt reflex was measured under pre-siress, physiol- '
ogical stress elicited with cold pressor stimuli, and post-
"stress conditions. The reflex failed to differenfiate
individuals differing in terms of EPI neuroticism, but
was found to be inhibited under the sensory induced
" stress condition. s
Stelmack and Mandelzys .(1975) measured the
pupillaxry resﬁonse,;independent of the iight ref;ex,
o neutral, affective, and tabdd word stimuli. Introverts
wefe shown to have greater prestimulus pupil sizes znd
significantly greater dilation responses from prestimulus
levels than extraverts, particularly to the taboo word
stimuli. These results were interpretedias indicative
of higher levels of tonic arousal for introvérts, with
greater psychosensory pupillary dilation reflecting
the introvert's increased levels of corticoreticular
activation.
The effects of auditory stimulation on boih
Pupll size and the pupilliary light réflex have been

recently investigated along Eysenckian lines by Frith (1977).

A .
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The pupils of 33 male subjects who had been adminisfered
the Eysenck Personality Questionnaire (EPQ) (Eysenck &
Eysenck, 15?5) were photoéraphed on 16 mm film at 3 frames
Per sec. Pupll size was measured under conditions of no
stimulation, following' the presentation of z green light
stimulus, a2 100 msec 95 d3 tone, a 6-sec 95 dB tone, and
;a 6-sec 95 d5 tone paired w&th the light flash. 3oth
smaller pupil sizes during the no stimulus condition and
less extensive constriction of the pupillary light reflex
were positively correlzted with scores on the imﬁulsivity
scale (z subfactor of extraversion). These resulis were
interpreted as indicative of less corticoreticular activity
for the more impulsive extraverted subjects.

Finally, of particular relevance to the present study
is thes observation that frequency of eyeblinks as motor
outlets (Francis, 1969) and indicators of muscle tension
(Harris, Thackray, & Schoenberger, 1966; Meyer, 1953) has
been found to be greater for introverts than extraverts
(Franks, 1963; Holland, 1960). However, no reiationship
betweeﬁ extraversion and eyeblink frequency was observed
by Mandelzys (1973).

All of the studies cited are essentially idio-
syncratic in the methodologiczl and scoring procedures

’Wemployed; An absence of replications,'coupled with the

uncertainty and questionable reliability.of scoring, lifits



39

' imﬁlications from such studles. Characteristically,
purillometric research has been beset with many method;
o%ogical problems (Janisse, 1973, 1976; Lgé@enfeld, 1966;
Tryon, 1975; Woodmangee, 1966). In the majority of pupil
size studies, light feflex Erfifacts, differences in shading
"pattern of the stimuli, lack of adequate fﬁcal points,
inadequate definition of stimuli and_Variables, and the
influence of subject factors such as spontaneous thoughts

or emotions, as well as time of day and fatigue effects,
have remained uncontrolled. Francis (1969), for instance,
simply monitored the pupil on 2 video screen and checked for
chaﬁges in pupii size. Hess (19§O; 1964, 1963), Holmes
(1967), and Frith (1977) measured pupil diameter with a mm
ruler and the effects of fatigue, visual acuity,'age,

and light intensity levels are unclear. The presence of
eyeblinks and poor film éuality has also resulted in such
unrelizble scoring procedures that many of the subjects must
often be eliminated from the study.

Continuous measurement of the pupillary light reflex,
under clearly definable and well contro;led conditions, may
serve as a useful indicato; for investigating individual
differences along Eysenckian (1967) dimensions. Fatigue
of the pupillary light reflex,'as indicated by decreased
amplitudes of constriction and redilation and the presence
of fatigue-related indices as V- and W-waves (Lowenstein &
Loewenfeld, 1650, 1969){ might provide z test of the cortico-

reticular mechanisms hyﬁothesized to mediate individual
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behavioural differences due *o extraversion.\.iﬁ addition

10 providing a test for investigating postilated differences
in stimulus sensitivity between introverts and extraverts,
the dependence of the light reflex on reticular formation ..
activity at différent light intensity levels might be
ascertained. Individual differences in reticular activity
have been implicated in inhibition of the oupillary light-r
reflex and in the explanation of Eysenck's (1967) biolggical
basis of peésonality.

*

Exiraversion, Hue, and Psyvchophvsioleosical Rezctivity

-

The rationale for employing stimuli varying i
hue and inténsity is largely based on evidence from =z
wide variety of research traditions which has established
assoclations between extraversion and hue preference,
hue sensitivity, and psychophysiological reactivity to hues.
Long wavelength hues such zs red and yellow have historically
been associzated with experiencéé as "wérm"'and"dynamic", and
reported as excitingly unpleasant-stimulating-hot; short
wavelength hues such as blue and green have been linked with °
mood tones described as “cool" znd "passive" and reported as
Dleasant-depressing-cold (Lewinski, 1938). The underlying
dynamics of the relationship between hue and personality have

remained relatively obscure. -

Colour preference studies have provided evidence that
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introverted individuals generally prefer hues of short wave-
lengtkh like blue or green, whereas extraverted individuals
have been shown to prefer long wavelength hues such as red or
yveliow (Birren, 1961; ‘Choungourian, 1964, 1968; Eysenck, 1941;
Jaensch, 1930; Rickers—Ovsiénkina. 1643, 19??} Schaie, 1966;
von Goethe, 1840). Birren (1%61) has associated preferences
for hues of short wavelengths through to hues of long wave-
lengths with the introversion-extraversion continuum. Gotz
and Gétz (1974) have observed that introverts preferred
tertiary hues {(earth coclours) a;d achromatics, wherezas
extraverts and ambiverts preferred more dynamic, bolder,
primary and éecondary hues (lighf clear and dark clezr
tones). Methodological difficﬁlties, anecdotal conjecture,
semantic confusion, and the influence of socio-cultural
learning have limited inferences from such studieé.

Red hues have been shown to increase bodily tension,

+to strongly activate the autonomic nervous system, and to

have a disruptive effect on performance. Conversely, short

-

wavelength hues, such as blue or green, have been shown to
.
release tension, to have az lesser psychophysiological effect,

and to be facilitatory %E:izjellectual and motor tasks
(Birren, 1961; Goldstein) 3; Schaie, 1966; Smets, 1969).

Staples (1932) has found infants more responsive to red than

blue hue stimuli. Increased anxiety states, as indicated by

the State-Trait Anxiety Inventory, to red and yellow illumination
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have been reported by Jacobs (1975). Blue and green illumi-
nation was associated with lower levels of anxiety.

Miller (1967), in an attempt to validate the pupil-
lary response indepeﬂdent of the light reflex, as an objective
measure of the generalized response ¢f the organism, photo-
graphed the pupils of eubjects who viewed three chromatic
and one achromatic slide-projected stimuli. Although no hue
differences were observed, significantly more ”esbonS’Vlty,

.as 1ndlcauec by a2 greater change in pupil diameter, was
repo:?ed.ier the chromatiC”st@muli. & greater&psychophySio-
logical effect of red zs compered with green huesfi&nferred
from significant correlations between rost-stimulus aipha
percen¥age and threshold level for word stimuli has been
reported (Dixon, 1966). Increased alpha percentage, heart
%eie,.and respiration rate, have alsoc been obsérved for red
as opposed to blue hue stimuli (Gerard, 1958). Similarly,
increased elecirodermal amplitudes and conductance levels )
have been reported for red and violet stimuli zs compared
with green (Nourse & Wilson, 1971; ﬁilson, 1968).

Further sunpcrt for the impfication that sensitivity
to short wavelength hues is decreasegd by symnathetlc activa-
tion, while the opposite effect id obtained by varasympzthetic
activity, has been provided by Dixon (196C). Support for

this contention is provided in an investigation by Allen and
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Schwartz (1940) who reported increased sensitivity to green
and depressed sehsitivity to red kue stimulation under experi-
mentally-induced sympathetic activation‘accomplished by the
presentation of loud noise, strong.tastes and odours, and
retinal stimulation. Thus, it would appear that stimuli
varyiﬁg in hue which do not themselves elicit a particular
response, when paired with stimuli thatrdo elicit the response
can indirectly influence the size of the response.

There has been 1ittle research dirgftly addressing
+the relationship between the psychophysiological effects of
hue, sensitivity to particular hues, and personality dimen- -
sions such as extraversion. Evidence from Rorschach psychology
has suggested such a link, with the extravert typically react-
ing more to red hue stimull prevaient in the inkblots (Barrat
& Eaton, 1946; Ellis, 1900; Goldstein, 1939; Rickers-Ovsiankina,’
1960; Rorschach, 1942; Schachtel, 1966; Shapiro, 1956). Frank
(1976), however, has recently reported evidence which questions
the assumption of differential affect in response to colour |
on‘the Rorschach.

Smith (1974) has provided evidence which implies that
the association beitween sensitivity to hues and extraversion
may be more complex than has been thought. Introverts were
reported to be more sensitive to blue hues, whereas exiraveris

were more sensitive to red hues. These results were interpreted



in terms of differences in autonomic dominaﬁce between .
introverts and extraverts, with introveris showing more
sympathetic dominance and extraverts presumably showing more
parasympathetic activity. This result has yet to be replicated.
One possibility implicit in this research is the similarity
between stimulus levels for hues of long and short wavelengths
and stimuli of other modalities where differences in hedonic
tone between introverts and extraverts have been reflected

. in transmarginal inhibit#¥dn (Eysenck, 1963, 1967; Gray, 1964).
The greater sensitivity of introverts at lower levels of .
stimulation and opposite effect for extraverts 1s consistent
with Eysenck's (1963, 1967) and Gray's (1964) proposal of
differences in hedonic tone, with introverts, the weak
nervous system type, preferring low-intensity stimuli and
reaching the level of transmarginal inhibition at lower
levels of stimulus intensity than extraverts. The results

of the OR studies of Frigon (1$76) énd Wigglesworth and

Smith (1976) are consistent with this proposal. GCrezter
responsiveness at low stimulus intensities and a decline

in responsiveness at high stimulus intensities were also
reported for introveris in the electrodermal study of Fowles,
Roberts, and Nagel (1977). Consistent with these results

is the observation that introverts have displayed significantly
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more cardiac ORs to blue stimuli than extraverts, whereas
extraverts showed more cardiac ORs to red (Stelmack et al.,
1979) .

‘Bourgeois (1972),.employing a signal detection
analysis, falled to fiﬁd any relationship between hue and
extraversion, although 1t was observed that the sensory
capacity for blue was greater than for red over the whole
sample tested. Electrodermzl change in resistance and
conductance measures have also been employed in investigating
the relationshlip between extraversion énd responsivity to
red and blue hues (Pickard, 1975). The results failed to
replicate the aséociation between éensitivity to hues,
autonomic nervous system dominance, and extraversion.

These nonsignificant results reflected in electrodermal
activity do not exclude the possibility that individual
differences in psychophyslological response to hue might

be reflected in the pupillary light reflex, which has been
found to be indirectly affected by reticular formation
activity. This rationale has direct bearing on the present
study, which attempts to explore the relationship beitween
entraversion and the dependence of the pupillary light

reflex on reticular formation activity.



Summary and Statement of Hvootheses

This chapter has reviewed various theore%ical N
models and studles whlch have 1nd1cated a rann*oachment
between the Eysenckian (196?) dimension of ettrauer31on
and the neo~Pavlovian sirength of the nervous systen
dimension. The introverted, weazk nervous system individual
has been considered as more perceptually sensifiVﬁ and -
more psychophysiologically reactive. This has characteris-
tically been manifested in lower ébsolute sensofy thresholds,
lower thresholds of arousal, persisting oriemtiTiZ responses,
and greater electrodermzl, electrocortlcalkvgardiac, and
rupillary activity than has been observed for the extraveried,
strong nervous system individuazl. Evidence from psycho- |
phqsiological research, however, has not unanimously
endorsed Eysenck's (1967) hypotheg;; of greater levels of
corticoreticular activity for introverts. Gray (1964, 1967)
has extended Eysenck's f196?) hypothesis and postulated
That, compared with extraverts, introverts show greater
responsiveness at low stimulus intg;sities and a decline
in responsiveness at high stimulus intensities. .

It has been shown that pupillary reactivity may
provide a useful indicator of general Enviroﬁhental rgactivity,

awareness, and sensitivity. Since the same anatomical and
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physiological systems have been implicated, individu%l
differences in the pupillary reflex to light would appear
to offer a technlque for examining hypothesés concerning
cortical and subcortical mechanisms theorized as the under-
lying mediators in Eysénbk's-(196?) proposal. Measurement
of  the pupillary reflex to lighf stimuli varying in hue and
inten;ity has yet to.be applied to this probiem. The
rationale for its.use rests on the knowledge of the physio-
logical ﬁechanisms involved; th; adaptive nature 5f‘the
refiex‘in controlling the amount of light stimulation
‘ admittgd by‘the organism, and on evidence.suggésted by
Lowenstein énd Loewenfeld (1969) that fatigue of the light
.reflex_might provideq@ test of coxrticoreticular mechanisms-
hypothesized tormediate behaviour along the exiraversion
dimension.

Although far from conclﬁsive, it has been demonstrated
that introverts are more sensitive to blue hues than extra-

verts, and extraverts are more sensitive to red. Similarly,

introverts have been shown to be more psychophysiologically

T



reactive and to have lower sensory thresholds for low
intensity stimulation *han extraver?s. while extraveris
nave exhibited greater responsivity and lower sensory
* thresholds to high inten;ity stimulation. From research
which has employed electrodermal, electrocortical, cardiac,
and pupillary measures, there is evidence that introverts
reach thelr optimal levels of stimulation at lower levels
of intensity than extraverts. This phehomenon has been ’/
understood in terms of differential hedonic tone and the
Pavlovian concept of transmarginal inhibition.

in view of evidence which has suggested greater

psychophysiological reactivity to long as compared with

short wavelength hues, 1% would appear that the relation-

ship Detween sen§}§iv‘uy to hues and personality might bé
invest: d%ééﬂéf the:level of the pupillary iight reflex,
where sympathetib’énd parasympathetic components are
clearly distinguishable. Specification of the_gtrength
and'dominance of sympathetic and parasympathetic inter-
aﬁtion, along with inferred levels of differentizl trans-
mitter substances which have been implicated between
individuals differing in degree of extraversion, might De
elaborated.

