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- Abstract

Pupil Size During a Cognitive Task as a Function

of State-Trait Anxiety and SËressfulness

of Instructíons

Pupill-ary research has not assessed adequately the rol-e of anxiety

Ín pupíl response during cognitive tasks. T\¿o experinents rÀrere conducted 
;

to investigate the rel-atíonshÍp of pupíl size to anxiety and mental ef-

fortduríngadigitspan(oS)reca]-]-t'ask.Trreindiri:idua1.dÍfference

variabLes of inÈelligence and correctness of response Ì4rere al-so studied.

Both studies used a time-locked procedure for presentatÍon and re- 
i

call- of digits. PupÍ1- size rras monitored during an 8-nunber DS task Ín i

Experíment 1 and a 7-nunber DS task in ExperimenË 2. In Experiment 1,

subjects r¡Iere grouped on basis of Stress instructions (ego- or rlon ego-

threatenin8) an¿ Intel1-igence (abíl-ity on the DS Fo:r^rard subscaLe of the 
I

I^IAIS). In ExperimenË 2, Test Anxiety Scale dÍfferences ürere inel-uded 
i

and the hearË rate rJrTas monitored. l

;

Resul-ts of E:çeriment L T^rere as fol-lows: During InpuË, I{igþ and Low ).

Stress dÍfferences r¡rere noted. No basel-ine of pupil size was Ëaken hor,¡' ,.

ever' and findings had to be interpreted cautÍousIy in view of the lack of

A-state paper and pencil differences betr¡reen groups. No differences T¡rere

noËed on the Intel-ligence variable. Final-1-y, no analysis of pupil sÍze 
l:

differences for correcË-incorrect trial-s was made as there were too few

coïrect trials for proper anal-ysís. Results of Experíment 2 were as fol--

l-ornrs : During Instructíons, no rel-ated differences in pupil size were

. 't.-:ì
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found, but heart rate (HR) interacËed wÍth Tíne ín Ëhat Ëhe Higþ SËress

ggorrp showed greater HR followíng Ëhe Ëhreatening portíon of instructions.

During Input, pupÍl síze increased over tíme, rüas larger in the lligh

Intell-ígence group and 1-arger for CorrecË trÍ41s, but no main effect for

Stress was found. I{R duríng Input was signifícantly higher for the IIígþ

SËress group, but no main effects on Intel-ligence or CorrecËness of res-

ponse were fotnd, nor was there any increase over tíme. Duríng OuËput,

both pupil size and heart rate fol-lor,red a sirnilar ínítial- pattern of de-

crease. Pupí1- size continued to decrease at a regul-ar raËe into Ëhe Rest

phase. Ileart Tal'e, however, began to increase as Ëhe OutpuË Ëimed phase

neared cornpleËion. Finally, Ëhe resul-Ls of the TesË Anxiety varÍables

supporËed the notion Ëhat High Test AnxieËy subjecËs demonstrated greater

A-State Anxiety than did Low Test Anxíety subjects. This was supporËed

only by Ëhe paper and pencíl measure however, not by the physiological

measures.

The discussion of ExperimenË 1 poínted ouË Ëhe shortconings assocí-

ated wíth l-ack of baselÍne measure, weakness of instructíons and diffí-

cul-ty of task. Caution was used, therefore, Í-n interpretíng sígníficant

SËress differences ín pupil size. It was more likely that pupil síze was

related Ëo increased motivation rather than to íncreased anxieËy. Ttre

discussion of Experimeng 2 made reference to Kahneman, Tursky, Shapiro and

Críder (1969) and these fíndings; presence of revised SËress instructíons,

task diffículty and specifíc measure of intel1-igence. It was concl-uded

that pupí1 response üras more sensitive Ëhan heart raËe to cognitíve vari-

abl-es. Thís rrras reached by distinguíshing between Intellígence groups,
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correct/incorrecL of trials and evidenced load íncrease duríng Input.

Conversely, hearË rate vras more sensiËive than pupil response Èo emo-

tional variables, distinguishing the SËress groups duríng both Instruc-

tíons and Input. Fron the pupil-lary data on Intelligence and Correct-

ness j-t was concluded that good perfofin¿ace here was due to greater

effort, and that poor perforrrËmce was due to lack of effort raËher than

greater task difficul-ty.

l_t_t_
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of

CogniËive Task as a Function

Anxiety and Stressfulness

Inst,ructíons

InteresË in the meËering of pupil- response is probably as old as

man. CerËainly this concept of pupil response has been acknor.iledged

since antiquiËy. llistorical reports indicate thaË Chínese jade merchanËs

assessed a prospectíve buyerrs inËerest in a jade arËÍcle by Ëhe dÍl-ation

of his pupils. On a more scienËífíc 1-eve1-, Fontana C1765) described pu-

pillary dÍlatíon in response to sensory and psychol-ogical- sËimuli; Danrín

(1873) noËed a pupillary reaction in animal-s Ëo emotíonal variables;

LowensËein (l-920) claimed ËhaË pupil dílation vras associated r'ríth in-

creased inËellectual attenÈíon. Thus, by L92O the concept of pupil res-

ponse Ëo internal and external sËimulí \¡ras generally understood. A re-

newed ínteresË ín the subject, partÍcularly by psychol-ogists in NorËh

America, r^ras generaËed by the research in the l-960s of Eckhard I{ess and

assocíates (e.g., Hess & Polt, L964; Hess, 1965). The number of reviews

of recent l-iËerature thaË have appeared on the use of pupÍi- measurements

ín psycholory would suggest iËs increasing populariËy (e.g., Go1-dr,rrater,

L972; Iless, L972, L973; Janisse, L973a, L974a). Studies in the area have

focused on such topÍ-cs as cogniËive activíty, stress, emotional arousal-,

sex preferences, aËÉiËudes, interesËs and personality eharacËerisËics.

The specific focus of this paper üras Ëo investÍgate the relatíonshíp

between pupil sLze, anxiety and menËal- effort. The roi-es that anxiety

and mental- effort played in the pupiL Tesponse, partícularly during cogni-

tive Ëasks, rirere in need of clarificaËion. Ttre basic problem appeared Ëo

Pupíl Size During a

of State-Traít

ti :

l:'.-. :.'-:.
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2

be related to the fact that the pupil response generally refl-ected auton-

omi c activity (level- of arousal) and that there rras a parallel between

the pupil response to menËal- effort and to anxiety. Kahneman C1-973)

posited that pupiLLary dilation during a cognitíve task refl-ect,s mental-

efforÈ and not sírryly arousal-. He has aËtempËed to clarífy Ëhís issue

by suggesËÍng two facËors cont.rol-l-ing 1-eve1- of arousal. The first factor

is stated as rrthe demands imposed by the acËivíËies in which the organísm

engages, or prepares to engage" (L973, p. L7). IIe posËul-aËes the possi-

bii-ity ËhaË pupÍL síze is an excell-enË index of Ëhese demands, whích may

also be referred Ëo asttmental effortrr. The second facËor he cal-l-ed

"rn-iscell-aneous deterrninantsil which might incl-ude ttthe prevailíng ínËen-

sity of sËimulaËion and the physío1-ogÍca1- effects of drugs or drive

staËestf (Kahneman , L973, p. L7). Sorne exaruples of these sËaËes would be

anxiety, f.eat, ¿nger, sexual exciÉement, muscular strain. These deter-

rrinanËs uight readíly confound Lhe conclusions when usíng a measure of

arousal Ëo gauge mental efforË. Carefully conËrolled settings are needed,

therefore, in order Ëo m:inínize the íncidence of n:iscell-aneous deËernin-

ants ín studies atteqting to measure mental effort. Kahneman has con-

trolled for potenËial confounding effects, but his prinary researctr in-

terest has been relaËed to investigaËing Ëhe rrmenÈal- effortrr facËor via

pupil-lary response.

Ilis contention (Kahneman, L973) was Èhat changes in pupil size before,

during and after a cognítive task r¡rere not due to changes in anxiety

a1-one, but, rather in menËal effort. He did adnrit Ëhat momenËary fluctua-

tions of anxiety play a lirnited rol-e in deterraining Ëhe pupill-ary dila-

tions in a Ëask situaËion. Yet iË was evident Ëhat he has not pursued
: r ::i 1: iI : - 'l::1
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adequately Èhís relatÍonship between anxiety and mental effort in task

si-tuaËions nor has he noted the exËent of each of theÍr influences. It

ü¡as proposed in thís research Ëo ínvesËigate the rel-atíonship of pupil

size to both anxieËy and menËal- efforÈ during cognÍËíve Ëasks. It was 
:.'..;.'.'1,;.,

furËher noËed ËhaË there has been a lack of elarity in the usage of the

Ëerm anxiety in the pupil l-iËeraËure. Thís lack of clarity was also

existenË in Ëhe general anxiety l-iËerature (Spielberger, Lg72). An ,, :.::r,.-
1 .ì,,:;.":1,r:,

atËempt was made to differentiate anxiety according to the state-traiË i"'..'"'l'""

model of anxiety as parË of Ëhe approactr ín this invesËigaËíon. Furthet- ;,''.,'.,t.',,".,
1.:'1.:.:i.l

nore, it appeared that A-trait measureîÊnt, which reflects the proneness

of an individual to A-staËe reaction, shoul-d be such thaË íË was highly

predictive in specific situations of A-state reactions. lhe use of a

specific Ëype of A-traít measurement r¡ras considered ín this research.

Finally, any aËËerpt Ëo resolve the menËal effort-anxiety íssue in

pupillary sËudies must Ëake into accounË the ínËellectual abilíËy facËor.

Increase in pupíl size has been relat,ed to task dÍfficulÊy on cognít,ive

tasks (".g., Iless & Po1t, 1964i Kahneman, L973). It foll-ows then that

task difficulty would be relaËed to an indívidual-ts ability and effici-

eney in deai-ing wíth the specific Ëask given. A person wtro perforrnsr a

specífíc task easÍ1y wíll find ÍË requÍres much less effort Ëhan does

soÍreone findíng that task difficul-Ë to cornpl-ete. It Ëherefore appears

that Ëhe intell-ectual efficíency factor whích relaËes to the specifíc Ëask

characterisËícs must be accounted for in the research design.

In this secËion, a sel-ected revier¡ of the pupilloneËríc and anxiety

literature is provided. The rerriew of the pupÍllomeËTíc l-íterature dis-

cuSSeStheneurophysío1o5lofthepupi1,methodo1ogica1-issues,cognÍtíon,



4

sËress and personaliËy variables. The rerriew of the anxiety literature

coveïs: an:cieËy as a cons.trucË, anxieËy and stress, and an:riety and

intel-ligence. Final-ly a statemenË of the problem is made, followed by a

sËatement, of the hypotheses.

NêurophysÍolory cif Ëhê Pupil Rêsponse

Ihe nechanícs of the pupil are very co4lex indeed and pupillary

reactíons can be ínfl-uenced in a number of rtrays. Ilere foll-ows .a brief

overview of the neurophysiolory of the pupí1- response.

The pupil ís an openíng in the íris of Ëhe eye which contTols the

anounË of lígþt falling on Ëhe retina. The opening and closing mechanfsm

of Ëhe pupil is controlled by tr^ro sets of muscle fibers. One seË is the

sphincter pupillae r¿hich conËains a snooËh círcular band of muscle fibers

aror¡nd Ëhe pupil- and whictr conËracËs to constrÍct the pupil. The other

set is the radial nuscles (dilator pupillae) r,rhích controls the dÍlation

of the pupil.

The innervaËion of these muscl-es Ëo produce constrÍcËÍon and dila-

ËÍon of the pupil ís under the conËrol of the autonomí c nervous system

with both the sy4aËhetic and parasyryatheËic divisions involved. Lowen-

sËein (1959) provides a brief review of the autonornic nature of the pupil

response: ':

Ttre sphincter muscle of the irís is conËrolled

by parasyryaËheËic fibers which take theír orígín

probably in the anterior smal1-cel1-ed part of the

third nerve nucleus, Ëhe tüestphal-Edinger nucleus.

The ![estphal-Eôinger nucleus receíves afferent im-

pu1-ses for pupill-ary consËriction via the optic



pathhrays. BoËh ret.ínal rods and cones are recepËer

organs for eIícj.tatíon of the pupíl1-aqy light reflex.

The syqatheËíc paËh which innervates the

dil-ator mr¡scle of the pupil Ëakes iËs origin from

the great syrnpathetÍc cenËers of Êhe venËral hypo-

thalamus. . Sensory sËímuli and emoËions and

spontaneous ËhougþËs can Ëhus el-icit pupillary dila-

tion via cortico-thalanic-hypothalamíc connections

which cal-l- the greaË efferent syilpathetíc sysËem in

the basal dÍencephal-on ínËo actíon (p. 549).

The inËeracËÍon between both divisions of the auËonom'í c nervous system

represenËs a fairly complex neurological network, and thís sÍmp1e repre-

sentatÍon does not rule out. oËher neural ÍnvolvemenË noË yet discovered.

ExcitaLory and ÍnhibiLory factors also play a role Ín the dilatíon

of the pupil. In additíon Ëo Ëhe synpaËheËic pupill-ary dilation, the 
r

pupÍ1 can be dÍlaËed passívely. The pupillary 1-ight refl-ex can be in- 
f

hibitedwhentheParaSyryatheËícnuc1er¡sísinhíbitedarrdnoconStrictoT
l-,ì.. -:.-:r:

ímpulses occur; thus passive dilation occurs. The paradoxical- pupíllary i.¡,:,;.:,,',:.:"

dilation is yet another mechanÍsm for pupillary di1-atíon to occur. This .- ',' -"''"'
.t-,::::::::

phenomenon occurs when therehas been injury Ëo Ëhe peripheral syryaËhetic

chain and the irÍs has become hypersensiLive to adrenergic substances

(Lowenstein & Loewenfeld, Lg62). Hess (L972) has reviewed several sËudíes 
.,,,:.r,r,i,,,.¡

which discuss the hypothalamo-thalamo-corËícal activity related to cortí-

cal and subcortÍcal- innervatíon infl-uencing pupil change.

To sumtaríze brief.ly, pupillary constríction can be accoturted for in

at leasË four ways: parasyrpatheËic irryulses, loss of syryaËhetic
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ínnervaËíon, decrease of central- inhíbítion of the Westphal-Edinger

nucleus (either ftrrctionally or organical-Iy) and chol-ínergic subsËances.

By Ëhe same token, pupÍ-1-lary dilatí.on can be accounted for by three

processes: synpatheÈic ínnervaËion, ínhibition of the !üestphal-Edínger ',,, i ,

nucleus and paradoxical- pupíllary dilation.

Me tho dctt o gi i¿il Is s úês Íri P úpi' ll.onê t t'Í i' Research

Because the pupil response is directly relaËed to the actj-viËy of 
,.,, r.,,,

the auËonomic nervous sysËem, the pupil reflecËs many of the properties ::;:':;'::i

:,:
associated with other indirect auËonomíc measures (e.g., E.E.G., E.C.G., :.r1..,,;;

G.S.R.). The pupíl response, however, is observable visual-ly and is

thus r-mique as an index of physiological activíty. Brief nentíon wÍl-l-
i

be made of those probl-erns ofËen encountered whíeh are specific to pupil--

lomeLry. A nore detailed discussíon of meËhodologÍcal issues can be

for¡nd elsewhere (e.g., Gol-dwaËer, L972; Janisse, L974b; Loewenfeld, L966;

Ìfoodmansee, 1966). I

l

In pupÍl-l-aÐ/ research, the light reflex effecË is the most colunon 
l

i

source of interference. When the eye Ís open, pupil- size is affected by
,'-.,'..,..r:

changes in the level of Íl-luminaËÍon and by shading patterns. The l-atter it,,,',,,':,"

i.l: _.,

phenomenon is particularly significanË rnrhen using pictorial stíuuli be-' :.,.,.
.:; .- 

_ 
":

cause pupil size ctranges due Ëo rrcontrasË effects" can be appreciabl-e as

the poínt of. gaze of a subject ctranges (.e.g., Trloodmansee, L966). Janisse

(Lg74b) suggests thaË to avoÍd this effect, visual stímul-i should be

avoided where possibl-e. rf iË is necessary to use rrÍsual stimulí, then i'¡;i..

selecËion criterÍa shoul-d be based on Ëhose sËimul-i of ninimal contrast

and be line drawíngs, words, numbers or other síruple líned syrnbols. The 
:

key to reducing the 1-Íght reflex effecË ís Ëo prorride a constant brightness 
:.:, ,.., ,
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l-evel- across the strbjectrs rrisual fiel-d while still- providing an effec-

tive focus area.

The near-visíon reflex effect ís another specifíc problern. Upon

wÍewing a near object, even under controlled lighting condítÍons, Ëhere

ís a Lendency for Ëhe pupil to constríct over tíne. The phenomenon co-

Íncides r¿ÍËh convergence of the eyes and acconrmodation of Ëhe lens t.o

wiewíng near objecËs. This effect íncreases with age due Ëo the need of

an older persorl to coupensate for loss of accomrodation. In order to

control for thÍs variable, Woodmansee C1-966) suggests selecting subjects

rnder 30 years of age and increasing Ëhe viewíng distance for more com-

forËable focusíng; general-1y, three or four met,ers is a¡r acceptable view-

ing distance. The effect is enhanced by lengthy stimulus presentation

which suggests thaË such proced.ures include brief resË periods to reduce

the occurrence of the phenomenon.

A final- issue to be touched upon is that of high pupill-ary variabil-

iËy. The pupil has been referred Èo as a rrnoisyrt sysËem that is in a

consËant staËe of f1ux. This urotíon is often referred Ëo as trpupíllary

unrest,rror rrhippusrl , and appears Ëo be relaËed to many oËher ongoing

fr:ncËions of Ëhe organism (Lor,¡ensËein, Feinberg & Loewenfeld, 1963).

tr'Ioodmansee (1966) noted thaË one percenË pupíl size change can occur from

second to second, æd that the change over several seconds can be as higþ

as Len to Ër^renty percent. Ihis type of unconÈrolled variabÍliËy can de- i, , .

l'i

crease tesË-retest relíabil-ity and thus subjecË research findings to

cauËíous interpreËaLion.

Some procedures to mínimize Ëhis Ëype of variance have been suggested.

Hakerem and Sut,ton (L964) suggest using a repeaËed measures design to

r':. . ..
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average ouË the pupil-l-alT fl-uctuations. usfng eigþt or more Ëria1-s per

subject oight be another !üay to average out the variabtl-ity (ì'Ioodmansee,

L966). A possible drawback ín using Ëhe averaging technique to Íuprove

data reLiability is that Ëhe spont¿meous movements of the pupil- may pro-

víde a furËher índex of psychologícal activatíon (Lowenstein, Feinberg

& Loewenfeld, L963). Ihe type of technique a researcher decides upon

will be dependent upon the kÍnds of informaËion mosË pertinent to the

topie being invesËígated.

To surnmarize, the problerns unique Ëo Ëhe pupil as an index of physÍo-

1-ogical activíty are Ëhe líght reflex effect, the near-vision effect and

high pupil- variabí1-ity. It is usually possible to insÈÍËute controls to

colfrteract these problem effects during pupillary e:çeriments. The pupil

also e*ribits many properties of other autonorLic índfces: e..9., response

habituaËion (Lowenstein & Loewenfeld, L962), parasyryathetíc rebound

CRubin, L964), arousal decrement (t'Ioodmansee, L966), and "1aw of íniËia1

value'r effect (Dureman & Scholander, 1962). In Ëhe l-ighË of the foregoing,

íË is importanË for the pupil researcher to account for the nany possible

c,onfounders by carefully control-led experinenËaËÍon.

PupÍll.aty Resoonse and l{ental Activity

The relatÍonship beËween the pupíllary response and nenËal acËiviËy

was noËed as long as 50 years ago by German psychol-ogists (c.f. Hess,

1-965). Lowenstein (l-920) r¿rote thaË pupil- dÍlation could be for¡nd with

evelT j-ncrease in at.ËentÍon by intell-ectual processes of every kÍnd.

Thís pasË decade has seen a renewed interesË for psychologists as a re-

sul-Ë of the r,rork of lless and Pol-t CL964) .

Kahneman (1973) saw the pupil response rneasurement, as a useful-
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indicator of mental effort. Ile for¡nd this qreasuremenË sensitive to both

trbetween-taskrr rzariaËion of efforË (a variety of cognitive tasks) and

rlwithin-Ëaskil changes in effort (rel-ated t.o changes in trl-oadrt, reaching

solut,ions, rehearsal flucËuaËions) .

Beginning with Ìless and Pol-t (L964) Ëhere Ís an array of researdr

findings to support this conËentíon. They studíed pupil- síze in relatj-on

Ëo mental aetivity during síup1e probl-em so1-ving. They presenËed five

subjects eactr with four mul-tipl-ication problems of íncreasing difficulty.

lhe problems r,üere presented oral1-y as the strbjecË fíxed his gaze on a

control- slíde. lypíca1-ly, the pupíls of each subject showed a gradual

increase ín diameter, reached a maximum dílation imnediately before an

ans\¡rer was given, Ëhen reverted to the prewious control size. Pupíl

changes T^rere not only correlaËed with the presentation of probl-ems but

Ëhe síze of the pupil- also increased with the diffieulty l-evel- of the

probleu. Daly (Note 1) obËaíned sim:ilar results cont,roll-ing for age and

intel-1Ígence.

Schaefer, Ferguson, Kl-ein and. Rarv¡son (1963) al-so studied the pupil

response durÍng mental activÍties. They moníËored the pupil size of 40

subjects conËinuously during a series of intellectual tasks. One of the 
,

findÍngs was thaË pupÍl diameter reliably increased (approxinately 30%)

durÍng tasks ínvo1-wing number îremory, multiplícaËion and word definition.

Dil-atÍon Tnras greater for novel- or more dLfficult tasks. They al-so for¡nd 
,

thaË if strbjects kept cogítating on a probl-em after answering, Ëhe pupil- i

dilation persisËed.

Similar fíndíngs \^rere reported by Bradshaw (L967) who used both

carËoon and anagram material-. HÍs findings indÍcaËed ËhaË subjecËs
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responded wíth greater pupíllary dil-aËíon on incoryrehensibl-e cartoon

drawíngs than on those drawÍ-ngs a person coul-d understand. This pattern

vlas repeaËed when subjeets were shor¿n novel material as compaïed Ëo re-

peaËed fam:il-iar stioul-i. Another ffnding was that wÍth solved síngle

solution anagram problem^s, subjectsr pupí1- dilatÍon reached a peak at

the momenË of verbal:ízed sol-utfon after which Ëhe pupil_ rapidly con-

sËricËed. On the other hand, ínsol-uble probl-erns caused subjecËs to maín-

taín a relative dil-ation beyond Ëhat of the solved problem and the ab-

stract geometríc cont.rol sËímuli.

Kahneman and Beatry (L966) observed similar kínds of pupil- size

ctranges duríng a shorË-term memory task as those occurring during problern-

solwing tasks. The pupil dilated steadily duríng the lisËening phase and

constrict.ed during the report phase. A string of digíËs T¡r¿rs presenËed aË

a steady rate for imnedíate recall- and the subjecËrs report was paced aË

the same rate. RaÈe of change was relaËed as a funcËíon of Ëask diffÍ-

cuJ-ty, that is, more cognitive effort is Ínvolved ín rehearsing Ëhe digits

duríng Ëhe loadíng phases than duríng the rnloading phases. Beatty and

Kahneman (1966) noËed greater pupil- diLations when subjects recalled a

well-learned tel-ephone number (long term memory) than when required to re-

call- a string of seven digits (short tern uremory). They suggesËed that

greaËer cognitive loadíng is required f,or 1-ong term memorJ than for short

term memo4/. However, Janisse (Note 2) suggested thaË oËher facËors,

such as emoËlonal- arousal, might have been assocíated with recall of

familiar Ëelephone nurnbers, Ëhus enhancing dÍl-ation.

EffecËs of grouping on Ëhe pupil response in a shorË term meuory

task has also been studied (t<ahnema¡r, onuska & wolman, 1-968). strÍngs of
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nine dígits Ì¡rere presented for innediate recal-l either aË a consístent

one-per-seeond raËe or ín groups of Ëhree digits separaËed by a pause.

Under the monotone present.atj-on pupils dílated at a sËeady raËe, but in

the grouped conditÍon pupíl dÍlatíon and constriction vraves were noted

during the pauses. At the end of the grouped presentatlon, there \^ras a

sËeep rise in dilation. The authors inËerpreËed this as a Large effort

required to pu11 the Ëhree groups of dígiËs Ëogether at the end.

Kahneman, Peavler and Onuska (l-968) reporËed Ëwo sËudies designed

Ëo assess the effects of verbaLízaË,íon and incentíve on pupil response

to mental effort. Pupil síze æasurements T,rere obtaíned during perfor-

mance on a short-term Ítemory task and a digit-transformation task. Theír

findíngs indícated Ëhat task difficulty rÀlas the single mosË powerful vari-

able infl-uencing pupil response in both e:çeriments.

Using pupí1 díameter, hearË raËe and skin resísËence as dependenË

measures durÍng a paeed dígit-transformaËion task, Kahneman, Tursky,

ShapÍro and Crider (1-969) observed sírnilar response paËÈeïns among the

three mêasures, wíËh Ëhe pupil data being the most consístent. The peak

ïesporrse Ín each neasure was ord.ered as a funcËion of Ëask diffÍculty.

The authors suggesËed thaÊ the tine-l-ocked aspect, of the task served to

provÍde a better procedure to compare Ëhe other physiological measures

wÍth pupil response than to use the more traditional ursËructured tÍme

procedures.

Kahneman and ![rígþt (1-971) investigated changes of pupíi- size and re-

hearsal straËegíes in a short-Ëerm memory task. They expected and for.¡nd

that Ëotal reca11 produces more pupil dilaËion than partial reca11. The

posíËÍon taken r¿as thaË Ít takes more menËal effort Ëo deal with Ëhe ÈoËal

".;
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recall- material in a serial learning siËuaËion. türígþt and Kahneman

(L97L) fotrnd sinil-ar results using a senËence reËentíon task.

In essence, what Kahneman and his associates have worked towards in

theÍr series of st,udies \ir¿rs a de¡nonst.ration thaË the pupil- response is a

reliable indicaËor of srental- effort. In a recenË revier¡r, Kahneman (L973)

discussed Ëhe measurement of effort. by arousal-. In hís model-, he sar¡ two

sets of factors controllÍng the 1evel of arousal-. In Ëhe firsË, level

of arousal may reflecË r^7hat the subject ís doing and Ëhe amou¡lt of effort

he is invesËing. In Ëhe second, it may indÍ-cate whaË is happening to

Ëhe subject. and Ëhe amount of stress due to drugs or drive. If one con-

trols for Èhe I'miscellaneous effecËslt, Ëhen one can inÈerpreË pupillary

dilation during a cognÍËive Ëask as auËononic îteasure of the ¡mor.urt of

effort, or rrmental effortw being expended on the task. By using pupil-

response as a neasure of processing load in a varíeËy of carefully con-

trol-led experíments, Ëhey have demonsËraËed thaË there are relÍable

changes in pupil size as a function of Ëask difficulty and that these

changes are also rel-ated to other physiol-ogÍcal measures.

Another índependent line of research has demonsËrat.ed a consístent

Tesponse during Ínagery Ëasks. Paivio and Simrpson (L966) sought to fÍnd

the relationship beËween word abstTacËness, word pleasanËness and pupiL

size duríng an imagezry task. llhen the subjecËs aLtempËed to generate

mental images to sËímulus words their pupils di1-aËed, dil-atíon being

greater Ëo abstracË thân Ëo concrete words. They suggesËed Ëhat the

greater aror¡sal was associaËed with attempËs to image absËract words.

