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ABSTPACT OF

Interaction Between Sxtraversion
and Arousal Reflected in
Rotational Nystagmusl

Differences in cortical arousal have been proposed
by Eysenck as being the underlying principal of person-
ality differences;-particularly the introversion-

. P
extraversion continuum. The precise relationship of the
effects of variations of levels of arousal on the groups
of individuals defined on the extremes of this- continuum,

as measured by the Eysenck Personality Inventory: Form A

(EPI) has not been completely clarified: Previcus research
leads to the hypothesis that there may be an interaction_
effect between levels of extraversion, as defined by
Evsenck, and the indu;ed arouéal levels in these groups of
subjects.

This hypothesis was tested in detail by varying
arousal level, using instructional tasks, in grbups of
subjects‘operafionally defined by their scores on the EPI.

The selected dependent measure of the differences .in

arousal is slow phase, primary nystagmic velocity; this

1Stanley Ferneyhough;, doctoral thesis presented to
the School of Graduate Studies of the University of Ottawa,
Ontario, 1984, =xi-146 p.



ABSTRACT v

measure is;chosen since it is a gauge of cortical excifation
found to be a reflexive response coﬁtingent upon xental
arousal. It is, therefore, hypotﬁesized that there is an
interaction effect between. the defined levels of extra-

. ‘ . v~
version and the -defined levels of qrousal.

The subjects for the present investigation consist of
120 undérgraduate'volunteers. The subjects' obtained
score on the EPI determined if they would be assigned to
'thé;infrovert, ambivert or extravert grouping on.the basis
of a predetermined classification. Slow phase, primary
nystagmic velocity gas elicited by the horizontal, angular
acceleration of the subject. Each individual experienced
the same five experimental, unidirectional accelerations
of 9.4 degrees per second sguared, which presented makimal
stimulation to the horizontal semicircular canal while
summated, horizontal eye movements were recorded. A .
practice rotation and a basal recording were also obtained.
The five, éxperimental conditions were defined by levels
of'ﬁental.arousal, elicited by instructional tasks
ranging from reverie to complex choice situations. The °
presentation order for the five instructional tasks was
éounterbalanced between subjects.
The slow phase,.primary nystagmus dependent measure-

ment- was analyzed in a.personality by arousal level two

factor analysis of variance with repeated measures on one
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factor. lA significant interaction between the five

levels of arousal and the three levels of extraversion was
found. TFor extraverts, there was a direct relationship
such that the increasing mental arousal was difectly
reflected in increased nystagmic'velocity, the indicator
of cortical excitation. For introverts, conversely, there
was a curvilinear relationship. The results indicate that
differences in levels of cortical arousal, elicited in
different persomnality groups defined by the EPI, produced

different effects on cortical excitation. This curvi-

-
}

linear relationship, found in introvetrts, 1is discussed in

terms of transmarginal inhibition. . " -

o,
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INTRODUCTION

Evidence has accumulated that there may be individual
* differences in the way cortical arousal varies, aﬁd

| Conéequently how différent pedple may be affected. One
personality classification of individual differences based
on the principle of differences in cortical arousal is
that probosed by Eysgnck[ Although much research has been
completed on the relationship of arousal to the personality
differences proffered by Eysenck, there remains a need for
further clarification. A previous study (Ferneyhough,
1976), which used nystagmus as an objec;ive meééure of
cortical arouszal, found an unexglained_interaction effect
between the personality extremes defined by ﬁysenck\as
introverts and extraverts, and the induced arousal levels
in these groups of subjects. However, this study,evalﬁ;
ated only the extreme points of the arousal continuum and,
therefore, did not provide an explanation for this inter-
action.” It - is hypothesized that thére is a difference in
the linearity of the relationship between the two
personality‘groups of introverts and extraverts, and the
differences in level of arouﬁal.

The pretent study proposes to use slow phase, primary
nystagmié velocity as the objective, dep;ndéht measurement

of arousal. The levels of arcusal (five in zll) will be

-
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elicited by use of mental arousal sets. Subjects will

be divided into-high, medium and low scores Eased on tHE?“
extraversio; scale of Eysenck's test of introversion-
eitféversion. It is specifically hypothesized that
Changes-in the nystaémus output during the incfeasiné.
mental arousal states will vary 1inggrily for extraverted
individuals and curvilinearly for introverted individuals.
This finding will be important in explaining the behavior
between‘introvefts and extraverts. .AlthOugh further |
clarificafion in ﬁhe roié qf the reti;ular formation and
the cortex.have been proposed\(A.’B. Scheibel, 1981;

| M. E. Scheibel & Scheibel, 1967; Skinner & Yiﬁgl;ng,
19748), the basic theoretical postulate of differences

in arousal underlying personality differences remains a
plausible hypothesis for further psychological investi-
gation. Eysenck“suggests that extraverts have a
chronically low level of cortical arousal compared to
introverts who are constitutionally predisposed to higher
excitation.

Although previoué research has supported differ-
ential arousal levels in introverts and extraverts,
little research has been done 'in how objective manipula-
tions of arousal levels influence the actual cortical

arousal level as measured by an objective dependent

measurement. Such a relationship may proceed on different
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lines. 1In general, it may be hypothesized that perform-
ance 1s differentially affected by arousal in different
groups of individuals. .

The possibility of inéividual differences in
personality have been proposed by many authors. H. J.
Eysenck (1967) postulated that personality differences
exist on a continuum, -the two extremes being intrpvergiah
and extraversion. ‘These differences in personality and
performance are based upon a basic bioclogical difference.
Eysenck hypothesized that differences in the functioning
of a cortical-reticular loop would result in basic
personality differences. In the cortical-reticular loop,
sensations going along the ascending afferent patﬁways
relav to the particular projectioﬁ areas involﬁed in the
cortex. They also send colaterals into the reticular
formation, which in turn send arousal messages to the
cortex to keep it in a state of funetional tone. Differ-
ences in basic cortical arousal are postulated by
. Eysenck to explain the differences in the relationship
to be either linear or non-linear. A linear hypothesis
suzzests that increasing arousal will result in corre-
lative increasing excitation of the cortex. However,

since Eysenck has postulated that there is a basic ’

fundamental difference in threshold between introverts

and extraverts, it is possible that the linear relationship
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may not exist for both groups. Specifically, introverts,
who have a higher excitation level, may reach a ceiling
,pf-;rousal followed by a’decrease in cortical arousal
measurement. Behaviorally, this would likely reflect the
impairment in efficiency of performance for introverts,
because an optimal level of arocusal is no longer present.
Extraverts, conversely, have a chronically low level of
Eorti;al arousal.  Increasing levels of arousal would
result in linear increments in cortical_aréusal. E. J.
Zysenck (pefsonal communication, April 6, 1%383) Zfeels,
however, that a decrement (curvilinearity) in the perform-
ance of extraverts is possible at even highe? arousal

levels.

[
. | .
The study is presented within five chapters which

are organized to highlight the constituent_parté of'thé
overall work. The chapters consist of a review of the
literature that is reievant to the subject; the experi-
‘mental désign which relates the mechanics of how the
actual experiﬁentation was conducted, the presentation of

~

the feéults which gives the scoring of the n}stagmic

J, e
testing snd an evaluation of the hypothesis; the discus-
sion of the results with regard ro the interpretation of
the findings pfesented, the curvilinear effect shown and

suggested avenues for the direction of future research;

and finally, a general summary and conclusion are given.
Y.
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There are four supplemental appendices in the méin
presentation. They detail the information and instruc-
tions given to the subjects prior to, and during, the
actual éesting as outlined‘in the experimental design;
they zive a description of-the electronic equipment used

in the experimental procedure; they present representa-

tions of the recorded eye movements;.and they list the

converted, summated data.

—

aw
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CHAPTER I

REVIEW OF THE LITERATURE

This chapter discusses the literature which represents
the most important theoretical and eﬁperimental works
proﬁiding the basis for the problem to be investigated.
Sections 1 through 5 discuss the main aspects which are
essential to the comprehension of the study. The first
and most “important section contains Zysenck's neuro-
physiological théory'of'pefsqn?%ity which pfovides the
understanding of the problem to be presented, and subséi
quent develppment.

The second section discusses the relationship of
arousal to EZysenck's 1967 theory of extraversion.
Investigators have postulated that the effect of arousal
on dependent measures is not a linear function“but may

-

vary in an inverted-U fashion. The relation of this

-~

inverted-U function to Eysenck's theory is presented

within the third section.

-

The fourth section presents the phenomenon of
nystacgmus as a dependent measure of cortical excitation.
The fifth and final aspect presents the concept of mental,

~ .
instructional set as a manipulator of arousal and how

instructional tasks change the mental state of the

-
-

subject and thus, the nystagmic response.




-REVIEW OF 'THE LITERATURZE 2

2

- -

Section 6 provides for a transition to the remaining
chapters of this study. The purpose of the study is
established, the rationale for the research objective is
presented, the strategy for experimentation is reviewed,

and a summary ‘and statement of the hypothesis is given. .

1. Eysenck's View of Ixtraversion
Zysenck bés pastulated that personality may be
ivided into an extraversi§n variable of which introverts
an\ extraverts are individuals 1located at the
ext%eme points on this,continuum}  In the evolution of
this theory, Eysenck has developed two models--an
inhibition model which was later refinéd as an arousal
model. This chapter reviews the fﬁeory of the inhibition
model as well as\how research has led to the growth of

the arousal model. A recent challenge to thi$ theory by

Gray is also presented.

A. Definition of Extraversion
Personality, by many authors, has been defined in terms
of traits. One typologicai system uses the concept of
extraversion. Extraversion literally means'”a turning out-
\wardl" It is the tendency to direct one's interests towards
\ tﬁe_outerlworld as opposed to the inner world.-of the self
N, | and §ubjective experiences. Extraversi&n figured prominently
\. in Carl Jung's psychology in which extraverts‘and introvercts
\\were the S;sic persbnaiity types. Freud also used these

N

AN

S
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terms, but did not regard them as basic personality types.
Both Jung and Freud defined these characteristics in
terms of the direccionein which the libido éxpressed
itself, whether inwardly or oﬁtwardly.

Many hypotheses have been-offered to explain the
biological differences in individuals. Zysenck has ;/
offered two explanations of exfraversion: an fexcitationf
inhibition balance" (H. J. Eysenck, 1957) and a newer
version based on "arousal level” (H. 3. Eysenck 1967).

An excellent critique of the theories, partS'of‘which are
presepﬁed in the following sectione} is given By Gray
(1981) and Levey\and Mertin (1981)._ Thewtwe aceounts-have
much in common; betb theories accept as a.given premise
that_individuals maiﬁtain neurotic trends andfthet.forma—
tiongaf either a dysthm%g or hysterionsyehopathie ﬁereon-
alityfis‘determined by the\ease with which individuals -
form conditioned reflexes du;ing their social development.
The 1nd1v1dual who condltlons e3511y becomes an introvert

and is susceptlble to dysthymla aﬂd the individual who
A

N .
condltlons with dlfflculty becomes an‘extravert and is

'susceptiBle'to hysteria or psychopathy.

\

The dlfference between Eysenck s two theorles lies
'\,

in the basis for conditionability. In the. 1957 theory

"the difference in‘introversion-extravers;on was \1ntended

N,

-

| i : X - - .
asa differencejin an excitation-inhibition balance“of an

r
v,
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‘unknown phyvsiological origin. In_l967Athe difference wés
interpreﬁed in the cortical arousal level which originated
in the ascending reticular system. Although high arousal
level cdn relate to high excitation and low inhibition,
and vice versa, the two concepts led to‘different-predic—

'

tions” <
Support for the excitation-inhibition theory is
found in studies of involuntary rest pauses during massed
practice (3. J. Eysenck, 1964). EIxtraverts showed m&re
pauses in tappiﬁg than introverts.which SUppOTrLs the
hypothesis that With repeatéd taps reactive inhibition, an
inhibitory potential fesulting from an evocative stimuli,
builds up and effects extraverts more than int:ovefts;

Inhibition theory, however, gained very little),: S

support'from-vigiiance testing studies. Certain experi-
ments (ﬁakaﬁ, éeito; & Toth, l963f Claridge, 1950)

repofted that introverts.performed ﬁigilance tasks bgtter
than extréverts not because of a steeper decline.iﬁ the
extraverts' performance.oﬁer time, as hypothesized by the
inhibition ﬁheory, but because the introverts initially
beoaﬁ at a hi"her level of performance. Colguhoun and
Corcoran (1964) also failed to support the irhibition theorv
Introverts performei better than extraverts in 1solat10n
=and in the mornlno--whereas extraverts per ;ovmed better
in‘b_cuus and in the afte*nOO“.: The effects of group ‘ g

VErsus 1solat10n could be eholalned (re‘er to CTarId”e s
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1960 use of distractors and disinhibitors), yet the time
of day effect could not be'éxplained within inhibition
theory. | |

. Arousa1 leve1s rise steadily over the day (Blake,
L97l;'Kleitﬁan,‘l939). Therefb:e, in the morning during
_.a level of generally loﬁ arousal, ihtroverts would perform
" better if they ﬁere initiaily aéAa higher level of arousal
'than,extr%verﬁs. But by the éfternbon, when an increase
in arousal has occurred, extraverts come closer to their
optimum performance level while introverts go Beyond this
level and, consegquently, show decrements in performance.
This "inverted-U" relationship between performance and
arousal can also be applied to‘the change from isolation
tésting to group testing conditions as segn‘in the .
Colquhoun and Corco;an (1964) study.

In eye blink céndicidning expé%iments which initially

support inhibitio

theory (Franks, 1956, 1957), all the
major results cam\ now Be explained using the arousal |
theory (3. J. Eysenck X Levey, 1972). The_ﬁesplts from
eye blink conditioning experiments showed that introverts
woﬁld condition better than extraverts ﬁnder iow intensity
reinforcement air puffs, and under a.Shprt conditioned
stimulus.. - -
' B.H Zysenck's Recent Views

Eysenck's arousal theory began to replace inhibition
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theory of personality about 1960'(C1aridge, 1%260) foilow-
ing the formulation of the general theory of arousal
(Freeman, 1948; Duffy, 1962; Moruzzi & Magoun, 1549) and
after the decline of Hull's theory_(Hull, 1943) of reac-
tive iﬁhibition (Gleirman, Nachmias & Neisser, 1954).
" By 1967 Eysenck had fully formulated his arousal theory
(4. J; ﬁgsenck, 1967) ofhextraversion.

The major influence upon the evolution of this theory
was Pavlovian typology with®™iodifications by Teplov and
Nebylitsyn. The basic Paviovian typology (Pavlow, 1927,
1955) was derived from conditioning experiments,sﬁhe
experimental neurosis paradigm, and reéponse to admini-

stration of caffeine. Dogs differed in temperémental_

excitability of the "strength of the nervous system."”

: : ThE/E;nal typology ascribed three prope;ﬁ?es to the

) ;//////ff!/’,;ervous system: strength, équilibrium and mobility.
Strength reflected the availability of the excitatory
processes and was indexed by how fast EOnditione@ reflexes

v o gere‘formed. Equilibrium reflected.the ease of exc}tatory
versus ilnhibitory conditionéd réflexes shown by the
balanéed individual's ability to form positive and neg-

- ative conditioﬁed responses with equal ease, and the un-
balanced individual's ability to form excitatory conditioned
:esbonses more readily than inhibitory ones. Mobility

represented the ease with which an individual changed from
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positive to negative conditioned responses. o
Nebylitsyn (1972) noted that the weak nervous sﬁrstemﬂb
was more sensitive to low intensities of stimulation and,
therefore, independent of how fast conditioned responses
were formed. He used the term "strength" to denote
sensitivity to stiﬁﬁ%ation which was separate from "dyna-
mism” thch referfed\go the speed of conditioned response
formation. Agﬂg/fgbukg, a major shift in emphasis |

e

replaced Eonditionability" with that of "work capacity"”
which resembled the concept of arousal level.

In his 1967 book, Eysenck drew parallels between his
arous;l theory of extravg;sion-introversion and -
Nebylitsyn's theory of the strength of the nervous
system. In his new formulation (H. 3; Eysenck, 1967),
extraverts were postulated to have a chronically low level
of cortical arousal and to;%e more susceptible to arousal
decrements than introverts who have a relatively high
level of cortical arousal associated with a lesser
susceptibility to arousal decrements. Therefoie, using

terms in the sense intended by Jebylitsyn, introverss

correspond to the weak nervous system and extraverts

- correspond ro strong nervous system. Also, the intreovert

A . o . . . .
manifests a predominance of excitation. in dynamism and the
3

extravert manifests a predominance of inhibition in
dynamism.

Since the 1960's, research on arousal theories has
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presented certain anomalies which can not be accounted

for within the theéry itself. Tor example, the data of
Reveliq, Humphrey, Simon and~Gilliland (1980) indicate
that introgerts demonstrate more 'dysthmic qualities" in
the mornipg, when,afousal is lowesﬁ (Blake, 1971; M. W. _
Eysenck & Folkard, 1960; Folkardf Gynq & llégé, 1976), and
"psychopathic quaiities” in the evering, when arousal is”
high.

