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INTRODUCTION °
= ] \ - ,

N .
1

. ohe notlon of ex‘*ave*s*cn has ex*sued as a

Historically
desc“ p tion of cersonal;ty “yoes Sche?a“c enf\::mes.as evwdenced
istinetion q; '

by the works of Ca’eh, Xant, and Wundt iﬁ;tgﬂi \d
the T og_ te"ne“aments (_vseﬁck 1667).. Zysenck's e*sona i cy
u*hgdrj7has-rECOgn_ d the existence o; two'factors, ﬁ@ich he :
troversion and Neurot icism.(gysenck,. 96?)
ibit traits such

abe’s -x*-ave*S*on-;-
x*“averfs and introverts exhlblu

ioraliy, e
bilit Y 1mvuls;weress, acth1uy, l;ve’lness and excita-
- e,mdrel.

=eha
as soc i
Zxtraverts are thoueht co t
y e excitable than .

bility in varylng degrees.
- scciable, active and lively,and behaviorally mo
factor anzlysis

introverts (Sysenck, 1970).,
in psychometrics and
£ classi-

cysenck's earlier work in
thought to be an adequate syszem of
xf§£;;rts.- Studies

developed into what he thoug
“

intreoverts from e

in observable behaviors te-

fields eof

on which d___erentlaued
vo detect differences _
performed in the

which atuempted T
Zysenck's theoretical

Tween the Two personality zroups we
.research.

<3 -
Licavl

lea;ning éné—psychophy51ca’
. framework was. an adaptation of the-Hullian notion of excitation-

inhibition. hypothesis. The dlfferenfial build-up of reactive

Y inhiﬁitibn was thought to account for 1nle1dual dlfferenceé,
whereby he 1nurovert would condition more rau1d1y and disvlay
1955).

”

a2 slower habluuaulon rate than the extravert (Eysenck,

.
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_has been observed with psychophysical methods

Eysenck -(1967) has proposed a neurophysiolegical model of .

the biological differences between introverts and extraverts.”

Differences along the extraversion dimension may be accounted
for by individual variations in the corticoreticular-locp

whlch modula es cortical arousal and inhibition, with introverts
ch acuerized'by relatively greater levels of arouszl than ex-

traverts (Sysenck, 1967).. ’ .-

-,

The technigue of recording auditory brainstem evoked res-

-

ponses (3SRs) may be usefully applied in considering the -neuro-
physiological basis of individual differences in degrees of ex-

. . ' - - >

tTraversion. Snecifically,'the nrocedure may ve helpiul in.

determining the extent to whlch sub o*""lca1 ‘structures. contri-

-

bute to the enhanced auditory sensiulvity of“*ﬂ* overts that

—— i P he

-

Stelmack & Campbell, 19?&) and the enhanced auditory responsive-

ness of introverts observed with ‘the late (N1 °2) ccmbonenu of
the auditory evoked” response (Ste Imaclk, Acho*n Mlghaud,__ggy).

Jewett (1970) has suggosted *ha the'componentsvbf.ther

-

ey

-auditory 3SR which have a latency of less than 3 msec zrise

from the cochlear nerve and may serve as an index of peripherzl
responsiveness. -Components.with latencies between 3 and 8 msec
are thought to arise from brainsten auditory nuclei (Jewett,

Romano & ”1lllston, 1970; Starr_& Achor, 19?5 Stockard & Rossiter
1977). -

(B0
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Since zuditory ESRS are ‘thought “o te relative

'—J

b
-

'Jt
o
1)

0

¥ insens
to *he effec»s of auhenuzon‘(P;ctcn, Fi_lya.d Krauz 2 Calambtos,

1974) 2and arousal (kmadeo & Sharass. l the demonstr on —

of differences beltween ln roverts and extraverts ln.audluo*y Sk

-

would place some consiraint on- the fole of individual differences

-
L

in the corticoreticular mech 1anism as determiﬁgnfs oI <the degreé I

'pf'extravérsio;.‘ Such an effect, particularly in ée:.fd so Whve 1.

and Wave 11 in Jewett's (lS?Oj-nomenclafure WO qﬂ-giv? weizht fo.

the rolehof'peri heral mechanWSﬂs and might_ﬁe sugge;ffve of an .

dlternate explanaticn of indifidual differeﬂces in éﬁtravefsion:

| The Tow freaué loh's sulmnlatlon LSEd i* osychorhysical ‘m-asu*es
~ . _ -

o absoluue sensit ivity (Smith, 19€8; Stelmack & Cam?bell;’l??b)

e

has résultedhin a greater responsiveness for introverts Ihzn

extraverts., In addition, low freguency stimulation has enhan-

ced NI-PZ‘.'amplitudes of tThe late cqmponants;which was not the
. :

czase under high'freauéhcv st*ﬁula,lon ( Stelmack,.ic “O”ﬂ_é ¥Michaud,
1577). This was 2 Jusul;lcatlon to employ frecuercy manipulation
in this ube51s in order %o a&Clllvaue optimal conditicns whichao

may differentiate: ‘Introverts Fonm extzaverts.

1

The use of click stimulation to provide =z reliable 252 is
well documented in the literature.Clicx s&gnéls 5

l.’l‘

imul

v

“e the

rhigh frequency section of the cochlea. Low frequency tones;

-
-

which are characterized by slow rise tizes, are.less effect-

L

PO
[ E2]

ve in elicitin g:dﬂsce_“abTe 2SRs (Davis % Hirsh, 19?6)



. ' =
Recently, however, soﬁe authors have shown that 3SRs whicﬁ are.‘
specific fo iow freguency can be el?cited by fas*t rise.time toﬁé
pips (Weber & Folsom, 1977; Suzﬁk;, Eirai & Horiuchi, 1977) and'
by fiitered_click stimuli (Brama & Sohmér119??).

- In thié tpegis, éﬁdifory 3SRs to fast rise tiﬁé toné‘pips

were determined for groups of introverts and extraverts usin

frequencies of 0.5 k43, 2 Wiy and b Ky at 80 d3 intensity.

-

‘0



- CHAPRZR 1

REVIEY OF THE LIDESRATURS ~

This chapter bYegins by presentins an histeorical overview
the notion of extraversion. It isxfollowed by The. develop-
ment of EZysenck's theory of individual differences and leads %o

" oam T aa

hws sresent interpretation of the biologiczl basis of exiraversion

1

A review of the anauomy and“hv-wology of *he

revicular formation,

plus its application in the concerts of arouszal ancé atvention, will
*

- . -

be presentea. An overview of psychorhysiczl and'elec;rocortical

‘rese *ch which cont idutes to the articulat ion of a biolegical

Yasis.of individual differeénces is then discussed. The ¢hep-

-

ter is concluded by a statement of.the hypothesis.

Ay Hiatarieal Overvisw aAF +ha Natiam AL Tysvmoirame

The -notion of extraversion has had a long history. WEil
the method of classifying personality types has changed from 2
categorical to 2 dimensional framework, the recurrent personal-

ity description has ner51sted

.In.the second geq;ury_B.C., Hippoc {ates attempted ¢
differentiate varietiés of %emﬁergpent by-the predominance of
these four-humours ; blood, black Bile, yellow bile and phlegm

(Evsenck, 1964). The medieval view of Galen elaberated on ‘the

[

P -



.theory by attributing 2 crude biochemical explanation to account

for behavioral differences. According to Roback's (1928) histori-

cal account, Harvey's discovery of the circulation of the blood

|..Jl

shi ted the emphasis Irom the composition of the blood to its

‘moveme 1+, as -the determinant of the differences in temperament.

Xant's (Roback, 1928) treatment of character reflected this.

shift, He examined two conditions of +the blood: mzté of Tlow

L.

and temperature. The, sanguine, melancholic, choleric an ohleg-
L3 6 !

matic cons itutions varied by be eing lizgh%t, heavy, warm and co’d

blovded respectively{ Xant then divided temperamenis into those

L

£ feeling, (sangu ne and melancholie ) anc those of act ion

o

(choleric and phlegmatic). The_sanguine was characterized by

H

apidity and force but not depth, while the melancholic's.exs

o

eriences took rootv with less speed and en durﬂd for'a 70 nger

period of time. SimiY¥arly, the cholerig tenperament was‘that‘

-

of a hasty persqn while the phlegmatic iﬁd%v4duaw was simply not

-
incited to actiod. dlke his DrcdeceSSOFs, Xant brovwded a des-

criptive categorical system,to "the extent that a. person could

e allocated to any of the four pure types and denies the poss--
. . : ) &

ibilivy of ;ompgsite’temperaments. . -
Wuﬂdt's (Eyéenck, 1964) descriptibn o§.personality‘differed

from Kant's in that he pfoposed a dimensional_t&aésifiéatioﬁ

systen based on two continua, one he labelled "slow-quick",

the other "strong-weak". Thus he discarded descriptive terms

r

‘ . _ _ . . | N

-
Y



such as "light-blcoded" and guided himself solely by the type of
reaction that a_given temperament called forth. The "slow-cuick"
dlmen51on refers to *he changeab llty of.afs ecu wh;ch is aklr <o

extraverSLQn,and the “st ong-weak" continuum re ‘ers *o emotionall

—

similar %o Zyserck's neuroticism fagtor. ,The cholerics and zelan-
'cholicé‘@ould vary more iIn'terms of em ouicna;;:v ~han either the
._plegmaticé'aﬁd éanguinics. Regafdiﬁg the reaétiv;%y di enszo ;

¢l o’erlcs and sanguvn_cs wdh’d be character ized a2s zore ch H;eéﬁké

jchan ‘anleg:::a‘t:.cs and melancholics. o .

ct
T

1]

|

Carl Jung (‘923) . TO pularized notion” ol extraversion

A
.

-1
3

!

wilthin a psychoanalyflc -ramework\ + his dimensional system,he

extravert's 1ibido was directed more ﬁowgrd his own inner mental state.
" Jung was credited as well with linking extraversion and intro-

-

version with Janet's two main reurotvic disorders, hysveria and

psychasthenia rgs;ectively.". ) I ‘ - -

One wzy in which Zvsenck's systew of personality class—.

lfication differs from the ancwenus would he in te:?s of the

' %
cual_.ty of description. Eysenck adheres to a dimens nal her
than a categorical view with regard .to both extnaver nd

psychiatric disorders. Zysenck (1957) considgrs that a cate-
gorical view runs the risk.of misclassifica ion. in that allo-
cation would de based on an intuitive choiceé of 2 predominant

feature of nersonélity. This would be a limiting £

(0]
fu
ct
o
H
4]
[
1

that the system only nrOV1des qualitative, env vironmentally-
specific information whereby possession of the criteria would

be. sufficient for allocation to the catezory.



4

' The advantage of the dimensional framework would te that ind

Jte

vidual

b

differences are’ more readily understood in dégree, thus.troviding

nmore detail ed information than in a-circumsc bed category.

-

Another inu of comn rison which distingusheq Zysenck i

hlS exmlanauo*y amewc}k Galen attempted to exw»lain ne“sona__u

L
-

“ypes vy a préponderance of humors. Jung's e blar tion was

o
. - . . . *
P

based on a psycheanalytic concept of “sych*c ene Ty, Eysenck,

n the other hand, acécunts“fof individual differences in ter=s

of models drawn from modern exbe-_men.a1 psychdlogys

‘Develoovment of Evsenck's Theory of Extraversion

Y

-

ysencX's theory of personality o;-e*s 2 comprehensive sysue
which attempts to relate personality dimensions to the bzo_og;cal

‘foundavions of

144 .

ndividual differences. The dasic gquestion that

Eysenck poses is that in cases of neurotic breakdown, why is
*he”e a tendency Tor lntrover*ed individuals to develoo dyst ymic
symptomatology.and extraverted -ndzv;duals hystérical and- psycho-

pathic cdisorders? In the attempt to answer that question he has

drawn from methods in,psychometrits, statistics, leamming theory,
and currently, neurocthysiology.

- . . ‘ . : . T
In 1947, Zysenck First described exiraversion in the

Dimensions of P 3= it
Dimensions of Personality. “wo Sub;acuo*s, sociability and im-

'

Pulsiveness, were revealed as first order facitors of extraversion.

‘ . . 4 . . ] :
et .
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the Dynanics of inxiety ard Zvsteria (1957), factor anzly=ic

studies repeatedly demonst rate&;two orthogonal hiéher-crds“ JTac-
tors, extraversiQp and neuroticism, Criterion analysis revealed
N . ‘ :
‘that:dysthymics tended o combine high neurcticism with é nigh
degree of introversion. Qon%ersely'hysterics, a2lthouzh they
scored abote r{o!".-'ls.'.'"l on neur votLCLSm Nere zucﬁ'morefextraverted‘
.*han dys bymﬂcs\:ence the ex*“ave*s*on-ﬂeuroticism classificati
. systen encompassed classical psychiatry.
The first order factors of neuroticisn and extraversion
‘have been challenged by tthér authors. Guilford (’9?7) claims
that'Eysé;ck has not obtainéa the simplest s*ructuce, 'iﬁilfcfd
purports that extmaversion is a second orqer'féctor involvinsz
irst crder féctoré which-'he 1abels "R" (restrzin: Qersus

rhathymia) . and “T“'Cthoughtftllngésl.

Eysenck's interpretation was tha%t he had accemplished his

-

first phase in personality descripiion, namely a classification
system.pn'a descriptive level by statistical méthods. %?s
research then took the direction of ‘following a hyvpothetico-

deductive approach, and formulated an hypothesis as to the cau-

S

sality of these nersonallty dlmen51cns

In the decade of the fifties, ;ysenck attempted a " the-
oretical unifiéation of *the experimenté; field with learning
theory (Eysenck, 1969). Individual dl_-e*ences were hytoth-

esized to be variances in.an excitation 1.hib on balance

.

