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) B _ ABSTRACT

]
L

The evoked potentifal to attended task-ﬁflevant informa-
tive stimuli contains a late positive component, or P3 wave,
vith peak latency of around 300~500 ns. Rhen the relation

. I >
between stimuli 1is also important to ' the task a negative

baseline ;hift, or CNQ, also'occurs.. A problem solving par-
adigm vas designed to investigate the nature and functional
significance of these TFERP components, On each trial sub-
jects ware presenta2d with a sequence ﬁf four geometric vis-
nal stimuii. Fach stihulus consisted of two concentric fig-
‘ures, each fiqure having * one ;fﬁ two shapes (square or
circl?), on2 of two colours {red or yellow)’ and one of two
types of 1line (thick or thin). Fach sét.of“ four stimuli-
c?uld be classified according to one dimension (shape, color
or line) and the subject's task wds to determine thig clas-
sification criterion. The strafegy involved the sequentiél
compapisoﬁ of each stimulus to the Previous stimuli, and the
eliminatipn:\ as possible classificatiop critf;;a, ‘Qf those
dimensions uhereﬁy stimqli differed. Largev P3 components
were recorded, their'aﬁpiitude being related to the goal-re-
levance of the stimuli. ' ¥egative aftervaves occurred be-

tween Stimuli, probably indexing updating of context and

preparation for further stimuli. A large P2 coupbnént was

- ix - £



‘found at the first éfimuius of each sequence, presumibly
. related to the memorization necessary for f;rther compari-
SOns. Finaliy,‘a CNV developed dufing_thé stimuli, becoaming
_largep as ﬁhé end of the task approached. _-It might relate
to some supervisory process controiling theimore.elémeptary
stimulus evaluation proc;du;e, ior to the expectancy for
task—clbsurg._ These evokéd potential qomponenks _thus_re-

flect several distinct processes taking place during prob-

lém solving,



INTRODUCTION

‘fhe develcpment of digital averaging in the early sixties
permitted {the large scale application of sigﬁal averaging
technique; éo the investigation of cerebral electrical ac-
tivity, Signal averaging facilitates the recording from the
scalp of cerebral poten&ials temporally locked +to external
evghts by redﬁc'ng noise unrelated to these events in the
raw EEG. TQe;JZvent of such a non-intrusive technique al-
lowed a direct éxploratian of.the brain's adtivit;‘in ﬁormal

people, thereby opening an importaﬁt gateway to the physio-

logical investigation of psychological procésses.
. ) ~ .

// In the evoked pétential waveform there are many compo-
;)/ nents that appear related in some way to the requirements Qf
the task facing the éubjecé. Among them the so-called "p3
vave", a positive deflection peaking at a latency of approxf.
imately 300-600 ms following stimulus onset, ~has been the
object of much :eséqrch'in the past few years. Various ex-
perimental paradigms have heen.used and several hypothesﬁs
generated as to its nature and funqtional significance. It
has been said to reflect the amount of information processed
(Sutton, 1969;tfampbe11, et al. 1978: Pic£on, Campbell, Bar-
ibeau-Braun and Proulx, 1978), to index an activity of temp-

[

late fitting (Hillyard et al., 1971; Squires et al.,. 1973)

-
-
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or “ to covary with .the updating of +the interpretational
context (Squires et ai., 19763 Duncan-Johnson and quchin,

1977; Donchin 1878,1979). . ) .

Many of the experimental- tasks used in prévious studies
[ -

. have required 'sﬁyjects to cléssify events into one of two
exclusive c‘féé?éies. Llthough simple tasks faclilitate the
experimental deé%qn, they also allov the subject to use a

. variety of possible Stri}nggﬁ‘ Furthermore, several impor-

tant or characteristic aspects of himan cognitiomfiay‘ he
left unexplered because they are not required to solve the

preblems given, The human brain is an adaptive system and,
as Simon and Newell (19713%page 149) have pointed out:
to the extent a‘sysfem is adaptive, its behavior
"is determined by thé deman®g of [the) task envi-
ronment rather than by its own~igternal character-
istics. Only when the environme stresses its
capacities along some dimension ~- presses its
performance to the limit -- do we discover what-
these capabilities and limits are, and are se able
to measure some of -their parameters.