Gray (1970, 1972, 1982 a;b) formulated a tentative,
alternative theory to that of’Eysenck's which incorporates
both the Drive component of Spence k1958), indexed by the
" dimension of neuroticisﬁ, and the extraversion compon;nt.

Areas which have been studied addréss active and passive
avoidancé learnihé‘énd suscéptiﬁilitj to puﬁishment and
frustrative non-reward. - Gray formulated dimension; of
anxiety, which are controlled by antundérlying physio-
logical_system calied the ''behavioral inhibition system"
(Gray, 1977), and "impulsivity," whose physiological"
system is independent of that of anxiety but whose struc-
tures are yet'to be defined. Increasing 1evel§ of anxiety
reflect incréaéing levels of sengitivity to signals of

.
punishment and non-reward. Increasing levels of §mpul—
sivity reflect increasing levels of sensitivity to signels
of reward and non-punishment. Extraversion and neuroticism

are secondary consequences of the interaction between the

anxiety and impulsivity system. Introverts are
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individuais who are most sénsitive to signals of punish-
ment and non-reward rather than to signals of reward and
nonipunishment. Extraverts are individuals who are most
"§epsitive'to signals of reward and non-punishment.- Thus,
extraversion reflects the relative .strength of the two

systems, while neuroticism reflects the joint strength of

-~ -

the two systems.

~ The présgpt stué§ of individual differences is based
on the arousal theory of H. J..Eysenck (1967). This frame-
work is currently acknowledged to accommodate an impfessive
body of data. Admittedly, the theory has not been able to

explain certain anomalies described above but no better

theory, including Gray's has been advanced.

e L3 M -
L)

2. Arousal as Related to
Extraversion

This section provides a description of the hypotheti-
cal concept of arousal by reviewing the empirical and
theoretical models of past researchers. The technique of
using electroencephalographic recording to measure arousal, L e

as induced by various mental states, is described.

A. Definition of Arocusal

Arousal is the cortical vigilance, reaainess, Oor tone
which is presumed to occur in responsé to sensory stimula-
tion via the reticular activating system. This systenm

serves a general arousal function which differentiates



REVIEW OF THE LITERATURE

leveis of consciousness, aﬁd'whicﬁ tegulates the level of
attention to_épecific stimuli.
| Pavlov's (1927) "orienting reflex" and Cannon's (1929)
"generalizéd energy'’ are two examples of the concéptuali-
zation of an arousal/physiolégical relationship. ~ This
hypothetical construct QésAactually introduced by Duffy
(1934) to explain variations in responsiﬁeness to stimula-
tion that were not related to change in specific‘drive
states. Duffy's explanation forms the basis of Hull's
(1943) conceptualization of non-specific drive.
Arousal as a determinant 6£-behavior was suggeéted
when Magoun and his associates (Linasley, Bowden &
Magoun, 1949; Llindsley, Schreingr, Knowles & Magoun, 1950;
Moruzzi & ﬁagounh 1949) demonstrated thaﬁ the midbrain |
reticular‘formatiqn segmed to céntrol the cortical’
activation that determines an organism’s responsiveness
to its environment. Research, however, has rzaised
some disquieting questions about'how this contéol_is‘
maintained. Some neurons of the reticular forﬁation
do respond to stimuli of several modalities but the
large majority of neuxons respond.specifically to inputs
from only one sensory.system; many neurons exhibit
no reaction to any sensory signal (M. E. Scheibel,
Scheibel, Mollica & Moruzzi, 1955). Moreover, the
~activity of most cells in the reticular formation is not

A\

correlated, 1in any\si@ple way, with cortical arousal
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A(Méchne, Calma.& Magouﬁ, 1955; Pale;tiﬁe, Rossi & X

Zanchefti, 1957). Indeed, a majqrity'of cells in thé
reticuiar formation decrease their spontaneous activity
during the transition from sleep fo ﬁakefulne#s o
(Huttenlochef, 1961), and those cells tﬁat do show an
increase in firing rate during arousal-returﬁ to low
baseline levels long before the cortical electroenceph-
alogram arousal response subsides.

As can be seen from these sﬁudies, a perfect
correlation between cortical cellular activity and -
cortical arousal has not been found. However, certain

researchers have attempted to develop the arousal theory to

describe behavioral manifestations.

B. Physiological Basis Related to Extraversion

Eysenck, in his 1967 formulation of the biolbgical-

"basis of personality, attributes extraversion and neurot- .

icism to two individual but related circuits in the brain.
o . .

He drew a distinction between arcusal and activation or,

more specifically, between cortical-reticular arousal and

limbic-autonomic. activation.” Arousal is regulated largely

by the reticular activating system which has an ascending

-influence upon the neocortex and sustains the normal range

of functional activity within the inddividual. Activation
is essentially dependent upon systems in the brain related

to emotional response and it is involved in the functioning
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of the autonomic ﬁervous system. Since the neoccortex, the
reticular sysﬁem and the limbic system are richly inter-
connected, cortical arousal can result from either retic-
ular arousal or autonomic activation.

Evsenck's extraversion-introveréion is associated
with the reticular arousal system. Since it is postulated

that the reticular system of the introvert is initially

.more aroused than that of the extravert, the introvert is

therefore motg borticaliy aroused. The autonomic activa-
tion systém.is associated with,neuroticisﬁ.

. The physiological evidence supporting the above’
formulation primarily comes .from electroéortical and
electrodermal measurements (Stelmack" & Plouffe 1983)
Savage (1964) found that the relatlve alfference 1n
inhibition between extraverts ‘and 1ntroverts_waS'measurable
by'electrocereﬁral activity. Extrdverts have higher alpha
rhythm amplitude than introverts (whoée‘cortiéa{ inhibition
is loﬁer). EhDerlmentatlon has since revealed 1nconszs-‘
tencies and contradlct;ons. For example, Frloon (1076)
Morris and Gale (1974), Marton (1972), and Gale, Coles and
Blayden (1969) obtained results which support Savége"s
hypothesis, while the experiments of Winter, Broadhurs;

and Glass (1972), Gale, Coles, Kline and Penfold (1971),
Becker—Carué (1971), and Fenton and Scotton (1967) failed

to support the hypothesis. 'Gale, Harpham and Lucas (1372),
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"and Broadhurst and Glass (l969)'éven reported evidence .
which supportea thelpremise»that the initial- arousal le§e1
of extraverts was'higher ;han that of introverss.‘ While
Venturini, De Pascalis and San.ﬁértini (198l) found no
difference in basic alpha rhythm between introverts and
~extraverts, %ysenq&is arousability hypdthesis was confirmed
when considering the‘alpha attehuetion resbonse in which
introverts expressed a greater duration. Many of these
inconsistencies could possibly be attributed to the types
: of exper1mental procedures, to the dlfferences in subjec=
‘tive mental arousal, andé to the methods of preparationm,
:eeording and scoring. |
Increased emplitude of cortical evoked potentials
reflect increased intensity of stimulation (Regan, 1972) .
end inc:eased levels of‘attenﬁiqn (Friedman.& ﬁeares,
1879; Néétenen, 1975) in the subject. Shegass and
Schwartz (lQéSj,_using somatosensory evoked responses,
obtained supporting dasa for Eysenck's arousal theory;
hqwever, similar studies by Burgess (1973) and Haseth,
Shagass and Straumanis (1969) were unsuccessful in sup-
porting these findings. Studies using the contingent
negative variation (Dincheva & Piperova-Dalbokova, 1982;
Walter, Cooper, Aldridge, McCallum & Winter, 1964; Tecce,
1972) proved more successful (Ashton, Millman, Telford &

Thoﬁpson, 1974; Janssen, Mattie, Tlooij-van Gorsel &
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_Herre{ 1978). Studies recording the auditory evoked
response (Campbell, Baribeau—BraﬁnL& Braun, 1981; Stglmack
& Wilson, 1982) suggest that an elaboration of the-neﬁro;
physiological basis of extraversion should be developed to
accommodate differences in synaptic transmissions.

Zlectrodermal studies of the orienting reaction have
proauced inconsistent evidence. .Stuaies consistent with
the hypothesis of greater initial cortical arousal for
inﬁrover;s (Fﬁwiésf Robert & Nagel, 1977; Nielsen &
_'Petersen; 19?6{ Smith & Wigglesworth, 1978; Smith, Wilson
& Rypma, 1981; Stelmack, Boufgeoié, Chain & Pickard,

1979; Sﬁelméck, Plouffe & Falkenbeﬁg} 1¢83; ﬁigglesworth &
Smith, 1976) are couﬁtered by negative findings (Bartal &
Marcin, 1974;'ques, Gaie & K?ine;1197l; Krupski, Raskin-&
' 3akan: 1971; Sadler, Mefferd & uougk, 1971) . |
3. :Cpfvilinearity as Related to
: ' Extrgversion‘

This section presents the theories explaining the
cﬁrvilinear.fdpc;;dn;of response found fn.éiquéal and per-
formance tasks. The varjing theories, which include
transmarginal inhibitioﬁ,_ére corrélatéd wigh sttdies
.fogndlin the personality literétureAevaiua;ing the di-

mensions of extraversion.
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A. 'Definitioneof Curvilinearity éf‘Response.'

The extensive literature on. the invefﬁed-ﬁ func;ion,
the Yerkes;Dodson‘law (Yerkes & Dodson,‘l908§.and trans-

_ marginal inhibition (Grey,‘l980, p. 109) show the almost
universal tendency for increases in response as a funcqien
of increases in stimulation to be self:limiting. Although
numerous theories explaining this curvilinear relation
between drive or arousal and performance have been put
forth [M W. Eysenck (1982 pp. 47- 66) gives an excellent
review ‘of theories on arousal and performance which
includes the studies of Easterbrpok (1959), Eﬁayer (1970),
Broadhurst (1971), Naitinen (1973), Xahneman (1973), and
Hasher and Zacks (1979H, no firm theory has arisen to
account xor all instances of the curv111near response.

* It is probable that different responses may be subject to
~different lawe and; therefere,-require a separate theory
for eacn class-of response.

Exanples of»theqries,renge from Easterbrook's (1959)
notion of "concentration to attention' accompanied by
decremene‘ef.nqn-centrel perception and attention to
"pest-activation reticuler depression” after prolonged
bombardment of a’group'of,nenrone posseséing rhythmic
activicy (Dell, Bonvallet & Hugelin, 1961)Vor cortical

inhibitory effects of arousal (Demetreacu, Demetreacu &
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Iosif, 1965; Steriade, 1970). Soviet'theory of curvilinear
responding is.based on Pavlov's two laws.  of "strength'

[an increase in respoﬁse] and 'transmarginél inhibition"
[beyond a certairn point further increases in stimulation
will produce increasing inhibition to protect the neurons
against possible damage] (Gfay, 1980, p. 109; Mangan,
1972 Zhorov & Yermélayeva—Thominé, 1972). To res:até
this conqépt, trénsma:ginal.inhibi;ioﬁ is an.imp;irment_
_in the éffipiencylof perfofmgnce‘at ﬁigh levels of
arousal, wﬁethér the high levél of arquSal-is induced bf
the presentation of an ultira strong stimﬁlus, the |
pfotracted-applicatidn.of a stimulus of moderate intensity;
'or.fieduent‘pfeséntatipns of stimuli of moderate inﬁenéity
at time3intéfvals shoré enough to allow summation of the
‘exciﬁétioh.ﬁi§ndividuaf§ ﬁigh'iﬁ ﬁimension;of arousébiliéy
_respond at a lower duraﬁidn or a léwer frequency of . .
stimulation than individuals low in this dimension. This
holds true among'inaiQiduaIS'baving "weak nervbpétsystems"'
. or who are ”introﬁefted".(Giay, 1964, 1965). .

'IhAoutliﬁing ﬁeurdamétomital ﬁoﬁéls, Zuckerman (1959) .
gave dirécc_expefimental evidence'fhat,the-activity of

. - 3 ‘ ) :

the reticqla: formation.hgs.a definite influence on.curvi-
_1inear.;espoﬁs;hg;_ Deil, Boﬁvallet1éﬁd‘ﬂugelin {(1961)

have discussed .2 number of possible mechanisms of reticular
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deactivation. One possibility is that of a postactivation

depression after prolohged hombardment of‘a.broup of

_neurons posse551nrr rhythmrc activity, such as in the

retrcular‘formatlon. AT second pOSSlblllty is that of a
negatlve feedback loop. between the mesencephallc actrvatrng
structure and the 1nh1b1tory structures of the medulla

oblongata. Another sugg estion is that of a similar

negative feedback loop between the reticular actuating

system of the hrain'stem and the cortex. Dell feels that

[

the latter possibility .is most correct. This model is

basicaily the same as the one adopted by Gray. Stimulation
of the retlcular formation increases the level of cortical
actlvatlon whlch increases the lnhlbltory effect of the

cortex.upon the reticular formation with a consequent

' decrease in the organism‘s general responsiveness to

- stlmulatlon _ Oswald (1962) fOund that both intense stlmu-

latlon and repetitive stlmulatlon can lead to sleep

In electroencephalocram recording, Gastaut (1957)

found that deSynchronlzatlon of. the electroencephalogram

caused bv an arouSLng stimulus is immediately followed by

: a return at hlgher amplltude of the previously exrstlng

rhythm ‘ Dell Bonvallet and Hugelrn (1961) state that the
greater the act1v1ty oF the cortex, the greater will be

the dampenlng effect on the reticular formation. 'Therefore,

the. appearance of curvilinear. respondlng deoends on the
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degree of the retlcular activation of the cortex such that
the greater the" actlvatLOn the sooner.transmarglnal

lnhlbltlon w111 arise. The degree to which an 6rganism's

retlcular system activates the cortex will be’ dependent on:
~the intensity, duration and frequency of repetition of the

stimulation used. The introvert is the most susceptible

to transmarginal inhibition for any given intensity of
stimulation because he has the greatest bombardment of the

cortex from the reticular formation.

B. ‘Extraversion and the Curvilinear Response’

As of 1964, Gray noted that ip.the-Western literaturer
no behavioral experiments were. directly relevant to
curvilinearity of respoeding. This has changed in recent
years since there is much evidence (d. J. Eysenck, 1967,

1976) supporting]the correlation between extraversion and

'glveﬁ types of performance which may be Dosztlve or
negatlve dependlng on the part of the U-shaped curve

. linking the two.

Corcoran £l965)‘argues‘fpr the usefulness of tﬁe
curvilinear_relationsﬁip andiits‘correlarion with
rnrrovereioﬁ-extraversion for experimental studies. Using
sleep deprivation, incentives and loud noise as,arousrng-
conditienel Corcoran supported the curvilinear hypothesis by

measuring performance on multiple reaction time and

. '
- b
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complex tracking tasks. Frith (1967) put forth,a;similar
argument testing critical flicker fﬁsioﬁ-térformance'under
condltlons of qulet and noise. initiallworks id the area -
(4. J.. Eysenck & Eysenck, 1967) showed that 1ntroverts
produced larger amounts of sallva than dld extraverts when.
lemon juice was placed on ‘their tongue, tHe reverse was |
true when the lemon Julce “was swallowed lmmedlately
(stronger stimulus). | Wardell (1974) tentatively supported
these frndlngs while Ramsay (1969) did not " The method-
Iology employed‘by Ramsay, however; differed froo that used
by Eysenck’ s study. | -

The personallty dlmen51on‘of extrever51on s effect on
intersensory facilitation, the scimulation of one sensory
receptor fac111tat1ng the perceptlon of stimuli in another
'sensory area through increased arousal level, was studied -

by Shigehisa (D. M. J. Shigehisa, Shigehisa & Symons,
1973; T. Shigehisa & Symons, 1973a;b) who utilized the
“interpretation of transmarginal inhibition to reconcile
differences in results. Auditory thresholds were measured
under conditions in which illumination was varied in
intensity. Under low intensity or light, thresholds for
all subjects were found to be high; with increasing
intensities the threshold for extraverts continually

décreased while the introverts' decreased and then
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increased, as predicted. Another example of an inverse

‘relationship between intensity of stimulus and performance

bllnk condltlonlng wltH strengtH of the unconditioned

-stlmulus., The-correlatlon with mntroverszon‘ls positive

B
for weak stlmull and negatlve for strong stlmull
‘ N
Althouch several studles support tHe predlcted

results (Gupta & Kaur l978~ Mangan 1972; Stelmack &

"Campbell 1974, Zhorov & Vermolayeva-Tomlna 1972), other

research raises further,questiqns. Using visual after

images, White, Mangan, Morrish and Siddle (1969), and

" White and Mangan (1972) .found that neuroticism, not

extraversion, 1s related to strength of excitation.
Asratyan (1961) repo;ted that transmargingl inhibition
can operate In a highly selective manner, i.e., one
stimslus may -be able to elicit transmarginal inhibition
where another might not; the outcome depends upon such
factors as presence of other conditioned stimuli and the
amount of reinforcement. ‘ -

More recent work by Smith (Smith, 1983; Smith, Wilson
% Davidson, 1984; Smith, Rypma & Wilson, 1981; Smith,
Wilson & Jones, 1983) using electrodermal activity has

identified the interaction of extraversion levels by

. arousal . levels which results irn an inverted-U relationship.