Simpson and Paiwío (1966) also studied changes in pupil sÍze during an

inagery task, buË in thÍs study Ëhey did not have subjecËs make a moËor

i-....
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response Èo índÍcate task conpletion. The study showed simil_ar but

aËtenuated dilation effects when the key press response was elininaËed.

Sínpson (tgote 3) clearly showed Ëhat pupil dil-ation is enhanced when an

overt motoT resPonse indicaËes task completion. Other ercperimenËers

have al-so noted Ëhat pupil response is enhanced when verbaLízaËion ís re-

quired Ce.g., Ilarkerern & Sutton, L966; Berníck & Overlander, 1968).

Simpson and Paivío C1968) looked at both verbal- and manual indicatíons of

cogniËive task fulfíl-l-ment and found thaË greater dilatíon occurs during

the imagery Ëask than during Ëhe control period, buË only r¡rder condi-

tíons invol-ving an overt publie response.

Some studíes have shornm laËency of response more sensíËive Ëhan

pupil dílatíon. Síryson, Molloy, Hale and Cl-Íman C1968) studf.ed latency

ând magniËude of pupíl response durÍng an Ímagery Êask. They were not

able to differentiate word difficulty using degree of pupil dilaÈion,

but they were abl-e t,o measure dÍfficul-ty by latency Ëo responses. Colman

and Paivio (L969) also found that the latency neasure is a more sensítíve

index than magnitude of pupil response. ruc (Note 4) obtained sinilar

results when using MMPI statements of varyíng degrees of ambÍguÍty.

Simpson and l{a1e (1969) noted t?rat an arbiËrary motoï response during

a decísion-making task had only a mínor effecË on pupil response, but

pupil size was greaLly increased when Ëhe noËoï response r¡ras associated

wÍth decision-making. This finding suggesËed that there is a cumulative

effect in arousal- level when the response is associated with the task, the

pupil response being enhanced. In anoËher study, Siqson and Cl-írnan (-1971)

examined pupÍl response and EMG changes during an iqagery Ëask. They noted

that the ínvolvement of the moËor response has definíte effects on Ëhe
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Pupil response patËern, buË that these resulËs nay indicate that, some

oËher characËerÍstic of responding, Ín additíon to nuscle acÈívity con-

tribuËes Ëo greater pupil size. In conclusÍon, Ít appears that. the work

of Paivio and hís associaËes is cl-osely related to Kahnemanrs posítion.

PaívÍo (-L973) Teasons thaË the pupillary dilation during inagery Ëasks

is for the most part deËern:ined by arousal- due Ëo decísion-naking pro-

cess. Janisse (Note 5) poinÉs out. Ëhat Paiviots decisional- processíng

may e:ç1-aín differences between the e:<perimental- and control groups ín

Ëhe overt response condiËíons, buË it does not e:çlain differences be-

tlnleen absËracË and conereËe experimental Ëasks. IË rnay be that the larger

pupil síze, when one has an abstracË image, is a reflection of greater

diffÍculty of deciding Ëhan would be necessary tor a concrete image. This

e:çlanation would be in agreement wíth Kahneflìan, Peavler and Onuskats

(1968) data which indicaËe Ëhat the dfffÍcu]-ty of the task is of more im-

portance ín determining di1-ation Ëhan is the naËure of Ëhe response.

rn surnmary, Ëhe research in this area has general-1-y supported the

notíon of the pupil Tesponse beíng a reliable índicator of rrmentaL effort".

lhe major thrusË of Ëhis research has been underËaken by Kahneman (l-973)

and Paivio C1973) and their respective associaËes. Most of Ëhe sËudies

reported have been interested in the mental effort aspect and have tríed

Ëo control for other factors whÍch coul-d confor.md Ëhe data. The results,

besÍdes showÍng Ëhe pupil as a measure of mental efforË in general, have

also shovm thÍs effecË to support boËh ttbeËween'r and "wj-thin't task dif-

ferences.

i..-.: :

: l:':.1
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Pupfllary Resporise rand Stress

Pupil-l-ary response to cognitíve actívity or ment,al effort has been

fairly well docunented in various settings and on various Ëypes of tasks.

T\¡o concl-usions are noted: fírst,, pupíl1-ary díJ-atíon has been observed

to peak at different leveLs on dífferent Ëypes of trial-s r^rhÍch reflect

the mental effort required by Ëhese Ëasks; second, wiËhín trial- varia-

Ëions of pupil síze change represents Ëhe processi-ng load irnposed by the

task. Katrneman.and hís co-workers have generally at,teryËed to vaLídate

the pupil response as a measure of mental- effort and have directed

their energies to the strrdy of aË.Ëentíon and processing load. Kahneman

(1973) has referred to Ëhe potentíal- of the mental effort being confor¡nded

by other variables, for exaryle, anxiety. He has noË, however, sËudied

these potential effects direcËly.

Carver (L97L) and Johnson C197L) have suggested thaË anxiety durj-ng

a menËa1 task rnígþt be relaËed Ëo the level- of task diffÍcul-ty. Peavler

(L974) undertook to tesr for the possibility of anxiety influencíng

pupil response durÍng a cognitíve task of differíng Level-s of dÍfficul-ty.

IIe presenËed subjects with digit stríngs of varÍous 1-engths (5, 9, 13

digits) for íunediaËe recall and gave Ëhem insËructíons as Ëo Ëhe nature

and difficulty of the strÍngs. He fsr¡nd the characteristíc pupíl res-

ponse paËtern of prewious research, except Èhat wiËh the 13 dÍgÍt sËring

pupil- size levels off after Ëhe nínth second. He concludes thaË "pt.-
sumed anxiety associated with ínformaÈion overload is not characterized

by additional dilatíon resul-tíng frou momenËary emotional- sËatesrt Cp.565).

His insËrucËíons regarding the longer digit strings rnay, however, have

been interpreted by the subjects as indicaËing a l-ack of necessiËy Ëo try

: .:l

ì::.:



L6

very }:'ard. If so, this r¡ou1d have reduced th^e l-ikel-lhood of an anxiety

arousing conponent. Some indicatÍon of rel-ated measures of anxiety

woul-d have been helpful to resolve this issue.

Other sËudíes have included a nore direct manipulatíon of a stressor

varíabl-e. Ad¡ms (1969) ínvestigated changes in pupí1- sfze r.nder eondi-

tions of anxiety and stress. She seLected subjecËs on the basís of the

IPAT An)rieËy Scale and, in counterbal-anced order, e:çosed theu to st.ress-

ful noise arid Ëo a cognitive task rnrith íncentÍves. She díd not find dif-

ferences between anxiety grolrps. Signifícant differences between pupÍ1-

síze measured duríng stressful noíse períod and duríng cognitíve task

períod T¡Iere not,ed only when the stress preceded Èhe task. She suggested

that the pupíl can differentiate short term affecËive staËes. Two fac-

Ëors may have confounded the results of thÍs study: fÍrst, Ëhe subjecËs

could terninaËe noise at wÍ11, Ëhus reducing the stress factor; second,

the subjects l^zere given incentives Ëo the cognitive task performance

which inight have reduced Ëhe aversíve aspecË of the auditory stímul-i

when iË followed the incentíve task. Incentive manipul-ations increased

motivaËion enhancing pupil response. Kahneman and Peavler C1969) demon-

straËed thaË greater pupil diLation occurred Ín sùbjects when moËivaËed

by five cent rer¡Iards for correcË responses duríng association learnÍng

Ëasks than when motívaËed by one cent rewards. It appeared ËhaË greater

effort r^7as expended to sol-ve the more profitabi_e problems.

Nunnally, KnoËË, Duchnoski and Parker Cf967) as part of 41-arger ex-

perimenË presented subjects with various noise Ëones (64.2, 74.2, 84.2

ar.d 94.2 decibels). There Ìüere no díf ferences Ín pupÍ1- dÍlation to the

firsË three Lones, but these Ëhree differed significantl-y from ttre 94.2 db

i: :.:- ::::-
I I r. -- . i.ii.
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tone during which Ëone the greatesË dilation occurred. The auËhors ex-

plained their fíndings by suggestÍng that an íncrease in nuscle Ëension

resulted fron the very loud tone. PaËrÍck (Note 6) devised a sËudy fn

whích he presented noÍse levels rangÍng Í.xom 73 db to 96 Ab during a

visual- scanning Ëask. Greater dilaËíon was observed during auditory stí-

mulatíon, but Ëhe íncrease rüas not f-inearly relaËed to the noise l-evel-s.

Other types of stress have also influenced pupil- response. Siqson

and Molloy (197L) used audÍence presence as a stressor and for¡rd in-

creased pupÍ1- size f.or high audÍencé anxious subjecËs as compared to 1or,r

anxious subjects. Pol-t (1970) gave subjecËs arithmeËÍcal- probl-erus to

solve and threatened some of then wj-th el-ecËrÍc shock for every Íncorrect

response. Those ËhreaËened showed greaÈer pupÍ1- size than those noË

threatened. Arima and t[ilsor. (L972) found the largest maximurn pupil dÍa-

meËer resulted from exposure to a Stroop Color TesË raËher Ëhan Ëo other

more congruous word lÍsËs; however, the resul-ts rnrere not. statÍsËíca1-ly

signifícant. High anxious subjecËs responded wíth greater pupil dil-aËíon

on Ëhe fírst eíght ËrÍaLs Ëo the íncongruous list than Ëhe other t$ro con-

gruous l-isËs. Low anxíous subjecËs responded wiËh a smaller pupiL dÍl-a-

tion on the first four bl-oeks. IË seemed Ëhat wíth continual- respondÍng,

habituatÍon occurred and anxíeËy was reduced. Turthermore, Ëhere may

have been a confotnding of results by using col-oured sËínulf, resuLting

ín hÍgh indivídual variabílity. Miller C1966) found col-our slides rated

as more emotional and evoked greater pupÍ1 dilation Ëhan neutraL gray

sLides. Bouma (L962) also demonstraËed that, oËher things beíng equal-,

the wavelength of a light stinul-us can influence pupil size.

I
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Various methods to induce anxíety have been tried Ín different
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e)<perÍnental- situatÍons r¡rrÍth r¡arying degrees of success. Increase of

aversÍve audítory sËÍmulation has shor¿n Íncreased pupil size, Threat of

shock has also produced greater pupil size than a no threaË condÍËion

arrd a social sËressor indicated pupi1 si:-ze dÍfferences. While Ëhe Col-or

Test had liniËed resul-Ës as a sËressor, Ëhese resul-ts are confounded by

the inherent problem associated wÍth visual presentaËÍon. Increasing

the lisË lengths for recalI did not indícate presence of an anxiety corr

ponent., however no oÈher measures were used to substantiate whether or

not anxieËy \^ras present. IË appears, Ëherefore, that various Ëypes of

stressors do ínfluenee pupil response and a need ís índicaËed t,o account

for such influences on pupil response.

Pupill¿ilT Rêspcirise aild PêisonaliËy

A number of studíes have investigaÈed pupÍ1- actiTrity as a funcËion

of paper and pencíl- measures of anxieËy and relaËed const.rucËs. The re-

sulËs have been general-ly posit,ive in demonst,raËing a relatÍonshfp beËween

puPil- size and various personality dimensions r¡nder vatyí-:ng conditions.

Simpson and Molloy (1971-) had htgh and low audience anxious subjecËs

perform a shorL-term memory and digiË-transformation Lask r:nder condíËions

of audience stress. They found J-arger pupil sizes for high anxious sub-

jects Ëhan for low anxious ones throughout Ëhe ex¡rerÍmental- session.

During the pause before responding, high anxious subjecËs maíntained a

continuously higþ pupil síze, whÍ1e Ëhe low anxious subjects exhÍbited a

decrease in pupil size over Ëhe six second. pause. The expl-anaËion given

was that higþ anxtous subjects responded with greater pupil size duríng

Ëhe session because Ëhey were fr¡nctionÍng at hígher aror:sal- leyels under

a st,ressful sítuatíon.

l.r'),':.:r
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Arima and lfÍlsor. CI972) ínvesËigated Ëlìe effects of level of

anxÍety (tfAS) and sËress (Stroop Color Word Test) on pupiL response.

Low anxious subjecËs responded with siËuationaL anxieËy showing a pupíl

size increase during the Stroop t,ask. The high anxious subjects ÍníËí-

aIly had a large pupil sLze, but pupíl sÍze decreased after the first

eight Ëria1s. Because Ëhe sa4 1-e was snal-l-, the auLhors cauËíoned

agafnst over-generalizaxLon of the resulËs. Adans (1969) faíl-ed to find

differences beLr¿een high and low scorers on Ëhe IPAT Anxíety Scale.

These results may have been confounded by Ëhe type of Ëask and Ëhe fn-

strucËions.

Eysenck (L967) suggesËed that there \,v'as a relationship between

neurotícism and autonomic lability. A nurnber of researchers have looked

at neurot,icísm scores and have noËed a relaËionship between pupiL sfze

and neuroticism. Francis (L969) obtained Eysenck Personality Invent,ory

GPI) (L967) scores on subjecËs and observed changes (covert, response)

in pupÍl size in response Ëo emoËLonally loaded sËímuIi. IIe also re-

corded overt response of eye novemenËs, blinking and 1id closing as de-

pendent measuïes. Iligh pupí11ary responders (eoverË responses) seored

hígh on both extraversion and neuroticism seal-es, althougþ only the latter

scores were signifÍcant. Francis also formd that low overË respond.ers

had significanËly higher neurotÍcisrn scores than hígh responders, Ëhe

l-atËer havíng slíghtly higþer, but non-significant, exËrarversÍon scores.

Tllere appeared to be a tendency to have greater pupil dÍ1aËÍon in rela-

tionship to neurotícism; 1ow scorers on neuroËicisn Ëended to make more

overt. responses. It seened thât subjects adopted different T,rrays Ëo cope

wÍth anxÍeËy-provoking stimuli. The low neuroËicfsm scorer cl-osed hís

;:i"::,.,a:..J
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eyes or looked a\,'ray to reduce anxi-eËy, but Ëhe high neurotÍcism scoreï

díd not appear Ëo earploy this approach.

Francis and Ke1-1y (1969) presented re1-igious words to subjects wiËh

and wiËhout religíous t,ies. I'hey for:nd that subjecËs rüith rel-ígious

ties responded more to the stÍmul-í thân Ëhose with none. Further ana-

lysis of the data, usf.ng EPI Neuroticísm scores, indícated a relaËion-

shíp between neurotj-cism and pupil response tendency. For the Roman

Catholic group, there T^ras a rel-aËíonship between high neuroticism scores

and pupil dílatÍon, and a relaËionship between 1or^r neuroËícism scores

and pupí1 consËriction. They interareted these results Ëo mean that

lists of religious words are appropriate to dÍstinguish beLween high and

lor,r neuroËicism scores arnong Roman Cathol-ícs. Liakos and CrÍsp (1971-).

found a signÍfÍcant correlation betrreen anxiety scores, neuroËicism

scores and frsËatic" pupíl sÍze ín normal subjects, but not in subjeeËs

cl-assified as rrneurotícrt.

Kuc (-Note 4) selecËed introverts and extraverts based on the EPI

scores and presented r-miversiËy students hrith MMPI staËemenËs of hígh

and low arrbiguÍLy over repeated sessíons. IIe found that there \¡ras a síg-

nífícant habiËuaËíon effect for al-l- subjects over repeaËed testÍngs, but

there \^rere no sígnifícant main effects for ambigrríty or ext,raversíon.

The mean rar¡I score pupil size of the íntrovert tended to be 1-arger than

that of the extravert. This tendency üras reversed when uËflízíng propor-

tional change scores for comparísons of experímenÊal and control- slide

effecËs. IË would appear Ëhat extraverËs responded wÍth greater varia-

biLity from base level than introverts. Probably the facÉ Ëhat introverts

had larger pupil- sízes r¡ould tend to reduce the likelÍhood of greater

variabiLíty. rÉ nay be that introverËs see everythÍng as serious oï
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inËerestÍng while the interest of exËraverts changes often over Ëime.

This idea is based on the facÈ Ëhat inËroverËs Ëend to be more sËabl-e

in behavior and more socially withdrawn whíl-e extralzerËs tend to be

socíally outgoíng and somewhaÈ impulsÍve.

SËelmack and Mendelzys (l-975) studied extra'version and the pupÍ1

resPonse Ëo affecËÍve and taboo words. They fornd Ëhat intToverËs showed

Larger average pupí1 size r.rnder all- condítions and had the greatesË nag-

nítude of change in pupÍl síze from pre-stÍmul-us level. Ttrese fÍndings

appeared Ëo be in agreenent wiËh those of Kuc (tlote 4) and supporËed

Eysenckrs general hypothesis ËhaË introverts have a hígher level of cor-

ËÍcal arousal as coqared to ext,raverts. Boddicker G972) reported Te-

sulËs ín whích neither neurotícism nor exËraversion were sígnifícantly

relaËed to the pupíL response to neutral-, positive and negaËÍve stinul-L.

Studies employíng the Repression-SensíËization Scale Cn-S¡ (Byrne,

L96L) have had m:ixed results. Fredricks (1970) studÍed R-S and the

pupÍl- response to pleasant and unpl-easanË sËímuli. IIe found that sensi-

tizers shor¿ed greaËer pupil dÍlation Ëo p1-easanË sËimuli. Ìle *¡plained

hÍs resulËs by sÊating thaË repressors are rrdefensive and non-emotional-rt,

whil-e sensitÍzers are "non-defensive and emotÍonalr'. Another study

CGood & Levín, L97O) noted only a sl-ight Lrend for sensítizers to dil-ate

more than repressors across neutral, aversive and sexual picËorial- sti-

nuli. The wíthin-subject varÍance was of such a magnitude, however,

Ëhat this trend must be consÍdered due to chance variation. Ttrey did

find that a1-1- subjecËs dilated signífícantly more Ëo al-L of Ëhe sexual

and aversive stimulÍ than Ëo the emotÍonally neutral stimulí. The
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authors suggested that the stfæul-i cahegoxizaËÍon wAs Ëoo gross for Ëhe

effectíve del-ineaËion of anxiety-provoklng cues for the indirridual.

Likewise, Tanck and RobbÍns (L97O) fail-ed Ëo find a rel-aËionshÍp between

R-S and pupÍl1ary responsiveness.

Pupillary responsiveness amorlg addicËs and non-addicts has been in-

vesËigaËed Ëo some degree. AlËman, Berníck and MínÈz (L972) had addLcts

and non-addicts lÍsten to and Èhínk about words, some of which r.rere

doubl-e-entendre addict argot. They for.rrd pupil size foLLowing presenta-

Ëion of non-argot words to be l-arger than for argot words, for both

addÍcËs and non-addicts. The authors felt that more cogníËfve effort

was needed to deal- wíth unfamilíar non-argot words as corrpared Ëo familÍar

qrgot words. IË was also felË possible that subjects T¡rere rnore sus-

pícious abouË the non-argot words because they dÍd not fíË Ínto their

sub-cul-tural group expecËaËions and thus were more anxiety arousing.

Bernick, AlËman and Mintz (L972) measured pupil response during verbal- '

ization of visually presenËed words among addicts ín treatment. Subjects

took slightly ]-onger to respond t,o drug words than Ëo control words.

Pupil response to drug words was positively correlated to scores on the

Language of Addiction Scal-e and negaËively correl-ated Ëo the AccepÈa-

bíliËy for PsychoËherapy Sca1e. Further, pupíl response Ëo sex words

correlaËed negativel-y with the MMPI-MF Scale.

A moderate degree of success has been achieved by re1-ating dÍffer-

ences in pupil- size to personaliËy factors, Ëherefore Èhe pupil measure

may have reasonabl-e index potentÍal-. The audience anxieËy scal-e and the

extraversion m easure both have indicated posÍtíve results. The repres-

sion-sensÍtÍzatíon scale has thus far fail-ed to demonsËTaËe enough
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consistency to justify predicËive statementsn but the neuroticism scal-e

has pronise for future research desÍgns. The general A-trait îneasures

discussed have noË shown more than a weak rel-atfonship to pupil- sÍze,

thus cauËÍon needs to be exercísed ín the conclusions untÍ1 more research

has been done. It, may be that the approach Ëo invesËigatíng a relation-

shíp among pupíl size and anxíety variables musË take a more focused and

specÍfic approaeh. The following sections will look at this point and

díscuss Ëhe anxÍeËy construcË in more deËaíl.

ArixÍêty âs â Construct

From Èhe previous sections iË ís apparent that the role of anxieËy

in the pupíl response requíres further clarifícatÍon. One Ís not quÍ.Ëe

clear what the concepË of anxÍety means to the pupil- ínvestigaËor. rts
meaníng is al-so ín doubt when reviewing the general- field of anxíety

l-iËerarure (cf. Spíelberger, L966, LgTz). spíelbeïger Ci_966) suggesred

thaË much of the ambÍguity and semantÍc confusÍon associaËed with Ëhe con-

cept of anxÍety has resulËed from the more or less indÍscrininate use of

Ëhe term to refer Ëo relaËed but very dífferent, constïucts, namely, traÍË

and state anxieËy.

In a more recent publicaËíon Spielberger (.L972) aËtenpËed to bring

the concept of anxiety into some order and provide a conceptual framework,

Ëhe beËter Ëo r¡nderstand this construcL. ÌIe has put forth a theory of

anxÍety that, attefipts to posiË a relationshíp beËween three different,

but reLaËed, anxiety concepts: staËe anxiety (A-state), trait anxÍety

(A-trait), and anxiety as ¿trr emoti-onal process. anxíety as a sËate is

characterized by subjecËíve, consciously perceived, feel-ings of appre-

hensÍon and tension, accoltrpanied by or assocÍated wíth activatÍon or
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arousal of the auËonomic nervous. sysËem" A*state anxiety is related Ëo

Sreudf s (1-936) concepË of arnrÍety and encompasses Krausets (1-961-) dis-

cussíon of transítory anxiety. Anxiety as a Ëraít appears Ëo be more of

a behavioral dísposition in an índividual- which makes him prone to per-

ceíwing arr artay of objectÍvely non-dangerous circumstances, as threaten-

ing and Ëhus respond to these sit,uaËíons with greaÊer A-sËaËe reacËÍons

than would be expecËed. It appears thaË a subject must percefve the

siÈuation as threaËening to respond r^riËh A-sËate reaction, and the in-

tensÍty of the reaction will depend upon the degree of threat perceíved.

Finally, Ëhe Ëheory of anxiety as a complex process is Spíelbergerrs

attefirpt to brÍng ËogeËher the concepts of sËTess, threat, A-state, A-

trait, cognítive appraisal- and reappraisal-, psychological defences and

various classes of coping and avoÍdance behaviors that occur as a reac-

tíon to elevaËion of A-sËate. lIe states:

It is hypothesÍzed that the arousal of A-states

invol-ves a sequence of teuporally ordered events

in whÍch a stimulus that is cognitively appraised

as dangerous evokes an A-state reactíon. This

A-state reacËion may then initiate a behayior sequence :: :.::j

':: :

desígned Ëo avoid the danger sítuatíon, or Ít nay

evoke defensfve maneuvers whÍch alter the cognitíve

appraÍsal- of the siËuaËion. rndivídual- differences in 
i,,.i:-,

A-ËraÍt deterttrine the partícu1ar stimuli thaË are eognÍ- ii"'"'

tívely appraised as threaËenÍng (Spíelberger, L966, p.17).

The differentiation of anxíety into various coryonenËs may be bene-

fÍcial ín thís aËtempt to relate Ëhe consËrucË of anxiety to pupÍ1-
t-,:':
ir-l--; i ;
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response. Further, iË wí11- provide a betËer basis to evaluate the effect

of anxiety Ín more specific terfls, The next section wil-l provide a

clearer rndersËandÍng of the rel-ationship beËween A-state and A-traít in

a variety of experimental settings.

Anxiety arid Stress

Ttris secËíon deal-s wiËh Ëhe relationship of A-staËe and A-traít as

measured Ín dífferent, situaËions. A differentiation between a general

A-traiÈ measure and a specífic A-trait measure is made. ltre benefit.s

assocÍated wiËh the use of specífíc A-traít measuTes in research are

discussed, wíth partícular reference made to Ëhe Test Anxiety Scal-e CruS¡

(Sarason, 1-960).

A nuuiber of researchers have reviewed the rel-atíonship of sËaËe-

trait varÍables r¡nder a1-1 types of condiËions (e.g., Spielberger, L966,

L972i Spence & Spence , Lg66; Sarason, l-960). Many sÈudi.es have dealt

wíth Ëhe reaction which subjecËs, divided accordÍng to A-ËraíË scale

scores, have shovm when confronted wíËh sÍËuaËions involving personal

threat or stress. Generally, the stTess of ego-Ëhreat has been created

by Ínstructions whích suggesË that the subject is failíng or doing

poorly aË some task or thaL the task is a measure of Íntellectual abilíty.

The assurption and general findings have been that higþ-anxíous people

would be rnore sensítive Ëo the sËress condition than subjects low on

anxiety measures. Sarason (1960) co:runenËed frthat hígh anxious subjects

have been found Ëo be more sel-f-deprecÍative, more sel-f-preoccupied and

generally l-ess conËenË with Ëheusel-ves than subjects lower on the distri-

bution of anxiety scores" (p. 405). Not all research results Ce.g., Cox

& Sarason, L954; Farber & Spence, L956; Taylor, 1958) have been consistent
iíj:¡::,riìi:..|iìrt:
ì r'. :.
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with Ëhis assumption and general- fÍndings, however Ëhe bulk of the re-

search has been Eore consÍstenË and supporËive of this.

AnoËher finding also consÍstenË wíth Ëhe general assurytion has

been that strbjects r^rho differ on A-t,rait neasures do not dÍffer Ín

Ëhefr performance when tesÈed r.nder neutral or non-threatening condi-

tions. SpÍelberger (1972) cormented ËhaË A-traít does noË ínfl-uence

A-state intensiËy to al-l- sËressors. IIe poínted out that hÍgh A-trait

sr-rbjects Ëend to respond to psychological ËhreaËs to sel-f-esËeem more

readily thari Ëhey uight to physical danger. Katkín (1965) and Hodges

and Spielberger (1966) fotnd Ëhat A-traiË 1eve1s as measured by the

Taylor Manifest Anxiety Scal-e (MAS) (Taylor, 1-953) díd noË differenËíaËe

betlreen conditions of threat of el-ecËric shock, but A-state reactions

Í.ncreased both on self-reports and on physiological measures. It is

f-ikely thaË the cogniËÍve set Ís different for the different types of

threat situat,ions. Physical threat is a more tangibl-e set and associated

with a specífic kínd of danger; on the other hand, an ego-Ëhreat is less

tangible and has greater assocÍaÈive meanÍng poLentÍa1-.

Ilodges and Spielberger (L966) adninisËered the Fear of Shock

QuesËionnaire (FSQ) to subjecËs two monËhs prior Ëo Ëhe ex¡reriment. They

found ËhaË when they threatened them \^riËh shock during the e>çeriment,

Lhose subjects who reported greater fear of shock showed greater A-state

reaction Ëhan subjecËs who did not respond posiËively. StudenËsr scores

from the FSQ and Ëhe AACL-Today (Affect AdjectÍve Checkl-ist, Zuckerman,

l-960, 1965) indicated sÍgnífÍ.eant correl-ations to heart rate under

threaË of elecËric shock; the general measure of A-trait CIfAS) was found

not Ëo be sf gnifÍcanti-y related Ëo FSQ nor w'íth hearË rate, In situatÍons



that require a specÍffc k'i,nd of response to danger, a ßere specific

measure v¡oul-d be requlred to f,easure Êhe anticipaLed reacËion.

