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- ABSTRACT - . -

e

<y

. Attenﬁ%f?Bﬁ of the Cohtipqent %f?ative Variation (CHV) has

been réported to occur as a function of increased levels of
arousal, task difficulty and distraction. The present study
examined the possibility that a fourth variable, informaticn

> -

processin?j&oad, might provide an alternative explanation of CHNY

i — L4

4 P
tenuations p *

informgtion processing load weré':un.- In the EBASY conditiorn four

one

nunbers*(sﬁiinli A,B,C, and D) were presented. The A-B

and B-C intervals uer%fvariahle; the C-D interval was two
seconds. A tone and a’serieé of clicks were presented
simultaneously with stimuli C and D. The éubject had to

terainate the clicks with a button press and then verbally report

~the sums of stimuli A and C, and B and D. The DIFPICULT ——
condition was identical, except that the numbers were two digit
rnulbers (from 11 to 19). In the STANDARD éoudition stiauli A,B,C -
and D vere not presented, leaving a fixed interval (2 seccnds) |
reaction time task using the tone and clicks as the uarhing and

{”\ilperative stimuli, Inforlationrproceésing lcad was expected to

‘, increase‘ﬁetveen the STANDARD, EASY agd DIPPICOLT conditions.

-~

Tonic arousal level, determined by the novelty of the

situatioll, was habituated by running the four male and four

felaie”subjects on four separate days. Incentive arousal was

iii
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a

vqlso’nanipulated by using monetary rewards which were very high

-

on two of the fdut days ($.15 for thgécoriect‘suns) and very low .

on the other two days ($.01 for correct suas). FPor e@ach subject

monetary reward was constant within eécb‘day. Hidh and Lcw

sequences of rewards: over the fcur dayé vere counterbalanced

across subjects. : . -

/%ipolar recordings were made at four midline elebttodeb,

-ranging frca frontal to parietél-placenents {({Fpz, Fz, Cz and Pz),
apd an eye electrode. Four aeasures were taken from the CHV

: 3
vaveforam: 'early, middle, late and total CHV-magnitude: P30

alplitude, a positive potential occurring 300 milliseconds after

- L]

a stiiulus, and an indicant of information preccessing load, wvas
also measured., Heart rate vas recorded during trials as a

 measure of both arousal (vhich produces cardiac acceleraticn)

n

and/or atten%ﬁon {cardiac deceleration). Galvanic Skin Potential

" 'and reactiop/ time vere also recorded. Analyses of variance wvere
- \
done on 1 measures. ) R

L
e

It was hypothesized that the CRY would decrease in
negativity and P300 increase in positivity as inﬁoxndﬁion
processing load increased,,‘Second, measures of aroﬁsal such as
the Galianic Skin Potential and heart rate would ipitially be

 positively related to information processing load, but after

habituation no relationship would exist. Third, subjects at — e

different incentive levels vould continue to show differences in

o
—_

CNV lagnitude'foiiziing habituation. w\‘\\

iv
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While a clear difference between the STANDARD, and the

EASY and DIPFICULT .,conditions occurred for reaction times for

both sexes, only the females showed effects o} information
_,,prépéssianload'as indicate& by the CNY aand P300 measures (the
,, Jfotier showing signiiicant attenuations betveen the three
;conditiAns‘and the latter significantly increasing ih amplitude

between the STANDARD and .n;jgzxc'u%r conditions, with the aasplitude

{7 the EASY Condifion being intermediate) .

Heart rate decreased over days and reflected incentive

level (cardiacrdeceleragiggrcécurrinqmto:”thgﬁhiah:in;gn&ilegk;;._;;;;g
subjects) for both sexes, but males showed heatt_rate\increases '
vith increasing levels cf informsaticn processing. Galvanic Skin

Potential variability decreased as inforsation processing locad

-

increased.
, It was concluded that ingg;:aiion processing load was the

-best explanation of CNV attenuation for female subjects. <The
p;%cessing load affected the lalés arousal levels, but not their

evoked potentials. As levels of arcusal have not been recorded

=

in previous studies investigating information processing, the

results conflict hypotheses that attenudfion in these situaticns
RN v

is due to variations in arousal.

”

»
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INTRODUCTION
The Ccntinqépt Fegative Variation (CHV) is a negative-going
potential which say be seen in am Electroenceghalographic record
between the evoked potentials tc the warning and imperative

stimuli in a fixed-foreperiod reaction time task. The aiplitnde

of the CMV is usually largest when it ‘is reccrded at- the vertex,
and neither the intensity nor the -odality”of the stiluli-pffect

CBV varjations to any extent. Instead, variations in

psychological constructs attributeg to.ﬁie snbjéct show the
ciearest ;ffects. The CNV has been hypothesized to reflect many.
psychological ccastructs, including: wmsotivation (Irwin et al.,
1966; Rebert et al., 1967), attention (McCallum and Walter,
1968) , expectancy ({Walter, 1966i, conatigﬁ (Low et al., 1966),
“stress (Knott and Irwin, 1967, 1968), arousal (Tecce, 1971),
distraction (Tecce et al., 1976) and information processing
{¥eipberqg, 1976).. | - : \
From an extensive reviewv of the CNV iitexatnre, Joseph Tecce
has recently proposed (Tecce 1970, 1971, 1972;:. Tecce and |

Hamiliton, 1973, Tecce et al., 1976) a two process thecretical

model to account for CHY variations, According to this model,

the amplitude cf EEEJ§§!7§§u£9§iiively and monotonically related

- [ 4 .
to attention and ocrp-monotcnically related (inverted-U0) tc

arousal levels,
A corollary of tbis hypcthesis is that attention improves as

levels of arousal increase up tc a cptimum level, and becomes
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iléaired*;ith furthei ipbreases in arousal. Excessi;e aropéal'
evokes Histraction’étéiiii&ﬁffbi“intetaalustign;i;W‘Purtheriqré,A
Técce_suggegts tggﬁ distraction, hpuever initiated, tends to
produce elevated levels of arousal.. A positive feedback cycle
arising from a co;binatiOn of arousai and distrac;ion could be

constrained by focused {narroved) attention {Tecce et al.,.1976).

“TheTefore, according to this hypothesis, distraction is not
simply a reduced level of attention. It may be given impetus by

arousal and actively oppose attenticnal processes. A more

precisé definition of the hypothetical nature of distraction is
given by Tecce et al.  (1976), Hhorstate that "the CHY
distraction effect is a central process imvolving inforsation
processing and memory functionsi (p. 284).

on the basis of this theory, it is possible to predict that

-

~the production of high levels of information processingand -~

memory functiomns would be associated with CHV attenuation due to
related increases in arousal levels., It is unfortunat; that a
theoretical-.analysis of this prédiction is limited by a scarcity
of experimental data. The majority of CHV experiments require
only simple perceptual decisions, sdchias are found in

- - - - - 3 \
discriminative reaction time tasks. ,\\ -

reaction time paradigs. Tvo stisuli (S1 and S2) are presented

x

o —

consecutively with a short (1 - 2 seconds) interstiaulus interval

P
(ISI). The first stimulus warns the subject cf the imminent '

occurrence of S2, to which the subject must make a motor



reSponse.> Izthzn this paradzgl, the task lay vary in conplexlty.

For exalpie, the subject say be required to respond to’ only Jne |
Of ;uo S2s5. An exalple of a typ1ca1 CNVY uaveforl in a reactlon
tlne task may be seen in Pigure 1 (page uu). {(Note that on ‘the

% vertical axis, distance above the baseline increases with

increasing negativity.)

Even withinpn these simple tasks, however, the anplitude

-

variatiogs of the CNV have suggested a cosplex neurological

f 4 : : A
basis. They appear to reflect -the summation cf activity froma

number of functionpalily indépendent and spatially distinct

processes.. In one of the few studies of recorded CNV variations

during high lev:jf/gi,iaforlation processing, CNV- amplitudes and
topographical distributions -differed between an active problen

solv1nq task and a dis1unctive reactlon tiae task (Poon et a

197&). The authors found a =-all parletal don1nant CNV in the
task requiring a considerable amount of ihfo:latiqg-processinq
and a central-dcminant CNV in the type of task(nore"ﬂsual in the
CNV literature,

This thesis will primarily investigate the hypothesis that

in some ingtances CNV attenuation is due to infeormation

processing duxing th‘ CEV_interval, A seléctive literature
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LITERATURE REVIEN

THE CHV AND AROUSAL

’

CHNV attenuation may occur when the subject experiences very

4;4A44#4Ahighﬁg;;xgxlAlg!_igigls ofdazouégl during the performance of a .
reactfbn time task., Although the effects of high levels of '

arousal (typically induced by electrical shocks) have been given

-

PRSI S 2t AR SN (]

e A

more attention than the effects of low arousal levels, results

havé generally been in agrtesent with Tecce's proposal that an

..

. _ _ , /
inverted-u relationihip occurs between CNV magnitude and arousal’

levels. , i - -

R

tendency for the CNV to decreasé over

" The well-obserw
trials (Kagichi et al\g 1975; Borda, 1970; HcAdam, 1967) has been
attributed to fatique, attentional decrements, reduced arousal,

: Y
relationship between CHEV amplitude -and a measure of alertness.

aqd-sitpationalnadjustients. Low et al., (1967) investigated thif,ﬁ,f'

Be reﬁ&;ted that when the EEG shoved signs of decreased alertness
{fragmentation of the iipha thytha, appearance of ceatral theta),
there was an increase in the variability and a deérease in the

magnitude of the CNV., ‘Furthermore, Tecce, Cole and

] od [

savigno-Bowman (1975) chemically induced low levels of arousal

using chlorpromsazine,~ The results shoved reduced CNV asplitudes

two and three hours after drug adainistratton.

Although the above studies show a decrement in CHV

e

amplitudes froa the ncrn‘vith low levels of arcusal, other



- studies have shovn that induced enhancements in motivation,
L

interest, or attention appear to be associated with increased CNV

magnitudes. A common factor in the latter studies is a presumed

# B

increase in arousal levels.
. Rebert (1972) used two different S2s in a reaction time

paradigm. In separate blocks of trials, the subject responded to

A—-—~ﬂ——~'~ei%hefA&Asinq%éinasﬁAff“

=
terlinated by the subject's response, An increase in C%///

amplitude occurred in the tr1als Hlth the aore lnterésting 52

{the flicker StllUlUS). Increased CNYV alplltudes also followed

the introduction of a monetary reward for correct responses
. (HMcAdanm and-Searles,i1gé§). Finpally, Rebe;t et al. {1967)
reported inéreased CEV amplitudes wiken S2 was made more difficult
to detect or when the luscularreffort necessary to‘respond to S2
_was increiseﬂ* ,Ckv,auplitndesujere snalleriuhenmthe;subject—iqs~~m~~—~
not required to respond to S2 than in those trial blccks where a

response was required. L &

“In the above. studies the arousal levels of the subjects were,

. indirectly varied. Irwin et al. (1952) were ablé Lo induce

different arousal levels during the ISI through the ase of

dlscrlllnable S1s to signal two q;fferent levels of shock. CNV

anpliizdes wvere augmented when S1 predlcted (and vas followed by)

'the hiqher shock Ievel.

- ~ Two studies by Knott and Irwin (1967 1968) were the first
to show that as arousal levels becale%}er high//giv attennatlon

could occaur, In addltlon to using high and low levels of shock,



o

e

they uSed'high and 1ow<anxietj subjects (anxiety was measured by
the Bendig Scale of eloﬁionality, Bendig, 1962). 1In tﬂérhigh
shock ;ondition, the hiqﬁ;;nxigty subjecté'had smaller CHVs than
the lou*an;ietyvsubjectéj& previous studies had sthn;a positive
Eelationship betweeq CHV amplitude and arousal levels, thereﬁore :

P

this cosbination of high anxiety sutjects and a high

—rﬂearmthe~ph;51010gica1'Iilit‘bf”négiti11t7"Bj”ﬁiéﬁmléigls o

arousal-inducing situation had beéed expected -tc produce the

highest level of arousal and hence the largest amplitude CHV. In

factf the dmplitude of the CMV with this particular combination
Qas é;gh smaller thani§or ihe same bigh anxiety sghjecté in the
low shock conditica. ‘

., The authérs generated a neu‘theory, the "ceiling

bypotnesis", which suggested that the rising negativity of the

CHNV rested upon a standing negative potential which was raised to

anxiety or arcusal. Th$§, while a positive relationship between

%

arousal and CNY¥ magnitude was still assumed to occur, at high

levels of arousal the additional negativity cf the CHNV was’

‘attenuated. - - .

S ¥

Thesa results were replicated by Knott and Irwim (1973) in a
similar study. A study répottinq ccmparable results uithcu} the

use of alectrical shocks was that of Lov and Swift (1971) . .The

10rhighest ‘and ‘10 lowest scorers on a Manifest Anxiety Scale

(IPAT self-analysis Ferm} Wwere run on a discri-mination paradigm

which becanme progfessively acre difficult. Errors were punished

=

with a loudlﬁuzzer. In this study the CBV ¥as again shown to



~

a

“decrease as the variables inherent to the situation, such as

stress, anxiety or task difficulty, increased.
Tecce (1971) ﬁroposed an alternative explanation to the

zgil;;i hypothesis by suggesting that high anxiety subjects are
c

re_prtracted by irrelevant stimuli and

e anticipation of

pa‘nful shock, and thus, in accordance vwith h;s distractiomn-

arousal hypothesis, show CNV attenuation. As W¥Will be reviewed in_

-

a later section, a2 majority of recent studies have found a

7/

neqative relationship to occur Letween distraction levels and CNV_

amaplitude. However, while this proposal has the advantaderof
. . ' L
tying together the results of arousal and*di§traction studies, a

nuaber of studies in the literature report findings which,are

consistent vith neither Tecce's distraction-arousal hypothesis,

nor the ceiling hypothesis of Knott and Irwin.

Knott-et-al, - (1973) replicated the procedure of Knott and =

Irvin (1967, 1968) and found the results to be of a much more
complex nat e than prev1ously assu-ed. They, and Van Veen et
al.” "(19735, concluded on the basis of 1ndependent experllents
that per eptual mode, sex and ahether or not the subject must

respdnd to the imperative stimulus have, in additicn to anxiety

proneness, beép shown to influence CNV amplitude. Por example,

Knott and Peters (1973, 1974) found that the CNV amplitude of the

felale sub}ects Was- attenuated aore than that of nales in high

stress cond1t1ons.

A

The gglationship between arousal levels and CHV magnitude is

therefo}e in need of further’reéearch. It is notable that in

¢
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these studies the use c¢f the tern "ar:usal“ has rarely been

~defined by concurrent measurement of rious autonomic measures

of arousal such as heart rate and GSR. In fact, Irvin and Knott

'{(1967) found no relationship,fetueen the levels of arousal

defined bf their procedures and recorded GSR activity. .

- THE CRV AND ATTENTION .

-

The second najcr factor related to CHV var1at1on is

B3

attention, which, in CClleathD With moderate lexele—of arousal,
é}pears to show a positive and mcnotonic relaticnship with CNV
-_amplitude.
Teccel's proposal that CHNV anplitﬂdevand’the attention level

of the subject are posztlvely related teflects a lonq history of

experlnentatzon. Hunerous'authors have'founﬁfxncrenents'tnsCB?Wﬂ”*m”” o

" L3

alplltude resultlng from increased levels of attention.‘,ialteri
(1965) varied S2, so thdt the task became more 1nterest1ng; o

similarly, Ellis (197?) used focused and unfocused sliges as S2.