.
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Using stimulus intensity and caffeine to ﬁanipulété
"arousal, his results ara;suppoktive of the basic &rousal
of Eysenck.
4. Measuring“Arousal Using
Nystagmus

This section presents the relationship between
arousal and nystagmus. The presentation includes the
pertinent research in the field since 1914 when
vestibular reactiﬁityrwés firgf ideﬁtified as being

affected by excit%}ion.

o~

AL Definiéi;n of Nystagmus
The human vestibular system is highly developed for
maintaining equiiibrium (Wendt, 19515. ﬁystagmus is the
term applied to a particular form of involuntary eye
movement which originates in the vestibular system, al-
though it can also result from ocular pathology. Vesti-
bular nystagmus is the result of an imbalance in neural
-acéfvity generated by receptor organé on opposiﬁe sides
Pof the head. Once the unequivaience between right and
left vestibular potentials occurs, the subsequent
pattern o£ neural and muscular events culminating in
deviation of the eyes is essentially the same regardless

of the precipitating cause of the imbalance”(Elpérn,

1972; Lowenstein, 1967).

21
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‘When the head is motionless, the cristae produce ;
relatively stable potential refefred to as the resting
discharge. With regard to either labyrinth, the discharge
increases when the head ro;étes ipsilaterally and decreases
on contralateral rotatidn; with the magnitude of éhe
change directly related to the rate of angular acceleration.
Resting discharges on gither side of the head elicit tonic
Sghtraction of those muscles which move the eves in either
direction, so the eyes remain stationary. However, if the
head is turned, for example, in a horizontal plane to the
right, inertia causes the éndolymph and cupula of the right
lateral canal to be displaced anteriorly toward the utricle,
bending the sensory hairs and increasing the firing rate
of the right vestibular nerve with resultant contraction of
the muscles which pull the eyes to the left. Simultaneously,
in thé léft lateral.canal the endolymph and cupula are
displaced away from the utricle, decreasing the discharge
of the left vestibular nerve and relaxing the muscles which
pull the.eyes to the right (Egmond, Groen & Jongkees,

1849).

-
-~

Scientific testing during the flight of the s?ace
shuttle Columbia, in ﬁecember of 1983, found results which
questioned- the necessity of endolymph movement to elicit

nystagmus. Caloric testirg of astronmauts in welghtlessness

X )

-
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elicited n}stagmus (Overbye, 1984) even though there is

no movement of fluids without grévity's influence. Al-
though stimulation of the cupula by movement of endolymphic
fluid apparentl§ does elicit nystagmus in earthbound
individuals, the reason is currently in question.

The pair of semicircular canals act synchronously to
éontrol eye movements in their common' plane ;hrbugh
synergistic muscle activity. Regardless of how intense
or prolorized the stimulus, the eyes do not continue to
rturﬁ in the same direction but are deflected only a
certain distance in the direction dictated by the vesti-
bular imbalance and they are then re#ersed‘ As long as
the stiﬁulus remains'adequate; the véstibulo—ocular
stimulation remains adequate; the vestibulo-ocular reflex
will continue to deflect the eyes contralateral to the
direécién of head rotation, and the limiting mechanism

will continue periodically to interrupt this activity with

N
P

reverse deflections (Kestenbéum, 1957):
Of the two phases which constitute each cycle of
vestibular nystagmus, the reflex movement is somewhat
slower than the revefSing movement;- As a matter of
conﬁen;ion, ﬁystagmus-is described as being directed
toward the side of the faéter motion, even though the slow

phase is actually of greater significance with regard to
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reflecting the compensatory response cf the vestibulér‘
meéhanism:(Coéts, 1972). Therefore,.in the horiiontal
‘rotation of the head to thef{right, nystagmus would be
described as beating to the right. 1In each cycle the eyes
would move relatively slowly to the left before being
returned quickly to the right by the ceﬁéral limiting
mechanism. '

The onset of rotation initiatés a nystagmus whose
slow phase increases in speed for slightly longer than
the duration of acceleration and then the nystagmus shows
gradual decrement lasting for usually less than one
m?nute. This phenoménon is called primary nystagmus. As
their drift»sloys to zero velocity, the eyes immediately

to drift in the opposite direction producing an’

inverse\nystagmus called secendary nystagmus. The speed
of the inverse nystagmus increases over a period of ap-
proximately ninety seconds and theﬁhgradually decreases
over a period of three to ten minutes. The duration of
the cessation of the original nystagmus, the duration of
the maximum speed of the inverse nystagmus and the dur-
ation of thg inverse nystagmus vary greatfy among indi-
viduals; however, the recorded duration times for the same

individual show a remarkable degree of consistency

(Jongkees & Philipszoon, 1964).

o



REVIEW OF THE LITERATURE

N - -
- “ -

© Slow phaéé, priﬁary nystagmus repreéents.a measure
éf how senéitive the.semiCircular canals are to the rate
of angular acceleration (Wendt, 1951, p. 1200). All
studies discussed in the next sections use slow phase,

primary nystagmus as the measure of arousability.

B. The Relationship of Arousal to Nystagmus

- Collins (}97&) gives an excellgnt summary of the
history of arousal and;nystagmus. ﬁe states that as early
as 1895 Bach had written that relatively weak nystagmus
was - generally produced in-"stupid”, ﬁindifferent" or
"phlegmatic' personalities while anxious, easily excitable
individuals gave relatively étronger nystagmic responses.
Eleven years later, Ruppert_ascribéd low threshold and
high frequghcy nystagmus to the iﬁcreasﬁd-ﬁervous irrita-
bilicy of individuals, while Béfén§ commented on differ-
ences in vestibular responses between neurasthenics and,
normals. ~
The géneral problem of identifying the relationship

between arousal and vestibular reactivity was approached

by Guttich (19%&). He, found that the repeated administra-

tion of rotational stimulation produced decrements in the.

duration of nystagmus. Rather than attributing his find-
ings to habituation, however, he indicated that this

decline in response was probably the result of decreasing

25
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nervous tenéion in the subject fro@ chg first rotatioﬁ,~.
throu"h the following series of rotations. This decliﬁe
in nystagmus with repeated stlmulatlon was found to be
reversed (Griffity, 1928) when the subject engaged in
violent exercise just prior to testing.

Recently, researchers havelused instructional tasks
to induce arousal chénge. The order-of‘the level of
excitement produced by each task has been oualltatlvelv
described in numerous artlcles (Collins, 1962, 1963 .‘
Collins & Guedry, 1962, 1967; Collins, Guedry-& Posner,
.1962; Collins & Poe, 1962; Dowd 1966- Sdkolovski - 1966;
Wendt, 1951); also, quantitative measures of subJectﬂve
arousal have been reported by Brown and Crathon (1964).
The general consensu$ is that the positional order of
emcxtement from low to hlgh is reverie, temporal repro-
duction, sense qf rotation and mental arithmetic. [Pléage
refer to the next section for a description of these
instructional tasks.] Electroencephalographic studies
(Collins & Posner, 1963; Lidvall, 1962 ; Pendleton & Paine,
1961) attempfing to support this gross ofdering_remain
inconclusive} Researchers (Collins, Crampton & Posner,
1961; Goto, Tokumasu & Cohem, 1968) have concluded that
slow phase, primary nystagmic velocity is one of the most
sensitive indicators of alertness of any measurement.

Since the early 1970's, research on the effects of-
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ﬁrousa} states on nystagmus has been limitediﬁo tﬁe study
of vertigo (W. E. Collins: personal communication,
April.ZST 1983) except forla-few art;clesl(Collins,
.Schroedef &.Elam; 1975; Furméﬁ, O'Leéry.& hoife, 1981; -
Cugdry,'Gilson, Sghroeder & Collins, 1975; Rosenberg;
1980a,b; -Schroeder & Collins, 1979). With the recent. |
interest in the space shuttle program, however, further
research in this area will possibly occur.

5. Manipulating Arousal Usiné'lﬁstructional

. Tasks ‘ ' '

This section describes how instructions given to a
subject to complete a specific task create a certain
mental set in th;ﬁ ;ndividual ;nd, thés,-effecﬁ‘hﬁg
. or her arousal level. The pertinent research in this
area since 1934, when the first iﬁvestigato;-étudiea the -
experimenter effect on subjects’ nystagmic response, is

presented.

A. Definition of Instructional Tasks | <
Specific techniques émployéd in emperic fesearch
-differ widely depending on the aim of the study and the .
current technological sophistication in'the area. This
is especially true in the problem of instrumentation
(i.e.; the operational assessment and‘maﬁipulation of )

psychological variables).;—Experipentalists employ a

variety of methdgds, from complex electronic hardware to
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inst;uc;i5n31 tasks, in‘théir ménipulation of wvariables.
In the area of arousal manipuiatioﬁ, numérous
techniques have. been developed. Although’pﬁysioiogicéi
'iﬁterventions, such as drug ingestion or électriéal
stimulation, havetbeen used to induce'atousal, non-
invasive induction techniques have léfgely prevailed.
' Because of the eﬁormity of-the field, only the literature °
-supporting électroengéphalographicS(EEG) changes in
response to sﬁbjécﬁive_mental state variations with
introverts-extraverts will be outlined. |
- Gale, Mdrris, Lucas and Richardsonm (1972) showed"
that~for‘easy, low arousal tasks,_the'imagining of high
image:y wq%dsreduceé EEG abundanbe, whereas in difficult,
high arousal rasks, content  that yieldé imagéry'only
with some effort reduces abundance moré than~con;ént
which.is eésy.to~imag%?61,,Ceﬁeralized arougal and
imagery interact, therefore, as a function of experimeﬁtal
‘instruction. Thé relationship of imagery and extraversion
to EEG alpha production waé'investigafed in the study of
Morris and Gale (1974). Subjects allowed images, which
were.associated with words presented én slides, to form
. : .
in their minds. A significant positive correlation
between alpha production and extréVersibn cives support

for higher levels of cortical arousal in introverts than
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iﬁ extraverts.' Wihtef;.Broathrst.an&_Glass ti972) also
demonstrate that stable introverts.presenp with.higher
levels of cortical érousﬁl than stable”extraverts when
engaged‘iﬁ soiviﬂg men;él—arithmetic,probleﬁs with their
eyes open. | )

Research conaﬁcted in nystagmus usesinstructional |
tasks a2lmost exclusively fd manipulate the subject's
arousal‘st§te (W. E. Collins, personal communication,
April 25,.1983). The following section develops this’
topic fufthers‘ ' | ‘ '
B. Effects of Tasks on ﬁYstagmus

- -,

An incidental observation

made during a study

- (Fearing & Mowrer, 1934) led Mowrer to become the first

~investigator to . purposefully manipulate arousal factors

in order to test'their influence on the_vestibular

" ™

excited" and
by different pre rotation héndliﬁg of the birds and
found loﬁger durations of nystagmus under the excited
condition (Mowrer, 1934). Similar results were found in
rabbits (Hood & Pfaltz, 1954) and ca#s (Craﬁpton &
Schwam, 1961). Due to the vastness of the literature,
the reﬁaining paragraphs of this section will bé limited
to the manipulation of mental states in humans .

+ Wendt (1951) was the first investigator to attempt

tnexcited"” pigeons.

29
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to define arousal (excitation) in‘terﬁs of conditions
basrc te the stafe of the human subject . ﬁe found that
under condltlons of darkness an 1nward orientétion-of
-attention’ would account for nystagmus rechtlon while an
"environment directed orleﬂtatlon would restore nystagmus
or prevent its decllne (p. 1215). An abundance of studies
based on Wendt's analysiS'of mental or_attentiohal states
has-been conducted. CollinsJ Cramotop and Posnexr (1961)
‘evaluated several instructional procedures aimed at
-controlling alertness during rotational stimulation of
subjects."They‘demonstrated'thet both che quantity and
oualit§ of nystagmic output could‘be manipulated in the
same subject by instructions regarding mental ectivity.
- If éubjects were asked to relax, daydream and pursue no
.particular line of thought (i.e., reverie), relatiﬁely
weak.nystagmic responses were recorded v1°orous nystacmue
was recorded when the same subject performed continuous -
mental arithmetic or signalled turning sensation of
specific ninety degree rotations.

A series of investigations by Collins (1962, 1963,
195&, 1965) eramined influence of instructions (regarding
mental activity) on rotational,.nystagmic reactions. The
instructions empioyed were.reverie, time estimations of

auditory stimuli, signalling of turning sensations, and
N \'h .
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.cbnfinuous-mental-aritﬁﬁetic. Subjects 'in thg‘;elaxed
state of reverie produced significantly less nystagmus
than thése‘doiﬁg mental arithmetic.” The nystagmus
produced by.the other states fell between these two
extéemeﬁ (Colliﬁs, 1963, 1965; 6ollins, Guedry & Posner,
'1962). \Cléar differences occur in the amount of slow
?hase eye displacement by'rotatio?al stimuli favoring
mental arithmetic over reverie.

A number of s;udies (BarEer & ?r;ght, 1967; Benson,
Goorney & Reason, 1965; Brand, 1968; Dowd, 1966;
Gillinghaﬁ, 1969; Lachman, Aarons & Erikson, 1968;
'Marshall & Bfown, 1966; Sokolovski, 1963; Torok, 1978) .

have confirmed that assigned instructions regarding

-

mental activity are important in the maintenance of
vigorous nystagmus or the restoration of an atterfuated
response. Instructions have alsc had a predictable effect
with drugs (Benton & Brand, 1968; Collins & Poe, 1962),
with alcohol (Schroeder, 1971, 1972), and with hypnosis

{Aschan, Finer & iagbarth, 1962; Johner & Perlman, 1968).

6. Statement .f the Problem
Previous research, using various experimental pro-
cedures (see Chapter 1, Section 3), has strongly suggested‘
that there are differences in cortiéal arousal bétween

the parsonaliry groups of introverts and extraverts as .
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defined by Eysenck. This suggests, therefore, that there

may be a difference in the effects of variations in

for one personality group the relationship may be linear

‘and for another group it may be nonlinear. Such specula-

tions have been particularly supported by previous
research (Fefney?ough, 1976; Smith, 1983; Smith, Wilson
& Davidson, 1984). Spgcifically, for extraverts there
may be a direct relationship such that incteases in mental
érousal are directly reflected in cortical excitation,
whereas for introverts thié'may be curvilinear--or at
leasf nonlineir. ’ ' \ i}
- Ferneyhough (1976) tentatively found that slow phase,
primary nystagmic velocity-could be used as an objective
measﬁre of individual differences in Eysenck's model of ~

extraversion, which is based on differences in cortico- -

reticular arousal (4. J. Evsenck, 1957, 138l). The use of

~this dependent measure is based on the well established

fact (see Chapter I, Sections 4 and 5) that 'slow phase:‘
primary nystagmus 1s a measure of cortical arousal.

r The pregent study assesses iirectiy,_through a
dependent,measdremenc.reflecting,cortical excitation, the c-

effect of the manipulation of cortical arousal in three

groups of subjetts who vary on the arousal continuum

»
- - - -
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defined by Eysenck. The hypothesis, based upon the
literature, is that: there is- a statistical-interaction

between levels of extraversion, defined by the Eysenck

Personality Inventory. Form A, and the levels of arousal,

defined by the mental tasks, on slow phaée, primary

nystagmus, the dependent measure of cortical excitation.

Specifically, this interaction will be demonstrated by
linear incremenfs in slow phase, primary nystagmic
regponding;'the measure of cortical arousal, to varying
arousing conditions of mental tasks in extraverts, and a
-fcﬁrvilinear response patterm in introverts. The-experi-
mental procedure emplqyed to test this hypothesis is

described in the following chapter.

33
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CHAPTER II
Experimental Design

This chapter gives a detailed description of the
experimental deéign to test the hypothesis as stated
lin Chapter 1. The respective sections describe the
. _subjécts, the instructions, the aﬁparatus, the experi-
mental procedure, and the statistics used in the analysis

of the data.

1. The Subjects

v

The subjects consiSted of 120 gndividualé (49 maies
and'7l females) who were enrolled in introductory
psychology courses at the University of Ottawa or in an
abnormal psychoiogy course given by the.nursing depart-
meﬁt of Algonquin Colfégé, Ottawa, Ontario, Canzada; these
classes were given in the Fall semester of the school
year 1976-1977. This subject size is well within spécifi-
cations based on previous findings (Ferneyhough, 1976).

At p=.05 for a power of F of 0.86, only eight subjecrts

are needed. Using thirty subjects the power is over

. 5 . . .~

0.99.