4
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This approach waé}an adéotat'or .0f the Hullian conceqt of reactive

';nhibitio. and was more dynanic thar aysenck s orev«ous wo-k;__

‘The ¥ 1--us_ of this. thesis was that an in trove*t would .

condivion more-reaozly than an extravert due to the differenvial

build-up of»reactive inhibition (Zysenck, 1957). The introvert's

grester sensit i i*y to stimulat*on oould be att iquEd to his
T )

tendency to quickl y ~ene*aoe SutOR& exczuauo*y ce*ebra1 ootert*a‘s
and at the sanme time 00 slowly develoo a weak *eactlve inhi bl*;on

Whlch would ou*ckly dﬂss’oaoa. The extravert's response to
sulpulatlon would be dlfferent in <that he would slowly genérate
weak excitatory potentizals and yet develoo stfong reac.lve inhib-. "~

ition .quickly which would d*ssina*e slowly “he byooohe ical

-

e

construct of 1"eaC't:J.ve lnh’blvlon suggesos 20 rmoass tc the

*aoe of condvtlonabllluy, in uhau reactive inhibition woul

lﬁh’b t the evocatlon of the aCulV’ty in queatlon The behav-

o::'e.'I e’:ect hyﬁOuhES’ZEd Nas-uhau <The extrave*t appear ed _to

seeX stimulztion wnile +the lntrove*t aveoided owe*solmuls ion.

The attexpted unification of the exoeri*xen'tal field wity
lﬂarnlng *heory DrOV’ded Zysenck wz*h a wealth of resoufces
from Russxan psychology. Zysenck suggested_s;ﬁilarites tetween
the Pa%lovian concépt of sfrengfh versus wezkness of thé oentroi
y

nervous system and the Zysenckian hypothesis of an excitation-

inhibition balance. ' L’ "t



" Pavlov had demonsu*abed that cortical excitatiorn facilitaved
conditioning, nrovided that he optimal cdegree of excitation had
not yet been reached (-ysenck. 1967).

Recently Zysenck (1967) has proposed a neurophysioclogical

, model in the Biblqgical Sasis of Personalitv. He Hynothesl*ed

that the ex‘save“s101 aCUOP would have heen atxrlbuued to the

level of %tonic arousal deuETELREd censTitutionally by‘d;fferences

in anatomical and physio logical-strﬁcfu:es within the re%icular
formation. ‘.

The Biological 3asis of Personalitv
o - - g 1

)

Eysenck's publication in 1967 of the 3ioloszical 3asis'.of

Personality sugrnsved a more specific: neurovhysiological hy-

:notheszs of individuzl differences than <he excitation-
7
wnhwbl*ﬂon model The ;ounuaulons ef the excitation-inhibition

balance’ rESuEd in hypot hewca1 consurucus, wh ch could not be
specifically located in any physioclogical structures. These

constructs could only be assessed Dy some obss}vable vafiable;
‘Hence it seemed imposSiblé to isolate the par ulcularln luences
* of "excitation and inhibition wzth,any great efficiency.
Zysenck thought that a defici;ﬁcy in perfqrmsnce was due To re-
active inhibition,.yet if-was always open to the critic <o sugé
3gest that such d;fidiencies Were .due rathsr to a lessening of
excitation, fhereby negating the reactive- inhibition hypothesis.
Hence a testable hypothesis was suggested tﬁfough the-use of ph&—'
>

siological variabdles.



The degree of extraversion was hyg§thésized To be a2 direct

Hy

wction of the level of activity in the ascending zeticular
activating system. Zysenck then identified differences in be-

-havior which were rela+ted to neurgticism with differentizl

thresholds of activation in the visceral brain ( Zysenck, 1967)
Zysenck made a distinction between arousal and emotionality.,

He'refers to arocusal when speaking of differences in cortical

activilty as meditated by the ascending reticular activating
system. The concept of activation or emoticnality refers to
~autonomic activity mediated by the limbic system and co-

. ordinated by the viscerzl. brain. This distinc*ion did no+ Dos-
tulate complete independence of these structures due %o con-

’ : - - -
nections that the reticular formation would have with the hy-

- pothalmus, but nonetheless there would have existed funetional,

fundamental differences.  The mzain idea was that there could be

cortical arousal without  autonomic arousal but not the reverse.

To focus on the extraversion factor further, Zysenck (1963)

-

states:

Introverts are characterized by =z reticular formation,
the activating part of which has-a relatively, low thres-
hald-of arcusal-while the recruiting (synchronization)
rart of it has a relatively high threshold of arousal;
conversely, extraverts are characterized by Their poss-
..-ésgion of a2 reticular formation whose activating part
has a high threshold of arousal and whose recruiting .
part has a low threshold of arousal. Under identical
conditions, therefore, cortical arousal will be more
marked in introverts, cortical inhi®ition in extraverts

-



More'snecifical y._ysenck (1967) del;neahed two subsysten

£ thé reticular formation which determi: indd either introversic

v

- or extraversion:-— ) ' . - . -

If we attribute the effects o CO-u_Callf tr:g~ered
activity of the- thalamo-certiczal inhitition system
2nd the brainstem arocusal system *escect*ve’; _Then
‘we may also .dedude that the lower threstolds of

these two systems, postulated to characterize ex-
traverts and introverss respectively, are respon-
sible for .the greater Ifreguency of sers&*ization

in introverts or of 'zepression in exiraverts. (z.252).
In this proposal the rationzle for:the introvert's

- greater arousal state and ‘subsecuent increased sensi ivity

e

as cohfirared to those of the eftfavert would be due-to' a greater

azount of‘neuronai zessazes convevnd o uhe co-.et,:acili ated
by a lower tThreshold in the brainstea reticulﬂ”‘svste:"The

_extravert was hypothesized to have a lower threshold of the

thalamo—qortical inhibition system. A more inhiditing in-

-

- fluence may char aracterize the extravert, with-fewer neuronal

-

messages reaching the dortex,as opposed to the introvert..

The Reticulzr Tormation

The reticular formation is central to Zysenck's hypothesis.

'This section is devoted to 2 brief survey cf the flﬂd ings ‘con
cerning the reticular forma%ion as related to behavioral dim
sions. |

' The reticular formation prorer extends from the lower To

of the medulla to the diencephzlon. It is centrzlly located

the “brainstem and surrounded on all sides by the Dathways an

4
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of the specific sensory projections and thé pyramidal

and extrapyramidal motor systems (Grossman, 1973). - -
Eistorically, the reticular formation has figured pre-
dominantly in the concepts of arcusal and inhidbitien.

Bremer (1635) demonst:ated +the relation of +the brainsvtem to

"the cortex in'a "cerveau isole" (brainstem transected at the

midbrain level) preparation in the cat. The electroencephal-
6sram became characterized by sleep spindldes and behaviorzal
! * - . »

sommolence, which 'he interpreted as cdue primarily to the

‘ejjm;naﬁicn of transmission in the classical senscry patl ways

In 19&9, Voruzz1 and Magoun in an "encerxhale isgla" prepar tior

w

u*ansec»lon at the point where *he b*aln jeins the snzna‘ co*d).

~

demonstrated that stimulation of the reticular formation of.the

[ o '):

lower Brainstem induced long lasting cortical arousal as well

2s autonomic and sometic responses commonly accompanying emo=-

-

.y

tional reactions. However, lesions restricted:to the midbrain

reticular formation reproduced the "cerveaux isole” syndromé
(tehaviorzl coma and cortical slow wave activity), whereas
transection of the ¢ lassical sensory pathways to the cortex did
not. In 1949, Lindsley, Bowden, and Magoun demonstratéd a state
of cortical arousal on the ZECG of a prepared animzal by leaving
the reticular system intact while transecting the leminiscal

pathway. Segundo, Arana, and French (1955) were able to show that

. . F s . X
2 two-to-eight Volt electriczl stimulus applied to appropriate
areas in the brainstem of a sleeping monkey resulted in res-

~ponses of behavioral arousal, When a slightly higher intensity

L .
of stimulation was applied, this type of behaviorzl arousal



-

appeared comparable to both. spentaneous behavioral a’_ ting and

that produced when a novel, environmental stimulus was intro-

-

duced . - . N

——

The reticular formation not only plays an integral part in

11

the waking state but also . serves an integrative function btetween

séﬁsory innut’and information from other concurrently active

sensory systems, as well as asscciation and memory steorage

-mechanlsms in the central nervous system. The mechanism which
. & . .. ~ ] -

achieves this Zunction is accomplished by facilatory or inhibi-

tory controls, alt hough suppression is thought tTo be more <tThe

case. As Grossman-(l9?3) suaues, "The retlculav formation

malntalrs a tonic-inhibitery ;n_luenc° on 211 sensory mechanisms.

rac1lluory effects are achieved by a dec*ease ‘im#his-inhibition
rather than active facilitation". (D.179).

Having briefly considered some historical hig h ights re-

-garding the reticular formation in relation to arousal, let us

now turn ic a more precise examination’ of the functional signili-

cance of the reticular formation. The emphasis of this section

- .

is placed on the functional distinctions made btetween the brain-

ey

stem reticular formation and the diffusely projecting thalanmic

i

system a distinction which Eysenck sugges<ts dif;erentiétes

-

introverts from extraverts,
Acco*dlng to Samuels (1959) the reticular formatﬂon may be
dlvmded 1nto two func..:.ona'l systems, the brainstem reticular

formation (ARAS), and the diffusely projecting thalamic
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nucf%% (DTPS). . The .brainstem formation includes structures

at the level of the medulla, nons,-midbrain, subthalamus, and
, ;

hypothalamus. The mldbraln reticular ‘orma ion occupies a -

position of prime Importance within the SYSuem " The diffuse or

nonspecific thalamic pro J ons represent the rostral continua-

e -

4ion of the trainstem reticular formation. It consists of the
| ' o= : X
intralaminar and midline nuclei of.the thalamus, and the reticular

nuclei of the subthalamic origin.

~

The ARAS courses upwards by extrathalamic projections,

p0551b ly by way o? +the subthalamus and’ internal capsule and
\ i -~
also via The thalamus Tresumably terminating in_themldllne

and intrathalamic nuclei, in the reticular nucleus or bcth
(Lindsley, 1960). The extratha amic influences are bel;eved

+o be relatively rapid ones and concerned with general.arousal.
The thalamic influences avé more likely concerned with graduations
of alerting and a<v ent_on, and may be relaued..o scanning or modu-
lating influences affecting projections from c:lass.ca'I sensory
pathways or the integration of the specific systlems information
by the DIPS. The ARAS influences the neocortex im a diffuse ﬁan—
ner and in turn is influenced by the neocortex through widespread
corticifugal conﬁeqpions.

The functions and relations of the DTPS are still less clear
+han these of the ARAS (Lindsley, 1960). The nuclei of this

systenm appear to becapadle of electrocortical activation or

-

desychronization. Another funcition appears to be the regulation
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of temporzl sychronization between the thalamus and the cortex,

Permitting the development of cortical recruiting waves, sleep

spindles, perhars including the alpha rhythm of norfmal resting

: EEG )

_ Stimulation of the thalamic nuclei often produdes sleep or

tehavioral arousal wheras brainstem stimulatien a2lmost aiyz?s

produces excitatory effects on cdrtical functions and tedavioral

anousal. Grossman (1973) and Samuel (1 959) ne*’o.med atalation

" studies and found that with the thalamic re%icular sysvem intact,

lesions of the midbrain reticular formation produced 2 chronically,

“vnok netic animal which could not be aroused cehaviorally, even

~

with lnteqse stiﬁulaulon. ZZCG resporises did show an activation

patiern, but it did not ocutlast the period of application of the

{
stimuius. This wzas -n contrast with animal preparz<ions where

the Yrainstenm reticular System was infact, but whese specific

'Sensory projection paths were‘transected. hey gave ev~denc;<of
both hehavioral and electrophysiological arcusal over sustained
periods of time, e¥en though specific sensory impulses failed to

\
reach the cortex.