-

Researchers have alsc used procedures which necessitated

increased attention levels in certain trials. Por exanmple,

- —

Rebert et al. {1967) used as S2 an easy or>difficult-to-detect/

audltory stllulus. Donchin et al. (1972) had the subject

respond to onl'y one of tﬁo possible SZs_///ililarly, Gatchel and

Lang (1973) nade the nlddle three tcnes in a serles of five the
most difficult to rank. A third procedure has Qeen to salect

those trials which on the basis of post "hoc ahflisis showed
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evidence of increased attention. ‘Pof'exanple, Hillyard (1969)

compared trials with correct anpd i corract,respbnses”iﬁfaféiqigl“

detection task. Cohen (1973) chosaeithose trials in which the
‘subject had correctly identified nb:gs and pictures used as S2.
All of these stndies found incrgas\? CNV amplitude with induced

increases in attentlon 1evels.

ey

for the greatest alplltude CNVs to cccur uhen the stlnuli at S2

Wwere neartr threshold audltory Stllull, subjects were naklnq‘

—Moreover, Lgw et al, (1967) found that there was a tendency

con51stently correct responses to 'S2 and EEG showed a N
desynchronized pattern suggesting increased alertness. This
ill tratesﬂfhat, wvhile attention and arousal are presumably

ipfiependant processes, an experi-ental ocedure desiéned to

1ncrease the attention levels of the su,jects may also raise

-their -levels of arousal. — — —— — /~

The studies in this section sh the course of the ChKV

vaveform in what are, essentially,/ reaction tise tasks. In the
“few short seconds that comprise thé CNV interval (the interval

between S1 and s2), Ehe subject is only required toc wait (and

prepare) for S2. Differential CNV magnitudes in distiﬂquishahle

tasks must reflect differential pregaration. The subject is not.

requlred to ptocess any 1nforlat10n dnrlng the CNV interval, It

-

~:n‘qht, in. fact be proposed that as performance level 1n the

attentlon task 1lproved any unnpecessary ipforlaqion processing

occurring would tend to decrease as the subject's involvement in

.- .
the task at hand increased. -

4
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THE CNV AND TASK DIFPICULTY
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©

T
3 In the studies contained 'in the previous Section, a f;:;:]
could be said to show enhancement of CHNV amplitude with increases
in task difficulty. However, experiments imvestigating this

relationship have found CEV enhancement to be positively related

s . N
to imcreasing task difficulty in some experiments, and negatively

" related in others. This apparent contradiction between results

may be #esolved by. an e:dnination o;%;ggfihfor-aticn'p:ocessing

le§él’ré§uired of the subject during the ISI by ihe eipéri’ental

paradiqnsQ | |

An example of a study involving increasing tasi difficulty-'

‘uithout increased aﬁounts of inforiation processing, in additidn

to the studies by Rebert et al. (1967) and Dofchin et al. : -
74(1972)~outlined*in'the"previous*sectibn;miS“thaf*éffﬂttailii”éﬁﬁ”“”ﬁ**;*

Papakostopoulos (1973), wvho used situations of increasing

conpiexity., | d 7

‘In thevleast cblélex task, péired spinuli vere presented to

the subjects with a short ISI, After tecording the cnv,tc these
stiiuli, the reséa;chers dadded the reguirement of making a lOtOF
reSponse'fo S2. rIn a third, and more cc;blex condition, a tﬁird

i

stilulus‘occhrred randomly in the ISI; its occurfence'signalled

the subject to cancel the response to S2, Tw¥c trial blbéks of

. : ? o
‘the third condition were run; in the first, S2 would occur midway

in the ISI; in the second, S3 scmetimes occurred late in the ISI.

-

CHY amplitude tended to increase when the third stimulas was

r'd
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the CHV increased for some subjects and decreased for others.

Reaction t}les decreased. The authc;s'pointed out a tendency for

3

those whose CNY amplitudes increased in the last condition to be )

less anxiocus than other subjects (accordinq to the niddlesei

Hospital Questionaire). Thnshhiqh,arousal'levelsfare\associatad’,f

SRR )

=B

¥ith CHNV attenuation in the wore difficult task;

anxious subjects, a positive relaticnship between CNV amplitude

and task difficulty occurred.

Warren (1964) found CNV amplitudes to be larger in difficult

visual discriiinatioh tasks than in easier discrinination‘tasks.
In this study, S1 (a high of low tone) informed the subject

whether a difficult or an“eaéy visual discrimination would

follow. The subject was réquired to state whether S2 and S3 were

different or identical circles. The CNV was recorded in the

S1-52 infervql.

In contrast to the two studies outlined above, a deceptively

siiple experiment conducted bf Delse et al. (1972) found that

CHNV anpiitnae decreased as task qifticnlty increased. The
dIEiiﬁEfiEﬁﬁbefueen the two levels of difficulty was the ease of

deciding whether or not S2 had the same pitch as S1. The two

levels of difficulty were randoaly mixed. The subjects were .

i ‘Jr‘iﬂmmlﬁ%ﬁ;&m%wgwmuwy~;-'th‘ri,\ g ‘Lr\‘w E . ;;[

inforaed before each trial as to }the level of task difficulty to

- /

be used. - ' ] ‘ / B .

Both male and female Zﬂt4;Cts ¥ere ﬁséd, but no differences

between conditions were found fortthe male subjecis. For thé



felIIé*§ﬁﬁj§éf§74C;}ialplltude was attenuvated in difficnlt as ' %
compared to easy trials, and the greatest aitenhd%ion'of the - -CNV
A{height and area measures) 'occurred for felale'snbjééts in the ' it
*difficuly pifch discrilination task vhen the response vas .

correct, The authors attributed this attenuatdon fo the

feguirelent of having to renenber—s?fduréﬁg the 51-52 interval.

s

P geod memory

-

representation was unneceséary; incorrect trials implied no

) memorization of S1. The authors suqqesﬁgd‘that the dis@rgc@iop

7ﬂj§6thésis of Tecce iiqht explain the,atténuation; although no

bl e, bl o s vt aob b bbb

difference in reaction times/occurred between the two condit;ons

{a requirement of Tecce's theory).

ot

Similarly, Roth et al. 975) presented fros one to four

digits, a tone (S1) and then a probe digit (SZz). The subject's

:task,uasﬂto”respohd,onlymif—thefgfebe—digitﬂhadhheengcantztncﬁ”“‘”**““?*f
within the éreéedjnq digits. #ith a more Aifficnlt/task {more
diqiis to re-elberi, thetefigte fever ands.aller CNVs.

It might be concluded -that CNV enhanceament océﬁrs when the
subject neéd.only vait fqr S2 in the CNV inte:yal, and CNYV
attenuation when snbjggfgf;;;%~acti%ely process inforlatibn in

this interval, Hovever, the subject’s task in a study by Poon et

Sl

~al. (1976) required only a state of expectancy during the IS1

and CHV attenuatlon occurred in the diffetent;al as compared to -3

the siaple reaction time task, 253
\

In this study a red warping light (sS1) naé illuminated for
1.4 seconds preceding the visval presentation of two letters ' ’ B

-

7
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J. 1In the reaction time task the subject ‘sade an iliediate

lot0t response to the onset of 52. In the vouel-consonant task'é"
differential motor response vas lade, indicating the sililarity
or difference of the two letters (S2) with ._respect to thelr 77~~; S
categorization as vowels or consohants. The differential a | |
reécgion time task resulted in a shift touar&s”slgile: CHVs and
i1 ORGE@T-FeaCtiontimess
In a study by Poon et al. (195#) the subjects were told

that they vere in a blnary ch01ce galbling situatlon.r They were

requlred to predzct thether S2 would be a red or a green flash..
A tone, separate from 51, signalled the beqinn1ng of the t:lal.
In the 3-5 seconds before %he onset of S1 the suhjecﬁ announced
his choice and ﬁlaced a bet, To respond correctly, the subject
had to discover the pattern of presentation of the red ;pdkggéqp‘

,,”,,W”flasﬁgé;,Winitially,uthewzedland=Qfeen—fiashesgteremsttpty‘*y“‘”T“‘*E‘
alternated., Then the pﬁttern was changed to a repeating sequence
of five red oi green lights., In comparison to a standard
reaction time task (using.only S1 and S2) there was CNV

;k/“- attenn;tion in'the prediction task. As in previous studies onlg

a vigilance task was required of the subject in the CHV interwval.

Bowixe:{~it is apparent that the péttern identification task

. w
required memory, encoding and recall processes while the reaction

time task did not, ' ' /}
o It is notakle that CNY enhancement appare%ﬁ}y occurs if ,fﬂ3’§
sisple perceptual decisicns are reguired at st/and CEV L. :

attenuation if the task imvolves basically higher order processes
- -

-
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interval which require onmly a silple perceptual-decisidn by -the H

0f reports of previous studies.

Py

such as recalil cor pattern analysis, It.is possible fhat alfhough
the* subject need only vait fcfiSZ, the prepara%ion for sil;le
Leaction time oI perceptqal discrilination tasks at S2 aﬁd that
for more complex analyticalrtasks may require qualitatively or

quant;tatxvely different coqn1t1ve processes. -

~ Studies 1nvest1qat1nq~¢he effects of distraction on CHV
asplitude typically necessitate more infonlaticn processing in

one conditlon than 1n the other (cortrol) condltion. The - ‘ 3

e e R LT

distractors may be 1rre1evant stimuli presented during the CHV L2

subject, or, in a more difficult situat1on7,tbe Ssubject may be

required to count or recall the distractors. These studies will

allow the hypothesis toc be further pursued through the selection é

THE CKEV AND DISTRACTION o —

When tasks or stimuli in addition to the standard reacticn
time paradigm are presented, they nay be seen as dlstractors.
The 1lnedlate effects may include increased stress, decreased.

attentlon to task Stllnll, and increased task difficulty. On the

basis of the results cf previous studies, Clv.attennatidn is to

be expected., This bhas generally been fournd to occur.

Distracting and irrelevaant stimuli have been presented

wvithir the interstisulus or intertrial intervals, including

buzzes (Walter, 1968), and tones and music (McCallum and Walter,

2
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- ~ ons have been used as S1, without '

'showed CNV atteruvation in this sitnatibn;uacCallalraﬁdwﬁal—er,”“'

instructions to thé suhjecf'(BQCallni and ialter,_1968); These
resulted in decreased CNV amplitudes, ‘>

In other stu@ies the subject performed a spec}fic task
during the ISI in addition to the standard reaction time task.

The amplitude of the CHV vas attenuated in situaticns involving

mental subtraction {Low-and #cSherry, 1968) and when the Subject

¥as required to at tend to, and later recall, pumbers or letters
presented within or before the ISI (Tecce and Scheff,-j969).
However, mental calcuiation (Gauthier ind Goﬁté#nan; 1976) did
not result in CHYV attenuation. |

~ Tasks continued throughcut the entire trial have included

conversaticn (¥alter ot al., 1967; BcCallusm and Walter, 1968),

reading (Walter et al., 1967), watching TV (only one subjec} '

1968), and adding sevens ad seriatus (Tecce and Hamilton, 1973).
Other "distractors™ that have decreased tnv asplitude include ‘
valking about (Walter'et al.; 1967), ot\yavinq a full bladder or
persgnal probless (McCallum and Walter, ;968).

éertaiﬂ of these results require cona;ht. Pirst, in ﬁhe

3 .
Walter study (1968), the buzz reliatly came before S2 and may

have been used by the subjects, instead of S1, to prepare for the

Tesponse to S2. The CNV vould thus have less time to develop and

vould be of smaller amplitude. Second, when the subject was
conversing {(salter et al., 57), he sometimes didn’t tespond,

impiying that he didn't attend’ the stimuli in these trials.
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Decrements in CNV amplitules in these cases need notAb‘e'

attributegd toﬁthe effects of distraction.

In contradiction to the hypothesis presented'at thekendrgf -
tﬂe previpus section, some of the akove studies repatt7Cl'~
attenuatipn vﬂen only simple perceptual decisions are required in
the ISI. uev;r, the attenmation cbsarved may be only

temporary, IX the study by #cCallum and Ralter (1968) all

subjects 5ho¢§ﬂ;larked reduction of the CHV for the first few

trialis, but at the end of 25 trials the amplitude was about 7C%

of its original value. It is reasonable to assume that a .
consideraple amount of information processing cccurs during
initial £rials‘ihile ﬁhe spﬁ%ect interprets the distractors, a
procass which may be pro?onged if the experimental task is very
dull. In this case, att;nuation uould only occur initially, as
¥as reporyed, .

McCallum and Walter (1968) suggested that the amount of TWV
decrement in 4istraction experisents reflected the amount of
attention directed to the distracting stimuli., It was claimed
that distracting stimuli vhich were very Silil;r to the
experimental stimuli utilized more cf the subject's attention and

caused gregater decrements, -

Yet, another study, by Biller et al. (1973), found CNV .

o
=9
[
(agd
N
0

erhancemepnt if the distractor (music) vwas of the same &

Sz, and CJVY attenuation if they were of different modalitfies. S2
-~ - - - - -t o - - )~

4

vas eithery a tcne or an electrical shock (the use of an

electrical shock tended to increase CHY amplitude); the task was
NN ) :



authors distinction between focused and divided attentional

study or attenticn to both music and the imperding shock in the

Miller study) is, in both cases, associated with CEV-attemuatien, ~— .

processes, however, pcints tc the fact that divided attenticn

(close éililarity'betﬁeen stimuli in the #cCallum and Walter

A later study illustrated both CNV attendation and

. . i
il i
sechancement in association with distraction. Tecce et al. ’ o8

(1976) introduced distracting letters inm the ISI of the contral
condition (a reaction time task). 1In one condition the subjects
vere instructed to ignore these stimuli. 1In a second condition
the subjects were reguired tc recall the letters. In all three
corditions the subjects had to make a‘-ptor respcnse as quickly
. 35-9053ih;¢,?9,the onset of S2. At Cz (the electrode site used- o
vin all p;evioug studies referred to in S;is review) the

letters-no recall was larqer‘khan tbhe control condition, which

vas larger than the fecali ccnditiocr. Reacticn tises in the ;}

recall copdition vere siqnificanflyrslaller than in the

letters-no recall an¥ control conditions; ‘ )
Accordiné to Tecce et al. (1976), dist;%géien is a

bypothé{isg&\process which directs attention towarad task

»irréléiEhf”EtIiEIiwiiﬂiEEWEEiiESE;;EE; thereby interfering with
the selectiom of task relevant stimuli and resulting in a
I'; . hd -4

response decrement to the relevant stimuli. As axpected, CHNV

amplitude vas attenuated whga,tke subjects were reguired to
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. Tespoases to be made to an environment,. where complexity way

attend to the distracting stimuli (in'theﬁfgcall condition) in

comparison to the ccntrol condition. Honeiét, ‘the CHV magni tude

_increased vwhen the subject was specifically imstructed to ignore

LN B
the distracting stimuli. - s

Itlappgars reasonable tc theorize that all of the

-

distiactg;s are interpreted by the subject and thus information

processing occurs, Yet, when the subject is little inclined to

react to the distractor, either because the subiject uas

instructed to disreqard these ,51;1,,:,&;1; or because it isa = .
continuous stimulus of the same modality as the isperative

stimulus, then CNY enhancement occurs. In this type of

situation, only stimulus "filtering" is occurring. The subject

does not have attenticnal, and hence response, conflicts.

Donald and Goff. (1973) suggested tbat the CHV is related to

response set and state that "processing interpcsed stimuli does
not block the C!%...unless the stimuli trigger a conflicting
response set.™ (p. 316). They presented a study (Donald, 1970)
ir vhnich the subject multiplied a ﬂulber by a coastant amd gave a
verbal response follosihq S2. A large Ccumy éteceded the response.

Althaough they were obviously discussin§ a mqgtor response, this

o~

-.analysis .a§ be extended tc ei&lnating the conplexity of the

increase with the number of stimuli to which a mental response

must be made, or with the level of the mental processes being
tapped.

Interpretations of the CEV have now becose multitudinous,
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particularly with respect to the nuserous inferred mental

-~

activities of the subject. Attenuation of the CHNV has occurred

in studies involving memory storage and recall, response

decisions, ard information processing. NOT is this proliferation

of mental prccesses limited to the CHV. A late positive

component of the evoked potential, frequently desigqated P300, o

bas also been associated with these_concepts. Evoked potentials
-0CCUr to both stiluli in é standard CNY paradign, thus ailouinq
the possipallty ~of a P300 potential occutr1ng to elther or b°t2m_ﬁu74447
stimuli, )Therefore, the alplltude cf P300 might serve as a

measure .cf information processinq loads, althogbh the research in

thls area does not decisively support the ocurrence of a p051t1ve

relationship betvéenLEBOO amplitude and information processing

load.
P300 - .

fithin the evoked potentiai. (EP) to a stilulus, a late
positive component vith a peak latency of approxllately 250 .to
500 lllllseconds (P300) may tLe recorded fron vertex and posterlor
scalp locations. In'qeneral,'itvoccurs vhen the stimulus

pr011des 51qn1f1cant 1nforlatlon or is in some way salient for

the suhject (Sutton et al., 1965' Sutton et al., 1967; Paul and

Sutton, 1972; Pictcr and Hlllyard, 1974 ; Dopna}d and bef, 1971) .
P300 amplitude is generally larger for relevant than

irrelevant stisuli (Sheatz and Chapman, 1969; Dcnchin and Cohen,
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1967; Donchin and smith, 1970; Debecker and Desmedt, 1966;

-

Squires et al., 1973, 1975; Pictgn and Hil;;é;d; 1974; ponald and
Goff, 1971, 1973). 'zg'signal deteékion%zi;ks,,P300 is largest
for'détected signals (hits) an§ snéll or apsen£ fer faiiures to -
,dexeqt signals (misses), iﬂéér:éct fepdrts ogAsignaIS'(false

alaras), and correct ‘reports of Signal absense (correct

féjéct;ons) (Hlflyard et al., 1571; Bitter and Vaughan, 1969).

If a vigilance task is very difficult; E300 will occur to both,

hits and misses (Ritter and Vaqugn, 1969).77§ae1 e;wg;,ﬁ Jj??#)
found P300 in all but the false alarm categories of résponse,
The occurrence of a 1§rge P300 fé; hits but not_for‘false
alaras might be thought-to suggest that a étinnlus'is ne;essary.
Hovever, P300 may also oCcur'when-a:stilnlus is éxﬁgct§d bht'does

not occur (Suttoni@t;al., 1967; Klinke et al., 1968; ieinbetg et

al., 1970). .. R e

In such experiments, the intergretation has been that P300

e —

’reflécted confidence in the response (Hillyard et al., 1971, Paul
and Suttoh, 1972), stimulus signiffcahce (Ritter and Vaughad, »
- 1969), and resolution of uncertainty or inforlatiod delivery

(Donchin and Cohen, 1967; Sutton et al., 1965, 1967; Tueting et

v

al., 1971).

*  ponchin and his colleagues have often related P300 to -

information processing (Donchin et al., 1975, 1973; Donchin and

Coheh, 1967), as have other authors {Rohrbaugh et al.,'197u;
Pfice, 1974; Jenness, 1972; Hillyard et al., 1971). Donchin et

‘al. (1975) saggest that the:results of Donchin and Cohen (1967)



'i.u 4

21

s

—

and Donchim et als {1973) .shov enhancement of P300 vhen the
eliciting stimulus invokes information proceSsing'activitiés aﬁd
that those of Sutton et al. (1967), klinke et al.  (1968) and J
Beinberq et al. (1970) show that P300 repteseﬁtsfendoqenous
c?rtical Qroceéses invoked by the infornation brocessing

requirements of the task (p. 449).

S i . ’ ses; P300s-are-largestin—
. . LS

situvations where discriminative decisions are required (Davis,

1964 ; Spong €t ai., 1965; Donchin and Cohen, 1967; Naatanen,

1967; Ritter and vaughanmn, 1969), when stimuli require cognitive
processing (Chapman and ;%agdon, 1964) and when 'st‘iluli are

necessary and sufficient (?n'conjunctioniwith,previgus stimuli)

to sclve-a problem rather. than when it is simfply necesSaf to “ ’
.store them (sheatz and Chapman, 1969). =fnrther;pre, Sq&ifzgfét\k

al. ,(1573) found PJOO,increaséd,uith increasing disparity - - -

between judgement and teedhack inforlatioh {also found by Suttoﬁ,

et al., 1965).,.

-

The possibility cof a positive relationship océurring'betueenj

P300 and inforlat;on processing\load‘is further supported by a

oy

study by Donchin et al, - (1973),7Hh0 used a tcne folloved by a

-

flash which illuminated an ™A™ or a "B, ‘Subijects gueséed‘uhat

52 would be precedirqg the onset of S1. P300 amplitude decreased

as the predictability of S2 increased. 1In ascending order with

‘respect to P300 alplitﬁdéwéﬂéwéonditigis were: the S2 stimulus
alternated; subjects were told the pattern of 52 presentation

before the condition began; sukbtjects vere told that there was.a >

Y



r“T“‘f;‘pattérﬁrTlost subjects easlly discqvereGWthe‘tattern); subjects

-t

dere told ‘there Has a pattern but the patterns vere actually

/

_random; patterns vere randon.' The number of errors in ‘each

series correlated well with P300 amplitude; but if only "correct"®
frials are averagea Vthe same rssults occur. -The authors argque

that 1f the subiject is attelptlnq tc d1scover the pattern then ==

s beth~erro£s—aad+ee£reet~qﬂesses—arettnfO* Oy Y put "'4 ;

-

forward the hypothesis that,"P300 eflects the activity of a

qeneral purpose processor which is invoked oaﬁgeland by a host of

F

‘data proces51n7/fggzirenents...(Uhlch)..anay be. 1nvoked uhenever

they require computations of.a certain accuracy" (pp."322-323).'

They also suggest that the ccmplexity ofrnelory search may be

important, but do not elaborate-oh:this. .

P300 is also.seen to occur in response to rovel stimuli.
Ritter et al.'f(1968),found aslate oositive—colponentijPc;5a~~r S
positive corporent occurring in the same latency range as P300,
the teras not berng autually exclusive) occurred when subjects
were reading and unpredlctable stllulus changes occurred randonly- ;£
eabedded in a ser1es of standard stinull {(vhich did not elicit a
LPC). The authors felt that the LEC could retlect momentary

, : :

shifts of attention ard they suggested that the LPC was a

cerebral correlate of -the o 'entinq response.

A number of studles have found P300 anplltudes to be very.

large in response to low protablllty stilull lSutton et al.,

* N
1965; Tueting et al., 1971; Ruchkin et al., 1975; Squires et al.,

1975; Domrchipn et al., 1973, 1975; Ritter et ai., 1968; Roth et
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Tueting (1969) showed that even if the subjects were told what

stimuli to expect, P300 was still largesg.in“résponsé to the low

-

-probability stimuli.
One explanation of this effect was given by Tueting eé al.

(1971), who found that P300 amplitudes increased as the

except in conditions where the*probability of stimuli being

repeated vas high.. If the subjects were told what stimuld to

expect in each trial, or if'ihé"ﬁibEibiiii}fafuiiiéiﬁiiiéﬁ or

' repetitionvvas high, the amplitude was attennated; The results R
for misses i;re similar, but more complex. This led to a
reanalysis of results, and lead to the conclusion that- P300

»

amplitude is large when the subject makes. a high risk quess.

, \ e v
. Thus, if they gquess that a high proktability stimulus will occur,

this is a ;gg risk guess. If they gquass that a low probability
stinulgs vill occur thenrit is a high risk guess. ‘Alternately{
P300 is large when the outcome probability (the joint probability
of stimulus and guessing freguencies, or the'probﬁbilityrof beingv
7bo£rect with respect £§ the particular stihulus event) is low and
small when the outcone-probability is high.

Although these results could be explained'by assuming that a

information processing levels, P300 has been bypothesized to
actually reflect at least tvwo functionally amd spatially distinct

generators. Squires et al. (1975) distipguished an early
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pésitive peak at a slightly earlier latency than P300,
appioxilafely 270 liiliseconds (labelled P3a). Its occurreance
did not relate to stimulus relevaice,,p@t may be part of an
 orienting response to unexpected, irﬁelevant stimuli. |

| Courchesne et al. -(1975) found a latgé P300 with a

centrbffontal topography to ncvél, unrecognizable stimuli (P300

" shovs a centioparietal topégrabhy). If these stimuli were
presented‘repeaié&ly, the wave shifted towards the parietal

region, A‘;BEteriorly distributed'potéqﬁial7(1§tency 380-430

Vlill%seconds) vas evoked by easily recogn;zed irrelevqnt and
relevant stinuli; these paf#igters suggest tgat this pbtential is
P300. The’latency'of thé frcntai responsg was 360 to 450
milliseconds, thus disallowing a distinction solei on the basis
of latency; bowever the more antericr potential was typically
~~precededfby'a'lérge~negative potenti&1ﬁ1i2);W”Dﬂéfto”thE”fact’
.. that most stud;és did not use a series of lidlihe electrodes, a
literature sear%h neither confirms nor disconfiras suggestions ///
that onlypariela;iy centered late positive potenti;ls-aie of

ilportance‘uith respect to higher processes;

P300 AXD THE CHYV

[

Since P300 does show indications of an ascsociation with

information processing load, then the effect of this lcad upon

CHV élplitﬂde may be assessed in studies which measure both P300

and CNV amplitudes.



- 25

(1

>

As previously stated, it is posszble that P300 may occur to

either S1 or S2 of a CHV paradxgl. In fact the posxtivity
associated vwith the'resolution\of the CNV has peen suggested to

be the cause of the P300 to 52 (for example, see ¥ilkinson and

Lee, 1972; Bfnchin et al.,»1875) althouqh the results of numerous
experiments show them to be separateeand dlstxnguishable entities ,

(Lombroso, 1969; Tueting and Sutton, 1973; Donchﬂ@iet al., 1975;

Friedman et al., 1973; Donald and Goff, 971).,%- addition, a

<

7

nunber of authors have suggested that CNV and P300 amplitudes

reflect electrocortical arousal4jghi;h_istltselfrrelated4di ly-

Y

or indirectly to attention) rather than processes invoked by the
stimuli: Karlin, 1970; Naatanen, 1967; Papakos(opoulos and

McCallum, 1973; Donchin and Saith, 1970; McAdan, 19?9; and

Hartley, 1970. - T B
. If correlations between CHY :fg}¥300 amplitudes are y
‘computed, they may ranqe from a h gh negatlreﬂoorreiotion (Both

et al., 1976), to none (Donchin et al., 1975; Donald and Goff,
1971, 1973). |

Studies have usually-measured both P300 and CHV without
correlating their amplitudes. It has been reported that
sigrificant variaticms in P300 can cccur without corresponding
changes in the CHV (Donald and Goff, 1971; Donchin et al., 1972).
Billyard (1969) found both P300 and CHV amplitudes were large for
hits in 3,?4@9‘1 detection task, small for correct;rgjggtions{'

and the CEV large and P300 small for cerrect rejections.

Donald and Goff (1973) investigqated the relationship between
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P300 and Cuv anplitndes in an auditory dlscrisxnntion task. s1

. das a clzck and S2 was a tone of any one of sxx dlfferent

frequencies immediately followed ty a click traln‘terlinated by
—_

the Subjects"letor response (pressing the‘ccrrect, of si},'

buttons). on 75! of the‘trials a shoc vas adnihistered‘ddrinq”

the ISI. In some trlals the shock was irr levant to the task.

In others, the nen-occurrence of the shock requlred the subject

w

to omit the experimental task and press a "no shock® button

instead. “

i

The ampli maf,mm%psoeee ¢ shock and to 52
correlated better with accuracj than with each other. The _
authors suggesf that P300 is related to non-specific feeilitation
of sensbry inforlaéion processing, and the Civ'isra stable,

proactive mechanism related to rgsponse set. They outlined five

differences between the CNV and P300°‘ S

(1) anplltude fluctuatlons vere not cleatly associaﬁiw
- (2) the fluctuations of P300 were rapid and labile,
while the CNV changes were more gradual and
stable
{(3) P300 and CNV correlated highly uith“task accuracy,
 but less well vith each other

(4) a change in task relevance affected 9300 and

. performance, but 4}@%&&%{%—7———777/———

{5) the task relevance of a stimulus modified the

recovery of P300 froam a previous stimulus,

but increaséd CNV amplitude had no comparable
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effect.
Another study which dia not find airelationShip,to occur
between P300 and CNV amplitudes wvas that of r:iedlaﬁ et al.
(1§73)., Subijects ﬂ;re tol&%ﬂh#Cﬁ of two stimuli iOUIG,OCF@t@~rr

next, or vére required to éness. The relative probability of '//
each stisulus in a trial block varied such that each occyrred at  /

LY

20, 40, 60, and 80% probabilities, A négative and lOﬂOtO;ici

relationship between stimbulus probability and P300 occntteg;/ﬁith,

no consistent CHV relationship, although CNVs were large if the

subjebts had to guess what S2Z would be.
It is iaportant to note that these studies reqguired the
subjects to perform few higher corder analytiéal preccesses. Ia
certain recent papers, there are indications that higher order Z
cognitive acti;ities may rqéflt”in an in;reasé in P300 an&raMA
'ﬁecrease'inmcuv"atplitndeswfthUuthiittie*cotraiativni*anﬂuaw;””‘”“"W”“*
 different distribution on the scalp (Donchin et al, 1975).
Peters et al. (1976) found the CMV to decrease and the EP .
to increase during an antiéipatory paired asscciates v;;hal
learning para@iql. Similarly, Poon et al. {197s, seeJSACtion on
task difficulty), found that in the condition requiring a
discriliggtive response to letter-pair stimuli, in contrast to

the simple reaction time experisént, the CNV and the first

negative vave of the evoked potential {N1) to S1 decreased, and

the late positive components of the evoked potential to S2 (P2
and P3) increased. That is, there was a shift to greater

positivity.



Poon et al. (197ﬂ) found greater alplx de P300s iam a
pattern learning experiment durimg acqulslt on than dnrlng
over-learning (vhere the amount of cognitive ptoce551n?/59613—5€‘\\\
assumed to decrease). Interestingly, the late positive component h
was larger in incorrect trials durinq‘acquisition, tharn in

correct trials. This supports its relationshifp to ccgnitive

processing, although the authors suggest that its relation is to
certainty and immediate event outccses, in this study'there was
alsc a suggestion of smaller CHV¥s and larger P300s with increased .
cognitive processing demands. A

Results conflicting ¥vith the bypothes:is ‘that a bositive
relationshib occurred'betueen inforsation processing 1oaé and
P300 amplitude were reported by Bothk et al. {1975, see previous
section for outline cf experimental paradigm). The asplitudes of
Pébdraﬁ5'£hé CEV decreased as the size of the target set
increased. |

In conclusior, CH¥ and EP amplitudes may ke négatively -
corr=lated, but there is enough evidence ofvdisasscciaticn {eg.
bonald and Goff, 1971) to conclude that that theylare not
reflecting the sase preccesses or constructs. Iie,pquetn of

results in tasks concerned with infcrmation prccessing is still

nzclear, yet suggestive cf attemuation of the CNV and enhancement

of P300 amplitude ir tasks reguiring significart informaticn

processing loads.,

Norecver, it must be emphasized that the positivity-or

-

—=2gativity of the CNV is measured against a baseline calculated
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from the average amplitude during a short (for example, ope
second)- in£erval preceding s1., The CNV amplitude simply reflects
tﬁe change in the reccrd during the S1-S2 interval. H;ve;er, as
len?}onéd ip the intrcduction, the CMV is held to be the g
usun;ation of activity frcm a number of fnncticnalli ind;pendent

and spatially distinct processes or generators. It is possible

‘that CNV attenuation reflects, not decreased negativity, but .

increased positivity of these processes.

HEART n/;&-«ss, A BEASORE OF ATTESTION ABD: L«BOUSWAAL
./[ “ L
In conjunctioz,uith.the,interegt,in relating the CHV to:
arousal, attentiorn, distraction and informaticn processeing

levels, these constructs have beern investigated with respect to

heart rate.

Aéousq} is, of course, the concept usually related to heart
rate variations. Studies by ¥Walter et al. (1964), "alter (1965)
and HMcCallum and Walter (1968) found that arn inverse relationship
occurred betweer the CHMY and antonénic functicn; that is, as the
CHNY developed intoc a stable response (decreased in aaplitude
variability), there was a decrease in general auotonoaic

exciteqeg; ?f,indi¢§FEG by tachycardia, tachpnoea and GSR

activity., 1In additior, chronic anxiety patients have lower CNV

ampiitudes and higher heart rate levels than normal subjects
{McCallum and Waiter, 1968).

Distraction has been shcwn (Tecce and Scheff, 1969; HcCallum



)

\ .

and Ha%te:141963+—togbe;asseeia%edzlith—attenﬂated‘cﬁv‘aipiitudes

. and increased heart rate, altﬁough this may be due to a posifive

relationship between distraction and arousal levels.
The lajority of heart rate experiments in~recent years have
been concerned with orienting and attention. The heart rate is

Eeconded, beat by beat, during the interval between two paired

~ stimuii, A triphasic pattern typically occurs in the -ISI:—thé

rate decreasing, increasing, and decreasing again. The
experiments have usually employed simple reaction tiame paradigss,

experilents} " Strong heart rate decelerations, associated with
strong C;V ;-plitndes and short re;ction times have been reported
by Godaert et al. {1973) and Lacey and Lacey (1970).

Klorman et al. (1975) outlined some parallels between CNV
amplitude and cardiac deceleraticn ‘in a reaction time task: late
cardiac and CEV waves covarieﬁ across sessions, thére vas a B
parallel betweer early heart rate and earlyrcﬁv habituation, and
theres was a parailel between late feart rate and late CHBV
developneué. The early cospcnents in both cases perhaps relate
to orientaticn tc external stimuli (see Bordé, 1970) . :

In sore complex tasks, cardiac deceleration has been found

to occur preceding difficult perceptual discriminations (Gatchel

~acd Lang, 1973; ®Eilsor and Duerfeldt, 1967).

Lacey (1959) and Lacey et al. (1963) suggested that the
direction of the cardiac response varied with perceptual set.

Acceleratior vwas related to rejection of envircanmental input
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reflected sustained attenticn tc external visual or auditory

signals, This clearly parallels the hypothesized distinction

between CNV enhancement and attenuation

in studies of task
difficulty., In a sisilar vein, Graham and Clifton (1966)

suggested that accelereiigp/;eflected startle or defense

reactions, S i ienting-behavior.
Connor and Lang (1969)‘found>that cortical negativity and
the amplitude of the biphaSi; heart wave (thé»écéelerétive and
decele:ative conébnentsf’ve;erpdsitiveiy ébfiélaiéﬁ:;uitﬂwiﬁégf”
strongest relationshif occurring ibrhigh-iniensity {in contrast

to low intensity) stimulus and signal conditions. The authors

-
Vd

interpreted the results as being inconsistept with any simple,

directional interpretation of the telationship bet ween heartrra%é

and Elou-wave cortical responses. Instead, they suggested that a .

number of relatively independent prccesses contihuouély occur,

.
modifying both systeas. They hypothesizedvthat heart rate
accéleration could reflect energqy lcbiligatién (Chase, Grahanm,
and‘érahal, 1968) and deceleration a suspensiocn 6f activity
during attenéion (Obrist, 1968), while cortical negativity could
reflect both.

The triphasic wave is superimpcsed upon the tcanic heart rate

lavel. Papakostopoulos and McCallum (1973) replicated both the

tonic acceleratioc within conditions and the phasic decel tion
within the ISI. The two components usually changed in opposite

directions, Thus, the more difficult conditicr shcwed an
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increase in tonic heart'rate and stronger deceleration in the

phasic heart rate."

*

Thus, in general, attending to external stimuli appears to

result in large decelerative heart rate change during the ISI. , -

~

Mental icrk or arcusal not involving perceptuai analysis perhaps

results in an accelerailve ccaponent. (The latter conclusion is

.

tenuous due to the small amount of data available.)

a

A \
THE EXPERIMENT

f

' "’“J4’«-ﬁim\,‘usa}muu#—1“.{.:#:“%-“*“ s

It is evident that further studies investigating the CHNV and .

P300 waveforas during ccaplex inforsation processing could

clarify some of the issues., Hovever, information processing i

term encompassing a number of activities including memory
enbbding and retrieval, decision making, perceptual analyses,
abstf&ct processes such as arithmetic calculations.

The intent of this experiment was to define situations which
required simple and conplgx infcrmaticn processing of a broad
nature; that is, inclnding storage into and récall from memory,

preparation for and conclusion of a moetor response, and bhigher

order processing and decision making. Concurrent measures of

_ arousal were taken tc investigate the relatiomship of CEV arnd

P300 amplitudes to arousal. The exreriment vas designed to

habituate arousal in crder tc determine if relationships Letween

EPs, including the CEV, were influenced by infcrmation processing

ioad independent c¢f arousal. HMcreover, %two levels of incentive
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vere useq, so that élthouqh”the subject habituatéd to ther
situation, variations in variables a;spciated with motivation and
attentiop, in addition to alertness or arousal, might be -
controlled and any effect§ assessed.

It was hypothesized that a negative relationship~existed

between the CNV and P300 with respect to imformation processing

A

load even after habituated arousal. It was bxpeciéﬁ t@ét.the CEV .

vould decrease in negativity and P300 increasé in positivity as
the amount or level of inforsation processing igc;egsed, ,,”i,ﬁ”ﬁ;fgfg;f
Second, it was hypothesized that the tOpcgfdphical
distribution of ‘the CHEV would Le affected by information.
pf&cessinqjload, becoring more parietally distributed in -
information processing tasks (as observed by Poon’et al., 1974,
1976} .
. Third, it was hypothesized that neither the GSP nor the
hzart rate would show chanqes between the conditions representing
three different levels of infcrmaticn processing after
habituation of arousal. This wculd ilplicate information
processing as a factor of major ispcrtance in determining the

amplitude of the CHV, and elimipate the possibility that

variations in arousal level sere the determinant of CHY

asplitude. —  — — o o

: Pourth, it was expected that incentive level would show a
positive relaticnship with CBV amplitude, and would show
"Jifferences in CNY asplitude between high and lov incentive

subjects even after the habitvation of arousail.



[

-

>Pifth, reaction time of an nnhiscrilinatédrtésponse'ias

-

expected to shovw an increase as a result of the additional mental

‘activity accompanying inéreased’processinq conplefily.' This

would ‘reflect distraction from the reaction time task.

wvould reflect distraction fron;the reaction time task.

g
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METHOD

v

- SUBJECTS

The subjects were 4 males and 4 females, all right-handed,
‘Tecruited fronmthe univeréity ccnnﬁnity. ihey ranged in age froa
19-291eafs.Ai%&~5ﬂb§ee%s~vefevaai4eui%héséspeceAggw%E%w#m:;uu%MWMMA;
particular hypdtheses under invésfiqation; The subjects were
each Tun on four diffgrent days, receiving 83.0oreach day plué a

bénus of $0.01 for each correc£ response_on tibqof the four aifs,

and a similar bonus of $0.15 on the other two days. ©One
- . - .

f

«

additiohal laie’ana one female subject were run but their data

discarded due to excessive artifact in the reccrd.

_/ _ RECOBDING. rzcauouzs\_\

——

Brain electrical activity (EEG) wvas recorded froa Grass
silver-silve;—chloride'electiodes placed at Ppz, Pz, Cz, and Pz
~sites in accordance with the International 10-20 systen. Active
elecé;ode sites wvwere referenced to linkedrnastoidé. ‘A groﬁnd
electrode vas rFlaced on the subject's forehead. . All'electrode 
sites with th exception of the prefrontal grcund site were

Aliiﬁ redux and cleansed with élcohol. "The

thoroughly ;H

electrodes vere affixed to the scalp with collcdion impregnated
gqauze squares, and filled with EKG sol (Burton, Parsons and Co.) .

Occular potentials (EBOG), heart beats, and galvanic skin
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potential (GSP) were recorded from Eeckman Biopotential

electrodes filled with EKG scl and secured to the skin vith
double adhesive cdllafs. All sites’e ceét“the active GSP *
electrode vere first abraded and cleansed as above. The EOG was

recorded between the left infraorbital ridge and the outer

~canthus of‘the eye. Beart electrodes vwere placed left of the

upper sternus, and ieferenced to the anterolateral lower rib
drea. GSP electrod% sites were the palmar surface of the distal
phalynx of the firs% and second fingers of thwe right hand (which —
received only qentii swabbing with an alcohol moistemped cotton),
and the anteribr suiface of tiérright forears near the wrist
(reference electrode). -

T

Interelectrode impedances cf the scalp electrcdes did not

__—exceed 2 K 6hls,’thcse of the EOG did not exceed 5 K ohms and

tﬁagéxbf' he GSP and the £é§££ did notweiceéd Zbﬂi og;é;
Colléctﬁon of GSP data utilized tvorvéry high ilpedanée DC
~amplifiers éonstructed around OP-10 and. OP-1 (Precision
monolithics) insttnnentation operational alplifiers. The input
impedance was 100 Giga ohms. The gain was set at unity vith low
and bhigh filters set at dc and 100 Hz. (3 db point) settings. &

manual offset control varied a voltage applied to the fimal

“amplifier stage Tather than to the electrodes {+/~ 999 a¥).

Low iﬁd“hiqh'filtGfS—‘8fe—58%%&%—d€%§9i%ﬁLﬂxw——£0E\%he
scalp and EOG electrodes, and at .03 seconds and 100 Bz. for the
héhrt electrodes, Tising intervals were autosated by a Grasson

Stadler Series 1200 prograammable logic systea. - A PDP-12 cop-1line

&
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progfan digitized and displayed eack trial. 1The trial ias then
stored on naqﬂétic tape for off-line analysis.  Each tfial
consisted of a tvo second ISI, however the ERG was digitized for
one second preceding and follow}ﬁSléach trial resulting in a

total digitized interval of four seconds. Intertrial intervals

.

- h 2
Were varied}according to randos variations between 10 and 50 (

-

seconds,

§tinuli—ceasisteé—efrsiaqleﬁef=ﬂeﬁbie—éiﬁitﬁnﬂibefs e

-

{described below), clicks and pure tones. The tones were of 100
aillisecond duration.’ The clicfhviiig generated by a Grass S-4
stimulater at a rate-of 15 per secoﬁé; Ali auditory stimuli were
delivered through speakers and uere“ﬁ?proxilately 30 db in

loudness at the subjects ear., <The visual stimuli vere visually -

presented on 35 millimeter slides which were back-grojected on a

frosted glass screen, A TV camera modified for tachistoscopic
control and placed in front of the screen transmitted the image

- to a aomitor vhich was placed approximately two meters in fronmnt

of and above the subject. The visual stisulus exposure duration
was 300 silliseccnds.
Reaction time was recorded to the nearest millisecond using

“a-Grass S-4 stimulator at -a

an EAI 6200 counter device drivw

fregquency of 1Khz. Reacti
52 {which will be described later) in each trial and termibated
DY the subject's response. The subjects response was a button

press. Response manipulandums was held in the left hand.
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THBE EXPERINENTAL SESSION

, \ . .
An experimental session was defined_as_one days testing (for E

each subiject). Bach subiject received four experimental sessians,

on four separate days. Three conditions, designated STANDARD, fj

EASY and DIFPPICULT, were given to %ach subject on each day. 1ITwo

blocks of trials of each condis}on Were run, resalting in six =3
possible orders of presentaticn as the STANDARD condition was

always presented first and last. Each subject was run on four of

i

I ] bt b i

the orders over four days, such that the condition folloving theg
first STANDARD condition Has/ihe EASY tvice and the DIPFICULT
twice. In addition, the numker of times each condition w¥as

presented immediately following the first STANDARD condition vas

V1 R e ——

equal within subjects over days, across sexes on any one day, and

across incentive conditicns c¢n any cne day.

et L

Thergp were two levels of incentive, held constant for‘ a
subject on any oné day. The subijects received each level of
incertive once on days 1 or 2, and once on hays 3 or 4. VGiven
this restriction, only fou:rpossihle orders of high and low
incentjve levels were possible., One subject of each sex was run
oﬁ each of the four orders. A complete table of the incentive

and sti!n;u§vggnditicn§ iqf all subjects may be found on page 110

ic the appendices. o : ' N

The independant variables were the level cf information
processing in three separate conditions, the incentive level, and

the day of the expefilental session. The dependent variables

B



the heart rate, and the variability of the GSP. s

"STABDARD CONDITICH

The STANDARD condition vas a standard fixed ISI CNV readtion

time task. A tone preceded a series of clicks by tvwo seconds. -

}
Subjects were instructed tc press a button held in their left 4
hand as quickly as possible following the onset of the 10 Hz. %
clicks; thé response terminated the clicks. "’m;*"'“”*”"*““g;‘A

Trials were aperiodicaly initiated, such that thg ITI vafied
unpredictably from 10 to 50 seccnds. )
Th;s STANDARD condition was always presented first and last
=

in each experimental session. A total of 16 trials were

collected. o . / f 7

EASY CCNDIYION ' -

v
In this condition an arithmetic task was superimposed on the -
simple reaction time task. Four numbers (A, B, C and D) were -
visunally presented, one at a time. The A-B™nd B-C intervals ' -

varied randcaly from 2 to 8 econds.-fthe C-D interval was fixed -

r

at 2 seconds and superisposed on the tone and clicks, o “_

respectively. —£ —

The numbers were unpredictable one digit numbers between 1 (

and 9. sStisuli A and B were presented first in a trial. C was
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presented sisultaneously with the tcne, and D simultaneously sithr -
the onset of the clicks. Subjects were instructed to add A to C
and B to D, and to report the sums at the end of the,trial; They

vere also reqnirgd to press the button at the cccurrence of D. 7 -

This sequenCe of presentations constituted one trial.

After 52 a variable interval betueen 10 and 50 seconds -

¢

"ocurred before pfé§éﬁf“fI6KwUf“1“fUI“tﬁe“neIt“triti““"i*%ﬂfﬂimﬂfwwumwuwwu

716 trials were collected in this condition.

DIFFICULT CONDITICN

This condition was exactly the same as the EASY condition
with the following exception: two digit nuambers froa 11 to 19,

rather than one digit, were presented.

IRCENTIVE CONDITIOANS

Two levels of incé%tiye were used, each remained constant v
within days. On high incentive days the snbjects were paid $0.15
for each correct response in the EASY or DIFPICU‘T condition
trials, including those trials rejected due to excessive eye

lovelent On lou 1ncent1ve days 30 01 vas paid for a correct

response. A correct response reqnired both suas tc be correct

and in addition the button Fress response aust have occuxred ’

vithin 500 amilliseconds of S2 (as a slower reaction time would

have indicated inattention tc the experimental task). All
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subjects were informed of these criteria.

TN

EBROCEDURE e

bDuring the experisental éession the snhjéct teclined on‘a

hospital bed located in an electri/;lly shielded, sound L

attenuated cubicle (Bell-croft InéQstrles). The subject'’s
position was adjusted for vieving a closed circuit TV monitor. A

5 millimeter diameter black dct in the center of the screen

served as a fixaticm point. The subject was continuously
monitored iia closed circuit TV. 2 5-10Tiinnte period folloui&d
the subject's placement in t? cubicle allowed for electrode
balancing and thersnhject's adjnstlént to the situation.

In session 1 the subiject ias first given instrnctiﬁns for .

‘the STANDARD stimulus é65&iii§i[u7§iéwsubject vas asked to relax

’ face and neck muscles and to refrain from blinking durinq.ghe' |
trial, if possible. The experilqnter then answered any
questions. Two practice sessions (the second was tecorded):and
the first STANDARD condition vere run. Pive minutes rest period
oécnrred between each condition which allcwed feedback to the
subject following ;he)ptactice session. After the STANDARD

-1

_condition instructions for either the EASY or the DIPFPICULT

condltion vere given, depending on the order cf condltions for
that subject on day 1. The subject vas informed that the

intercom in the cubicle was always on, and that she/he need oﬁly

softly verbalize the sums.tc te heard B}’the experimenter.

-



Following a guestior period,'a short practice session wvas allcwed
in order to insure familiarity of the subject with the .
requirements of the conditions. Before the first run of the
otner condition (EASY or DiPPICULti on the first day a practice
tun was also allowad. When two EASY and two LIPPICULT conditions

~had been ccnplete&, another STAMNDAREL copditior was run.

"Bith the exception cf the order of stimulus conditions, the
level of incentive used, and the cmission of the practice rums,

the procedure cn the next three days was identical.
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All data uere'quaépified and studied with analyses of.
variance." Single trial data were used. The first two dayé and
last two days made up twoc blccks of data.  iithih.these blééks.
each subject had beern run at the twc levels of incentive on
cénsgcnxixg_daxs4“_Ihg1efQxe_snhjgcIsgnﬁxe4nes1edAlizhinfa#thcksAuMAA_“
_b§ incentive by order interacticn. All other effects vwere '
crossed.
single ANOVAS were used for the heart rate, reaction time,
GSP and EEG results. The results fcr the CHV and P300 measures
:,verb aralysed separately for each block of days. Four measures
;Vuere taken from different areas of the CHNV wavefora (described
beiow). These were analysed separately.
All references to‘signitigange refer to the .05 level. The

a

Tukey B test was used to analyse differences between means,

~ .
CHEV RESULTS

Pour different area measuremerts vere petforled on the CHV
vaveform {see Figqure 1). Heasure 1 is the area 0.5 to 0.8

seconds after S1. HMeasure 2, (the middle of the CNV wvaveforsm),

is the area fros 1.1 to 1.4 seconds after S1. Measure 3

(measured from 1,7 to 2.0 seconds after S1). Heasure 4 includes

the total area frcm 500 milliseconds after St to S2.
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(a) CNV RESULTS FCR THE FIRST BLOCK OF DAYS
All CHV measures showv significant recording site éffects._
Hovever, the patterns of amplitude variations from differeht
sites vary and higher ordei interactions with respect to sites .

typically occur.

_— -

"Por measure 1 (F 3,12 = 14,55), the activity at Ppz is
siqnificantly smaller than that at-Pz and Cz; and larger thaﬁ

that at Pz. For the cther measures the electrode activity shifts

TN TR

to a more clearly central'distribution. .For measure 2 (F 3,12 = ' é
35.49),'central ;ctivity predcairates: ‘Cz > Fz > Pz > Fpz. |
seasure 3 (P 3,1z = 27.00) shovs a :glative inocrease in parieta}
and decrease in frontal activity such that, while Cz and Ppz are
étill'significiptly the largest and smallest, Pz is significantly
more neqgative than Fz. Beagure 4 (F 3,i27;‘24;56);7iﬁiéffe¢t‘ |
averaging the measures, shovws the sale—pgttérn as seasure 2,
The .graphs of these results shown in Figure 2 suggest that

a

the sites of largest CNV amplitude moved in a Fcsterior direction
over time vwithipo the CNV interval.
Oonly measunre 1 does not show higher order electrode site

effects, All other measures shcw electrode by infcramation

grbcessité’intéraétions {in additior to other interactions
described below). FPor measure =z (P 6,24 = 3134}—thexpazte£n_o£m,W\fggggg
electrode activity clearly differs in the S%AHDARD condition (see

Figure 3a) from the EASY or DIFFICOLT conditicms, First, the R

STANDARD conditior shcvs clear and significant ordering of
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electrode activi;y {reflecting the pattern in the electrode site

main effect), whereas in the other conditions the only

" differences that occur are amplitude differences between Cz and

all otherreléctrode_sites, Cz being more negative, Second, for ) ' ~
Pz and Cz electrode sites the negativity in the STAHDARD

canditinn_isMsignificanxl;mlaxgezgxhanmiaﬂzhe—££51+e£~9;¥¥;§HL$

conditions. At Pz the STAHDARD condition is significantly more

negative fhan the EASY condition, &herefore, activity in the

ﬁumkwrﬁm\ Rk

middle pait cf the CHV wavefcrm tends to be larger and more

variable across electrode sites in the STANDAED.condition than in

S

the EASY and DIFPICULT conditions.

For measure 3 (F 6,24 = 3.46) "CNV .amplitude in the STANDARD

L4 —

condition again tends to be largest, it is significantly»note

positive tham the DIFFPICULT condition at Fpz, more negative than o

the EASY condition at Fz;,noreﬂnegatiiéwphan:Bcth EASY and

@

DIFFICULT conditions at Cz, and more negative than the DIPFICULT

.

condition at Pz (é@e Pigure 3b). ¥i n ea¢h of the three

information processing conditions, the ordering of electrode site

5

means remains the same, and Cz is AIHays significantly larger

*

than the other siteé:;wﬂouever,'significant differences in

pd%terninqs betieen<gpzf:£i\and Pz exist. 1In the STANDARD and

DIFFICULT conditions, Fpz isféignifiCaﬁily smaller than Pz and ) -

Pz. In the EASY condition, Pz is éiqnificantif 1ar§éf”£hangggiﬂw S

Fpz and Pz.

_For measure 4 (F 6,24 = 4,15), as in measure 3, the

>

electrode sites show similar p&tterns of significant differences



(Ci > Pz > Pz > Fpz) fgr the STANDARD and DIPFICULT conditionms.
%ouevef, iherg is a different pattern fo;léhe‘EASY conditidn; Cz
is still larger than Fz but the difference does not achieve
significaﬁCe. (See Figure 3;.) Applitudes are significantly noré
?;; neqative inzthe STANDARD tﬁan in~the EASY and DIFPICULT
Vcondltlons for ‘all electrode sites except Ppz (which shous no

1nfo:latlon processing/ievel effects).

In this CNV interval (measure 4) the inforiationxpfocessing
main effectr(F 2,8 = 4,92) is significant; the Sfﬁib&ﬁﬂ condition - -
has 51gn1f1cantly larger negative act1v1ty than - the EASY and
DIFFICULT conditions (see Fiqure 4b). The CNV alplitude in the =~ -~
EASY and DIFFICULT conditions does not significantly differ.

The infbrlation processing main effect was also significant
for measure 1 (P 2,8 = 11.60), ﬁhere all differences are

51gn1f1cant (see Flgure Ua) and in the Hypothe51z§didirectlon.

A siqgnificant (P 3,1? = B.50) electrode by order (of
incentive) effect occurs fcr measure 2. Analysis shows that this
is due to significantly larger activity at all electrode sites
for the group that receivgd first 1cv and then high incentive
days (see Pigure 5a). This group vas designated the "iOH-HIGH"
group. The HIGH-LOW group (that is, the group yhich received the
hiqh‘incentive revard on day 1randmthe—loa—ineeagi#e—fevardwoaj ————————————
day 2) had largest CNV activity at the Cz electrode site, then, . .
in descending ordér, ¥z, and Pz and FpPz sites (the latter two

were not significantly different). For the LOW-BIGH group, Cz >

Pz Fz > Ppz.
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An order by electrode effect (F 3,12 = 5.50) also occurred
for measure 4 (see Pigure 5b). The LO¥-HIGH gqroup had
51qn1f1cant increases in Cz and Pz negativity over the HIGH-10H
droup. Pot the HIGH-LOW qroup, Cz Fz > Pz Ppz. For the LOH—HIGHi

hS &
group, Cz > Fz Pz > Fpz. oo

Measure 2 shows a significant sex by electroderinteraction .
(P 3,12 = 5.2u).7 Cz was always largest for both sexes; for the |
females Pz vwas sigpnificantly smaller than Fz, and not
'siqnificantIg different from Fpz; for the males, Fz and Pz are @
significgntly larger than Ppz and siqgifican}ly snaller,ihan Cz.
Ppz is significantly more positive for males, and Cz more
negative (Pigure 6). /

Finally, for measures 2, 3 and 4 significant incentive by

order by sex interacticms occur,.in conjunction Hithﬁlqugrﬁleyel

Vwiptethctibnéwr Interpretation of the hiéher order interactions
 (as described below), result in ﬁhe ;onclusion that elecfrode'
;agtititi,decreaSQS’OVer days 1 and 2 f&f felalesr#;d electrode
activity forﬁigleé is alvays greatest for the high incentive
subjects. This say be clearly seen in Figure 7. -
‘For leasurelz, an incentive effect (F 1,4 = 18.08) reveals

_high incentive conditions to result in more negativity than low o

incentive conditions (Pigure 8a). e | Y

/
A

An incentive“by’brdEIWTUf”incentivafﬁéffécf‘TF‘17#‘="#675#)
shows ‘that CNV amplitude decreases in negativity for both the
'Loiiﬁiéﬁ'éﬂi HIGH-LONW qipups betveen days 1 and 2, but high

incentive subjects on day 2 have greater electrode negativity
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- e

than lovw incentive subjects cn day 2 (see Pigure 9a). In

IR

adddition, da} 2 activity (the BIGE-LOB grdup) ¥as smaller than
day 1 activity (the LO¥-HIGH group) for the low incentiye
condtions. » |

Furthermore, a sex by incentive effect (F 1,4‘= 59.98) showus

that the mean CNVY amplitudes are, in descending order: male high

- incentive subjects, female low incentive sdbjects, female high

incentive subjects, and male low iﬁcentive subjects (all E
differences being significant). Male subjects show increased ‘%ﬁ
aplitude with increased incentive level. Female sobjects show :
dec:eased amplitude with increased incentive levél.‘ Therefore,

the effect of incentive is oppcsite for males and females (see

Pigure 10a). - 7 _ |

o

The sex by incentive by -egder (of incentive) effect (F 1,8 =
130.34) shcws that for felaleséaay 1 activity is larger tham day =
2 activity. Incentive level§ shcv ro significant differences for 7
the felalg'snbjects. Por sales, high incentive subjects show
greater negativity than low incentive subjects, with high
incentive day ernbjeéts showing the greatest neqatiiity (Pigure .=
7a) .

Additional significant differences in this interactiom are:

female lcw iqcepﬁgjgm§q§quggwggbday 2 show smaller activity than

all male subjects; fesale low incentive subjects od day 1 show

larger activity than all male subjects; female high incentive
subjects on day 1 show significantly smaller activity than male

bigh incentive subjects on day <, and larger activity than -male
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low incentive subjects; female high incentive subjects on day 2

s
gt

shovw significantly smaller activity that all high incentive
males. 7

Por measure 3, a significant sex bylinceqti;e interaction (P
1,4 = 10.65) shows that high incentive males show nére neqativity‘

than low incentive males while, again, the fesmales shovw no

incenfive effect whatsoever (Figure 10b, the male high incentive

sukjects show significantly larger activity thai‘all other

subjecté). The sex by incentive by order effect (Bi1,u = 10.69),
hovever, shows that electrode acti¥ity is alvays~saaile£~£b£——rf‘ﬁuﬂ—ﬁwmf
fe-alés on the secondyday'(nhetﬁer uith respect ;orthe‘sané
subiects over days or incentive 1evels).- Again, nalés show ad
_ipcentive effect with the values for the high inceptive subjects
larger than for the low incentive’subjects and larger on day 2
than on day 1 (Piqure 7h). Additicnally, male low incentive
subjéctsrshov sigAificéﬁtiyrs;ailérmacﬁi;iigA;ﬂéﬁwfe;éie 16v7>
incentive subjects on day 1:; male high incentive subjects on day
1 show significantly gre?ter activity than all female subjects
with the exception4g£4}£e loi iﬁcentive subjects on day 1; and

-

male high incentive subjectS‘on'day 2 show significantly greater

a

}”‘actiGity than all female sﬁbjects on day 2.

Measure 4 shows incentive (F 1,4 = 15.21), incentive by

order (F 1,4 = 27:65), incentive by sex (F 1,4 = 42.88), — —

incentive by order by sex (P 1,& = 51.41) and incentive by order -
by sex by inforsmaticn proceséinq (P 2,8 = 5,18) effects (Pigures

8b, 9b, 10c, 7c and 11, respectively.) The final interaction is
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very complex, shbwing that the above generalities with respect to

male and female activity are for/tte mcst part correct.

CNV amplitudes are larger for high incentive than low
’ N <
inqentive subjects. The incentive by order integactién shows '
. T A , ;

signifiCantldecreases in CNV aiplitude betveen days 1 and 2 for

- the LOW-HIGH and HIGH-LOW grougps, and smaller activity for the

high incentive than the low incentive subjects on day 2.

However, the sex by incentive interaction reveals that high -

-

incentive subjects show larger éctivity only for the male

0 it erarit N

subjects; for éhe female subjects CNV anplitude'is significantly
larger for the low incentive subjects; . )

The incentive by order Ly sex interacticn shows that, ihile
for male éubjects siq;f_i ngijllarger'a;plitudes cccur for the %
high incentive subjects, for female spbjéqgs,;ggVpuvﬁgg?lituder |
decreases significantly tetween days 1 and 2,.

In éddition, male high incentive subjects on day,1 show
significantly larger activity than females on day 2; and male
hiqﬂ incentive subjects on day 2 show siqnifiqantly larger
activity than all female subjects with the exception of the
female lcvw incentive subjects on day 1. The male low inéentive
subjects show significantly %arger activity thah the female

subjects on day 2, and significantly smaller activity than the

, - *

female subjeéts on day 1. . ' T T
The information processing by sex by order by incentive
interaction shows that the STANDARD copdition is significantly

larger than the EASY and DIFFICULT conditions for all females on

-



day 2, bu£ only fof high'inéentive males on day 2 and low
incentive.nales’on day 1.

The low incentive females cn day 1 have SignifiCAQtly larger
negativity in theVSTAHﬁiRD than the BASY condition. High

incentive results are more negative for the males EASY and

DIFFICULT conditions on day 1, and for thé males STANDARD and
EASY conditions on day 2. The,cpposiie relationship, 48w '
incentive results being larger than thosefgf high inééptive
subjects, cccurs for females in the STANDARD and DIFFICULT
conditions on day 1. |

»Female results shou decreases in activity over days, except
for the high incentive STANDARD conditigng, and the STANDARD
condition for the HIGH-LOW group. The male results show
decreases over days'betveepriog inqgntizgﬁ;ubjg;;smgp; §he
STANDARD condition, aad for the EASY conditien for the LOW-HIGH
group. The males in the LOW-HIGH group showed increased
negativity on day 2 for the EASY and DIFPICULT conditions.

Therefore, females shov clearer infcrmaticn processing
effects thar males, especially on day 2, and males tend to shovw

effects of the incentive levels., Pemales show a stronger general

decrease in CNVY amplitude over days than males,

(b} CH¥V RESULTS POR THE SECOND BLOCK OF DAYS —~ ——

Again, electrode main effects cccur for all measures. For

acasure 1, ?2§Cz > Fpz > PzZ. Fcr measure 2 aad 3, Cz > Pz Pz >
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Fpz. Por measure 4, Cz > Fz > Pi $‘sz.

Measure 1 shows significant electrode site (F 3,12 = 8,57,
information processing (F 6,24 = 7.12), electrode by infcrmation
_processihq (F 2;8 = H.GB); and sex by information processing (P
6,24 = 5.86) effects (see Figures 12a, 12b, 13a and 13b,
respectively). Thus, overall, Cz and Fz are significantly larger
than ?pz,vhich~issignificaﬂti¥1afqef%haaPzf-&aa;¥sisgaiutSQMAumm
main information processing effect reveals all differences to be
significant and in the hypothesized direction, Purthermore, tﬂe
information pr;;essing.by électiode gite interaction allows N
ihspection of the information processing effeci at each electrode
site, At Fz, Cz and Pz electrode sites there is a decrease in
regativity of CNV amplitude as‘inforl;tion processing load
increases, btut only the difference Lketween the STANDARD &gd
DIPPICULT conditions at Cz is,siqnificanxl,MInLLheWSTAHDABD
condition, activity_is significantly greater at Cz than at Pz,
with Pz and Fpz shoving intermediate levels, 1In the EASY and
DIFPICULT conditions, however, negativity is largest at Fz and
significantly greater than Pz, with Cz and Fpz intermediate.

Thg sex by information processing effect reveals that the

information processing effect is only significant for females.

For thea, activity decreases significantly in negativity froa the

females, higher pegativity cccurs for females in the STANDARD

condition and fcr males in the DIFFICULT condition (see Pigure

13b), For the aale subiects, mean CEHY magnitudes in all three
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condifions are extremely siamilarx; nc efféct 6{ infornﬁiiég///v
'processing load is visible.

ﬁeasure 2 ha;,tye same significant effects as measure 1,
with the addition cf_an electrode by incentive interaction. ‘Iﬁé

electrode effect (F 3,12 = 20,27) shows that Cz is significantly

larger than all other electrode sites and Fpz smaller {Figure

14a). The electrode by incentive interaction (F 3,12 = 5.27)
shows that this pattern holds cnly for high incentive subjects
{Figure 15¢)-. For low incentive sulbiects siqﬂificant decreases*m”"4-4*
in negativity at Cz and Pz result in Pz now being significantly
smaller than Fz,.
The electro@e by informaticn processing effect:ir 6,24 =
5.67) shows that the same pattern of eleétrode activity holds for

all conditions, but the differences betveen ircforsation

ptbcessing conditiohg vary ég’éiffé;éngéi;c£rod; lécafiéhsrisee
Pigure 15a). Although a sigmificant inforlatich processing main
effect occurs (P 2,8 = 7.57) such that the STANDARD is greater
than the EASY condition, and the EASY condition is greater than
the DIPPICULT ccmdition {seertigure 14b), thi§7§s cnly

_sigpnificant at Pz and Cz. Ppz has significantly more negativity

ir the EASY than the DIPFICULT condition; at Fz the “BIFFICULT

condition is-significantly smaller than the cthers. — B
The information processing by sex effect (P 2,8 = 6.,29)

ajain shows the information processing effect to be significaét

only for females (all differences were significant and»in the

hypotbesized directicn), althougkh the only significant difference
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78.25) shows that high incentive subjects show a general

the information processing effect outlined above for high

-between the male and female results is a significant increase in

negativity in the DIFPICULT conditicn for the males (see Pigure

15b)o - ' . ) \/
For measure 3 the electrode effect (F 3,12 = 21.98)vshois

the same pattern (Cz > Pz ‘Fz > Fpz) as in measure 2;(Piqure 16a) . .

The eléétfode by iqforlation processing effect (F 6,24 = 3.90)

shows that this pattern of;eleqﬁrode activity occurs in the

STANDARD and EASY conditions, but in thé DIPPICULT condition Pz

‘ activity—is~noi~si§ai£iean%iywgfea%ef—thaﬁ—Fz—aeti#%ty;{¥iqﬁfef——f/f—4

16b). There are significant decreases in negativity over
inforaation processing conqitions at Cz and non-significant e

tendencies for CHV activity to decrease over information

processing conditions at Pz and Pz. g ‘

The incentive by informaticn processing effect (F 2,8 =
information proceséinq effect such that conditions are-
significantly ordered EASY, STANDARD and DIFFICULT; while for low
incentive subjects only the differencé‘betﬁeen tﬂe STANDARD and

DIFPICULT conditions is significant (Fiqure 16c), In addition, -

linfornation processing by incentive by crder (F 2,8 = 8,37) and

sex by incentive by order by information processing (F 2,8 = -

mﬁrﬂzygeffectsmoccnzmi?ignxesul1a~aad~41b¥1~—¥he’fifStfsheys~$hatf~fff—

incentive subjects is only true for day 4; and that vhen days 3
and 4 are analysed separately the lcw incentive group shcw no

information processing effects, Activity increased between days
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44"T""‘3‘anﬁ‘#‘fbr‘tﬁé‘ﬁiﬁﬁ‘iﬁééntiVe subjects in the Eaéf condition and
the low incentive sutkjects in the DIFFICULT ccndition. Activity -
deéreased/hgtueen d;ys fcrhthe lov incentive sugjects in the EASY
;onditIGh and tﬁe éiqh incentive subjects in thelnIFPICHLT
Zondition.
The large four-way interactigh shows a mcre coiplex pattern.
- . Ac;i#i%y—deeseaseéAsiqﬂifieaﬁtifébet1een“the*itsff*STiﬁﬁtﬁﬁ7ﬂanﬂ*“““w“*“
7 DIPFICULT conditions for the high incentive fesales on day 4.

The STANDARD and EASY conditions were larger than the DIFFPICULT

condition for high incentive subjeéis 6n day 3 and male high

incentive subjects on day 4. The EASY condition was iarger than
the DIFPICULT ccnditicn for the fglale low incentive subjects on
day 4. The STANDARD condition was significantly larger than the
cther conditions for the female lcw incentive subjects on day 3.
The EASY ccnditior was smaller than the other conditions for the-

aale low incentive subjects on day 4. The relationships outlined
above ia the incertive by crder by information ggpcessing
irteraction were true with respect to the EASY condtion for
female éubjects‘and high incentive laie'subjgcts, and with
respect tc the DIFFICOLT conditicn for the male high incentive

acd female lcw incentive subjects., However, for the female high

incentive subjects the DIFFICULT condition was larger on day 4

thar day 3.

The measure 4 results ueréisi;ilar (see Figures 18 and 19).
Electrode (F 3,12 = 15.98), infcrmatiocn processing (F 2,8 =

8.43), 2lectrode -y information processing (F 6,12 = 6.06) and

L



(a)SIGNIFICANT ELEC

- 150

SITE MAN EFFECT

tb)SIGNFlCANT QFU?MATION PROCESSING MAN
, EFFECT

- IOOr

e

meon v magnitudely

- 60}
T -20¢

-40]

Cz Pz

FIGURE

=

STANDARD

EASY  DIFFICUT

18- CNV DAYS 3 8 4 - MEASURE N



T4

-

 (a)SIGNIFICANT INFORMATION PROCESSING BY

. . . . Y g e s ;
I i i
*

FIGURE 19-CNV DAYS 3 & 4 - MEASURE - 4

_.2%' ELECTRODE SITE INTERACTION |
37T
g- 1204
g -%of
2 a0l
%
~ Fpz Fz Cz Pz Fpz Fz Cz Pz Fpz Fz Cz Pz i
STANDARD EASY DIFFICULT |
(b)}SIGNFICANT INFORMATION PROCESSING BY
e SEX INTERACTION
< - 100 -v
g -75’
- g -5}
g - 20} | ‘
{ o ] SV SENE W — JL—,:-‘ ‘
S £ D S E D -
— FEMALES —MALES
S Stndord  E Eosy DOt .



N

Electrodes, both in general and with respect_ to information
processing condipiohs, shqu'significant;deCteases in negativity
from Cz to Fz to'Pz to sz.} CHY negativity siégificantly
decreases over ihfornation processing conditions, but this is
significant only for females and only for Fz, Cz and Pz electrode .

sites. Males show significantly more negativity in the DIFFICULT

condition than the females. At Fpi the negativity is
significantly larger in -the EASY than in the DIFPICULT condition,

and negativity in the STANDARD condition is intermediate.
P300 FESULTS .

P300 was measured as the ﬁéak-alplitude at 423 milliseconds
’follouing s2, Hith;iespgcprtcrqihasgliqkidggingdrqsmghérqyeraqe
of the activity in the 1000 millisecond interval preceding S1.-
This conforms tc the peak.aplitudgs bn the blcck avéragesf The

single trial measurements were entered into ANOVAs.

(a) P300 RESULTS POR THE FIRST BLOCK OF DAYS

[y

A-sigbificant electrode effect (P 3,12 = M.BO).occurs'such~

that Pz activity is more positive thanm all other electrcde sites
and Cz activity‘siqnificantiy'Iess*tvsitive4tﬁan‘aii‘cfﬁétir ******** I
except Fz. A further sex by electrode interaction (p 3,12 =

6.03) shows that this is due to a ccmbination of the results for
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the male and female subjects (see ?igure 20). Porbfenale
subjects Pz is significantly greater than\Pp; with a tendency for
positivity to increase in a-pcsﬁericr directicn. For males,
siQnificAdt increases in positivity at Fpz and decreases in

positivity at Cz result in Ppz and Pz being significantly larger

than Fz, which is itself significantly larger than Cz.

o~

b

An incentive by order (of 1ncent1ve)'byvelectrode effect (F
3,12 = 3 99) shows that day 2 sub1ects show the same patterns of
act1v1ty regardless of incentive level whlle cn day 1 all
electrode sites é&xcept Pz are larger for the low incentive

8

subjects such that activity at Fpz and PZ is pot significantly

different, 'The tesults for day 1 are in fact similar to the

~averaqged results for the male subjects. Fpz significantlf

differs over days and ircentive level with no consistent pattern.

" Por }z, the high incentive group on day 1 was significantly

smaller than all others. Cz increases on day 2 over day 1
resuits,,althouqh low incertive subjects show larger P300
amplitudes at Cz on day 1 than high incentive subijects. At Pz
significant diffefences occut;’in descending crder, between day 2
nigh incentive, day 2 low incentive, day 1 lov incentive, and day
1 high incentive. 1

e —— e

' - o L #*
(b) P300 RESULTS FOR, THE SECOND BLOCK OF DAYS

Only electrcode (F 3,12 = 6.10) and sex by infcrmation

processing (F 3,12 = 3.60) effects occur (see Figqure 21). The
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'*électrode battern shows that Pz is lbtérpositive than all other
élect;ode-sites. " The sex by inforlatioﬁ processing effect shows

that for females P300 positivity tends to increase as the

s

'difficulty of the condition incieases, with no information .-

processinq effects for males. For females, the DIFFICULT

condltlon is 51gn1f1cantly larger than the STANDARD condltlon.

with the EﬁSY’CUﬁﬁItIOﬁ’IﬁtEIIEﬂg P B :

L

GALVANIC SKIN POTENTIAL RESULTS FOR ALL LAYS

P

The GSP was measured as the total area from S1 to 1000
milliseconds following S2, wlth respact to the average of -thé .

act1V1ty in the 1000 @illi seconds precedlug 51 E - _ ‘: 'E'

rd

Only a block by 1nfornat10n prccessing effect (F 2, 16 =;
;;.33) and a block by incen;ive by order by-trials interaction = : ?%
isignificant (F 15,120 = 2.00) were significant., (Days 1 and 2
ACOBpElbe Block 1,.and days 3 and 4 couprlse Block 2.) As shown in
quure 22, the .GSP durlnq.the EASY condition ;s sxgnlflcantly
larger than’duriﬁg the bIPPlCULT_chdition oﬁ the first block qf~
deys, with the sTLHDAnDieonditich inte:nediate. 0n the second
) blcek ofrdays, the_STAHDl?D condition is Significently larger

than both the EASY and DIPFICULT Conditions. A siqnificani»

decrease in the anplltude of the GSP in the EASY condltlon

occurred between the first and-secondzblopks. The second

interaction appears to shov variations between trials over days

of a minor nature.
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EOG RESULTS FOR, ALL DAYS -

4
“

The EOG-activity uaé ~easuréd from 100 lillisecoﬁds
following S1 to 100 milliseconds precedlng 52 u1th reSpect to: a
; .

‘basellne deflned as the a eraqe of the- act1v1ty in the - 1000 -3 g

nllllseconds preceding S1.

' The ANOVA showed only a significant blocks by incentive Lty "
order (of incentive) by trials effect (F 15,60 =£1.891. It is
only just significant. Itjagggaism;o"shon”amdgcneasekinutrial;ggggguf

»

variability over days.

HEART BATE RESULTS FOR ALL DAYS

.

On each four seccond trial, the averagé nuaber of salple
into the ANOVA., For presentaticn, the necessary means fros the
data vefe converted into beats per lihute.

A series of significant effects occur;ed which evolve into a
'five-vay blocks by incentive by order by sex by inforsation
processing effect (F 2,16 = 5.78, see Figure 23).

The main information processing effect (F 2,16 = 26.43)

shows heart rate to be _significantly slower in the STANDARD than

L

the ‘EASY and DIFPICULT conditicns, The sex by information

processing effect (P 2,16 = 4.07) shows the akove to be true only
for male subjects; the female subjects shcw nc difference in

heart rate over the three conditicrs, The heart rates of fesales
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are significantly faster than those of males in the EASY and

STANDARD conditions

The incentive by order (of incentive) by information
processing effect (P 2,16 = 5.,09) shovs the STANDARD condition to

be significantly)slover than bgth other conditions on the second

day of each block, ©On the first day, only the diffqignCE’bétueen'

-the STANDARD and DIFFICULT conditions is significant, vith the

EASY condition intermediate. In all three information proceSsiqg -

4

!conditions! heart rates for the low incentive groups on Day -2.are

slover than for the low incéntive groups on Dagf]} Also, for tﬁe

r

low-high group, heart rates in all three information progcessing
conditions are significantly faster on Day 2 (in the high

Eincentive condition) than on Day 1 (in the low incentive

condition) . o , : , L S
In the large five-way interaction ‘the females shoved strong

incentive effects on days 1 and 2 inpn oppcsite ditections,‘laking-

it likely that.while heart rates are faster on day 1 for low

incedtive'snbjects, it generally decreases over dayé for feliies.
On days 3 and 4 low incentive subjects consistently show gfea@er
beats/minute than high incentive subjects. A decreasing effect

%

of information processing lcad occurs such that while heart ratg

oy v

i;rfastegﬁifOt”EEe DIFFICULT conditions on day 1, decreasing

-

significantly over the EASY and the STANDARD condi tione, by daj'3
no information processing effect is left. |
Males, however, shov generally slower heart rates,, a

tendeﬁcy for the heart rate to increase as information processing



increases in difficulty, and a tendency for heart rates to

decrease over days.
REACTICN TIBE RESUITS FOR ALL LCAYS

The reaction time was auvtomatically computed during the

- AP 4*8—~'ﬁ—ﬂﬁfﬂ‘HS‘stbvn‘in‘fiﬁﬁre ZK . An information

experimental session and reccrded by the expe:iienter.