A. Selection

’ .
~The subjects were unpaid volunteers who were able to

- -
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complete the testing sessions-andrwho met the following
conditions. (The exact statementgto the classes used
when soliciting subjects is given in Appendix la:.)
1. They had no prior history of labyrinthine ~ <
disorder;

2. They had not taken part in a rotational
experiment in the past year;

3. They had not experienced high centrifugal
force;

4. They had not taken illicit or prescribed
drugs during the previous month; -

5. They would abstain from alcohol for no
less than fifteen hours, and tobacco,
coffee and tea for at least two hours
prior to nystagmic testing,; and

6. They had their normal amount of sleep the
night before nystagmic testing.

The first prohibition against subjects having past or
present labyrinthine disorders (Clark, 1970) is obvious.
Any physiological aberrations could affect nystagmic
responding of the individual. Further, J. W. Wolfe
(pgﬁsonal comaunication, September 1973) advises the rejec-h
tion of individuals who have experienced moderate to severe
rotational or centrifugal force (second and third prohi-
'bitions).: A;r Force. pilots, who hﬁﬁe experienced severe
gravitatioﬁai force, producedaberrant nystagmic responding

which continued for several months without any appareﬁt

physiological cause.
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Drugs which affect physiological arousal, as listed
in prohibitions four aﬁd five, are the most obvious
factors which mﬁst be controlled.- Stimulants such as
nicotine in tobacco (Tibbling & Henrikséon; 1968) or
caffeine in coffee, and depressants, such as alcohol, ére
the most commonly used drugs; it has been known for years
that these drugs affect_nystagmic'résponée (Collins & Poe,
1962). Current prescribed drug users were banned from
participatien because mést people are not sure asito thé;
exact content of the medications they are taking.

Prohibition six is not as obvious a confounding
factor. Although all current'informatiOn relating
nystagmus to sleep is indirect (Wolfe &bBroﬁn, 1968), the
disruptionm of fast phasé nystagmu§‘§6és“e£1§ﬁf‘“Réﬁid eye
movement (REM) in sleep bears a striking resemblance to
vestibular nystagmus. Lesions 6f the medial and ascené—
ing vestibular nuclei agolish REM sleep (Kawahara, 1980;
Pompeiano & Morxrris, 1965). This indicates the effect of
some kind of neurophysiological interaction between the

vestibular nuclel and the centers responsible for sleep,

possibly via the cerebrum, mesencephalic or pontine

reticular formations. The fast phase response in both

REM sleep and nystagmus is directly mediated by the vesti-
bular nuclei. Slow phase nystagmus does not originate

from the same neurological structure as REM. (Slow eye
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movement in nystagmus is governmed Dby cupulae deflections,
whereas no neur¢iogical structure responsible for REM

sleep has been ijdentified.) Wolfe and Brown (1968) have
found that subjects haviﬁg'onl§ ﬁoderate‘sleep deprivation ’
" will show significaﬁt inqreaées in fast frequency. If
sleep deprivation causes loss of,alertﬁess then fhe slow

phase would alsoc be affected. Subjects who were constantly

rotared over several days noted that they were extremely
tired even after their nofmal amount of sleep. Wolfe and
ﬁrdwnhéongideréH that this sense of sleep depriﬁaﬁioﬁ,is‘
due to REM sleep being inhibited.

Preconditions concerning gender or age wWere noﬁ
required nor were race Or educational background considered
s inflientfial factors. A case ‘could be made for age as a
confounding vériable since not only nystagmus but also the

E scale on the Eysenck Personality Inventqix (Schneider &

Gibbins, 1982) are both affected by age differences. "End
organ changes of stiffening cupulae are found in people
over fifty yeaf; old; for reasons yet unknown, there is a
crend for the E scale to drop with increasing age. For
whatever reasons, the age required to cause & difference
would have to be advanced. The group from

which the subjects were selected was judged to be young

 and very homogenous with regard to age, education, etc.

My
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B. Regrouping
—Those subjects who met all the pre-conditions, and
who wished to particiéate further, listened td a five
4@inute summaiy (refer to Appendix la) of the experimental
‘procedure that they would Be experiencing. After the
subjects had agreed to participate, the final selection.

was based on the subject's T score on Ehe\extraversion

scale of the Eysenck Personality Inventory: Form A

(EPI), regardless of the N or.t scaie_scores. ‘Although
one hundred -and eighty-eight subjects completed thg"ggl"
only the fifs; forty ihdiﬁiduals f;l}ing into each of
fhrée categories ﬁéfe asked to participate: Based on a
pilot study ﬁsing thirty subjects, the E score g#oﬁpings
. were designated as .l to 9.for Antroverts, 10 to 15 for-
ambiverts,_and 16 to 24 for extraverts. Percentile noTms
taken for American college students (H. J. Eysenck &<
Eysenck, 1964) show that the cutoffs are clqsely related:
the lower third of the sample achieved an E score (Forﬁ
A) of 10 or.lower and the dpper third é score of 14 or

greater.

2. The Instruments
This section describes the instruments used in the
ekperiment. Conceptually, they can be divided into the

'psychoiogical paraméters of personality,testing and the

38
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changing of subjective mental states, and the physical

apparatus used for rotational stimulation and recording.

A. Personality Inventory

The Evsenck Personality Inventory (EPI) is published

by the Educational and Industrial Testing Services of San
Diego, California. The EPI testing manual (H. J. Eysenck

& Eysenck 1964) describes this paper and pencil test as a

- measure of personallty in terms of the two 1ndependent

dlmenSLOns of extraver51on (F scale) and neurot1c1sm (N
scale).. Each of these tralts is measured by twenty—four
"yes" and ”qg” questions selected on the ba81s of 1tem
ard facgg;,analySLS. A response dlstortlon lle scale (L
scale) isuincluded to detect attempts te fals;fy'responses.
Parallel ferms fForm A and B) are évailabie if retesting
is desired (H. J. Eysenck & EySenck, 1964: p.- 5). In
this study, however, only Form A is considered.

The EPI is a further development of an earlier

Maudsley Personality Inventoryv (MPI) and it also correlates

highly to the MPI. However, the improvements which have

been incorporated into the EPI make it z more useful test.

-

It consists of two parallel forms that make retesting
possible after experimental treatment without interference
from memory factors. It has been reworded-ts make each -

statement understandable, even by subjects of low
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N
inﬁelligence'éf education. Item selecti;n'has'negatéd,
even the small correlation between the E‘aﬁd N scalés of
the MPI. The EPI -contains a L scale to identify subjects
’tfying to show a desirability reéponse set. The retest
reliability of the same form is soméwhat higher on the

-gg; shan on the MPI [r=0.85 even after. several months]

(H. J. Eysenck & Eysenck, 1964, p. 5).

Sﬁbjécfs used in hhé test construction of the EPI
' were‘widely réprésentative of the generai pbpulation,
1nclud1ng unlver51tv students, middle 'and worklng class-
groups'varylng in age and sex, as well as a general repre-
sentatlve sample of the whole population of England.  The
total number of the sample ehceeded 30 000. A factor
analytlc study was carried out which produced a matrix
of 108 entries which lncluded all the items in Form A and
B, as well as a set of substitute items..

The tesf—retest re{iability using.two groups of
‘normal English éubjects (n=92 and 27), after a time lapse
Jof one year, runs between 0.80 and 0.97 for separate forms.
The split-half reliability (Form 4 and B) for 1655
normals, 210 neurotics, and 90 psychotics for the combined
scales run from 0.74 to 0.91 (H.'J. Eysenck & Eysenck,
1964 p. 15). The relationship.between EPI scores and age
shows that there is a 51gn1f1cant trend for E and N scales

to decline with advancing age (3. J. Eysenck & Eysenck,
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1964, p. 15). " The - cause o6f  this effect

is still speculative. The correlation with sex is

small; women tend to §core high on N and ibw on E. This
finding varies greétiy and rarely,exceeas one third of
the standard deviation. There.is a general tendency for
working class groups to have ﬁigher N scores than middle
- class. groups, but these groups shbw no aifferences in E .
‘scores.. Urban samples afg higher on N and Elééaleﬁ;
[Refer to S. 3. C. Eysentk'sl(196b)kdiscussian of_sqcial.
blaés.and'geﬁder;I - | -

Reséarch continually éuggests that the cons:ruct'
validity of the gg; is high; Dysthymic neuroﬁics‘
(ankiety, reactive depression, obsessioﬁal-compulsivé
sympﬁgms) score high on neuroticism and low on extra-
version while psychopaths and hyéterics score high on ¢
neuroticism and higher on extraver;ioﬂ than dysfhymics.
The EPI scales are highly correlated with other measures
which';re supposed to measure.ghe’éxtraversion [e.g.,
hypomania scale of the MMPI] and neuroticism [e.g.,
Tavlor Manifest Anxiety Scale] dimensions (4. J. Eysenck
& Eysen;k, 1964, p. 17). Also, the cross-cultural
uni&ersality of typology for the EPI and its' newer

version--the Eysenck Personality Questionnaire--is

found to be high (Abdel-Khalek, 1981; S. B.. G. Eysenck,

1981, 1982; S. G. B. Eysenck & Chan, 1982; S. B. J-



EXPERIMENTAL DESIGN 42

Eysenck,  Humphrey & Eysenck, 1?80; Iwawaki, Eysenck'&
Eysenck, lQéO'a,b; Lbjk, Eysenck & Eysenck, 1979; XNyborg,
Eysenck & Kroll, 1982; Saklofske & Eysenck, 1978; Tarrier,
Eysenck & Eyseﬁck,‘l980).

It has been shown that the EPI is susceptible.to
faking when subject; are instructed to falsify their
responses. Such féking of good distorﬁipn{ significantly
"affects neuroticism scdres in a downward difection, but
not the extraversion score (3raun &.Gomez, 1966). The L
score, however, is a150'increased and is an aid in deﬁegé;
ing this desirabilify'responée}#ef?\‘The L scalé‘has'lg
items. No absolute guidance—ﬁés bee% giveh‘ﬁor its use;
however, a score of ten for bogh forms,combined,-br fivé
for either form implies that good faking has occurred.
This scale has been shown to be modified downward when the
subjects have been instructed to fake well but were fore-
warned that a response distortion scale was buiit into
the inventory. Studies discussing this sgale.cqncludéd
that it is a bettér indicaror of a squect’s social desir;
ability than it is an'indicator of lying (Bfaﬁn & Gomez,

1966, Gibson, 1962; Salas, 1968; Williams, 969). Similar

findings are noted for the Lie scale of the Eysenck

Personalitv Questionnaire (Crookes & Pearson, 1981;

O'tlagan & Edmunds, 1982). pret)
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B. Instructional Tasks

b

This section documents the influence of instructions

(the reader is asked to also refer to Sections &4 and 5 of

Chapter-I) regarding mental activity on rotational

nystagmic reaction. Descriptions of the tasks selected

for use in this study are as follows:

1.

'REVERIE-The subjects were instructed to

ignore the stimuli irr the environment, to
relax and daydream, but to keep their eyes
open. They were reguested not to pursue -
any particular line of thought. '

TEMPORAL REPRODUCTION-Tones (510 Hz at 86

dB) were systematically presented throughout

a given trial. for durations varying between

one and five seconds. Subjects were instructed
to attend carefully to the onset of sound and,
at its conclusion, to reproduce its duration

by pressing a switch which produced the same

'aﬁdible sounds.

SENSE OF ROTATION (otherwise called Xey
Pressing)-The subject was instructed to

“attend to the sensation of rotation and to

indicate, by pressing a switch, the onset
and cessation of rotation, as well as

each experience of a 90° subjective rotation.

MENTAL ARITAMETIC-Subjects were presented
simple addition, subtraction and multiplica-
tion problems (listed in Appendix 1b) to
complete promptly at the end of each pre-
sentation. It was emphasized that the indi-
vidual should continue with a maximum effort
of speed and accuracy until the conclusion of
the trial.

COMPLEX CHOICE-The subjects were challenged
to differentiate which ear heard the last
highest tone in a four tone series (500 Hz,
1.05 kHdz, 2 kHz and 3.7 kHz at an average
intensity of 87 dB) and press a-switch to
indicate their choice. Each ear received a
different, complex, five second, presentation
simultaneously. . :
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~ The intensities and frqquencieé'of all the‘ﬁones‘uéed
in the above. tasks were considered within the -average
'range of s;imulation (Stelmack}'Achorn & Michaud, 1877)

. and are not disturbing to the individual.

For this study,‘t?o oﬁﬁer subjective mental states
were.produééd to familiarize the subjectlﬁith the experi-
mental'cbnditions'(Pfactice_Séssion) ﬁnd ro record thelr
baseline résp¢nse (Basal) . The.pgrpoéé of the practice

- sessions was to decrease the subjects' emoticnal response

- .

to testiﬁg.‘ The literature documenting previous.nysfagmic
experimentation does not cover these two conditions, yet
they are extxremely importaﬁt for reasons previouély dis-
cﬁssed.‘ The~ parameters of each -task are as follows:

1. PRACTICE SESSION- After the equipment and

experimental manipulations were described,

the subjects were asked to begin counting
- continuously from one upward until the end
o of the task. ' .
BASAL- The subjects were asked to sit
quietly, as if waiting for an appoint-
ment, without attending to any particular
cues.

(RS ]

The verbatim transcript of the instructions presented tothe

subjects is given in Appendix 1b.

C. Apparatus .

\ ~ | :
This sectidp-déscribes the tools employed in evoking

and recording the nystagmic response. The -apparatus can
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be considered in two categories: the stlmugator and the
accessory equipment necessary td communicate to and record -
from the subject. The stlmulator consmsted of a variable
motor—controlled by a silicon controlled rectifier and an:;
integrator, described in Appendices 2a and 2b, and the
Irotating platform. Due to the expense of purchasing the
equipment, the stimulatof was primarily built on site and
the aCdaﬁsory equipment wa; either commercially obtained

or partially built by the experimenter.

Variaﬁions in moEor‘speed were translatéd to a plat-
form holding a chair as shown in Figure 1. A stationary
pldtform provided the housing for the motoxr, two speed
" reducing pulleyd, and a heavy metal frame containing two
flanged bearings aﬁd a metal disc. The rotating platform
was bolted to the disc, and the chair was bolted to the
moving platfdrm. A back supporting frémg was also attached
to the rotating platform and to the center pole of a five
ring commutator. |

Afrer the subject was in position, a front rable was
positioned across his lap. The table is shown in Figure 2.
~ Three pairs (dne on each side radlatlng outward) f
lights were used for calibration. The lights used were
detgrmined by the distance between the subject's eyes and’

the center of the board. When following the alternmating- -

flashing lights, the sibject's eyes traveled 20° (10° each
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‘side of center). The toggle switch and buttons were
opifated as discussed in Section 3b and Appendix 1b.

A mgchanical problem in the rotating frame &as
discovered inathe pulley System. Rotations greatexr than

approximately 755/second caused an oscillation in the

belts which translated into a2 hardly perceptible vibra-

Tw
[

tion at the platformAthat increased with increasing
velocity. However;'maximum stimulation (full deflectién
of the cupglae) occurred at 72°/second and, in this study,
. maximum velocity reached only 65.8°/second. The perform-
ance of the platform was well within the specifications
requifed for hystagmic testing.

Variations in platform speed, and thus stimulation,
within the same experimental condition were strictly
regulated, otherwise inter- and intra-data evaluations
would have been meahingiess. Initial calibrations of the
rotational speed were achieved by a magnet attached to
the center shaft of thé rotating platform tripping a
microgwitch.upon each complete rotation. The time per
rotation, accurate to one.tenth of a second, activated a
Lafayette Instrument. printer (Model 56025) by Lafayette
triple pulse unit (Model 5821).

A 140 pound weight was placed in the chair on every

~calibration check throughout this study. (The mean
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weight per subject in the pilot study was 138.9 pounds,
SD of 21.4). At the start of each tesging day, the
apparatus was checked for vibration and a calibration
check ﬁ;s completed. Also, during actual testing each
rotation triggered a stimulus marker on the physiograph;
continuous monitoring of the rotational stimulation rate
‘was accéﬁplished.

The operating motor temperature affected platform
speed. . Continuous temperature measurements were taken
electronically with a heat sensor that was taped to the
motor shell. Stimulations were given only during the
motor' s optimal operating temperature of 40°C.

The rotational device was’%oused in a completely
dark room that was located within another room where only
a low wattage, red light was used during testing. All
external noise was ;topped during  testing. The variable
motor was packed in insulation to absorb the localized
effect of its nbise. =

Communication to and from the subject, as well as
_the recording of the subject's nystagmus, were achieved
via the-acdessory equipment. Figure 3 illustrates the
componént‘;eiationships of the equipment used. The it::?

used inside the room housing the platform are also shownh.