The principal objective of the present invest-

igation is to identify changes in the components of the



Dunlllary light- reflex within the context of Eysenck“

.

(1967) theory of extraversion. An atiempt is made-to .
‘refine and elaborate existing Dunillométric scoring
methodology as well, with the-aim of providing an economical
and rellable scorlng technloue. Normative daua of the
pupillary light reflex will also be provided.
The sensitivity, accuracy, .and stability of the
11 t reflex is analyzea by examining seven drstlnct
components and s%x additional puplllary response and
fatigue indices. The degree with which 1nd1v1duals
w'clz.f.‘J.eJ:‘:.ng in terms of extraverSLOn and lnferred co*tlcal
excitability manlfgsu variations in these lndlces is
assessed. 1In édﬁition, since extra;érts have been shown
to display greater sensitivity to red hues than introverts,
and introverts have been shown to be more sensitive o
blue hues,%an attemptiwill be made to rgplicaté these
findings by employing discrimination measures for red and
blue hues. Hue sensitivity will be related to the
pupillary light reflex characteristics elicited éy the
chromatic light stimuli. |
- The principal gquestion posed in this study is
asy follows: Can 1rtroverts ‘be distinguished from
/E;%rave*ts by measuring pupillary react1v1ty to light .
(jst_mu,l varying in hue and intensity? DMore specifically,
e following hypotheses are advanced: If, as Eysénckxgl96?)
’ : 7
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and Gray (1964, 1967) have proposed, intr&verts are more
perceptually sensitive and psychophysiologically
respansive than extraverts, they will manifest greater
pupillary reactivity and develop fatigue symptoms ﬁore
reaéily. This will bg shown iﬁ initially faster and

tore extensive constriction and subsequent redilation, .
creater fatigue manifested by a greater frequency of V,

W, and tonohaptic wave forms, fewer trials necessary to
elicit fatigue symptoms,;aﬂﬁ-a greatér degree of peripheral
defensive reaction; in the form_of a higher frequency.of
eveblinks. Since the introvef% is presumably in a state
of higher certical afouéal, this should aiso be manifested
In greater mean dark—adapted pupil'diameﬁfrs. From
evidence that introverts rezch their threshold of trans--
marginal inhibition as well as optimal level of stim&-
lation ét lower levels of intensity than extraverts,

one would also expect introverts to show slower and less
extensive pupillary light refleies %han exiraverts at

‘the end of a serigs of repeated presentations of 1ight
stimuli. Conversely, if, as Eysenck (1967) has suggested,
extraverts are characterized by a greater degree of cor-
tical inhibition, this should be manifested in slower énd
less extensive pupillar& light reflex constrictions

than introverts, due to the greater degree of inhibition

of the oculomoior nucleus. Furthermore, because there is



some evidencé of Aifferential respopsiveness 0o .chromatic
stimull using other meagures, one may speculate that
these differences will emerge with the pupillary light
reflex, which has been shown to be differentially
sensitive to specific wavelengths and intensities. Tt

is also expecte@ that on a measure of hue disbriminatio%ﬁ

introverts will show greater sensitivity to blue hues

and exiraverts will be more sensitive to red.
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CHAPTER II
METHOD |

This chgpter presents the methodology of the
experiment. The selection of the subjects is described,
_and the ﬁsycﬁological instruments and-ciassificatioﬁ data
for the introvert, middle, and extravert grodpg_are r

. presented. Thisdis followed by =2 description of the
apparatus used in the phases of hue discrimination ability

”testing, and in the stimulus presentation, recording, and
mea§urement of the pupillary 1ight reflex components.
The hue stimull are described and an anzlysis of the
procedure of the study is then detailed. Subsequently,
~the scoring and quantification methodology for the
pupillary light reflex and hue discrimination data are
Presented. The chapter concludes with 2 statement of-the
experimenta;:ﬁesign and stétistical,procedures employed in
the testing‘q{/the'hypotheses and invéstigative relzationships

of interest outlined in Chapter I.

Subjects znd Clazssification Procedure

=
The subjects were 51 male students selected from

~ANpopulation of undergraduate and graduate 'students registered
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in péychology couyses at the University of Ottawa. Subjects
were solicited in person or by telephone, and participation
in the experiment was voluntary and gratis, although some
subjects received experimental credit for their-assistance.
Ail subjects were screened for colour gefective vision
with a Bausch and Lomb Modified Orthorater and the Dvorine
Color Perception Training Charts (Dvorine, 1044),

Sample selection proceeded in three stages. In
the first stage, a sample of 121 pale volunteers, ranging
in age from 18 to 38 years, (M = 21.2, §Q = 3.9), was
administereéwthe Zysenck Personality Questionnaire tEPQ)
(Eysénck & Eysenck\ 1975). The mean extraversion, neuro- -
ticism, psychoticgsm, and lie scores for the total ﬁopula-
tion group tested were 13.46, 10.57, 3.82, and 5.7%, with
corresponding standard deviztions of 5.2ﬁ 5.21, 2.79, and
3.95, respectively, In addition, the subjecfs were asﬁed
to answer several questions pertaining to colour blindness,
Xnown visual or organic anomalies, use of'prescription_, -
medication, and general hezlth. - .

In the second classification stage, subjects were
equated for low to‘moderate neuroticisn, psychoticism, and
lie scores, utilizing cut-off scores established from the

norﬁative data of the EPQ for a sample of normal -English
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mq}es in the 20 to 29 year age-range. All subjects not
meeting these criteriz were eliminated. The mean extra-
version, neuroticism, psychoticism, gﬁd lie scores for the
total sample were 12.80, 8.55, 3.33, and 5.08, resvectively,
with corresponding standard deviations of 6.0?,‘3.?6, 2.11,
and 3.23.. Theée values are in close agreement with the
norms for male students provided in the EPQ manual (Eysenck
& Eysenck, 1973).

In the third’stage, sﬁbjects were differentiated
into three equal groups of 17 subjects on the basis of
thelr extraversion scores, with the aim of ensuring a
broad score distribution (i-21). Selection was suchtthat
thé 17 lowest, intermediate, and highest scorers were
designated respectivély as the introvert group, the middle
group, and the extravert group. The range of scores for
_thé extraversion dimension fer the introvert group was 1
to 8 (M = 5,35,'§Q = 2.00), for the middle group, 10 to
17 (M = 13,76, SD = 2.36), and for the extravert group,

18 to 21 (M =.19.29, SD = 0.99). The mean ages for the
introvert, middle, aﬁd extravert groups were 23.6, 20.6,
and 20.2 years, with corresponding standard deviations of
5.18, 2.59, and 1.56 years, respectively.

The means of the neuroticism dimension for the
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introvert, middle. and extravert groups were 8.76, 8.65,
and §8.24 respectively; with corresponding standard deviations
of 3.05, 4.11, and 4.22. The means for the psychoticism
dimension for the introvert, middle, and extravegf groups .
were 3.5, 2.59, and 3.82, with standard deviations of 2.18,
1.77, and 2.27, respectively. For the lie scale, the means |
for the introvert, middle, and extravert groups were 4.71,
6.06, and 4.47, with resvective standard deviations of 3.50,
3.17, and 2.96.

Analysis of variance for the sample data revealed
that the three groups of subjects differed significantly
from each other on the exiraversion factor (F(2/48) =
. 238.70, Ms, = 3.51), but not with respect to the neuro-
ticism factor (F<1), the psychoticism Ffactor (F(2/48) =
1.68, Ms, = L4.38), nor on #he lie scale (E(2/E8) = 1.21,
Mge = 10.35). The. homogenelty of varfégce assumption, as
assessed by Cochrans C test, was met for eagh of the EPQ
" dimensions analyzed. The Newman-XKeuls procedure indicated
that all three groups differed significantly from each
other and consisted of three homogeneous subgroups with
respect to the extraversion factor. Tagie 1 presents the
EPQ score and age distributions for the total population
group, the total sample group, the introvert, middle, and

-

extravert groups.
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’

Psychological Instruments and Apparatus

Evsenck Personzality Questionnaire (EFQ). Dé::loped

through a series of approximately 20 factorial studies,
the EPQ is a self—descriptﬁve questionnaire, which requires
approximately 20 minutes to tomplete, and which pfofesses
to measure three distincet and orthogonal personality dimen-
sions: introversion-exiraversion (E), neuroticism-stability
(N), and*psychoticism (P). Sixty-nine "yes" or "no" items,
comprising 21, 23, and 25 statements, measure the extra-
version, neuroticism, and psychoticism dimensions, respectively.
A "Lie Scale" (L), intended to measure z tendency on the
vart of subjects to answer the gquestions in a soclally
desirable manner or "fake good" 1is compfised of the remaining
21 items. In addition to being regarded as an indicator
of dissimilation, this latter scazle has been speculated zs -
measuring some form of soclzl naivete or other stable
personality factor.

The Eysenck Personalizty Questio?naire was designed
as a psychological instrument to replace traditional, non-
gualitative, categorical, psychiatric classifications with
2 dimensional, quantitative, personality schemata. Some test

items have been adapted and developed from the Minnesota Multiphasic
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. o8
Perso;ility Iﬁvéntory (MMPI) (Hathaway & McKinley, 1943),
the Maudsley Medical Questionnaire (MMQ) (Eysenck, 1952),
the Maudsley Personali%y Inventory (MPI) (Eysenck, 1962),
and the Eysenck Personality Inventory (EPI) (Eysentk &
Eysenck, 1968). The EPQ differs from the EPI and its
earlier forerunner tests by both updating and improvements
in development of the scales, and the addition of the
P scale. Evidence for the psychometric independence of
the EPQ personality dimensions has been provided by
Royce (1972) and supported by studies of Cattell (1959),
Hildebrand (1958), Cattell and Scheier (1961), Eysenck
(1963, -1970), Corsuch and Cattell (1967), and Farley
(1970).

To ensure orthogonality of +he EPQ dimension for
subjects in the present study, as well as %o assess
the degree and direction of relationships over a large .
sample, Pearson correlation coefficienﬁs were computed
for the.tétal population group tested znd for the
total sample. The intercorrelations between EPQ scores
for the respective groups are shown in Tabies 2 and 3.

The resulting low, nonsignifigpat correlations between

the EPQ measures support E 1967, 1975) contention
of independence of the categories. }he significant
negative correlations between psychoficism and lie

scores are in general agreement with Eysenck's (19?5)
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observations.

For purposes of the present study, the tést norms
established on a normal English male population were used
(Eysenck & Eysenck, 1975). For males ranging in age from
20 to 29 years, the mean'E, N, P, aﬁd'§;§cg§es are 13.72,

9.81, 4.19, and 6.50, with corresponding standard deviations

61

of k.79, 5.09, 3.26, and 3.88, respectively. The reliability.

and validity datz presented in the'EPQ manuzal, (test-retest:
ranging from .80 to .90; internal consistency: approx. .80;
Eysenck & Eysenck, -1975) gppeared adequate for use oi the
test in the present experiment. The EPQ is presented in
Appendig A.

Farnsworth-Munsell 100 Hue Test. Subjects were

tested for hue discrimination ability with the Farnsworth-
Munselllloo Hue Teét (Munsell Color Company, 1957). The
test, consisting of 93 black-rimmed, removable, plastic
caps, in which paint-empregnated papers are mounted on 2.
matt surface, presented thé subject with hue stimull having
the same spectrﬁl characteristics from any angle, with-
slight differences in chroma and value. The material was
encased in four wooden compariments, each case consisting
of two hinged panels enclosing 21 numbered, removazble caps.
To serve as pilot colours, two disks were repeated and

fixed at opposite ends of each panel. The disks were

-~
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arranged in random orde? prior to testing and the sudject's
task'was to take them from one panel and re-arrange them
in order, transferring them to the adjacent ranel tc form
a regular colour series betwgen the pilot disks. The order
of pfesentation 0of each panel was counterbalanced within
groups, so that each panel appeared in the first, second,;
third, and fourth order of presentation an equal nupber of
o
times. Testing was carried out in a large air conditioned
laboratory under fluorescent illumination. approximating
standard daylight conditions (25 ftC; 269 1x), as measured
by a model 1970-PR Spectra Pritchard Photcmeter. The line
of illumination was from directly . above.

Hue Stimuli. The puplllary light reflex was

elicited by répeated presentations of red and biue light
stimuli. This was accomplished by back-illuminating two
circular, opaque, plastic light filters, each measuring

15 ¢m in diameter, manufactured by the Grass Medical Instru-
ments Company. The light source was provided by the external
lamp of a Scientific Pro%otype 3-channel tachistoscope, model
GB. The levels of i1llumination, designated as high and low
intensity, were 13 ftC (140 1x) and 2 fiC (21.5 1lx),
respectively, as'measured at the surface of the stimull

with a model 1970-FPR Pritchard Photometer.
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The chromatic light filters were mounted 1in a
<

support constructed of plywood 10 mm in diameter, measuring

30 cm by 30 ecm , which afforded faCLlitation of smooth

filter interchange.. The supporting framework was coated

. -

with.optical black paint and mounted on a 23 cm by 21 e
opague rear projecfion screen. ihe viewing distance was
55 cm.. A'smali whife.ring measﬁring 10 mm in diameter,

with a distance between the adjacent inside rims of 5 mm,

was centred on each filter in order o provide a focal point
for the subjectis.

Pupillometric ipparatus. & Polymetric Pupillo-

meter System, Model V- 1165-i3 wés used to record'the

-

pupillary light reflex.- This is a video monitoring uniu

which utilized an image transducer bhab converted the

' optical image of the pupil.into electrical signals used

\

LY

to drive the ven on a chart recorder. The system consisted
of an RCA silicen movie camera-(Model 20-331) equipped
with a 75 mm Soligar .lens, with meaintaining supports and

standard tilt head mount, ap eyelamp equipped withﬁén

“infrared filter to illuminate th@: subject's right eye in ﬁ\\

darkness, a Pack- lit stage and stimulus presentation unit,

r

and head-.and chinrests used *to stabilize the subaect s head.