Bearing this in wind, T decided ﬁg evaluate the human
event-related potential Jhring.a demanﬁiﬁg and complex prob-

Y ’ /
lex solving task. :

®.
T
The task I designed involved finding the classification

criterion underlying sets of four composite geometrical fig-
, ures, each having four possible values for each of three
separaté dimensiqns (shape, éo;ouf and line). i’trial'con—
sisted in the successive‘presentation of four figures and
.the criterion vgs defined as the ;dimension which did not =

vary across the trial. In order to find tpis critericen and

- xii'-



 solve the problem, -the subject hqé to storfe the first
-,.stimulus in meﬁory for/féter comparison tq the stccéeding

stimuli. Any differences that were thén notéd allowéd the
~elimination of certain dimensioﬁs as possible clasgification

criteria for that particular trial. "The basic hypothesis

» S

was that clear reflections +0f this eliminative strategy
would be found in the components of the e;oked potential
vaveform. Furfhetmor?, a second hypothesis was that the am-
plitude of the P3 componént would ‘vary as a direct function
of the amount of information cont;ineq; in the élicitinq
stimuius, this . amount being quaﬁtitativeiy descriibed - for

each stimulus simply by connting the number of dimensions

{0, 1, 2) by which it differed from the initial stimulus.

In the-following pages the literature concerned with_thé
evoked potential cofrelates'of cognition bi;l be reviewed.
The varilous hypotheses formulated to accountvfof variations‘
in the P3 component will be emphasized, since these are di-
rectly relevant to the présent work. Following this the be-

. havioural tagk will be. described ;nd the hypoipeses more
precisely stated. fﬁen vill follow thé procedure and re-
.sults. Prin;ipal component analyses have been performed on
the amplitude data and repeated heaéures énalyses ‘5f,vari—
ance used on the component scores. Cgrrelation techniques
have also been uséﬁ_uheré pre@icted values or ranks could be

related to the empirical data. More details as to the sta-

tistical procedures will be found 1in the w®methodology sec-

- \ '
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tion. FPinally, the’ bearifg of the' results on the

v -

oxperimental and other current\hypotheses'is_diséussed, ten-

. tative conclusions are drawn and suqqestions for further re=-
. - q

. search proposed.



REFVIEW OF THE LITFRATORE

A typical evo‘ked potential&a--férm contains several
peaks in the 100 ms following th; ellciting event.  Broadly
speaking, these deflections index.activiiy in the priﬁ&r}
sensory pathways, subcgrtical stfuctﬁres and primaby'senéory
cortex (Picton and Hink, 1974), In the éoliowing‘review,
our concern Hill be mainly with the later peaks of -the wave-
form, which are supﬁosed.to originate in the associative
areas of the cersbral cortex. The latter components can be
classifiéd as either "exogenous" or "endogenpousn {Donchin,
1978).’H.Exogenous components‘requffe the physica1 bresence

of an external stimulus foi their elicitation, and their am-

plitude and latency can be represented as some function of

v

thé stimulus®' characteristics (e.g. intensity, frequency,
etc.); Endog2nous components do not require +the physical
presenc2 of a stimulus-to be elicited. Their +trigger is
witﬁin the brain, although locking these trigger processes
to external stimuli is usﬁélly advaAEageous for anaitsis
pPULpPOSeSs. Such endogenous coﬁ;;;gﬁfs\\@re influenced in
their amplitude and latency by psjchologié&l progesses oc-
certing in fhe subject's mind. Other late/gépponents of the
_eyéked waveform could be: described as "mesogenous"™ in that