Another sËudy in which A-sËaËe ÍntensitÍes vrere unrel-ated to level

of A-traíÈ r,ras reported by Lushene (1971). IIe had subjects víew a

sËressful movíe depicting physically painful accidents in a wood-working

shop. The sËTessor díd produce marked increases Ín A-state reaeËion,

buË the A-trait scores r¡rere unrelated.

Martens C1971) reviewed A-Èrait (MAS) and moËor behar¿ior sËudíes

which both incl-uded and excluded stressors. The results were for Ëhe

mosË parË ineonsístent wiËh the dríve theory nodel. BecAuse of Ëhe l-ack

of consístent findings, the auËhor suggesËed that an alternate approach

was requíred to deal- with the type of sËudy and one approach rnighË be

the siËuational- anxiety approach. Íhis method wouLd relate to specífíc

objectives dírecÈly relevanË to the sËudy under consideration.

The Tayl-or Manifest Anxiety Scale (MAS, Tayl-or, l-953) , Cattel-l- IPAT

Anxiety Scal-e (IPAT, Cattel-l & Scheier, 1963), SËare-Trait Anxiety

InvenËory (STAI, Spielberger, Gorsuch & Lushene, 1-970) and the Affect

Adjective Checkl-isË (AACL, Zuckerman, 1-960) are neasures of general A-

Ërait and for the most part they correl-aËe very r^rell wíËh each other

(Spielberger, L972). Furthermore, general A-traiË measures correl-ate

only moderately wíËh specifíc A-traít, measures which is as e:çeeted

when going from general Índicators Ëo specific índÍcaËors. Endler and

Shedletsky (l-973) críËicized the STAI, and MAS scal-es as focusing nainly

on interpersonal anxieÈy and ignoring physÍeal danger. They viewed trait

anxiety as multídimensÍona1-, includÍng ínterpersonal-, physieal danger and

ambiguous threaË aspects. In Ëheir study, they. found thaË both ego

27
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threaË C-failure) and physicaL Ëhr:eat Cshock) produced A-state arousal.

FurËher, physical threat created gteabet A.-sËaËe arousal- than ego-threaË

for high A-trait subjecËs. This finding under the physical- threaË condi-

tion was, contrarr to Hodgesr C1968) fÍndÍngs of no dÍfferences in A-

staËe resulËs for high and 1ow A-Ëraít subjects. Endler (1-973) and

Endler and llunt CL966, 1968, L969) emphasized rhe need ro specify rhe

sÍËuaËion r,rhen anxíety was being ínvestigated. They fornd ËhaË Ëhe ín-

ËeracËíon of the person and the siÈuation accounËed for more anxiety

variance than díd Ëhe person per se, thus confírníng Ëhe need to specífy

the kínd of sËress situaËÍ.ons empl-oyed.

ftrait neasures whích atËeryË to assess an Índividualrs dÍsposition

tor¿ards anxiety in a specific sj-Ëuation would be more 1-ike1-y to predíct,

Íncreased A-state reacËíons Ëhan a general measure. Lamh (1970) for:nd

Ëhat a s:pecifíc A-traiË measure which evaluated a personts anxiety ex-

perience ín speaking situations was more predf.cËíve of A-sÈate reacÈúons

in studenËs requíred Ëo gíve an Ímprourptu speech than was a general A-

traíË neasure. Further, Hodges and spielberger C1-966) fornd that the

specifíe A-trait (fSq¡ predícted íncreased A-sËate reacËions to Ëhreat,

of shock, buË Ëhe general A-Ërait (MAS) did not.

The siËuation-specific A-traÍË approach ís especially designed to

focr:s on definite sítuaËions and evenËs, the beËter to eval-uate a personts

disposÍtion tor,,rard Ëhese specífic aTeas. The general A-traiË measure is

not constructed that \^ray. and thus rtuou.ld noË be expect.ed Ëo achíeve Ëhe

same predictive power. sinpson and Molloy C1971-) used this specific-

sÍtuaËÍon approach wíth A-traÍË (audience a¡rxiety) and a sËressor

CaudÍence). Ttrey fornd a greaÈer A.-sËaËe reaction among subjects wÍËh
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higþ A-traít scores" Pupil s.íze was. theÍr only- dependenË neasure. It

woul-d appear Ëhat Ëhis kind of aoproach would be Ídea11y sufted to pupÍ1-

research due to the sensítíviËy of the pupil- Tesponse. Spielberger

(l9lZ¡ suggested that rrin general, siËuaËÍon-specific trait anxiety

measures are better predíctors of el-evaËíons in A-sËate for a particular

class of sËress síËuatíons than are general A-trait, neasurestt (p. 490).

Ihe Test Anxiety Scale CTAS, Sarason, L957) is one particul-ar type

of Ëhe situation-specific A-traiË measure because iË is more accurate

in predicÈing perfonn¿mce decremenËs ín test-l-íke siËuations than are

the general A-ËraíË measures. The correlatÍons between Ëhe TAS and

other general A-Ërait measures are moderate. The TAS has been described

as â ïletsure of thaË anxieËy felt when a person bel-feves he fs beíng

eval-uaËed (AtkÍnson , L964; Lazarus, 1-966). The assurnptions are that the

Índividual ernits tl,rro Ëypes of responses: a Ëask relevant response which

facilitates cornpletÍon of Ëhe task aË hand and a task irrelevant response

which facil-itates compleËion of the task at hand and a task írrelevanË

response whích ínterferes with the compl-etion of the Ëask. IlÍgh-test-

anxious Persons are seen as emitËing mainly task írrelevanË responses

whÍl-e low-test-anxious indívidual-s develop stTong Ëask rel-evant responses.

As a result, 1-or,rr-tesË-anxious subjecËs tend to perfom bet.ter j-n evalua-

tion situatíons than do high-test-anxÍous peopJ-e Cchil-d, 1954). Janisse

(I973b) fowrd that when given a choice, 1-ow-Ëest-anxious sËudents Ëended

to choose the ËraditÍonaL evaluatíon format more than did high-test-

amxious Índividual-s; rrlow anxj-ous sËudents do wel-1 in Ëhose evaluatíons,

they are rewarded wÍth higþer marks and thus prefer Ëo continue ËhÍs kínd

of test-taking behavÍor over an alLernatÍverl (p. 353). Thus, how a peïson

r:''¡
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feels abouL hís success in a gfven situaËion r¡ill Ínfluence his perforr

ance in that setting" Peopl-e who are high scorers on the TAS generally

perform poorly in evaluation or test*l-ike siËuations whÍch suggests

' that the T.A,S measures a proneness for the indívLduaL to experíence r: i:.i:| . "-:-.-..: :_:.ì.- :.,.; :

hígh A-staËe reacËÍons ín siËuat,ions where personal adequacy f.s evaluaËed

(Sarasonn L972)

,InSuüuary,therearefair1ypredictab]-eeffect'sassocl.aËedwiLh
t" 't'"t"t

'l the íncl-usion of A-sËate and A-trait measures in an experimental- situa- l-',',.',',:

r Ëion that invol-ves personal- or ego-threat. The use of speeifíc-situatíon ,, , ,

L;r:: : :1

A-trait measures enhances Ëhe probabiltty of an A-sËate reaction occurring
ri
, it given situations. Thus ít appears that using thís Èype of A-traiË
l

îteasure in pupillometric research shoul-d increase Ëhe probabiliËy of

notíng the relaËionshÍp betr¡een pupil síze, änxiety and mental- effort. 
,

1

Anxfety arid kiteLlecrual- Ability
'I The inclusíon of íntellectual factors ín thís sËudy Ís reLated to

i the notion that the pupil- is an indicator of mental effort. It has been 
,

reported that Ëhe more diffícul-t the task Ëhe I-arger the pupÍ1- s:ize"

,1 whích reflects greater mental effort e:rpended durÍng the task. The leve1 ,..,,..',',,,,
,.,,:,.,.,

of inteLlectual functioning of a person shoul-d have some effect on how ,,,i ,. ;i.
. ,. , '

dífficul-t ít would be for that person to conplete a cognitÍve Ëask. A

bright person would be abl-e to resol-ve a cognítÍve task rrrtth lÍtüle

effort, whereas a less gífted indirridual wou1d find the sarne task very
, r_:.1¡;1!.,r,:..

] ¿iffÍcult to sol-ve. It woul-d s,eem reasonable to conËrol for intel-l-ectual- l''.:..'"' -+

ability in studies of cognitíon, I'urthermore, anxíety can interfere in

task performance and could be refl-ecËed ín pupil size changes, Ihe

following díscussion elaborates on the effect of both A^sËate and A-Ërait
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on inËeLlectual frmctíoning.

Ïn a selected revÍew of the literaËure, Matarazzo (L972) noted that

Ëhe relationship betr,¡een A-trait and íntel-ligence measures, partieularLy

the lfechsler Intel-ligence ScaLes, hras inconsistent a¡rd for the most, part, 
1.'.,,,.

lacking. Matarazzo, U1-eËË, Guze artd Saslow (1954) studíed the relation-

ship between the trIechsl-er Bellevue Scal-e (Ìr-S), the Amerícan Council- on

EducaËíon Psychological Ex¡minatíon (AcE) and the Taylor Manifest ¡,,;,
i.:.",,'Anxiety Scores (MAS). No rel-atíonship was found between lßS and lil-B ¡'¡'.''

scores, but a significarit negative correlation was found betT,rTeen the MAS i,..,;.,'

and ACE scores. calwín, Koons, BÍngham and Fínk (l-955) dÍd fínd a nega-

tive relatíonship between the t4AS and !I-B scores. Gríce (i-955) and

Kerríck (1955), usÍng united states air Force traÍnees, found signífi- 
:

cariË negaËive correlations beËween general A-traít measures and aír 
i

iforce apËitude tests. DespiËe these few significanË relatíonshíps cíted, ],
imost researeh was not abl-e to confÍrm these findings (e.g. , Matarazzo,

L955; Jurjevich, L9633 callen & Metzer, Lg6g), nor have the ACE and A- ',

I

trait results been confirned (e.g. , Mayznet, sersen & Tressel-t, 1955; 
,

i'-: 
'': 

-r

Klugh & Bendig, L955; Sarason, L956; Spíelberger, 1958). 
]!,,4,i

".,-'In an extensÍve r¡ndertaking, SpieJ-berger (1958) obtaíned Ëhe ACE ;,.,,,:Ì,

arrd MAS measures on LL42 college students over a period of six seuesters. ,."""'l

He for:nd that the overal-l- correlation betrüeen the ACE and MAS was n:inis- 
i

cu1e. Some of the sub-sauples were signifícant and he pointed out thâË ...:.

low abílíËy 1evel sub-samples of the ACE scores vrere more like1y to re- 
Hi

sult ín a significant negative correlation between anxiety and intel-l-i-

gence Ëhan any oËher facËor.
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The lack of rel-aËionship beËween A-trait and general íntelligence

measures in a neutral situatíon is consisËenÈ erith the SËaÈe-Traít

theory of anxiety. spielberger (L972) has pointed out Ëhat A-trait

differences are not likely to occuï ín the absence of a stressful- sítua-

tion. In order to e:çlain the signífícant findings of the intelligence

measures, NÍatarazzo, ulett, Guze and sasl-or¿ (l-954) and Levitt (Lg67)

have suggested that Ëhe negaËíve correlations ruight be due to the tined

aspect of the measures sËudied. siegman (1-956a) invesËígated the ef-

fects of anxieËy on timed and unËÍned neasures of the I'Iechsl-er Adul-t

rntel-ljgence scale (T^IArs, trIechsl-er, 1955) wiËh 35 patÍents. rt r¿as

for¡nd that high anxious subjecËs performed more effectivel-y on the gn-

ËírÞd subËesËs and less effectívely on Ëhe tírred subtests than the l-ow

anxious subjects. In another sËudy, S'íegrnan (1956b) confírmed hís pre-

vious findíngs wíËh a 1-arger sample of 90 patíents. As before, he

fail-ed to find a signífícarit correlation betr,treen the MAS and the WAIS

Ful-l- Scale. IË appears that there ís a need to specífy Ëhe situatíon in

order to betËer investÍgate and clarífy the anxíeËy relationshÍp wiËh

the ínte1Lígence factor.

Research into this area whích atËempts to include a stress facËor

and to become more specific Ín measurÍng intelleetual factors has met

with more success. l"Iandl-er and Sarason (1952) studíed the effects of

differentíal inst,ructíons on task performance. They adnínistered the

Kohs Block Desígn test and the I^IAIS-DígÍË Synbol Ëask to r-nrdergraduates

who were dívíded ínto high and l-ow anxíety groups on Ëhe basis of the

e:çerímental- affect self-reporË. It was for¡rd thaË subjects responded

...'.'',.:::':
:' -' t: :.: ". :l:::lì::

._ -.i -.1. 1:
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differenËly dependíng upon the instructional set. The anxious subjecËs

demonstrated the best tesË behavior when no reference was made to Ëhei-r

test performance. On Ëhe other hand, low anxÍous indírridual-s íuproved

their performance when ínforued Ëhat they were fail-ing. In anoËher

sËudy, Moldawsky and Moldawsky (L952) administered the I,ü-S Full- Scale

to college students and laËer reËested them on the trIAIS DÍgit Span and

vocabulary subËests r.rrder different instruct,ions. one group lras ïe-

tested in the sËârldard manner; Ëhe other group was informed that theÍr

previous test behavior was odd and a reËesËing r¡ras needed. No differ-

erlces T¡Iere noted in the Ëest-Tetest performance of the standard ínstruc-

Ëion group. In the stressed group Ëhere r^ras a sÍgnifÍcant decremenË in

retest perforrnance on the Digit Span, but only a slight nonsígníficant

increase in vocabulary retest perform¿urce. rt appears that Dígít span

is sensit.Íve Ëo situaÈion anxiety, but vocabulary appeaïs to be more re-

sÍstent to decreasing perfontrance under st,ress.

l[alker and Spence (L964) had 110 subjects Ëake Ëhe ]fAS and rhe WAIS-

Digft Span r:nder control- and e:çerimental condítions. The control group

who received neutral- instrucËíons showed no relatíonshÍp between llAS

and Digit Span. The e>çeriment,al group was inforned that theÍr instruc-

Ëor requested that Ëhey be tested because of their poor personalít,y

questionnaire performance. after beíng adminÍstered the Digit span,

each subject T^ras asked how it felt to be considered as "differentrr. In

the experimental group, 32 ot 55 subjects said that Ëhey were disËurbed

by the sËatement, while the remainíng 22 subjects hrere unconcerned about

being considered dífferent. The analysis showed thaË the disturbed

.:..:..:.: 1:
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subjects demonstrated a decrement ín DÍgit Span performance relatíve Ëo

the control group. The unconcerned subjecËs ürere not different from

the control group on Digit Span perfofinance. IË r¡as noteworthy in thís

study that the authors based their analysis on the subjective feel-ings

of the subjects Ín Ëhat ínstructÍons had Ëo be perceíved as sËressful-

in order to have an influence on task perform€rnce. trfaLker, Sanníto and

Firetto (1970) repeated Ëhe above study and íncluded al-I five verbal-

subËests of the I4IAIS. Those given the stress instrucËíons achieved.

significantl-y poorer performance Ëhan the control group on Inforoation,

SimílariËies, Aríthrnetic and Digít Span. tr'Ialker, Neil-sen and Nicolay

(l-965) set up a síËuation in which some subjects ïnrere given the object

Assembly Èask in such a manner as Ëo nake it ínpossibl-e to compleËe.

The'conÈrol subjecËs received the sËandard objecË assernbly task without

firsË having to do Ëhe impossible object assernbly task. The instruc-

Ëions also varied; the results for the control group showed no díffer-
ence between the object assernbly performance and anxiety measures. Ttre

experimenËal group which was gÍven bl-and instruct.ions correl-ated nega-

tively with both the MAS and the ÍÊasures of personal- inadequacy. The

researchers concluded thaË A-traít Ís correlated with intelligence per-

formance r:nder stress conditions thaË are dÍrect,ly associated with the

testíng ínstrument. Furthermore, anxíety and intell-ígence are r:nrel-ated,

under rio-st.ress conditions.

Hodges and spíe1-berger (L969) obËaíned both an A-rraír (rfAS) and

A-state (ZAAC) Eeasure on subjecËs. They iuposed stress on half of them

duríng a DigÍtr span task by'suggesting 1t¿6"t other ËesËees typíeall_y do

'ir:ii'';:i:

'..:- i
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better Ëhan you are doing.r' The second haj-f of the strbjecË groirp díd

not receÍve such instructions. DigiË Span and A-ËraÍt were unrelaËed,

Digit Span and A-state r.¡ere rel-ated. High A-state subjects shohTed

decrement in DígÍt Span performance.

some studíes have failed to show the disruption in Digit span or

oËher subtesË performance under stïess. Guertin (1959) d.ísËracted sub-

jects wiËh noise during a Digít span task buË failed to fínd any dÍf-
ferences. Craddick and Grossman (L962) used vísual distracËoïs and also

faÍl-ed to find any ùifferences in a subjecËrs performance. rt may have

been that in both Ëhese cases there üras noË any peïception of threat by

Ëhe person, therefore no A-state reaction developed.

AnoËher approach to explain inconsistent fíndings is the proposí-

Ëion presented by Morrís and Leíbert (Lg6g). They separated the TAS

inËo ËÌ,üo subscales: chronic worriers (cognitive aspect) and current

emotionality (physío1-ogicaL arousal). Using fíve Ëímed I,üAIS scal-es Ëhey

Ëimed one-half of the subjects ostentatíously, the remainder they tímed

covertl-y. High worríers did lrorse on timed tests r,vhen they knerø they

were beíng tírned than when una\¡rare. Low worrÍers performed better during

Ëhe tímed aspecË when they ürere ar^rare than when unaware. IË may be thís

aspecË of the subjecË?s neasure refleeËed in most studies and thus there

would be lÍttl-e physiol-ogÍcal response noted or measured.. Also, wiËh an

external stressor that is reflected ouËside the subjecË and beyond his

control-, l-ittle performance change r,ri-ll occur. Ìlhen the sËïess induced

ís wÍthin one's control buË still- íntangíble, however, Ëhere wil_l be

more concern. Thís would affecË the subjecËrs performance buË does noÈ
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create signifícant physíologica1 reaction.

IË appears ËhaË general measures of inËelligence are rioË usualI-y

related to A-traj-t measures. It has, however, been for.nd that the tímed

aspecËs of certain Ëests do reflecË ín poor performance on íntelligence

subscales. It has also been found thaË onets perfornance on subËests

can be ínfl-uenced by the type of insÈructions given, either to iuprove

performance or decrease performance scoïes. I{Tren a subject feeLs

threâtened, he ís lÍkely to do more poorly on a task that is dÍrect1-y

relaËed to the origínal testing insËrument. As was staËed in an earlíer

secËíon thaË situaËion-specifíc mêasures of A-traít are likely Ëo be

more predicËive of A-state reactíon, so too one ís more likely to find

dífferences in performance among A-sËate el-evated subjects whose Ëest-

retesË maÈeríal ís sÍm:ilar in nature.

SËatemenü of Problem

The relationshíp beËween pupil response, menËaI- effort., ego-thïeat

and staËe-traiË anxíety is sËill unresolved. A further investÍgation to

assess the influences of Ëhese variables on pupí1 response would be a

productíve líne of research. certainly no one wÍll argue agaÍnsË Ëhe

possible interference of anxieËy as a poËenLial infl-uence on pupil- res-

ponse, buË little has been learned about. it,s effects during tasks re-

quiring menËal effort.

!.,!>_r:,1 
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Kahneman (797Ð noted ËhaË there \iras evidence which suggesËs that L=..li*i..- .:-:ì

momenËary fluctuaËions of anxiety play a l-irníted rol-e in deternining

Ëhe pupillary responses in task sit,uaËion (ef. Kahneman & Peavler, 1969; 
:

Kahneman, Peavl-er & onuska, 1968; Kahneman & lilright, LgTl). on tasks ,
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requÍring menË41 effort, Kahneman contends that anxiety wí1l noË accounË

for the greaËest porËion of the varianee relaËed to pupil response.

Kahneman and Ìtright (L97L) suggesË that any sËudy aËËeryt,ing Ëo measure 
i,.,,uental effort by a physiological- measure must aLso t.ake inÈo accounË ...

potential confounding variables such as anxiety. Few pupil studies

have aËtempted Ëo ínvesÊigate the relatÍonship between mental effort and 
,..,

anxíety by manípulaÈing Ëhe varíous anxieËy cotrponents using dífferent .,:

experimental Ínstructions. Peavler (L974) atteqt,ed to sËudy anxiety
1.'r,::

effects on dígiË recall tasks of varying difficuLty, but failed to con-

;fi.rn that anxiety influenced digíË recall-. lwo serious probleü¡s aïe 
i

noted in this study, first, in his instrucËions to the subjects he índi-

caËed that sorne Ëasks would be impossÍb1e to recall, whÍch rnight have

reduced the probabilíty of anrieËy influencing the task; second, he did

not j-nclude a relaËed measure of anxÍeËy ín order to subst,antiate the i

presence or absence of sËaËe anxiety. The simpson and Molloy (197j_)
:

study al-so fail-ed to incorporate a corïoboraËíng A-staËe measure. 
.

It was proposed ín this research Ëo study the effect of anxiety on 
.,,

'...Ëhe pupiL response during a cognitíve Ëask by differentiating Èhe 
,,.1,.

anxiety concePt into st.ate and traiË conponents, and by ÍnËroducing a ,,,'

stTessor. The stressor condíËíon riras created by presenting ego-involwing

insËructÍons to some of the subjects duríng a digit span task of mod.erate

diffÍcu1ty. It was anËÍcipated that the stressor wÍll evoke an A-sËate i.,,-,,:"''::

reactíon which then can be coryared and the differences measured. In

order to assess wheËher anxiety was produced by the ego-Ëhreat insËruc-

tions, another A-state measure in addition to the pupÍl response \¡ras
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obtained.

Recent trends in the anxiety literature poínt to Èhe need to dif-

ferenÈiate beËween anxiety as a Ëraít and anxiety as a staËe: a predis-

posÍtion to become anxious in a given sítuaËíon (a-trait) coryared to

anxiety actually presenË in a given sítuation (.A-state). Even though a

person may score high on an A-trait measure, Ëhe person may or may not be

experiencíng anxieËy in a gÍven situation (.cf. spielberger, L966, Lg72).

For the most part, it appears Ëhat Kahnemanrs concepËion of anxiety re-

fers to A-staËe reactíon, and a relaËíonship between this and A-traít
wou1d add clarity Ëo the íssue. Any attempÈs Ëo study the relatÍonship

between menËal effort, anxíeËy and pupil response should take this dif-
ference into accounË. This research proposes to make these differenËia-

tions ín an attempË to clarífy Ëhe role of anxiety ín pupíllary studíes.

There have also been indications ín the anxiety 1Íterat.ure

(e. g. , Martens , L97L3 Endl-er, LgTg) thaË studíes require a measure of

anxiety that is specífic to the Ëype of siËuatíon and task being studied.,

rather than the more general measure of anxíety usually enployed. Ex-

cept for the study by siurpson and Molloy (L97L), most pupil- sËudies in-

vesËígating anxíety have used a general- A-trait measuïe whLch night have

prevented Ëhe full poÈential- differences in pupil response from emerging.

This research atteupted Ëo rectify this siÉuation by introducing an A-

ËraÍË measure r¿hich was specifical-ly rel-ated to the experimenËal sÍtua-

tíon, namely, a Ëest anxiety neasure.

$¡tother consíderation was that of inËel-1ecËua1 efficiency and iËs

relaËíonshíp Ëo anxíety and pupil response. ïf increased pupil response
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on a problersolr¡ing task reflected menÈa1 effort and difficulty level,

one woul-d also have e>çecËed differences in ef.foxx requíred to aecom-

plísh a Ëask to be relaËed to l-evel- of intelligence as wel-1. people

wíth 1ow ínte1-1-igence would find greater difficulËy in completÍng a task

than those scoring higþ on intellectual- measures. Simpson and Molloy

(LglL) faí1ed to find a relationshíp between intelligence and pupíL

response. They suggested that a wider intell-ectual range may obt.ain a

significanË findíng; however they used a general measure of inËelligence

whÍch may not be an adequate measure to reflect the naËure of the task.

IË may be that one must use a more specific rneasure thaË relates direcËly

Ëo the type of experimenËal Ëask. In Êhís sÈudy, the intel1-igence mea-

sure r¡sed was related to the task Ín order Ëo provide bet,ter ïepresenËa-

tion of Ëhe effects of level of íntel-lectual abiliËy on pupil- response

and performance.

Fínally, one uríghË expect dffferentíal effects of mental- effort when

a subject can or cannot respond correctl-y to a task item. Da1-y (Note 1)

for¡rd no pupiL síze ditferences between correct and incorrect ansr^rers to

probl-errs. Kahneman (1973) has suggest,ed that subjects r¡oui-d have 1-arger

pupil size for Ítems totally recalled than for partial- recall, buË

Bradshaw (1967) found the opposite effect between solved and r¡nsolved

problems.

StatemenÈ of Hypotheses

The fol-lowing general hypotheses T^rere tested wiËhin the framework

of two experimenËs:

1-. The High and Low Stress condítions are e:çected to produce díf-

ferentíal effects:
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a) HÍgher A-state scores are predicted from Ëhe HÍgþ SËress group

than fÏom the Lotrr Stress group. ltre IIÍgþ Stress insËructions

were Íntended to be ego-threatening and thus more anxiety-

arousÍng.

b) During rnput, it was predícted that those receiving High

Stress insËructions woul-d have l-arger pupil size than those

receíving Lovr Stress insËructions

2- A-Ërait differences hrere also predícted duríng rnput:

a) The High A-trait group hras expected to self-report more sËate

anxíety in the HÍgh Stress condítion than r¡rder Low Stress.

The s¡rne group/condition rel-atÍonship was also e>4pecËed for
pupil_ síze difference during Input.

b) However, Lor,rr A-traÍt subjects ürere not expecËed Ëo differ
under either lligh or Low Stress.

c) Under ego-threat condÍtÍons, Ëhe High A-trait group w-ÍLl- differ
from other grolrps on boËh A-state measure and pupil response.

3. Effects due Ëo intell-igence during Input were aLso predÍcted:

a) IIígh IntelJ-Ígence group would recaLl- more digÍËs thari Lor^i

Intel_1Ígence.

b) lfre Low Intel-lígence group üras to show 1-arger pupil size Ëharr

the Hi.gh IntelJ_igence gror4).

c) rt was expected that the largesË pupÍl sÍze was Ëo be the Low

rntellÍgence - IIigþ stress group; the small-esË pupí1 sÍze from

Ëhe liigþ Intel_J.igence - Low Stress group.

4. Pupil size differences durÍng Input for CorrecË arid Incorrect

trial-s !üere expected, but úirection was not Éredícted.
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CIIAPTER II

The hypotheses proposed in this investigat,j-on hrere exaflLined by

me¿m.s of trÂlo eL(periments. The fírst e)çerínent deal-t r,ríËh the rel-a-

tíonship of Ëhe pupíl response to mental effort, ínstructions and in-

tel-l-ectual measures during a dígít recal-l Ëask. Ihe second study in-

cluded modÍfícaÉions ín desígn as indicated from the results of Ëhe

fírst experíment and also included an A-ËraÍË measure and heart rate

measure Ín addition Ëo Lhe other variables nanípulated ln Experiuent 1.