- —

A video moniter (ITC), modified to Sperate on a high

-

.



resolution random-1029 interfacing line counf, provided

a magnif;ed screen image of the subjeci's efe.l An overlay
display delineated the measurement amhea.

An analyzer unit contalnlnv the signal ana_yaer
circuitry, as well zas oneratlnc controls zand assoc;aued
circuitry. for monitoring and.recording of pupil diameter,
waé contained in an adjécent componeﬂé. Other system
components included a Watanabe Multi-Corder (Model,MC1l-L)
which provided synchronous graphic recording of the stimulus
parameters and ongoing pupillary output variables. A 300
mm/min chart speed and a 10-in pen sweep, which pfovided
a measurement sensitivity of appréximately 1 mm to each 1
in deflection, were utiliz;d during stimulus-ﬁreéentations
and the last.lrmiq of the dark adaptation intervals. During
the earl{.phases of dark adapEgtion, and at all other times,
a chart sﬁ‘ed of 1200 mm/hr was employed. Calibration of the
pupillometer was established with the 2id of a metzl test-
plate with boréd holes of 5.0 mm and 7.5.mm diameter. 7
The psychophysiological laboratory where the ;:pil;ometric \»
tes%ing took place was a sound attenuated, 2 m by 3im -
standard industrial partitioned room.. 4 diagrgmmatic

.1llustratlop of the nunlllomeuer system used in the experi-

ment is presented 'in Appendix C.
I' s ’ . )
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X-Y Digitizer. Scoring of the pupillary light

reflex characteristics was accomplished with the use of
a Cé#nputer Equipment Digi-Grid System. System components
included a digi;grid tadble, with contained circultry and'
mounting supports, an analyzer uni%t, LED digital display
unit, chss—haired target trigger apparatus, and an IBM
29 automaﬁic computer card punch.

The system measured and produced (x,¥) poordinates\
for each point located on the'pupiilographic records.
These cqérdinates were displayed on a digital read-out,
and points digitized were automatically entered on computer

»

cards for subsequent analyses. For this study, the x-

coordinate corresvonded to time and the y-coordinate

codresponded to pupil diameter.

- ¥

Procedures

-

Experimental Procedure

Eaéh subject attended a2 one and one-half hour
laﬁorgtory session. Experimentation was céﬁducted in
the morning, affernoon, and evening. Group time-delegé%iOn
te the laboratory_waé’cdunterbalanced within extraversion
groups in an effort to control for individual biorhythmic

and fatigue effects (Horne & Sstberg, 1975, 1977; Lowenstein
= \\/

N\

°
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& Loewenfeld, 1969, Sollberger, 1965; Strdebel, 1967).
Upon_érrival a2t the laboratory, the subject was administered
the tests for defective colour vision and verbally screened
for intake of prescription tranquilizing or stimulant drugs-
and known organic illnesses. The test for hue discrimina-
tion was then administered. The subject was subsequently
seated comfortably at the pupillometer and presented with
a brief description of the appératus. Subjects were asked
to remove corrective lenses prior to pupillographic record-
ing, as light reflection wouldrinterfere with reliably
recording the puplllary light reflex. ' )
4 small amount of powdered talc was applied to the
.subject's right eyelid and surrounding arez as an added
\\érecaution to eliminate extraneous light reflection due
[ . .
1o excessive skin o0i1l. The camera lens' focus and infrared
lamp were\§5justed so0 that a finely textured and highly
resolved image of the subject's eye was obtazined on the
video monitor. After the pupillome%er had been calibrated,
the subject was instructed to tf& and relax as much zs
possibie and te focus upon the small ring in the centre
of" the chromatic filter directly in front of him, to 'refrain
from.talking and making head or eye movements, and to
inhibit blinking as much as-possible. The subject was
instructed to try and restrict his blinking to the periods

'3

O

O~
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when the light waé off, as blinks would prevent accurate
recording of the light reflex. The subject was zlso assured
that simple visual stimull and no noxious stimulation would
be presented. At this point, a 10-min dark adaptation
period was allotted, during which pupil size was recorded
as it reached a relatively stable baseline level. The
first series of 15'cdnsecutive chromatic light stimuil was
then presented. Stimulus duration was 3 sec, with an
interstimulus -interval of 11 sec. This interval permitted
full redilation of the pupil to occur. Retinal adaptation
to light was prevented by the sufficiently béief stimulus
duration (Lowenstein, 19615. .-

Following the presentatién of the approvriate first
hue series (e.g., red, high-intensity) the subject was
allotted a 5-min rest perib% and pupil size was recorded
as a dafk-adapted diame%er was reached. The ‘chromatic ”
-filter was changed, tachistoscope reset, ana the second .
series of repeated hue stimuli (e.g., Dblue, high-intensity)
‘was presented iﬁ the identicél seqguence fecllowing thé
procedure just outlined. A third (e}gf, blue,.low—intensiﬁy)
and fourth (e.g., red, 1ow—intensity) étimulus séries
followed two subsequent 5-min dark adaptatioﬂ periods.

At no time were the lights in the experimental room switched

on. The order of presentation of the stimuli was randomized



and each subject received all variabié hue and intensity

conditions. Following the fourth treatment condition,

{he pupillometer was recalibrated, the subject shown his

pupillographic record, and an overall reaction to the

experiment was elicited. An explanation of the hypotheses

being tested was fhen offered, and the subject was asked
S

not to discuss the experiment with anyone whe was yet to

participate in the study.

Data Quantification and Scoring Procedures

Quantification of Pupillary 3esnonse Data

The pupillary light reflex was subdivided -into
seven measures. (1) The magnitude of maximum constriction
(MC) was measured in mm, from prestimulus pupil diameter

AN .
at stimulus onset to poin%“of maximum constriction.
(2) The latency to maximum censtriction (LC) was measured .
in sec ;gpm stimulus onset %o the point of maximum pupil
constrictidﬂ. (3) The rate of constriction (RC), expressed
in mm/sec, was défi?ed as.the ratio of magnitude : latency.
(4) The magnitude of maximum redilation (MR) was defined
as the difference, in mm, between pupil diameter at stimulus
offset and point of maximum redilation. (5) The latency

to maximum redilzation (LR) was measured, in sec, from

stimulus offset to point of maximum redilation. {(6) The
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mean rate of redilation (RR) was measured by averaging the
rate per mm increase in pupil size from stimulus offset %o
point of maximum redilation. (7) The maximum redilated

L4

pupil size (MP) was the largest pupil size reached during

T

i

%ﬁe'in%g;stimulus interval.
Iﬁxaaditéqn to these seven characteristics of the

light reflex, six ;Eaitional pupillary response measures

and indices of fatigue were independently analyzed.

(1) The average pupil size during the lazst 1-min of dark

adaptation was obtained by measuring pupil 'size at 4-sec

intervals and averagang these &alues to obtain the measure -

of mean regting dark-adapted puplil size (Rﬁ). (2) A

ffequency count was made of V-waves (spontaneous, sharp

' fediiations of the'pupil during light presentatioh which

produced a characteristic V-shape on the puﬂillograph).

(3) & frequency count was recorded of W-waves (pupiliary

redilation znd subsequent constriction during light presen-

tation, producing a characteristic W:shape on the pupillio-

graph). (4) The number of trials necessary to elicit -

fatigue éymptoms, defined as the occurrence of V, W, or

tonohaptic' wave shape, constituted the trials-to-criterion-

fatigue measure (TF). (5) A frequency count of eyeblinks

( instantaneous, spiked deflections of the pen to zero or

near zero level) during the last 1-min of dark adaptation,

69
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constituted the measure of resting biink rate (RBR). Y
(6) A frequenéy count of eyeblinks during stimulus

presentation (SE) was also recorded. Figures 1 and 2

Present diagrammatic’illqstrations of the pupillary

light reflex measures and fatigue indices, respectively.

Scoring Procedure for Pupillary Licht Reflex Data

X
The pupillographic records were computer scored

uto 'obtain measures of the seven pupillary light reflex
characteristics with the aid of a Computer Equipment
Digi-Grid System. -Each subject's pupillographic record
was subdivi@ed according to hue and intensity conditions
and placed on the électromagnetic'grid of the digitizer.
The records were aligned so¢ that the zero poinﬁ on the
pupillographs coincided~with zero baseline on the digital
display. The points digitized for each light stimulus
consisted of the stimulus onset, the-point of minimum -
constricted diameter, the stimulus offset, the points
for the mean rate of redilation (1 point ver mm increase
of - pupil size), and the point of maximup redilation.
This required the digitizing of apﬁroximately 500 data
points pef subject.

‘As cocordinates were digitized, they were automatically.
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Figure 2. Additional puplllary response measures and indices
of fatlgue. y
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entered on IBM data cards for subsequent analysis. The
coordingtes corresponded te the (x, y} coordinates of
the fg;z:;tive points which had béen digitized. The
same procedure was followed for each of thg stimulus
trials. ’

The data were thén manually separated into trials.
hue and intensity conditions, and subjects. These pro-
cessed data were used to calculate the pupillary light
refiex components with the use of a computer prograﬁ
developed for this purpose. The program yielded the
seven pupiiiary measures for each subject, separated
inte extraversion groups, hue and iptensity conditions
and trials. There is no precedent for the use of such

a procedure in the scoring of pupillometric data.

Quantification of Hue Discriminstion Data

Fol%gwing the scoring procedure suggested by

Farnsworth (1957), total error scores for the red and

blue hugs were obtalned by summing the differences be-

tween the respecﬁive colour disk number and the numbers

of the colour disks adjacent to it. A scoring diagram

was completed for each sgbjgct and a total red and total

blue error édbre were iﬁdependently obtained“by summing
£

the scores on each radiai”line for the respective hues
< ) s

.-!‘ i . . .
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counting the immer circle of the diagram as zero. Lower
total efror scores for a particular hue corresponded with
better discrimination performance for that hue. A geﬁeral
index of the Subjegﬁ's ove{éé}*pue discriminaticn perfér—
mance, deqjgnated.as the,%otal hue error scére, was .
obtaiyled by suhming the- individual error scores for the

red ind blue hues. A reproduction of the Farnsworth-

Munsell 100 Hue Test scoring diagram appears in Appendix D.

Experimental Design and Statisticzl Analyvses

Four-way analysis of variance, Extraversion X
Hue X Intensity X Trials, with reéeated measurés cn the
.hue, iritensity, and trials factors (Winer, 1971) was
appligd to each of the seven pupillary light refiex'
characteristics. The prineipal independent variables;'
of this study were: (&) three levels of the Extraversion
factor (the Introvert group, the Middle group, and %he
Extrawvert group); (B) two levels of the hue factor {(red

and blue); (C) levels of thg?@ntensity factor (low

and high); and (D) ¥he 15 trials donstituted the Trials
factor. The ﬁa%igue indices/we analyzed with a threé—

way analysis of variance \Extraversion X Hue X Intensity.'

.

with repeated measures on the hue and intensity factors (\\

(Winer, 1971). To establish differences_hetiween extraversion

at

L
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gfoups wi%h_respect to the EPQ dimensions, #s well as to
test for differepces between mean tonic pupil size, frequency
of eyeblinks between conditions, and hue discrimination, |
é"one—factor analysis of variance was applied. To test
for differences between hue discrimination ability for ¥
red and blue within both the extfaversion groups and the
total sample, t-ratios for correlatéd samples were computed
(Ferguson, 1971). Cochrans C %est was employed to teégp_
for homogeneity of variance. The Newman-Keuls procedure
was employed for a posteriori comparisons among means.
The 0.05 level of confgdence was adopted for all statis-
tical tests. Additional descriptive relationships between
extraversion, hue discrimination, and the comnonents of
the pupillary llght reflex were establlsheq w1th Pearson

- - - &
- correlation coefficients.

b=
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CHAPTER III

. R J RESULTS

-

In this chapter -the results of the statistical
anélyéés of the{data are presented.  The first section
includes the results Af the andlyses of the pupillary
light reflex measures, followed by a preéentaﬁioﬁ of-ihe
analyses of the additional pupillary responsé and fatigue
indices. This is followed by a presentation of the
results of the hue discrimination analyses, the relation-
ship between extraversion, hué,discriminat;pﬁ; and the'
pupillary measures. Tpe chapter concludes with a summary
of the main findings and the presentation of the inter-

correlations between pupillary measures. -

Pupillary ﬁight.Reflex Measures

-

ﬁaggitude of Maximum Constriction (MC). For tﬁe
anaiysis of +the magnitﬁde of maximum constric%ion méésurgs,
no significant main effects due to-extravergibn'were
observed (i(l). Significant main effects—duﬁ'to hge

were noted (z(lkﬁB) = 182.89, Ms, = 1.12);, with the

mean magnitude of maximum constriction to blue (3.61)
greater than‘to red (3:09). .-The effect: of iptgnsity was
also significant (F (1/48) = 31.74, M§E.= 1.,42), with the
high (3.47) eliciting a gr?ater mean magnitude of

' — - s . 8



constriction than the low (3.23). Silgnificant main effects
due to trials were observed. (E( 14/672) = 59.79, NS, = 0.11),
with greater mean magnitudes obtéined for the {Initial
trials. Figure 3 presents the average response curve
for.the mean magnitu&e of maximum constriction measures.
Data points are the averages for all subéects,‘across all
hue and intensity levels, plotted as a furiction of trials.