_ they are related both to the .Physical aspects of the stimu-

J
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"t standpoint of cognitive psychology,

. ) 2
lus and to the, psychological interpretation. From the

ponenté which '

show some endogenous propeitiéé are of . Included

in this class are N1, P2, %2, P3, P4, various glov waves and
the contingent negative variation (CNVy." ajor aspects of

the work that has been done on these components are reviewed

~in the following pages, Refore turning.to this section of

the thesis, however, ~some definitions and clarifications are
in ordef.
. . l/

The terms "evoked potentialn (EP) and "event-related po-
tential™ (8RPY will be used é; refer to the brain's electri-
cal responsé following a stimu}us or to the averaged re-
sponse to ;.series of equivalent.stimuli. In those cases
vhere the eliciting e;ent is the absence of a stimulus, the
resulting bEain respeonse will be called an "emitted poten-.
tial", ‘The letters "Nm apng npn refef to the eiectrical sign
of the dgflection in the waveform. The attached number ref-
ers ton the order 3in which these components appear in the
waveform, For example ¥1 is the first negative deflection
appearing in the late waveform (i.elwafter approximately 100
Bs) . Similarly, P3 is the third positive peak occurring in
the late wavefornm. In those cases where the descriptibn of
a particular peak with one of those symbols could be ais-
leading, an alternate nomenclature is used and the precise

latency is given instead of the rank number. The terms

"peak™, "daflection" and "wave™ will be used interchange-
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ably. The term "component" hoqéver, will ﬁe uﬂsd only where
the process updern consider;tion h;s been. derived‘frog' qi
Prinbipal Comgonent Aralysis (PCh). ' Therefore, peaks and
—-:deflections aré electrical in nature, while components are
statistical. The P3 component,'for bxample, is the statis-
tical éomponent -uhicﬂ correlates most highly ;ith the P13

peak of the evbked'ygveform. More details on Principal Com-

ponent Analysi?\canybe found in the Data Analy : section.

The Yertex Potential -

The N1 peak of the evoked potential

The N1 peak of the evoked potential has often been stud-

ied in the contextNof attentionél manipﬁlations.' Several
" early studies had ported an enhancement of the evoked po-
téntial to attendgd stiﬁuli as compared to unattended ones

w .
(Satterfield, 1965; Spong, Haider and Lindsley, 1965). In

orqgr t;‘control for arousal differences these studies pres-
ented both the atfended and unattended stimuli simultane-
ously in d;fferent channels. The stimuli they used wvere,
hovever, regularly altérnated. These results were criti-
" cized by N#%t#nen (1975) as leaving open the possibility of
a phasic expéctaﬁcy process. Since the stimuli occurred at
regular intervals, the subjects could easily have managed to
' cycle their arousal in phase with the relevant stimuli {Kar-
lin, 197D). Any enhancement of the waveform would then re-

sult from a difference in states of general arousal rather

than from selective attention. later studies controiled for



RS
this phasic expectancy process by presenting randomly the

releghnt and irrelevant stimuli, UOsing such a paradigm,

-

some studies found no difference betveéen waveforms to at-

—

W
“tended versus Unattended stimuli (Rartley, 1970; . NARt&nen,

1967; Wilkinson and Ashby, 1974; WilkinsSon and_Lef, 1972)'

. ¥ .
whereas others did (Fason, Harter gnd-ﬂhite, .1969; Picton,

Hillyard, Galamb and Schiff, 1971).- These latter stud{es
houevégt still offerad some basis for prediction of the rel-

avant stimuli, since théy used two independent sequences for

the relevant and irrelevant  events. Under such condition

~ .
the occurrence of relevant stimull can be at least partially
‘ 7

predicted and thus a "statistical™ differepce in general ar-

" ousal might explain the EP enhancement (Na&t&nen, 1975).