E:<periment l-

Purpose of E:<periment 1

The fírst study ínvestigaËed the effects of ego-Ëhreatening in-

strucËions on a subjectrs pupil response during a short term memory

task, nanely, a digit span task. A secondarT aspect üras to assess the

rel-aËíonship of ínte1I-igence and correcË-incorrecË Ëríals Ëo the pupil-

response. Kahneman (L973) suggesËed Ëhat anxiety can infl-uence tþe

puPíl response during task performance, buË he has not manipulated the

anxiety varÍable to study iË specifically or obtaÍn rel-ated anxíety

measures. Peavler (L974) adrninistered subjecËs digit span tasks of

varyíng lengths wiËh the predicËion that the longer 1isËs would gener-

ate anxíety and thus infl-uence pupil response. He did noË confí:m this

expectatÍon but hÍs insËructional set may have confornded the resul-ts.

rn addition, he did not take a easure of staËe anxíety. rn this study,

t-.:.1:

i: f: .::ì :

lf _i ,t,::!;:1::
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a rel-aËed A-sËate measure was included to confírm Ëhe presence or

absence of anxieËy during Ëhe experímental_ period.

IË was predicted that subjects rnder the ego-threaË or ilÍgh Stress

CHS) ínstructi-ons woul-d show greaËer pupil dil-atíon than subjecËs under

Low stress (i,s) instrucËÍons. FurËher, íË was e:çected that strbjects

r¡nder Ëhe IIS condiËÍon would score higþer on Ëhe posË A-state measure

than r¡nder Ëhe LS condition.

The second aspecË of the study looked aË the relationshíp between

intelligence and pupÍ1 response. It was predicËed thaË high scoreïs on

the t[AIS-DigíË Span would show less pupí1 di]-ation Ëhan 1ow scorers be-

cause higþ scorers require less efforË Ëo accomplish the Ëask. FurËher,

high DÍgiË Span scorers in the LS condition would have the l-east pupiL

size change and the Lor¡ DigiË Span scorers would have the largest pupfl

díl-ation r¡nder the IIS condítíon.

Finally, subjects Ìtere eornpared on their task perforrn¿[tcer IË was

expecËed that higþ scorers on DÍgÍÈ Span would obtaÍn moïe correcË res-

Ponses than 1or¿ scorers. IË was also expected that the pupÍl dilation

would be greaËer on incorrect trials than on correcË trials.

Expeffmental }deÈhod

Subjects. ForËy first year male íntroducËory psycholory studenËs

between the ages of l-9 and 25 years aÈ the UniversÍËy of ManiËoba were

selected for Èhis e>çerÍment. Due to a mechanical error, the first

eight subjecËs were dÍscarded leaving a remaind.er of. 32 subjects.

Apparatus. fhe apparat.us for recording pupí1- responses hTas a

i,+lii;1::,,1
' : . ..

ÌlhÍttaker space sciences EyewÍew MoniËor and Television pupil-
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Systen $rhích provided 60 measures of pupil size per second. The pupíl

of the 1-eft eye was conËinuousl-y monit.ored and Ëhe data output stored

on magnetíc tapes for later data analysis.

StÍnultis naterÍals. Eíght sets of digit sËrings r¡rere prepared,

each seË consísted of eÍ.gþË sËrings and each. stríng was eighË ,1ígits.

Each stríng incl-uded numbers from one Ëo nine wíËh no number repeated

(see Appendix A). A stríng of eight dígits was selected because it ís

aË the uPper end of Ëhe range that mosË col-1,ege sËudenËs can respond

wíth arry degree of consÍstency. Mil-ler C1-956) suggesËed that the aveïage

range for college studenËs is seven dígits pl-us or ninus one.

The seËs were randomly assÍgned to each of tlrre 32 subject,s, one seË

per subject.

OËher mêasures. The t{echsler Adult InËe1-lÍgence Scale DiglË Span

subscaLe (l'tectrsler, 1-955) was adninistered to each subject indiwiduaLl-y.

lhe sËandard ËesË procedure was followed by adnrinisteríng this subtesË.

The DigíË Font¡ard score was used as the measure of intellectual efficí-

ency. This subtesË \nlas select,ed for the pre-Ëest îteasure because iË most

closely reflects Ëhe type of intellecËual task used during Ëhe experi-

mental períod.

The other measure used was the Self-Eval-uatíon QuesËionnaire (STAI

For-rn X-1, Spielberger, GorsucÏr & Luchene , L}TO). This ís an A-sËate

measure which presents a number of sËaËements whi.ch people have used t,o

describe themselves as Ëo how Ëhey feel at Ëhis Ëíne. Ttre insËructÍons

were changed somewhat Ëo índicaËe how Ëhe subject fel-t duríng the oçeri-

mental sessíon.



44

DesÍgn ¿ind ptocedure. SubjecËs Tirere randomly assigned to one of

the Ëwo groups, either the High SÈress CHS) condition with ego-Ëhreaten-

ing instructions or the Low Stress CtS) condition r¿íËh neut,ral instruc-

Ëions. ExcepË for the insËructions, each strbject followed Ëhe same

procedure and r¿as tesËed índívidually. The subjecË T¡ras brought ínto the

experimental room from the waitÍng atea, seated aË a Ëable ar¡ray from Ëhe

pupí1 apparatus and adruinÍstered the ItAIS-Digít Span in the sËandard

manner by the e>çerimenter. lühil-e the sr:bject rnras adapting Ëo the light-

íng condiËÍons, he was gíven a brief deseription of Ëhe pupil-1-ary appara-

tus. Then he rÁras seaËed in the apparaËus Ëhree meters from the focal

ËargeË and his l-efË eye was monitored by the camera. Once Ëhís was done

he was given the ínst.rucËions appropríate Ëo his group assignment and a

pracËice sessÍon fol-lowed.

The insËrucËions for Ëhe High and Lor,rr St,ress conditíons are pre-

sented ín Appendix B. Both the insËrucËíons and lists r,\rere pre-taped Ëo

provide a staridardizeð. presentatíon to al-1 the subjects. Once the ques-

Ëions r^Iere ansvrered, the subjectrs pupil was re-focued on the TV moniËor.

He had been relaxing out of Ëhe head-resË during the instruction perÍod.

Each subjecË receíved an auditory presentaËÍon of eight trials of eigþt

digíËs per trial. The first two Ërials ürere practíce Ërials and not

used in the l-ater analysís. The subjecËrs eye was moniËored during the

digit presentaËÍon series, approxínaËely Ëhree and one-half ninutes of

monítoríng per sub jecË.

Each tríal- consísted of a three second rest period, a two second

ready period, and eight second 1ÍsËen phase, a nÍne second recall- phase

;:,:r-ì
r': r: I
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and a three second post-trial pause. Upon coryletion the subject fÍ1led

out the STAI-X]- and was debriefed.

For the purpose of analysis, the subject,rs data were divided into

high and low Digit Span scores in the Hígþ and Loqr Stress conditíons.

The pupil- data were prÍnted out at one second intervals. The AI,TOVA

design then was a 2 (Stress) x 2 (Inte1-1ígence) x 6 (Trials) x I

Cseconds) repeated mêasures on the l-ast tT¡ro variabl-es. A separate ana-

lysis was conducted for both the rnput and outpuË segments. rhe pre-

stÍruul-us períod was analyzed in ËÏre s¡me nanner except iË was based on

a fi.ve second period.

Results of Experinent 1

An Æ{OVA surntrary tabl-e of Ëhe A-state scores is presented ín Tabl-e 1

in Appendíx C. Tlrere T^rere no sfgnÍficant dÍfferences between ttre SËress

groups and tfre Intell-igence groups on A-state scores.

The mean Pupíl size for the t¡'ro Stress gcoups over Ëhe three seg-

ments of the e:<perÍment Ís presented in Fígure 1. Ttre ANOVA sr¡ñma4r

tables of pupil- data for the Pre-6tímu1us, Input and output segnents are

shor,m Ín Table 2. Tables 3 and 4 presented data from l-Ínear trend

analyses on TrÍals and Seconds. (Note: 4L1- surunary Tables referred to

in text are for¡rd Ín Appendix C).

Pre-Ötírhu1-us. The Pre-stimulus period ís coqrised of the Rest a¡rd

Ready segmenËs. The Æ.IovA indÍcated a sÍgnÍfieantly 1-arger pupil size

for subjecËs in the IIigþ stress (HS) groræ than ín Ëhe Lo¡,r stress (LS)

group (F(1r28) = 4.84r ! < .05). The signÍfÍcanr decrease in pupil sÍze

over TriaLs (E(5rl-40) = 8.24, g < .01) was shov¡n Ëo be l_ínear (F(lrZg) =

20.07, g < .01). FÍnally, there üras a sÍgnificanË seconds effect
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(F(4,LLZ) = 2.93, g < .05) r¿iÊh a non-significant línear trend (f'(fr28) =

3.g2, g>.05).

InpuË. Subjects in the HS group had signíficantLy larger pupfls

' than the LS group (E(1r28) = 4.29, p < .05). Both groups shornred in-

creases over Seconds (f'tZr190) = L4.72, p I .01), buË decreased over

Tríal-s(¡'(S'140) = 8.39, p < .01). Both these linear trends were signÍfí-
j

ii "ant 
(r'(l-,28) = 29.2L, p < .01 ; F(1-,28) =136.2O, p_ < .01). A sígnifi-

: cant interaction between InsËructions and Tríals (E(5r140) = 2.7O,': -.;

P <.05), presenËed in Figure 2, índicated that the HS group habiËuaËed

I less than the LS group over the course of Ëhe experiment. This was

further supporËed by a significant l-inear trend by Instructions inËerac-

tion (!(1,28) = 6.77, g < .05). A sígnÍfícant InstrucËions x InËelli-

gence linear trend over trials inËeractíon (F(1,28) = 5.L7¡ p < .05) is

presented ín Figure 3. A Scheffers test (cf. Kirk, 1958) indícaËed Ëhat

1 on trial one the Lour Intel-ligence - Low SËress group differed signifí-
ì

cantly from the other three groups. No significanË dÍfferences T¡reïe

,: 
for¡rd among the 1aËter groups. On tTiaL six the two Hígþ Stress groups

_: did not differ from each other, nor dÍd the Low Stress groups differ from

'' 
"actr 

other, but the High Stress groups differed signfficantly from the

Low SËress groups.

output. The HS group had signÍfieantly larger pupils during recall

ì than the LS group G(1,28) = 7.04, p- < .05). A significant Trials effecË
'j

(.f(S,140) = LO.96r p < .01) was shown to be a signifícant línear deerease

over time (F(1'28) = 27.28, p < .01). The signíficant Seconds effect

I (g(7,L96) = 4.23, g < .01) was a sígnificanË línear decrease (F(1,28) =

8.16, P < .01) in pupil síze following ÍnsËrucËÍons to recal-l.

I r :.: : :' : : r:
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FÍna11y, Tabl-e 5 presenËed the toËal- number of correeÉ responses

obtained by aL1 subjects, íncl-uding practÍee trial-s, on the digit re-

call Ëask. Because of thÍs poor performance by subjects, no further

analysis was made of the subjectrs pupil- response courparfng correct and

Íncorrect trial-s. rt \^ras expected that subjecËs would respond at ap-

proximatel-y the 507" eotrect level. On1-y 1-2 of. 32 subjects were able to

respond wíth any correct triaLs, and of t¡¡ese subjects, a total- of 30

ËrÍal-s out of a possibl-e 256 T¡reïe correcËl-y answered. An ÆüOVA of in-
correct responses showed thaË Hígh Intelligence subjects had signifí-
c€nt1y fewer incorrect Tesponses (M = 6.50) than the Low Intel1-igence

subjecrs (tt = Z.0g) (see Table 6).

Discussíon of Experíment 1

Ttre major fínding ín this study was Ëhat the High stress (Hs) ín-
sËrucËions produced significantly greaËeï pupÍl dilatÍon during Ëhe

cognitive task than did the Low Stress (LS) Ínstructions over the entire
e:çerirnental session (see Figure L). Ttre logical conclt¡sion would be

Ëhat the HS condítion resul-ted in increased arousal or A-state reaction,

thus greater dÍlatíon. No sÍgnificant dífferences Ìrere fornd on A-sËate

measuÏes beLween groups, however, so the conclusíon of íncreased anxíety

as a result of the HS condÍtion does not appear Ëo support the findings.

An al-ternate viewpoint was considered which prowided an explanation

more ín accord r,¡iËh the resul-ts. The state-Trait anxíety Ëheory

"assrmes that the arousal of anxiety sËates ínvolves a process or se-

quence of Ëemporally ordered events ínitiated by either exÊernal or

internal stinuli Ëhat are perceived to be dangerous or threaÈeníng by

an individual-r' (spielberger, L972, p. 42). The individual must appraise

Lii
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the situation as Ëhreatening before respondíng wíth an A-staËe reacËion.

It was like1-y Ëhat in this siËuation the students, rather than seeÍng

Ëhe task as threateníng, viewed it as a challenge to do theír best and

achieve as high an intellecËual quotÍent as possÍ.bl-e. It Èhen seemed

reasonable Ëhat these subjecËs would e:çend moïe mental effort during

the Ëask. As a resulË, theÍr additional efforts (as compared wíËh those

receiving Low Stress insËructions) would have the effecË of íncreased

pupil sÍze during the digit task.

The ínËerpretation thaË ego-invoLving instrucËíons íncreases the

subjectrs motivaËÍon to recal1-ing digit sËríngs, leadíng in turn to
greaËer mental effort as is reflecËed in increased pupi1 di1-atíon, was

consistenË with Ëhe suggesËfons nade by Pol-t (l-970). He for:nd increased

pupíl- dil-aËion in subjects receiving threat of shock instrucËj-ons (as

cornpared Ëo neutTal- ínstructions) during a problelrsolving Èask. He

reasoned thaË subjecËs faced wiËh a ËhreaËening sítuatÍon reappraísed

the situaÉion by reasoning that obtainíng the correcË soluËíon would

avoid the shock and thus rnrould be also rewarding. It thereby provided

subjecËs wíËh the incenËíve Èo obÈain the correct response to prob1ems

presented. Subjects wouLd thus expend greater mental effort Ëo prob1em-

solwing and the result wouLd be increased pupil dilatíon.

The findings of Kahneman and peavl-er (j.969) also add support to an

incentíve rather than an anxiety inËerpretaËíon. subjects were paÍd

either five cents (high reward) or one cent (J-ow reward) for correct,l_y

responding to some stimulus Ítems in a List. They for¡rd thaË greaËer

pupil dilaËion occurs on high-reward triaLs (vs low-reward trials)
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Ëhan on a paired-associate learning task. The authors concluded that
rrthe pattern of pupi11-ary rêspons:ês r r . supports: the concl_r¡sion that

these responses are reLaËed to effort rather than to enotÍonalÍty or

arousalrrQr. 3l-5) .

Tu::ther erridence for an increased qental effort ÍnterpretatÍon ís

suggested in the habf.tuation pattern over trÍa1s r:nder the two sets of in-
sËrucËfons (see Tigure 2). There is usually a red.uction in pupil s,íze

with conËinuous e:çerience with the same sËimulus or in the same sËímulus

siËuatfon. This phenomenon has been al-luded to by lless (1965), Kahneman

and BeaËty (L967) and Kahneman and Peavler (1-969). The IIS group in this

sËudy did not show Ëhe same raËe of decreased pupil size as Éhe LS group

(see Figure 2). For Ëhe HS group there was only a smal-l decrease in

pupÍ]- size after the first tríal- followed by a leve1Íng off over the

next ff,ve ËríaLs; on the other hand, Ëhe LS groupts pupí1 síze folLowed

a consist,enË decreasíng pat.tern over the síx Ërials. It seemed reasonabl-e

to conclude that those in the High SËress condition continued Ëo expend

greater effort duríng Ëhe Input segmenË over al-l trials (índicaËed by a

consisËent]-y larger pupíl síze) than Ëhose in the LS condÍtion. As sug-

gested by Po1-t (1970) , the l{ígh stress manípul-ation may have motÍvaËed

the subjects to erçend more effort at the task rather than experience

anxiety. Thus Èhe subjects T^rere more attentive to Ëhe Ëask, particularly

duríng Input whích r,ras quite difficult. This resulted. in increased and

sustained pupil dílatíon.

The relationship betffeen pupí1 size and Ëhe intellectual measuïe

failed to reach statístical sÍgníficance. It may have been that both

the insËructíons and the difficulty of the task confounded the resul-Ës.

:::
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The insËrucËions oay have been too nild to generate the LeyeL of ego-

threat requlred. AnxÍery arousing f.nsÈructions gerÌera11y I-ead to de-

creas.ed perfonnartce on a reca1-L task, buÊ in this studyn those receiv-

ing ltigh $tress instructÍons performed betËer than the Lor,,r stress in-
struct,ed st.udenËs. Furthermore, those high on intel-l-ectual- measures peï-

forned betËer than l-ou¡ scorers ín each condÍtion. Horoever al-L groups

performed poorly on, the .Ëask and only L2 of. 32 subjecrs \^rere able to re-

call correcËly any of the digíË stríngs. The expected correct/incorrect

ratfo of 50/50 Tiras nevetr reached suggesting thaË the digit sËrÍngs were

far too dÍfficult to achieve the desired effecË. Thís difficul-ty facËor

may have confounded the inÊell-ect.ual- effíciency differences anong groups.

During the experirnent, some rnethodol-ogical problerns were noËed

whích required conment. The eight digít sËrings T,rere too dífficul-t to

prowíde an adequate measurerent couparison, particul-arly for correct vs

íncorrect trÍ41s. This probl-em nLight be resolved in future studÍes by

a shorter dígÍt sËring. Another problem appeared to be Èhat Ëhe High

sËress ínstructíons empl-oyed were too mild for the íntended effecË,

sÍnce no differences among gror¡ps on the A-sËate measure were for:nd.. A

more íntense instructíonal set appeared necessary in order to achieve

the required A-state reacËion. perhaps an addíËional physiological-

neasure is needed during the ínstructional period to help assess Ëhe ex-

Ëent of instrucËíonal infl-uence, parËicu1-arly when atËeryting Ëo gener-

aËe an A-sËate response. Fína11y, the fail-ure to óbtain a pupil base-

l-ine measure prior Ëo giwÍng the ínsËructions creaËed an ambiguous siËua-

tfon when tryíng to relate the significant differences of Ëhe pre-

stÍmulus perÍ-od to the overal-l- experinenËal results. A basel-ine 1¡easure

i:':r.
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is required to clarify these state4enËs and he1-p eçl-ain the findings

based on the instructional- set"

Er<pêfiriteriË 2

Purpöse ctf ExrrêfÍnêni 2

T?ris erqperfrnenË TÁras proposed Ëo ínvestigaËe pupillary response

during a cognÍËÍve task and Lts rel-atÍonshíB to anxiety, the indiwÍduaL

differenee variabl-e of íntelligence ând correctness of responsei In

study one' no attempt was made to select subjects on Ëhe basis of Trait

anxieËy (A-traÍt) differences, and the findings indicaÉed no A-sÈaËe or

momentaqy anxiety differences r¡rere observed between th.e groups tested.

The Íncl-usion of an A-trait measure was vier^¡ed as necessaqy and benefi-

ciaL because such measures suggesË a proneness tor¿ards A-sËaËe reactfon

in high scoïers. Thus orrs rníghË have e:cpected a greater, more consís-

tent A-sËate reacËíon from persons high on A-Ërait scores in an ego-

Ëhreateníng síËuatíon. The dearth of A-state differences among gïoups

in E:cperiment 1 also suggesËed ËhaË the insËruct.ions vrere noË perceived

as threateníng, but rather as ¿tn incentive to greaËer achÍevemenË. A

more intense instrucËional seË \¡ras formulaËed Ëo accentuate the high

stress condition.

In the digital task of E:çeriment 1, subjects dfd noË perform as

anË1cípated. It was Ëhought Ëhat the task r¿oul-d be of noderaËe diffí-

culËy and subjecËs r,trould 1ike1-y respond aË about the 50/50 incorrect-

correcÈ ratio. Because of the hlgþ degree of dífficul-ty of the task, a

correcË trial response was made by only L2 of.32 subjects. There urere
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on1-y 30 correcË responses nade ouË of a total of. 256 trial-s, gÍving a

correcË response portion of. L2i1.

The tti'ne-lockedn procedure rnay have lncreased the degree of dfffi-
culty of the task. Not only did the s.ubject have to recall the digíts

Ín the given serial- order, but they also had to recall them aË the pre-

scríbed one-per-second rate.

E:çerinent 2 íncorporaËed the use of shorËer digít strings so that

a moderate diffÍcul-ty level would be achieved. SpíËz (1972) revieraed

Ëhe lÍËerature for irmediate menory for digits and for:nd thaË the aveïage

channel capaciËy for adul-ts of average intelligence was six digits, plus

or mínss one; somewhat lower Ëhan that suggested by Mi1-Ler C1956). rË

was Ëhen concl-uded that a seven dígit string, the upper lítrIiË of the

average' would reduce the diffículty level to a moderate level. IÈ was

e>rpected that this change urould clarífy the relationship of intellÍgenee

and pupÍl síze prevÍously confor¡nded by task difficulty in Experínent 1.

The sÍgnificanL difference ín pupil síze between groups durfng the

pre-sËimulus segmenË of E><perínenË I raised the question whether Ëhere

T^ras an iniËÍaL difference prior Ëo the insËructions or as a result of

the insËructÍons. In order to clarÍfy this probl-em, a pïe-insËrucËional-

baseline was obtained to assess Ëhe pupil response prior to inst.rucËions.

An additíonal physiol-ogíeal rneasure, one of hearË ïate, rras proposed to

coupl-ement the A-staÈe neasure. spielberger (L972) suggested Ëhat the

measurenenË of A-state required concurrerlt âssessnent of both physio-

logical activity and subjectíve feel-ings via self-reports. This meËhod

and concurrent measure durÍng the ÍnsËructionaL set rnroul-d provÍde a
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va1-idity check of the stresb yaríab].:é qnd provi.de a more critical ap-

praisal of pupil- and heart rate responses to sËress.

Iüith regards to physiol-ogical- activity, Cartell and $cheier Cj-96j-)

reported that heart rate CIIR) ranked anong the highest of the phys:iol-o-

gÍ.cal variables 1_oadfng their A-sËaËe factor. MarËin C1961), ín a re-

view arËic1e, rnade a coryarison of physiol-ogÍcal- measures associaËed

with different emotÍonal- arousal staËes ín four st,udies. ThreaË of

shock was used for Ëhe fear or anxiety response, crÍËicism for ¿tnger,

and Ëhe cold pressor for pain. Ðespite Ëhe ir¡consístencÍes ênong sËudÍes,

he noted Ëhat heart ïate íncreased more for fear (anxiety) than for ange¿

lhe pain experience vras c1-ear1y dÍstinguished from fear, but the dÍstinc-
tion beËhleen pain and anger h¡as riot as clear. Additional- sgpport for dif-
ferent hearË râ.te responses beËween anxiety and anger mas offered in a

Ëherapy seËtÍng. DiMascio, Boyd and Greenblatt C1957) measured physio-

l-ogical- responses of one patÍent duríng Ëhe course of 11 psychotherapy

sessions. A correlaËion (rho) of .69 was noted. between heart rate and

level of raËed tensíon (anxiety), and -.37 between heart ïate and raËed

antagonísm ín Ëhe Ínterviews. These fíndÍngs prowided some evid.ence thaË

hearË rate response can indícate a differentíatÍon between some of the

arousal- states.

The effect of antícipaËion of noxior:s sÊimuli has al-so been inves-

Ëigated. Studies by Deane (1961), Jenks and Deane (j-963) and Deane (1964)

have prov:ided evÍdence that there are two opposing hearË raËe responses

during ercPerimentally induced anxiety. SubjecËs had been tol-d to e>çecË

a noxÍous stimulus at a specific point in a sequence of vis,ually presenÈed

i :ìrì:1i!:i:]i:: :::ilil
l':-:: .": :.''
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thenumbers. Under these conditíons Ëhe heart raËe accel-erated early in

sequence of nurnbers and decelerated just prior to and duríng the tirne

the noxl.ous stimulus rras e:qpected. IË was al-so for:ncl that both res-

ponses appeared at about maxinum anpl-itude on the fÍrsÉ trf.al_.

Deane C1966) for:nd that instrucËions had an effecË on heart rate

decel-eration. If the subject was Ëo1d exactly when shock rnras to be re-

ceived, the decel-eraËive effect appeared ímmedíaËely; if no warnÍng T¡ras

given, ít took several Ërials before the deceleraËíve response beca¡ne

aPParenc. Jenks and Deane (1963) used both shock and noíse for noxious

stimuli. They found that Ëhe shock-anticipation group shor^red greater

acceleration than the tone-anticipation group. Deane CLg64) did not

fínd respíratíon Èo affecË hearË raËe as r¡ras suggested by lüestcott and

Huttenlocker (1961). Siuilarly, EllíotË (1-975) did nor find gross bodíl-y

movements to covary wíËh heart rate. He did find thaË íf shock was anËi-

cipated aË aLL, heart rate and eyeblínk activity were significantly

hígher than when ít was not e:<pecËed.

BankarË and Elliott. (L974) for¡rd Ëhat Íntensíty and nunber of

shocks affected habítuation ïat.e. tr{hen Ëhe shocks hrere more severer êx-

posure to them inËerfered with habituation. one suggesËíon was Ëhat

habÍtuatÍon may vary inversely with e>rposure to painful sËimu1Í. Also

noted was Ëhat Ëhe group who received the most shocks habituated. uore

slowly Ëhan did the group receiving fer¡er shocks. One other interesËing

finding was Ëhat resËíng tonic leve1s of heart rate durÍng the e>çeri-

ment hTere elevated about 8-1-0 bprn over normal resËíng levels Ëaken prior
to e:iperimenË etqPosure, a finding consistent wíth oËher reports in Ëhe

:..,i
: ::'..'.:
t:.,



58

lÍterature (e.g., ElliotË, L9703'MansueËo & Desiderato, I97L\,

In oËher studies, Ilodges C1968) examined the effects of ego-Ëhreat

and threat of paÍn (shock) on sËate an:rÍety. IIe for¡nd that heart raËe

and AACL scorers Íncreased from a resË períod Ëo the tesË period in

which subjects perforned a memory t.ask. The size of the Íncrease in

AACL scores rilas signífícantly greater Ín the ego-threat co'nditíon than

fn the no-threat conditíon. The Ëhreat of shock produced greater ín-

crease Ín heart. rate than in the no-ËhreaË condítion. ïhere r,ras also a

tendencyr thougþ not sígnificanË, for the mean scoïe of the ego-threaË

group to be greater than thaË of the no-threat group. rncreases in A-

sËate neasures from rest to tesË were evidenË in al-l- conditions, buË

there r¡rere no dífferences beËween groups ín the restíng condítÍon.

May and Johnson (1973) for¡nd that internal-Ly elicíted thoughts pro+

duce physíologica1 changes and the dírectíon of the change was related

Ëo the affective riature of Ëhe cogniËíve event. The hearË rate response

appeared Ëo be the most, sensj-tíve of the physiologÍcal responses. The

heart raËe means were híghesË for stressful words, lowest for relaxing

words and midway for neutral- words. Over trials, hearË raËe demonstraËed

a s1-ight decrease in responding during Ëhe mid-trials of the e>qperimental

session, but at no time did Ëhe hearË rate respondíng j-n the arousal

(stressful words) condition return to Ëhe pre-sËimulatíon level.