- Two types of activation pat ue*ns have been distinguished
(Sharpless & Jasper, 1959 : Van. 0lst & Orlebeke, 1967},
A tonic reaction pattern was atiributed to uhe bra*nsyew

reticular system and a pha51c pattern was thought to be a function
LS

of the diffuse thalamic system., The brainstem reticular systenm

would function in the maintenange ¢ff gross arousal while thé

-

J



: N e . )
arousal of the thalamic nuclei, being of short duration, would

: ._ . . L .
continue té respond to reneated stimuli, The DTPS mediates 2

more-differentiated.éttentional state. t¢ 2 stinulus af<ter the

f g‘oss arousal induced by the brainstem reticular formatien

has adanted ou;. It is gene;al 1y assumed that ascendi. orain-
svenm ret:cular unﬁts are genera le dif use cortlcal activators,
while, *He *halamlc rEulCUIE_ units appear 1o be -more ‘'specific,
-though +this is still é matter of controversy (Jasper, 1949).
Both the work of Gastaut (1954) and Chow's (19532) selective
corfica%_abalation stﬁdies on regional degeﬁeration within the
uhalanﬂc *et:cular nucleus Doint to seleétively localized activa-

tion of soec1?lc cortical areas. by the thalamic nﬁclei. It is
_belleved that‘this‘pért of thé'réticular’f rmation proyides
diécriﬁinaﬁive control and selectivé awareness,
" Of interest are the fin :dings where the arousal response in-
a%ed‘by <he brainstem reticular formatioﬁ could block the
cortical fecruiting response-of'the diffuse tﬁélamic_nuclei

(Gellhorm, Koella, & Ballin, 1954). 'The proposition that optimal

functioning of the brainstem gvershadows the regulating effects

mediated by the *thalamic reticular system was suggested by Gellhomrn,
Koella and 3allin (19s4). Thds overshadowing of the more differen-

tiated functions of the thalamic nuclel by the diffuse arousal

L

response of the brainstem could have its behav10ra1 counterpart in

. the many failures o;.dlscrwmlnatlon occu*rlng under high emoulon

and excitement i.e.; the irfverted U phendmenon on performance



[
N

-

N

undexr conditions of hizh arousal or anxiety as;reported by ¥alrmo
(1957). | '

The extent to thch‘corﬁical areas exert an effect upon. the
reticular formation and pgrticipate in the cont;ol of sensory
“input is relevant fo Zysenck's ﬁypothesized corticoreticular -
Teeddack loop. The cortical conmnections to the reticular for-
mation ?rovide a means Qhergby.the.cortex could  control the
ectivating mechanism of +the b;ainstemgghd thus influence its -own
lével of arouszal., French, Verzeano, and Magoun (19529-cpmpared
transmission latencies of the specific sensof? pathways and those

of the reticular formation. Impulse velocities were faster in

=]

the specific sensory_ﬁathways, which suggests'that there is-tinme
for a sfimulus to reach the cortex via the spgcifid-paths and then
_reia# down to the reticular formation in time to affect its own
arousal properties. |

The inhiﬁ%tory influence of the reticular fofmﬁtion is

19

typically smallest whenever the sensory sisnal is more sudden

isn
“or intense! or when 2 signal assumes a specizl s%;nificance as
a cﬁé for other stimuli. 1It.is largest when the génsory input
- !
‘duplicates. information classified as unimportant and already
~ stored in the memory mechanisms éf the brain (Inguar & Hunter,
1955; Livingston, French & ﬁernandez-Pgon, 1953).

The efficacy of cortical .Processes in inducing wakefulness

has been confirmed by Segundo, Arana, and French (195%5). -

h * * -



Slectrical stimulation of cortical areas with projections to the

reticular formation aroused a-sleeping animal just zs effectively
'as an intense ner:.phera1 sensory stimulus. The regigzocal rela-

tionship between the cortex and the reticular formation would_

suggest a supnorting framework for Zysenck's purposed feedback

loop. )

The DOSSlblE link ge tween *eti;rlar activation and percep-

tual sensitivity is of special intéresv to psycholegists. A

hypothesized relatlonship tetween levels.of reticular activation

. : -~ _
and perceived brightness-is sugzested Yy evidence that siimula-
tion of the midbrain formation leads +o 2 great facilitation

Cdm

of the response of individual retlna‘ ‘units to a test £lash of
light GGrati ,'1955). Fuster (l958).has shown thatfmbnkeys-
stimulated in the midbrain reticular formaticn made a higher
percentage of correct "esncnses and showed shorter reaction
times in a diserimination Urcblem uhan did the condtrol group.

of

!;l

terest is a mlc“o-electrode Study cited by Lindsley”
(1960). Hubel, Henson, Rupert ard aTambos (1258) ‘studied
single unit resvonses of the audltgry éorﬁex of unrestfained

and uﬂanaeeth ed.ca»s | These zuthors encoentered*units which
are‘unrespon51ve to sounds, uniess the cat is 'paying attention'

+o the sounds. Such units, presumably ‘adapited' or 'habituated"

" by repe tition, touldaregain functional status by an addition or
L 4 . . .

slight change in the stimulating situation. Hernandez-Peon,

. _ , o ; =

Scherrev and Jouvet (1959 ) demonstrated how ®attention®. in
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ﬁnanaeéthetized,caté with eléctrodeslimplanted in the
cochlear nucleus, could influence the response of the
cochlear nucleus to clicks. He achieved suppression .of
respoﬁse in one modality by selective attention in ano;
ther., Such an inhibitor& mechanism imposeé at various
synapfic sites in the sensory pathways suzzests that the.
seléctive exclusion of certazin incoming signals may cccur
peripherally, as well as at the cortex or th
The origin of the effect may reside in the coriex or ret-
icular formation of the brainstem. Thé important point
wouldAsgé@ fo oe-that "attention” or the selective process
T the exclusion of certain seﬁsory messages in fa§our of
others may begin .at various levels of sensory i3put.as.
well as at the thalamic and cortical levels (Lindsley 1950).
" Alternatives to Zysenck's theory have been suggested
by other authors. Gray (1970) has exbtended Eyseéck's view

somewhat Dy propesing that .the physiological basis of

hd -

extraversion consists not only in-differences in activity
of the ascend;ng activating systemn, but also-in the neg-
ative feedback loop. This loop involves the orbital “rontal
cortex, the megiél septal area and the hypothalamus to
which the ARAS is coupled.

This present research would atteﬁpt to explore in-
dividuzl differencés at‘the brainstem level. If differences

were obser{fd between introverts and ex:iraverts in reéconse
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to stimulatian-2t the :e ipheral or brazinstem level

moéificaticn of?Eyséﬁck's hysothesis of.a corticereticular
feedback loop as the sole deterﬁinanzlof individual differences
could be Tentatively Troposed, Evsénck’s-theory may have <o .

include th ,rele of peritheral sensory -fzctors that mzy infl-

uence individual differences in terms of discrepancies In the .
. oo -~ - = - .
excitasion-inhinition talance.The introvert. mzy have zgreater

Psvehoohysical and ZTlectrocorticzl Studies

3

The last section reviewed Zysenck's theoretical rationale
- V - —~ ’ -
which proposes that differences in *he corticoreticular lecop

-

X L . . .
-aecount for greater‘cortlcal arousal in introverts than ex-

“traverts. The present research attempis To .Investigate the

+

possibility that individual differences may arlse at the perip-

heral or subcorticzal level. Vaﬁlances beuwee introvefts and ex-

verts in their 3S&s.may denote such differences. Previous studies

in psychophysical and electrocortical research provided the ration-
ale for this thesis. The first two sections will review these
stydies. The third section describes evoked potehtial findings

. .
and their utilization as a technigue to observe the effects of

’

-arousal, The last section reviews personality and evoked potential

research and is concluded by the hypothesis suggested for this study..
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It is general y accented ¢ thoug" not cleaxrly established),

that acvivily

h

the cort ﬂco*eulcuWa_ system resulvs in a
lowering of sensory thresholds. From that azssumption Zysenck
0 ‘l ) . "

16 3 e - e,
(1967) PrEdlCuS that:

inv ovevts have 10we“ thresholds ané show less adanuat;on
of inhibition with continued stimulition; extraverts have
. higher thresholds and shOWamore adanuaulcr/_nnvblunon to
continued stimulation. It would follow thait any given
degree of stimulation would be experienced as effective-
ly hisgher Yy introverts than by erthave ts.(p.110)

=
=

There is sonme ev*denc° Whlch seems .o support this assurut-
ion.  Smith (1968) was the first %o report lower absolute sen-
sory shresholds for intgoverts'than for ex%ravertét Using =
500 Hz pure *tone as a2 stimulus aﬁd a test group consisting
Yotk of extreme introvetts and extravert ts, Smith detected 2
differénce in absolute auditery :thresholds, In this compari-
son, the confidence in his findings would have been enhanced if
he had eﬁployed more than three subjecfs per gfcup.

Y recent study by Stelmack and Campbell (1574) showed éhat

-under low freguency . zuditory stimulation {500 Hz tone), intro-

verts were more sensitive than extraverts. This study had the

-

advan»age of employing a 51 gnal detection method which purported
to control response bdias in individual response styles. This
study found differences onl y unde“ low=-freguency conditions .
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¥ith hizgh fre@uenc& stimulation (4,000 =Z tone) extraverts

showed 2n increase iﬁ”sensitivity, while the introverts showed

a decrease. e_mack and Camnbe_l (19?4) d*scussed their re-
sults in- relation to _ysenck's (1963) hypothesis of the relat-~

ronship between hedcnic tone and Sur8ﬁ5uh of sensory stimulation.

-

- Introverts manifest lcwer intensityzlevels of optimal or prew

ferred st 1ula‘ion wh_le extraverts are sgen to prefer sironser

mere intense levels of stimulation. Stelmack and Camprtell -

T(1974) suggest that "introver=s may have lower frequency levels

.o preferred stimulation as well as lower intensity levels.'

Siddle, Morrish, White and Mangan (1 969), ti‘iiéing 2
isual stimulus, nresenued eVidence showwﬂg a re a2tionship ?e-

*ween introverts and lower absolute x resholds. ' This study,
uSing classical nsychonhySical iethods, did not account for
resnorse bias ) : "

Shigehsia and Symons (1973) investigated the effect of
simultaneous heteromodal stimulation on three devels of‘ex-
tfavergicn. Their hypothesis‘was that the effect could bYe
inhibitory or facilitory in terms of sensitivicy leveis.' The
stimulus consisted of 2 simultaneous va:iafion of light inten-
sitles while wvarying the intensity of an auditory pure tone

(1600~.52 ). Shigehsiz and Symons demonstrated that auditory Y’

\, - :
sensitivity increased under weak, and decreased under strong

~ , v .
intensities of light in\introverts,-increased under zll inten-

sities for extraverts (greafer increases af g*eate,/inuenSitwes)

/
3 < \E'—"'—M" -
and increased under weak and nedium-intensities in anbiverts.



Shigehsia and Symons suggested that their findings provided support

" for the "stimulué—aversion/hunger hypothesis® (Eysenck,1967). Higher
intenéity leveis'facilitate sensory verformance for stimulhﬁ-
hungry extraverts wh6 are less.corticélly aroused whereas, the
same cpnéitions inhiﬁit the more cortipally_arouse&';nt:QVert.
Although this study §annot,unequiyocall§ assume that personality
factors were fully responsible for the effects obtained (attentiom-
él factors.wefe not controlled), it has assisted in clarifying

- - .

to some.gxtipx 2 more precise definition of the conditions which
differeﬁtiate various types of stimulus parameters in relation té
personali@?. | |

Corcoran (lééh) hypothesized that equal amounts of stimil-
avlion will produce greater response in introverts, Utilizing téCh‘
niques where.the amount of saliva produced by a lemon juice stjmu;
lus was related to Extraversion,his hypothesis was supported.The

limited sample size and failure to take into account diurnal rhythms,

(testing occurred under different cénditions)"his fesults have
“been questioned. These iimita%ionsf plus Corcoran's use of the
Heron scale as a ?ersonality instrument, prompted Eysenck and
Zysenck (1967) to replicate his sfudy. They found a high degree.
pf correlation between personality and the amount of secreted
‘saliva, - |

In summary,the results obiained a2s reviewed above would seem

to.support a devtectable variance between introverts and extraverts



.

whén testéd for sensory thresholds.

A .Review of =2C and Extraversion Findinss

‘The suppoéition that inﬁréverts'afe characterized by higher
levels of cortlcal a.ousa1 than extravert ué is central to Zy-
genck's blologlcal basis of extraversion. It has been noted
that a elaxed state oroduces synchrcnized, h*gh _moTluude, low
frequency EEG patterns,'while arousal produces desynchronlzed,
low amnl_uude, and fast irregular Ifrequency EZG patterns. Tor
the nmost part alpha rhy<thm, alnha a2bundance, azlrha Irequency, énd

alpha index are employed to -d&scribe an arousal” Suau e Im EZ

0.

‘resesrchT ' = ' . ‘

The rationale for reviewing EZG studies which incorporate

extraversion as a variable, was to ‘ascertain whether specific

ZEEG patterns were related to }?fferences in personality.
However, these suudles have 1l¢7t rather a confused picture of
toth negative and“posxtlve findings in-relation to individual

differences.

Gottolber (1938) was the first to examine the relationship
between resulng ZEG and extraversion. Gottolbef showed that
extraverts denonsuraued a 'high percent time' during which alpha
activity was present in the record, (which is indicative of a
.lower recuencyl_and supported Eysenck's hypothesis. Henry and
Knott (1941) found contir adlctory results *n the relationship of

extraversion and alpha index. Introverts were found to display



methodological issues to account for discrepant findings in

higher alpha index, or a2 lower freguency. -lundy-Castle (1955)
reported findings along the same direction as Henry and Xnott's
results, where introverts dﬂsnlayed lower al“ha frecuency.

A critical review by Cale (1961) suggests a variety of
.cr’

-

these- three studies. Inventories employed to assess personality
factors differed across studies; Gottolber utilized both

elinical Judees and the Nebraska Personality Inventoery (NP

A2 nry gﬁ& Knott emn7oyed the NPI, and Mundy-Castle utilized

the 3iesheuvel Inventory. The sampling rate of Z=ZZ lacked

14

conszstency across studles, ranzging from 30 seconds (Gottolrer)

to 20 mlnutes (Mundy-Cas+tle). Gale (1961) criticized all t“reaw_,—;;h;,
= -
e

s‘udﬂes 1"o::' features. such as contaminated SCO-lu techn icues, (e

prior exyerinm enuev knowledge of—aersonalluy scores, confounding

%R uncontrolled neuroticism factors, and uncontrolled sex differences.

-

3

_dividan§. Savage utilized a well designed study to calculate

" the average amplitude of alpha frequency. ZFrom his results he

- The alpha amplitude or alpha zbundance and extraversion was
investigated by Savage (1564). He proposed that strong cortical
inhibition as denonsurated by higher alpha amplitude was assccia-

“ted Wluh reduced’ cortical arousal characterizing extraverted in-

-a

suggested that extraverts had a2 higher alpha atundance than in-~

troverts, and that there was no relaulonsh*n between neuroticism

and exiraversion. Unfo*tunahely.uhe SUbJECuS lay with their eyes

closed, and Savage's data may have been due to the onset of sleep



rather than a ras*tgg state. .