The first study to control adequately for the differen-
tial preparation artifact was that of lHillyard, Hink,
Schwent and Picton (1973). Auditory stimuli were presented
in rapid succession and the =2ar of delivery was completely
nnpredictable., UOnder these conditions, a selective enhance-
ment of the baseline-to-~N1-peak amplitude was noted for the
attended stimuli, Further studies (Picton and Hillyard,
1974; Schwent, Hillyafd.énd Galambos, 1976a, 1976b) repli-
cated the effect and clarified the conditions mnecessary to
obtain it. The—stimulds r&te must- be high enough so as to
render a wandering of attention between channels incoppati-
‘ble with sucdbssful.task performance. Prior to the study
by Hillyard, Hink, Schvent and Picton (1973), no experiment

had fulfilled these conditions,

-
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The N1 peak of the auditory FP is also emhanced.-by selec-

tive attention to any one of four channels differentiated by -

. ”» -

pitch and‘ spati;i;location '(Scﬁ;ent and Hillyardf 19%5).1”
Fach of the latéer;cues taken alone will also produce an ef-
fect, ,albeit a émaller one (Schwent, Snyder ang Hiilyard,
197%). Similar results concerning the enhancement-of the N1
vave have also been obtained f;r the visuval (Hillyard and
van Voorhis,- 1977 and somatosensory (Desmedt and Robert-
son; 1977} modalities. ' The effect of selective attention on
the EP can begin as e?rly as 60 ms and has besn interpreted
as p;ovidinq evidence for a "stimulus set" mode\gfiattention
a; described by Broadbent (1951). -Hillyard anﬁ Picton
{1979) have reviewved evidence on this subject. Such a stim-
ulus set modes of attention entails a preliminary selection
of inputs on the basis of simple physical cues such as pitch
or spatial location., Once a stimulus has been recognized as
relavant, further brocessinq can OCCur. The obvious advan-
tzaghff such an early selection of inputs. is to protect

short-term memory from overload (Broadbent, 1971).

The P2 peak of the evoked Qotentiai

Often_éeen as the second limb of a biphasic process wvhose
negative limb is ¥1, the P2 peak of the EP, peaking around
175 ms, is not usvally considered to be an endogenous compo-
nent. TIndeed, its elicitation appears to require the physi-

cal presence of a stimulus, since it 1s not seen 1in the
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bgain's response to omitted stimuli in a train. (Klinke,
Frusthaorfer and Finkénzeller, 1968)., It ;s also known to.be
much @ffected by the-physical characteristicﬁ of‘the stimu-

»
lus (Picton, Hillyard, Krausz and Galampos; 1974; N. Squires:

et'al., 1975) . Picton et al (1974) prbposed that the P2 con-~.

pecnent might reflect the settipg’ up of péfceptual analysers

. neceééary for stimulus processing. Chapman (1978) has re-

cently reported on a statistical component that might be
identified with P2 and whose amplitude could be used to pre-

dict recall. This work will be reviewed in greater details
| .

later.

%

The Parietocentral Late Positive Wave

Effects of stimulus probability or information content

Although.a clear late positivity could be seen in the
vaveforms of Waltér (19€5), the first report on P3 as a sep-
arate entity caﬁe from Sutton, Braren, Zubin and John
(196%5), L In this paper a late p051t1ve wWave was obsorve; in
the response to stimuli confirming or disconfirming a previ-
ous guess about their nature. It was of greater amplitude
vhen the subject was uncertain about the outéome of his
quess, when the stimulus wvas iiprobable, and when it had
disconfirmatory vdiue. In a later study (Sutton, Tueting,