Baker, Sandman and Pepinsky (1975) had subjects discuss neutral- and

affect-arousing Ëopics and measured heart raËe duríng rehearsal, speech

and post-speecTr periods. The mul-tivariate analysis of heart rate daËa

indfcated Ëhe affect-arousi.ng topic to have elicÍËed sfgnfficantly e1e-

vaËed heart raËe responses as coryared with the neutral topic. lhe

l..r':
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dírectional-ity of thÍs effect in heart raËe r¡ras attributable to the

difference in topíc content and occurred only during the rehearsal

period. rt does appear Ëhen Ëhat internally elicÍted cues have an

effecË on heart raËe response.

Autonoruic responses Ëo affecËive iris,ual stfmuli have also been

noted. Hare (1973) sel-ected subjects of varying degrees on self-reporËed

f.ear of spíders. The cardÍac responses to sLÍdes depicting spid.ers were

accel-eraËory in fearful subjects and, in non-fearful_ subjects, their
cardiac response consisted of a plateau followed by a deceleraËory línb.
Klorrnan, trüiesenfíeld and Austín (L975) presenËed neuËral, incongruous

and mutílatíon slÍdes to Ëhose hfgþ or l-ow ín fear of mutÍl_atÍon. The

resul-ts showed that the fearful sr:bjectsr cardiac responses to mutila-

tion were acceleratory, theiï counterparts, decel-eraÈory. Both groups

showed decelerated heart ïate on incongruous sl-ides and acceleraËed

heart rate on neutral- slídes.

Ìühi1e the literature has suggesËed that heart rate ís influenced by

varíous Ëypes of sËressors, ínËernally and externally cued, Lacey, Kagan,

Lacey and Moss (1963) also suggesËed a relatj-onship beËween heart res-

ponse and cognitive acËivÍty. On tasks ínvo1-ving environmental t'rejec-

tionrt (wherein envíronmental rinputt is assumed to be disruptíve, as in
reversed spellíng, in mental- ariËhmetíc, oï during noxious stÍmulation),

there is an íncrease in heart raËe and in heart rate varíabílity. on

the other hand, duríng envíronmental- t'inËakert, as in símp1-e vísua1 atten-

tion or emphatÍ.c listeníng, most subjects produce cardiac decel-eration

and decreases in heart rate variabilíty. An example of Ëhe latter would

l:'
l:...
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be in reactj-on tfme studies in which there is cardiac deceleraËion

assocíated wíth the preparatolry interval of a reactÍon time task. Incí-
denËlyn increases Ín skin conductance ürere noted duríng the same períod 

' 
,.,, 

', ,

(Lacey & Lacey, L970). This phenomenon is referred t,o as direcËíonal- r:r-:.':

fracËionation of physiol ogícal- responsesi

Kahneman, Tursky, shapiro and crider (l-969) tine-locked p'pí1-
;i,t' . ,;:..response' skín conducËance and heart rate to a dÍgft-transformation t,ask. iirf,,.--j

AlL three measures showed. a ftsympathetíc-like" increase Ín acËiwity ,r., '
i,.'::..'i::1.'

duríng the receptÍon of Ëhe dígits and duríng transformatíon, foLLowed ;:ri':::ì:'.

by a decrease in actiuity during reporË. ïhe peak ïesponse for each i

measure was ordered as a frncËÍon of task dÍ ffículty. 
,

j

Tursky, Schwartz and Críder (L970) found heart rat,e dece1erating

duringËheintakephaseofadigit-trarrsformationt'askandheartraËe

acceleration duríng cognitive processing; skin resist.ance changes fo1- l

i

lowed a paËtern sim:ilar to thaË of the Kahneman et al-. (1969). Heart ii'
rate did not folloi^r Ëhis pattern, but differed during Êhe rnput phase. I '

i

The authors expl-ained this apparent contradicLÍon by indícaËing that ín ie:;.:.t,ir

i:.,ir i.:'.'lithe Kahneman et al. study Ëhe transformatíon ínsËructions pïeceded the ir,,',,r*
,,¡r..,.;,.::,,¡digít series, raising Ëhe possibil-íty that the overall heart rate ac- i'i::':.'::,:.i

celeration was due Ëo the subjectts on-l-íne transform¿Ëion of the ín-
formation. In the Tursky et aL. study, the ínstruct,Íons r^rere not gÍven

rntil after the dígit presentation. ThÍs would indicate thaË heart rate , ::,'i ','
:: ' .:r'i :"Ì :ì1:

differences can occur wiËhin the same kínd of problen so1_ving task if
ÍnstrucËions are differentl_y ordered.

Soneauthors(e.g.nCarnpos&Johnson,L967)haveattemptedto

i.j:.t.'- .:a!::,j.:
tr :::1t-:: :::.:,
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explain the Lacey intake-rejecËíon menËal actiyiËy díchotouSz in terms

of task demand for verbaLirzation. Adamowícz and Gibsoî (.l1g7l" L|TZ)

have reported that heart rate change appears to be associated with the

interactÍon of Ëask attentÍon denand Level- and verbaLlzatíon requÍre-
ments, sonething not considered ín the caryos and Johnson (L967) experÍ-
ment' lrhat appeared to be important in studies using heart raËe .$ras

that the demand characteristÍcs of the task for the various groups need

be considered ín research also involving cognÍ.tive tasks. rn thís study

Ëhe Ëime-locked aspect was ernpl-oyed and l-evel_ of task dlfficulty con-

trol-led.

lJhil-e the prímary concern of this e:<perÍment rnTas t,o invesÉígate the

relaËfonship of pupíl size and anxiety duríng a cognítive task, Íts re-
latÍonship to the indivíduai- difference varÍables of intel-ligence and

correctness of resPonse was also considered. The addiËíon of the heart
rate measure hTas an atteryË to íncrease the sensiËivity to detecÈ Ëhe

momentary or state anxiety variable during Ëhe instrucËional períod.

This would assist in clarífying Ëhe rel-ationship betnueen meritål effort
and anxiety in pupillary responding.

rn the course of this experÍmenË, the folr-owíng predictíons were

considered. rt was expected thaË the High stress ÍnsÊructions would

produce Íncreased manífesËations of A-state reactíon. For Èhe Instruc-
tion period, one e>rpecËed increased heart rate r¡nder High Stress ínstruc-
tíons as coupared to Low Stress insËructions. During ínput, Ëhere would

be increased pupiL síze under HS conditions. The High A-trait, group

wiËh lis insËructions would deuonsËraËe larger pupil size than Hígh A-

traÍ.t with LS insËructions. The Low A-traÍt groups woul-d not di,ffer as
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a fr:nction of insËructions. Differences in pupil size between l{ígh and

Lor,tr scorers on the intelligence rneasuïe were also e:çpecËed. These dÍf-
ferences would be evidenced d.urÍng the input perÍod and the Low scorers

would denonstrate larger pupÍl sÍze Ëhan high scorers becagse they wou1d

find the t,ask nore difficul-t and would expend more effort at it. High

scorers ürere expecËed to respond correctly to more ÍËems Ëhan the l-ow

ínte11Ígence group. Final1y, corïect-íncorrect Ërial- couparisons of
pupil- resPonse during input were ruade and díffeïences e:çecËed, but there

Iilas no predícËíon regarding d.irecËion of the projected differences.

ExpêîímedË¿il Method

Subjects. One hr:ndred and twenty nale snbjecËs were seLecËed from

a Larger pool- of introductory male psyctroLogtrr students who had cornpl-eÈed

Ëhe Test anxiety scal-e (TAs) as païË of a larger battery. síxty sub-

jecËs r,rere ehosen from the upper half and Ëhe remainíng 60 were se1ected

from Ëhe lower hal-f of the TAS score distrÍbution. All were volunteers

parËicípatÍng as part, of course requirements and all had been screened,

for visuai- defects.

Apparatus. as in E:<perimenË 1-, the apparatus for recording pupíl_

responses was the !ühíttaker Space Sciences Eyewiew Monítor and Television

Pupillorneter Syst,em. The pupíl of the left eye hras contÍnuously moni-

t,ored and the daËa output was sÈored on magnetÍc tape for later data

anal-ysis,

The additional appaïaËus employed üras a trühíttaker Space Sciences

Pulse Ì'latch dewice for Ëhe measurement of heart rate (HR). IrR was based

on Ëhe time i-nterval- beÈween beats oïÌ a second by second basis. A

t.a:.
I t:
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connector T¡ras aËt,ached to the index finger of Ëhe 1ígh.t hand for con-

tÍnuous monitoring and the daËa output sËored. simul-taneously on magneËíc

tape with pupil_ response output. 
:,,.:,.,

stfrtrûlús mâËêiiáls. Eight sets of dÍgiÊ sËïÍngs rÀrere prepared, ' ,:"

each set consisted of eíght strings with seven digÍts per st,rfng. Each

sËring íncl-uded ilrmbers from one to níne wÍth no number repeated (see 
,,,,,..,.i

AppendÍx A). ',,,,:,', ,
-::i:

Ihe sets were randonrly ass'ígned to each of Ëhe l-20 subjects, one ;:..;,,,:,,¡
il . r .:.-:.'
i :':.: .,: :set per subject.

oËher meâsures. As ín E:çerfment 1, the t[echs]-er Adult Intel-l-ígence 
:

ScaLe Digit Span (Forruard) subscal-e and theself-Eval-uatÍon QuesËionnaire I

l

were used. i

i

An additional measure of A-traiË used in this study was the Test

Anxiety scale (TAS, sarason, Lg57, rgTz). rt had been adninisrered to :

a1-1 subjects in a previous experímental seËtíng. This is an A-traíË 
l

neâsure which specifically identifÍes people who e>rperience anxieËy ín 
l

test-líke or examinaËion situat.ions. ,- : ..

Design and procedure. The same procedure as Ëhat r:sed ín E>çerÍ- ,.=.'
::r: l: :: :

ment l was foLlowed, excepË that stöjects were assigned to one of four ".":'-'.'.:'

groups on the basÍs of their A-traiË scores. Each subject was t.ested

individually. once the I^iArs-Dig:it span had been given and before giwing 
. . i:-.--:.,,:them Ëhe sËress instructíons, each sr:bjectrs eye was focused ín the j,t..j.

pupill-ometer and the finger pu1-ser aËtached to the índex finger of the

rigþt hand. BaselÍne measuïes of his pupil ïesponse and hearÈ raËe

were obtained.

i-:-;.
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The instructíons, as well as the dígit st.rings, qTere pre-taped for
audio presentaËion. The ínsËrucËions for the Low Stress condition rrere

the same as in Experiment, 1, except the practice dÍgit sËring was in-
creased and v¡as the sane as the one used in the High Stress instructÍons.

The High Stress condÍËíon instructfons vrere made stronger Èo increase

the ego-threat factor (.see Appendix B) . The pupil_ and hearË response

were monÍtored during the inst.ructíon period. The remaÍnÍng procedure

on the apparaËus r^ras the sane as in E:¡perimenË L. rn addítion, the HR

was obtaÍned. A1-1- subjecËs \¡rere de-briefed upon completion of e:çerÍmenÊ.

Ln sunmary, each trÍal of the Digit Span Period followed the saue

time-l-ocked sequence and was divided as follows: there T¡ras a Ëhree

second Ready segment fol-lowed by the rnput segment of seven seconds; a

orle second Repeat pause qras nexË, followed by the output segment of,

seven seconds; finaLly, a one second ÍnsËructíon to Stop rrras given fo1--

lowed by a síx second Rest.

For the purpose of analysÍs, each of Ëhe four pre-selected groups

was again dívided ín ha1-f, a medÍan split on the basís of Digít span

Forward scores. Ttre data was then subjected Èo Ëhe appropriate statis-
tical- procedures. The analysis involved was a repeated rneasures design

Al.IovA on the lasË tr¡o facËors, a 2 x 2 x z x 6 x 7 (A-trait x sËress x

rntell-igence x TrÍals x seconds), for the rnput and outpuË segnents for
pupiL and heart rate scores. Appropriate nodifications were made for

the pre- and post-stimulus segments. During rnst.rucËÍons, a correl-a-

tion was obËained betr,reen heart rate and pupil- size. Final_]-y, a separate

ANOVA for correct-incorrect responses lras made for pupil size ,and

heart, rate.

l::ììr'. 4: : :., r
i i.: .1::-.-i:l
l_ _ l

L:-tl

' .. :. 4.4. ' '.: : :,

-,{ì
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Resul-tg of Experírnent 2

State and ËraiË arixf:ety data. An initial Al{oVA on the A-staËe self-
report measure prior Ëo the e>çerimental nanÍpulatíons showed a signifi-
cant maín effect on A-trair (F(1,LL2) = 9.30, p < .01)(see Tab|e 7, App.C).

The IIígh TesË Anxious (High A-trait) subject had a mean A-state score of

40.07, whíIe Ëheir counterparts had a me¿rn score of 36.1-5.

Upon courpleËion of ttre experímental session, a second A-staÈe nea-

sure r¡\ras obtained to aseertaín the subjectrs feelf.ng state during the

e:çeríment. An analysÍs of covariance (A-trait x Stress x Inte1ligence)

usíng Ëhe pre-A-sËaËe scores as covariate, showed a significant. main

effect on the Stress Ínstructíons (p(f,111) = 4.4L, g <.05)(see Table g).

The mean A-state scores for Ëhe TesË Anxiety/stress groups are pïe-

senËed in Figure 4. ALL gror:ps shor.red an increase ín A-state anxiety

during the e4perímentar session over the pre-experimental period.

PupÍl size and heatË raËe data. TLre following wilL Ínclude the major

pupi1 resPonse and heart rate daËa analyses under the appropriate head-

ing to their progression duríng the experÍuent. The task for each sub-

ject was divided ínto three períods: Baseline, InstructÍons, and DÍgit
span. The Digit span period was further divided into six segments:

Ready, Input, Repeat, OutpuËn Stop, and Rest.

Baseline perÍod: an Al'iovA of pupil síze and heart rate on

the last 10 seconds of the 30 second basel-ine period yiel-ded no sígní-
ficant main effects or inËeractions (see Table 9).

rnsËrùctíonaL períod: the data scores used for the analyses

during this períod are based on the mean score for each successive
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5-second Epoch from the beginning until the end. Because the Higþ Stress

instructions r,7'ere 20 seconds longer Ín duration than the Low SËress in-
strucËions' the ÆrIOVAs are based on Ëhe last 21 Epochs for each daÈa set.

A four factor ANOVi'' repeated ori the last factot, riras conducted on

the pupíl data (souree,Tabl-e l-0). only the repeated facËor (¡pochs)

was signifícant (r'(20,2240) = t2.04, p_ < .01). The general r,rend for
this effect can be seen in Fígure 5 in whieh both the Higþ and Low

Stress grol¡ps showed pupil síze decreases oveï time r¡nti1 the rpractfce

Sequencer. During Ëhe rPractiee Sequencett there was a sharp íncrease in
pupíl síze, fol-lowed by a reversíon to the progressive decrease in size.

A sinÍlar AI{OVA was conducted on the heart rate data (see Table 10).

A signifÍcanr Epodr maín effecr (F(20,2240) = 16.62, p_ < .01) and a

Stress x Epoch ínteraction (E(22,2240) = 4.24, g < .05) were observed.

The sËress x Epoch interaeËion ís shown in Fígure 6. A Ëest of símp1e

effecËs showed - sígnificanË dÍfferences between SËress groups on the

last six Epochs (see Table 11). HearË rate grad.ual1-y íncreased. over

the instructíonal perÍod reaching a peak shor:tly after the tpractice

Sequencet and decreased thereafter. The heart raËe increase for the

IIS group tended to be greater than for Ëhe LS group during the procedure

and maintaíned Ëhis relaËíonship for the rema-ind.er of Ëhe InsËructÍon

period. A test of sinple effects indicated a sígnificant dífference

between Ëhe HS and LS groups after the rPractice Sequencer (see Table 1l-).

A correlation beËween Ëhe mean heart raËe and mean pupil size at

each of Ëhe Epochs r,ras not sígnifícant (f(20) = .13, p>.05) for the

Lornr Stress group, æd sígnificant (r(24) = -.55, p <.01) for the High

SËress group.

t,.
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DígÍt span períod: the pupil size and heart rate data for the

Dfgit Span period of the High and Lor^¡ Stress groups are presented in
Fígures 7 and 8. These graphs will be referred. to later as they relate

.......i :. '

ì to the respective segænts of the Digit Span period. 1:.. ,.: ,,',,:,

1-. Ttre Ready segment was Ëhe three second períod during

the DÍgit Span period preceding the presentatíon of a dígít string. A

, five factor AI'IOVA, repeated on Ëhe last two facËors, T¡ras conducted. on the 1,..,:':',,' ',,
. .' '.,,.''

pupíl size data (see Tab1e 12). Sígníficant main ef fects for Trial" 
i,,;..,1;,i,.;,.I (_E(5,560) = 13.40, p < .01) and Seconds q(2,224) = 9.65r g < .01) were 1:,":,..,,,'::::

for:nd and a sígnÍfícant Test Anxiety x Intel-ligence Ínteraction (F(1r112)

= 4.4I5r P < .05) was al-so noted. Pupí1- size gradual-ly Íncreased during 
l

each rría1, but showed an habituation effect over Trial_s. The Test

Anxiety x rnËelLígence i-nteraction (see Figure 9) "indicated that the

Hígh Intellígence group had larger pupil size than the Low Intelligence
group only when both were hígh Ín A-trait.

Table 12 presents Ëhe AtIOvA for the heart raËe data during the

ready segnent. A sígníficant Stress main effect (F(frLLZ) = 5rl_5, g<.05) i::: :. r,"
'-,.,,1i,:...:.1..t- :

was for¡nd, indicaËÍng that the Hígh stress group had a greater hearË

raËe Ëhan the Lor¿ stress group. The heart rate for both groups tended

to increase over Seconds as indícated by a Seconds main effect (F(2 rZZ4)

= L7-03, p < .01)(see the Ready segnent in FÍgure g). The rntei_lígence

x seconds interactíon al-so reached sígnificaræe (E(2,ZZ4) = 5.4L, p < .01) i,,1,;.

(see Fígure 10). The heart raËe of Ëhe High rnËeJ-1-igence group r¡ras

Ínitially lower than that of the Low rntelligence subjects and both

groups had almost identical- rates by the end of the Ready segment. A
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test of simple effects fail-ed to produce sígnÍficant diffeïences at any

of the--one second ínterval_s (see Table 13).

2. The Input segment vras a seven second períod imediately

follotring the Ready segmenË. During this tíne a stríng of seven digits
at the rate of one-per-second rate T¡ras presented.

The suumary table of the AIIOVA on pupil síze is presenËed in Table l_4.

The seconds maín effect was signífícant (I(ó,672) = 91.96, p < .ol) and

a Ërend analysis (Tabl_e 15) showed a linear (I'(rrLLz) = L75.B6r p < .001_)

and quadraËic (r'(1,LLz) = 5.62, p < .05) trend with an íncreasíng pupÍl

size over seconds. A trials maín effect was also signifícant (E(51560) =

24.L2, P. < .01-) as rüas Ëhe lÍnear trend. anal-ysis (ta¡te t6) for Trials
(E(1'LL?) = 35.72r P- < .001) r¿hich showed a decreasing s1_ope. A sÍgní-
ficant Test AnxÍety x Intelligence inËeraction (F(1, LLZ) = 4.72, p < .05)

was also shown. A siryle effects analysis of thÍs ínËeraction confirmed

that, as with pupil- size during the Ready períod, Ëhe pupil- size of the

High Intelligence group was larger than that for the Lon¡ Intelligence
grouP e(1,L12) = 4.43, g < .05), onLy for rhe IIÍgh Test anxiery groups

(see Table l-7). A sÍgnifÍcanË stress x seconds Ínteraction (F(6 ,672) =

3-02, p < .01-) was also noted ín which the slope of the High stress

group r^ras steeper (see Tabl-e 15) than Ëhat of the Lot¡ stress gnoup, both

groups showíng an increase ín pupil- sÍze duríng the rnput segmenL.

main

group

The ANovA for heart daËa is presented in Table 14. only the stress

effecË (r'(1,LL2) = 4.32, -p_ < .05) was significanr, rhe Hígh srress

havíng higher heart rate than the Low Stress group.

3. The Repeat segnent nas nexË. After Ëhe presentaËion

;: r; '::.:.: :i
1.....t,.,
l'--".";:';-;

of the dígit strÍng, a one second pause was given with the word rRepeatr



76

alerting the subjects to begin recal-lÍng the digits. The ANOVA for the

pupil size data is presented in Table 18. SËress naÍn effect was sÍgni-
ficant CEClrl-L2) = 3.94, g < .05) and is represenËed graphically in
Figure 7. Test Anxiety x Intel-1-igence ínteracËion was also sígníficant
(FCL,11-2) = 5.38, g < .05) and for-r-orred the same pattern as previously

seen durÍng the Ready and Input segnents (also see Tabl-e l-9 for sinpLe

effects). TrÍals (F(5r560 = L7.51,' p < .01) was al_so sÍgnifÍcant, Í_ndi_

cating a pupíJ- síze decrease over trials. An Intel-I-igence x TríaLs in-
teractíon cF(5r560) = 2.27, E_<.05) was sígnífícant and is presented in
FÍgure 1-1-. HÍgh InËelligence sr:bjeets tended to habítuate aË a slower

rate over trial-s than dÍd the Low rntellÍgence subjecËs, but only on

Trial- 5 were the tv¡o groups signÍfÍcantly different (see Table 20).

The Æ{oVA for the heart rate data during the Repeat segnent is pre-

sented ín Table 18. only the Test Anxiety x TriaLs interactio¡, Ì,râs signi-
fÍcant (F(5r560) = 2.746r !. < .05) wiËh rhe Low Test anxíery group show-

ing a sI-Íghtly higher heart rate than rhe Hígþ Test anxÍety group. Ttre

relationship between groups üras not signifícant ín a post hoc Ëest of

siryLe effects (see TabJ-e 21).

4. The Output segrnent was Ëhe seven second period duríng

whÍctr the subjeets verbalized the digit stríng at the sane rate as it
T{as presented Ëo them. Ttre ÆrÏovA surmary for the pupil síze data ís
presented in TâbLe 22. rhe maln effect for seconds (e(ra 1672) = 2!.L3,

P- < .01-) was signifÍcant, demonstratíng a decreasing linear trend

(E(16,672) = 40.51, p < .001) (see Tabl-e 23). A stress x seconds inrer-
action was al-so signífÍcant (I'(6 ,672) = 2.LgZr g < .05) with a lÍnear

i.iia
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interaction CI'(l,LL?) = 3.816, g < .053). The pupil size of. the HS

group was larger Ëhan Ëhat of the LS grolæ at the Repe.at segment and de_

creased aË a correspondíngly fasËer rate durLng the output segment. A

Ëest of si41-e effecÈs indicaËed that the lls and LS groups T¡reïe noË

signíficantly dÍfferent, but the slopes r¿ere different, (see Tabl-e 24)..

Tríals (9C5,560) = 16.L26, y <.01) was sígnifícant as well, indicating
a decreasing 1-Ínear (pCl_,112) = L6.ggTr p < .001) and quadraËic (F(1 ,LLZ)
= 23.699, p < .001) rrend (see Table 25).

Table 22 presenËs Êhe results of the At{oVA for the hearË rate duríng

the Output segment. ïhe SËress main effect r¡¡as significant (E(1, 1Lz) =

4.6Lzr g < .05), the High stress group having gïeaËer heart *. an.r,

the Lour sËress group (refer to Figure B). The seconds (T(6 1672) = 9.037,

P. < .01) maín effecË showed a significanË quadraËic trend (F(1, LLz) =

13.403, g < .001) as presented in TabLe 26. The IIR showed an ínitÍa1
decrease frou the sËarË to the uLid-poínt of the output segment, after
which it began Ëo increase through Ëhe second half of the segment. The

SËress x Seconds cubic ínÈeraction (F(1,1L2) = 5.6g7r g < .05) showed

slight dífferences ín the High and Lon¡ stress gïoupst response raËes.

The HR of the LS group contÍnued to rise for one second ínto the output
segnent before demonsËratíng a decrease. This contrasted. to Ëhe HR

pat,tern of the HS group which showed no delay Ín decrease ïesponse (see

Figure B).

5. The stop segment Ìras a one second period following
the recal-ling of dígits Ëo Ínform subjecËs by the wordrtStop,r to cease

reealling nuulbers and relax in preparation for the next tríal. TabLe 27

l: .

l,:.,
ì:..

.... t-: t' :

Þ. ::;:l : :.,--i:i
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presents the ÆrlovA surmary tabl-e for pupíl size response d.urfng Ëhfs

one second períod. Trials was signíficant (F(lrl-LZ) = 4.LL, p < .05)

wlËh pupil response decreasing in size over the course of the dfgiË-

string Present'ation. The Test AnxieËy-InteJ-lÍgence í.nteraction was also

signifÍcant and the siry1e effects Êest (see Tabl-e 28) shor¿ed that IIÍgþ

Intelligence - High Test Anxíety group dÍffered from the remaÍnder of
the groups.

The s.unmarr Ëab1e of Ëhe ANovA for heart raËe ís presenËed Ín
TabLe 27. The maj-n effecË for Stress (f(l-,ILZ) = 5.g5, q < .05) r^ras

significant, with the irigþ stress group having Larger pupil síze Ëhan

Lor,r sËress group (see Figure 8). A stress x Tríals fnteracËÍon (F(5rsoo)

= 2.88, g < .05) indícated that IIS and LS groups did not differ signifi-
cantly on the first trí41 but did so for the remaÍnd.er of the tïiaLs
(see also Table 29). A Test AnxieËy x Intel-lÍgence interactíon (F(1,1-12)

= 4.7L, P- < .05) was also present and a tesË of sÍmp1e effecËs showed.

Ëhat Èhe HR of the Low Test Anxiety - Lour Intelligence group was higher

Ëhan thaË of Ëhe oËher groups (see Table 30).

6" The ResË segment. üras a sÍx second perÍod after stop

to a1lor¿ subjects a brief period of relaxation before the next digit
presenËation. An ANovA su1malr of the analysis for pupÍl size d.aËa is
provided in Table 3l-. There was a.Test An)deËy x Intel1ígence ínteïac-
Ëion (F(1 ,L12) = 4-33, p,r .05). The relatíonship between Test Anxiety

and rntelligence follows a paËtern símil_ar Ëo the previous segîrents. A
main effecË for Trials (F(5r560) = 11.o4, p_ < .01) rüas present arid

follorss a general deereasing flrnction over.timer-with a l_inea:r (r'(rrrrz)

.jt.: ¡:. .:.

::iÌ rì-::
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= 4.89, g <.05) and quadratic (F(1,LLZ) = L7.50, p < .001) rrend over

Ërials (see Table 32), The seconds (g(5,560) = 2.43, g < .05) effecË was

also signíficant and a quadratic trend c'(i-rLLz) = 5.74, g < .05) was 
;,..,., .,',.',,,,

noted ín whidr Ëhere qlas a sligþt increase during the first tr,¡o seeonds

follovred by a decrease Ëo end of the Rest segment Csee TabLe 33). The Test

Anxíèty x Seconds interaction CF(5r560) = 2.972, p_ < .05) is presenÈed 
.,:.,...... 

..,..