/
'-en%'on and Scotton (1967) also assumed that extraverts would

exhzblu a2 mere pronounced alpha wave and should habituat

s to
stimulation fasvter than introverts. In their paradizm,resting
EEG was measured by the alvha index which c¢ccurrsd .in a presti-

mulus re&st period. Habituaticon was operationally defined as the
mean duration of alpha blecking (or rate of change of potential)

to visﬁél stimuli. In these results, there were no differences
between introverted and éitra&erted subjects. In Tact, no true
resting sfta"cre could be measured’ as a continuous masking tone

was utilized. The method which Fenton ané Scot Ton employed to

assess h b_puatﬂon is oren to GQES»lOH, as the criterion ‘re-

quired to administer the visual stimulus depended upon the ex-

- -

perimenters ‘visual inspection of the ongoing alpha activity.
Marton and Urban {(1966) showed their results to be in line
with the Zysenckian hypothesis. Extraverts had a2 higher index -

and a lower a’oha frequency. As well, he found that extravertis'

”~

EEZ response to repeated auditory stimulation ceasedearlier

and following habiituation, they showed signs of sep, However,

-

the fact that out of the twenty introverts util ‘ized, nlne were
noted to Ye without alpha rhythm, would suggest that this study’'s

fesults are suspect. BSroadhurst and Glass {1969) fsund 2z low

but significant negative correlation between alpha blocking and

extraversion. Recordings in this study were taken during periods

of rest between presentations 6f mental arithmetic tasks. These

-



subjects were not tested under if’en'tlca1 conditions however, -and
this may have possibly affgcted The level of arousal., Zale (1969)
suggests that the main rroblem with any "resting” ZEG study is that
‘there=will be systematic vériances iﬁ.EEG during the waking state.
tudies where subjects' tasks were manipulated again are in-
conclusive, éales, Coles, and Blaydbg (19€9) zave subjects 2
~—simple task of cpening and closing their eyes ubon,inSt*uction.-
Ut;l;zmng alpha abundance scores and a new MEthd of mean inte-
gration output and frequency, Vhe authors conzZirmed Savazge's
findings. It was noted that the effects for'alpha were sirongest
for all groups when eyes were open. Gale, Harpﬁam and Lucas
(1972) att emnued to replicate Gale's,Cole’'s and 3laydon's (1946 )
stddy'bpt they found-ho effect on alpha abundance when subjects'
\\tasks varied, Siﬁilar findings of no differences between zroups
'\ere obtained from the Winter; Sroadhurst and Glass (1972) study
when four experimentazl conditiohs of eyes opened, closed,solving

for arithmetic problems and wwthout arithmetic ‘probvlems were

employed. iowever, across groups it was found that the effect’S?\\

N

heightened arousal was éb tained with the eyes ovened and solving . =

arithmetic conditions.

In summary, EZG studies are at best inconclusive. Zales (1969)

offered an hypothesis to account for these discrepant findings.

fie suggested that extraverted subdjects may vary thelr state of

arousal if they are too bored with the procedure or too Initerested

with the task and hence becoming more aroused than their counter-

P



parts. He"states that: “Ixtraverts by virtue of an inherently

low level of arousal, are obliged %o s€arch for stimulation in

order to substain behavioral efficiency. This is the origin of

3

the stimulus-hungry behavior of extravervs”. Gale noted in his

1969 review that stu@ies'done'by Strelau and Terlack (1$7&),

. Montgomery (1975), and Rosler (1975) which incorporated moderate

arousal conditions have optimized personality difference and

found results which Favored Zysenck's hyvothesis.
o .

. Z2voked Potentials

henaml ol

Voltage changes apparent in raw Z=G are determined from 2

.

multiplicity of neuronzl generaitors, hence the extent to which

L

a stimulus event influences cortical activity is difficult to

.
€iscern. Techniques such as time-locked stimuli and signzl
averaging are used to improve the signal—to—npise ratio of'
electroencephaiographic activity when investigating the response
to a physical stimulus emplaéyed in sensory informatfon Dprocessing

research.

. ]
E

An evoked potential (ASR}is defined as a change in elect-
rical .activity of the nervous system eblicited by some specific
stimulus 6r psycholqgiéal event given at a specific time (Picton -
& Hink, 1974). The technique of signal avlrazing is based on the
assumption that an AER following a stimulus is 2, constant wave

e
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" la* omDonen of ries tentizl. Du ot
lzte components of the vertex potential. Due to T

form, time-locked to the stimilus,’and therefore always at the
_ e N
same laténcy.When that stimuius is giveﬁimany times, the sp-
ontaneous back£;;und adtivity averages out. In the resuliing
averaging of evoked potentials, the random'iackground noise
will algebraicallngum Towards zerO'and_thesubseQUent time
locked positive and negative waves precipitated by the récurr—
ing stimulus will emerge larzser with each stimulus presentation,
eventually emerging as’ summed evoked potentials. - :
Th% resultant positive peaks of evoked pctentials elicit-
ed by an abrupt auditory stimulus consist of different com-
ponents identified as early (0-8 msec after stimulus onse%),
middle (8-50 msec), and late (50-250 msec) c;mponents (Pic-
ton,Hillyard, Krausz:é’Ga;ambos,lé?k). The larzer, lon
lastihg potentials elicited by an auditory stimulus are the

P (50 msec), Ny (100 msec), P, (170 msec), and N

(AN

- amplitude, they are believed to originate in the cortex rather

than +the thalamus.or brazinstem (Picton, Hillyard, Krausz %
Calambos,1974). The "P" and "N" stand for fhe positve .and
negative.valence that the components take. This vértex pot-
ential is altered somewhat by attention, which increases the
' J

Ny -2, amplitude and markedly decreases the N, componént, for

example during sleep (Picton & Hillyard,1974).

A
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In the perioed of time betwwen 8 and 50 msec alter The - .
stimulus, there are a series of potentials recorded over a
widespread.qrea of the scalp, No; Po, Na,‘Pa, Nb. These are the'
middle components aﬁd may ;epres;ht thalamic a;d early cortical
votentials. | -

Brainstem evoked rcsponsec will be given a more detailed
discussion as they are the focus o{'this thesis: The eariy
components &re thought:to e genercted in the.brginsfem auditory
s%ructures. ﬁpilizing far-field averéging techciques, Jewet®
(1970) defined a series of seveh-deflections of submicrovoliy
amulluude, now colloq1ually referred to as "Jewett bumps which
occur durlng the initial 8 msec following a click stwmulus

Although the exact anatomical .generator sites of the vertex
ccsitive'peak remain a matter of controversy, they are felatec
to sequenfial.components of the auditory pathway. Evidence now
the foilowing wave origins: I auditory nerve, II cochlear nucleq5.
III superior olivary complexi IV midbrain possibly nucleus of
the latergl'lemniscus,,V“inferior colliculus, VI medial geniculate
andeII possibly auditory radiationlgycénthe fha%m&s to the
temporal cortex (Buchwald & Huang.lé?s: Jewett, 1970; Jewett &
Williston, 1971; lev & Sohrmer, 19? 5

Studies have defined some éf‘the sclmulus and recording .

characteristics of the auditory brainstem responses. Waves I,.

IIT and V were consistently identifiable with click stimulus

»

-



(Stockard, Valeries‘& Rossiter, 1977). - Jewatt nd ¥illisten 1971)
coricluded that wave V is probabiy the best éaéis_of comparison ’
across subjects and laborztories because of its reliabilitf'and
prominent émplitude éompared to other péaks.. The negative wave
which follows wave V by approximatgly'l o 1.5 msec 1is also.ée*y
accurate for comparisen purposes (Picton, Woods, 3ariteau-3raun,
& Healy, l9?7i. . ‘ .

The amn&lgude and lauency of response components vary with
stimulus intensity. Auditory bréinstem‘res;onses (3SR) decrease
in-amﬁli:ude and increase in latencyfas signal intengity is fedﬂced,
(Sta;r & Acher, 1975). noweve-, interpeak conduction tim es depend

Ban,

upon 1":—.'te of stimulus . Tresemrtation (Rowe, 1678). It was also found -

Thav blnau*a7 stimulus presentation increases the amplitude of
these components (Davis & Hirsh, 1976). . As the.amplitude of wave V

is insensitive to signal rise and fa2ll tines, it -is solely an

-

onset response (Hecox, Squires, & Galambos 1976).

Latency features of 3SR are fairly consistent in some as-

pects. The latency .of wave V is markedly delayed with increases

in sulmulus rise time, but unaffected byfqhanbes in Tall tire.
Increases in stimulus dyration and. subseguent lcudness were found
td resu%t'in a systematic increase iﬁ latency (Rowe, 1978). 4also,
an inverse relationship between freguency and latency has been

demonstrated by Suzuki, Hirzi & Horiuichi (1977).

l._l
l_)-
ct
ct
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Amadeo and Shagass (1973) demonstrated that 3SR show
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or no change in amplitude and latency. characteristics of these
votentials from waking to _sleep stages. Therefore brainsten

svoked potentials Bre thoust t'to be indepencent of avcusal,

.

activation and a=tention. The 51~n1f1carce of this finding in

R e ]

]

elation to Zysenck's hypothe51s w1ll be deveWQDed at the end of
this chapter. : )
. 3rainstem evoked respenses were originally evaluaued by O

click stimulation (2,000 ¥z and above). Con roversy as to the

[

ility of the low frequency toneg reliability-’seems

current in the literature (ngis-& Hirsh, 1676). More recently
it has btecome possible to make highly reliable recordings of an
evoked creguency follcwing response (TRR) wh*ch is synchfonous‘
with low Frequency tones (’ou egian, “L“E“* & Stillman, 1973>.
Yamane, a2né Xedera (1977),ut ilizing at ,OO c/sec %ore burst,fcund
+that by reversing the stimulus phase and the polarity of +the
recording, the 3SR and fFR could ﬁe iéolated Zrom onie another.

Weber and Folsom (1977.) arzued that the slow rise time of,

oure tones are the factors which render them iIneffective in

ng a reliadble BSR. They suggested the tone pip as 2

[y
Y

eliciti
compromise ,with a rise time equalling about twice the period of-

the pure tone and a plateau of no more than. one period. The

resulting tone pip envelope would be diamond-sheped. This would

&

~be in concordance. wlth Hecox, Squires and Galambos (1976)

findings, that stimulus onset rather than offset elicits a 3SR.

-k - - R . . ’
Zecause the tone pIp 1S inlikely %o be as effective in eliciting

- : p
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a response as the abrupt click, Weber and ? olsom (1577) sugzgest ed
that a somewhat T°ef:1ur_-e<:'£....Sl-". amplitude and nroTo ged latency
occurs when “one pips are used. These authors reported stabtle
ESR to tone'pips at 2,000 3z and 4,000 = across intensity lasvels
from 10 to 70 dB.

In 2 similar study '$uzﬁki, Hirai and Horiuichi (1977)
utilized tone pips of 0.5 ¥z,1 k¥z, 2 XKhz and & xEz with 2
two Eycle riée—decay time and a wene cycle peak*a% low intensities.
No significant differences were Ifound in response detectabiiity
between the four tes:t tones. These auvthors acccunted Ior their

findings of reliable 2SR to low frequency tones bty employing

W
&)

ilter band width of 0.5 to 3,000 ¥z. This manipulation °
reaucES “he attenuation of *the low freguency component of tThe
2SRs. Davis and Hirsh (1976) did not employ such z filtering
.device. Authors, 3Brama and Schnrer, (lé??) and #Mitchell and Clem-
is {(1977) have also demonstratéd success eliciting brainstem

‘ : . :
respbnses under lew fregquency conditions. -
There are many factors affecting brainsiem responses of which

oneqmust be aware; The studies which support the utility of low
frequeécy tones in elicliting 3SR provide the oppeortunity *o
investigate individual differences unde* optimal conditions as
demonstrated in sensory studies (Smith, 1968, Stelmack & Camp—
bell, 197#). 3SR also provide information which aides in

differentiating whether the effecis of individual differences

-are larzely cortical or occur at subcortical levels.

~
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_EZG _and Evoked Potentizl Correlates of Arousal

~

Asinété& in the preceeding sections, the ZEG correlates of
. arousal would be demonstrated in the ZEG record by desvnchronliz-
ation, low amplitude, and high frequency catterns. Co”fiicti“f
acccuﬁts\é@pear in the literature as o the relaticnship between
zveraced evoked cortical potentials,'d?ffuse arousal stéfes and
: selective atéention.( Jane, Smirmov, & Jasper, 1962; Garcia-

Ausst, 1963; Haider, Sgong %z Tindsley, 196L; Davis, 1964;

-

Donchin & Cohen, 1967; Spong, Zalder z. Lindsley, 1968;

~
¥ilkinson & Morlock, 1967; Haseth, Shagass & Straumanis, 1656¢9).