zvbin and John, 1967), in which the subjects had to gquess

about the occurrence or non-occurrence of a stimulus, P3 oc-
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currad 300N ms after the point in time wheqe'infoémation was
given to" tﬁe subject about his guess whether or not the
stimulus vas actual{y preéent\(i.e; when tlie presence or ab-
sence of the "guessgd aboutﬁ 'stimulus.uas.revealed).‘ This
showed that P3 was trigggred by an internal event; it was
proposed to coincide with the resolutior of uncertainty.
‘mwo further studies {Tueting, Sutfon and Zubin, 1971; ?ried-
man, Hakerem, Sutton and Fléiss, 1973) shoved "ogtcome pr;h-
ability", the combined probability of guess and stimulu% oc~
currence, to explain a large proportion of P3's variance in
amplitude, In these studies the difference between the re-
sponse to confirming and discanfirming stimuli disappeared,
leading to the proposal of "effective information cont?nt“

as the major determinant of p3 _gmplitude, *

Several other studies have investigated the'P3 componeqt
to stimuli_providing feedback (FB) about prior perceptual or
motor performance. With increasing task difficulty, the P3
to FB stimuli denoting correct performance becomes larger in
amplitude (¥ielson, Teas and Tdzidowski, 1970; Pictqn ahd_
Low, 1971: Benson and Teas, 1972) . Ftudies by Squires,
Hillyard and Lindsay (1973) and by Picton, Hiilyard and Ga-=
lambos (1976) found greater P3 amplitudes tb disconfirmksg
than confirming FB, agaln suggesting a possible effect of
stimulus meaning. In these experiments however, disconfirm-
ing stimuli were less propable than confirming ongs. In a

series of experiments aimed at clarifying this issue Camp-
‘k
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- A, /
Dbell."'Courchesne, Picton and Squires (1978) showed the P3
*component evoked by FB sfimuli to vary with thé "contingent
probability" of the stimulus, rather than with its meaning.
Continqent‘probabiiitf is the probability of a stimulus (FBR)
givén a part;cular response, in tasks where multiple choices
of response exist. Other studies bearing on the effects of
stimulgg meaning on the P3 wave wlll be revieved in a .later
sectionl - : |

Informatio? thedry {(Shannon and Weaver, 1949; Attneave‘
1959) -"has often been_uséd £d «relate more precisely the in-~
formation cgntent of a stimulus to P3 amplitude. Inlterms
: of’;ﬁformation theory, the less propable a stimulus, the
more information it contains. The exact amoun£ of informa-
tion, 1in bits, - can be obtained through the formula ™-logg
p", where "p" is the stimulus probability. Some studies
have reported significant correlations between information
content and P3 amplitude (Campbell, Courchesne, Picton and
Séuifes, 1978; Picton, Campbell, Baribeau-Braun and Proulx,
1978) . Campbe;l et al. (1978), for example, report a cgrre-
lation éf -.83 betveen P3 amplitudé and task-relevant in-
formation. However, the relation between information and P3
amplitude seems to deteriorate after- two bits, P3 reaching

an asynptote. -In'general raw probabilities, wuntransformed

into bits, give a better prediction.
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Several experiments have been reported in which P3'amp1r-

tude varies indepgndently of the stimulus information con-

tent or improbability. In siynal detection paradigms, Pp3
amplitude will vary as a function of the subject's confi-
dence in his decision rather than with the Signal's proba-

bility of occurrence (Hillyard, Squires, Bauer and Lindsay,

1971; Squires, Squires and Hillyard, 1975), The ease of

discriminability of a FB stimulus was found to influence P3
amplitude independently of its information content, J4iffi-

culty bnlng associated with lower p3 amplitudes, In order

.to_reconcile such results with the information theoretical

viewpoint, Ruchkin and Sutton (1978a) forwardnd the concept

-of "equivocation", or the-a posteriori tncertainty of having

correctly perceived an event. When dlscrlmination is made

more dlfflcult such equivocation occurs, reduc1ng the'effec-

tive inférmation content of the stimulus. Equivocation

could reduce P3 amplitude either directly or through in-
Creased latency var}ablllty in the decision process underly-
ing the 1lats positive wave. Such .latency smearing might
cause the P3 waves to partiélly cancel one énqther during

the averaging process. Latency variability has also been

invoked to explain the reduced effect of probabilities on

"emitted" P3s, those resulting from the informative absence *

of a stimulus {(Puchkin, Sutton and Tueting, 1975).. This ef-

fect has been conflrmed in a study ana1y51ng P3s on a trial-

by-trial basis. The corrected averaqes ylelded a greater P3 )