L ) L N : ;
A five ring, noncommercial, commutator allowed for

~

the inter-comnnections between the subject and the
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equipment. A Sony TC-630 tape recorder played pre-

reoorded instructions.to Koss Pro 4A headphones (9-25,000

*Hz). The subject spoke to the experimenter via a

Realistic Appollo FM-91 transmitter, transmitting on 91

- MHMz. Eye movements werc recorded on a Watanobi Multi-

recorder MC 611-56L in conjunction with a Nihon-Kohden
RDU-5 high gain amplifier.

As part of three separate tasks completed during

different subjective. mental States (complex choice,

sense of rotation and temporal reproduction), two buttons

: ¥ ) {
were depressed in answer to questions. Each button

controlled the onset and offset of the carriers of an AM

transmitfé} (set for 1490 or ilsz KHz). Two portable AM

recelvers were used for reception of the tones.
Eye¢ca11bratlon via the alternating calibration

1lghts, shown in Flgure 4 were accompllshed by a relay

_and timing system whose schematlc is glven in Appendix 2c.

e

‘This system is a noncommerc1al unit developed at the

L - S

" University of Ottawa's psychology department.
A

S,

.'..-_

3. The'Exnerimental Procedure

_ v
“//{nltzally, four classes of dfe undred to two hundred

students eath were v151ted for subject recruitment. The

first .part of the actual experzment requlred administering

‘\..
the 1ﬁ;senck Personalltv Inventory to those students who

/.
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met the six pre-test conditions as discussed in Section 1
of this chapter. The last phase consisted of the actual

physiological eliciting and recording of nystagmus.
Al

A. Personality Tééting‘ <

The,_ instructions from the Eysenck Personality

Inventory: Form A were read aloud to the group without

alteration while the§‘fead along silently. Any questions
aske@}during test taking were answered by the statement,
'""Read the gquestion again and-answer as best you can.” No
interpretation or advice was given.

After the questionnaires were collected, all copies
were carefully checked to ensure that all questions had
been answered. If answers were missing, the testee was
advised and encouraged to answer all items. Only two
cases involved unanswered questions. _

Overlay stencils were used for sgoringrthe E, N and
L scales. Subjects were divided into three groups based
upon;Eheir scores on the extraversion'scale: Scores were
grouped as follows: introverts (0-9), ambiverts (10-15)
and extraverts (16-24). The literature provides many
examples éf identical subdivisions of scores for experi-

mental purposes. Based on a recent pilot study and

studies €rom past years using equivalent university pop-

- ulations, the cutoff scores are realistic.

r
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B. Nystagmus Testing
Care was taken to ensure that the subject was at
ease concerning his involvement with the equipment and

3y

the actual rotation. The subject was assured that he-would
always. be in control of what happened to himself in the
experiment and that he would be in voice contact with the

experimenter at all times. If he wished to leave the ex-

periment he could be freed from the apparatus inm less thafi

. one minute, even during rotation. The apparatus was shown

and eﬁplained in detail. The chair was rotated with the
subject standing nearby. Only. then Gas he placed‘}n po-
sition for testing. (Refer to Appendix 1b for the specific
discussion.)’

Beckman 5 mm diameteXx electrodes, with Beckman elec-
trode paste, were applied to the outer canthi of each eéye
(Wolfe & Wendt, 1967) after the areé“was'cleaned with a
70% alcohol solution. The subjeéﬁ sat in the rotating
chair and the FM transmitter was placed around his neck.
The headphones were piaced over his ears, and the saféty
belt was strapped across his lap. His head was placed in
the head holder facing the cénter of the calibrating
lights. ¥is forehead was stfapped into position so that
an imagiﬁary lingt drawn from the outer canthus of the eye

to the low2§tfeitremity of the external auditory canal

formed an angle of 30° to the floor pointing forward and
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N

upward. (fhis angle placed the horizonteal semicircular
canal horizontal to the floor.) At this time the subject
was informed of the importance of keéping his head in thié
position throughout the experiment. Even though the head
restraint was'capable of inhibiting any inadvertent head
movement, the'subject.was.informeé that‘he should imme-
diately tell the experimenter if he felt that he had mov;E
from position so that the necessary adjustment could be -
made.

The distance between the center of the subject's
forehead and Ehe center of the calibrating light board was
measured-to determine wh;ch pair of pinpoint, red lights
(light emitting diodes referred to as LﬁDs) wouldiEé
used. The object of looking .between the alternating
ligﬁts, with/fﬁe head stationary and pointing téwards the
center of the board, was to have the eyes sweep a 20° arc
(10° each side of the ﬁid }ine). Figure 4 illustrates the

problems. encountered in the calculation. The necessity

for this calibration becomes apparent after review of the

discussion on eye larity in this section.

A half hour before testing, all the equipment was

energized and allowed to stabilize. This period was - -
especially important because it provided an opportunity

to counter possible frequency drift during the functioning

.
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of the variable speed motor, and all transmitters and
receivers. |

The period between the personality and nystagmus
testing sessions, with five exceptions, was shorter than
twenty days and was usually within one week. The first
test- was given on October 29, 1976 and the last test was
given on December 2, 1976. As previously discussed, the
EPI testing categorized the subject into one of three
grouﬁﬁ'ﬂaéeﬁ on the extraversion scores. With the ,aid of
a compuéer'generated random chart, the subject was-assigned
as to order of subjective mental states presentation. Thié
ordering is shown in Table 1.

As shown in Table 1, tHe first introvert, the first
ambivert and the first extravert presenting themselﬁes_for
nystagmic testing were accelerated with the order of sub-‘
jective mental states being: practice session, basal:
reverie, sense of rotation, mental arithmetic, complex

choice and tetporal reproduction. The last subject in each

personality grouping was rotated with the order of sub-

jective mental states being: practice session, basal,

reverie, complex choice, mental arithmetic, temporal

{

reproduction, and sense of rotation. The firsc sti@plation'
was always given during the practice session and the second
always during”basal. The last five stimulations were:

determined by the table. Thus, presentation order was



Table 1

Selection of Stimulus Presentation

E ﬂ brdgr o§ Presentation ofb i g Ordgr og Presentation ofb
m Subjective Mental States b m Subjective Mental States
b 3 b r
e e e e
z T, l1st 2nd 3rd 4th 5th ‘ z T lst 2nd 3rd 4th Sth.
1 R SR MA CC TR 21 ¢©C MA TR SR R
2 SR cc TR A R 22 TR SR R CE MA
3 R cc Ma TR SR | 23 ma TR sR R ce
4 SR R CC MA ‘TR 24 cC MA TR - SR R
5 R cC MA .TR SR 25 TR SR R cC Ma
6 SR R CC MA TR 26 R SR MA CC TR
7 ¢ R SR TR Ma 27 MA TR SR R cc
8 ¢ MA TR SR R 28 TR MA CC R SR
g MA TR R SR CC 29 SR R cC MA TR
10 MA TR R, SR CC 30 .¢C R SR TR MA
11 TR MA CC R SR" 31]. MA TR R SR CC
12 ¢ MA TR SR _R 32 R SR MA CC TR
13 SR cC TR MA R 33 SR C€C TR MA R
14 R SR MA CC TR 34 ¢ R SR TR MA
15 TR MA CC R -SR 35 TR MA CC R SR
16 MA TR SR R - CC 36 MA TR R SR CC
17 MA TR SR R cc 37 €€ R SR - TR Ma
18 TR’ SR R cC MA < 38 R CC MA TR SR
19 SR € TR MA R | 3% SR QR CC- MA TR
20 TR SR R cc  MA 40 R CC MA TR SR

30ne is the first extravert (ambivert or introvert) of this.
study and forty is the last extravert (ambdyvert or introvert) .
. [
b .- . v k¢ C e
Abbreviations: CC=complex choice; MA=mental arithmetic;
SR=sense of rotation; TR=temporal reproduction; and
R=reverie. '

L4
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counterbalanced. Rotation was always from left to right.
Acceleration raté was 9.4°/séc2. |

The preseﬁtation given to the subjeét is fully dis-
cussed in the text of Appendix 1lb and it is outlined in
Table 2. The exact time sequence correlating to these
instructions and stimulations 1s gf%en in Figure 5. After
the subjects' eyes had been dark adapted for five minutes,

2

seven, seven second, clockwise rotations of 9.4°/sec were

administered, followed by a seventy-six second peried of

~ constant velocity (except during the practice session

which lasted forty-five-seconds), and a seven second de-
celeration. Five minugés between rotations elapsed; during
thése rest periods the subjects continugd to be rotated at
a constant velocity pof 1°/sec. Throughout each accelera-
tion and constant velocity period, the ;ubjects continued
to perform their assigned mental tasks. h

During eye movement recordings seve:al problem aréas
must be controlled. The easiest to identify and correct
is facial muscle tension. If-the -subject has his eyes
open and muscle interference is still shown on the record-
ing, he is then asked to relax and try to release all
rension in his forehead and jaw muscles. He' is reminded
that during every task, rotation and eye recording, -he

must have his eyes open normally.

A second problem easily corrected is eye potential



Table 2

Description of Stimulus Presentation ‘

Description of Task

HooAaHO

Apparatus S
Interacts with

(100 watt white light illuminated the room)

1 Egquipment check:
Tones to ears
Buttons and toggle switches
Calibrating eyes

2 Practice Session (PS})
Explanation of equipment

(Lights turned off in rooms)

CcV -rotation of 1°/sec begins.
Instructions of PS: .
Count forward beginning at one
Calibrating eyes . :
Begin b
Rotation
CV rotation of 1 /sec
Stop task
Wait quietly for next task

3 Basal (B) :
Instructions: Sit quietly
Calibrating eyes
Begin y
Rotation
Cv rotation of 1 /sec
Stop task
Wait quietly for next task

4 Complex choice (CC)

Earphones
Buttons, Switch
Switch, LEDs

FM transmitter
Switch, LEDs

Switch, LEDs

Instructlons- Bear series of tones
which are &ifferent for each ear
for last note indicate which ear

heard highest tone
Practice

Calibrating eyes

Begin

Rotation .

CV rotation of 1° /sec

Stop task

Wait quletlv for next task

Earphones,
Buttons
Switch, LEDs



Table 2 (cont.=-)

Description of Task

Ho AWH O

a

Apparatus S
Interacts with

5 Mental arithmetic (MA)
Instructions: Respond.verbally
to guestions -
Calibrating eyes

Begin b
Rotation
: CV rotation of 19/sec
Stop task
wWait quietly for next task

-
& Sense of rotation (SR)
Instructions: Indication when begin
rotation and thereafter every 90°
" Calibrating eves
Begin
Rotation®
CV rotation of lo/sec
Stop task
Wait quietly for next task

7 Temporal reproduction {TR)
Instructions: Reproduce the length
of tone heard
Calibrating eyes

Begin B

Rotation

CV rotation of 1 /sec
Stop task "

Wait quietly for next task

8 "“Reverie (R)
Instructions: Place self in reverie
Calibrating eves
Begin
RotationP
Stop rotation
Stop task

9 Closing remarks

{Lights in room gradually‘}%ncreased)

-~

Switch, LEDs
FM transmitter

Switch, LEDs
Buttons

Switch, LEDs
Button

Switch, LEDs

Note. The full transcript can be found in the Appendix 1lb.

2Tne actual order of items 4 through 8 is determined by a

random order from Table 1.
b

Rotations consist of acceleration, constant velocity (CV),

and deceleration respectively (refer to Figure 5).

H
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EXPERIMENTAL DESIGN \ 62
(Miles, 1940; Coats, 1972). There is a voltage difference
that is generated in the retina, -with the positive pole at
the front and the negative pole at the back. This polaritcy
potential originates in the photosensitive:elements of the
retina. (Recent indications are that it is at least in
part due to extraretinal elements.) This eye potential
changes with biochemical changes due to adaptation to
darkness. Under constant illumination of 5 milliamberts
(ml) the average potential is l.lOf.OB milliveolts (mv).
When the illumination is reduced to .00l ml, this potential
drops to 0.99%.02 mv after ten minutes of adaptation to
darkness (Miles, 1940). Changing back to the 5 ml il-
- lumination causes the potential to risg to 1.25%.04 mv
afrter five minutes. For ENG r;cordings the level of il-
.1umina;ion must be held constant. When thengyé adjusts
from condipibns of darkness to light (.00l to 5 ml), its
polafity'potential increases very slowly in t%e first -
three miﬁuteé, with én'accelerat;d rise in the 4th and 5th
minute. and a continued slow rise to an equilibrium
value at gén minutes. TFhe literature has established
that five minutes of dark adapfa?ion is a suificient.
length of time. Calibration of the eye immediagely prior

to rotation is necessary for making any required adjust-

ments related to inter-individual differences in potential -
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level and rate of adaptation. This change in'pétential
during the 35 seconds 6f recording is considered
negligible. |

The length of time between rotational stimulations
(Wendt, 1951) is considered critical because this interval
allows the vestibular system to return to its homeostasis.
As discussed in Chapter I, Section 4, one component of the
response is secondary nystagmus which may last anywhere
from three to ten minutes after stimulation is stopped.
The consensus given in the literature is that five minﬁtes
is the proper length of time between stimulations. If = -
secondary hystagmus does extend beyond this time, 1its
- interference with current responding is insiénificant.'

In this study, nystagmus testing took place for one
hour at any time between 0800 to 2100 hours. Time of day
was found not to influence nystagric output (Fermeyhough,
1974), though it did affect the perception threshold of
roéation which is highest in the morning hours (Eckel,
Kuipers & Wendt, 1963). |

-

Previous nystagmic research (Ferneyhough, 1974)
s

found that volunteer subjects remained on-task throughout
-

all experimental conditions. This high complianqgriate
was judged to be the result of the yolunteér subjelcts”

great jntrinsic interest in the subject matter being

e
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invesfigated,‘;s'fouéd by ﬁBEEnthal_(1970) and others .
(Edgg;;ou, Brict &*ﬁorman, 1947; Martin & Marcuse, 1958;
Rosen, 1951; Wallin, 1949), and their gfeat ’need for
ap;roval (Marlowe & Crowne, 1961; Riggs & Kaess, 1955;
Rosenthal, 1970). ?he subject .1s ‘assumed to comply with
the éxperimental_i%structiOns and, therefore, a secondary

measurement confirming this compliance is not used for -

- -

the current study. Any.possible non complianée by a

subject is felt to be minimal and would have a non sig-

nificant effect on the results when a large subject pool

is used. . . -

-

Habituvation, or a long'laéting“:esponse reduction-

- -

over repeated stimulation, which is not found in this

study, has been extensively reviewed (Eolliﬁs, 1973;

) Crampton: 1964; Dodge, 1923; Fernand;z & Schmide, 1962;

Pfalcz & Piffko, 1970; Wendr, 1951). This phenomenon

64

differs from the temporary s:atélof fatrigue where brief .

.

Wend:t (1951) cites factofs which inhibit habifuation. An

inward orientation of\gttention, or low arou%al, would
- .
account for nystagzmus reduction whereas an environment

" directed orientation, or higher érousal,,would restore

'pystagmus-or prevent its decline. 1In this study only one

(reverie) of five subjective mental stdtes is low enough
34 ' X . : :
%E;?Fousal to promote.hébltuatlon. The order of
N o ‘

Lo S . -
. . - » - < .+ b

. intervals of rest are sufficient .for recovery of response.

i
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presenﬁatioﬁ will be considered?%n the data analysis to
evaluate the effect of thislapéroach. Wendt, as well aé
others (Pfaltz, Collinsvand Crampton), 2ave documented
that visual fixation is an essential factor for the
occurrence of habituation. Using ;he condition of dark-
ness to eliminate fixation has-provén-to be the most

.

effective method of nullifying habituation.

4. Analysis of the Data
This section provides a desailed description of the
manual method used to measure the recorded slow phase,

primary nystagmic velocity. The statistical procedures

" for testing the hypothesis, as stated at the end of

Chapter I, are given and the controversy of repeated

measure design is discussed.

&

A. Measurement of Recordings

: The dependent variable being investigated is nystag-
mus'which is defined as a slow, linear drift of the eyes
in one direction interrﬁpted by a fast\return movement.
{Ihis‘compensatory drift must be contiguously péE;éd to

: . ) . ;

rotational Béstibular stiéu&gtion. The specific component
of nystagmus being evaluated it the slow phase, nystagnic
velocity. ) . ) . . .

All raw score, nystagmic data were reduced by hand
b

‘measurement as follows: (Please refer to Figure 6.) The
' : ) <
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vertical magnitude of the slow phase sweep of each priﬁary
nystagnmic beat was measured first in millimet®ts for each
second segment of the recording and then converted to
degrees for each-second. Since the paper spéed was held

at 10 mm per second for all rec;rdings, a special protractor
could be used to greatly simplify the calculations. To
minimize the effects of random fluctuations in the record-
ings, the arithmetic average of nystagmic velocity over a
2.5 second period was computed. Fourteen 2.5 second blocks
in recording from the onset of the rotational stimulation
were measured.