Ín FÍgure LZ anð' thÍs rel-atíonship was noË on1-y lÍnear CF(l- rLLz) = 5.021-, ',¡.,,'r,,r,,...,

p < .05), but al-so cr¡bíc (I(1r112) = 4.539, ¿ < .05) in dírection, f,..,,,.;,,..,....,
: a'. ,'.- ':l'j:-:- .:-

Table 31 presents the ANOVA summaqr table of the heart rate during

the ResË segment. The Stress main effect (I'(1, LLZ) = 4.gL, p < .05) Ín_ 
,

dicaËed a fasËer HR for the HS group than for the LS group. The seconds ii:maíneffect(F(5'560)=35.55,P<.01)wasa].sosígnificantarrdthere

were decreasing linear (F(l,LLZ) = 73.L6r [ < .001) and quadratic (¡r :

(trtrz) = 9.22, p <.01) trends (see Table 34). After the con¡mand. 1

rrstop. was given, the IIR decreased rapidly over a four second period i

;

before leveling off. An Intel-lígence x Seconds ÍnteracËíon QC5r560) =

2.94, p < .05) índieated a línear (F(l-rLLZ) = 6.Lg, p_ < .05) relaËionshíp -,;¡i,;¡.:¡,,:,,.,r''
:-tlj-.: i: : r::. _:

rtrith the IIÍgh Intel-ligence groupst pupil sÍze decreasing at a great,er t¡.,,:,:;;:,,:,:,,';,i.,;1,,,:,;;.:,,

l . :,:;::¡¡,¡,:,¡,,,,'r,'.rate across Ëhe six second period than díd the Low rntel-IÍgence gïoup

(see Fígure 13). Trials (g(s,soo) = 2.84r p < .05) was signíficanr, nor

as a decreasing fr:nction but as a varíabílíty from tríal- to tríal. The 
:::::::r-,.,:,-,,:.:.:.;r

trend analysis (see Table 26) Índicared a cubíc (F(1,LLZ) = 4.4g, p<.05) iiil::ii:':.r:':.:

relationship. A Test anxiety x stress x Trials ÍnteracËion (F(5,560) =

2.43, g < .05) was for¡nd ro have quadraric (r'(r,.[z) = 4.51, g < .05) ]

reLaËi.onship (see Figure 14). A1-though some relatíonship between the
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groups ü7as apparenË, there was sufficient variabilíty Ín the graph pat_

tern for each group over trials Ëo establísh a quadratíc ínteraction.
The order of the groups, based on heart rate, appeared. to be deternfned

by Ëhe stress condítion. The Low TesË Anxiety - iligh stress group had

the highest raËe, fol-loned by the lligh rest anxÍeÈy-Hígh stress gïoup,

wÍËh the other Ëvro groups havíng the slor^resË rate.

Performance daËa. This section deals with the digiË performance

scores and the pupil síze and heart raÈe data coryaring dífferences on

correcË and íncorrect trials.

An ANovA r,ras carried out on the ntrnber of digíËs correctly recal-Ied

during Ëhe six e>çerimentaL tr.Í.alrs and Èhese results are pïesented on

Tabl-e 36. only rhe rnrellígence factor reached sígnificance (!(r, LLz) =
28.09 r I. < .001). Tåe total nurnber of dfgít stríngs correcËly and in-
correcËly recalled are presenÈed on Tabi_e 37. The HÍgh rntelligenee
group recalled 487" on the digít sËrings correctly, whí1e onry 23% of the

digits were credíËed to Ëhe Loq¡ rntelligence group. Because rntellí-
gence r,ras Ëhe only significanË variable in Ëhe dígit recal-l, this

r:':.: - ::': :':,factor was included in the anal-yses coryaríng pupÍl síze and hearË raËe :,::,:-,,..,

responses to correcË and incorrecË tría1s.

A three facLor AIIOVA, repeated on the lnst factor, r4ras conducted

for each of the segmenËs - Ready, rnput, ouËput and ResË - for both

Pupil size and heart rate data. The At\TovAs for the preceding periods

are shown on Tables 38, 39, 40 and 4l-. The correcË-rncorrect Trials
(crt¡ cornparíson. r¡ras sígnificanË during all_ segnents beyond Èhe .01

l-evel (see Figure 15). Intelligence was also signifícant ín each period,
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excepË Output, beyond Ëhe .01- l-evel-. pupil size was l-arger for the

High Intelligence group Ëhan for the Lovr IntelJ-igence group. an rntellí-
gence x crr x seconds Ínteraction was fourd during the Ready segment

Cf'(2,L432) = 4.59, p < .01) and Input segrnenË q(6,42g6) = 4.25, p_< .01)
(see Figures l-6 & 17). rt Ís seen that during the Ready and rnput seg-

ments the High rntelligence - correct group had the largest pupÍl síze
the Lor¡ rntelligence - rncorrect gïoup had the smal_lest pupÍl size, and

the t!'ro remaÍning groups were in betl¡een these. The CIT x Seconds inter-
action (E6r+zgø) = 2.46, E_ < .05) was signíficant duríng the ïnpur seg-
ment and can be viern¡ed on Fígure 15. pupil sÍze was larger ¡rrhen the

subject cornpleted a correct trial- than when the subjecË cornpleted an ín-
correct ttial- while following Ëhe charaeterist,íc pupil size increase

during InpuË segment (see Table 42 f.or Sirnple EffecËs). Finally, the
seconds effect was signifÍcant in all analyses, showing a sÍnrilar pattern
to Ëhe seconds data discussed in the prewious section.

The summary table for the AIIOVA of heart rate data on Correct and

rncorrect dífferences duríng the Ready, rnput, output, and Rest, segments

can be found on Tables 38, 39r,40 and 41 respectively. Duríng the

Ready segmenÈ, seconds was sÍgnifÍcant as well_ as the rntelligence x
seconds inËeraction; however this daËa has already been d.iscgssed r¡nder

the appropriate headíngs i-n the previous section. Finally, there was

a CIT x Seconds inËeracríon (F(5,35g0) = 4.75r p < .01) in which hearË

raËe on correcË t.rials was higþer Èhan on rncorrect trials ín the ini_
tÍ41 phases of the ResË segmenË, but decreased at. a faster rate than on

rncorrect trí41s, beconing lower aË three seconds into the Rest segment

(see Figure 18)
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Discussíon of ExperimenË 2

overview. TLre main purpose of this e>çeríment $ras to study pupil
size and its relationship to an:riety, the individual difference variable 

I,,,.,.,,,.of intellÍ'gence and correctness of response durÍng a cogniËive task. i:'::::.'::.'::,'-

Concurrent measures of state or moîtentary an:dety ¡¡ere obtained by

self-report and by psychophysiological means (heart rate). The secondary
:ì.:..- L,_puryose üIas to see whether pupil size mosË adequately reflected the '.,'1: ','.¡,'l
,..' ',tl'1',.'.cognitive variable and whether heart rate most adequaËely reflected the

il'.ri-:t..l.i: r':-:

¡.:,.,:.l.:;,r::,emotional aspect.

. The differential_
effect of Hígh and Low Stress instructíons hlås verified by the validiÈy
neasures used to gauge the presence of anxiety. rt appeared that anxiety
vras consistenËly higþer under Hígh stress Ínst.ructions than Low sËress

:instructions. The ser-f-reporÊ paper and pencir_ A-state measure (sTAr, 
i

ispielberger et a1., L97o) signÍfÍ.cantly dífferenËiated the High and Low j

Stress instructíon groups. The physÍoJ-ogical measure of heart rate also I

was higher for the Hígh stress group than for Ëhe Low sËress group, 
i,,, ,,.,,,.,rhor¿ever this was not the case with pupÍl sÍze dÍfferences. ,''','1',¡'.''
; , ,t,. ,.,.,,, 'i'Also validated was Ëhe intelligence neasure (lilArs Dígit span Fon¡ard) ,'1',i' ¡, ,

used, thus supportÍ-ng the predictíon made in the hypotheses. strbjects
scoring higþ on the intellígence nÞasuïe recall-ed nore digit strings
correctly (48%) than did the 1ow inrellígence group (ZZ.S%). No oÈher i::,,, '

l -':-' - :

performance differences on digit recall r¿ere found.

rnstruction petiod. The heart rate daËa evidenced differences in
A-staËe reacËion during Ëhe ÍnstructÍon period, but not so with the

i...1-*;Ìt ....¡rr
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Pupil size data. There I¡ras ¿trt ínteractíon between Stress and Epochs for
the heart raËe (see Fígure 6). The Hígþ and Low Stress groups ínítially
showed no dífferences ín their heart rate, buË as the insËructíons pro-

gressed, the Hígþ St,ress grouP showed an increase ín heart raËe. A Ëest

of síinple effects on the interacËíon further indicated that a sÍgnífí-
cance between grouPs was noËed in Ëhe last six Epochs. ThÍs suggesËed

Ëhat as the subjects became ¿tt¡Iaïe of the írrplícatíons of the ÍnsËructions

and the task exPectatíons, a differentÍal and signifícant response was

el-icited. Thís fínding, along with the A-sËate differences prewÍously

ciËed, tend Ëo confirm t.Le hypothesís dealing r¿ith heart ïate duríng the

InsËrucËion Períod. On Ëhe oËher hand, the pupil- sÍze daËa did noË dÍf-
ferentiate betrr¡een the tlüo stress groræs during the same períod (see

Figure 5).

Comparison of the group mean pupiL size and heart rate for the Loq¡

SËress group showed a non-sígnificant posiËive correl-aËíon. For the High

Stress group there was a significant. negatíve correl-aËion. The indíca-

Ëion was that r¡nder High Stress instrucËions the pupil1-ary and heart rate

ctranges are negaËively rel-ated. Even though the subjects perceived the

sítuatÍon as stressful, theír pupil size and heart ïate reacted to the

situation differentiall-y. This kÍnd of response difference has been re-
ferred to by Lacey (L967> as I directional fractionationr , ¿urd has been

previously demonstrated wÍth these t!üo nreasures (cf. Libby, Laeey, &

Lacey ' L973). A coinparison of Figures 5 and 6 further exeuplified this
reLatíonship between the pupil síze and Ëhe heart rate data. pupil sÍze

was quÍte large at the onseË of the insËructions, buÈ becane progressÍvely
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smaller as the instruetional time elapsed. The opposiËe effect vras seen

r¿ith the heart rate response; the initial heart raËe üras somer¿hat low
and subsequenËly displayed progressive increases r¡itil the end of the
rPractice sequencet of the rnstrucËion Períod. Both groups showed the
íncreasing-decreasing curve during the rpractice sequence, of a digiË
sÉrÍng presenËatíon and. recall. The p'pil response curve duríng this
practice task was typical and sinilar to Èhat reported in the liËeraÈure.
The heart rête accelerated during the entire pracÈice sequence, decererat-
ing sonewhat more slowly than in the study reported by Kahnenan, Tursky,
Shapiro and Crider (L969).

From these data íË appeared that within a sÈressful instructional
set the pupi1 response díd not reflect thís change. The Íncreasing
heart rate' partícularly the acceleraËed response for the High stress
group' \¡ras suggestive of an A-state reactÍon when the irnplications of
the insËructions are fully cornprehended. Those differential physiological
responses of heart rate and pupil sÍze suggested. that the heart ïaËe re_
flected Èhe emotional aspect more readily than díd pupil size. ThÍs dif_
ference does not appear unusual- consid.ering thaË Ëhe cardÍovascular system
ís required Ëo adapË readily to a variety of real and perceived needs of
the organism. Lacey (1970) has suggested that increased hearË raËe is
associated with decreased cortical êctivity, thr¡s the pupil response with
cortically initíated origins would be in t¡sre wíth the task at hand but
tn¡ould noË necessarily reflecË other physíoJ-ogÍcal excitation. Thís
phenomenon will be furËher elucidaËed by the resurts of Èhe responses

taken duríng the Digit Span period.

, :-,:i. ,.i:{ì ',

i' ,. ,.';*'..j, ,::. rÌÈ: .:
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DígÍt Span Period

During the Digit span period the dÍfferent levels of stress in_
structions T¡rere rel-aËed to subsequent, levers of pupil size and. heart
rate. Príor to discussing these resulÈs, it should be noted that the
pupíl size and heart rate data, partícularly the pupil data, follo¡¡ed the
characteristÍ'c inverËed u-shaped function associated wÍth the dígit span

task, símilar to the curves reported by Kahneman eË al. (Lg6g).

The r¡ost i40rtanË part of Digit span was the rnput seg,nent where

Ëhe organism must actively engage in the Ëask to process and. store the
informaÈion presented. The stress main effect for pupí1 size d.ata durÍng
rnput ü7as not sígnifícant; however the stress x seconds interacËion rras

significant. The interaction was furËher artaLyzed by a Ëest of síry1e
effects and none of the one second intervals reached sígnificarlce. The

linear and quadraËic trend ínteract.íons were sÍgnifícant, suggesting that
Ëhe slopes were different. From observing Èhe rnput segmenÈ of Figure 7,

it was seen that the sl0pe of the High stress graph Ín the lasË four
seconds became steeper than in the preceding seconds. The sl0pe of the
Los¡ Stress group remained wirtually the same across t.Íme. Overa1l, these
data suggested that pupillary arousal to stress Ín thís situatíon was

mínorr accounËÍng for an increased rate of dilatÍon only near Ëhe end of
the rnput period. The major portion of Èhe pupil ïesponse is related to
the I'mental effort' conrponent of arousal r¿hích Ís required in the roading
phase as suggested by Kahneman (Lg73). This findíng supporËs the con-
tention' presented in the díscussj.onofExperinent 1, that the effect of
instructíonal- set on pupil size was líkely to be due to Íncreased

i':'\;";ìri .:::i

ir: : :::.. ,
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motivation (greater effort) to do well on the task; this greater effort
thus increased pupillary dÍlation. Poi-t (1970) has suggested that stress
instructions, rather than reflecÊing anxiety Èhrough increased pupil
size¡ night rather be reflecËíng increased motivation. This Íncrease
in efforË appeared mainly ín Ëhe last part of the rnput segmenÈ as Ëhe

task requirements increased. High stress subjects worked harder at the
task, not because of anxÍety but becar¡se of greater effort exerËed. to
conplete the task successfully.

This was a significant main effect on the stress factor for heart
rate during rnpuË. The Higþ stress group had a higher rate Èhan the Low

sËress group. There appeared. to be a rapid acceleratíon of heart rate
during Ëhe Ready segment follorsed by a relatívely flat sLope duríng the
dÍgit presentation' The lack of acceleratíon and deceleration may be the
internedíaËe stage referred. to by LÍbby, Lacey and Lacey (1973) on tasks
which cornbine requiremenËs for attention and for mental work (requirÍng
sÊorage' manípulation, and retrÍeval of syinbolic information). The dÍf_
ferences between HÍgh and Low stress groups in heart raËe r¿ou1d be ac_
counted for by sígnifícant A-staËe reactíon. The l_arger A_state scale
scores for the HÍgh stress group supported this interpretatíon. The i-n_

creased heart rate to the High stress Ínstructions flury also be reflecËÍng
a tonic heart response referred to by obrist (Lg76). The organism has
adapted to the sËïess demands by a general elevatíon in heart rate as ïras
seen toTn¡ard the end of the rnstructÍon Períod and. extended into the Digit
Span Period.

whí1e stilr on rnput, another inÈerestÍng finding, again showÍng
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support for the contenËion that pupil síze mainly reflects cognítion and

heart rate maínly reflects emoËÍon, can be further developed by looking
aË the intelligenee vari.able. rn the maÍn anarysís, neither of the Â-
state llEasures (self-repoït oï heart raËe) distínguish between inËellí-
gence levels, hornrever the pupíl síze diff=rences betrreen groups on ín_
telligence r,ras marginally sígnifícant (p . .06). This suggested Èhat

pupil size changes rÀ7ere more assocíated wÍth the subjectrs cognÍtive
ability than were heart ïate or self-report neasures. Both of these
latter neasuïes üreïe more reflective of anxieËy assocíated with the
siËuatíon.

Turníng to Êhe output segment of the Digit span period, both High
and Low sËress groups reached their peak pupÍl size on the seventh second

of the rnput segment' then demonstraËed a decreasíng lÍ-near fr:nction
during output' The differences between groups ürere not signifícant at
any of the one second inËervals during output, buË an interactíon occurred
reflecËÍng a dífference in sropes. The decreasing slope of the HÍgh

stress group r^ras sÈeeper than that of Ëhe Lor¡ stress group. There was

probably a greater reduction in efforË by the High stress group than by

the Low Stress group durÍng Ëhe unloading phase.

The heart rate data maintaÍned a signifícant stress naín effect dÍf-
ference between groups durÍng the output period. The Hrgh sËress group

reached Íts peak heart rate durÍng the fírst second of output, Lor,l stress,
the second second. There üras a d.eceleration to the fourth second, fol-
1or¡ed by acceleratíon untÍ1 the stop and Rest segment. Thís second ac-
celeraËion during output may be somer¿hat related to respiration ïate as
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suggested by Kahneman et al. (1969) or it may be a characËerísÉic of
hearË rate varÍabiIíty during these kínds of tasks.

The sËress aspect of the data for pupil size and heart rate sug-
gested that during a cognitive task, specifically a dígít span task, the
effecË of sËress was negl-Ígib1e for the pupil response when the subject
!¡'as engaged in a task requiring rmental effortr, The effect of stress
hras more a motívaËional variable which enhanced pupir dir-atÍon. The

effect of a stressoï on heart response !Ías to increase the raËe and to
nainËain the . ínerease for a longer ËÍme. !ühile the rate was increased,
the paËtern of responding to the task appeared to remain the same. The

graph represenËing heart raËe during the Dígit span period (Figure g) had
some simïlaríty to the Kahneman et a1. (Lg6g) resulËs of a four dígit
recall task' Thus, while the slope of the response to the task remained
the same, there T¡Ias an Íncreased level of heart rate assocíaËed rsith the
ego- threateníng si tuation.

rt was interest.ing Ëo note ËhaË pupÍl size over the síx trÍa1s
showed habituation, that is, the pupil size decreased progressívery over
the sÍx trials. Arso it was noted on pupíl size Èhat r_ess habiËuation
over trials occurred for the High rntel_J-igence group as cofnpared to the
Low fntellígenee gïoup. Heart rate faíled to show the sane progressive
decrease from trial to trÍar- buË decreased a slíght, non-significa¡rt
degree' rt was natural to anticÍpate sone degree of habituatÍon for all
subjecËs' This was expected as a result both of increasíng fanriliarity
with the task and of the pïesence of a fatigue factor. rn keeping with
the fnterpretation of pupil size largely refleeting momentary cognitive
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variables and heart rate reflecËíng emotfonal variables, it may have

been Ëhat, as Ëhe Ëask was perforned repeaËedly, less effort üras ex_

pended by the subject Cthus pupil sÍ.ze became smaller) whereas the emo-

tionaL cornpon'enË remaÍned rel-ativel-y Èhe same (thr:s hearË rate showed

s1íght decrease). rt was noted that ttrere \^reïe fewer correctly recal_l-ed

digit sËrings in the latter trials Ëhan in the initíal trÍals. The con-
tinuing high level of response by heart raËe might be partÍally ex_

plained ín the lfght of obristrs (Lg76) discussíon of toníc effects. He

has suggested that the organísm has been given the opportunÍty to respond

buË has not achieved total success due to the demand characËeristics. As

a resul-t certaín physiological- changes aïe lÍkeJ-y to occur which would
not ínÈerfere wíth Ëask requirements, expectatíons or performa'ce.

Finally, l-iÊtle need be said about the Ready and Rest segments ex-
cept Ëhat both responses, heart rate and pupíl- sÍze, showed a general in_
creasing function before the task and. a decreasing revel during the ResË

phase between tasks.

. The present sËudy con_ 
i,,,,:,,,,;, ,;trolled for task diffículty and sel-ected iterns of mod.erate difficulty so ,.','''

that subjects would have a 50/50 relationship on correct-íncorrect res- t'¡,t',t,,-'.

ponses' Also, the intel-l-igence measuïe used rnras direcËly related to the
ex¡rerimental Ëask rather than one of a generaL nature as used. in pre_

vious and inconclusive experiments (e. g. n sÍmpson & Morloy, LgTo). The .' ,,',-'.
:... i. . 

:High rnte1l-igence subjecËs recalled sígnificantly more dígit sËrings than
dÍd the Low rntelligence subjects. As a matter of f.act, the High rntel_
ligence people correcËly recall-ed 48"/" of. the trials, very close to Ëhe

' 't-' ., ,l
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50/so correcË-iricorrect relatíonship enpected from all subjects. However,

onLy 22'5% were correetly ansr¿ered by Low rntelligence s'bjects. This
considerabl-e difference between groups var-idaËes the intellfgencê me¿suag.

rnitially' uporl consídering correct-rncorrect trÍars, dÍfferences
were predicted, but not dírecËion of difference because reasons could be
given for each direction. For exarryle, one ruight have e>qpected that
pupÍl size would be soall-er for correcË ïesponses becar¡se the subject,
would find these trials easÍer and woul_d Ëhus e><pend less ef fort Ín re_
callíng them' (rncídently, none of the digít strings ü¡ere recarled cor-
rectly more often than any oÈher.) on the other hand, one rníght have
predicted that the subject would work harder at, and. expend more effort
to obtain' a correct response and thus the pupil síze would be larger for
the correct trial than the íncorreet. upon consÍdering the marginally
signíficant intelligence dffferences from Table 14, in whích ïIígh rntel-
lígence sËudents produced a larger pupil size than theír co.rrterparËs,
the 1atËer appeared to be the case.

DurÍng the rnput and output segments it was for.md that there r¡ras a

larger pupÍl size assocíated wiËh correct than rncorrecË trÍa1s, buË

there Trere no differences found between the two on heart raËe. a
correct-rncorrect x Seconds interactíon was for'd during rnpuË on pupíl
data' It appeared that subjects exerted gïeater mental effort and tried
harder and thus achÍeved success. Conversely, the smaller pupíl size for
rncorrect Ëríals refleeËed a failure to perform to criterion as subjects
did noË expend as much mental effort.

Perhaps IÂrhat hTas moÏe Ínteresting was Èhe sÍgnificant main effect of

I 
::, .;i: :'.: ¿:.:'.:r.
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pupil size for rntellÍgence during rnput, but noË during output. During
rnput, the brighter subjects exerted more efforÈ to achieve theÍr objec-
tíve, but Ëhis dífference rt¡as not reflected in output. The rnpuÈ peri-od
was when the stibject \¡ras workíng to process ínformation being presented.
Also noted during rnput T¡las a signifícant rntelligence x correcË-rncorrect
x seconds ínteracÈíon. As can be seen in Fígure 17, Ëhe largest pupil
size overall was associated with the High rntel_ligence - correct (H_c)

group. The smallest sfze was associated rdth the Low rntelligence _

rncorrecË cu-r¡ group, and Ëhe nedium pupíl size was assocíated wíth the
Low rntellígence - correcË (i--c) and the ilieh rntelligence - rncorrect (H-r)
groups. Duríng output, Ëhe H-c and L-c gro'ps had the larger pupil size .

than the H-r and L-r groups, thus negating the intelligence differences
but noË Ëhe correct-rncorrect dÍfference. The diffeïence beh.reen Ëhe

CorrecË and Incorrect trials durÍng Output night be associated with a

greater amount of verbalizatíon (at least seven digits must be spoken)
required by the tr¡ro coïrect groups. PrevÍous research has shown that the
overt response requirernents of verbalfzation enhance pupÍl sf.ze
(e.g., SÍmpson & paivÍo, 196g).

tlhile the pupil síze was associated with both intel1-igence and cor-
rectness of response, the heart rate results were rnrelated to these
factors and fair-ed to reach signiffcance. one Ëhíng in the pupil data
which requÍred clarificatíon rrras that intellÍgence on the prewious ana- ¡:r.',
lysís was onry approaching signíficance (g " .06) but did show signifi_
cance in Ëhe subsequenË analysis of correct and rncorrect responses. The ;

reason may have been due to the way the data was Ëreated. rn Ëhe previous
analysís aLl- Ërials ürere ËreaËed as a repeate,iL measure of each subject, i,.,i"¡.,.
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in this analysÍs each Ëria1 was treated independently Ëhus increasing the
sample slze.

Ttre lÍterature rel-ated to pupil size, intelligence and coïrectness
of response has failed to demonstrate consístent findings. some studíes .,,,' ,

have failed ro fÍnd a relaÈionship (e.g., sÍmpson & Molroy, L97L, Daly,
Note L); some have demonstrated fÍndÍngs in a directÍon opposÍte to the
present results (e.g', crough, L?TL); and some have been supportive of ,:,,¡: ;;,; ,1,

i';;'.':r:l' :thís study ce.g-, Boersna, [rlÍlton, Barkan & MuÍr, Lg70; peavler & Nellis , -),
' 

: ':' :.1:, -Note 7)

Daly (Note 1) for¡nd no dÍfferences Ín pupÍl size between efficíent
and ínefficíent problem solvers, nor beËween correct and íncorrect trials
on a cognítive task. He had equated subjeets for general intel_lígence on

the basís of the Raven Progressive Matrf.ces (Raven, 1-g3B) and diirided sub-
jects on the basis of their scores on Thought problems (see Tate, Stanier
& Ilarootr¡nian, Note B). rt may have been that pupil síze r¡7as not sensi- i

Itive to effieÍency of problem solv:ing or thaË the test used díd not díf- 
f

ferentíate validly on the effíciency dimension. Also, equaËing on the ,. : -

intelligence measuïe iluly have cancel-l-ed out any potential- pupíl size dif- 
ì:tt 

_:"
:::r'I.,"1

fgrences 
t=t ;'.":'.."'

crough C1971) conffr¡ned his general- hypothesis that l-or¿ rreasoníngr

abtl-ity subjeets would show greater pupil dilatíon Ëhan high abírity sub-
jects. He used four measures -- Ravenrs test, DAT (Abstract Reasoning), 

1,,i,:i:.j..,,.
i:.:. :. ;,-ra,r '

and sAT (verbal and ldathematical scales). The pupil rneasure was taken as

subjecÈs responded to the odd nr:mbered Ítems of the Ravenrs test. l[hii_e

he explained the results ín líght of Activati.on Theory (Oufty , Lg62), he
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ruight as readily have used Kahne.manrs explanatÍon of larger pupir size
associated with greater mental effort and greaËer task dífficulty. ïhat
is' 1-ow abÍlÍty subjects worked. harder and exerted more effort to achieve
than did Ëheir better reasoning counterparts. crough did not make any

couparfson between correcË and Íncorrect problems solved and the pupil
response.

sirn¡pson and Molloy (1971-) did not find pupil size differences be-
Ëv'Ieen high and low intelligence groups divided on the basis of the otis
rntellígence Test, buÈ Peavl-er and Nellís (Note 7) found a Larger resËing
pupil size among subjects scoring hígh on thÍs test than among those
scoring loru' Pupil síze was measured several Ëimes durÍng a normal work-
ing day.

Boersma, trfilton, Barham and Muir c1970) presented proble.ms of vary-
íng díffÍculty Ëo ten normal and ten edueable rnentally retarded (EMR)

children (.average age of 10 to 11 years). Both groups showed increased
pupil- size as ft'rction of problenn diffículty. More particularly, greater
pupil síze was related.to corïect response trÍal-s raÊher than to íncor-
rect tríals. rnitially duríng the e:çerinent no gïoup pupil size dif_
ferences occurred, but laËer the normal grouprs p'pil size became in-
creasíngly larger than the EMR group. one reversal occurred in the last
thírd of the e>çerirnent in which the largest pupil síze was associaËed

with the easiesr problerns for the EMR group; a result interpreted by the
authors as a cornbínaËion of increased. attention and arousar_.