The decline in magnitude of constriction over trials is

——

very systematic. In@ividual comparisons among means -
indicated that the mean magnitude of maximum constriction
to the initiai 3 trié}g was significantly greater than to
trials 9 to 15, with the magnitude of constriction elicited
fér the initilal frial significantly greater than'that to
all subs equént trials. |

0f 211 the interactions, the only to exceed chance
expectancy was that observed between hue anq intensity
(F(1/48) = 1k.71, NS, = 0.49). Figure 4 présepts the
mean values for the magnitude of maximum constriction.
in the - interaction of hue and intensity. Grezter mean

el

magnitudes of constriction were observed for the blue
hue in the high-intensity level (3.68), and moderate
constriction was noted for both the blue in the low-
intensity (3.54) and red in the high-intensity level

(3.26). Smaller mean constriction extents were obtained

for the red hue in the low-intensity level (2.92}.
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Figure 4. Mean magnitude of maximum constriction
in the Hue X Intensity interaction
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Tndividual mean comparisons indicated that mean mag-
nitudes of maximum constriction for all possible inter-
actions of hue and intensity were significantly different.’

Latency to Maximum Constriction (IC). No

significént differences due to extraverslon were re-
vealed in the analysis of the latency to maximum con-

. striction measures (FL1). Significant main effects were
observed due to hue, (E( 1/48) = 17.1k, NS = 0.92),
with the blue (2.67) eliciting longer meaﬁ latencies
than the red (2.53). The main effect of intensity was
also significant (F(1/48) = 55.13, MS_ = 0.60), with
the mean latency to high (2.70) greater than to low
(2.50). Significant effects were also noted across
trials (F(14/672) = 16.11, MS_ = 0.37), with Tonger
-mean latencies to the initial 4 trials than to trials 11,
12, and 15. A systematic decrease in mean latency to |
maximum constriction over trials was evident. Varia-
bility in latencies increased over trials, partgcularly
from trial 11 onwards. The average response curve for
the mean latency to maximum constrictigiaigghes obtained
over the 15 trials is graphically presented in Figure 5.

Significant interaqtion effects were observed
between hue and intensity (F(1/48) = 6.00, NS = 0.69),
2s well as between hue and trials (F(14/672) = 2.16,

Mgé = 0.34). All other interactions were statistically
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nonsignificant. Comparisons among individual means
indicated that the mean latency to maximum constriction
for the blue in the high-inténsity level (2.74) was.
‘significantly longer than to both the blue (2.60) and
red (2.39) in the low-intensity level. The mean latency
to the red in the low-intensity level (2.39) was
significantly shorter than mean latencies obtained for
both the blue (2.74) and red (2.67) in the high-intensity
level, and the blue in the low-intensity level: No
signific;nt differences were noted between mean latencies
+0 either hue in the high-intensity level. The mean
latency to maximum constriction measures for the red
and blue in each intensity level are graphically presented
in Figure 6.

Tor the interaction of hue and trials, as~gan be
seen from the average response, curves present;d i;t)
Pigure 7, gréater varizbility in latency to maximum
constriction occurred for the red, particularly from
trials 8 onwards. Comparisons among the individual
trial means indicated that this interaction was primarily
due to the significantly longer mean latencies for the
vlue to trials 4, 6, 8, 10, 11, and 15.

Rate of Constriction—<{RUT). Anzlysis of the

rate of constriction measures yielded nonsignificant

effects due to both extraversion (FL1), and intensity



Mean Latency to Maximum Constriction (sec)
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Figure 6. Mean latency to maximum constriction in the
Hue X Intensity interaction
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(E(1/48) = 2.56, MS_ = 0.41). Significant main effects
due to hue were observed (3(1/48’ = 18.35, NS, : 0.35),
with a faster mean rate of constriction obtained for the
blue (1.43) than for red (1.3k). Significant effects due
to trials were also noted (F(14/672) = 3.44, NS, = 0.17),
with a2 slower mean rate of constriction obtained for the
initial trial than for trials 11 and 12. Figﬁre 8 /

presents the mean rate of constriction measures ovef/

trials. The greatest variation in rate was observed
during the latter trials,'particui§¢f; from trial 11
onwards.

The énly intergctioﬁ to exceed chance expectancy
was observed between hue and trials (F(14/672) = 2.10,
NS, = 0.15). As can be seen from the average response
curves for the mean rate of maximum constriction to red
and blue presented in Figure 9, a consistent increase
in rate of constriction over trials was evident for
both hues, particularly the red. Comparisons among
individual means indicated that significantly faster
mean rates of constriction occurred for the biue hue
4o 4rials 2, 3, 5, 7, 9, 12, 13, and 14. A somewhat
greater vafiability was shown In the rate o§ constriction
to +the red, particularly from trizi & onwarés.

Meenitude of Maximum Redilation (MR). For the

measures of maximum redilation, the analysis indicated
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that the extraversion factor’was.nonsignifican't (FL1).
A significant difference between the mean magnitude of
. maximum redilation to blue (3.48) and red (2.92) was
noted, (F(1/48) = 198.?5, Ms, = 1.19). A sigqificant
difference between the mean redilation extent to the
high (3.32) and low-intensity (3.07) was also found
(F(1/48) = 30.36, MS, = 1.57). Significant main effects
due to trials were also observed (E(14/672) = 10.21,
‘MS, = 0.12). As noted for mean magnitude and latency
of maximum constriction,,there was a relatively con-
sistent decrease 1n mean magniiudé.of'redilation.as
trials progressed. Comparisons amonglindividual means
indicated that significantly greater mean magnitudes
of ”eallatlon occurred for the initial 3 trials than
for trials 9 and 11 %tq 15% respectively. Flgure 10
shows the mean magnltudeg of redilation obtalned over
the 15 trials.

The interaction of hue and intensity was alsd
significant (g(i/ug) = 10.75, MS_ = 0.75). .The greatest
mezn redilation was obtained to the blue hue in the _ /
high-intensity level (3;5;); the least amoun% of . f/<j
redilation was observed for the'red hue in the low- g
intensity level (2.74); intermediate magnitudes of .

redilation were obitained for the blue hue in the low-

intensity (3.40) and the red hue in the high-intensity
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‘level (3.10). As noted for the mean magnitude of .con-

striction measures, comparisons among individual means

indicated that mean magnitudes of redilation for all

the combined hue and intensity conditions differed
signiﬁ@cantly from dﬁe another. Figure 11 presents the
mean magnifude of maximum redilation to red and blue
for the high- and 1oﬁ-intensity levels.

A significant interaction between hue and intensity

and trials was also observed (§(14/672).=*é.2?, E§e =

. 0.12). The mean magnitudes of maximum redilation to red

and blue for both intensity levels, over the 15 trials,
are graphically plotted in Figure 12. As can bé seen
from the curves, the decrease in magnitude of redilation
over trials is less variable for the red under both

intensity levels, wit@ the sharpest decline in redilation

over trials occurring for the red in the low-intensity

‘level., Comparisons-among individuzl means indicated

that the differences Dbetween mean redilation magnitudes
obtained for the blue in the high-intensity-level and
for the red in both intensity levels prevailed over alil.
trials. - For the red in the low-intensity level, each
mean value for trials 6, 9, and 11 to 15 wés signifi-

cantly smaller than the corresponding trial means for

"the red in the high-intensity level., The difference

between high- and low-intensity levels for the blue hue,
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was ﬁ imarily due to the significantly greater mean

tion extents to the high-intensity level to trials
L, 5, 6, 10, and 11. No siéﬁificant change in magnitude
of redilation over itrials was demonstrated for the blue
hue in either the high- or low-intensity level.

Latencyv to Maximum Redilation (ILR). In the

analysis of latency to maximum redilation measures,

no significant main effects were observed due to ex-
traversion (F< 1), intensity (E(l/b8) = 1.13, mge =
3.90), or trials (F< 1). Significant main effects due to
hue were néted (F(1/48) =5.89, Mge = 2.73), with the
mean latency t¢ maximum redilation %o blue (9.95)

longer than to red (9.80). No significant interaction
effects were observed. L

Mean Rate of Redilation (RR). In *the mean rate

of redilation analysis, no significant main effects due

to extraversion were observed (F4 1). A significant
difference between the mear rate of redilation to The
blue (.61) and red (.50) was noted, (F(1/48) =-65.08,

MS, = 0.14). A significant difference between the mean
redilation rate to the high- (.Sal,and low-intensity (.54)
was also observed (F(1/48 = L.84, MS_ = 0.18). sSig-
nificant effects were also noted due to trials (F(14/672)
= 4.29, M§e"= 0.06), with the mean ra?g of redilation

to the initial 2 trials significantly greater than for

g3
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trials 9, 11, 12, 14, and 1;; The mean ratés of redilation
over trials are shown in Figure 13. A general decrease

in mean rate of redilation as trials progressed may

be observed, with greater variability in mean rates
occurring during the ingsial 5 trials.

The interactlon of hue and intensity was also
“significant (F(1/48) = &4.72, us, = 0.13). The mean -
rate of redilation measures for the red and blue hues
in both intensity levels are graphically presented in
Figdre 14. Significantly faster mean redilation rates
occurred for the blue hue in both low- (.61) znd high-
(.61) intensity levels than for both the red hue in the
low- (.47) or high-intensity-level (.53). Thé difference
between mean rates of redilation to the red in the
high- and low-intensity levels was also significant.

No significant difference beitween intensity levels
was observed for the blue.

The interaction between hue and trials was the
only other effect to exceed chance expectancy (F(14/672) =
1.77, MS, = 0.06). Tigure 15 shows the mean rates of
redilétioq_for the red and blue.over the 15 trials.
Individuai'comparisons among the mean rates of redilation
+0 red and blue over the 135 trials indicated that;
with the exceptions of trials 1 and &4, significantly

faster rates of redilation for the blue prevalled
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Mean Rate of Redilation (mm/sec)
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Figure 14, Mean rate of redilation in the Hue X
Intensity interaction
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.over all respective trials. Mean rates or redilation

to the red hue shoﬁed a more systeﬁatic progressive
décrease in the earlier trials, with the ekception of
trial 4, which, in view of %ge downward trend, is
ﬁrobably due to chance fluctuation.

Maximum Redilated Pupil Size {(MP). For the

analysis of maximum redilated pupil size, neither
differences between extraversion groups (E( 1), or
intensity levels (F(1/48) = 1.73, MS, = 1.95), were

significant at an acceptable level of confidence.

Significant main effects due to hue were observed (F(1/48)

= 6,75, MS_ = 1.78), with the mean maximum redilated

pupil size to red (6.56) greater than fo blue (6.43).
The effect of trials was also significant (F(14/672) =
3.33, MS, = 1.00). As shown in Figure 16, a progressive
decrease in mean redilated pupil sizes, particularly
over the earlier trials, was observed. Individual;
comparisoﬁs iﬁdicated that the mean redilated pupil
size” to the initial trial was significantly greater

than €0 individual triazl means 10 to 15. No significant
interaction effects were observed.

Additional Pupillary Response Measures
and Indices of Fatigue

Freguency of V-Waves. No significant main

- effects due to extraversion (F<¢ 1), or intensity (F(1/48)
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= 1.74, NS, = 4.5i), were demonstrated with respect

to the frequency of V-waves measure. Significant main
effects due to hue were observed (F(1/48) = 12.23, MS, =
3.3%9), with the mean frequency of V-waves to red (227)
greater than to blue (1.8). All interactions were non-

significant.

Frequency of W-Waves. In the analysis of
Eﬁgmfrequency.of W-waves, no significant effects were
obsé;veg fgf the extraversion factor (F< 1). The
main effgét of hue was significant (F(1/48) = 47.52,
Ms, = 10.71), with the red (15.06) eliciting a greater
frequency of W-waves than éhe blue (6.90). A signifi-
cant difference beiween the mean W-wave frequency
to the low- (G.13) and'high-intensity (7.83) was zlso
found, (E(1/48) = 21.96, NS, = 3.90). No significant
interaction effects were observed.

Trials—to—Critérion-Fatigue (TF): In the

trials to criterion fatigue analysis, neither the extra-

100

. . . . . . a "
version nor intensity main effects were significant (Fe'1),

Significant effects due to hue were observed (2(1/48) =
19,61, MS, = L.36), with the mean number of *trizis to
fatigue to blue (3.39) greater than to red (2.09).

With the exception of =2 significant interaction between
extraversion and hue and intensity (F(2/48) = 4.37,

MS, = 5.21), 21l interaction effects were nonsignificant



.

Figure 17 shows the mean number of trials-to-fatigue

for each of the exiraversion groups to the red and

blue in both intensity levels. Individual compariéons
indicated that the mean number of trials necessary to -
elicit fatigue symptoms to the blue in the low-intensity
;:level was ;ignificantly greater for the extravert (4.06)
+than for the introvert group (2.53), while "the mean
number of trials-to-criterion-fatigue to the blue in

the high-intensity level was significantly .greater for
both the extravert (3.82) and introvert (3.47) than

for the middle group (2.06). ©No significant differences
in mean trials-to-fatigue between the introvert and
extravert group were demonstrated to the blue hue in

the high-intensity level. The middie group reguired

the greatest number of trials to elicit fatigue symptoms
to the blue hue in the low-intensity level (4.47)} and
conversely, the least number of triazs to the red hue

in the low-intensity level (1.35). None of the ei—
traversion groups differed significantly from each other
for the number of trials-to-fatigue to the red hue in
the high-intensity level. For the red in the low-
intensity level, the middle group (1.35) showed a

significantly smaller mean number of trials-to-fatigue

101

than either the introvert (2.23) or extravert group (1.76).
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Figure 17. Mean trials-to-criterion-fatigue in the
ExTraversion X Hue X Intensity interaction
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bl

Freguency of Eyeblinks During Stimulation (SE).

For the analysis of tﬂe frequency of e¥yeblinks during
stimulation, no significant main effects were observed
due to extraversion {E¢ 1), hue (FC 1), or intéhsity

(E(1/48) = 1.37, MS_ = 217.67), and all interaction

“r

effects were statistically nonsignificagnt.

Mean Resting Dark-Adzapted Pupil Size (RP).

Ne significant effects due to extraversion were demonsirated
with respect to mean resting dark-adapted pupil size (F< 1).

Resting Blink Razte. For the resting blink

rate analysis, no significant effects due to extra-

version were observed (F<1).