.~

Evoke@ potentiél amplifude decreases when general arousal.is

lowered or attention is ;:z;;;;\awéy from the eveking stimulus.
Conversely; *he potentizls are enhanced with increased arousal,
or when attention is more intensely focused o the evoking stimu-
lus. In contrast to the results obtained in these studies,

 Thompson and Shaw (1965) suggesf*7that the aﬁélitude of the evcked

potentials of the cat iIs inversely related %o arousal and the
degree‘ofﬁﬁocus of atiention on the evoking stimulus..

tudies where attempts Rave been made to manipulate-attention
independently. of arcusal have found that similar effects on .
evoked .potentials have been.observed -(Sason, Harter & White, 1969).
Picton and Hillvard (1974) in fact suggest that it is probably
.Ampossible to change 1évels‘o£ arousal in the waking state
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independentl& of any atteﬁtional change. \The differential
leffects of general arousal a;d specific attention. in the-ampii-

. tude of “he evoked response would probably produce "the same
effects in %The =G response pattern, demonstr aued“bv desynchrony,
low amblluude and fast frecue y It-is Thought that a2rousal ebately

duces fas®t waves (short latency) in EZP late compenents sinilar to

the fast waves (high frequency) obServed in the Z=G ¥ost svudies
however, note amplitude changes rather than latencies and thus

late component evoked potential amplitudes are the most sensitive

B

parameters that respond *o changes in level of arousal. .
The arousal-attention wvariable has orovoked consideratle
controversy as to the exacu wechanﬂsm responsitle for the

B
catd rEd

P émnl*tudes‘of N o nd ?3 Maatanen
I
r

Ly

chserv ffeect b
bs ed e et on 10 s

:(l96?)_cdncluded‘that amnlluude changes are not related to
changes in specifié attention,tut only to change in nonspecilic
arousal. Easom, Harter and White (19€9) orted for a2 combina-
tion of attention and arcusal vaﬁiablas, no?}ﬁg That the cemdined
effects of thése two variables would determine the net change in”
the évoked potential amplitude. Picton and Hillyard (l9§¢) con-
ciude that selective attention is the mzjor generatdr of <he

ﬁI P, .components. Indeed.selectiv? attention can -be further
.différepti%ted in terms of stimulus set (involving Nl'?z) and

reSponse. set (Pg). Callway (1975) noted that increases in =P
. k P
amplitude and latencies may occur with incresses in the

psychological strength of the stimulus (i.e. information vaiﬁe,'



-

- importance, etc. ) which supports attentiocnal factors as increas-

ing enhancement of the components. | .

Agreement among authors seems to lie ln +the observation that
brainstem evoked Pesnonses are lndeneﬂdent from the effects of '
arousal znd attention. Picton, Hillyard, Galambos‘and.Schlf;,
.(19?1) and Picton, Hillyard, Krausz and Galambes, (1974) have
shown that no significant change in auditory evoked potentials
occwr Qrior to the NiiPZ component. A study by Amadeo and Shag-
ass (1973) suggest that changes in latehcy,_amplitude and shape
.of later (after 40 msez) AER components during sleen occur at,
levels above the bralnstem, either at the thalamus or cortex
This evidence supports 3aust, Berlucchl and Moruzzi's (196&)
proposal that early auditory potentials would reflect peripheral
c¢hanges, and that inereased thresholds for arcusal'by acoustic
stimuli are probabdbly mediated centraliy.

Changes in nonspecific cortical arousal may be reflected
in evoked potential amplitﬁdes for Ny, Pz_and'P3 as suggested
by certain authors (Na&dtanen, 1967, Karlin, 19?0); In a
broader context, E? amplitudee of late components are enhanced
during conditions of heightened arotsal or selective attention.

Studies investigating the relationghip between personality and
evoked potential ytilize these features and are revieged in the

next section.

]



Extraversion a2nd Cortical Zvoked Potentials

As noted, enhanced evoked potential amplitudes of the late
component'aré thougﬁr'td reflect increaseduleve}s of arcusal
hy Naztanen, 1975. Zvoked potential amplitude and intensiity -
have been found to be related by power functions similar to
those obtained by psychophysical measures for visudl, auditory
and somatic sensory moaalities (Regan, 19?2)._ Although power
" functions do riot 1mply 2 direct relationsh;p'bétween sensitivity
and the ATR, it would seem reasonable that the AZR provides a

useful technique for investigating sensory information process-

and vigilance (XKrupski, Raskin & 3akan, 1971; Farkins & Green,
(1975)tetween introverts and extraverts. -

The first study to Investigate the relationship betiween =

‘U

and individual differences was Shagass and Schwartz (1963).
The key finding was that dysthymics (low =, hizh N) somato-
géensory =P amplitudes were lower than ?sychopaths and hysterics.
The diffuse groupirg detracted frcmnthe reliability of this
study. Dysthymics were zrouped with nonpatients and psychopaths,

hysterics and behavior problems were grouped with psychotics.

Visual evoked responses, aging,and personality were studied

by Straumanis , Shagass and Schwartz (1965). Their positive

\n
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findings supported their hypothesis tha®t increased =3 amplitudes

reflect reduced inhidbition thought to be typical of introverts.
The finding was naot supported however by
traumanis (1969) as no signilicant differences cecurred

between rpsychliatric and non-tat
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somato senseory =¥ amplitudes. Neor was the hyoothesis zut

forward by Shagass (1965) sunnorfed by Burzgess (1973

f

¢cases, co::ecu_ngo;cr lndwvvdual dlfferencos in sens
pplying different levels o2 stimulus intensity zccording o

bjects’2tsolute *threshold to somatic stimulaticn may have
4
ad

preclud the ctservation of individual differences in the
evoked resronses. : ©

£ :
Siznificant negative correlat*ons vétween exTraversion and
tbo amplitude cf evoked responses vo 100Q =z, EQ 43 tones were
ocse*ved by Eendrickson . _ | . _

A study by Stelnmzck, Aﬁhofn anid Michaud (1$77) founéd larzger
Ni-PZ amplitudes displayed by introverts with Tow frequency
-(500 Hz) and high intensity (80 dB) and low intensity (40 43)
auditory tones,' These finéings were not apparent under high .
frequencf, high inunr51uy conditions. The authors argued tha%
differences demonsirated between introverts and extraverts may
havé been facilitated by emplo&ing low _-ecqency auditory stimu-
lation,: Greater-intersﬂbject variability has been observed for

late evoked potential components with low Irequency tones in

studies performed by Davis and Zerlin (1966), =znd Rothman (1970).

.
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A recent study dy Josenh (79?8) employed zuditory stimulaticn

of a b, OOO Hz signal over three intensity conditions, 50 &5, 70 22
: _ - =3

ard 90:d3 (SPL) to detect individual differences in beth ZSR ané

-

the late components. Resulis showed that introverts displayed

rts .as there were for
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extraverts. The extraveri®s amplitude measure for Jv increased

tn

izgnificantly with increases in intensity whereas <he
was almest at 2 maximum amplitude measure For Jv a2+ both
lowest and highest intensities. Joseph susgges<ted a sasuration

gffect may be occurr

-
—

<
e

l-h

or

aa

wwroverts at low intensi<ies. Inm-~

—— -

troverts again d’snlayed S-eauer amplitudes for ¥ » Dartictlarly
at low 1ntens;~y (50 as) audluory Signals, whereas extraverts

displayed siznif ficantly greater amplitudes at G0 d3 intensity.
No Significant extraversion effects were noted for 92 and Nl -7
amplitudes. There has not been 2 precedent Tor diffe

between introverts and extraverts a: high frequenciés from either
psychophysicél nor electrocortical resezrc} which may account for

Joseph's negative findings &®or the 1la*e components.

~)



In summary,crevious work in ps&chgphysical studies have-
demonstrated greater absolute-sensitivity of Introverts (Smith,
1968 Stelmack % Campbell, 19?L) ard electrocortical ;tuaies
have shewn eﬁharced amplitudes o* the late (V -2) au ditory

evoked potential component (Stelmack, Achorn & iichaud,1977).

A more complete study of .sensory processing and individuz

—~

differences would encompass an investigation of brainszenm
structures. To date, very little research has been done which
egploys the technique of andluo*y b*alﬁsvem evocnd *ESDO“SES
in considering the neu*onhysvo ogical basis of individual
differences. |

An effect of greater amplitudes and fzster latenc

[y
(1)

S

!

displayed Ty introverts for peaks I and in Jewett's (1970)

_—— e

nemenclature would indicate that individual differsnces were

overating at a peripheral level.Th is relatively in-

sensitive to reticular influences and the eariy evoked
potentials are thought to te independent.of both z2tiention
(Picton & Hillyard, 19?L) and arousal.manipul ation (Amadeo &
Shagass,1973). Significant differences betwéen introverts
and extraverts in latency or amplitude measures dws layed
by brainstem components with latencies of 3-8 msec would
.reflect subcortical structures as possible determinanits of .1
‘wndﬂvwdua1 differences., ~ »
Eysenck (1967) hypotﬁesized thdt differences along the
extraversion dimension may depend upon individuzl variations

LY

in the corticoreticular loop which modulates cortical



arousal and inhibi£ion. If differences between introvérts'
and extraverfs were observed at a peripheral (wave I and
II) or subcortical (auditory brainstem nuclei),theﬁlthis
téntativ% finding may point to the necessity of further re- <
search in an effort to modify Eysenck's hynothes;s.

T In addition, it has been demonstrated that 1ﬁdwvwdupl
variability'of auditory evoked reponses 1s greater at low

fregquencies than at higher fre uencies for :the late compon-
q q Je

hd L
-

ents(DaV1s % Zerlin, 1966; Rothman,1970; Stelmack, Achorn 2

hlchaud,197?). Low frequency stlmulatlon employed in psy-

chophysi?al studies also demonstrated enhanced resjyons-

iveness of introverts in their absolute sensi tivity level.
-In any case, further research which would obse*ve uhe

effect of frequency manlpulatlon could p0551blyldetermine
the efficacy-of the conditions under which these positive

results have been observed.

tatement of the Hvpothesis

[

Tysenck (1967)has proposed that individuals differ in
+he dimension of extraversion,and that introverts (low extra- ’
version group) are characterized by a highly aroused and less

inhibited corticoreticular system compared to extraverts

Ihigh.éxtrayersion group), who are charac»erlzed by relatively

<

low arousal and high inhibition.
If enhanced auditory evoked potentials of brainstem resp-
onses ., (as measured by greater ampkitudes and Shorter latencies)

-

wer2 displayed by iwtroverts as opposed to extraverts, then

-

i
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10
these findinss may contribute to the biolcgical’basis
éf exctraversicn, possibly at the brainstem level. In
a broader context , if this were the case, ¢ne would be
inclined to consider more‘cioself the role Qf eripher-
a2l factors in accounting for individﬁal differences, esp-

ecially those~that*contribu:e_to enhanced sensitivity.

.
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.Thiéakbaptef ﬁfesents +he methodeclogy of the experiment.
It describes <he subjects used in this study and the .procedure
employed for zllocation.of subjects inte Introvert and Ixtira-~
vert group§, T other indepenéent variable studied wés thg_
frequency Eonditﬂ;n*gﬁich was divided into three levels
6.5 Wz, 2 KMz, and & X¥z. An S0 d3 intensity level was neld
constant in this experiment.

The instrumentation and procedure used Ior obtaini

-

dependent measure of brainstem evoked potentials are descrided.
This chapter concludes with the methods of analysis of the

dependent variable under study, and an explanation of the

general exzerimental desizn and st&tistibal procedures invelved

in the testing of the hypothesis outlined in chapter Il.

’

"

Subjects

Twenty-four. female volunteers,ranging in age from 20 to 32

—

vears, were selected from a sample of 70 students and profess-
by v

. ’ . + - ,

ionals on the basis of extreme scores (- 1 S.D. from the mean)
- - z 4 3 < = p - N .

on the Extraversion dimension of ZysSénck's Personality Quest-

. ) N
ionnaire (Zysenck, 1975). Two groups of 12 subjects each

were formed. The means and S.D.'s obtained by the introvert
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group for the nxtraver51on (E) scale were 5.48 and 2. 15,

fo

Neu*ot1c1sm (N5 - X1.75 and 4.43. and for °sychotlclsm (2)
2.67 and 3.0. The means and-S.D.'s obtained for the extravert
gréup were 19,17 and.1l.34 for thé_(B) scale, 9.5 and 3.9 for (N)
aﬁé_&;o and 2.0 for (P). There were no significant differences
bgﬁﬁeen the introvert and extravertsgroups in elther Neuroticism
nor ?sychoticismc‘ The score distributions are -presented in the

~ appendix. Subjects were screened for normal auditory sensitivity
at .5 XkHz, 2 k¥z and 4 Xdz with a model lQiLafayette audiometer.

‘ .._

Avparatus

-

A moﬁénolar EZG siznal was fed 1'n‘t:c> a Nihon-Kohden R3-5
Blonhy51cal amnTlfler ln a Vlhon—Kohden RN - 85 polyzgraph. The
améll¢1catlon factor was’ 60 a3 re*erence to 1nnut The ‘'signal
was-;lltered by a Krohn-Hite model 3550 filter Wluh a bandpass
of 100 Xz -.3,500 Hz. The filter output was sent to the inter-
face-of.a PDP 8/e data nrocessogﬂnrog*ammed to Derform on-line
averaging of 512 samples per 14.6 msec sweep. A 10.0 msec
sweep of prestimulus EEG was avefaged to establish a baseline.
The avéragevEP was displayed on a model 204 Fairchild oscillo-
scope and plptéed by a type 704-A Moseley XY plotter. The

sensitivity of the system was 0.055 mv/cm. )

A Hewlett Packa;d 3300 A function generator produced the

three frequency conditions of 500 Hz, 2,000 Hz and &, OOO Xz
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respectively. The frecuency ccﬁditioné were counterbalanced
within grduﬁs. - R

Each stimulus was of 5 msec dﬁrafion with a2 95 msec inter-
stinmulus interval and a l.5-msec rise and Jall time set by a
ia?oratory designed timer (Achorm 1677). A *train of 4,006
stimuli were presented at a rate of 10 per second in polarity of

-

alternating phase, The wave form of the 0.5 kHz tone pip is

shewn in Figure 1. o _
Intensity of the 80 43 (SPL) tone pip was fegulateijhy 2
WAL C model 1421 audiogenerétor. This intensitf was maintained
throughtout the experiment, with the stimulil delivered binaurally
through a set of Realistic stereo headphénes model.LV;lO. The
waveform for each stimulus was monitored on a type RM-5E4 storage
oscilloscope in order to_provide'fiSual inspection for artifact
free stimulation. A block diagramgpf'equipmeﬁt interconnections
is shown for each freguency condition.in Tigure 2 ( Jlevels;
500 Kz, 2,000 Hz, 4,000Hz). The 4,096 stimull were given in
alternating phase by reversing the thase in a paired sequenée.
They were then averaged by summating an odd - even pattern .
Alternating the phase of stimulus presenfation wa2s done to can-

cel the summation of stimulus artifact and to eliminate frequen-

cy following response (Yamada, Yamane & Xodera 1977).