The datum used for statistical analysis, of the N
hypothesis was a '"difference score' between the highest'
nystagmic velocity response obtained (usually at éhe
cessation of linear acqeleratioh) during basal testing
and the highest response during each mental agousal state.
Since the absolute level of nystagmic change between
arousal states within each subject is what is evaluated,
and since there 1s a laréé variation (Fernmeyhough, 1976)

,/ :
betwéen individuals of the same personality agroup (i.e.,
introvert,‘émbivert or extravert) iﬁ their actual 1;vel
of nfstagmic response for the same basal condition, the
technique of differencé sco:; is utilized. /

To counﬁeract scorer's bias, each recording was

~ evaluated withopt the knowledge of the subject's position
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on the extraversion scale. To validate the scorer's
methodology nine independent judges were choseng, on the

ba51s of thelr total lack of knowledge in the area of eye/,~
/

movements 0T personallty, to score random, totally un-
marked, nystagmic recordings. The judges had no knowledge
Qf the dependent and independent variables of this study;
they we;e_only told that they were measuring the slope of

lines that had a saw tooth configuration.

3. Statistical Analyses

.In order to test the hypothesis as stated at the end
of Chapter I, an analysis of variance technique was used
to establish the significance off an interaction between ;
the three levels of extraversion (introverts, ambiverts,

and extraverts) and the five levels of mental arousal

(including: reverie, temporal reproduction, sense of

-

rotation, mental arithmetic and complex choice tasks).

Each subject was tested at ail.levels of mental arousal.

A two faCCor analySLS of Jaraance with reoeated

.
o~ ¢

measures on’ one fac_o* was usedutb test for the inter-
action effect. Subjects were assigned to the experimental

groups of cxtraversion (factor A) according to theixr score

on the Evsenck Personality Inventorv, and each group was
rotated uggg?“ﬁll levels of subjective mental arousal

(factor B). The interaction effect of A x 3 was the main

-

o

~
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. reducing the degrees of freedom (Greenhouse % Geisser,
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The repeated measures analysis of variance design is

widely used in research in the behavioral sciences because.

a major concern of psych6?3§y is behavioral changé; however,
many researcﬁers warmn against the use of an analysis of
repeated measures design (quck & McLean, 1975; McCzall &
Appelbaum, 1973). 1In addition to assumptions‘concerning
norﬁality and homogeneity of variance within cellg, thg
repeated measures analysis requires homogeﬂeity of co-
variances between repeated assessments. This type of
analysis of vgriance is not robust enough to deal with
violations of covariance assumptions which produce arti-
f;ciélly large F values relative t%athe appropriate
critical value. This bias results in rejectingfthe'null
hypothesis more often than sHould be the case for the
stated significance level. .

»Corrections for the ‘use -of the conveﬁtionél analysis
of variance design have been suggested by_Greenhouse and
Geisser (1959) and McCall and Appelbaum (1973). The dis-
tributionlof the conventional univariate F statistic can
be adjusted for the cova;iaéze assumption.

Adjustments for the,violation of covariance in the

conventional analysis of variance design are made by

.

‘. - -
. .

o
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1959). This is completed by multiplying the degrees of
freedom for both the numerator=and denominator by a function
of the degree of heterogeneity of the variances and co-
variances. The greater the heterogeneity, the smaller the
function end the greater the F value must be to reject the
null hypothesis. '

McCall and‘Appelbadh (1973, p. 406) explain the use
of an alternative computational technique called the
"lower bound estimate” whlch is suggested by Greenhouse and’ )
Geisser to expedlte the computatlon of the above adjust-
.ment. In this most conse;vative of ;ests the degrees of
freedom become one ana one minus the number of levels of
the repeated factor being'cbnsidere@. The resultant |
cripical value becomes almost twice the size of the criti-
cal value found in the conventional-analysis.

A Scheffé Test'is used to test for simple effects
coqparing the differences among gﬁgup geénsu This test
is used, insteaé of a Duncan‘s Mult&ple Range Test oT 2
Tukey, since it i1s more stringent end thus the probability

~.
of a Type I error 1is lowe{(/’

To furtheT evaluate Fhe 00551b1e findings of an
interaction effect between personallty and. arousal vari-
ables a test of llnearlty of regressxon is cowuleted Zta

4nd Spearman Rank-Correlation (rho) is computed for each

personality grouping of introverts and extraverts on their

bl

G

~ » Y-
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resEiﬁfive, resultant slow phase, primary nystagmic

velocity at each of the five arousal levels. The F test

of linearity (Guilford, 1965, p. 314) is used to interpret

-,

if the change in nystagmic velocity across increasing

~arousal levels is linear or nonlinear. When the actual

regression is linear, the difference betﬁeen eta and rho
computed ‘for the same data is nearly the same. Sta is
found to be larger numerically when the actual regression
is nonlinear.

The Pearson froduétJMoment Coefficient (r) is
typically used in the calculation fgr the F test of
linearity; however, W. J. Conover (personal communication,
January 27, l98€) advises that Spearman rho is closely
equivalent to the Pearson r and can, for practical pur-
poses, be substituted when using ordinal instead of
interval measurements. The use of rho as an approximation
of r is confirmed by ‘many statisticians (Guilford, 19657
p. 307; Mendenhall & Ramey, 1973, p. 309; McGuigan, 1968,
p. 169).

To determine the typeﬁbf eﬁuation which would best

describe any possible nonlinear results found by . an F test

. 0f linearity a test for trends [described by Bruning and

Kintz (1977) on pages 143-168] will be computed. This
test will be used to determine whether the equation is

linear, quadratic or a higher complex relationship.

71
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CHAPTER III
PRESENTATION OF RESULTS
~ .

The beginning of this chapter describes the subjec;s
obtained fpr the study and their nystagmic output. The
main body of this chapter deals with the analysis of the
extraversion by;aroﬁsal interaction. The severai most
pertinent variables considered to have possible confound-

ing effects upon the results are alsc reviewed and systen-

atically discussed.

1. Characteristics of the Subjects
The subjects are extremely homogenous with regééb to
age. Overi?@% of the group is nineteen years old, and

over 65% ig between the ages of eighteen and twenty.

‘Subjects younger than eighteen and older than twengy-five
account for less than 13%. The ratio of males to females
is 40% to 60% resﬁectively. The age distribution in the
personality grouping of introvert, ambivert and extravert
is non significant (X2=3.66, df=4, p=n.s.);

When considering the internal distribution of the
'pgrsonality variables qf the iﬁtrovert, ambivert and
extravert across the L and H scéles, time of day tested

" and day of the study when testing occurred, the only

variable which is disproportionally weighted across

£
)
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personaliﬁy groups (x?=9.94, df=2, p<.01) is the day
testing occurred. The variable measures the number of
subjects tested during the first twenty days of the experi-
ment versus those tested during the last fifteen days.

Twice as many ambiverts were tested in the first twenty

I

7
days as in the last portion of testing and twice as many

extraverts were tested in the last portion of the study
as in the first portion. However, ""day tested" was found
to have no significant effect (F=0.37, df=4/111, p=n.s.)

across extraversion when measuring nystagmic output.

‘
2. Characteristics of Nystagmus /

In looking at the trends that the nyste:gmus
responding took, three different variables in the nystagmic
response were evaluated across personality types; they
are the time lapse from the onset'of acceleration until
the highest nystagmic response was achieved, the duration ~
of the response from ,the onset of the acceleration untii
the last nystagmic eye movement, and the difference
between'nystagmic-slow phase velocities at the height of
nystagmic output between differing instructional ﬁask
conditions. The variables of time lapse and duration of
respoﬁ?e do not differentiate ﬁersonality groups. Dura-+

. . ) ‘
tion of response is, as*expected, influenced by arousal

-

w

levels such that high arousal states induced‘significantly

p :
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(F=21, d£f=6/702, p<.001) longer nystagmic responding than

reverie.
3

‘The presentation order of the subjective mental states
was systematically counterbalanced to ascertain possible’
order and carry-over'effects Results'of an analysis
showed no order ®ffect (F—O 23, df= &/420 p=n.s.) |
as shown in Table 3.

Examples of nystagmic output taken at maximum velocity
!
for each personality group are shown in Appendix 3. The

tabulated data across time for all speeds are given in

Appendix 4. The validity of the scoring technique was
v
tested by using nine independent raters who scored a 2.5

second portion of the highest nystagmic responding for

each personality type, at each speed of stimulation, across

-

. all arousal states. (Twenty-one recordings in all were

presented.) The specific recording used was randomly

chosen by computer from the total possible records from
' y

each group. The judges were a group of nurses who had ro
knowledge of the experiment or the sj ificance of ;é;
4 .

recordings. The Kendall's Coefficient of Concordance for

-

raters and the initial scorer is 0)\89 which indicates a
non significant difference ‘in scorln%;égchnlque among all
judges.



Table 3

Analysis of Variance

Evaluating Effects of Presentation Order

Source \ SS df* v MS F P
Between ss}jects 5691.97 119 - - -
Extraversion (ES) 306.76 2 .ﬁﬂS?.BS 6.04 <.003
Arousal (Ar) 2022.28 © 4 505.57 19.92 <.001
ES X Ar 698.61 8  87.33 3.44  <.002
Error 2664. 32 105 25.37 - -1
Within subjects '11919.11 480 - - -
Order (Or) 123.29 4 5.82 0.23  n.s
Or ‘X ES 76.74 8 9.59 0.37  n.s
Or X Ar 93.07 16 30.82 Y20 s
Or X'ES X Ar 527.5% “‘321 16.49 0.64 n.s
. Error " 10798.48 420 25.71 - -
: 08 - 599 - - -

17611.

2
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3. Evaluation of tJe Hypothesis
The results of the two factor analysis of variance..

- ) “
with repeated measures on one factor found ﬁ sign%ficant[\
interaction effect, at p<.05, for the nystagmic output
between extraversion groups and mental arousal states.
(These results have been adjusted for covariance, as

‘

described in section 4 of Chapter II, using the "lower

% . ) . . .
bound estimate” of correction.) The conventional analysis

1)

of variance is presented in Table 4. .

If the.main effect of levels of extraversion (factor
A) only was evaluated, the erroneous conclusion that there

were no differences among introverts-extraverts would be

drawn. The. significant interaction effect in the analysis

is a signal to look further for differences among means

. ; “

(A)' at specific levels of the othex treadgent (B). There-
fore, the results of simple effect testing afe presented

in Table 5. \

‘

As predicted by research studies presented in
sections 3 and 4 of Chapzef.gf a significant difference
in nystagmic output between arousal states for introvert,
ambivert and extravert groupings was found. The influence
o} different arousal states on slow phase, primary nystag-
mic velocity has been well documenged since the 1960's.

However, the effect across these groupings at each level

¥ of arousal state was different. At higher arousal states

76
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< Table & f
Analysis of Variance .
- Evaluatlna Factors of Extraversion and Arousal -
Source sSs df MS F P
TR | '
| N ~ -
Betwe%E;spbjects }b,;—18h11.49 . 119 - - -
Exfraversion (£) . 20243 2 101.06 1.16 n.s.
Errorb 10209. 36 117 87.26 - -
Within subjects | 7568.23 . 480 - - -
Arousal (Ar) 2099.27 & 524.827 51.98 <.001
"(E) X Ar 743,40 8 92.93 9.20 <.001
Error ., ‘ 4725.56 468 . 10.10 : - -
Totzal 599 - - -

+17979.72




- ' : Table 5-

~Simple Effects Evaluating Factors of Extraversion and Azﬁﬁsal

Source? SS df MS F P

Between subjects

Extraversion (E)

at CC 384.66 2 192.33 7.53 <.001
at MA 278.64 2 139.32 5.46 <. 005
at TR . 206.45 2 103.23 4,04 <.025
at SR 13.18 2 6.5% 0.26 n.s.
at R 62.82 2 31.41 1.23 - n.s.
Within cell 14935.05 585 25.53 - -
Within subjects
Arousal (Ar) N
at I 727.43 4 181.86 18.01 <.001
at A 575.20 4 143.80 14.24  <:001
at E 1539.64 4L 384.91 38.11 <. 001
E X Ar . 743.40 8 892.93 9.20° <=.001
Ar X subject within .
_ groups 4725.56 468 .10.10 - -
o )
Total 17979.72 599 f - - _ -

abbreviations: CC=complex choice; MA=mental arithmetic;
TR=temporal reproduction; SR=sense of rotation;- R=reverie;
I=introvert; A=ambivert: and I=extravert.
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there was a significant difference in nystagmic production
depending.if the subject was an introvert, ambivert or
extravert; at lower arousal states no significant differ-
.ences were found. A Scheffé Test (Table 6) was calculated
to further explore this effect. The results of Table 6 are
discussed in.Section 1 of Chapter IV.

The obtained interaction effect of extraversion by
arousal was hypothesized, in Chapter i, to be the result
of the difference in linearity of the relationsh;p'between\
the two personality groups of introverts aﬁd extraverts,
ané the differences in level of arousal. Specifically,
changes in the nystagmic output during the increasing
mental aﬁgusal states vary linearly for eﬁtraverts and
curviliﬁﬁ%rly for introverts. These findings ﬁere con-
firmed by thé}fﬁ&lowing method.

For intrgvertsf the results of the F test of linear-
ify show that the difference between eta and rho is so
great as to leave ﬁo doubt of nonlinearicy (F=7.47, dfs
3/195, p<.001) in changes in nystagmic output across
increasing arousal levels. For extraverts, however, the
- obtained F indicates (F=1.73, df=3/195, p=n.s.) that

&
this chgnge is linear. The tendency for introverts'
‘responses to deviate from a straight line to a curvi-

linear form (F=19.95, df=1/195, p< .001) is seen in a

trend analysis presented in Table 7.
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Table 7

Trend Analysis of Evaluating the Nonlinear
Relationship of . Nystagmic Output with
Increasing Arousal Level

Source SS ms F P
Between levels 181570¢C 4 453230 7.31 <.C1
Linear 409984 1 409984 6.60 <.025
Quadratic 1239663 1 1239663 19.95 <.001
Cubic 3036 1 3036 0.05 n.s
Quartic 162989 1 162989 2.62 n.s
Within levels 12116000 195 62131 - -
Total 13931000 199 - - -




Chapter IV

DISCUSSION OF RESULTS

LS
-

The first section of this chapter restates the find-
ings of the present study and discusses the interaction
between levels of extraversion and levels of arousal as
they reflect Eysenck’'s model. This section proposes the
conceptual explanation of transmarginal inhibition for
the inverted-U function found pétween arousal and nystagmic
output. The last 'section suggests directions for future
research which would consider a multidimensional arousal
system's effect on the individual's processing of infor;
mation.

1. Interpretation of the Present Findings
A statistically significant interaction was found
-between levels of extraversion (as defined®by Eysenck) and

levels of arousal, as thev reflect in slow phase, primary
nystagmic velocity (refer to Table 4). Significant differ-
ences in nystagmus with changes in arousal levels were
found across:all levels of extraversion (found in Table 5).
Nystagmic changes within levels of extraversion, however,
differed depending on the level of arousal. At low arousal
levels,.no significant differences were found across

extraversion levels. At higher arousal levels, significant

p—
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differences were found (reviewed in Tables 5 and 6).

Except for one instance--introverts during the temporal
reproduction task--no significant differences in nystagnic
output between personality type were found at each of the
three arousal levels. 1In the two hizhest arousal levels,
however, signifieant differences were noted. During mental
arithmetic, introverts' velocity was greater than ambiverts
or extraverts', while during the complex choice task extra-
verts' responding was significantly higher than either of
the other two groupé. (Refer to Table 6). This interaction
effect was predicted as diagrammed in Figure 7a. The actual
outcome of events, shown in Figure 7b, closelyjapproximates
the hypothesized results.

This interaction between personality groupings and
cortical arousal is tentatively explained by the course
of nystagmic velocity change with increasing arousal. As
confirmed by computing the F test of linearity, for the
extraverted grouping there is a linear change in nystagmus
with increasing arousal levels and for introverts there is
a nonlinear change. This nonlinear change was founc to be
curvilinear in nature, as viewed in Table 7b.

The above factors are consistent with the inverﬁed-U
relationship previously suggested by Colguhoun and Corcoran
(1964) who explain their findings irn terms of excitation-

inhibition taken in conjunction with a curvilinear relationship
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- DISCUSSION OF RESULTS

between arousal and performance. Their argument followed that

arousal has been shown to be low in the morning which would

place introverts in an optimal position in their performance

on a letterx caﬁcelling task. A general rise in arousal in
the afternoon would shift extraverts into the favorable
position. If varying mental states replace the time of
day variable in Colquhoun and Corcoran’'s study and
nystagmic output replaced letter cancellation, then a
relationship approximating Figure 8 would\result.