Hue Discrimination

For the analysis of the hue discrimination
_measures; no significant effects due to extraversioﬁ
were observed for the blue, red, or ltotal discrimination
error scores (F& 1). Although all of the groups-showed
slightly lower red hue discrimination error scores,

t-tests for correlated samples indicated that this

relationship falled to reach.significance within the

introvert (t(16) = -0.70, NS), middle (t(16) = -0.03, NS),
extravert (£(16) = -1.29, NS), or overall'sample group
{t(50) = -1.15, NS). A summary of the score distributions

- for the hue discrimination measures is provided in Table 4.
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Summary: The main findings of the analyses of
the pupillary light reflex -characteristics, additional‘r
pupillary response measures and indices of fatigue,
and hue discrimination data indicated that:

(1) No differences were observed due to extra-
version for any of the pupillary light reflex measures,
additicnal pupillary response and fatigue indices, or
hue discrimination.

(2) A significant interaction of ‘extraversion

]

and hue znd intensity was observed for the trials-to-

W

criterion-fatigue measure, with introverts requiring
significantly fewer trials than extraverts to elicit
fatigue symptoms to the blue light in the low—inténsity
lével. This was the only‘indication of a relationship
between extraversion and the pupillary light reflex.

;:(Bj_ The red hue stimuli elicited significantly
less extensive constfiétion and redilation, shorter
latencies to maximum redilatidn, slower rates of con-
striction and redilation, larger redilated pupil sizes,
z greater freguency of V-waves, greater Ireguency of
W-wazves, and fewer trials-to-criterion-fatigue than ‘
the blue hue. No gignificant relationship was observed
between hue and the frequency of eyeblinks.

(4) The high-intensity elicited significantly

more extensive cohstriction and redilation, faster

Y A,
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mean rates of redilétion, and fewgr W-waves than the
loinntensity.kﬁfﬁ;;;sity was not shown to have any
consistent effebt on rate of constriction, iatency

to maximum redilation, maximum‘redilated pupil size,
V-wave frequency, number of trials necessary to elicit
fatigue, or frequency of eyeblinks. |

(5) With the exception of the latency to
maximum redilation measure, significant main effects
due to trials were observed for all of the pupillary
light reflex chafacteristics, with a systemat%& de-~
crease genérally occurring over trials, with the
exception of ratefof constriction which increased.
Significantly less extensive constriction and redilation,

.
shorter latencies to maximum constriction, inereased
rates of consiriction, slower mean rates of redilation,
and decreased redilated pupil sizes were noted as
trials progressed.

(65 Significant interactions  of hue and
intensity were observed, with the blue in the high-
intensity level eiiciting sharper, mcre pronounced
light reflexes, characterized by significantly more
extensive constriction and redilation, longer latenciles
to maximum constriction; and faster mean rates of re-
dilation. Cohversely, for the red in the lo@-intensity

level, less extensive constriction and redilation,

106
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shorter latencies to maximum constriction, and slower
mean rates of redilation were observed. In general,
moderate measures of the light reflex were obtalned for
the blue in the low-intensity and reé in the high-
intensity level, in respective decreasing order.

Correlations between Extraversion, Hue Discrimination,
and FPupilllaryv Response Measures ‘

-Tﬂe relationship between extraversion scores,

the indices of hue discrimination ability, and each

of the pupillary response measures wés further explored
by meaﬂé 0of Pearson correlations. Table§ 5 and 6
respectively show +he correlations obtained between
" extraversion scores and the pupillary light reflex
components {averaged across levels of hue, intensity,
and trials), and the additional pupillary response
measures, and indices of fatigue (averaged across hue
and intensity levels). 1In general, extraversion was
nonsignificantly related to total red error scores,

(r = -.02, NS), tot(al blue error scores, (r = +.08, N3),
or totzl hue error scores (r = +.0h, NS). There was

no indication of a2 relationship between extraversion
and any of the individual pupillary response measures.

Total hue error scores varied consistently

with both totzl red error scores (r = +.82) and total

-
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blue error scores (r = +.85). A moderate positive
relationship (: = +.38) between to}al red and total
blue error scores was also noted. The only other
relationship of significance was the moderate correla-
" tion (r = +.27) noted between total blue error scores

and frequency of W-waves.

Intercorrelations between Puplllary Response Measures

The pupillary light reflex is a unitafy auto-

- nomic reflex act involving both branches of the auto-
nemic nervous system. Intercorrelations among the
pupillary light reflex components were therefore

computed to investigate the relationship between
sympathetic and parasympéthetic imervation of the light
reflex as reflectéd by the subdivided characteristics.
The internal consistency under the hue and intensity con-

ditions_was also assessed.

Pupillary Light Reflex Measures

The intercorrelations between the individual
pupillary light reflex components, averaged across
trizls, within each-hue and intensity condition are
presented in Tables 7 to 10. The only indication of

differences in relationships between components of
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the refl;x due to the variable hue and intensity con-
ditions were: Latency to maximum constriction was signif-
icantly related to magnitude of consiriction during the

red hue condition, but nonsignificantly related during both
high- and low-intensity levels. For the high-intensity
level, a significant positive relij;gpship between magnitude
of constriction and redilation latency was observed.

Latency to redilation was nonsignificantly related to

any of the pupillary reflex components during all

intensity and hue conditions, with®the exception of =2

&\significant positive relationship with absolute maximum

redilation during the high-intensity condition. No
significant differences were noted between any of the
other correlations across any of the hue or intensity
conditions.

Since the same general relationships between light
reflex components were observed zcross a2ll intensity and
hue conditions, correlations between the pupillafy light
reflex measures for all combined hue and intensity cond-
itions (averaged over levels of hue, intensity, and triais)
were computed. Thé obtzined correlations appear in Table
i1, Latency to maximum constriction was nonsignificantly
related to magnitude of maximum constriciion, latency to max-
ilmum redilation, mean rate of redilation, and,ma%imum redil-
ated pupil size. A significant negative relationship between

latency and rate of maximum constriction was obtained.
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A significant positive relationship was also noted

between magnitude of maximum redilation and latency

to maximum constriction. Thus, slower rates of constric-

—

tion_and larger magnitudes of redilation were associated
with longer latenéies to constriction.

A significant positive correlation was observed
between the magnitude and rate of constriction. Sig--
nificant positive relationships were also obtalned
between the magniiude of maximumlconstriction.and
both mean rate of redilation and maximum redilated
pupil size. The highe§t correlations obtalned were
found between magnitudés of maximum constriction and
redilation (r = +.99), indicating an.almost perfect
correspondence between the two variables, i.e. between
the parasympzathetic and sympathetic divisions of the
light reflex. A lack of any consistent relationship
between magnitude of maximum constriction and latency
to maximum redilation was observed.

Significant positive relatidhships between
rate of constriction and both magnitude and mean rate
of redilation were observed. As well, rate of constric-
tion varied consistently with maximum redilated pupil
size. Thus, slower rates of constriction ware associated

with smaller extents of redilation, slower redilation

rates, and smaller redilated pupil diameters. No
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Eonsistent elationship was observed between rate of
constriction and latency to maximum redilation.

Low, nonsignificant r's were found between
latency‘to maximum reﬁilation and 3l11 of the other
pupillary light, reflex charactefistics. ‘Magnitlhde of
maximum redilation correlated positively with both
rate of redilation and maximum redilated pupil size.
Between the mean rate of redgilation and ma#imum redilated
pupil size, a2 significant positive relationship was

21s0 observed.

Additionz]l Pupillarv Response Measures
and Indices of Fatigue .

Relationships between the additional pupillary
response measures and indices of fatigue were also assessed
by means of Pearson correlations. Data was reduced by
averaging over hue and intensity levels. The resulting
correlation coefficients are presented in Table 12, &
significant‘in%erse relationship between frequency of
V-waves -and number of trials necessary to elicit fatigue
symptoms was observed. This was not unexpected in
view of the definition of the frialg—to-criterion—
fatigue measure. Low, nonsignificant correlatiops
indicated that V-wave frequency was not related to any
of the other additionai pupillary response ané fatigue

measures. Frequency ‘of W-waves also showed a significant
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inverse relationship with trials—to-fatiéue, and a
moderate positivé relationship with mean resting dark-
adapted pﬁpil size. W-wave frequencies were not signif-
lcantly éssociated'with any of the other faitigue indices.
There was no indication of z relationship between
resting blink rate, frequency of V-waves, or frequerty
of eyeblinks during stimulation with mean dark-adapted
pﬁpil size. Resting bliink rate was significantly
related to frequency of eyeblinks during stimlation,
but not with any of the other fatigue measures. Thus,
subjects who blinked more while resting in the dark,
also blinked more durlng. stimulus presentétion. Fre-
guency of eyedlinks during stimulation was nonsignif-
lcanuly related to a11 remalnlng puplllary response
measures. ~F1naI1yiﬂjgg mean resting dark-adapted pupll
size was sho;H—%3f§ary inversely with 'the trialis-to-
criterion-fatigue.

Intercorrelations Between Pupillary Light Reflex Measures
and Additional Pupillary Response and Fatigue Indices

~

L4

Thé Pearson correlatiéns, averaged across leggls
of hue, intensity, and trlals, obtained beitween the
pupillary light 1"efil.ex components and the aadltlonal
pupillary measures and indiced of fatigue appear in
Table 132. Latency to maximum constriction was inversely

related to both frequency of V-waves and W-waves, and
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positively related to both resting blink rate -and trials-
to-fatigue. No significant correlations were observed .
between latency to maximum corffstriction and either
_freque@cy of eyeblinks during stimulation or mean

resting dark-zdapted pupil size. DMagnitude of maximum
constriction was found to vary consistently with mean
resting dark-zdapted pupil size. Low, nonsignificant
correlations were observed between magnitude of maximum
constriction and all other indices of fatigue.

| Rate of constriction was positively relasted

t0 both frequency of W-waves and mean resting dark-

adapted pupll size. A significant inverse relationship

was found between rate of constriciion and both the

resting blink rate and triasls-to-fa#igue measures.

No significant relationship A between either
V-wave frequency, or eyeblinks during stimulation, with

the rate qf constriction measures.

Latency to maximum constriction showed no sig-
nificant relationship with‘any of the additional pup-
illary response or fatigue indiceés. With.tgf exception
of a significant positive agsociation with tﬁe mean
resting dark-adapted pupil size, magnitude of maximum
constriction showed no significant relationship with

any of the additional pupillary response measures.

Neither mean rate of redilation, nor maximum
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.

redilated‘pupil size varied consistently with frequency
of V-waves, frequency of eyeblinks during stimulation,
or resting blink rate. No consistent relationship
betwegp,i;sgie y of W-waves and mean rate of redilation
Z .
was obtained‘ ﬁean rate of redilation was positively
g .
related t0 mean resting dark-adapted pupil size and
showed a significantly moderate inverse association
“
with trials-to-fatigue. Maximum redilated pupil size
was significantly related to both frequency of W-waves
and mean resting dark-adapted pupil size. A signif-
icant inverse relationship between maximum redilated
pupil size and trials-to-criterion-fatigue was also
observed.

f

Summary: — The major findingé 0of the correlational
aﬁalyses between extraversion, the pupillary response.
measures, and hue discriminztion data indicated that:

(1) Extraversion was not related to any of
the pupillary response or hue discrimination measﬁres
for either red or blue. -

(2) ¥ue discrimination for blue was positively
related to both hue diserimination for red and total .
hue discrimination.

\\53) Hue discrimination for blue varied con-
sistently with frequency of W-waves,

(4) Magnitude of maximum constriction was
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positively reléted to rate of constriction, magnitude
and rate of redilation, maximum redilated'pupil size
and mean resting dark-adapted pupil size. Magnitude
of maximum constriction was found to be more closely
associated with rate than with latency to constriction.

(3) Latency to maximum constriction was pos-
itively related to mean magnitude of redilation, trials-
to-criterion-fatigue, and resting blink rate, and inverse-
1y relafed to rate of constriction and frequency of V-
and W-waves. Latercy vo maximum constriction was more
¢closely associate& with rate than with magnitude of
constriction,

(6) Rate of constriction was positively re-
lated to magnitude of constriction, magnitude and rate
of redilation, maximum redilated pupil size, frequency
of W-waves, and mean dark-adapted pupil size, and
inversely related to latency to maximum constriction,
resting blink rate, and trials-to-criterion-fatigue.
Rate of constriction wzs more closely associated with
magnitude than with latency to constriction.

(7) Latency to maximum redilation was not
related to.any of the pupillary response measures.

{8) Magnitude of maximum redilation was
positively associated with magnitude, latency, and

rate of constriction, mean rate of redilation, maximum
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redilated pupil size and mean resting dark-adapted
pupll size. Magnitudé of maximum redilation was found
to be more closely related to rate than 1o iatency-of
redilation.

(g) Mean rate of redilation was positively
associated with mgénitude of maximum redilation, mag-
nithde and rate of constriction, maximum redilated
pupil size, and mean resting dark-édapted pupil size,
ané inversely related %o trials-to-criterion-fatigue.
Mean rate of redilation was found 1o be more clesely
associa3ed with magnitudé than with latency of redilation.

(16) u’.I;fla:!cimum redilated pupil-size was pPos-
itively associated wi%h'magnitude'and rate ¢f redilation
and constriction, mean resting dark-adapted pupil size,
and frequency of W-waves, and inversely ;eléted‘to

trials-to-criterion-fatigue. v

(11) Fregquency of V-waves was inversely re-

”
~

lated to latency to maximum constriction and trials-to-

——

criterion-fatigue.

(12) Frequency of W-waves was positively
related to rate of constriction, mean resting dark-
adapted pupil size, and maximum redilated pupil size,‘
and inversely related to latency to maximum constriction,
and trizls-to-criterion-fatigue.

(13) There was no indication of z consistent
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relationship between V- and W-wave frequ%pcies.

(14) Resting blink rate was positively related
to frequency of eyeblinks during stimulation and latency
to maximum constricition, and inversely related to rate
of constriction.

(15) Mean resting dark—adapteé pupil size
was positively reléted to magnitude and rate of constric-
tion and redilation, latency %o consitriction, mean
redilated pupil sizé, and freguency of W-waves, and
inversely related to trials-to-criterion-fatigue.