- Pizure 1
Waveform of 0.5 kHz Tone Pip of §

msec Qﬁfaticn with Rise and Fall

Time of 1.5 ﬁseg.
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FTigure 2

Block Diﬁg:am of Zquipment

Interconnections
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Squipment Calibration

" The earphones w;;;‘EEQ&E§§§§g>at 80 d3 (SPL) intensit:

pfior to the experimentnfor each frequency with a 3ruel Kjaerj
type 2204 sound level meter, typelkl52\a:ti£ical car,znd a type
1613 octave filter set with A weizhting.. This intensity was
maintained <*hrioughout the experiment. The biophysical ampli-

a .
fiers, the averazinz computer, and the plotters were calibrated

=

with a 5uV DC inpu®t siznal having the same temporal definition

as the stimulus. presentation procedure. Calibration zmplitudes
F

varied less than 4% and an average derived from all calibration

values was used to calculate the 2SR amplitudes (X=.014uV, S.D,
={0700056) ’
Vértex-positive polarity was checked by introducing a
positive upwards Inflection in a noninverting system. The
same procedure established negative'as 2 downward deflection.
The timebase of the scope was previoully célib;ated by 2
Pairchild Type 781 A Time Kark Generator. The PDP 3 computer
timebases were calibrated using a DAWZ type 901, Digital

Frequency Keter.

Procedur<e = . - ]

- The purpose of the experiment was briefly explained tc the
subjects and they were asked to relax as much-as possible.
[ - L 5
All subjects were given detailed instructlions as to the nature

and the duration of the sound stimuli they would receive. The

»

LR
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electrodes were then placed on the following 1ocetions:

the EEG elsctrode. was placed at Cz, which is the nidpoint-

between nasion and inion, z midline location'ﬁJasper, 1958),

the reférence being the left mastoid. The ground elscirode
position was the right wrist. Skin surface areas were prepared
for electrede elacemenu by cleansing the skin with co=ton scaked
in alcohel, saand by then scratching the ski= with z sterilieed
needle to prevent skin potential artifacts (éicton %

1972). The electrodes were then attached using 3eckn_n Cffner

Eanzsn n

0.5 NaCL conducting sgel and adhesive colla*s .The inrecdance level

-

was less than 2 kOhm.

s

The subject was then seated in 2 soundproof rcom adjacent
to the equipment. area. The ear phones were placed in- position ,
and the subject was instructed to relax and to k=sep her.eyes
closed. A relaxation period of approximately Fifteen minutes
preceeded the stimulus presentation which commenced when *he
ZEG was free of muscle artefacts. The subject.ﬁas 2lso monitored
by video for gross motor movement.
| The command to initiate the presentation of the stimuli and
the simultaneous analy51s of the 3SR was manually controlled by

teletype. Once initiated, each subject received each of the three

frequency conditions in counter—balanced order of presentation
T'

-

within groups. There was an integral of approxinately Five minutes

between presentations when the plotters obtzined a record for each
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frequency condition. The subject's electrodes were then removed
. 1
R g .
and they were shown their resulis whe# all three experimental
conditions were" completed satisfactorily.

~

Analvsis of the Srainstem Resvonses )

- - - - - & - ~
The reliability oix obtazining the evoked potential wave Form
generated from a tone pip stimulus is net as consistent as that
of. click signal, especially with a low frequency tone, (Davis &

/
HZirsh, 1976). 3Brzinstem responses are cbtained more Ireguently

from ¢lick stimuli. Therefore, the literature provides a greater
number of studies where high frequency normative éata for latency

intensity functions has been cited *ban for low Irequency tone
rlp stimuli. The scoring was guided by lattncy measures as
described by Yamada, Yamane and Kodera;-(l97?) Weber and Tolsom,,
(1977) andgs 1llman, Moushegian and Ruper (197€ ). The anticipated
latency for wave V, cited by .Yamada, Yamane =2fd Kodera, (1977)
was approximately 6 msec following the onset of the stimulation
at 70 d3 with the higher frequencies inversely related %o latency.
Therefore, the -criterion for'scoring JV-was base% upon visual in-
spection of the positive peak (Jv) followed by a negative reax,

reliably discernable at the anticipated latencies for the speciflic

intensity. " Jv was cleariy identifiable in 2ll subjects,
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Wbi 2 otherwaves were more variahle _Therefore cnly J3 and =he

-
-

A

subsequint negztive peak were scored within 0.075 msec for la%spn-
cies and amplitude measurements. Tor ke r2cods of sub*eCTS'i

The two cu=ves o ESR did not coirmgids, zidpeint o the two -

14

curves was esvimated and latency of *he Daxizum ‘zeak (Jv) and the

follewing negative teak was scored. Therefore four charac: eristi

0
0

of the BSR were measured:Jx and the subsequent negative teak latency,

.

Jv amplitude- from baseline, peak: to trough amplitude of Jv and

d

and the subsequent negative peak-. This visual inspection method
ol sceoring was one of the two methods-of analysing the 2SR

dnd will “be discussed in the results section under Hand Scoring

Technigue. ’ .

i |

I The atlempt to identify the zeaxs =reced:
average waveform was computed by averaging 211 23R £

frequency condition. For exanple, 211 24 subjects'ESRs, consistins
. 3
cf two sets per individual record at 500 Zz were ave—ag

a group averzge wavelornm Zor,this frequency coréi ign. 7T

analysis, an Istronic Digitizer, which is a manually ozerzted free
cursor graphic-digital converter, was used. The Istronic digi-

——

- + '
“lzer sampled the records at the rate which previded 50 cocrdinazes
rer msec. The dizitized daua w2s then orocessed on an I3X 360

computer and group waveforms were Dlotted graphically. Time win-

dows defining where the peaks occurred across all subjects per
-¥requency condition were obiained s corncurrently with the zrouv

-

I oL



average waveform. This was accompliéhéﬁ by sampling 3SR
aﬁplitudes at intervals of 0.15 msec (from stimulus onset
to the end of anélysis time) and then averaging these amp-
litudes across subjects per frequency condition. Figure‘B
shows the three plots obtained at each frequency level.

Three peaks emerged, which defined time windows of
1.40-4,.00 msec, 4.00-5.60 msec and -5.60-7.80 msec at 2kHz and
LiHz. At 0.5 kiz, the time windows were 1.40-3.90 msec,
3.90-6.% msec and €.40-8.80 mseE;'The third pezk was id-
entifiadble as Jewett's(lg?ojfwa;gtv (J#). The pearson corre-
lations obtained for these concurrently recorded. 2SRs were
0.95, 0.97 aﬁa 0.97 at 0.5 Wz, 2 Kiz, and &4 iz frequenéy
levels fespectively. These values were qbtaingd by correlating
each of the 100 points per graph (at 0.15 msec intervals)
per individuazl subject's curve, with the mean obtained for =all
subjects é% each of the 100 points. These grouped waveforms
were used to estimete the reliability of the BSR recorded.
The time windows PrOVided guidelines when indiVidual records
were scored. The I3M 360 computer scored the maximum positive
above 5aseline within the prescribed time windows.Therefore,
six characteristics of the 3SR were measuredi_latencies of
peaks I,II,III and =zmplitudes taken from positive pezk to
baseline of peaks I,II,III. This method of analysis of the
BSR is referre# to as the Digitizer [lethod of scorinsg in

chapter III,
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Concurrent Auditory Zralinstem

Evoked Responses to 0.5 kHz, 2kIz

and & ¥z Tone Pips Averaged across

'subjects)N=2U . )
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Statistical Desism . . : .

A two factor analysis of variance (Extraversion X Treguency)
with repeated measures ot the frequency conditiecn waé applied o
the data, Two' levels of extravergioﬁ (Introvert and Extravert
Groups)"and threamg@vels of freguency (500 Hz, 2 ¥z .and & kHz)
were censidered. The .05 level of confidence was adopted for a2ll

-

statistical tests. The same . statistical desizn was applied

to both techniques of scoring, the digitizer and hand scoring

methods.

\n
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RESULDS .

This chapter tezins Ly rewilewinsg the statist tical “rcc°dur°s
exployed and the features of the BSR's analysed iJ this ex-
verimental design. Resulils are __nor*ed for bo»b uhe hand
sc?riné\engbthe digitizer petﬁods. The chapter concludes wit

. )
a review of the results obtained from correlational studies
utilized to ascertain the degree of relationship between the
two scoring technigues. |

fwo-way analysis of variance (extraversion X frequency) .

with repeated, measures on the frequency was applied Tto Ihese
specific cpmponents in the hand scoring Technique: (1) lztency
measures of Jv and the subsequent negative peak, (ii) the
amplitude qf-Jv as measured from baseline, and the amplitude of
v as measured from the subsequent negative p;ag.

Applfing the same statistical procedure to the Digitizer
method latencies of the three predominaﬁ% reaks as described by
the time windows and take#-from7peak't° paseline were analysgd.
Amplitudemeasures_on thesg;game'@hree_peaks'as taken from

baseline tor positive peak were then analysed. i

\



Yand Scorinz Technigue

Significznt ﬁainueffects Tor the latency of Jeweti's wave
were observed. The mean latency at &4 XMz (£.6L msec) wad
faster than the latency at 2 k¥z (7.0l msec) and a% 500 Hz (7.57 /
msec); = (2/44) = 181.5, MSe= -0361 The interaciion of the
Sxtraversion X T Tequency, al‘boug apparent I.2/8L = 2,75, ¥Se
= ,037, p<(.0?' fziled fo reach the acceptatle levels of con-
fidencgs This inverazection depencded primarily on the extrav s
shor*er latency at 500 Hz. The laterncy of the negative peak
following Jv also indicated a significant main effect due to
irequency T 2/h - 99.02, ¥Se= ,01 with the low Zregquency
condition mean (B 99)ﬂsec longer than fhe mean (2. 26 =msec) 2=
2 ¥z and the mean (7.71 msec) at & ¥¥z. aAmplitude of 5v from
baseline\ owed no significant main effects or interactioms.
Amplitudes o Jv to the subsequent negative peak revealed
significant main effecté due to frequency =T 2/§#= L.31, iBe= 005

'th the amplitude at b oxdz significantly greater than aﬁ
2 Kz and 500 Hz. Table 1 and 2 shows the mezns, S.D.s of am?litude
. A~

®and latency measurementsWrespectively, of wave V at S0 d3 Zor in- .

troverts and extraverts for the hand- scorinz technigue.



Table 1

Mean and SD Amplitude in microvolts(peak to baseline,

peak to trough)

of Wave V (Jv) under Three Ilevels of
Frequency (500 Hz, 2 kXz, 4 kdHz) at
q >

80 &2 (SPL) Inten-
sity for Introverts and Ixzraver:is, Handsceoring Tech-

nique.
Measure E Group Frequency *
0.5 kHz 2x¥z gt
~Ne - .
Amplitude ' Intrévert 0.076 0.c84 0.071
(uV) peazk (2)  (o.ok2) (0.0%0) (0.035)
+o btaseline
Extravert 0.067 0.078 0.095
(12) (0.0&47) (0.031) (0.053)
- Potal 0.081 0.083
(24) (0.035) (0.045)
Amplitude Introverst 0.312‘ 0:37?
(uV) peak (12) (0.067) (0.065)
o trough Extravert _O- 0.336  0.381
(12)  (0.084) (0.098) (0.135)
Total 0.330 0.324 0.379
(24)  (0.090) (0.103)

(0.083)

given in parentheses.
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Table 2

-

¥ean and SD Latency in milliseconds of Jv (positive
peak) and the Subsequent Negative Peak -ollow1nr uv
under Three Levels of Frequency (500 Hz, 2kﬂa. vz )

at 80 d2 (SPL) Intensity for Introverts "and Sxtravert s,
Handscoring Technlgue.

\n
‘0 .

rleasure Z Group - Trequency .
0.5kHz 2xHz bz 7
Latency Introvert ?.f35 6.952 £.59%
(zsec) pos=- (12) (0.179) (0.171) (0.20%)
teie peak o iravert | 610 7. 06k £.678
: . (12) £0.337) (0.355) (0.2&0)
Total 7.673 7.008 . €.636 °
(24) (0.271)  (0.278) (0.278)
tency Introvert  $.003 g.349 7.775
(msec) neg- (12) - (0.311) (o.s511) -(0.292)
ative peak
following Extravert 8.982 8.181 7.652L
Jv (12) (0.397) (0.359) (0.273)
Total 8.993 8.2€5 7.71¢
(2k) (0-3“9). (0.b41) (0.285)
< » .