Females had sigpnificantly slowver reaction times than males

-

*proce551ng/effect {F 2,16 = 10.20) =howed the reaction tlnes sere

significqﬂily faster in the STANDARD condition than.in the EASY
/ .

or DIFFICULT conditions (see Figure 24b). -Analysis of the

incentive byiorder inte:action (F 1,8 = 9.8#) showed that the

flrst day of each blcck had szgnlflcantly slover reaction times

-
L 4

than the second day (see Figure 25a), but the incentive by order
by blocks effect (F 1,8 = 6.52) reveals a sharp decre%se‘betweenv
day 1 and latér days reactior times for the high,incentive
sdbjects and a more gtaduai decrease fdf lov incentive subjects,
v%ih the -aﬁot decrease %etveeﬁ dayé‘Z and 3 (see Pigﬁte 25b) .

‘Therefore, the incentive by order interaction is only 51gn1f1cant

for the first block of days. In addltlon, on day 2 the low

P

Incentrve“suﬂjects*shovea SanlflcaﬁfIy slower reactlon tlnes

Amamptm—

tgga—%%e/haghfiﬂeeﬁtive*subjects;

The ﬂncentlve by order by sex ty trials interaction (¥
15,120 = 1,83} translates to a days by sex by trials interaction.
Nc clear pattern is appafent.

- f L
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Significant order (P 1,16 = 5.17) and inforng;;cn;prqgegsinq
»
effects (F 1,16 = 7.02) occurred. sSignificantly more errors

occurred in the DIFFICULT than the EASY condition. The order

effect shovs HIGH-LOW subjects made more errors than the LOW~HIGH

T subjects.On—the-basis-of the-conclusions suqggested above, it is =

- o -

likely that this reflects a steadily decreasing error rate over

. days, coupled with an initial effect of incentive omn the first
—— _ N . _ e ‘ e S S S P - . ‘
day. . : .
S . ) : - -
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The resnlts;'considering the large number of ANOVAs run and
the subsequent possibility of Type B errors, wvere relatively

clean.”Inrgeneral, the hypotheses generated were supported by

I
bha ta.ale snb ;scts N
hd @

3

The females shovedvsiqhificant differences in CNVY magnitude

betveen the STANDARD and the EASY and DIPPICULT condit10§§“bn the

‘Hfflrst block of days, and there vere 51qn1f1cant dszerences

between all three infornaticn/processing conditions, in the

hypothe51zed dlrectlon, on tke second block of days.

I P

Although females (see Fiqure 17, page 71) do not shov

progressjve decresments in CNV anplltnde with 1ncrea51ng
lnforlatlon proce551ng lcad lf,results are”exanlned Separately hy,m
days or by level of incentive, lales show only a slxght tendency -
for CNV alplltudes to decrease with 1ncreases in 1nforlat10n
;processidq load. ‘
In the first block of days a significant sex by incentive

order by incentive'by information processing interacfion occqrred}

for Measure 4 (overall CNV alplitude);ﬂ'Fiane'11 (paée 60) §hous

that the CNV aaplitude of male =ﬁhjects did tend tOjattenuate : \4

Hlth 1nctea51nq loads. the effect is, however, minor coapared to-

the attenuation ‘shown by the fenale subjects on day 2. The saae
interaction occurs on the second block of days, but no effect of
information proc ng load is observed for the male subjects.

For the female snhjects'35557550weémiefiﬁfofiatign
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rrbcessing effects on days 1 and 2, but for days 3 and N tﬁe

- magnitude in the STANDABD conditlon uas szgnlflcantly less than
‘in the other tvwo conditions. The male subjects shoued a,,
dlfferent pattern of electrode act1v1ty for P300 on the first
block of days than the felales. However, whlle the- actlvity at

. o . - - )3 S
the Pz electrode site of the naLewsubjects showed high lagnltude

~w*mf-*experxlentsﬁby Lacey and Lace7—119?£y—anﬁ—0hrtst—149681;

rﬁsponses on the second block 3: days, no information processing
. L I ! )
effect was found. ' &

-

_'TtgresﬂltsfﬂfheartfatealSediffefhstveeatheiale&nd'
the‘reaale subjects. Females in the’high incentive condition had
slower heartrrates on the first day than low incentive females
withfbeth:these groups stowihq*an increase in heart rate with

.'insreasinq task difficulty. On the second day the fela%e

sﬁbjects showed a decrease in heart rate regardless of 1ncentive '

level, and the relatlonshlp between hlgh‘and low 1ncentive
’-subjects Was reversed., ihlle this decreaseiln heart rate
continued over days 3 and 4, the information processing effeets
ceasea In the second block of days the low 1ncent1ve females .
tended to have faster heart rates than high 1ncent1ve females.

These results suggest that the heart rate results’of the feaales

reflect pha51c deceleratlon precedlng the noton response as jn

.—-O\

Ehereiorerstheyesee:sto4relaie4xo4axtent1on—rather—thaa—areusal———————s
levels.
The heart rates of male sukjects were significantly affected

by information processing conditions, with the rate increasing as ’
- ‘ L3
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taskdif ficulty increased, overlaid by a general decrease over
days, _aiqhvincentive males tended, to show slcwer heart rates

than low incentive males.

No interactions with sex were found for the GSP, error rate,  °

or reaction tiag results, dlthough male subjects had

.significantly faster reaction times overall.  More errors- '~’£

- - ) » - 3

e ogc i ' . C the
treatment of the EASY ;nd DIFFICULT tasks as two different lemels

of task difficulty, processing complexity, or levels of

info;iatiéﬁﬁbiocesssigb. Reaction tiles'only distinguished

between theVSTAKbARD and the EASY ard DIFFICULT gonditiohs, being
faster in the STARDAaﬁ éondit;on as was expected. BReaction times
decreased over days. The GSP ;hoved an irregular pattern on the

first block of days, the mdagnitude teing maximal in the EASY

condition. On the final days it was largest in the STANDARD —— ——

condition and equally small in the EASY and DIFPICULT conditions.
FPinally, no shift in the topogréphy of the CHV or P300 of
the male or female subjects cccurréﬂ.betueen inforsation
processing conditioné, The three ccnditions tended to show
centro-frontal distributions with maximal vériations occurring at

Cz.

THBE EFFECTS OF AROUSAL

IS

In similar eiperiments it has usually been concluded that

the magnitude attenuations shown by the female subjects in the
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information processing conditions result from arousal or

'distraction.' In these studies (Tecce and Scheff, 1969; Tecce et

al., 1976) the heart rate increased when distracting tasks or

stimuli wete‘added to a reaction time paradigm (refiecting4£hg"”“

subjects' increased level of arousal) and reaction time decreased

(:efleé%ing the subjects' distraction from the feaction time

'Yy

task) . Clearly, the females showed marked Csv'naznitudé—"

information processing effects when there vere mno heart rate

E e : - °

. effects, - S PP SR

» F]

The ‘heart rate neasurevin;this study,differéd significantly g .,?-

= /"
& i

from previocus studies which recorded the CHNV' over long periods o

-

L ) ‘ . 5 . ) .
time, Here the record -spanned cnly four seccnds, thus reflecting

—

. e
‘phasic heart rate changes overlaid uponm a tonic Epfél., 5till,

variations in heart rate occurred betveen conditions. The

fiidings by Tecce and Scheff (1969) and Tecce et al. (1976) of a.
positive relationship between infoflatioﬂ'processing 1oad‘and the
heart rate were replicated oﬁ the fjrStgday, hpt‘these effects
vere only transitory for the fenalé?suﬁjQCts. The CHV alplitude .
did, however, show coﬁtinuedAinforlation processing eff;cts for

]

the female subjects. o ) -

Before rejecting the hypothesis that the inverse i ﬁ'

Lglationshipﬁheixeen_CBEWalplitndemand_inioziaiion—pxécessinq——ﬁf—ﬂ—m——w

levels is due to variations in arousal, it is possible that the
heart rate is not a true measure ¢f cortical arousal. Lacey
(1967), Routtenbérg (1968) and Warren and Harris '(1975) have all

suggested that/cortical and:autonosic indices of arousal actually
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reflect two separate arousal systems. Warren and Harris (1975)

recorded EEG and skin potential activity duringrauditdry stinmulus.

presentation in a single trial free recall F;ﬁf?"14;y~found no

obvious correlations between cortical and'autononic‘ihdicanté~of~mrf{wm

arousal, ~ : ) ‘

*

' Acceptance of the concept of a cortical “ceiling effect”

would allow the integration of three findings froam the

\

" literature. First, a "ceiling effect®™ could then be said to

__occur in coniunction with task difficulty. Knott and Irvinf

iy

(1967) hypoth951zed that,hlghly anxious subjects showed less CNV

respon5111ty to a.sltuatlon 1ntended to increase CHY anplltude by

increasing stress because of a "celllng effecﬁ“. In this

experiment (as suggested by Poon et al.,,197u follouing an

experiment concerned with lnfornatlon processznq loads). in the

more coqnitively ‘demanding tasks the average limit of_dcfiétifrfy"

LN

may be closer to the physiological maximum for negativity.

'Negative-going components would be Yimited, and positive-going -

components would %ccur in an environament more easily driven in
that direction, Here, the female subjgcts,shovéd,a positive

relationship between CNV amplitude and‘inforiatibn processing

loag, and a negative relationship between P300 ahd'cuv magni tude

<

for the three conditions.

Second, Knott and Petbrs (1973, 1974a) found that the CHV

amplitude of the felale subjects was attenuated more than onse
of males in the high stress conditionms.

Knott and Peters first study, 1973, wvas a simple reactiom
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time iask with an electrical 7 :
paradigm cf,Ksott end Irwin (1967, 1968),.£ut, insteedrdf varying
‘the intensity of the shock, diffecentiel uhrnihg sti!u;i p:ecedéd
a lighfot' shock at various ISI (800, 1600 or 4800 millisaconds).
~ In the longest ISI cOndltion, the’ telale suhjectstshoﬁed an |
Vlncreased CNV in the low st;essrcpndltiop, vhile the lales shoved

only a positive relationshipvbetveen ISI and reaction time.

TN " [P
F et it hapur el bl sogd i "

In the second study, Knott and Peters (1974a) had subjects

responq to onliwpne of two distinguishahle}SZs. - fprrors resulted

'in a noxious ¥squeal®., For females, the maxisum peak ﬁégi@iiiij”c
decreased on tesponse trials as‘sttess increased {defined as
progressively more difffcnlc trials, resulting in a greater
‘number of errors); there was no'differesce for_leles. For both

males and fenales, the maximum peak negat1v1ty on non- response

trlals 1ncreased as stress increased honever thlS relatlonshlp

did not reach significance for the sales. "'In general, the .
pattern of results appearred to be‘clearest for felales,réhd
inconsistent orrinsignificant ;or males., ] n o
It is not always the case that only fenal; subjects s cv CNYV
attenuat ion in~sisilgr situations. A thirdrs{u&y shoved €NV

: . Y
attenuvation in high stress conditiors for both fesale and male

subjects. Knott and Peters (1974b) used three conditionms: for

i ssticimassss 7

(A D

bk e e i b e

“fié‘ébﬁfféi”ﬁfbuﬁs*themliperatlve stlsurﬁs was a light flash; in

ih

the second condition S2 was a shock; in the third condition a :
Vs ’ - : .
differential response to S2 (a flash) was required and an error

was punishe? by a noxious sound. oﬁ'response trials,\civ

L
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magnitude was decreased in the eiperilenta; cenditioses when . =

compared with the control condi tions, for subijects of’%oth‘seies.

However, for no-response trials, the CHV magnitudes of males were

decreased, and the that'bf females indreased,lover'the centrol

~

condition.

a

rherefore, a difference betveen the respomses of lale and -

l

female subjects, as found in this study, has been previously

—

found in situdtiens bypothesized to produce high levels of

~arousal within male and female subjects.

& search of studies to ta hu13i£mrgsnlisgjlthgxﬁspﬁﬂigiobse!

That the differe:

above studies, may be due to some underlying similarity between

the experimental paradigms, cr lag simply reflect/@heifact that
’ :

these are among the few CHY expetilents that have cbnt;olled for .

?

the sex of the subject, In this thesis, however, the z;guencing
r the-

of EASY and DIFFICULT trials was npot exactly the sanme.

e ,,:7,,, S e

 male and feialefsdﬁieété. The sequenplng ‘of the EASY and

DIFFICULT conditiors immediately following the first standard

condition wvas identical for both male and female subjects, but

the later order of EASY and DIFFICULT conditicns differed between

the two sexes.' It is possible that this difference is respon1ble

‘for some of the differences betueen the results of the males and

the females, but this possibility is felt to small.

-

is llllted by the typ1cai lack cf reference to the sex of the

subjects, All or fpredominantly female subjects vere used by
JF S
Tecce and Scheff (1969) and Tecce and Hamilton (1973). Sexes

/



(1976).’(:1ear1y, confoun&inq'cchld'océur if there'is>no~oonirol~

for sex dlffereuces, since in this study such dlfferences ‘had

oppos1te effects fbr 9300 only. Finally, CHY- attennation o

occurred only for felale subjects in the study hy Delse et al.r‘

1*

{1972, ontlzned ahove},,ln Bhlbh the snhjects»uererreqnlred to 2

(1975), ‘in uhlch PBOO alplltude uas not found to he positively

, rolatéd'to.inforlation progossing load, all the suhjectS‘vere .

£

males. . B - .

“The third polnt on uhlch the results of this study and
prev;ous arousal studies overlap is‘in the alplitude variations
of seglents of the CIV iaveforla Haatanen and Gaillard (1974)
. found that “the earli rather than late, conponents of the CNV vere .

affected,by conditlons,knountto,enhancarthagnonrspggiiic

actlvatlng systels. The leasure of the cnv ‘in the 300 )

.1lllseconds precedlng s2 (aeasure 3) was the on}y measure on

’

days 3 and 4 that did not shov-an infor-atxon processinq‘-ain

effect (although this,aeasnre shoued attennat1on in-the

dlstractlon condltlon of Tecce and Halllton {3 1973 study).