-
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than¥uncorpected ones, alheit .still suallet‘ than the’ P3
NN
evoked by physical stimuli (Ruchkin and Sutton,_ 1978bY .
Campbell et al. (1978) have proposed that equivocation can
also occur in relationm to response selection. In a paired-
assoc1ate‘1earn1ng paradigm (Peters, Billinger end Knott,’
1977) the P3 wave to the initial Stimulus became larger as
the. associations were 1earneﬂ It might be that as learning
prqceeds, the equlvocationrin response selection beconmes
smaller, Thus, in the words of Picton et al..\(1978 page

45¢y, '...the parletocentral late p051t1ve component of the
evoked potential seems in sone wWay associated .with the pas:
sage‘of unequivocable taek—relevant information to its ap-
propriate response in the context of the range of possible

Lesponses to that information®.
S

Hany st:;;és\pave pointed out to the fact that P3 ampli-
tude“is -determined more by the probability of a stimulus
class (e g. "targetsh" or "standards“) than by the probabll-
ity of individual stimuli (Courchesne, Hillyard and Cour-
chesne, 1977; Kut;e and Donchin, 1978; Friedman, Ritter and
Simson, 1978)..‘ If several events are definei/ globally, as’
non-signals, then the P3 amplitude to each of these events
will aprhé on the global probability of a non- 51gna1 occur-
ring rather tbao-on the : probability of occurrence of any
inen.non-éignal (Friedman et al, 1978). These authors have
shown, howevet, that the P3 response to the non-51gnﬁls was

”\

also a function of the type. of Processing they uere sub-
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jected to, Two tasks were used. In Task A the signal was

the number "08" and the non-signals different numbers from
wo2v +o n9n, ;In Task B the signals were the repetition of
any immediately preceding number and the non-signals simila
to those in Task 2, While P3 ampliéude to signals in
tasks were equivalent, thg non-signal response_wa;% much
greater in Task B. This difference was'interpreted as re-
flecting the greater processing demandsPot non-signals in
Task B, where‘ the subjects were required to remember each
no?-siqnal and then wait to see if the number recurred. The’
avthors sugqg=sted that one should be able to manipulate P3
amplituée by chanéing the complexity of .« memory search or

storage. o A

r

The P3 amplifude to an event a%ﬁérseems highly depéhdent
-

on the'Barticular seqhence of stimuli tﬁa% preceded 1it, in-
asmuch as this sequence induces changés in_.the subjectivé
aexpectancy for the next’eveni {Squires, Hickené, Squires and
Donching 1§76); These avthors analysed the P3 response to
signals ofé‘eQUal global probaﬁiliiy as a function of the
number ¢E non-signals thag had prececed it in a Bernouilli
sequence. P3 amplit&gé was found to decrease with increasing
number of like stimuli in thé preceding sequence, and to Im-
crease wi;h the number of wunlike stim;ii which had préceded
it. ~herefore, although the objective probability of—a
{ g%ven stimulus always remained the same, its subjective

probability varied with its position in the sequence and in-

’,
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fluenced P3. amplitude. A\g;§91 wa% proposed in which P3
amplitude varied with tpe subject's expectancy for the eli-
citiﬁg event. , Expectancy is defined as the interaction7o€
three factors: the memory for event f;eqhency within the
prior stimulus sequenée, the specific structure of the se-
ﬁuence {(whether patterns of ékternations’are set ap) and the

-

global probability of the stimulus.

“lLanguage, meaning and incentive

-
Thatcher (1978) - proposes that when looking at the effect
of verbal stimuli on .the evoked potentials, one should take
care to differentiate between those effects due to the for-

n

/ﬁal opekatlons that have been perﬁormed on the materlal

presented, versus the contents of these operatlons. Presum-

O ably, someone intéresfed ;pfgiudy;ngd how the b;ain encomes
meaning should'éry to vary the content of his stimuli while
alﬁays asking for the same forpal operatiohs from the cere-
bral processor. Conversely, somebody'iﬁteresteg_in finding
" in the evoked wayeform correlates of the variouws forms of.
processing parformed om the input information, should'tfy to'
keep constant the content of his stimuli while varying the

required formal operationms. Examples of tbeAéirst type of

endeavour are manifold in the literature. f

John et al., (1968), presenting their subjects with ﬁlf-‘
: 1
ferént geomefrical figures equated /}H‘inosity and arna,

found differences in the evoked waveforms indexing the dlf-
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ferent types of figures presented. Triangles, whether large

or small, produced brain waves which were statistically dif-
ferent from those evoked by squates. . Johmston and Chesney.

“ , (1974) found different potentials evoked by .an ambiguous
-symbol when it was presented to'the~sﬁbjéét in the context

of a string of letters, as céﬁpared when the string was made

of numbers. Their epoch of analysis vas however too short

(240 ms) to examime this effect of meaning on the later com-

. N -~ l
ponents. - Begleiter and Porjasz {1978) presented words pre-
viously rated for their affective topne under two conditions:

(a) letter identificatiom, where .the structural contents of

. the words was the important pafameter,— and (b) gffegi;gg

rating, where the connotative content of the words was the

relevant aspect. Tateral parietal electrodes vere used. &
Q .

w

significant difference was found between conditions, .fotr

both electrpdes, at the lev¥l "o0f the ﬂ1-92 amplitude.‘

Within -thé affective rating condition, differences were
R -1

found between thg variousltypes of words, the pattern of
these differences being more consisfen{j for the left parie-
tal eleétrode. Chapman (1978) has recently published an ex=
periment in which he used Osgood (196“)'5 semantic di€feren-
tial‘ £echnique to cléss;fy stim&ii, and thereafter,
wavéforms. Osqoéd's technique structures‘CAnnotative mean-
“ing along threg.major axes: {a) Bqaluation (b) Potency,_amd
(c) Activity. ‘A1l scales are bipolar. thedfzﬁluation di-

mension, for example, can be répresented by a scale going

-

%
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from "good™ to "bad"™ or "pice" to rawful". The Potency di -
mension might be exemplified b} a scale _going from "power-

Yess™ to "powerful" or "little"™ to "big".  Fimally, the Ac-
‘ ) " - . -
tivity dimension can be derived from continua going from

fgquiet” to '"noisy" or "slow" to "fast". ;Chapman classified

ﬁis stimulil {words) into six categories referfring to Hotﬁ;

extremes of each semantic dimension (E+, E-; B+, P-; A+, A-)

x

'He submitted the "evoked responses to these various categor-

ies to a Principal Component Analysis and use% the resulting
- ! : k -
component scorks to devg}op discriminant . functions .capable

of classifying the waveforms according "to the various cate-

" ‘gories of elﬁégzors. Classification within each dimension

taken éeparﬂ;ely averaged 97%, significantly better than

|
ckance (50%?. When all six categories were considered at
. v
once, the success rate of discriminant'functioif_uas about

A

42%, again significantly better tham chance (16.7%). In a

* second experiment reported in the same paper, Chapman ihves~-

tigated the effects of semantic expectancy on the evoked

brain response. The -subjects’ were poﬁAasked to nate the

!‘

words according tg séécific scales of the semantic differen-
tial corresponding to the three major @&mehsions, dnd the
evoked _ tentia1s were récordég following stimulus presenta-
tion. The same statistical procedure was followed as i}‘the
previaqus .experiment and  again the resulting discrimiﬁant
{ggctioné.c0uld discriminate bet@ér than chance begween the

various dimensions which were used by the subject to rate

+

[ 4
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stimuli at .the time of recording. The suvccess rate was qych
loier, however, than for discrimination between different

stimulus classes (overall rate 47.4%; chance = 33.3%).