Ngtei SDs. are given 1n- parentheses,
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Dizitizer Method of Scorinz

——

-

The ayeraged-giﬁup 3aveforms:evealed three pezXs withi:
the time windows described at 1.40-%.00 mseé; L.00-5.60 msec
and 5.66-7.8 msec at 2 k¥z and i Kiz. A% 0.5 XxHz the time
windows were 1.40—3.90 msec, 3.90—6.h0'msec;and §.40-8.80 msec,
The tThird pezk was ldentlfled as Jewe**'s wave V. .

3ase*1ne to positive -pezak amplitude within each’ time

window was determined. Analysis of the first peak revealed no

. lcant differences beiween _recueﬁcy conditions. Zor zhe
<<§::é:2;peak the latenc observed at 0.5 Xz was sigznificantly
longer than at % iz and 2 ¥z, 7 2/W4= .60, ¥Se = 0.26k4.
For the third peak, Jv, the latencies Qére differentizted from
each other at a2ll three levels with 4 Xz less than-? k:z, less
than 0.5 Wiz, 2 2/k4= 5,76, =2 = 0.108.
No szgnz:zcanu e¢¢ecbs were observed with the baseline *o-
peak amplitude measures for any.freqdéncy condition,
Tntersubgect variabillity for the lauency measu_es was
generally smaller for the third peak and greater for *he Tirss
veak. Differences in intersubject variability tetween frequenc&
levéls were slight with variability for low ffequency'gfeater
N
than high frequen c*es, varticularly for the first two péaks.
Intersubject variability concerning thé’éﬁplitude measures

was not significant. The means and standard deviations of <he

-
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latency and amnlltude measures across 24 subjects are shown

in Table 3 for the dlgltlZE' scorlnc technlque. Tahle & and

5 shows the means and SDs of lauency and ampliéeee measurements
respectively, of weve Vlat 80 'd3 for introverts and exfraverts
for the digitizer scoring techniques.

The analysie showed no significant main effects due %o
extraversibn for any of the th;ee peaks considered. An ZX-
traversion X Frequency interaction was observed in peak s
IIT (Jv) baseline to peak analysis. P 2/44+ = 2.87, iSe =0.001,
P{0.06, Iﬁ this interaction, the mean amplitude of the
inffovert group at the low Irequency condition .(0.072 uv)

was greater than the mean amplituae-of the extravert group

(0.0%7 uV). At the high frequency condition, the extravert

group was observed to have greater amplitudes (O.déb uv)

than the introvert group (0.055 uV). Tor this interaction,

the power of the effect.is .09 and‘uould *eoui*e an increase

ln sample size to 80 to exceed the .05 level of confldenoe J
A correlational analysis bvetween the two uEChanUES of

scoring showed the methodsifor obtaining peak III,(Jv)

was highly correlated in the amplilude measures. The

largest discrepancy was found in peak latency, with corr-

elations ramging from b5k (thz), .516 (2k#Hz), to 0.702

(0.5 kHz). The analysis between the two methods for peak

IITI (Jv) for the amplitude measures yielded pearson corre-
12tions of the order of .918 (500 Hz), .959 (2 Kiz) and

965 (& xHz). Critical values of these correlations

Al
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£2

Mean and SD Iatencies (msec)
Peak I, Peak II, Peak IIT (Jv
Freguencies under 80 d3 (STL
izer Xetheod of Scoring.

sk

v
)

Peaks ) -Zrequency
8. 5%z 2%Ez L xHz
Peak I ) _
Latency (msec) 2.562 2.887 3.287
(0.82%) (0.727) (0.595)
Amplitude (uV) " 9.001 0.0c06 -0.006
baseline to (0.031) (0.023) (0.031)
peak
Jeak II o,
Late (msec) ' 5.537 5.112 5.037
(0.77%) (0.%60) (0.380)
Amplitude (uV) 0.019 0.022 0.028
baseline o (0.0k0) (0.0&2) (0.037)
peak .
°eak III (Jv)
L&uEﬁcy (msec) 7.637 . 7.100 6.625
| (01375) | (0l2k9)  (0.338)
Amplitude (uv) 0.060 / 0.0€7 0.069
baseline to peak (0.0k2)" (0.0%0) (0.048)

. Notes: SDs are given

in parentheses,



Pable &4

fean and SD Amplitudes in microvoltis (neak to

for Peak I,

Peak II,

Peak IIT (Jv) under low,

(8 £
)

haseline)
Medium, and

High Trequencies at 80 d3 (SPL) Intensity for Introverss
and _x*raverts,.Dlrlulze* Method of Sco;_.nc
Peaks Z Group Frequency
0.5kHz 2%Ez Lix¥z
Peak I . - - - ’ .
Amplitude Introvert  -g.00908 0.00600 -0.00687
(uv) Deak (12) (0.03055) (0.01¢628) (0. 02951)_
"o baseline oo iravert  0.01025  0.00650 ~0. 004738
(12) (C.02877) (0. 0273?) (0. 03372)
Total : 0.00058 0. 00625 -0.00571
! (2&) (0.031) (0 023) (0.031)
 Peak II S S o
Amplitude Introvert 0.02233 O 01358 0.G3050
(uV) peak (12) (0.04067)  (0.03936) (0.03588)
to Paseline s itravert  0.01517 ©  0.03025 0.02£08
(12) (0.0395%) (0.04369) (0.03818)
Total 0.01875 0.02192 0.0282¢9
s (24) (0.040) (0.042) (0.037)
Peak IIX \ -
(Jv) Ampli- Introvert 0.07208 0.07042 0.05517
tude .(uv) (12) (0.03892) (0.04087) (0.03712)
peak to
baseline Extravert 0.04742 0.06267 0.08350
(12) (0.04311)  (0.0k038) (0.051453)
Total 0.05975 0.06654 0.06933
(2%) (0.0k2) (0. (0.046)

Note: 3Ds are given in parentheses.



Table §

av—

Mean and SD Latencies in milliseconds for Pezk I,Pezk
II, Peak IIT (Jv) under Low, Medium, and High Fregquen-
cies at 80 d3 (SPL) Intensity for Introverts and Extra-
verts, Digitizer Method of Scoring.

Peaks : E Group . Trequency
0.5kHz 2%Hz ToLyHz
Peak I .
Latency (msec) Introvert 3.262 ° 2.825 3.342
o (12) (0.743) (0.652)  (0.3%8),
Extravert 2.663 . 2.950 3.213
. (12) -~ (o0.81¢) (0.820) (0.65%)"
Total  2.963 2.888 3.288¢
| (24) (0.828) (0.727)  (0.595)
Peak II ' o -
tency (msec) Introvert  5.375 5.163 5.175
(12) (0.7643) (0.652) (0.548)
Extravert 5.700 5.063 L 900
(12) (0.819) (0.820) (0.6s5k)
Total 5.538 5.113 5.038
(24) (0.77%) (0.560)  (0.380)
Peak III
AIv) Introvert 7.700 7.050 6.525
Latency (fsec) (12) (0.328) (0.189) (0.G12)
Extravert ?.E?S 7.150 £.725
(12) . (0.%23) (0.309) (0.278)
Total 7.638 ?7.100 6.625
(24) (0.375) (0.259) (0.358)

Note : SDs are given in parentheses,



Table 6

Correlations Between Handscoring and Digitizer Scoring
Technigues for Amplitude and Latency Measures of Jv
under Low, Medium and Xigh Frequencies, (0.5kHz, 2kHz,

LixHz) at 80 d3 (SPL) Intensity, across Subjects (N=2&)

Correlations (r)._

Measures -- for-Freguencies
0.5kHz 2kHz Lz
Amplitude .91785 .$2908 .6k 30
Latency .51631 .70180 45378

(h
n



h
(4%

revealed that there were no significant differences between
thé two methods of scoring. Table & shows correlations for’
latency and amplitude measures for peak III (Jv) per freg-
uency condition at 80 dB [{SPL) across ;ubjects: Discrep-
_anéies which occurred between the two methods of scoring

will be discussed in chapter IV.

o
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CHAPTER 1V

 DISCUSSION -

I3

This chapter begins with a discussion of %he discrepancies
which occurred between the scoring technigues. Implications
are noted which eﬁerged from the frequency effects. Zxtra-
version results are then reviewed. The strengths and.weak-
nesses of this study are discussed. Suggestions for future

research conclude the chanpter.

Discussion of Scorins Methods

The criteria employed by the hand scoring technigue invol-
ved sighting the negative peak which preceded Jv, a peak which
occurred approximately 6-9 msec after stimulus onset.

Jv was identified as the maximum positive peak which was appafent

.

on both curves and preceded a large negative peak. It was -

necessary to employ subjective judgement in situations where the
two curves Showed discrepanciés in morphology (with midpoints
being estimated) and when a train of several positive peaks of
equal amplitude preceded the negative trough. The same
criterion was employed to estimate the latency of the negative
'peak. Once a decision had been made as to the latency of the

peak, the amplitude was measured from bassline to peak and

from peak to trough.

- -
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The technigue employed o score plitude and latency

measures by the manual digitizer (graphic-digital converter)

i;yolved the following steps. Firss, t&e amplitude au .15 msec
intervals was determined for each evoked potentiadrecording.
These amplitudes werE‘then averaged to form group curves at each
Irequency level énd Zrom these zroup curves time windows were

established. 'Then-the:two curves for each freguency ‘condition

-

-were averaged and the three neaxs were determined e

5

[

-

record the lauercy ©f each maximum peak for the individual

-

graphs.

-
+

It should e noted that the correlations tetween -the two
methods were lower for latencies r=.45 at & ¥z, r=.70 at 2%z
and r=.51 at .5 kHz than for amplitudes (mean r=.G1). i.-\\\k =

-

spection pf the records confirmed that latency discrepancies.

resulting when the mean of the two curves was computed for the

individual record would not occur. in“the hand scoring method

owing to the fact that a visual imspection of the graph cBuld

. ‘ :
' focus only on the segment where av-and the large neratlve ‘wave

.occurred as a resul of there belﬂg Iess dileisegent on the
~

. ¥ axis of the two curves. : ' .

’

fbllowing iT occurred. .The high cd%*elat*ons obse*ved between

o =

the $Wwo methods ‘for the amp ltude measures could have R

Ko nag {‘ ™

Y

Overall,‘lu would seem uhat more: confldence coqu be’ ..
L. Vs
ced in the comnuuer scorlng 11h:.s is ev;denw in tha the

conoute* method ut lllZEd data nrovided oh:theﬂpntirg graoh by:;w;

-

2



- would require more rigorous steps to average the tw

)

. . 7

- f.

gstablishing a2 mean curve. The hand scoring technicue, which

o
tends rather %o focus on a small segme. at the deflecti
of Jv. Computer Scoring eliminates subjectivé judgement a%d

hence consisténcy is méintained. Zased on the assumption that

the digitizer method provides a ‘more objective scoring tech-

- nique. the results obtained by this method,are discussed in

this chapter. ¢

Treguency Effects ) ' Z?

= Low frequency .ona7 svimulation when employed in Bsycho-

ohrysical and electrocorticald stpdies, (Smith, 1668; S=elmack

-

& Campbell, 1974; Stelmack, Achorm % Michaud, 1§77) have

- demonstrated extraversion differences. When attempiineg *to
- ’_'2

>

utilize the same physical stimulation, several technical issues

must be obsgrved when eliciting a trainstem response. 2Zecause:

the latency of the auditory BSR increase with increases in
stimulus rise time, (- Hecox, Squires and Galambos, (1976)) the

Z3Rs elicited by pure tones, which are characterized My slow
\ - - y - -
rvise times, are confounded, -low frequency tones in particular

.,..l-

i in eliciting discermnible 3SRs

(Davis & "'rsh 1976) . (::”-
‘(Davi i 1 . . :

- <k

appear to be less effec

Weber and Tolsom, (1977) and Suzuki, Hirai and Horiuichi

(1977) have described s#®able auditory BSRs with tone pips.
- : . ”

. . ,
The lft iTeguency tones employed by Weber and Folsom consis+ted

- " ) ’ . ’ x

Fl

. . . . - s
: N .

©
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of tone pips defined by rize times of twice the period of the

pure tone and a plateau of one periocd. The rise time was

sufficiently increased to elicit &n onset 3SR. SuZuki.

Hirai and Hor*u*ch1 (1577) recording with a an width of

"Jb

N B 5 to 3,000 Hz reduced the aticnuation of the low freguency "

components of the 3SRs. Successive phase reverszl was utilized

to cancel ;;équency following response effects and prévent

potentiaafa:tifacts due to summation effect (Yamada, Yamane

& Kedera, -1977).

In this study, clearly discernable frequency specific

auditory 3SRs were demonsirated using tone pip stimuli. The

~auditory 3SRS elicited by low frequency, and high intensity tone

pips were shown to have the same hizgh degree of reliability

as 3SRs elicited by high frequency %tcne o

| ol
.

Ds. JIhis effect

. &
is‘:omnlimentary to the auditorv BSRs -at 2 kHz and & kHz +tone

pips reported by Weber and Polsom (1977) and %o the 0.5 &z

low 1ﬂten51uy tone pips renorted by Suzuki, Hirai, and

Horiuichi (1977)

-

The waveform obt a*ned by ave*arlnf the BSRs across

o<

subjects indicated-that t. ge neaks w1 thin 8 msec of stimulus

onsetSmay be consisteptly defined to enable comparisons beiween

L

individuals and that this waves
levels.
The first peak identified

wave I (JeW%ett's nomenclature)

form 1s constiant across frequency

[N

n this study cannot qualiry gg

in that the latency is longer

-



at & Mz than either 2i¢iz or 500 Hz. Without adsguate identi-
fication of wave I and with wave II having 2 mean latency of 5

msec,; the second peak identified should mot be confused wi<)
Jewett's wave II. However, pezk III was identified as Jaweis's.
wave V técause the latency obtained was in agreement with the
literatize (Weter z Tolsom,1977; Suzuki, Hirai&iﬁoriuichi.IQ??J.
Significant freguency effects were described by an inverse _

-

relationship tetween laten ey and frequency with sherter latency

s

at the high frequency levels for the second peak and nos<t
pfedominantl for Jv. This inverse degendence of latency on

stimulus frequency suggesits that low frequency tone Dips are

stimulat ing the basilar membrane tuned to lower Jrequencies.

These findings are in line with the expectations based on the
mechanical transmission *ime within tQE\?ochlea. Since

the high frequencies offer 2 maximum stimulus for the tbasal

. - - ! . )
part of the cochlea, it is assumed that high frecuencies take

'_l

ow Ireguenclies

~

which sulmulate the relatlvely distant apex (Gacek, 1970; Weber

‘fess time to reach the cortex compared to the

% Folsom, 1977 ; Brama & Sohmer, 1977 ).

-

In summary, frequency effects demonsirated that utilization

of low frequency stimuli were successful in eliciting 2SRs.
Tne freguency specification that.was necessary to obtain
. A oo - . L .

optimal diffdrences in the .extraversion effect was me% in this

research. - ‘ ~



Sxtraversion Erfects : \\
: . . B

Zysenck hyno»hes;zed “hat introverts are more. cortically

aroused than extraverts, and that: extraverts are_more cortically

L]
inhibited than their counterpar:s. Neurovphysiocloeog ..ca1 studies

-

-of cortical excitability <traditionally have utilized +the annll—

tude of evoked potentials as an index of cortical exc1tability
(Shagass & Schwartz; 1966). Cortical ewygked petentizl research

has shown some modesy support for EZysenck's nyvpothesis.

./

Straumanls, Shagass and Schwartz (1903) ;-hdln demonsirat-

ed extraversion effects were related to aging. Slmllarly St elmacx,.

-

fendrickson (19?3) found greater

<
AZR amplitudes forintrovergﬁ. .when low frequency tones were

1!

Achorn and Alchaud (1976) and

.

employed. . : - ’
These electrocortical studies are. related %o the psycho-

rhysical studies- -; terms of the exc tion-inhibition balance.
e Y

Although, as yet not conclu51vely proven,-igygorsof Psycho-
physical studies (Stelmack % Campbell, 1974 Siddléﬁ.xorrish

White & Manga&, 1966; Smith, lQéQ_suggést that introverts will

manifest greater sensory sensitivity to equal intensities of

stimulation than will extraverts. Stelmack and Campbell (1974)

have suggested that introverts show grezter aoso’ute sensi,ivity

. : .. . 3 :
“o low freguency acoustic sTgnals than extraverts.. TIf introverts
b

have lower thresholds of sensitivity, then equal intensities appli

-

- . ~

Y : : )
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@ the introverts and the extraverts would de verceived as

being higher by the intrcverts. This would be directly .related

to findings of several studies which have shown an increase

. . I
in the amplitude of the evoked potential (Davis, Sowersa

1-

11 rsh 1968; Rothman ,1969) as a2 result of zan increase in

s

the Intensity of the stimulus. The c_eaue* Vl—-z amplitude
displayed by introverts (Stelmack,Achorn & Michaud, 1977)
could reflect the basic differences hetween in troverts

ey
v

imuli.This is under-

1]

and extraverts in their reception of
stood in terms of lower thrsholds of reticular arousal
and g eauen e?’1c1ency of sensory o*ocess ‘Structures

of lnt*over*s.-ne late evoked ooeen't:.a1 and psychozhysical

\
studies are theoretically devendent upon arousal factors \

"
' L -

as mediated by the corticcreticular loop in the Zysenck- -
ian framework, . . : -]

The question which may be raised is whether this same

Suprosit ion can be applied to bralnstem reponse investi~-
gations. It has been demonstrated by 3rama and Sohmer(1977)
that as stimulus intensity decreases, the B3R *esoonse~
latency increases and the amolitude dec*eases 2rain-

stem activity however, is thought to be relatively inde-
vendent . of corticoret 1cul_r activity whlch is involved i;t
the med;aulon of a»ten ion and arousal (Lindsley,19?oz Jewet:
& Jllllsuon, 19?1- Picton, ® Hill vards Krauz % Galambos,1974).
Amadeo and;Shagass (1973) have shown that auditor&'ESRs

i



-

£

-
-
]

do not differ‘between waxing and sleeping states. Zased on this
literature, the hypothesis that no differences between intro-
- verts and extraverts as reflectéd in amplitude and latency

measurements would. be expected wheq defined by differences in
arousal fr-em aﬁ Zysenckian persgpeciive. Indeed,from recognized
statistizal.convention of .05 level.of cenfidence the null
hfpothesis was observed inuthis-study.

The trend towards an -extraversion effect in this thesis . .
and observed i$ Joseph's (19?8) study merits some discussion.

The guestion must be raised as to whéther the findinzgs obtained
in Steimack, Achorn and Michaud's (i9?7j.research were due to
peripheral or trainstem activity;, or were they due to ceniral
effects of arousal zs Zysenck has suggested? Had greater
amplitudes 'and shorter latencies veen found in gither wavs 3
;;Il.or"(Jv)for introverts, then the hypothesi§ of individual
differences at peripheral - or brainstem levels,respectivelyw
would have been supported.: . -

Although an aﬁcéptable level of confidence was not obtzined ,
there was a tendency for introverts to display greatef baseline
to §eak Iv amplitude than extraverts for the low frequencyﬁ
‘condition. At the high fregquency condition the extravert

group was observed <To have greater Jv amplitude than the

introvert group., It is important to note that the results of the
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- present study are consistent with the findings of Stelmack,
and Camphall, (1974) and Stelmack, Achorn and Michaud (1977).
They both found introverts %o be 51 niiican®l ly moré seﬁsitive
to low-frequency auditor& signals than extravgrtsl Response

. decrement at high Irequencies for infroverts relative to .

‘extraverts was not demonstrated in these studies.
In the case of Stelmack, Achorn and Michaud, (1977) *he
éverages for the late components were based on the responses
at 100 stimulations and this number may not:be adeguate for
differences to emerge, given the relatively small signal *
\ noise ratio of high freguency responses. telmack and Campbell
\

\(197%) éndorse the hyvothesis that the 1ncrease in sensitivity
to high-frequenéy tones fcr extraverts and the decrezse for
introverts suggests that introverts may have btoth low fre-
quenéy énd low intensity levéls of Dre¢erred stimulation.

. _ |

. - ’ . . » .
mhe results of Joseph's (1978) findings were that intr

. '
. Verts dlsolayed greater Jv awnlltudes than extraverts for high\

(o]

fregliency, low intensity conditions (50 &3, 70 43) but not for
high intehsity (90 dB),and would seem to support this thesis's
tentative findings. Josepﬁ's results appear congruent with
‘interactions between extraversion and intensity of auvditory

stimulation-observed with electrodermal measureg (chaleSmor*‘

& Smith, l9ﬁ§; Fowles, Roberts & Nagel, 1977). 1In these -
reports the d&cr ement in responsiveness of the introvert =t
\z\\ :

o .



highér levels of intensity relative to lower levels,is
thought to indieate that introverts develop transmar-
ginal or pfotective inhibition at lower levels of stress .
than extraverts. One could only speculate at this point
that similar principles may apply to the interaction
between extraversion and frequency (as demonstrated
in this thesis) as with the interaction between extra- )
version and intensity. .

Features of stimulus characteristics andarecofding
techniques which might have ﬁeen attrivuted to a2n in-
ability to discern the positive peaks preceding wave V .
could have resulted from a slower rise time with tonak ¢
stimulation, (Weber & Tolsom,1977) or the possibdility
of a 5 msec tone dﬁration which would increase the var-
iability of péaks(I 6 IIT (Hecox, Squires & Galambos, ‘
1976). Also the effect of aiternating the stimulus
polarity may result infa.lateﬁcy‘sh;ft of a half a cycle
;hich wouid contribute to the sﬁearing of the wave form
prior to wave V (Davis & Hirsh,1976;: Brama & Sohmer,1977).
The recording technique of binaural stimulation could
have been a feature which contributed to a less dis-
cernable ZSR. | '

Had Jewett's waves I and II peen identified and %n-
dividuzl differences demonstrated, sensory reception per

se¢ at the recepter level would certainly justify an ex-

"tension of EZysenck's hypothesis. That only three peaks emerced



within this peried rather than the seven described by Jewett
and Williston (1871) evidently stems from the complexity of the
response to tone pips as compared to click stimuli. From this #
perspectivé, éhere would-seem to be little a2 priori advant-

dge Tavoring low frequency stimulation inquiries into the
biological basis of individual differences using'audifory

3SR techniques. With further research inte *onal stiﬁulatiqn
and factors affecting altermating phase, reliable early peaks
may. emérge and provide impetus for continued studies in this
directien.

A.factdr which could have attributed to the failure, of find-
ing significant extraversion effects might have been the limit-
ed-samplé size of twelve subjects -in the Iwo extreme groups. If
more data had been I collected with the inclusion of arn am-
bivert gfoup, delineaticn of effects may have been achiévedf
The aspect of diurnmal rhythms was not rigidly controlled in
this studyf‘Corcoran,(l96&)'and E¥senck and Eysenck (1967) .
Felt that ipdiVidual.differences were facilitated by control-
ling the'ﬁigf o% day when testing. Attentioral factors were
not éontrol%éd in this study due to findings in pre#ious re-
search (Picton & Hillyard,1974). However, in +this research
reliable 3SRs were not obtained‘without the sudject being
free of muscle artifacts and in 2 semisombulent'stafe. This
leads one to ﬁuestion The possibility of cortical influences

uvon the BSR which may be coﬁtrolled by implementing behavipr-

al indices of attention, or at the very least, a subjective



A

-

repdf% of ‘their experientes while the experiment was in progress.

Future research- might focts ©on measurement of both 3SR

and the late.cphpbnen;s in one experimenval setting., This
. . - v LY :

would bYetter “Bnable an nV°Svlaa~lO of ,and a2 more complete

nde“suandw‘s o_,senscry nroc/;s ng;alon: the extraversion
1 .
dlmenSLOn. Eecause of “he/decreased signal to noise factor

observed for *the earliest waves of the =SR, arepetition of
+this study utilizing click stimulation may v*ovwde information

regarding peripheral sensitivity mechanismsmoperating.between

the two personélity'groups. Coles, Gale % Kline (1971) revealed-

that extraverts adapt more readily than their counterparts.

-

Thorton and Coleman (1975) have found that by varying stimulus

repetition rates the 2SR latency decrezges and amplitude increases.
BN

A study Which.csmbines individual differences and adaptation of
the 3SR may contribute to Eysenck's theory. Finally, this study
introduced the diéitizer methed of scoring brainstem evoked
responses. Comparison studies between hand Eéoriﬁg methods and
the digitizer method utilizing c¢lick stimuli {z clear 3SR would
emerzge ) may clarify the effectiveness of this method.

In summary. the results of this study aré inconclusive

4

with regard to eitravqrsioﬁ.effects._The findings of greater_~

’

N,-P, amplitudes would aprear to have provided encourazing evi-

dence supporting the notion proposed by Eysenck that dx*ferences in

tﬁE\corticoreticular loop can account for the behavioral differ-

erices beiween lnurover*s and extraverts (S elnack Achomm %

™~
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wichaud, 1977; Davis ‘& Zerlin, 1966). Psychophysical
studies have denmonstrated +that introverts display greater
absolute sensitivity than extraverts. These studies have been

interpreted- as displaying indiVidué; differences.in exhitation-
inhibition balance owing to the variance between introverts and
extraverts in the corticoreticular loﬁb. The effeét*of differences

in neuronal.substrafés-at the pgripheral-level (cochlezr nerve trans-
mission) or subcortical level (brainstem z2uditory nuclei)

is a question that has not yet been answered. Although

= v s & . .
not significant, the interac¥tion which was noted for wave-

V, with introverts tending to enhance amplitude at low

frequency.and extraverts tending to display greater ;mp—

litudes 2t high fregquency, should not be dismissed out of

hand. This interaction, ié_noteworthy secause it resemtles

the psychophysical '(Stelmack % Campbell,1974) and psych-’
ophysioclogical effects previously cited (Stélmack,icﬁorn

& Michaud,1977). The quest{on-of +the degree td which

the bdbrainstem éontributesgéo individual differences merits /

the attention of further research,

€
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APPENDIX 1 o

d

y .
' Zysenck Personality Inventory (E71)
Form A, Scores of Zxtraversion ()
. * Neuroticism (N), Psychoticism (P)
- . _ an@ Lie Scale (L) of Introverted
and Extravertsd Subjects .

"INTROVERTS S = N
Sudject # 1 7 ‘13
' 2 11 3 .9
3 T2 B 9
’ & . 1 6 18
5 » 3 1 13-
6 . L 2, 15
7 1 L 9
8 T 3 11
.9 o 7 1
10 8 5 16
.11 1 s 14
12 2 5 13\
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17 ¥ 20 ° °
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) PREVIOUSLY COPYRIGHTED: MATERIAE
"IN APPENDIX 1, LEAVES 90 - 93,
NOT MICROFILMED R

90 - 93 Eysenck Personality Questionnaire (Adu]é)
MAY BE OBTAINED -FROM
Educational and Industrial Testing Service

Box 7234
San Diego, California 92107
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