Once concept which might expléin the phenomenon of the
inverted-U relationship has been identified as trans-
marginal inhibition. To restate this concept, trans-
marginal inhibition is an impairment in the efficiency of
performance at high levels of arousal, whether the high
level of arousal is induced by the presentation of an
vltra strong stimulus, the protracted application of a
stimulus of moderate intensity or frequent presentations
of stimuli of moéerate intensity at time intervaié short
enough to allow summation of the excitation. Individuals
high in the dimgnsion of arousability, such as introverts,
respond at a lower intensity, a lower duration, or a
lower frequency of stimulation than individuvals low in

this dimension, such as extraverts.

When contrasting Figzure 8 and Table & with the literature

-
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g PERSONALITY GROUPS
< | = introvert
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i CC = complex choice
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- SR = sense of rotation
E.R TR = temporal reproduction
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Figure 8 — Inverse-U relationshlp between Extraversion and arousal reflected in nystagmus.
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reviewing the quantitative positions of nystagmic responding
to various instructional tasks, as found in Section 4 of
Chapter I, an‘interesting conflict arises. Previous studies
(Brown & Crampton, 1964; Collins, 1962, 1953, 1964, Collins,
Crampton & Posner, 1961; Collins & Guedry, 1962, 1967)
report that the sense:of rotation task is a less arousing
condition than the mental arithmetic task. The present
resﬁlts, nevertheless, indicate both tasks are not sig-
nificantly different in eliciting cortical excitation.
Unlike the past research, however, the present study sep-
arates subjects by personality grouping and, thus, offers
further information.
This conflict might be explained by reversing the

ranked positions of the two tasks. This switch is baséd
on the interaction effect between personality grouping and
arousing conditions. If it is true that changes in slow

ase, primary nystagmus vary linearly for extraverts and
cervilinearly for introverts than Figure 9 shows graph-
ically why sense of rotation might be a more arousing state

N

than mental arithmetic and less arousing than cotiplex
choice. Figure 9b, the tentatively suggested positioning
of the instructional gasks, enhances the curvilineérity of

responding of introverts and the linearity of responding

of extraverts. Table 8 presents the results of a trend
2" .

N
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Table 8

Trend Analysis of Nystagmic Output with Arousal Level
Evaluating the Tentative Ranked Positions of
Instructional Tasks

—
Source SS daf ms F P
S #
Betweep levels 1815700 4 453930 7.31 <.01
Linear 256806 1 256306 4.13 <.05

Quadratic 1503775 1 1503775  24.20 <001
Cubic 44935 1 ‘ 44935 0.72 n.s
Quartic 10204 1 10204 0116 n.s
Within levels 12116000 195 62131 - _/f -
Total 13931000. 199 - - -

e
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analysis for the introverted group.based on the ranked
positions in Figure 9b; compared to Table 7, the énhancea
curvilinear responding is shown statistically (F=24.20,
df=1/195, p<.001) by the-currenf computation. .Therefore,.
depending én the personality type of the sﬁéject pool on ’
which the study is based, the ranked positigns of thé
mental tasks may vary. . -

) Unfortunately, quantitativé nystagmic-studies haﬁe
not considered individuals' personality type when select-
ing subjects. If a high preponderance of the experimeptal
subjects found in the previous studie; were introverted
than sensé of. rotation would have been‘féund to pgodﬁce a
lower velocity nystagmic response than the meﬁtal arith-

metic task.

N
~

~ 2. Suggestions for Future Research

\

‘The present study supports the inverted-U relation-

-~ : ]
’Epip described by the Yerkes-Dodson Law. According to
this law arousal can be regarded as a unidimensional

construct where levels of arousal represent gquantitative,
variations along continuum. However, the wvalidity of

[ 3

this single, arousal based system has been placed in doubt
i ’

by ‘previous research (Lacey, 1967;\Pribram &-McGuiness,

1975) which differentiates two or more q glitatively

. different physiological compqgitions diétiqg;ksbing,
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arousal from activation states. Research by Broadbent
(1971) and Thaver (1970) suggests that two arousal dimen-
sioné may'exist. The lower arousal mechanisﬁisuggested by
Broadbent's upper arousal system and Thayer'q:éétivation |
.domension B are affec;ed by Entense, exterﬂél stimulation;
Broadbent's upper arousal system and Thayer's activation
diménsion A is affecied,by less than optimal arousal.

M. W. Eysenck (1982) postulates that there is a divi-
sion between arousal produced as a result of the active,
cognitive involvement of the individual in a task, and
arousal produced by\passiée, non-task stimuli, such as
noise or drugs. The two arousers used together interact
with each other in determining performance whereas the
‘same two arousers applied separately will produce different
patterns of results. The effort of only single arousers
on task pefformancé can be greégly-effected by small al-
terations in task paranmeters éi.tﬁ Eysenck, 1982, p." 18%8).

A .
S t .
Eysenck has suggested the! course of future research

» e

to be in deterﬁfging how different arousal states and task
_demands procduce spécific processing strategies in indi-:
viduals: Only with this knowledge will tﬁe effects of a
single arouser on task nerformance be unde;stood. As seen
by the ﬁresent study, slow ﬁhase, primary nystagﬁic

‘velocity could be used as an excellent dependent measure

\\\fn research which would be divised to examine the above
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question. The sensitivity of the nystagmic response to

arousal changes is very important since a finding of most
studies is that arousal manipulations.have smaller effects
on many dependent measures than would have been expected-

(M. W. Eysenck, 1582, p. 66).

~
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SUMMARY AND CONCLUSIOXN

H. J. Eysenck (1967j has proposed that personality
differences may be classified according to a cortical
arousal continuum and these differences are reflected on

the Evsenck Personalityv Inventory: TForm A (EPI).

Tvidence has accumulated that there are differences in
cortical arousal in these different groups such that
their baseline differences may be affected differently
by variations in the arousing condition defined by mental
tasks. Recently published research suggests that there

is a significant interaction of extraversion with varying
levels of arousal. Earlier research by Ferneyhough (1976)
also suggested the ﬁresence of this interaction effect;
however, the study only considered the extreme points of
the arousal continuum and, thérefore, did not provide an
explanation for the effects on a continuum of arousing

.

céhditions across a continuum of subjects defined at
differe;E\points on the EPI. This present study, based
on measurement of nystagmus as a measure of cortical
excitation, addresses the question of a significant inter-
action betweeﬂ these groups.

One hundred and twenty undergraduate, unpald

volunteers were randomly chosen from a pool of 188 sub-

jects who met six preconditions which assured their normal

" A
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labyrinthine functioning. The subjects were equally

assigned to the introvert, ambivert and extragVert grouping

depending if they scored below 10 or above 157on the Z e

scale of the EPI.

Equipment was devised to produce angular rotation,
resulting in stimulation of the subjects' horizontal semi-
circular canals. This produced nystagmic responding which
was the dependent variable. The independent variables
were the five mental, instructional tasks the éubjects
maintained while they rotated. Each instructional task
was described immediately prior to the subjects' perform-
ance of the task. The presentation er of the mental
tasks was counterbalanced between fects. The different
instructions were modeled after mental tasks commonly
found in the literature. The parameters for each task are:
(1) Reverie- maintaining a state of daydreaming with eyes

‘open in the dark; (2) Temporal Reproduction - duplication

of the duration of 2 tone; (3) Sense of Rotation - indicating )

the onset and cessation of rotation, as well as each 90
degree turn; (4) Mental Arithmetic- simple addition, sub-
traction and multiplication problems; and (5) Complex Choice-
a decision making task requiring identification of the

last highest tone. Before experiencing rotation with the
above five mental tasks, the subjects were rotated while‘
they counted from one forward, as a practice qgssion,

to acquaint them with the experimental situation.

e



SUMMARY AND CONCLUSION

They were then rotated while they sat -quietly to
record their basal, baseline response.

Beckman electrodes were applied to the outer canti
of the subjects' eyes and their heads were restrained so
that their horizontal, semicir&ﬁlar canals were in the
plane of rotation. Seven, seven second, clockwise rota-
tions of 9.4°/sec2 were administered followed by.a 76
second period of constant velocity. Five minutes between
rotations elapsed to allow the vestibular system to
return to homeostasis. During these rest periods the
subjects continued to be rotated at a constant velocity
of one degree per second. Throughout each acceleration
and constant velocity periods of 66 degrees per second
the subjects continued to perform their assigned mental
task.

Electronystagmic reéordings were taken from the on-
set of acceleration until the onset of deceleration for
each trial. All slow phase, primary nystagmic velocities
were analyzed by hand measurements. To minimize the
effects of random fluctuations, arithmetic averages of
nystagmus over 2.5 second blocks were computed for the
final znalyses. Since large variations in basal nystagmic

A
response between individuals of the same personality group
were found in a.previous study (Fermeyhough, 1976), a

difference score method was used. The difference score

95
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for each task.consisted of the maximum. velocity nystagmic
response obtained for that individuai during the basal
mental task subtracted from the maximum velocity nystagmic
response for each specific mental task under consideration.
Therefore, the rate of nystagmic change across the mental
arousal changes could be equated for all subjects.

- A two factor analysis of variance, with repeated
measures on one factor, was applied to the data. The
main factors considered were the three levels of extra-
version and the five levels of arousal elicited by mental,
instructional tasks. A statistically significant inter-
action (F=9.20, df=8/458, prOOI) was found between levels
of extraversion and levels 6} arousal, as reflected on
slow phase, primary nystagmic velocity. Analysis of the
simple effects and a Scheffe test indicate that significant
differences in nystagmic velocity between the different
personality groups were only found at the higher arousal
levels induced by instructional tasks.

The results wére assessed by testing differencé; in
linearity cf the relationship between peréonality Zroups
and the differences in level of arousal. For extraverts,
the results of the F test of linearity shows that the
difference %etween eta and rho is insignificant and leaves

no doubt of the linearity (F=1.73, df=3/1%5, p=n.s.) in

chanzes in nystagmic output across increasing arousal
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levels. For introverts, however, the obtained F indicates
(F=7.47, df=3/195, p<.001) that this change is nenlinear.
A trend.analysis of the curve that best describes this
nonlinear result for introverts shows that a curvilinear
quadratic equation best fits the data.
The findings of this study add support to the
theory that varying reactions of individuals to stimula-
tion is a function of psychophysiological typologies.
Individuals Who are extraverted show that with increasing
,dﬁz;;;;:;_ggxziousing stimulation zheir resultant cortical
excitation directly T increases in level. For'indiﬁiduals
ﬁho are introverted, however, increases in'intensity of
arousal show increases in cortical excitation followed by
a decrement in excitation level. This inverted-U phen-
omenon has been described in the Western literature for
extraverts and introvercts and by Soviet investigators for

weak and strong nervous systems.
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INFORMATION GIVEN TO THE
SUBJECTS PRIOR TO TESTING

A. Soliciting Subjects

(ﬁead'aloud in the classroom to all students.)

"I ,am preparlng for.a research DrOJect in experimental
psvchologv to fulfill the reguirements for a Ph.D. Your
teacher has given me permission to talk to you during the
last twenty minutes of this class in order to enlist you as
unpaid volunteers. To take part in a research project will
help_vou to understand. thqungground of the research
artiales that'you are reguls to read. Should vou par-
ticipate in this study you will earn extra credlts towards
vour final grade of this course.”

"If vou decide to volunteer vou will take a short
-paoer and-pencil test today. Later this week, if vou are
called vou will be asked.to come to the psychology labor-
atory for one hour at a mutually convenient time. During
that hour you will sit in a chair, recording devices will
be taped near the temples of your head, and you will be
rotated while in the dark. During seven different rota-
tions vou.will be asked to complete varying mental tasks.
I assure you that you will be guite safe. The rotations
are not fast and in some instdnces you might not perceive
that you are rotating at all. .

.

"Your teacher will notify you when the study is
completed, and at that time, you may reguest your individual
results. A full explanation of this stildy will ‘be provided
to yvou at the reservation desk of the library. = If vou wish,

yvou may also contact me to dlscuss the- details in more
deDth.“ .

"A subject”in this experiment must meet certain pre-
conditions which I will list in just a minute. The findincs
of this study might be adversely affected if preconditions
are not met bv all subjects. I hope you,understané how
important it is that vou exclude vourself-From this stuéy ~ -

.1f vou-do not meet them.

%
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"The preconditions you must meet are: £first, you
should not have a history of inner ear disorder. Secondly,
you must not have experienced a high centrifugal force in
the past year, (such as an airplane pllot might have), nor
should vou have been a part1c1pant in a rotational experi-
ment. Thlrdly, you should not have taken any prescribed or
illicit drugs during the past month, and you must agree to
continue to abstain from drugs until you have completed
this experiment. Fourthly, you must agree to abstain from
alcohol for at least fifteen hours, and tobacco, coffee and
tea for at least two hours prior to rotation in the labora-
torv. Lastly, you must also agree to sleep the length of
time normal for you during the night before your rotation.”

"Everyone who can not or does not wish to participate
in this experiment may leave the classroom now. Anvone
who is unsure if he or she meets the preconditions I have
mentioned should come to the front to discuss his or her
guestions with me.'

(Pass out thé Evsenck Personalityv Inventory: Form A.)

-

"Please fill out the fi;;:_:;;\}ineS'of the heading of
the test. It includes your name, age,\gender, the year you
are in at college, and ay's date. 2Adso, at the top of
the sheet please write a tedephone number at which I can
reach you."

(Pause.) A

""The instructions for +his test are found in the
middle portion of vour sheet. I will read them aloud whlle
you. read them 51lently.

(The instructions are read.)

“ "AS soon as vou complete your gquestionnaire, please
bring it to the front 1mmed1ately. Are there any gquestions?
Now begln.

(A sheet of paper listing items 3, 4 and 5 of
the precondltlons is handed to the volunteers
as they turn in their papers with a reminder of
the importahce of adhering to the requirements.)

] , e
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B. Og-giterEquipment Description and
Demonstration Prior to Nystagmic Testing.

(Read aloud in the room containing the
rotational apparatus in the laboratory.) .

+
"Before I begin I will ask you not to discuss with
anyone else what you will experience today until after
everyone is tested. You had no knowledge about this study
before you entered the testing situation, and it is
essential that your classmates start with the same level
of information. Thank you!"

-

"I am familiarizing you with the apparatus before
testing to allay anxiety- you might possibly have about
being connected to the equipment and about being rotated.
As you can see; this is the chair on the rotating platform
in which you will sit. The safety belt will be across
your lap, the head holder will keep your head in position,
and the front table, with small red lights, buttons, and a
switch, will be placed across your lap." (The experimenter
points to each section of the eguipment.)

"A microphone will be placed around your neck, so that
you can talk to me, and headphones are placed over your
- ears, so that you can hear me. (The microphone and head-
phones are shown to the subject.) These small electrodes
will be taped near your eyes (the outer canthi of each
eye 1is pomnted to) and plugged into’this box attached to
the frame here. Don't worry- you will not receive any
electricity through these electrodes: they will only record
informationr from your body." (If the subject asks what is
to be recorded, he id reminded that after the study is
completed he will recedve a full explanation Qf the
research )

r

"If you wish to leave the experiment at any time for
any reason, you should tell me and you will be freed from
the apparatus-in less than one minute- even during rota-
tion. I will now show you how the platform rotates. I
will rotate it at the fastest possible acceleration you
might experience."”
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(The chair is rotated at 9.4°/sec
with the subject standing nearby.)

"Any comments or guestions? None? Then let's
begin."

(After completing the testing the subject is

again reminded not to_discuss his or her ex-

perience with others/until all Subjects are
tested.) k
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TAPED INSTRUCTIONS

[Testing of the Apparatus]

"Before we begin, I want to test the eguipment. Tones
will be given to your left ear and then to the right eax.
The tones should both be of the same gquality and the same
intensity. 1If you think the tones seem different please tell
me. Do you hear this tone in your left ear? (Tone of 510 Hz
at 85 dB for five seconds.) Do you hear this tone in your
right ear?" (Same tcne for five seconds.)

"Now look down with your eyes, only remembering to keep
your head in the position I have placed it. Never move your
head throughout the experiment; move only your eves. Look
déwn to the box with two buttons. If you are right handed
it is'on the right arm rest; if you are left handed it is on
the left arm rest. Place your fingers on the buttons. Press
the button on the right side. (Pause) Press the button on
the left side." (Pause)

“On your left hand rest, in front of the foam padding

for vour left arm and next to your left hand, is a toggle
switch. Place your hand on this switch. It can be moved
"to the left or to the right. Press it to your left. The
small red lights directly in front of you should turn on
alternately. If they don't come on please tell me.
(Pause) Now move the switch to the right. Both lights
shoulé go out. If thev don't go out please tell m-."
{Pause) -

"Thank you. Now we are set to go on.”

»

[Practice Session--PS]

"I want to briefly introduce vou to the eguipment you
are sitting in and then you will have a short practice
session which W1ll acguaint you with the procedure we will
follow."