(16) Trials-to-criterion-fatigue was pos-
itively associated with latency to maximum coﬁstriction,.
and inversely related to rate of constriction and
redilation, maximum redilated pupil size, frequency of

V- and W-waves, and mean resting dark-adapted pupill size.

B2
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CHAPTER IV
DISCUSSION

The present study proposed to investigate diff-
erences in psychophysioclogical reactivity between intro-
verts and extraverts reflected in the pupillary light
reflex. In this chapter the pupillar& measures appliled

are discussed and evaluated.

Pupillary Response Measures

This investigation failed to demonstrate a
significant relationship between extraversion and any
of the seven pupilléry light reflex components, for
éither red of blue chromatic light stimuli, under
both high- and low-intensity lev%ls. The only indication
of a relationship between extraversion and the puplllary
response was 2 significant interaction of exitraversion
and hue and intensity for the number of trials—to-criterion-
fatigue, with the middie group requiring significantly
fewer triazls to elicit fatigue symptoms than both the
introvert and extravert gréups, to both the blue hue
in the high-intensity and the red hue in the low-intensity
level. The significanily fewer trials-to-criterion-

fatigue observed for the introvert group to the blue

hue in the low-intensity level is consistent with the

V]



hypothesis that introverts would show faster fatigue

of the pupillary light reflex than extraverts at lower’

ievels of stimulus intensity as a result of transmarginal

inhibition. The confidence in this effect would be
erhanced if differences in fatigue indices between
other conditions were consistent or-orderly. This was
not the case. Specifica;ly. this was the only observa-
tion of the introvert's proposed greater sensitivity to
blue hues and low-intensity stimulation. Consequently,
the effect, interesting as it may be, stands as aﬁ
ssolated &ffect which must be entertained with a good'
deal of reservation. |

The expectation that introvefts would show more
psychophysiological reactivity initizlly than extraverts,
and fatigue faster, as manifested 1in decreased and
slower constriction and redilation at;the end of a -
series of repeated chromatic light stimuli, was not
substantiated. No significant differences were found
hetween extraversion groups for the components of
pupilliary reactivity under the conditions of the
present investigation;

Hess's (1972) observation that introverts
demonstrate more definitive pupillary responses than

extraverts was not found with the pupillary light

_'/'\
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reflex. Holmes' (1967) conclusion that introversion
ig related to greater speed or efficiency of neural
transmission at choline;gic synapses where acetylcholine:
is the transmitter substance, as inferred from measures
of rate of pupilliary constriction, was not supported.
The assertion that the puﬁillary light reflex provides
"a simple and relizble meééure of transmitter substances
and consequently,‘predictors of fBarning" as related
to extraversion (Holmes, 1967, p. §8), is questioned.
However, owing to the widely differing method-
ologies, stimuli, subject selection,” recording and
measurement procedures, lack of adequate replications,
and the paucity of stﬁdies employing the pupillary
light reflex, comparisops with other studies are diffi-
cult to make. Only the two previous studies of Holmes
(1967) and Frith (1977) have implicated individual ¥
differences in extraversign and impulsivity as a source
of variance in the extent and rate of pupillary constric-
tion to light. The two studies which have examined
tonic pupil size as an indicator of basal levels of
corticoreticular activity in relation to extraversion
(Frith, 197?; Stelmgck & Mandelzys, 1975) markedly

differ in design.
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4 closer look is taken at the studles of Holmes
(1967) and Frith (1977). The methodologiés employed in
both studies may Ybe questioned on several accouﬁts. In
the Holmes' (1967) study, less{%han one third of the
subjects and one half of the data were employed in the
classification procedure and data analysis, respectively.
The rationale for suchla procedure of analysis is ques-
tionable. Effecté of initial levels or trials were not

presented. In addition, subjects were noi screened for

_such factors as general health, fatigue, use of drugs,

and no agé data were presented. Any one of these con-
founding variables would preclude attributing differences
to extrayeféion. Measurement was accomplished by project-
-ing the deyeloped negatives of the photographed pupills
onto a screen and hand measuring-the diameter of the

pupil with a mm ruler. Problems with this technigue

such as hand measurement of photographs, tediousness

of the process, SCOrer reliability; absence of data due

+to slight head movements or blinks, and uncontrolled
variaticns in film quality and processing, have been
J;eviewed by Hékerem (1967, 1974) and Janisse (19?5).

In many cases, the edge of the pupil is too indistinct

to measure. For such a procedure, the confounding

130
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effect of iris colouratigh might also be expected to
be a source of variation. Squects with light irises
have been shown to exhlbit laﬁger pupils énd faster
reactivity than have pupilé surrounded by a dark iris
(Beck, 1967; Gambell, Ogle, & Kearns, 1967). Such a
result might be due‘té the more definitive pupil
measurement because of the contrast with the 1&ght
surrounding iris. In addition, the duli red glow of
a,.5 £tC light on. either side of the visual field,
combined with an adapting light ¢ in from, and at a
point 5 in below the plane of the subjects' eyes,
coupled with the lack: of an adeguate focal ‘point,
would undoubtedly induce convergenég\and gye movgments,
as well as lending itself <o the near‘fision reilex
(Woodmansee, 1966). Pupillary censtriction has been
shown to occur withrc0nvergence of the eyes and accom-
podation of the lens upon viewing a near object (a&lpemn,
1969). Great individual differences have been observed
in terms of how close near focusing'must cccur -before
constriction effects operate. In fact, this effect
has been shown to elicit constriction responses of as
much és 10% - 30% (Woodmansee, 1966). The accommoda-

tion vergence response elicited by lack of an adequate
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focal point aﬁd the-nearness of objects has been
reported to nroduce as much as a .22 mm decrease in
pupil size (Alpern, Mason, & Jardinoco, 1961)
Similarly, Fri (1977) photographed subject's
pupils on 16 mm film %t 3 frames per second employing
a similar version of the Hess Camera (1965). The
difficulties and inaccuracies inherent in this method
of monitering pupil size and changes have similarly
been well documented (Janlsse, 1976 Loewenfeld, 1966
Tryon, 1975; WOodmansee, 1966) Similar confoundlng
variables such as those which were not controlled for
in *the Holmes (1967) study.were aef1c1enc1es. it is
to be noted also that Frith.(1977) uulllzed 2 subscale of
the extraver51on dlmen51oq (the lmpu;51v1ty scale) in

associating high scorers with smaller tonic pupil size

b
~

and less extensive constriction. "
The greater magnitudé of'pupil diameter qbserved

for introverts within all conditions, including the .
prestimulus level, by Stelmack & Mandelzys (19?5) and

frith (1977), indicating higher tonié levels of arousal.
maintained throughout the expe;imént,.was not replicated

under the conditions of the present study. No signifi-

cant differences were observed for tonic levels of
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arotdal, as reflected in both the resting dark-adapted
'*ﬁpil size and maximum Pedilated pupil size durlng the. -
interstimulus intervals. Thereforé, the results of thisﬁr
-study do not support Eysenck's.biQé?) proposal that int:o—
verts, as defined by the EPQ, ére characterized by‘higﬂgr
tonic levels of arousal than extraverts, in as far as
“this is reflécted in tonic pupil.size under the conditions
emplo&ed in the present investigation. The Stelmack and
Mandelzys (1975) study measured pupll size under low-
intensity diffusg white light conditlons and cited
differences in stimulus conditions which may account
for this éffect. 1t was speculated that perhaps the
pupil is uniquely sensitive to differential psychosensory
stimulation. _

The study by ételmack and Mandelyzs (1975) recorded
average pupll size to neutral, affectiye, and taboo word
stimuli, independent of the light reflex, during pre-
stiﬁalus (5 sec from the onset of the word stimuli),
stimuius (5 sec zfter the onset of the word stimuli),
and post-stimulus intervals (5 sec following stimulus
interval) under diffuse lighting conditions of 2 ftC.
‘(Harris, Thackray, & Schoenberger, 1966, Meyer, 1953,
Mandglzys, 1973). Although no reliability data were

‘reported, Stelmack and Mandelzys' (1975) observation

ps
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that puﬁil constriction (de-dilation fromabaseiinel
(Earris, Thackray, & Schoenberger, 1966; Meyer, 1953;
Mandelzys, 1$73) occgrred }n over 20 per cent of the
cases, in oﬁposition to expected psYchosensor& pupil
dilation, would attest to the instabiiity of the pupil
in diffuse lighting due to spontaneous oéqillations and
the effects of noise. Stark (1§59) and Woodmansee (1966)
have both repofted extreme %pstability due to spontane-
ous oscillations and noise in the human pupil servo-
mechanism. Also, the use of interveniﬁg words as
"pelax" during interstimulus “ntervals 1s Questicnable,
as pupillary dilation has been shown to be a general
component of the orienting response (Malizman & Raskin,
1965; Sokolov, 1963): The simple removal of stimulus
material does noi guarantee that psysi%}ogical.activity
will return to a resting level (Peavler, 1975; Woodmansee,
1966)., Yet, most designs have implicitly-assumed this
to be the case. Typically, pupil size has been reported
to increase rapidly during the first few control-test
pairs, and decrease as the experiment progresses and
the subject adapts. Designs which obtain pupil size
measurements for control trials both before and after

a series of stimulus presentations, using the mean of
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‘attempts which have failed to specify personality

135

the two.as a control or baseline, might help reduce
this problem.

The present' results are similar to previous

AY

dimensions as relevant sources of variance in pupil-
lometric studies. These results are in accordance
with findings reported by Boddicker (1972), where no
relationship between either the extraversion or neurc-
ticism dimension of the EPI and the pupillary responée,'
indepehdent of the light reflex, were observed.

Terve any

Similarly, Francis & Kelly (1969) did not
significént relationship betWeen the pupillgiy respon
and extraversion scores on the EPI. ‘
The expectatioﬂ\that introverts would manifest
greater baseline oculomotor muscle tension and exhiblt
a2 greater degree of peripheral defensive reaction, as
inferred from the resting blink rate and frequency of
eyeblinks during stimulation respectively, was alse
not supported. No significant differences were observed
between extraversion groups either during dark-zdaptation
pericds or under any of tﬁe hue or intensity levels
employed. Thus, the significant inverse relationship

between extraversion and blink rate reported by Franks

(1963) and Eolland (1960) was not supported. The



v present results afe simiiar to those obtained by Mandelzys
(1973),.who, failed fo find any relétionship between eye-
blink frequency gﬁd extraversion. The-present‘failure
to relate eyeblinks ﬁith extraversion may be zligned
with previﬁus studies (Harris..Thackray, & Schoenberger,

' " 1966; Mexer, 1953; Mande%zys, 1973) where fhe nature of
the visual task of fixatiné on a single point, coupled
with the restraining experimenﬁal instructions induced
volunfary inhibition. k

It would appear that under the preserX conditions,

Ege components of the pupillary light reflex, the measures

-

,// of tonic.pupil size, blink rate, V- and W-waves,
H N .
/. trials-to-criterion-fatigue are inadequate to disdern
,ff//h\k—\\_/// differences in corticoreticular arousability inferred

. from ﬁescriptive differences in extraversion on the™uasis
of paper-and-pencil qﬁestionnéireSu QOrie ﬁossibility is
that the pupiliary light reflex'is not»an appropriate
measure for testing individual differences in psycho-
physiologicgl rezctivity rglated to extraversion.
Paradoxically, its resistance tor;xtinction andvthe

- relative insensitivity of the reflex to extraneous
influences such as thoughts or emotions maf be its very

disadvantages. It is possible that the pupillary light
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reflex is only minimally affected by psychological
processes and the present results point to the conclusilon
that the pupillary light refiex is relatively independenz
0of reticular activity as related te extraversion.

The significant effect of intensity on the
magnitude of maximum constriction and redilation, as
well as on the rate of redilation measures, 1is consistent
with Lowenstein zand Loewenfeld's (1961, 1969) observation
that high-intensity light stimull elicit pupillary
reflexes characterized by faster and more extensive
pupillary constriction and redilation. The present
results‘afe also in azgreement with Reeves' (1920),
Ci&nes' (1962), énd ten Doesschate and Alpern's (1967)
observatlions that the pupil becomes smaller as the
amount of light reaching the reting is increased. These
resul%s are in agreement with the common observation of
response magnitude increazsing with an increase in stimulus
intensity (Bouma, 1962; Hzkerem & Sutton, 1966; Llperm,
196G). Denten (1956) and Campbell and Gregory (1960j
have suggested that this decrease*in pupil size with
an increazse in 1llumination might provide aperzatures
optimum for visual acuity at diffeéent light intensities.

The pupillary light reflex also appears to clearly conform

v
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to Skinner's (1938} law of the magnitude of a response.

The significant ﬁain effect of hue on the '
measures of pupillary light reflex activity is consis--
tent with the pattern of light reflex fatigue and.
inhibition reéulting from heightened sympathetic activa-
tion as described by Rubin (1964) and Lowenstein and
Loewenfeld (1650, 1652, 1¢6%). The present results
are also in agreement with tﬁe studies of Wilson (1966),
Schaie [1966), Smets (1969), Nourse and Welch (1971),
and Gerard (1958), who have contended that hues of long
wavelengths are more sympathetically activating than
hues of short wavelengths. Consisfency is also indicated
with the work of Allen and Schwartz (1940), Kravkov (1941),
Kaplan (1960), Costello (1963), Goldstein (1963}, Dixon
(1966), Birren (1973),_and Jacobs, Keith and Suess (1975)!
who have zssociated increased sympathetic activity with
long wavelength hues. )

In addition to the significantly decreased con-
striction and redilation, the slower rates of constriction
and redilation, and the la£ger redilated pupil sizes
following the red hue (adrenérgic outflow?), the signifi-
cantly'gfeater number of V- and W-waves, and fewer trials-
to-criterion-fatigue are congruenf with the contention

of Birren (1961), Goldstein (1963), Schaie (1966), and
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‘Smets (1969) of the disrupti&e effect of red hues.
‘These qugntitative features of a relative;y inhibited
lrght reflex, coupled with larger redilated pupil sizes
following presentation of the red hue, concur ﬁith
Lowenstein aﬁd Loewenfeld's (1969) description of
pupiliary light Fefleanctivity stemﬁing possibly from
sympathetic-excitation‘of the reticular fofmation;
résulting in supranuclear inhibition of the oculomotor
nucleus. The greaterwredilated pupii sizes following
the red hﬁg presentationstossibly reflect giﬁfter
arolisal due to increased peripheral sympathetic activity.
The present results are similar tc the description of
the effects of physiclogiczl stress on the pupillary
light reflex (Plouffe & Stelmack, in préss).

Janisse (1974) has reported that the stronger =z
stimulus is rated in terms of affect, whether positive
or negative, the larger the pupil size. Jasper and
Cruikshank (1937) and Bernstein (1969) have suggested
that the activating yalue of any stimulus may be the
meaning which' is associated iwth it. Similar to the OR
studies o0f Sokolov (1963) bearing on patterns of response,
and consistent with Xlien's (1970) model of motivated

percelving, it is possible that subjects formed =z
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greater wealth of affective associations to the red
hue and focused on the chromatig illumination not only
with resﬁect to 1ts observable characteristics, dut also
in terms of subjective salience. ‘This interpretation is
speculative, however, since a subjective report of
stimulus affect were not obtained in this invéstigation.
The significant main efféct of trials for all
of the pupillary light reflex componenEs, with the excep-
tion of the latency io maximum redilation, conforms to
Lowenstein, Feinberg and Loewenfeid's (1969), and Plouffe
and Stelmack's (in press) observatigns that the pupillary
light reflex‘fatigues or habituates over‘repeated
elicitations. Although the present study cannot
distinguish whether habltuation or. fatigue are operating,
the demonstration, that when exposed to repeated light
stimulations at short intervals the light reflex is
gradually reduced, has been understood in terms of
"supranuclear impulses inhibiting the oculomotor nucleus
frpm sending efferent parasympathetic impulses to the
pupillary sphincter (Lowenstein, Feinberg,_& Loewenfeld,
1963). These results are also consistent with observa-

tions thét pupil size shows a gradual arousal decrement

effect (decrease in size) over time (Woodmansee, '1966).
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Although the pupillary light reflex does not extinguish,
the consistent and systematic decrease in latency to
maximum consiriction, magnitude of constriction and
redilation, rate of redilation, and maximum redilgted
pupil size, the systematic increase in rate of constric-
tion observed as a function of progressive trials, are
similar to OR habituation phenomenon (Plouffe & Stelmack,
in press; Sokolov,.19 3). "

The present results seem best interpreted in
terms of an adaptation effect (Helson, 1963; Lowenstein
& Loewenfeld, 1961), in which the repeated action of the

chromatic light stimull is to reduce the sensitivity of

the pupillary light reflex for both wavelengths and
intensity levels investigated in the present study.
The significant interactions of hue and trials, with

a faster decline and subsequent levelling off in pupil-
lary responsivity for the blue hue, may be understood
in terms of differences in the pupillary response due
to chromzatic adaﬁtation, since this has alreazady been
shown to occur electrophysiologiczlly (Armington &
Biersdorf, 1956; De Valois, Jacobs, & Abr;mov, 1964,
DeValois, Jacobs, & Jones, 1963; DeValois & Walraven, .
1967), and in colour sensitivity studies (Stiles &

Crawford, 1934; Wyszecki & Stiles, 1967).



The. adaptat®on of the pupillary light reflex

to the different intensities of light is further evidence
for the familiar example of the eye's continued édjuétment
to illumination. Pupillary agaptation to verbal stimuli,
independent of the light reflex, has also been shown to
have rather dramatic effects poSsibly‘confounding studies
utilizing the pupillary response (iehr & Bergum, 1966).:
In view of these and the present observations, it might

be that averzging pupil size across repeated trials,while

increasing reliability, may be inappropriate. The response

clearly changed during the course cf the experimeht.
With regard to the relationship between pupll-
lary response measures, correlational anzlyses revealed
a high positive relationship betﬁeen the parasympathetic
and sympathetic divisions of the light reflex, 1. e.,
between extent and rate of constriction and redilation.
These results confirmed Lowenstein and Loewenfeld's
(1950, 1952, 1969) and Plouffe and Stelmack's (in press)
observations with regards to autonomic nervous system
balance as manifested in the dynamics of the pupillary
light reflex. The parallel correlations between the
pupillary components across both hue and intensity condi-

tions indicated that the pupillary light reflex was a

X
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stable and internally consistenl/ response.

Under the conditions of this experiment, the
results indicate that the latency +o maximum constrictioﬁS
measure was highly-and reliadly inversely related to the
rate of constriction for both hue and intensity conditicns.
Similar to the findings of Plouffe aﬁd Stelmack (iﬁ press).,
the extent of constriction was'positively_associated with

maximum redilated pupil size, rate of constriction, extert

-
'

of redilation, and rate of redilation, across all condi-
tions of the present investigation. A high association
was found between the pupillary compohents'withinlthé
parasympathetic divisions of the ligﬁt reflex. As
expected, faster rates of constriction were assoéiated
with shorter latencies and more éktensive constriction.
Within the sympathetic division of the reflex, the extent
of redilation was positively associated with rate and
maximum redilated pupil size. Latency £0 maximum /
redilztion was not associated with any other aspects
of the pupillary light reflex. Gcrrelétional analyses
zlso revealed that cons;riction rate was more'é'function
of extent than of latency.

A number of other observétions emerged w?ich
are of interest to psychophysiology, particularl; to

the development of pupillometrics. In as much as tonic
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pupil size reflects corticoreticular activation (Stel-
mack & Mandelzys, 1975; Frith, 1977), the more highly
aroused individuals fatigued significaﬁtly faster than
.the less aroused individuals, as indiéated by the inverse
assoclation between maximum redilated pupil sizes and
tria}s-to-criterioﬁ—fatigue. Latency to maximum con-
striction was.also negati#ely correlated with both
frequency of V; and W-waves. Observation of fatigue
effects indicated tha% individuals consistently showed
the same 1ndlv1dual fatigue symptoms, i.e., subjects who
displayed W- waves con51stently, did not generally e11c1t
V-waves, and vice versa. Freguency of V- and W-waves
were not significantly related. In additlon, although
%here'were no group differences with respect to fregquency
of eyeblinks, the high posifive relationship obtained
‘between eyeblfiks during stimulus,p;esentation and
resting blink rate, indicated that subjects consistently
exhibited the same relative degree of oculomotor'tensioﬁ
throughout the experiment.

The results of the correlational analyses suggest
that-the pupiliary light reflex may be affected by the
Taw of initial values (Heilizer, 1975; Loewenfeld &

Newsome, 1969,; Wilder, 1958). Both tonic resting dark-
' .
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adapted pﬁpil size and maximum redilated pupil size
prior to stimulation correlated positively with magni-
tude and rate of constiriction mnd redilation, frequency
of W-waves, and were inversely related to trials-to-
criterion-fatigue. Thus, from the direction of the
correlations invélving'the pupillary response, it
appears that these components may depend upon thé

initizl conditions. The possibility exists that some/

of the pupil size findings have been confounded by varia-

tions in initizl diameter. Goldwater (1972)Ihas noted
the difficultf of evaluating this_effect, due to the
paucity of explicit references to this variable.
Finzlly, the positive correlation between tonlc déé;-_
adapted pupil size and maximum redilzted pupil size
would imply that subjects maintained the same relative

levels of arousal throughout the experiment.

Hue Discrimination .

N
*

This study also.failed +o demonstrate differen-
tiz21 hue discriminatory ability between groups differing
in degree of extraversion and inferred corticoreticular
arousal. The expectation that introverts would show
greatér sensitivity to blue hues than extraverts, and

that extraverts would show greater sensitivity to red
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hues, was not found. No sigﬁificant differences were
observed between-groups differing in-degree of extra-
version for the indices®of hue discrimination for either
red or blue. _The significant relationship between
egtraveréion and hue sensitivity reported by Smith
(1974) was theréfﬁre not supported utilizing measures
of hue discrimination. The present resulté‘are similar
to those oftained by Boﬁrggpis (1972), who émployed a
signal detection analysis, which may haﬁe'yielded a
nele censitive esfimaté, less coﬁfoﬁnded by nonsensory
or subiect.artifacts as motives, éttitudes, or judgment-
influencing sets. It wéﬁld fherefore appear that dif-

~

ferences between introverts and extraverts observed with

" threshold and absolute sensitivity measures such as have

been reported by Smith (1668) and Stelmack zand Campbell

(l9?ﬁ), are not mirrored by differences in differential
seﬁsitivity.

Correlational analyses r¢vealed that, irrespgc-
tive of extraversion or.hue,;hﬁe‘EEE}rimination was
reliably-cgnsistent within individuals, i.eé,-subjects‘
who showed supe:%ér hue discrimination for red also

P i -,
displayed supg;ior\Pue discrimination for blue. Subjects

with DOOr hue diébriﬁ%nation for red, relizbly showed

/

sy
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nqor discrimination nerformance for blue hues. Hue
dlscrlmlnatlon for blue also varied con51stently with

L4

frequency of W-waves.

Hvpothesis Evaluation, Tmplications and Recommendations

The main hypoﬁhesis of this study was not

-

e

supﬁu;ted. -The present results indicate th?f, under

the conditions of thls investigation, dlffe*ences in
degree of extraversion are not reflected in either the
components of the pupillary light reflex, basal pupil | .
diameter, eyeblink fregquency, fatigue of the light

reflex, or hue discriminatlon meésupes. It may be that
+he relationship between extraversion.apd the pupillary
light reglex is more complex than has beenbﬁroposedﬁ

and differences nay emerge anly under specific conditions.
The néture of the stimuli may itself have accounted to
some extent for the relatively small amount of variation
observed for the pupillary light reflex ﬁeasures-of

the ﬁresent study. Perhaps the levels of light intensity
eﬁployed in the present study were toc high to e}icit
differences in the pupillary light reflex characteristics.

T+ was noted that the only differences in:the pupillary

light reflex between introverts and extraverts which

]
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emerged fgr the trials-to-criterion-fatigue measure,
and the greatest variation in hue and over trials,
were obtained wilth the low—intensié; level. .

An anglysis of the electrodermal, Eiectrocortical
and psychosensory pupil response studies indicates that
the most successful differentiation of extraverte and
introverts emerges under low or moderate sitimulus '
intensities.” Both Clae (1973) and Stelmack (in press)
have noted that the research which has conflrmed Eysenck's
(196?) hyﬁothesis has been conducted under low to moderate'
intensity conditions. Indeed, Eysenck and Levy (1972) ‘
have outlined the same conditions ae‘optical for the
coﬁditioning df.introverts, and Stelmack, .Achorn and
‘Michaud (1977) have argued that low frequency auditory
.stimulation may have facilitated differentiation of
extraverts and introverts with evoked potential measures.
It is also to be noted that differences in absolute
sensitivity have been observed only under low frequency
conditions (Smith; 1968; Steimack and Campbell, 1974).
Unlike stuq}es employing auditory stimuli of different
frequencies, there appears to be no systematic investi-
gatlon of the effects of intensity on the pupillary :
iight reflex~for individuals differing with respect to

specific personality characteristics.



s
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Althouch the research seems .to DOlnt in another

dlrectlgn, Gray (1973) has conversely indicated chat

the most effective stimull for dlfferen‘tla‘cmc introvsrits

and eatraverts on Dsychochy51olog1cal measures are those
which have aversive Characteristics. Some Supper ? for
this contention may be gleaned from‘the-study of SLelmack
and Mandelzys (1975), where  emotionally arousing taboo
words most effectirely differentiated extraversion groups
‘with respect to pupillary OR measur%s. It is to be noted
that the Dsychosensory pupillary response and eyeblink
studies of Peavler_and McLaughlin (1967), Francis (1969%),
Patrick (1969), Arimz and Wilson (1972), Bernick, Altman,
and Mintz (1972), znd Janisse (19?4),‘eﬁployed stimuli®
having aversive components (noise, stress, anxlety
arousing words). Thelelectrodermal study of Bartol and
Martin (1974), which employed chromatic stimuli, also
failed to differentiate imtroverts and extraverts. As
well, the affective word stimuli employed in the studies
of Stelmack, Bourgeois, Chian, and Pickard (1979) were
more efficient than the chromatic stimuli in detecting
differences 1in csychophysiolcgical reactivity between
introverts and extraverts. Perhaﬁs +the aversive compon-

ent of such stimuli lent itself to producing larger
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between-subject variability.

The few-studies_which have eﬁpioyeq pupillary
measures in the investigation of individual differences
in psychophysidlogical reacti;ity between introverts and'
extraverts differ greatly ih methodology. Consequentlf.
inferences from such studiés should be cautlously enter-
tained. Future research might concentrate on determining
conditions under which consistent effects may be observed. -
Differentiation of introverts and extraverts with both
tonic and phasic measures of the pupilliary response‘may.
depend on the specific methodology employed, stimulus
parameters, and>measurements utilized.

- A thérough evaluation of the pupillary light
refléx as a psychophysiological measure should include
attempts To relate personality variables as extraversion

”»

with the light reflex, paired with aversive or more

highly arousing stimulli as noise or words having“positive‘v
and negative value for the subject. A sfudy assessing

the effects of different states of awareness on the
puﬁillary light reflex as induced by the effects of
st;mulant or depressant drugs for groups differing in

degree of extraversion, might clarify much of the confu-

sion stemming from Eysenck's (1967) provosal.