Ïn the Boersma et al. study, the poorer reasoníng abÍlity subjects
(nlß. group) had the smalrer pupir size (Íncídentry the average rQ
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difference sras 40 poínts between groups), but crough found a larger pupil
síze for the low reasoníng group, the opposite result. peavrer and

Nellísr findings woul-d be more supportive of Boersmats fíndings but there
r¡ras no task anaLysis or work evaluation assocíated with Ëhe differences
in the resting pupil- sf.ze. rn Boersma?s study, the larger pupil síze r¿as

associated r¿ith corïect responses raËher than incoïïect responses. The

larger pupil size may have Ínplíed Ëhat subjects rporked harder and exerted
greater effort to achíeve a corïect sor-utíon. The normal grouprs per-
formance was better overal-l than the EMR group. rf the anal_ysis was per_

formed on on1-y correct d.ata, the resul_ts Tright be related to those of
crough, but such an analysis rias not done. rn conclusion, the Boersma et
al' sËudy, as did this study, showed a rel-atíonship between pupil síze and

both íntel-ligence and correctness of response; thus, neÍther variab1e
should be considered alone ín a pupil-Lary response experiment.

Test ¿¡nxiety. rt appeared that the High Test anxíety subjects per-
ceived the e:çerir¡ental- situation as moïe stressful- than did Ëhe Lo¡^r Test
anxiety subjects, as verífied by the pre-e>çerÍmental A-state paper and

pencí1 nEasure' This finding was understandable consid.ering Ëhat the
sítuation r¿ould be of a test-líke nature. tr{hen this Test anxiety differ-
ence was covaried ín the post-e:cperimental- measuïe, there T¡ras a signÍfi-
cant difference due to stress instrucÈions. The High stress subjects
had a higher A-state score than the Low stress subjects, wfth the High
stress - IIígh resr Anxiety group havíng the grearesË nean score (w47.57);
the Low stress - Low Test Anxíety group, the lowesË score (M=3g.23); and

the other tvro groups ranged rn:ióuay between them. These findings supported

I a. !.,:
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the notion that Higþ Test anxiety subjects responded to Ëest-like situa-
Ëions wíth Íncreased A-st.ate arousal as opposed to Low Test Anxiety
subjects; but these findings were only supported by the paper and

pencil measures, not by the physÍol_ogÍcal measure.

There r¿as consistent Test anxíety x rntelligence interaction for
pupil response. The tesË of siryle effects fndicated that High Test
anxiety - High rnterligence group díffered from the other groups. rt
nay be that this group riras more motfvated to do v,rel_l and exerted greater
effort; however Ëheir performance differences did not verify thís con_

Ëention. For the mosË part the Test anxiety factor díd not appear re_
laËed Ëo the physiologieal neasures.

General DÍscussÍon
%

Results from both experimenËs suggested a consistent pupí11_ary

response patËern during the presentation of the memory tasks. There

üIere' however, dÍfferences in the two e:rperíments which require furÊher
explanatÍon. rn ExperÍrrcnt 1, none of the predÍctÍons posited for the
rnteJ-ligence varíabl-e reached statistícal significance, but the re-
sults were in the predicted direction. Ttre High rntel_Ligence subjects
had a slightly larger mean pupil sÍze for the rnput segnent than did
the Low rntelligence subjects. only the l{igh ïntellÍgence - Hígh stress
group had a larger rnean pupil sÍze than díd the High rntelligence _

Low Stress group. The question raised r,.ras whether the lack of sÍgnífí-
cance l¡as related to an Ínadequacy of the rntellÍgence n*asure or to
the difficulty leve1 of the dÍgiË recall Ëask. The l_atter expLanation
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appeared Ëo be the case because of the overall poor perforrn¿lnce of a1l-

groups' with Èhe Hígh rntelligence grouprs performance being better
on number of digit strings recalled than the Low rntelligence groups.

In facËn there lrere so fer¿ correcËly recalled digit stríngs that the

analysis of the pupíllary responses Ëo correct and incorrect trials was

noË feasible' This problem was resolved in ExperÍoent 2 by decreasÍng

the length of the dígit strings.

The resul-ts of E:çerimenË 2 were much more encouragÍng. During

the Input segnenË' pupí1 size r¡as sÍgníficantly larger for High Intell-i-
gence subjects than for Ëhe Low Intelligence scores r¿hen Ëhe analysÍs

vras made on Ëhe Intelligence varÍable and the Correct-Incorrect res-
ponse factor. Also fornd in the analysis rras a sígnifÍcanËly larger
pupíl size for correct trÍa1s than for rncorrecË trÍals. The lligh rnte1-
ligence grouprs perform¿mce was also significantly betËer than that of
the Low rntei-ligence group. These findÍngs for the rntel1_Ígence vari-
able in Experinent 2 were consistent wiËh the Ërend in E>rperiment 1

for pupil síze. The findings in ExperÍnent 2, however, are stronger
than those Ín Experíment I and thus more supportive of the conËentj-on

that the lligh rntellÍgence subjects e>çended greater effort on the task

as reflected by the larger pupil- síze. The CorrecË-IncorrecË trial díf-
ferences in pupil size were in keeping wíth the e>rplanation of greater

effort e:<pended. rt was possíble ËhaÈ r,rhen task difficulty rüas per-
cefved as wiËhin reasonable grasp, the subject worked harder Ëo achieve

the objectíve. possibly the non-sígnificant differences for:nd ín
ExperÍment I can be rel-aËed Ëo Hess | (Lg72) suggestíon thaÈ when a task
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lras Ëoo dífficulË or the subject pereeÍved the task Ëo be too diffícult,
he díd not try as hard to co4lete the task successful-ly. Thís lack
of effort would then be refl-ected in the pupí1 response. ïhe task in
Experiment 2 r¿as more wíthin the range of acconplishnent of the subjects

and the increased effort was demonstrated by the pupil response díffer-
ences.

A-state differences betv¡een groups was Ínconcl-usíve in E>çerÍnent 1.

There tÍere no differences for A-staËe on Ëhe paper and pencí1 measure

between the IIÍgh and Low stress insËrucÉions; however during rnpuË, a

signifícantly larger pupil sÍze was associated wíth Èhe Higþ stress in-
structions conditÍon than r¿Íth the Low sËress condition. one parËicular
difficul-ty associated wíËh the latter fÍnd:ing was that no baselÍne

measure was Ëaken to account for potenËíal differences among groups on

the pre-experimental resËing pupil síze. The assuuption aË the tÍme

was Ëhat no dífferences would be apparent. The díscussíon regardÍng

the pupil size differences between the High and Low sËress groups r¡râs

related to Poltrs (1970) increased motivaËíon ínterpretation.

A nuuber of changes rùeïe íncorporated in Ëhe second experiment to
offset Ëhe above problem. The HÍgh Stress insËrucËíons hrere made more

sËressful-, a baseLine measuïe $ras taken príor to the e>çerimentaL task
and a heart rate measure \Àras Ëaken along with the pupir response

^asure particuLarly for comparison during the Instruction period. ïhe

hearË raËe measure r^ras híghly correl-ated wÍth anxiety and it was hoped

Ëhat the added physiological measure would be more sensitive to the

presence of þsËate anxiety. The resul_ts of E>çerfment 2 indicated
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ËhaË there \¡ras a differentíal effect created by Ëhe Hígh and Lorr¡ stress
instructions for the heart rate response. The A-state paper and pencíl
measure also differentiå.Ëed between stress groups, but Èhese differences
were not evident for the pupíllary response. DurÍng the rnstruction
period, a differentíaI fracËionation was noted betr¿een heart raËe and

pupil size, in which Ëhe former under High Stress Instructions increased

sígnificantly ín coruparison to the Low stress rnstructions as the sub-
jects became cognizanÈ of the Ëask demands. There T¡ras no dÍfference ín
pupil sÍze between rnsËruction groups during the rnsÈ,ruction períod.

During Input there qras no sÍgnifícant. maín effect for Stress on

pupil- size, buË there I^I'as a Stress x Seconds inËeïaction. The slope of
the graph of the High stress gror4) showed a marked. increase in pupil
sÍze in the latter parË of the rnput segment. This, incidental_lyrwas

very sinilar to the slope of the High stress gïorp during rnput in
Experiment 1; howeveï this interactÍonal dífferencê between the High

and Low stress rnsÊrucËion groups did not reach staËisticaL sígnífi-
cance Í-n E>rperiment l. These fÍndings agaín supported the contention

of Polt (1970) that an increased motivation enhances pupil size. The

subject who is highly motivated r,¡ould work harder at the task, especi-
ally Èovrards the latter part of the ínput of dÍgÍts e so as to keep the
dígÍË stríng intact for later reeall. rt was noted that the High stress
rnstrucËíons weïe not disruptive of perfomance on digiÈs recaLr-ed

correctly, but the HÍgh stress group recalled slíght1y more numbers

(!= 4.289) than díd the Lovr Sr,ress gïoup (M = 4.069). The hearr rare
for the High stress gïoup duríng rnpuÈ remaíned. at a higher leve1 than

for the Low stress group, suggestíng a tonic r-ever- of heart raÈe



'lrr.-"'.ì'

r07
response. Furthermore, the paper and pencí1 measure of A-state also
showed a hígher scoïe for the Higþ Stress group than the Low Stress

group' which r¿as in keepíng wíth the prediction in the hypothesÍ-s.

rn the two sËudies, the pupÍl response r¡ras an ef fectÍve gauge of
mental effort as suggested by Kahnenan (1973). When the organism en_

gaged in a specific eognitive task, the pupil was able to indfcate the
association of arousal Ëo task. rt is ímportant to note Ëhat when

Ëhere r,ras a stressor involved, the pupiJ_ size was enhanced to a greater
exfent as Ëhe task progressed. The pupil- then reflected Ëhe cognítive
actiwÍty assocíated with the task. The heart rate .üras more reflectíve
of the anxiety assocíated with the instructÍons by an increased heart
raËe during the task. Thís response to stress r¡/as not dislrpËive; the
differentÍal- response c¿tn be explained ín that the pupil respor1se TÂras

more refLectíve of corËÍcal changes occurring withÍn the organÍsm,

t¡hile the heart ïesponse must accounË for several other influences ím-
posed on Ëhe organism by sítuationaL demands. rÈ can be concl-uded that
pupil size was more reflectíve of cognítion, heart rate nore refLectÍve
of emotíon in a task-oriented situatíon in which both stress provokíng

stirnuli and mentaL activity denands ïrere presented símul-taneously.

The Índiwidual- difference varíabl-e of íntelligence and correctness
of response further support the pupí1-rs rel-atíonship Ëo the mental

effort componenË of arousal-. rË is reasonable to accepË Ëhe ratÍonale
that brÍghË people expend more effort to achieve a respoïìse and also

that a correct response generally requires more effoït thari an incor-
rect response. Both of these effects are then reflected in pupiL síze.
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support for this conclusíon can be for¡nd in Èhe lÍteratuïe (e.g., Boer-

sma et a1_., 1970).

Finally, the resul-ts of the Test anxieËy variable s'pported the

notion that whereas High Test AnxieËy strbjects showed increased A-state
reactíon to stress, Lc'qr Test Anxiety subjects did so Éo a lesser d.egree;

however Ëhis was supported only by the paper and pencÍ1 measure, not by

the physiological measure.

rn conclusion, the most signÍficant finding in this study points

out the facË thaË pupi1 ïesponse during cogniÈíve tasks is rel_ated to

cognítion while heart rate reflects the anxiety coryonenË. Further

research in this area must l-ook at the rel_ationshíp of pupÍl size and

hearË rate in a varíety of problem solwing situatÍons. rt also appears

necessaqf that such tasks must consider both intel-ligence and correct-
ness factors.

[', : :r1. ::':: , ,r
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one of the foll-or¿Íng eÍght sets of eigþt-dígit strings T¡/as presented
to each of the subJects. The firs,t trvo dÍgit sËrfngs in each set TÀreïe

presented as practice trÍal_s.

SeT A Set B Set C

c_1) s-4-7--L-6-3-8-2 2_6-4--B_7_s-3_1_ 4_7_L_3_5_2^6_8
(2) 4-7-3-6-2-8-1-s 3-4-s-L-7-2_6-8 2_4_8_6_3_L_5_7
(3) 8-s-6-3-4-L-7^2 8-6-1-4-3 -5-2-7 64-4-2-8-7-L-s
c4) 2-L-6-5-4-7-8-3 s-8- 4-2^6-7-L-3 4-2-6-r-B-7-3-s
(s) 3-4-7-6-8-L-2-s s_4_1-3_8_7_6_2 8_2_4_3_7_1-5_6
(6) 4-8-7-3-I-6-5-2 7-6-5-4-L-3-8_2 L_6_7_4_B_s-.2._3
(7) 3-L-2-4-B-s-6- 7 s-4^r-2-B-6-3-7 2-6-L-3-s_4-B-7
(B) B-7-2-3-L-4-s-6 B-r-4-7-s-6-2-3 1-3-8-4-6 _2-7_5

SeI D Set E Set F

(1) 8-3-1-7-6-2-s-4 8-2_5_L-7-4_3_6 1_6_3_4-5 _2_B_7
(2) 6-L-3-5-2-8-4-7 2_3_B_6_s _7_4_L 4-L_5_7_6_3_B_2
(3) s-r-3-4-8-6-2-7 2_s..4^6_3_1_7_B 4_8_L_2_3-7-6_5
(4) 5-L'7-4-2-3-6-8 6-4-3-2-8-5-7-L 1-6-3-8-4 _7_2_s
$) 6-4-8-7-s-r-3-2 7-4-6-8-s-3-L_2 8_2_3_6_s-r-7_4
(6) 2-L-4-7-3-6-8-s 1^2-6-5-7_8_3_4 r_6_4_2_s_3_8-7
(7) s-2-7-6-8-4-3-1 7-3-6-4_5_1-8_2 3-2_s-6^4_L_7_8
(8) s-2-6-7-T8-1-4 6_1_3_4_s _8-7-2 7_L_8_2_3_5_6_4

Set G Set H

(.1) 3-6*4-1-8^5-2-7 6_3-4-7_8 _z^L-s
c2) 7-2-4-L-6-8-3-s r_7_6_3_2_s_8_4
(3) 3-B-7--s-2-.6-L-4 6_7_3^2_4_B_s_1

c4) 7-2-8^s-L-4-3-6 s_4-7_8_2-6-1_3
(s) 24-7-4.-6-5-8-1 7-3-L-s-4-8_6-2
(6) 74-5-2-B-L-6-4 3_2_s_7_4_6_B-1

c7) 2-s-6-1-8-4-3-7 4-8_7-3*s ^L_6-2
c8) 2-L.s-4-3*6-8-7 6-1-4_s_8 _7^2^3
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Eight strings of dígiËs were

consísted of seven dfgits with no

as follor¿s:

cI) 7-9-4-s-2^3-L

Q) 2-8-L-4^7^3-s

c3) 4^6-e-s-7*2^3

c4) 9-s-7-4-8-r*6

(5) 3-L-4-6-7-5-B

c6) 2-r-7-9-B-4-3

(7) 6-s-1-4-3-e-2

(B) 3-6-2-4-e-s-r

randonly selected.

number repeated.

Each stríng

The sËríngs T^reïe

Each. subject received ttre sane eight

order was varied from subject to subject.

for presentation. The order of the l_ísts

(1) The same order as the above seË.

(2) 8-4-L-2-6^s-3-7

(3) L-2-8-4-3-7-6,-s

(4) 4-6-L-3-2-8-s-7

(s) 4-r-6-s-7-3-8-2

digit strings, except the

Fj.ve sets were developed

Ìrere as follows:

i.
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InsËrúiËiôns fcii E:tpéiínent t

The ínstructÍons for E:çerÍnent 1 of the High sËress condition
as follows:

This is an erçerímerit to assess a personrs inËe11ec-

tual abílÍËy, partícul-arly regarding recal_l capacÍty.
Thus far you have coryleted phase one of the e:çeri_
ment and should be reasonably fanir-iar r,rÍth the numerÍ-

cal_ task. The next phase is símílar to the fírst part
except in this phase your pupilLary reacËíon wÍll be

monítored in order to ob.taÍn a fl,"asure of intellectual
efficiency' very recent research finctÍngs have shown

that the pup-íllorqetric response Ís a relíable indicaÊor
of intellectual effÍciency. t{e expect to replicaËe

these fíndings ín thís study.

This task wíll be Ëo recar-l a series of nurnbers ín the
same order and at the same rate of speed as you heard

then presented to you. ÌIhen you hear Ëhe word ,,Ready,,

spoken, listen carefully to the numbers which ruilr_ for_-

Iow. Do noË begin to say these nurnbers aloud until you

have heard Èhe word 'rrepeatn spoken, then sËart. Reeall
the nuubers in the same order and at the same rate of
speed as you heard them given. Remember Ëhe procedure:

lj-sten after ready, speak after repeaË, and resÈ after
stop. Okay, let us try a practice sequence.

ttReady,t . .3.7-L..4. . rrRepeat.rr. . . . . .. t,Stopr'

131

ürere

' .; :l¡$':
i ,',,,ú'.,.
i: ..,. ..!!. ,,'
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Ilere are some Èhíngs you should .remember while posi*

tioned Ín the appaïatus. Look at the .*r-ddLe of the

chart, if you do look from side to slde , try not to
let the focus of your visÍon vrander off the chart.
Finally, remember to keep your forehead on the bar.
Keep your eyes wíde open and try not Ëo b1ínk.

Ttris procedure will help us geË an accuraËe neasure

of your intelLecÊua1 efficiency. Are there any

questÍons about what you have to do?

The instructíons for those students Ín the Lovr stress condition for
E>çerimenË 1 r¿ere as follor,rs:

Thís e:¡perj_ment is a straight forr.iard memory task.
You have just conpl-eted the first phase whÍch wi1l
have familÍarized you with Ëhe nunerícal presentation.

During the next phase, your eye will be photographed

while you repeat the nun¡bers. Thís task wÍl1 be to
recall a serÍes of nunnbers in the same order and at
the sane rate of speed as you heard them presented to
you. lrrhen you hear the word "Ready', spoken, listen
earefully to the numbers whích v¡Íll follow. Do not
begin to say these numbers aloud r:ntil you have heard

the r.¡ord nRepeat[ spoken, Ëhen start. Recall the

numbers in the same order and. at the same rate of
speed as you hear them given. tr{hen you hear the

word rtsËoprt, cease sayíng the nunnbers and. rel_ax before
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the next sequence of nunbers. Remeqber the pro_

cedure: lisÈen after ready, speak after repeaË,

and resË after stop. Okay, l-et us try a practÍce

sequence.

ttRa"dytt 
. . 3--7.L^4. . lfRepeaËfr. . . . . .. r,stoprr

Here are some things you shor¡ld remember r.trhÍle posi_

tíoned in the apparatus. Look at the nridcrle of the

chart, if you do look from sÍde to sid.e, try not to
let the focus of your vision wander off the chart.
Finally, remer¡ber to keep your forehead on the bar.

Keep your eyes wíde open and try noÈ to blink.
Are there any quest.ions about \,rhat you have to do?

InstÏucËicrris fof E)eêïiment 2

The instructions for the HÍgh stress conditíon for Experiment 2

were as fol_lows:

This study is investigatíng the relatÍonship between

devÍant response styles and inËellectual effÍ-ciency.
You have been selecËed for thÍs study on the basis of
the test responses you rnade in part 1 of the A-Bey

e>çeriment. rt has been found that deviant responses

on Ëhese tests are related to intellectual effícíency
and sr¡bsequenË acad,emic performance. Moreover, the
pupÍl response on certain kinds of tasks has been

for'd to be an excellent measure of intellectual effi-
eÍency. Later coryarísons of your total_ grade point
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average wíll arso be made. During the task you will
be requíred to recall a serÍes of nunbers and you will_

have to repeat thís series in the same order and aË

the same rate of speed as you hear Ëhem presented..

llhen you hear the word trReadyrt spoken, f-isten carefuLly

to the seríes of nunbers to follow. Ì{hen you hear ue

say "Repeatft, repeat the series of numbers at Ëhe rate

of speed and ín the sarne order. Ìühen you hear ilstoptt,

quit sayíng Ëhe nur¡bers and relax 'ntil the next set

begíns. Remenber the procedure: listen after ready,

speak after repeaË, and rest afÈer sËop. okay let us

try a pracËÍce sequence.

"Readytt ..5-3-7-L-4..trRepeaÈtt.. .t'Stop,t

(Renainder of ínstructions afËer pracËíce sequence were Èhe sâme as

Experiment 1)
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Table 1

grrmmaty of. Varíance of the EffecËs

of Instructio¡s and Intel_l_ígence

on A-state lfeasures

Source of variaÊion df MS F

A (Stress) f 84.50 .60

B (Intelligence) L 4.50 .03

AB 1 78.L2 .55

i,IithÍn cell Zg ßg.77

Total ;

* P. < .05

I
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Table 5

Total Nurnber of Correct Responses

ObtaÍned for All Trial_s

IncludÍng practíce

Grouos Inte11íeence

Low Hisfr_+¡_:

5tsilígh Srress

Low Stress
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Tabl-e 6

AnalysÍs of Variance of Incorrect Responses

in E:çeriment 1

ource of VariaÈÍon df IfS F

A (Stress) L 3.L2 L.45

B (Intelligence) l_ 10.12 4.69*

AB

Error

ToËal

L .L2 .06

28 2.L6

31_

* p . .05
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TabLe 7

Analysis of Variance of pre-e:rperimental_

A-state lfeasure during E>qperírnent 2

Source of Variatíon

A (Tesr Anxiety)

B (Stress)

C (Intelligence)

AB

AC

BC

ABC

Error

Total

df

I

1

1

1

1

1

1

sl
559.01

L65.67

.2L

.41

3.67

161.01

.4L

F

9. 30*rr

2.76

.00

.01

.06

2.68

.01

LLz

1t_9

60. 08

o P. t '05

*x p .< .0L
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Table B

Analysis of Covariance of posË_e:çerimentaL

A-sËaËe lfeasure during Experiment 2

Source of VariaËion ð,f. MS F

A (Test Anxiery)

B (Stress)

C Clntelligence)

AB

AC

BC

ABC

1 st Covar

Error

ToËal

1 27.s8 .37

1 326.35 4.4L*

1 8.39 .11

1 1.35 .01

1 s9.13 .79

1 88.34 1.19

l_ 87 .97 1.18

L 3750.47 51.07**

111 74.07

115

* .P.' -05

oog'.01
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Analysis of

Table 9

Varíance of pupíL and Heart
for Baseline perÍod

Rate Data

Source of
VaríatÍon

A (Test Anxiety
B (Instructions)
AB
C (Intelligence)
AC
BC

ABC

Error 1

D (seconds)
AD
BD
ABD
CD

ACD
BCD
ABCD

Error 2

Total_

¿^.P .05

Pr¡pÍ1

3s4L.46
816.2L

5479.10
15237.L3
3s30.86

845.39
1335. 0s

4225.58

Heart

6680. 85 2.64
L764.25 .69
r748.9O .69
450.52 .1"7

3439.22 1.36
657.L2 .26

200L.56 .79

252s.75

3f

1
1
1
1
1
1
1_

IL2

.83

.19
L.29
3.60
.83
.24
.31

¡fs F Ftfs

9
9
9

9
9

9

9
9

30.84 ;50
1,4.47 .23
77.55 L.25
78.L2 L.26
6A.61 .98
90.00 L.46
40. l-8 . 65
L7.46 .28

63.66
28.24
23.99
27 .40
64.86
67.74
30.61-
83.15

r.42
.63
.53
.67

L.4.5
1_.51
.68

1.86

1008

Ltg9

61.60 44.61

l-,
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Analysís of

Source of
VariaËion

A (Test Anxiety)
B (Instruetions)
AB

C (Intelligence)
AC
BC

ABC

Error 1

Table t0

VarÍance of pupíl and Heart Rate Datafor Instruction period

Pupí1- Heart

9{

1
L
I
1-

L
1
1

.20

.00

.83
r.92

.96

.1_3

.50

2.27
r.52

.23

.03
2.72

.00

.09

MSF
- -

FMS

1,434.25
.99

5932.03
L3766.s4

6930.99
926.13

3604.4s

LLg42.22
7993.64
L2L0.99
r59.78

L4267.92
,o

512.75

LLz 7150.33

L396.82
67.O8

L05.79
92,68

L44.74
LL7.55
].O7.75

88.29

524s.66

D (Epochs)
AD

BD

ABD
CD

ACD
BCD
ABCD

Etrot 2

Total

20
20
20
20
20
20
20
20

L2.O4**
.57
.9L
.79

1.24
1-.01

,92
.76

1031.39
37 .43

263.20
35.32
44.25
69.72
69.07
32.L4

L6.62**
.60

4.24x*
.57
.7t

L.12
1.11
.51

2240

25L9

1_t_5. 96 62.02

*P-
**g

<.05
<.01

ì... 
_-. :.i il

1'í i;:..:::i

':ltr :iJ
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Table l_1

TesË of Simple Effects of the Srress (B) x
Epoehs CD) interactíon for Heart Rate

during Instruction period.

Source of varÍation df

1

1

1

1

1

1

1

l_

1

1

1

1

1

1

l_

I
1

1

1

1_

1

BaËdl
Bard2
Batd3
Batd4
Batd5
Batd6
BaËd7
BatdB
BaËd9
B at d10

B at dlI
B at d12

B at d13

B at d14

B ar d15

B at d16

B at d17

B at d18

B at d19

B at d20

B at d21

Error

MS

332.06

143.88

7I.98
l_13.84

.02

113.60

7.62

r17.84

50.0 7

87.00

650. 90

855. 14

577 .89

839. 84

9 81.55

1364. 85

L042.L7

L324.68

L562.55

18t_3.05

L207.00

308.86

F

L.07

.46

.23

.36

.00

.36

.02

.38

.L6

.28

2,LO

2.76

L.87

2.7I
3.17

4.4L*

3.37

4.29*

5.05*

5.87*
3.91-*

i'::'

LT2

(see Table 10

B = Stress
D = Epochs

o P t .05

for maín AIüOVA surmary tabLe)
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Table 12

Analysís of Í{ariartce of p'pi1 and Heart Rate Datafor Ready Segment of Digit Span period

Source of
Vari,ation,.