The résults of this thesis show that both the heart rate and

the GSP reflected phacic act1v1ty, On the last block of days

both sexes showed slowver heart rats;,{or the hiqh incentive e

subjects. Thls is possxbly ﬁue tq~an‘increase 'in the

decelerative component of the triphasicihéart vave pattern,

‘reflecting an increase in attention levels. The general decrease
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in heart rate over days could then reﬁiect either a decrease in

,,;‘r

anxiety or a:ousal, or an increase igqﬂbncentration. This.is the
distinguishing factor betveen incenfiye and arouselLlevels.e An
increase in incentive may be associaied vith varia:ions in
‘areusal levels, or variatioms in the‘level of attention (defined

as concentration to the task)feigy babituating the subject “to the

- - ﬁ-‘)

51tuat10n, situational anxiety decreased, and ?“fi;fiﬁﬁs %n
attention levels became more ev1dent.k,

Likewise, the decrease in GSP pe<1t111ty u1th 1nforlat10n

,processing load could be viewed as an inhibition of autononmic

] - - ; :
activity to facilitate attentional frocesses. Obrist et a'l.

<‘

(1973) viewed the aecrease in somatic activity found in their

study as representlng 1nh1b1tton of task irrelevant actlvltles

PN

necessitated by efficient execution of the behavioral task.

~ Phasic cardiac deceleration occurs during orienting behavior

{Graham and Clifton, 1966) aﬁd attention to external signals
Zobr;st, 1968; Lacey; 1959) ., Thekleasﬁre of Gsf ip this’study
reflects only phasic, and not&tonic_esp levele. Thus, phasicéGSP
activity co;ld»deCrease with increases in attention.

THE EFFECTS OF TASK DIFFICULTY

If arousal is the cause of CRY attenuation in the trlals

thch require the greatest asount cf informaticn processing, then

*

this might be due‘to higher levels of arousal acconpanying the

s

more difficult tasks. Hgyever, there is no evidence that a more
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arousal in th&gSUbjects.' The rev1ei of experiments above, which
concluded that task dlfflculty vas effectlve in altering CHV
mragnitude suggested that there uere two 6111510ns within the

general category of ,task difficulty which were aséggiated ¥ith
opposite CNV results. Y S -
L ] e

{ . . . . : . : .

In the task difficulty secthn’of'the introduction, studies

rnecessitating'éncoding (Delséiet al.,£1972; Bcth et al., 1975),
]

and analyses and response deci51ons (Poon et al., 1976)’or

continuous addltlon throughout the condltlon (Tecce and ‘Hamilton,

1973) were associated with CHY attentuation. Yet, if a more
diffiqult stinu}us differentiation (Rebert et al.; 1967) or ar
response decision is necessary at Sé~(DonChin et al., 1972) then
CNV amplitude is enhanced. |

if task,diffiqulﬁi,@FtUélif meant an increasingly more
difficult_perceptual discrimination at S2, with the 51-52
interval being only a time of preparation for thé subject, then N\
the CNV magnitude increased as task difficulty increased. 1If the

subject vas not in 'such a conrtext in the S1-52 interval, but Was

actually 1llersed in proqre551vely more dlfflcult tasks, then the

' CNV amplitude decreased as task difficulty increased. If it is

.

argued that anxiety or arcusal, which is a concominant of the

s
i

increasing task requirements, is the cause of the attenuation,

then the arquiéﬁt sust explain why fperceptual discrimination !

tasks preclude such. effects c¢f arousal.
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THE EFFECT OF SELECTIVE ATTENTION OR DISTRACTION

-

‘'The secoM major hypothesis states that the atteﬁuﬁtibn 6f
CNV amplitude reflects a decrease in selective atténtion to the
expected signal or the reaction time task in qenerai, due to the
effect expended in attending to the distracting task.

The possibility that distraction has occurred in this study

" is tenable due to the significant differences in the reaction

times between the STANDARD, and EASY and DIFFICULT conditionmns for

both males and females. (Tecce and Hasiltcn, 1973, argued that
there must be évidgnqe of performance decrement on the ceptral
task, evidenced by an increase in reaction tinme, in addition fo
evidence that the distracting and experimental stimuli have been
processed to justify the statement that distraction has~
occurred,)

Yet, what is actually meant by distraction? If the subjééi‘

is performing a simple motor task (such as is required in the

- STANDARD CNV paradigm) and is distracted by random, inexplicable

tones, then a decrease in the CNV preceding the imperative

stimulus occurs. Ehén Walter (1968) suggests that amplitude
Y L

decrement varies directly with the similarity of distracting

stimuli to experimental stimuli, does this not imply increased

inforlatipnrgfpcg§§}ggrgqﬁ§gject these similar stimuli and

related response conflicts?

. Purthermore, if attenticn is divided pétveen tvo tasks, it

is reasonable to assume that attending:to‘tvo different parts 35
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the environment must lead to a shifting of attention between: the

two and a less than optimum respomse to either. Therefote,\if
the recorded response to a reaqtion time task -involves é'Slou'
negative cortical potential, aﬁd the response to the task is
decreas;d due to the necessity of fuo processes occurring, then‘

this is likely to imply attenuation‘ﬁf the CNV. " However, this

does not explain why not only a aéggease in negativity occﬁrs,A

but also an )ncrease in positivitf.

The possibility of parallel but indepéndent occurences

cannot be ruled out. Thus the CNV could:peﬂggfgnpgyed and P300
amplitude enhanced concurrently due to different processes. 1In a
tqﬁk iﬂ#blving selective attentioﬂ,fthe amplitude of P300 is

poéitively related to the degree of selective attention directed

——

o

Therefore, if distracting stimuli cccurred in the CNV interval,

—=\ P

attention to S2 would decrease. "This”§H§%1&W71eld”agéréasesriﬁﬁ
both the CNV and P300. However, if the distracting stimuli are
contingent with S2, as in this experiment, then summation due to
jthe attention diszted torthe two stimuli Eould lead to a larger
P300 in éhe distraction conditich, regardleésraf the level of
information processing.

»

An analysis of previous studiesifron the literature does not

resolve the issue. For example, in the studies by Poom et al.

(1974, 1976) the stimuli vhich are :e}evant for information

processing are piéseuted at S2. The subject did not peed to

-

respond to more than one stimnlus at S2, so it must be concluded
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that more attention was directed to these stisuli ;han to the

conparable stimuli in the reaction time task. ., Researchers have  _

"found (Ritter and Vaughan, 1969; Chapman and Eragqon, 1964) 9300 

to show a positive relationship to the amount of infqrmation

carried by a stimulus,
L Therefore, no clear oppositicn to the poégigiiiiyvof"

~parallel processes is availatle. - -

However, it is clear that the term "distraction® is an

inadeguate explénatory concept. Furthermore, this study found no’
diffd&enCé”iﬂfIeaCtiOmﬂtiieS?befieeﬁ'EkSY aad'nirficuuayv
conditions, yet the female subjects showed significant ~ //;///f

differences in CNV amplitude. Therefo:é, according to the )
. yd
requirements outlined by Tecce and Hamilton (1973), no difference

in the level of distraction occurred between the EASY and

P

DIFPFICULT conditions. A significant difference betveen verbal

A

resgonse error rates>did occur, but this is 'a decrement in the

response to the more difficult distraction task, anmd is not

v

associated with improvements in performance in the reaction time

2

task.

F
o~

TOPOGEAPHICAL DISTRIBUTION OF P300 AND THE CNV

¥hile it -has been stated that a negative relationship exists

between P300 and7C£1AanpliindQST‘ihgpinogpgieniial§4h@ve a

different topographical distribution. The CNV is largest at Cz,

and P300 is largest at Pz. The dehrease';n negativity, however,



S T AT g e B LT ¢ e

102

v

4mqenerators7M_TfAan*increaseAinApositivityﬁoccﬂr37fit~tbﬁiﬂ~affect

. 'l o
-+

occurs over ‘a large area. The information pf@béssinq'by
eléectrode site by incentive interaction for Measure 4 (the total

CNV magnitude) on days 3 and 4 (FPigure h)jshohs“ClT’attenuation

Fz, Cz and Pz. A general change in negativity may rely

lely upon volume conduction associated with generally localized

CNV and P300 aaplitudes regatdlessvof their inception. Since the

greatest effect is at Cz for the CHV, it is ppssibie that the

chanqevin positivity is greatest here.

H S number of recent studies have found either parietal or
cent:o-parietgl regions-tc show larger CHN¥ éctivity during tasks
iﬁvolviné cognitive processing. Pocn et al. (197&{ found Pz
,§§Qnificantly larger than Cz, which was significantly iarger than
?z, ip;a patte;n learning task uithéut a -motor ggsponse.r The
STANDARD reaction time task showed a significant decrease in
activity from Gz to Pz to Fz., Poon et al, (1976), in a
discriminative reaction to letter pair stiamunli, fﬁund Cz > Pz >
Fz. The difference between Pz and Fz was not significant for the
reaction time task. ‘

The general finding of larger Pz activity in the more

I3

difficult tasks was nct found in this experiment, or in that of

[ S e

Tecce et al., (1976) (although they found Signifiqapt decreases<’

at Pz and Cz in the 1etter-recall.task versus the STAMNDARD

reaction time task, but not at Fz). v P
This study found the CHV to have a centro-frostal

localization, with increases in the level of information
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processing causing a general decrease in activity. It is

possible that aspects of the\g}perilental task are responéible
for this lccalization. Specifically, this study required the-

-

subject to make a motor response to S2, as did the study hx_tecce

et al, (1976). However, in the studies vhere the largest CHV

7éctivity was found at Pz, no motor response was required. - Thus,

a motor potential originating frcm the primary motor region below

the Cz electrode site may bias the topography of the CNV towards

a

a more central localization, even in a task requiring what is,

présulahly, parietal activity.

THE EFFECTS OF INFORMATION PROCESSING LOAD

e

only the P300 to S2 was measured in this stua,)*auveox.
variations in the}latency of P300ﬁ&gtveen averages and because it
was often unclear. If thé’averages in qppendix B are examined,
’it may bé seen thgt a pqsitive and monotonic relationshiﬁ between
inforhétion processing load and P300 anplituae to S1 doeg not
exist,

Although the information in S1 and S2 vas equal, and the

. i
same processes would occur in response to thes, the P300 to s2

conditions, aqg the P300 to S1 did not. This has also been found
by Rohrbaugh et al,” (1974), Donchin et al, (1973) and Hirsh
{1971) in CHV tasks.

This reflects earlier suggestions that the increase in P300
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positivity lay’actually be an increase in the positivity of CHV
resolution. There is no way of distinquishing between the P300

o to S2 and the resolution of the CNV, as they occur contiguously.

Ay
R R R PN L PO

The resolution of the CNV is more tban just a return to baseline
on the negative excursion, it often overshoots the baseline and

resembles a positive potential. (See Figure 1. The return of

the CNV to baseline after S2 includes a large positive wave.

This is referred to as "CNV resolution";) The oveflap of pP300, if

it is a separate entity, and‘this,pnsitixe,reboundwnouid~distcrt

e s b R

the leasured+alplitude aue tc summation., Donchin {1975),

-
-

,inexpiicably found that the two did not suammate, but ‘this does

, .
not preclude the possibility of such an occurrence in a different

situation.

st

YTet, it is possible that P300 would not cccur to S1, not

i

because it is ome with CNV resolution, but due to it's own
properties; Followvwing S2 a final decisioﬁ aust be made before -
verbalizing the sums. A large number of papers (Rchrbaugh et

al., 1974; Hirsh, 1971; Shelburne, 1972; Smith et al., 1970;

Davis, 1964; Spong et al., 1965; Dopchin and Cohen, 1967;

Haatanen, 1967; Ritter and Vaughan, 1969) have suggested that

P300 is an indication of decision-making, although Picton and

~Billyar a {1974) concluded "that P300 actually fcllowed the — .5,;,,,,,',,v;

response and therefore could not be occurring at the same time

as the decision,
However the issue is concluded, it must dgain be asked why

the resclution of the CHY, or P300, varies significantly Letveen
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information processing conditions. The plots suggest thatrcuvr
resolution is not in fagt more positive (the change in amplitude

appears to beftheAsale in all of the conditions), but .that this

silpiy,reflects the decreased negativity cf the CRV with respect—*-r

to the baseline (see Figure 27).,

In a study by Weinberg et alf; (1976), different CNVA

vaveforas occurred, depending ugcn uher%hin the trial the

'”information—jaé given as to vwhich response must be made to SZ.f

"The information, in t@eﬁfoiu—oﬁrtwe~&iétinq&ishab1e~stiluii;“vas““*

given at either S1 or S2. In the STANDARD condition, the CNV

4

rose earlyiin the interval to its maximum and remained very flat

. S & v
until the occurrence of 52. If the infornation was at S1, the

£ £
flrst part of the CNvY was strongly p051t11e and it rose with a

pos;*lve slope to a maxisunm negat1v1ty at 52. If the 1nforlat10n

l&Xllnl negat1v1ty occurred early in the 1nterval and

'-waszat 52,

dooreased during the interval, The authors ccncluded that there
was an inverse relationshiprbetieen the a?ount of information
being processed in a moment in time and tﬁe négnitude of
negativity. |

Furtherlore, the P300 to S1 aprears approximately egual in

the two latter information processing conditions, athough it is

larger than,inmthe”SIAEDAEchonditioafu—¥he—9390~%o—52—is“ioreﬂﬂwm”

.The plctted averages show

positive if the information is at S2.

that this is because it is riding on the positive slope of the

Cuv [ 7?';: .

Tvo additional studies show slcw potential shifts in
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: relationship to information processing lecad.

Wilson et al. (1973) examined both slow potential shifts
(sPSs) and late positive componments (LPCs) during trials
involvingia sinfple conéept indentification; The LPC was
benerally larger when the evcking stimulus dimension wvas

responded tdﬁthgn vhen it was not responded tc. ‘While the
' s

direction of SpPS preceding the stimuli showed no general positive
or negative tendencies, the SPS showed a positive shift lLetween

the hypothesized stimulus and thke pext stimulus, and this

stimulus vas followed by a negative shift, thus the LPC occurred
overlaid upon a positive shift. The effect of this shift upon |
the vertex LPC was insignificant.

Tueting and Sutton {1973), discusSing the data of Paul
(1971), point oug)éf;igar SPS pccurring during the stimulus
detection task, Preceding the'Sfiluli;'répdrdeamacttvity'iS'“
‘similar. Foiio;ing the stmulus, a positive‘andithen negative
~swing of the SPS ocfurs. The alplitud; éf the SPS depends upon
the subjects response to the stimulus. It is largest for hits
and a clear LPC occurs. Correct rejection trials éhovs»a smaller

shift, and the variation is increasing diminished in the miSses

and false alarms conditions. The use of trial averages may

‘possibly be a problem here, because, given that such a positive

shift occurs, time-locking will cply occur in the hit conditions.

In this study, the increase‘in CHY positivity is not a slow
change. It may be seen in,?igure 27 that the similarity Letween

the three CEV waveforss starts very soon aftér the evoked
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potentials to Sl The positive aspects of the evoked potentials
R

to 'S1 are not inconsistent with the sugqestlon that they too

reflect a more general Ancrease in positivity.

In conclusion, the attenuation of the CHV appéars to be the -

result of a positive potential occurring in the cortex due to

-information processing vhich the CNV, including P300, rides upon.

In final conclusioh, the best explanation of the CHY
attenuation in the conditions requ1r1ng tasks in additlon to the
" reaction time ;aslrr appears to center-around - tﬁe—levei—oﬁ
information processing load required by the task after ihe
habituation of arousal, The effect, however, seenérto occur for
female subjects only. The male subjects clearly shovw arousal and
incentive effects, but do not shov information processing effects

upen CNY or P300 magnitudes.

=
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APPENDIX A

SEQUENCING OF CONDITIOKNS

L Bk
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ANALYSES CF VARIANCE
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