The often cited problgm of response specificity
has been fregquently posited as contribﬁting to between-
subject variability, and is.;elevant to studies relating
differenées in extraversion with autonomic response
(Duffy, 1957; Engel, 1972; Lacey, 1967; Lacey &lLacey,‘
1958). Various physiological measures typically employed
in psychophysiological ;esearch do not always show high
inEFrcorrelations, and evidence has suggested that there
appears o be a Patterning in the individual's excitation
which is dependent uﬁon both organic;within—individual
factors as well as the specific stimuius situation
(Duffy, 1957). As =z demonstration, the studies conducted
‘by Stelmack, Bourgeois, Chian, and Pickard (1979) found
that no single index of the cardiac, electrodermal, or
vasomotor OR éomponents accounted for more than 24% of
the variation due to exiraversion. In contrast, the
conjoint influence of all three of these components
accounted for 54% of the variation due to extraversion.
‘Although thirteen sepzrate measures were employed, the
present study utilized only one response system and did
not assess reactivity manifested-.via other systems. .
The-division of the pupillary light reflex into quanti-

tative components is also more descriptive than fpnctional,
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since the reflex is an autonomous autonomic response.

In view of reports which have noted‘associatioﬁs
between pupillary activity and amplitudezénd latency of
the electrodermal respbnsei(Colman & Paivio, 1969;
Kahneman, Tursky, Shapiro & Crider, 1969; Stelmack‘&
Mandelzys, 1975}, as well as directional fractionatioﬁ
of cardiac and pupillary responses (Libby, Lacey, & Lacey,
1973), it is recommended that the conﬁoint effect on
several response systems be concurrently measured in

) \
future research. This might help increase prediction

" 25 well as to further zssess the nature of individual

response hierarchy. In addition, where possible,
simultaneous recording of both psychophysiological and

psychophysical measures is recommended in future research

_attempting to link personality varlables wifﬁ perceptual

sensitivity and psychophysiological reactivity. The
manipulation of stimulus pzrameters and sensory modali-
ties is warranted, in order to investigate the level of
generality of findings.

The adequacy of the EPI, by itseif, as an
objective measure of extravefsion has also been questiohed
(Boddicker, 1972). The present inVeétigation mirrors

this query with the use of the EPQ since it was observed

KY -



throughout the experimental sessions that many subjects
scoring low in extraversion exhibited observable behav-
lours more atiributable to extraverts, (i.e. sociable,
talkative, outgoing), and many high scoring eftraverted
subjects manifested subdued, silent, and retiring
behaviour typically ascribed te introverts. - In addi- -
tion to EPQ scores, the use of behavioural observation
and/or peer ratings may incrgase'accuracy in this
regard ;n future reseérch. The contention of trait
over-generality tAverill & Opton, 1968) may also be
relevant, since it is to be noted that Frith (1977)
utiliégd a subscale cof the extravqrsidn dimension

(the impulsivity scale) in .his study. Separate exam-
ination of the subtraits of extraversion might improve
prediction. With the exception of the Holmes' (1967)
study, no investigation to date has cbserved differences
irn the pupillary light reflex between introverts and
extraveris. ‘

. Confounding the picture even further, is the
observation that the psychometric independence‘of
extraversion and neuroticism might not be paralleled
by physiological processes as Eysenck (1967) has pro-

posed (Claridge, Wawman, Davis, 1963; Winter, Broadhurst,

.
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& Glass, 1972). Mangan and 0'Gorman (1969) have also
demonstrated an interaction between neuroticlsm and
éxtraversion for the electrodermal response, and Rodnight
and Gooch (1963) have mirrored these results in the .
determination of susceptibility to a central nervous
system'depressant. The neurotics employed in the pupillary
study of Rubin (1964) would appear to be classified as
baih neurotic and introverted on the basis of a classifi-
cation scheme as the EPQ. To assess the conjoint effecfs
of extraversion and neuroticism, future pupillometric
studies attempting %o differentiate-individuals within
the extraversion and neuroticism dimensions, might employ
designs utilizing the four quadraﬁts of the EPQ, classi-
fying subjects into groups of high and low extraversion
and high and low neuroticism. The specification of

the physiological mechanisms and experimental conditions
which differentiate individuals differing in terms of
these'personality dimensions, should however take

precedent.

sl

Conclusion

The hypothesls that introvertéd individuals
menifest greater perceptual.sensitivity, greater auto-
nomic reactivity, and faster fatigue at lower levels

of stimulus intensity than extraverts as a result of

¢
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transmarginal inhibition (EBysenck, 1967; Gray, 1964,
1967) was not affirmed by the present study which
employed measures of the pupillary light refiex. No
reiationship was found beitween extraversion and any
of seven individual components of the pupillary light
reflex or six additional pupillary response and fatigue
indices under both hue and intensity conditions invest-
igated in this study. TFurthermore, hue discrimination
for red and blue was not'found to be related to eXtra-
version. The present results question earlier siudies
(Holmes, 1967; Frith, 1977) which have specified indivi-
“dual differences in degree ofvextraversion as a relevant
variance source in the pupillary light reflex. 1In
addition, the contention of Holmes (1967), that intro-
verslon is associated with synapiic transmitter substances,
2s inferred from speed of pupillary constrictidn, is
not .supported. Pupillary constriction and redilation
(parasympathetic and sympathetic innervation) were found
to exhibit an zlmost perfect one-to-one correspondence,
and no differences in thé balance.or interaction of
sympathetic and parasympathetic mechanisms were observed
- for individuals differing in terms of inferred cortical
excitability. ‘ ’

The results for tonic pupil size, blink rate

and fatigue indices of the pupillary response did not
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provide evidence to support the position that individuals
differing in degree of extraversion- exhibit differential
basal levels of arousal, or adopt different sirategies
for dealing with oculomotor tension and fatigue (Franks,
1663; Frith, 1977; Holland, 1960; Stelmack and Mandelzys,
1975). The contention that pupil size is a reliable
indicator of arousal along Eysenckian (1967) dimensions
is not supported, at least under the conditions of the
present study.

Unlike earlier psychosensory pupll size studieé
which employed perhaps more "meaningful" affective
stimull more susceptible to cognitive influences
(Stelmack & Mandelzys, 1975), the present findings
point to a geheral interpretation that the possibility
of observing differences in the pupillary light reflex
may be explazined by the nature of thq stimulus itself.
Furthermore, thg speculation that introverts are more
sensitive to hues of short waﬁelengths, indicating
differences in autonomic nervous system dominance,

fziled to be supported under both the psychophysiological

and psychophysical conditions of the present investigation.

In accordance with research which has related

-

hues with psychophysioclogical reactivigy, greater
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inhibition of the pupillary light reflex as character-
ized by slower and less extensive constriciion and
redilation, significantly more fétigue symptoms, and
greater redilated pupil sizes, were observed for the’
red hue. Other tentative explanations to account for
this phenomenon were also offered. The pupillary light
reflex was also found to adapt to continued light
stimlation and to exhibit similar effects due to
intensity as has been reported in the literature.

In interpreting the present results obtalned
for both psychophysiological and“psychophysical.
measures, individual response patterning, validity
Jf the EPQ, over-generality of the éxﬁraﬁersion
dimension, stimulus conditions, and methodological

problems, questionable pupillometric scoring procedures,
.and controls not exercised in previous studies were .
suggested as possible explanations. Desplte the
observation that the components of the pupillary

light reflex exhibited characteristics consistent

with previous descriptions, the light reflex, as an
appropriate index of individual differences iﬂ corti-
coreticular rezctivity was also questioned. Ii appears

that the pupillary light reflex is independent of



reticular activity as related to extraversion, at the

light intensity ievels employed in the presént research.
The question which must be considered 1is whether, given
the possibility that specific autonomic system between-
subject variability may be o some_ extent idiosyncratic,

the pupillary light reflex, by itself; possibly is not

an adequate index of level of activity in the corticore- -

ticllar system as it applies <o individualidifferences
in extraversion. |

Several research implications were suggested.
It rould-appear worthwhile to more thoroughly expiore
the relationship between the pupillary light reflex
- and other personality variables in conjunction with
2 more extensive battery of autonomic indices. In
addition to ufilizing varying response modalities,
future research investigatiné the biological basis of
extraversion should further exp}ore the problem of
individual response specificity by employing a more
thorough range of stimulus conditions. Since no
studies to date have attempted to relate the ﬁupillary
light reflex along with other autonomic indices to
personality factors, and several studies have observed

directional fractionation of the cardiac. and pupillary
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responses indepquent of illumination, (Libby, Lacey, &
Lacey, 1973), heart rate might offer a Rromising con-
Comitant autonomic index. Related research in this
areaz may help clarify the nature of individual percep-
tual differences.

One possibility would be 10 investigate the
role of the pupillary light reflex paired with neutral,
affective, and taboo words. The quantitative and pat-
tern changes occurring in the pupillary components with
stronger, more meaningful affective stimuli presented
in temporal proximity with the light reflexy might
offer a promising avenue for research on individual
differeﬁces. Since it is not clear that the{dimensions
of extraversion and neuroticism do not interact on the
physiological: level, future investigations might alsc
include both varizbles.

Fur%her refinements in pupillary measurement,
such as employing time locked or out-of-Dhase measures,
as well as appropfiate transformations of the dataz may
Be necessary. The investigation of pupillzary dynamics.
in conjunction with other personality dimensions also-
warrants'consideration. The paucity of research employ-

ing the pupillary light reflex as an autonomic index
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attests to the need for further réfinements. It seems
clear that the pupil has begun to show Dotential as a
valuable tool in Dsychonhyswologlcal research. If_ the

pil is to be "a new tool with whiph t0 probe uhe mind. ..
and to establish personality differences" (Hess and Polt,
1965, pP. 3&%), th n it merits a more sfgteﬁatic experi;
mental_lnvestlgaULOn. Finally, thevuse of a scofing
procedure as was empldyed in'the péesent research might
contribute to the méasurement of-ﬁtﬁer psychophysiological
measures since it was found to ‘aid in economy of time

and gecuracy in the scoring of -pup log*anhlc data.
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EPQ SCORES FOR EXTRAVERSION (E)}, NEUROTICISM (N), .
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INTROVERTED GROUP
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Subject N P L - Age
1 7 6 1 1 19
2 6 8 2 1 23
3 6 9 1 10 20
4 Rt 2 0 27
5 6 § 3 1 38
6 7 . 7 3 3 ~31
7 8 16 3. {/ 28
8 L S 11 6 8 23
9 2 9 6 2 22
10 6 10 2 10 20
11 4 9 2 8 28
12 5 8 6 3 19
13 5 12 2 9 19
14 7 10 L 8 21
15 6 5 8 6 22 -
16 8 ¢ 2 7 3 20

3 8 3 2 22
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3 13 12 o 12 26
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9 11 5 5. 8 20
10 11 15 4 L 25
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Subject E N P L Age
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5 19 4 3 9 21

6 20 1 6 3 23
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17 - 19 12 5 5 2h
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Diagrammatic Illustration of Polymétric Pupillometer System,
Model V-l;éR—IR, Employed to Present Chromatic Light Stimuli
and Record Pupillary Measures )
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LAPPENDIX F

Legend for Mean Values of Pupillary Light Reflex
Measures for Extraversion Groups During the High-
and Low-Intensity and Red and Biue Conditions to
the 15 Trials:

Hue
1 - Blue
2 - Red
Intensity
1 - Low

2 - High
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APPENDIX F

Frequency of V-Waves During the High- and Low-Intensity
and Red and Blue Hue Conditions '
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APPENDIX F

Principal Statistics for Frequency of V-Waves

Hue'

Blue

‘Group Intensity M SD
Red 2.76 2.07
" Low
Blue 2.29 1.82
Introvert '
: Red 1.94 2.07
High )
Blue 1.41 1.22
Red 2.76 1.99
Low
Blue 1.94 1,78
Middle
Red 2.06 2.13
High
Blue 1.88 3.62
Red 3,41 2.37
Low
Blue 1.47 1.87
Extravert
Red 2.41 1.60
High
1.71 1.64
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Frequency of W-Waves During the High- and Low-Intensity
- and Red and Blue Hue Copditions

"
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APPENDIX F

Principal Statistics for Frequency of W-Waves

Group Intensity Hue U SD
Red 10.17 3.83
Low
Blue 8.53 3.22
Introvert
Red 9.88 3.37
High )
Blue E.541 3.94
Red 10.00 L.39
Low .
Blue 6.17 3.76
Middie }
Red 9.00 L.76
High
‘ Blue 6.06 L., 28
i Red 11.76 3.53
Tow
Biue 8.12 3.66
Extravert. _ ' '
Red 9.53 4,47
High
Blue 8.12 3.79
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Blue Hue Conditions
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»

Principal Statistics for Trials-to-Criterion-Fatigue

Group Intensity Hue M SD
Red 2.24 1.25
Low
Blue 2.53 _ 1.18
Introvert
_ Red 2.24 1.56
. High
Blue 3.47 1.90
Red -~ 1.35 0.79
Low
Blue L 47 4,09
Middle X
Red 2.59 2.47
High
Blue 2.06 2,54
Red 1,76 1.03
Low
Blue L.,00 3.39
Extravert . ' :
Red 2.41 1.87
High

Blue 3.82 3.54
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Freguency of Eyeblinks During Stimulation During the
High- and Low-Intensity and Red and Blue Hue Conditions
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Principal Statistics for Frequency

of Eyeblinks During Stimulation -~
Group Intensity Hue M SD
Red 31.53 27.23
Low
Blue 31.71 2L.05
Introvert
Red 30.18 28.75
High -
Blue 34.35 31.78
‘ Red 38.18 23.29
Low )
Blue - 36.58 27.90
Middle .
Red . 33.24 32.21
High :
Blue 32.59 27.43
Red 36.53 30.02
Low -
. Blue _ 30.76 20.40
Extravert_
" Red 31.71 ) 17.66
High

Blue 28.71 - 15.02
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Mean Dark-Adapted Pupil Size Between the
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Resting Blink Rate Between the High- and Low-Intensity
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) Principal Statistics for Mean Dark-Adapted
Pupil Size and Resting Blink Rate
Mean Dark-Adapted Resting Blink
Pupil Sicze Rate
- Group i sD = ¥~ s
Introvert 7.06 0.73 12,01 7.57
Middle 7.28 0.93 . 12.56 10.02 *\
N
Extravert £.90 1,05 13.53 11.22