A (Test Anxiety)
B (InsrructÍonã)
AB
C (InrelLigence)
AC
BC
ABC

Error 1

D (TrÍals)
AD
BD
ABD

CD

ACD
BCD
ABCD

Etror 2

E (Seconds)
AE
BE
ABE

CE

ACE
BCE

ABCE

Error 3

DE

ADE
BDE
ABDE
CDE

ACDE

BCDE
ABCDE

Pupil

-
}fS F

HearË

}TS F35
1
1
1_

1
l_

1
1_

.51-

.98

.10
2.57
4.4L*

.09
2.7L

2.L9
5. 15*

.04

.20
3.12
.07
.00

2936.36
56LL.43

625.68
14735.69
25287.55

562.04
15569.69

LL322.39
26530.39

226.39
1036.50

L6LL9.92
368.53
!4.09

IL2

5
5
5
5
5
5
5
5

5727.64

4152.LI
247.93
486.63
2L4.97
250.02
378.08
435.29
490.92

13.40**
.80

L.57
.69
.80

L.22
L.40
1.5I

51_51_. B0

153. Ll
90.63
98.47

L79.40
55. 39

328.60
L22.36
L36.34

.90

.53

.58
1.06

.32
L.94

.72

.80
s60

2
2
2
2
2
2
2
2

309.70

530.78
38.00
44.7 4
34.20
82.66
7.63

22.39
44.47

9.65**
.50
.81_

.62
1.50

.13

.40

.80

169.00

978.49
48.03
62.79
1_8.85

311.06
18.86

]-L6.66
9. 30

17.03**
.83

1.09
.32

5.41_**
.32

2.O3
.L6

224 s4.97

37.52
29.07
18.05
23.69
48.s9
39.51
5L.73
L8.73

10
l_0

1_0

l_0

10
10
10
10

.85

.66

.4\

.53
1. L0

.89
L.L7
.42

57 .44

LL4.93
25.35

106 .59
60.93

101.01-
47 .84
72.3I
39. B8

1.98
.43

r.84
1.05
1,.74

.82
L.24

.68
Error 4

Total_

1120

2L59

44.00

og'.05 **g<.01

57.90
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Table 13

Test of Simpl_e Effects for Intel_ligence (C) x
Seconds (E) interactÍon of Heart Rate
during Ready segment of DigÍË Span períod

Source of varíation df

C at el

Cate2

Cate3

Error

EaËcL

Eate2

Error

1 1ß8.54 .81_

L 208.01 .11

I 11.52 .00

L12 L75s.56

2 237.74 2.06

2 2340.75 20.37**

224

14S

57.44

(see Table L2 for uraín ÆIOVA surmary Ëab1e)

C = Intelligence
E = Seconds

*xp <.01

l:Ìt:i!!ì.';r:rt::!
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Tabl_e 14

analysis of variance of p'pi1 and neart RaÈe Datafor l,nput segment of Digit Span period

Source of
,Varíation

A (Tesr Anxíety)
B (Srress)
AB
C Clnrelligence)
AC
BC

ABC

Error 1

D (TrÍals)
AD
BD
ABD
CD

ACD
BCD
ABCD

Errot 2

E (.Seconds)
AE
BE
ABE
CE

ACE
BCE
ABCE

Error 3

DE

ADE
BDE

ABDE
CDE

ACDE

BCDE
ABCDE

df

Pr¡pi1

MS

Heart

MS

l_

1
1
1
l_

1
1

1_0095. s2
23365.42
5185. 48

37349.s3
73908.75
47L7.79

28784.L7

.64
L.49

.32
2.38
4.72*

.30
1. 84

25546.87
55384.86

509.99
L62.98

37240.44
686.78

1041_.60

.99
4.32*

.04

.01
2.9L

.0s

.08
LLz L5630.75 12795.81

5 l_3361.58 24.L2** L27.O6 .585 5 36. 36 .96 2ß.68 1. 115 11s2.57 2.08 ß2.52 L.5's 9L2.s4 r.64 4s0.08 t.o65 807.45 r.45 342.42 L.57s se3.3s L.o7 4ss.4o i.óes 466.5L .84 222.88 L.Oz

560 553.91_ 218.0s

6 5943.30
6 22.82
6 r95.L6
6 21,.976 ß.r2
6 40.6L
6 47.60
6 t64.28

91.96**
.35

3.02**
.34
.66
.62
.73

2.54*

76.84
25.8L
50.32
1_L.20
10. 84
27.59
50.57
33. s9

L.L7
.39.
.76
.L7
.16
.32
.77
.51

672 64.62

46.6s
34.9 4
37.56
38.05
30.68
43.05
49.71,
62.79

30
30
30
30
30
30
30
30

1.10
.83
.89
.90
.72

L.A2
1.1_8
L.49

6s.65

34.96
39,24
51.59
56.20
5L.97
42.66
44.31
47.72

.64

.72

.95
1_.03

.95

.78

. B1_

.87

Li,.

Error 4

Total

3360

5039

42.L1,

* P- . .05 on P t .ol-

s4.32
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Table l_5

Trend Analysis of Seconds effect of
Pupíi_ DaËa for Input segment of

DigÍt Span períod

Source of variation.
Ì'IÍthin subíect

D

AD

BD

CD

ABD

ACD

BCD

ABCD

DxSwithÍngroup

gf
L20

1

1

1

1

1

1

1

1

LN

l_75. 86**

.00

3.63*

.80

.06

L.04

.10

4.r7

F(quadratlc)

5.62

1.03

4.20*.

.4\

.1_0

.01

.2L

.00

F(cubic)

.05

.37

.L5

L.29

.07

.11

4.94*

.88

A = TesË Anxiety
B = Stress
C = Intelligence
D = Seconds

* g < .05
:tx g < .01
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i ABD

iI eco

Table 16

_ Trend Analysis of TrÍa1s effect of pupil
Data for Input segnenË of Digit Span peiiod.

Sgurce of varíarion. df F(línear) F,(quadraric) F(cubic)
lüithín Subjecr l-.ZO

D

AD

BD

CD

I 35.72 46.08 4.00*
1 .¡s .69 L.43

L I.O2 2.os .01
1 --r .55 3.06 .25

L L.32 2.7g .00

r .41

L .29

l- 2.96

BCD

i ABCD

.03 1.03

.l_0 3.7L

.58 3.55
D x S wirhín group Ll'z

A = TesË Anxiety
B = Stress
C = InËelligence , i',..-,
D = Seconds : :: '

o P'.05 i" '

xxg < .01_ 
,' ,
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Table i-7

Test of SÍrup1e Effects for Test Anxiety (A)
x InteLLigeince (C) of pupil DaÈa

for Input segnent of Digit Span period

Source of varíation df l4S F

A at cl t ]46}L.IZ .g3

A at c2 L 6}3LZ.O4 4.43x
Error rerm LLz 15630.75

CataL

Cata2

Error term

1 3A90.92 .Lg

1 108163.72 6.91**

LLZ 15630.75

(see Table 14 for nain Æ,TOVA s rîmary tabl_e)

A = Test Anxiety
C = Intel1-igence
o P' .05
olg'.ot



1s3

TabLe 18

Analysís of Variance of pupí1_ and Heart Ratefor Repeat segmenÈ of DigiË Span period

Pupil_

Source of Variation

Data

IIeart

df ¡{S F }fS F

A CTesr Anxíety)
B (Stress
AB

C (Inre[ígence)
AC
BC

ABC

Error 1

D (Trials)
AD
BD

ABD
CD

ACD
BCD

ABCD

Error 2 560 L00.92

1
1
l_

L
I
1
t_

23L8.L2
8088.10
L8]-.27

5I4L.21
11051.36

973.9L
3014.16

1.13
3.94rc

.08
2.50
5.38*

.47
L.46

3043.08
703L.54

.87
58.36

7055. 31
927.99
67.55

L.45
3.35
.00
.02

3.37
.44
.03

L12

5
5
5
5
5
5
5
5

2051.58

L767 .46
]-:06.45
L38.23
99.L6

229.53
89. 95

110. 82
58.02

L7.5L**
1.05
L.37
.98

2.27
.89

1.09
.57

2093.26

LL7.27
L93.79
96.9L
61". L7
78.66
48.92
4.60

35.94

7.66
2.74*
r.37

.86
1.11_

.69

.06

.50

70.57

o g.
*og.

.05

.01

:i:.:_. it:
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Tabl_e l_9

Test of Simple Effects for Test Anxiety (A)x InteLLÍgence (C) interactíon of pupii
DaÈa for Repeat segment of Digit Span perÍod

Source of Variation df MS F

Aatcl

Aatc2

Error term

CataI

Cata2

Error term

L 1623.33 "79

1- LI745.69 5.72*

LLz 2051.58

1 558.45 .27

1 15634.LL 7.62**

LLz 2051.58

(see Table l_B for nain Æ{OVA srrrxmalT table

A = TesË Anxiety
B = Intellígenee
o P' .05
:l* g < .01

i i:. :;.
! :::t,l .t
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Table 20

Test of Siuple Effecrs for Intel_ligence (C) *Trial-s (D) interacrion of pupil dafa durini 
--

Repeat segment of DigiË Span perod "

Source of varÍation df Ms F

r 79.3L .18

r 235.20 .55

1 1065.29 2.50

1 1L20.32 2.62

L 2æ8.96 6.19*

1 tL49.48 2.6s

LLz 426.03

5 1556.66 L5.72,\x

5 410.33 4.06**

560 LOO.92

Cardl

Catd2

Catd3

Catd4

Catd5

Catd6

Error

Datcl

Datc2

Error

: : . : :,:

Csee Table 18 for nain AÌTIOVA surmêry table)
C = Intelligence
D = Tríals

o g < .05
** P<.01
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Table 2!

Test of Siqle Effecrs for Tesr ,Anxiery CA)Trials CD) interactíon of lleart Rate dlring
Repeat segnent of Dígit Span period

Source of variatíon

Aatdl

Aatd2

Aatd3

Aatd4

Aatd5

Aatd6

Error

Error

5

5

Datal

Data2

df

1

1

1

1_

t_

1

TLz

MS

3.30

L366.47

747.00

r.388.83

292,59

2].4.66

407.69

207.23

20.60

70.57

F

.00

3.35

1.83

3.40

.7L

.52

2.93*

.29

560

(see Tabl-e 18 for urain

A = Test, Anxiety
D = Trials
* g t .05

A\TOVA sunmary Ëab1e)

;..:.:.:::..'

l.:-:':,1i'' : ,
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L57

Analysís of Variance
for Output. segîtent

PupÍL aad ÏIearË Rate
DÍgÍt Span period

of
of

dfMSFMSF

Pupíl_ IIeartSource of
VariatÍon

A (Test Anxiety
B (stress)
AB

C (Inrelligence)
AC
BC
ABC

Error l-

D (TriaLs)
AD
BD
ABD
CD

ACD
BCD

ABCD

LLz L6455.O9

1 531_6.56 .32 23096.77 r.701 ZLO43.35 L.27 624sa.68 +.ølxL 220L.48 .13 6s4.76 .òt1 1l_560. 89 . .70 101. 18 .. 00r 39358.L2 2.3g 39301.81 2.go1 L2293.32 .74 1648.60 .72L 2L420.29 1.30 57e.AL .õ¡

L1_527.t6
56.O2

308.84
27L.55
657 .79
268,L2
998.6I
540.80

L6.L2**
ì .07

.43

.38
t.92
. .37
1.39

.75

L354L.21

s0.27
rs7.94
113.75
345.58
L02.20
102.6L
259.76
L36.70

.27
.. 85
.6L

L.87
.55
.55

L.40
..74

5
5
5
5
5
5
5
5

Ertot 2

E (seconds)
AE
BE
ABE
CE

ACE
BCE

^ABCE

Error 3

DE

ADE
BDE

ABDE
CDE

ACDE
BCDE

ABCDE

Error 4

Total_

560 7L4.79 184. s3

6 2357.48 21.13** 803.22 9.03**6 128. 83 1.15 51.39 .576 2ß.42 2.L8 L44.04 7.626 82.07 .73 15.56 .L76 99.48 . 89 s4.34 .6L6 84.67 .75 73.48 ..82
6 L5L.L9 1.35 76.86 .86

672

30
30
30
30
30
30
30
30

1l_1.54

45.6s
L00.2L
53.95
47.85
55.51
65.02
7L.65
7 4.19

,.67
L.47

.79

.70

.81
".95

1.05
1.09

88.87

52. 85
50.72
42.05
49.32
43.3L
72.58

LO3.74
101.0B

.97

.93

.77

.91

.80
L.34
L.92
l_.87

3360

s039

67.95

*P-<.05 **P<.01

54. 00
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Trend Analysis
Í.or output

Source of Varíation
I,Iithín subiect

-_=_l

D

AD

BD

CD

ABD

ACD

BCD

ABCD

DxSwithingroup

Table 23

of Seconds Effect of pupil data
segment of Digit Span period

F(línear)jl
L20

1

1

1

1

1_

1

1_

1

L72

40.51**

.18

3.9L*

. l_3

.43

.03

L.99

.05

F(quadraric)

.13

l_.08

.04

1.41_

.37

.94

L.74

.64

r'(cubíc)

.48

.03

L.84

2.39

3.29

6.06*

.06

3.88?t

A = Test AnxÍety
B = Stress
C = Intelligence
D = Seconds

o P-' .05
**p<.0L
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TabLe 24

Test of, Simple Effecrs for Srress (B) x
Seeonds (E) ínteracrion for pupil data
during Output segr0ent of Dlgit Span period

Source of variation df

Error

Eatbl

E atb2

Error

F

rI2 2446.34

6 s 87.63 5.26**

6 A64J,.2L 14.63**

¡ts

B aÈ el L 642L.BI 2.62

B ax e2 L 4362.46 t.7g
B at e3 L 2157.37 .88

B at e4 L 4093.80 I.67
B at e5 L Z4LZ.5Z .98

B at e6 1 1695.27 .69

B at e7 l- 1363.23 .55

672 LTL.54

(see Table 22 for nain ANOVA surmrary table)

B = Stress

E = Seconds

**g<.01
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Tabl_e 25

Trend Analysis of Trials Effect
OuÈput segment of Digit

for

Source of Variation-
l,Iithin subi ecr

D

AD

BD

CD

ABD

ACD

BCD

ABCD

DxSr{iËhÍngroup

A = Test Anxiety
B = SËTess
C = InËelJ_lgence
D = TrÍal_s
o P-t '05
oo P- ' 'ol

F(linear) F(quadrarÍc)

of Pupil data
Span period.

].6.ggr<*

.03

.12

.03

.14

.11

4.7 4*

.31

df

99.
L

1

1

1

L

1

1

1

Ll.2

23.69**

.04

.00

.58

.o4

.90

L.56

L.0L

F(cubie)

- l,69

.01

.10

.68

.51

l_.00

1.5 B

.08

i: :;:'

-1 -i

;:'::tì:: -
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Tabl-e 26

Trend analysis of seconds EffecË of l{ear' Ratefor Output segment of Digit Span period.

Source of variatiorl
I{ithin subiecr

D

AD

BD

CD

ABD

ACD

BCD

ABCD

DxSr¿ithingroup

A = TesË Anxiety
B = Stress
C = InÈelligence
D = Seconds

o P ' .05
**P- o .01

df
L20

L

l-

1

t_

1_

1

1_

LL2

F(l-inear)

.26

..28

L.75

.00

.03

.94

.20

.01

FCquadratÍc)

13.40**

.38

.29

' 51-

.25

.54

.04

.00

F(cubic)

.73

.06

5.68*

.00

.02

r.25

1,00

.79

i'.:r.::,, ,il:::l

t!!
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Table

Analysis of VarÍance
for SËop segment of

27

of Pupil and Heart Rate
DigiÈ Span period

Pupil HeartSource of
Variation

A CTest Anxiery)
B (Srress)
A3
C (Intelligence)
AC
BC

ABC

Error 1 LLz 2039.74

FMSt4sdf

1
1_

l_

1
1
1
1

628.35
LL6L.97
106. 40

5355.64
8392.67
168.16

3s90.74

.30

.57

.05
2.62
4.1_1*

.08
r.76

2513.05
Lr36L.96
1158.64
283.L2

90Ll_.41
967.7L
220.73

1.31
5.95*

.60

.L4
4.7L*

.50

.11

D (Tríals)
AD
BD
ABD
CD

ACD
BCD
ABCD

Etror 2

Total

5 1438.46 8.62** 29"43 .305 L25.4L .75 1 33.11 1.385 73.59 .44 276.9g 2.8grr5 l_87.45 L.rz u5.00 1.405 1_86.L4 1-. t 1_ 52,40 .545 138.46 . 83 29 .67 .305 29L.99 L.75 70.70 .73_5 89.47 .53 tt rn -L7_,

1_909.48

96.09560 L66.77

7L9

o P-.
*o!-.

.05

.01
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Table 28

Test of SiCIple Effects for Test Anxiety CA)x Intelligence (C) interacËfon of pupii aatafor SÈop segrrent of DÍgit Span perÍod.

Sor+rce of variatíon_ g{

Aatc1 1

Aate? 1

Error term L]..z

Catal 1

CataZ 1

Error Ëerm ]-Lz

, ì6i

22L5.03 1.08

6804.27 3.33

169.90 .08

L3576.27 6.65*

F

(see Table 20 for nain ANOVA stuunary table)

A = Test Anxiety
C = Intel-l.igence
o g ' .05
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Batdl

Batd2

Bard3

Bard4

Batd5

Batd6

Error

D aË bJ.

D atb2

Error

Tahle 29

Test of Sirople Effects for Stress (B) xTrials CD) Ínteraction for lleart Rate i ::.during Stop segment of Digit Span períod r,i,

Source of variatlon df MS

L 236.71, .59

1- L612.30 4.o4*

L 2992.80 7.51**

1 23$.81 5.81*

L 4078.66 t_0.23**

L L509.74 3.79

ILz 398.32

5 131_.58 1. 36

5 L74.82 1. 81_

560 96.09
I ;r.'

(see Table 27 f.or nain AI,TOVA sr¡ünary tabl_e)

B = Stress
D = Trials

o P- < .05
ooP-'.01
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Table 30

Tgst of Siup1_e Effecrs for Tesr Anxíety (A) xIntel-ligence CC) interaction for lleart Rateduríng SËop segment of DigÍt Span period

fug".. of varÍatÍon df M^S

Aatcl

Aat c2

Error

Catal

Cata2

Error

L 2694.84 L.4L

1_ 10520.94 5.50*

ILz 1909.48

L 6245.00 3.27

1 30 49.56 1.59

LLZ 1909.48

(see Table 27 f.or main ATTOVA srrrrtråry table)

A = Test Anxiety
C = InËel_ligence

* P . .05

i;,::" j - '
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Table 3l_

Analysis of Variance of pupíl andfor Rest segaent of DigiË span
lleart Rate
period

Source of
VaríatÍon

A(test Anxiery)
B (srress)
A3
C (Intelligence)
AC
BC
A3C

Error l_

D CTrÍals)
AD
BD
CD

ACD
BCD
ABCD

Ettor 2

E (Seconds)
AE
BE
ABE
CE

ACE
BCE
ABCE

Error 3

DE

ADE
BDE
ABDE
CDE

ACDE

BCDE
ASCDE

pupil_

dr _tF

L 2562.82
L 91L2.60
L 2.33
L 39532.42
1 46758.96
1 1050.55
L L2248.82

Heart

¿
,23
,84
.00

3.66
4.33*

.09
1.13

14205.o5
43372.25
4104. BB
L69L.37

25678-+2
657.29
40.47

F

L.67
4.9L*

.46

.19
2.91_

.07

.00

¡fs

LLz

5
5
5
5

5
5
5

L0775.62

642L.84
27L.76
308.84
516.24
492.83
L63.24
524.2L

11.04*,k
.46
.53
.88
.84
.28
.90

8818.70

599.L6
.3t7;L6
395. l_8
LL3.25
L72.36
L04.24
307 .45

2.84*'
1.45
1,.87

.53

. Bl_

.49
L.45

s60 58L.26 210. BB

5 273.98 2.43* 4695.32 35.55**5 334,93 2.97* t22.78 .g3s 1-03.75 .92 56.22 .425 49.24 .ß 91.03 .68s 1-0.0e .og 388.68 z.si*s 65.63 .58 65.87 .4g5 96.76 . Bs Læ.47 l_.385 98.67 .87
560

25
25
25
25
25
25
25
25

.98

.70

.69
1.05
.77

1.08
L.28
L.4L

.B5
L.25
1.08
L.02
1,.02

.66
L.34

.94

LLz.69

B5.06
60. 83
59.97
9]-.67
67.30
93.94

LLL.7L
L22.22

L32.04

s7.L9
84.48
73. L8
69.23
68.90
44.94
90.32
63.31

Error 4

Total

2800

43L9

86.67

* gt.o5 ooP. t .01

67 .3A
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Trend Analysis
for Rest

Table 32

of TrÍals Effecr of
segment of Digít Span

i5 F(Linear)
g

1 4. 89*

1 .34

1 .00

1 .51

1 .oo

1 .47

1 .55

1 .08

TT2

Pupil data
perfod"

Source of variation
lüíthin sr¡biect

D

AD

BD

CD

ABD

ACD

BCD

ABCD

DxSwíthingroup

¡f=
þ=

D-

*g
oo.P-

Test anxiety
S Ëress
InteLl ígence
Trials

< "05
< .01_

FCquadraric)
_ F(cubíc)

.6r

.09

.03

.4s

.62

2.55

.52

L.96

1..

:

ì, i

J:.l:

17.50**

.09

.49

2.50

1.65

.52

.07

1_.08

| ¡i-
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Table 33

Trend Analysis of Seconds Effect of pupil data
for Rest segment of Digit Span period

Source of variation
tr{ithin subject

D

AD

BD

CD

ABD

ACD

BCD

ABCD

D x S within group

-r'trl_near) F(quadratic F(cubic)df
IZ0

1

I

I

I

I
I

I

LL2

3"47

5.02*

(r /,

n)

.22

.00

?1

.02

5.74x

.00

5 " 57,v

.01

R1

.47

J" )t

.30

4. 5 3'*

.00

"00

.01

J" OJ

3. 89 'l

7" 77

B

C

D

lt

= TesË Ánxiety
= Stress
= Intelligence
= Seconds

p_ < .05
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able 34

Trend anaLysís of seconds Effect of Heart RaÈefor Rest segrnent of Digit Span period.

Source of variarion df F(j_inear) {Igr"{fgÉ") F(cubic)
![ithin sub Íect 1rn

l

A-D

BD

CD

ABD

ACD

BCD

I

¡nc¡

L 73. 16** 9.22x* ..00

1 1.80

L .27

L 2.75

y .L9

1 6. 19rç . 36

L .72 .97

1 .11 L.Lz

.24

.42

.01

.73

.00

.12

.73

.04

.69

.00

.37

D x S wíthin group LL2

A = TesË Anxiety
B = Stress
C = Intel_lígence
D = Seconds

o P''05*x g<.01

l

- :.. :,-l::l

li:::r 
.:'1.t :,:i

lt¡rrr: --::-:Ì



D

AD

BD

CD

ABD

ACD

BCD

ASCD

Table 35

Trend Áoa1ysís :of Trie.r-s Effect of Heart Rate daËafor Rest segment of Digit Span period.

Source of variaríon df F(linear) E!g""d""if")
hlithin subjecË LZO

L 2.02 1.16 4.48*
1 6. 83** 5.5 j_ .08

L r.23 .L4 1.61

r .46 .05 1. t5

1 .09 4.51* 2.47

L 2.85 3.36

L L.37 1. 15

J 2.74 3.66

D x S r,ríËhín group LI2

A = Test. Anxiety
B = Stress
C = Intellígence
D = Trials

* p<.05
oo P- ' .ol-

770

.36

,00

.00

l. I' i::'::3ìr't:',1ì,

F(cubíc)

-
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Table 36

Analysis og fari31ce of the DigiË StrÍngs Correctly
Recal.led for rhe Six Trials of ihe

Source of
dfMSF

L 2.r3 .84
A (Test AnxieËy)

B (Stress) .13 .05

C (rntell-igence) 1 70.53 2g.09**
AB

AC

BC

ABC

Error

. 83 .33

.0 3 .01

1 .go .11

1 1.20 .47

LLz 2.5r

** 
.P- < "01
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Table 37

The Correct-Incorrect Trial_s Recal-led

for AL1 Groups

..,;.ì,,.

Low Test Anxiety High Test Anxiety 
i:: :,::.Córrect Incorrect Correct Incorrect, ;,--,ti.t,,

Low Inrelligence 24 66 L9 7LLow
S tress

Hi_gh Inrellígence 42 48 44 46

High Low rntellÍgence 2L 69
S tress HÍgh Intellígence 4g 42

73

5L

L7

39



Pupil lleart

MS

526.88

296.A9

203.50

ii].:+:j.
i::ì.-rìii:.ì

L73.

Table 38

Analysis of Variance of pupíl and Heart Ratefor Ready segtnenr of DígÍÈ Span perÍod
(Correct-Incorre ct nesponse j

pource of Variation

-

A (Intel_ligence)
B (Correct-

Incorrect
AB

Error 1 7L6 L245.66

df

1

1

t-

lrE

93LL,46

7565.06

25.36

F

7.47**

6.07*

.02

F

.51_

.29

.1_9

t02L.84

C (Seconds)
AC
BC
ABC

Errot 2

Total

360.31
20.40
]-9.49

205.69

B. CI4**
.45
.43

4.59'k*

LLgL.32
226.99
26.s6
45.L5

20. 35**
3.87*

.45

.77

2
2
2
2

L432

2L59

44. BO 58. s4

og

o*P-

< .05

< .01

| !1 _::.:, 
t,.

r.: .1.l;
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Tab l-e 39

Analysis of VarÍance of pupÍI and lleart Ratefor Input segmenË of DígiË Span period
(Correct-Incorreet Responsej

Source of
PupÍl-

Variatf on df I4S F

Heart

-
14S F

A (Intelligenee) L 22964,67 7.2!*x 15.13 .00B (Correct-
rncorrecË) 1 21L46-44 6.64** 307.50 .13

L 75.79 .02 1356.03 .57

Error L 7L6 31g3.33 2354.55

C (Seconds) 6 6g95.32 L5O.74xx æ.L7 j_. L3AC 6 25.28 0.55 L0.44 .18Bc 6 LLz.6o 2.46* iõ.os :ä;ABC 
^ 

1ot, -7, ,. DFú-L6 194.72 4.25** 62.26 L.Az

Error 2 4296 45.74

Total 5039

o 
-P- " .05

oo 
-P. ' .01

s5.46
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Table 40

Analysis of Variance of pupil_ and lleart Ratefor Output segmenË of Digit Span period
(Correct-Incorrect ñesponses)

Source of
Variatíon

A (InteLlÍgence
B (Correct-

IncorrecË)

AB

Error 1

C Cseconds)
AC

BC

ABC

Ettor 2

Total

14S

6477.49

35648,96

5212.50

df

Puoil HearË

-
MSFF

1

1

1

l_.95

10.74**

1,.57

489.7L

69.9L

92A.23

.20

.02

.37

7]-6 331_6. 83

22gg,gL
46. 83
63.97
96. Bs

30.62**
.62
,85

I.29

2448.52

757.79 12.62*x
LOL.94 1".69
89.69 L.49
9s.44 1.s9

6
6
6
6

4296

s039

75.O5 60.03

o P- t .05

**g<.01
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Table 4L

.Analysis of VarÍanee of Pupí1- and Heart Rate
for ResÊ segrnenË of Digit Span period

(Correct-Incorrect. lesponse)

PupÍ1È--L- Heart,
Source of
Varíation df MS F MSF

A (Intel-ligence L 26959.55 11.83àt* 1331-.59 .79.
B (Correct-

rncorrecr) 1 t9696.66 9.63** 86.72 .05

L 78.92 .03 43.30 .02AB

Error l- 7L6 2278.7L L684.77

C (Seconds) 5 320.46 3.52* 5463.42 70.53**
AC 5 3.86 .04 247.BA 3.19**BC 5 188.40 2.07 368.54 4.75**
ABC 5 48.77 .5 3 31.76 .4L

Etror 2 3s80 90.94 77.46

ToËa1 43L9

x g < .05

:r* g < .01-

:Ì:tì::r;
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Table 42

Test of Sirryle Effects f.or Correct-Incorrect
(B) x Seconds (C) interaction of Pupil data

during Input segîEnË

Source of Variation df l,fs

Batcl
BateZ
Batc3

.B at c4

BaLc5

BaËc6

BatcT

Error

C at bl-

C atb2

Error

1_ 11"32.78 2.29

r 2548. 10 5.1_5*

1_ 3545.45 7 .L7**

1 3L46.6L 6.37*

1 3809. Lg 7.70*.r<

1 3239.34 6.55*

L 4402.58 B.9l_**

1,L2 493.96

6 2984.27 65.24x**

6 3609.95 78.92x**

4296 45.74

(see Table 39 for nain ÆTIOVA srrlunary Ëabl-e)

B = Correct-Incorrect.
C = Seconds

* p < .05
** g<.01
ãlrt* g < .001

l: i::i.:li::

lìt:.t-,-'.r,.::
l):::::ri:: :;:


