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COGNITIVE LOAD AFFECTS EARLY BRAI N POTENTIAL 
INDICATORS OF PERCEPTUAL PROCESSING 

Francois Richer 
and 

Jackso n Beatt y 

Department of Psychology 
Universit y o f  California ,  Lo s Angele s 

Los Anqeles ,  Californi a 9002 4 

A majo r  problem  i n cognitiv e psycholog y i s 
th e determinatio n o f  th e effect s o f  primar y task s 
on concurren t  processin g o f  othe r  information . 
Cerebra l  event-relate d potential s (ERPs )  offe r  on e 
approac h t o thi s proble m b y examinin g th e 
influenc e o f  task-induce d cognitiv e loa d o n 
discret e brai n event s relate d t o th e processin g o f 
stimuli .  I n dua l  tas k situations ,  th e 
introductio n o f  task s suc h a s discriminatio n o r 
proble m solvin g ha s bee n foun d t o attenuat e 
variou s component s o f  th e ERP t o stimul i  i n th e 
secondar y tas k (Defayolle ,  Dinand ,  ft  Gentil ,  1971 ; 
Lille ,  Audin ,  K  Hazemann ,  1975) .  Systemati c 
manipulation s o f  processin g demand s wer e studie d 
by Isreal ,  Wickens ,  Chesney ,  an d Donchi n (1980 ) 
who report -  a n attenuatio n effec t  o n th e P30 0 
componen t  o f  th e ERP wit h increasin g displa y loa d 
i n a  trackin g task ,  wher e workloa d wa s als o 
assesse d wit h a  secondar y reactio n tim e task . 

* 
I n a  dua l  tas k th e ERP-elicitin g stimulu s i s 

generall y relevan t  t o a  tas k an d conseguentl y ha s 
t o b e processe d a t  a  relativel y hig h leve l  whic h 
preclude s th e observatio n o f  th e effect s o f 
cognitiv e loa d o n earlie r  stage s o f  stimulu s 
processing .  Th e presen t  stud y wa s undertake n t o 
observ e th e effect s o f  cognitiv e loa d o n 
task-irrelevan t  stimul i  usin g pupi l  siz e a s a n 
independen t  measur e o f  processin g demand s durin g 
proble m solvin g (se e Reatty ,  1979) . 
ERPs were obtained to irrelevant auditory 
probe s presente d befor e an d afte r  th e presentatio n 
of  digit s i n a  menta l  multiplicatio n task .  Thi s 
tas k ha s bee n show n t o produc e pupillar y dilation s 
wit h a  pea k amplitud e tha t  i s monotonica l  l y 
relate d t o th e a  prior i  difficult y o f  th e problem s 
(Hes s « .  Polt ,  1961 ;  Payne ,  Parry ,  &  Harasymiw , 
1968) . 
Method 
Subjects and Material 

Eleve n co l  leg e leve l  student s o f  bot h sexe s 
wer e use d i n th e experiment .  Th e EE G an d 
vertica l  electro-oculogra m (EGG )  wer e recorde d 
wit h Ag-AgC l  electrode s place d a t  Fz ,  Cz ,  Pz ,  F3 , 
F4,  P3 ,  PI ,  referre d t o linke d ea r  lobe s an d fo r 
th e EGG fro m electrode s place d abov e an d belo w th e 
righ t  eye .  Al l  signal s wer e amplifie d b y Gras s 
serie s 8  amplifier s wit h a  0. 1 t o 7 0 H z bandpass . 
Pupillar y diamete r  wa s measure d usin g a  Whittake r 
1050 S vide o pupi)lomoter . 
Data collection and stimulation was 
controlle d b y a  PnP-11/3 4 computer .  Al l  signal s 
wer e sample d a t  POO H z fo r  on e secon d startin g 6 0 
msecs prio r  t o stimulatio n an d wer e digitize d 
on-lin e a t  1 2 hits .  Digitize d single-tria l  dat a 
wer e store d o n magneti c tap e fo r  late r  analysis . 

The auditor y prompt s an d digit s wer e 
presente d throug h digitize d speec h an d ha d a 
duratio n o f  0. 6 sees .  Th e irrelevan t  stimul i 
consiste d o f  100 0 H z tone s presente d a t  a n 
intensit y o f  approximatel y 5 6 d B S L wit h a 
duratio n o f  2 0 msecs .  Th e tone s wer e generate d b y 
a Hewlett-Packar d audi o oscillato r  (mode l  20 0 AB ' 
and delivere d throug h a  loudspeake r  1. 5 m i n fron t 
of  th e subject .  Subject s ha d acces s t o a 
keyboar d t o star t  th e trial s an d ente r  thei r 
answer s o n ever y trial . 

Procedure 
Afte r  th e electrod e placement ,  th e subjec t 

was tol d tha t  h e woul d b e require d t o solv e 3 0 
eas y an d 3 0 difficul t  multiplicatio n problem s i n a 
rando m sequence .  Problem s wer e calle d eas y whe n 
bot h number s wer e betwee n 2  an d 9  an d difficul t 
when on e numbe r  wa s betwee n 3  an d 9  an d th e othe r 
was betwee n 1 3 an d 19 . 

The procedure for each trial, as described to 
th e subjec t  wa s a s follows .  Th e subjec t  hear d th e 
wor d "Ready "  throug h th e loudspeake r  a t  whic h tim e 
he wa s t o fixat e a  do t  i n fron t  o f  hi m an d depres s 
a ke y t o star t  th e trial .  H e wa s the n t o atten d 
t o th e auditor y presentatio n o f  th e tw o digit s 
separate d b y a  one-secon d paus e an d t o ignor e al l 
othe r  stimuli .  Afte r  th e secon d digi t  th e subjec t 
was t o silentl y multipl y th e tw o digit s unti l  h e 
hear d th e wor d "Respond" ,  a t  whic h tim e h e coul d 
sto p fixatin g an d wa s t o ente r  th e correc t  answe r 
on th e keyboard . 
A tone was presented at a random time between 
one an d tw o second s afte r  th e subject' s initiatio n 
of  th e tria l  an d als o betwee n on e an d tw o second s 
afte r  th e presentatio n o f  th e las t  digit .  Th e 
interva l  betwee n th e en d o f  th e las t  digi t  an d th e 
respons e cu e varie d betwee n 3. 5 an d 4. 5 sees . 

Results 

For each subject, the individual EEG epochs 
v;er e edite d fo r  artifact s usin g a n RMS voltag e 
criterio n rejectin g a n averag e o f  10 % o f  th e 
trials .  Th e epoch s wer e the n average d separatel y 
fo r  eac h o f  tli e fou r  condition s define d b y th e tw o 
recordin g period s an d th e tw o difficult y levels . 
Average d pupillar y response s wer e als o obtaine d 
usin o th e sam e trials .  Thre e o f  th e initia l 
eleve n subject s ha d t o b e exclude d fro m th e 
analysi s becaus e thei r  EE G record s containe d a 
larg e amoun t  o f  ocula r  artifacts . 
Two main components could be identified in 
al l  th e average d waveform s b y visua l  inspection : 
a neoativ e on e havin g a  latenc y rangin g fro m P. O t o 
130 msec s (Mion )  an d a  positiv e on e wit h a  latenc y 
rang e o f  17 0 t o 22 0 msec s (P200) . 

Group averages were obtained (see Figure 1) 
fo r  tli e fou r  condition s an d differenc e waveform s 
wer e compute d betwee n EPPs i n baselin e an d proble m 
solvin n periods .  Slo w potentia l  shift s coul d no t 
be discerne d i n an y o f  th e differenc e waveforms . 

The peak amplitude of the components relative 
t o a n averan e pre-stimulu s baselin e wa s obtaine d 
usin n th e raxinu m valu e withi n th e latenc y range s 
dpscribo d <ihnve .  A t  Fz ,  rilO O amplitud e wa s foun d 
t o h e generall y lowe r  durin g proble m solvin g 
period s tha n durin g baselin e period s (Fl,7)=11.7 , 
p .01) . 
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At  C z th e mea n baselin e amplitud e wa s 
slightl y hiqhe r  fo r  th e difficul t  conditio n 
compare d t o th e eas y conditio n bu t  a  muc h lowe r 
amplitud e wa s observe d i n th e difficul t  conditio n 
durin g th e tas k compare d t o th e othe r  thre e 
conditions .  Significan t  effect s wer e obtaine d fo r 
th e mai n effec t  o f  tas k presenc e (F(l,7)=9.36 , 
p .05 )  an d fo r  th e interactio n betwee n tas k 
presenc e an d difficult y leve l  (F(l,7)=5.fi6 , 
p .05) .  A n analysi s o f  th e simpl e effect s i n 
thi s interactio n reveale d tha t  tas k presenc e 
produce d a  significan t  amplitud e decremen t  o n NlO O 
onl y i n th e difficul t  conditio n (F(l,7)=10.8 , 
p .0?5 )  an d no t  i n th e eas y conditio n ( F 1 ) . 

No significant effects were observed on the 
NlOO componen t  a t  an y othe r  derivatio n an d n o 
effect s wer e foun d o n th e amplitud e o f  P20 0 a t  an y 
electrod e site . 

Average pupil size at stimulus onset was also 
analyze d usin g ANOVA an d significan t  effect s wer e 
obtaine d fo r  th e leve l  o f  difficult y (F(l,7)=6.17 , 
p .05 )  an d fo r  th e interactio n betwee n tas k 
presenc e an d difficult y leve l  (F(l,7)=38.27 , 
p .01) .  Analyse s o f  simpl e effect s determine d 
that ,  a s wit h MlO O amplitide ,  th e effec t  o f  th e 
tas k o n pupi l  diamete r  wa s onl y significan t  i n th e 
difficul t  conditio n (F(l,7)=3.4 ,  p  .0?5) .  Figur e 
? contrast s th e effect s obtaine d o n pupi l  siz e an d 
on NlO O amplitud e a t  Cz . 

I n orde r  t o examin e th e relatio n betwee n th e 
effect s observe d o n th e pupi l  an d NlO O measure s 
acros s subject s ran k correlation s wer e obtaine d 
betwee n th e change s i n pupi l  siz e an d i n NlO O 
amplitud e fro m baselin e t o tas k period s acros s 
subject s fo r  bot h th e eas y an d difficul t 
conditions .  A  significan t  negativ e correlatio n 
was obtaine d i n th e eas y conditio n (p=-0.77 , 
p .05 )  bu t  no t  i n th e difficul t  conditio n (p=0.22 , 
N.S. ) . 

Discussion 

The present data suggest that the amplitude 
of  th e NlO O componen t  evoke d b y irrelevan t  stimul i 
ca n b e affecte d b y cognitiv e loa d a s indexe d b y 
pupillar y measures . 

The fact that no NlOO attenuation could be 
observe d i n th e eas y trial s arnue s agains t  a n 
interpretatio n o f  th e result s i n term s o f  a 
genera l  activatio n effec t  du e t o th e performanc e 
of  a  task .  Th e sam e argumen t  ca n h e use d t o 
refut e significan t  effect s du e t o th e lon g 
recover y perio d o f  NlO O wit h multipl e stimulation , 
and significan t  contaminatio n du e t o respons e 
preparatio n o r  CNV-lik e potentials . 

Multiplicatio n problem s involvin g singl e digi t 
pair s hav e bee n show n t o produc e identifiabl e 
pupillar y dilation s i n othe r  studie s (e.g. ,  Hes s ! . 
Polt ,  1964 )  bu t  i n th e presen t  experimen t  th e 
secon d prob e wa s presente d rathe r  lat e afte r  th e 
las t  digi t  and ,  o n mos t  trials ,  probabl y occurre d 
afte r  th e resolutio n o f  th e pupillar y response . 

The absence of slow potential shifts in the 
globa l  differenc e waveform s i s no t  sufficien t  t o 
conclud e tha t  th e fIlO O attenuatio n i s no t  du e t o 
variation s i n 'overlappin g potentia l  shifts .  I t 
i s  clea r  however ,  tha t  th e influenc e o f  th e tas k 
on th e ERP take s plac e a t  a n earl y stage .  Indeed , 
th e NlO O componen t  ha s bee n show n t o b e closel y 
associate d wit h processe s relate d t o th e earl y 
perceptua l  strengt h o f  stimul i  indexe d b y 

sensitivt y measure s i n signa l  detectio n situation s 
(e.g. .  Squires ,  Hillyard ,  ft  Lindsay ,  1973 )  an d 
intensit y parameter s i n multichanne l  selectiv e 
listenin g situation s (Schwent ,  Hillyard ,  I 
Galambos ,  1976) .  Th e findin g tha t  th e cognitiv e 
loa d induce d b y proble m solvin g ca n affec t  CNS 
activit y a t  latencie s simila r  t o thos e o f 
processe s relate d t o th e strengt h o f  physioloqica l 
signal s ca n hav e a n importan t  impac t  o n 
conceptualization s o f  informatio n processing . 

Thes e suggestiv e result s wil l  hav e t o b e 
complemente d b y mor e direc t  observation s t o 
establis h th e natur e o f  thi s possibl e influenc e o f 
proble m solvin g o n earl y stage s o f  perceptua l 
processing . 

Reference s 

Beatty, J. Pupillometric methods of workload 
evaluation :  Presen t  statu s an d futur e 
possibilities .  I n B.O .  Hartman ,  f ,  R.E . 
McKenzi e (Eds.) ,  Surve y o f  method s t o asses s 
workload .  London :  AGARD (A G No .  246T 7 1979 . 

Defayolle ,  M. ,  Dinand ,  J.P. ,  &  Gentil ,  M.T . 
Average d evoke d potential s i n relatio n t o 
attitude ,  menta l  loa d an d intelligence .  I n 
W.T.  Singleton ,  J.G .  Fox ,  R  D .  Whitfiel d 
(Eds.) ,  Measuremen t  o f  man a t  work .  London : 
Taylo r  an d Francis ,  T97TT ~ 

Hess ,  E.H. ,  K  Polt ,  vl.H .  Pupi l  siz e i n relatio n 
t o menta l  activit y durin g simpl e proble m 
solving .  Science ,  1964 ,  M S ,  1190-119? . 

Isreal ,  J.R. ,  Wickens ,  C.D. ,  Chesney ,  G.L. ,  S. 
Donchin ,  E .  Th e event-relate d brai n potentia l 
as a n inde x o f  display-monitorin g workload . 
Human Factors .  1900 ,  22 ,  211-224 .  . 

Lille ,  F. ,  Audin ,  G. ,  ^  TTazemann ,  P .  Effect s o f 
tim e an d task s upo n auditor y an d somatosensor y 
evoke d potential s i n man . 
Electroencephalograph y i  Clinica l Neurophysiology ,  1975 ,  39 ,  239-246 . 

Payne ,  D.T. ,  Parry ,  M.E. ,  &  Harasymiw ,  S.J . 
Percentag e pupillar y dilatio n a s a  measur e o f 
ite m difficulty .  Perceptio n I  Psychophysics , 
1"68 ,  4 ,  139-143 . 

Schwent ,  V.L. ,  Hillyard ,  S.A. ,  S,  Galambos ,  R . 
Selectiv e attentio n an d th e auditor y verte x 
potential .  II.Effect s o f  signa l  intensit y an d 
maskin g noise .  Electroencephalography  K 
Clinica l  Neurophysiology ,  1976b ,  40 ,  615-622 . 

Squires ,  K.C. ,  Hillyard ,  S.A. ,  R  ITndsay ,  P.H . 
Verte x potential s evoke d durin g auditor y signa l 
detection :  Relatio n t o decisio n criteria . 
Perceptio n h  Psychophysics ,  1973 ,  14 ,  265-272 . 

32 4 



eas y 

N I O O 

difficul t 

T + 
5|jV 

O 
3 

a. 
Z 
< 

PUPIL 

base i  m e tas k 

Figur e 1 .  Grou p averag e waveform s fo r  th e tw o experimenta l 
condition s obtaine d t o stimul i  durin g baselin e (solid )  an d proble m 
solvin g (dotted )  periods . 
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Figur e 2 .  *̂e« n amplitude s o f  NIO O an d mean pupi l 
diameter s i n th e fou r  conditions . 
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