"You are szttlng on a platform which I can rotate,
but don't worry because you will turn very slowly and you
may not even feel the rotation.- As a precaution please
keep your feet flat on the floor at all times. Also, try
not to move around excessively. The reason:I strappec
your head at a forward angle of 30° is extremely important
to this experiment so please always keep your head in this
position until you are unstrapped and the experiment 1is
over. If you look forward you will see a board with a row
of red lights. At certain times I will ask you to follow
the flashing lights with both eyes. Move your eyes
guickly to the light that is lit. When it goes out move
your eyes sharply to the othér light. Continue moving
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vour eyes back and forth until both the lights go out.
Remember, keep your head in the position I originally
placed it. Don't move your head at all, just move your
eves. Beforehand you will be instructed as to the task
you must complete after the lights go out.”

“The switch which turns these lights on and off is
located on the left hand rest just in front of the foam
padding. Remember the position of this toggle switch
because in a few minutes the room will be darkened until
the end of the experiment.”

"For some tasks you will be required to press buttons.
If you are right handed look at the right hand rest.
Remember, don't change the position of your head--just
move vour eves to the right. If you are left handed - look
to the left hand rest. You will see a box with two large
red and black plugs and two buttons: a red one on the
left side and a black one on the right side. Place vour
nearest hand on the buttons and press them with your
fingers. Remember the position of this box and the
buttons because from now on you will be in the dark until
the end of this experiment.”

"OK, now I will turn the lights out. (The room
lights are turned off.} It is time to start vour practice
session. It won't be as long as the regular trials that
will follow, but it will show you that you are safe. From
now on it is important that you keep your eyes open when I
tell you to and try not to blink. This will only be during
the different tasks vou will complete. When I tell you to
rest for five minutes you may have your eyes open Or closed
until the next task.” i N

"Now keep your eves open and looking forward. Sharply
follow the lights with your eyves. When both the lights' go
off begin counting from one forward until I tell vyou to
stop. For example, I want you to count out iloud: one,
two, three, four, and so on. At some point during this
period vou will be rotated. Let's begin.”

"place your left hand on the toggle switch located
just in front of the foam on the left hand rest. Move the
switch to the left. Follow the lights with your eves.
(Pause) Now turn the lights off by moving the switch to
the right. Neither light should be on."

"Now please begin counting.”

. Task

_ "Now this task is completed. We both must wait five
minutes until the next trial--so just relax, close your
eves if you want to, and I will tell you when the time 1is
up. The next trial begins the experiment in earnest.”

[Basal -— B]

"In this task I want vou to just- sit as you would if
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e,

you were waiting guietly for an appointment. You will be

rotating at some point during this period but please do

not attend to this movement. Just pretend you are sitting

in a normal chair, placed in a normal room. Always keep

your head tilted 30° forward. Xeep your eyes open and try

not to blink." . '

"Before this task begins I want you to follow the
flashing lights in front of you with both eyes as you did
in the practice session. Move your eyes guickly to the _
light that is lit. When it goes out move your eyes sharply
to the other light. Continue moving your eyes back and
forth until both lights go out. This time, when they go
out, follow the instructions just given %to you about sitting
guietly."

"Place your left hand on the toggle switch located just
in front of the foam on the left hand rest. Move the switch
to the left. Follow the lights with your eyes. (Pause)

Now turn the lights off by moving the switch to the right.
Neither light should be on."

"Now pretend vou are sitting gquietly waiting for an
appointment."”

[Task] .

"OK, you can stop now. Agalin we both must wait five
minutes until the next trial--so just relax, close your eyes
if you want to, and I will tell you when the time is up."

[Complex Choice--CC]
- "In this task you will hear a series of four changing
tones (designated in this script by numbers: tone "one”
at 500 Hz, "two" at 1.05 kH¥z, "three" at 2 kHdz and "four”
at 3.70 kHz) in both ears (presented at the average decibel
intensity of 87dB). However, the tones will vary differently
in each ear. For example, in your left ear vou will hear
this: "1324" (left ear only)., In your right ear you will
hear this: "3241" (right ear only). Played simultaneously
theu will sound like this: "1324 {(left ear}/"3241" (right 'ear).
JFrom now on the tones will be presented simultaneously. Your
job will be to listen to the last tone in the series and
indicate, by pressing buttons, whether the left ear or the
right ear heard the highest note! 1In the last example the
highest tone was heard in the left ear. Listen: "1324"
(left ear)/"3241" (right ear). Now, if you are right handed
place your right hand on the right hand rest.and £ind the box
with the two buttons. If you are left handed place your leit
hand on the left hand rest to find this box. Since ‘the highest
last tone heard in the example was heard by the left ear, press
the button to the left of the box. If the highest tone was to
the right ear, you would press the right side button. Always
release the button immediately after you press it."

"Hdere are three practice 'sessions. Remember, after the
fourth tone pair is presented press the left button if the
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last highest tone was heard by the left ear or the right
button if it was heard with the right ear. ™1342" (left
ear)"2314" (right ear). The last highest tone was heard
with the right ear so press the right button. You try the
next practice series. "4312" (left ear)"1234"™ (right ear).
As you can see you must pay strict attention to the tones
to be able to make the correct choice."”

"You will be rotating at some point during this task
but please don't attend to this movement. Just concentrate .
only on the tones and trying to press the correct button.
Before we begin, please look straight ahead and follow the
flashing lights with both eyes. When both lights remain
cut, keep your eyes open and pointed forward. Do not close
them until you are told you may. Also, try not to blink.
As always, keep your head tilted 30° forward. Do your best."

"Place your left hand on the toggle switch located
just in front of the foam aon the left hand rest. Move the
switch to the left. Feollow the lights with your eves.
(Pause) Now turn the light off by moving the sw;tch to the
right. ©Neither lights should be on."

"Let's begin the task.”

[Task]

(1) 2314 left ear (5) 3214 left earx {9) 2134 left ear
1243 right gar 1243 right ear 4123 right ear

{2) 1342 left ear (6) 3214 left ear (1¢) 1342 left ear
1243 right ear 4312 right ear . 2314 right ear

(3) 4231 left ear . (7)) 4132 left ear (11) 1432 left ear
4312 right ear 3214 right ear 2413 right ear
(4) 3124 left eaB (8) 2314 left ear (12) 2134 left ear °

2341 right ear 2341 right ear 4231 right ear

(Twelve presentations at an average intensity of 76 dB taking
five seconds each with a five second period for the subject to
respond in. . '

"OX, you can stop now. Again we both must wait five
minutes until the next trial--so just relax, close your eyes
if you.want to, and I will tell you when the time is up."

[Mental Arithmetic--MAa]

"In this task I will ask you very simple mathematical
guestions and I want you to say the answer out loud as
ghickly as you can. An example of what I will ask you is:
‘How much is two plus two? - and you will answer out loud,
four. This task is easy but it does take concentration on
your part, so please attend to- the questlon and work guickly
and accurately. You will be rotating at some point during
this task but please don't attend to this movement.”

"Before we begin please look straight ahead and follow
the flashing lights with both eyes. When both lights remain
out, keep your eyes open and pointed forward. Do not close
your eyes until you are told you may. Also, try not to
‘blink. As always, keep your head tilted 30° forward."
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"Place your left hand on the toggle switch located
just in front of the foam on the left hand rest. Move the
switch to the left. Follow the lights with your eves.
‘(Pause) Now turn the lights off by moving the switch to
the right. Neither light should be on."”

"Let's begin."

, [Task]
1) 7+1= ( 6) 9+1= (11} 6X3= (16) O0+2= {(21) 3+9=
2) 1-0= ( 7) 040= (1l2) 7+8= (17) 3-1= (22)/&7+3=
3) 2+8= ( 8) 3X6= (13) 8X7= (18) 2-8= (23)7 2x2=
4) 3X4= ( 9) 8-8= (14) 4+47= (19) 6+3= (24) 4-1=
53) 6-1= (10) 4-0= (15) 5+6= (20) 4X5= S

“ o

(Twenty-four presentations spoken at an average intensity of
81 dB each taking five seconds to ask the question and the
subject to give the answex.) ‘

"OX, you can stop now. Again we both must wait five
minutes until the next trial--so just relax, close your eves
if you want to, and I will tell you when the time is up.”

[Sensation ®f Rotation--SR]

"In this task I want you to attend to your rotation.

If you are right handed place your hand on the right hand
rest and find a box with two buttons. If you‘are left
handed place your left hand on the left hand rest to find
this box." - ' : ' .

"When you think you have begun to turn, press down any
one of the two buttons and then release the button. Tvery
time thereafter, when you think you have rotated 90° I want
You to press the button. So you will press the button a
total of four times every time you think you feel that you
have rotated completely around in a full circle. When you
feel that you have stopped rotating press the button and do
net press it again." . : o
.. "Before we begin please look straight ahead and follaow
the flashing lights with-both eyes. When both lights remain
out keep your eyes open and pointed-forward. ‘Do -not close
your eyes until you are told you may. Also, try not to
blink. BAs always keep your head tilted 30° forward."

@ "pPlace your left hand 'on the toggle switch located just
in front of the foam on the left hand rest. Move the -switch
to the left. TFollow the lights with your eves. (Pause)

Now turn the lights off by moving the switch to the right.
Neither light should be on." _

"Let's begin the task."

[Task] _ .

"OX, you can stop now. Again we both must wait five -
minutes until the gpext trial--so just relax, close your
eyes if you want to, and I will tell you when the time is.

up- L1} . N . ‘
N
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[Temporal Reproduction=-TR]

"In this task you will hear a tine in both ears. Pay
attention to the length of the tone because when it goes
off I want you to reproduce the length of the tone by
pressing a button the same period of time. The length of
one tone might last one second while another may last for
five seconds so please pay close attention.”

"Now, 1f you are right handed place your right hand on
the right hand rest and find a box with two buttons. 1If
you are left handed place your left hand on the left hand
rest to find this box. Listen carefully and note the
length ¢f the tone and when it is finished press any one
- of the two buttons for what you think is the same length of
time as the presented tone. You will be rotating at some
point during this task but please don' t attend to the move-

ment."
' "Before we begin please look straight ahead and:follow
the flashing lights with both your eyes.- When both lights
remain out, keep your eves open and pointed forward. Do
not close your eyes until vou are told you may. Also, try
not to blink. As always, keep your head tilted 30° forward.”

"Place your left hand on the toggle switch located just
in front of the foam on the left hand rest. Move the
switch to the left. Follow the lights with your eyves.
(Pause) Now turn the lights off by moving the switch to
the right. ©Neither light should be on.

"Let's begin.”

ITask]
{ 1) 1 second { 5} 5 seconds ( 9) 2 seconds
( 2) 5 seconds ( 6) 4 seconds (10) 1 second
{ 3) 2 seconds {( 7) 4 seconds (11) 1 second
( 4) 3 seconds . ( 8) 3 seconds (12) 5 seconds

(Twélve presentations of a tone of 510 Hz at 86 &3 taking

five seconds each with a five secon@ period for the subject

to respond in.)

. "OK, you can stop now. Again we both must wait five
minutes until the next trial--so just relax,. close your eyes
if you want to, and I will tell you when the time is up."

[Réve;ie—-R]

"In this task I want you to sit quietly, complgtely
relaxed with your eyes open. Daydream but do not deliberately
pursue any line of thought. Do not think of anything of
‘real concern to you. , Let thoughts flow freely into and out
‘of'your mind without any effort on your part. Remain as
physically relaxed as you can, but keep your eyes open.
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You will be rotated at some point during this task but
please don't attend to the movement."”

"Before we begin please look straight ahead and follow
the flashing lights with both eyes. When both lights re-
main out keep your eyes open and pointed forward. Do not
close your eyes until you are told you may. Also, try not
to blink. As always keep your head tilted 30° forward."

"Place your left hand on the toggle switch located
just in front of the foam on the left hand rest. Move the
switch to the left. Follow the lights with your eves.
(Pause) Now turn the lights off by moving the switch to
the right. Neither light should be on."

"Let's begin."

[Task] .

"OK, you can stop now. BAgain we both must wait five
minutes until the next trial--so just relax, close your
eyes if you want to, and I will tell you when the time is
up. 1"

[Closing Remarks]
"This experiment is over. "~ Thank ybu for your .co-

operation. Please remain seated and I will be with you in
a minute to unhook yeou."”

Note: All tones were sinusoidal waves, with a 6% distortion,
generated on a non commercial tone oscillator.
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DESCRIPTION OF ELECTRONIC EQUIPMENT
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SILICON CONTROLLED RECTIFIER
The silicon controlled rectifiexr (SCR) is a Century
Model 76 adjustable speed drive (refer to attached
schematic) that converts single phase 220 AC voltage to
half wave adjustable DC voltage. The-voltave is aDplled
to the drive motor armature to obtain adjustable speed.
The voltage is phase controlled to adjust the average

output voltage according to the speed setting on- the speed *

adjust potentiometer, and to correct errors and changes

detected in the system. The drlve functions of the motor
are controlled by forwardsreverse pushbuttons and 2 single
turn speed potentiométer.

With a constant field voltage, the DC motor output
speed 1is in direct proportion Fo.the applied_a;mature
voltage, with rated armature voltage producing rated motor
base speed. Under these conditions the motor output torque
remains constant and the horsepower capability varies
directly with ﬁoﬁor speed.

The ﬁotor speed is sensed'by comparing motdf armature
voltage-against the portion of-the regulated reference
voltage at the speed set potentiomeﬁer. Any error between

the two voltages is signalled to the error sensing amnll—‘

fier. The am llfler output in turn is signalled to the
— : 1P )24

- .
+

-]
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ﬁnijunction transistor firing circuit which.adju;tﬁ the
firing angle g}.the SCR to eliminate the error.

The SCR is much like an ordinary silicon diode that
allows current to pass in one direction only-when a~sine
wave AC voltage is applied at its terminmals. It differs
from an ordinary dibde'rectifier'in that it has an additional

coﬁponent known as a gate that allows the rectifier to block

current in the forward as well as in the reverse. dlrectlon
wntil a current signal is apvlled to the gate. The SCR does
not conduct until an error gate signal is giwen to the
triggering circuit from the error sensing amplifier. When;
the signél is appligd the AC wave acts essentlally as a
short circuit wth a constant voltaﬂe drop for the remalnder
of the half cycle and the conducted current is limited only
by the“impedance of the lﬁad. _ . |

The point in the cycle gf which the SCR is triggered
determines the voltage applied to the motor armature. 1f

-

the firing angle is at or near zero degrees, rated voltage

“is applied to the armature and the mOTLOr operates at rated

‘speed. The average DC voltage output decreases as a

triggering angle of 180 degrees is approached. The average

DC voltage output is zero when the triggering angle is at

lSO‘degrees.~w
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T —r | THE INTEGRATOR
Tﬁe integrator (refer tb the attached séﬁematic) is
a noncommercial, electronic apparatus designed at the
School of Psychélogy of thé-Unive;i?Ey of Oetawa to re-
place the speed-set porentiomerer which is féund in
-,

. . . T g e S
series with R2 and R4 in the silicon contrglled rectifiecg

(SCR) schematic. The charging and discharging of the

capacitor (labeled '"C" in the figure) generates. the linear
i~

I ol - - as
positive and negati¥e ramp voltage which is supplied to

the SCR through'the two 741 preamplifiers. A Lafayette

Instrument four bank timer (Model 52910) controls the 2

.length of the ramp. Resistors }2, R3 and R& govefn the
ramp‘velocity (refer to the figure). A variation of time
and charging/discharging rate results in variations in
'écceleration and -constant velocity.

‘The length of constant veldci:y'could not be held
'inﬁefinitely'due to the capécitorﬂs leakage. However,

this is not manifested at the motor until at least seventy

seconds; even then, the voltage drop is insignificant.

13

134

€



APPENDIX 2b

7 v
R8 A9
R2
>
R3 R12
R4
R1

A7

-5 ——
& ~ -
112

integrator volt meter

R1=1502k 2

A2 =182 Meg (2
R3=11.8Meg (2 .

R4 =92 Meg 02

RS = 10 Megy

R6 = 10K K

R7.R8, R10, A1 = 1K §2
.R9=10002

R12 = 5K )

Silicon
controlled
reclifier
cucuu_?..___

C=12,f

D = INS0O1 -
B1&B2=-9v

IC1 & IC2 = 741C Op-Amp

—=s
‘ L/&_os

Power Source

B
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TYE ZYE CALIBRATION UNIT

The calibration unit is a concommercial, electronic
apparatus designed at the School of Psychdlogy of the
University of Ottawa. The double-pole, double-throw

(DPDT) relay acfivates one of three pairs of light-.

emitting diod (LED) [found on the front-table of the

rotating chai he pair to be activated is selected by
a switch (S3 on the attac ed-schematic).

The relay is-digitally\controlled by the iInput of a

- . _
illuminates. When the timer's oudtpdt goes low, the
relay deactivates resulting in the deactivatiom\of
illuminated LED and in the illumination of its paried LED.

The” timer's duration is adjusted by a variable resistor.

(RS in the figﬁre).
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