In a signal detection paradigm using human sounds and
rzal speech wvords Friedman, Simson, Ritter and Rapin (1975a)

found P3s to all stimuli, =ven in a condition where the sub-
) —

ject had no task to perform. &hey suggested that the use of
human séunds might engage the P3 systenm independent}y of the
’functional value of the stimuli. In another experiment us-
ing real words arranéed in senténces é197§b); they reported
P3s to alll the words .in the sequence although some of then
were enfir%?y predic£abie. The hypothesis forwarded in the
previous sfudy was therefore supportéd. Purthermore, the
last word in the segtence alvays elicited the greatest p3,
‘independently of its informationIEontent.- This led the au-
thors tqlpostulate au'gffect of "syntactic closuré"xiﬂdexed
\ by the P3 component. In. thair own words (1975, p.260):

Presumably the brain processes sentences in terms
of their meaning ana syntactic structire simulta-
neously. These are independent matters, in that
syntactic structure need not have meaning, and hu-
mans are able to determine if words sequences have
syntactic ' structures whether or not they have
meaning. When a syntactic structure, such as the
sentenca, ends, the brain presumably recognizes it

- "as a langquage unit, Thes enhancement of the P300
te the last word of the sentence regardless of
meaning and the point of task-related information
delivery within the sentence, suggests that this
enhancem=ant of P300 is a correlate of 'syntactic
closure?. ‘
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H8mberg, Grfinawald and Gr@newald-Zuberbier {(in press) ma-
nipulated subjective relevance in an experiment where the
subjects (children) were presented with trains of stimuli
consistinq.of four numbers (0,2,10,50). . In a no-task condi-
tion, each nﬁmber represented the amount of- poney (german

pennies}y that would be given to the subject simply for pay-

ing attention to the stimuli. The amounts were cumulative

and given to the subject at the end of the experiment. A

large positive wave at the parietal electrode, corresponding

to the P3 wave of adults, was found to be influenced ﬁy the .

amount of money represented in the stimuli. 1In a second ex-
periment designed to éontrol for interindividual differences
%g the subjective relevance of stiﬁuli, pictures were Pres-
ented that had prewiéusly been rated by the subject as to
thei; interest value.- The ahplithde of the . late positive

component was found to follow-precisely the interest value

of the stimnli., . The authors interpreted these findings as -

providing support for the hypothesis that the late positive'

&

wave reflects processes of relevance-evaluvation. . Several
authors have already noticed the fact that. P3 amplitude is
higher to events that havye been made relevant through ma-

nipulation of task instrﬁctions, than when the sanme events

are irrefevant {Courchesne, 1977: Picton and Hillyard, 1976:.

Pord et als, 1976). ° The importance attached to event cate-
gories can therefore influence by itself the amplitude of

the P3 component.

¥
;El -

-

-



17

Rngther way to manipulate meaning is to take stimuli
which are inherently neutral and make them important to the
subject through some experimental manipulation. Sutton
{1978) hq;»studied this'"salience“ aspect of meaning in a
quessiqg/paradigm by varyind the amount ot money won or lost
following a bet. The amplitude of the P3 peak varied as a
function of the amoﬁnt of-moneydbet by fhe‘subject, whether
it was won or lost. Wherr the bet was made by the computer
the same results were obtained but the differences vefe much
smallér. This was interpreted as indicating an effect of

subject involvement,

The issue of nmultiple P3s

——— i

. late positive waves have also been found 1in situétions
where the stimuli were not attended by the sub ject (Ritter,
Vauqi§$~and Costa, 19€8; Roth and Koppel, 1973) ‘and have
‘been associated with a central component of the orienting
response. "2 study by Equires, Squirés and Hillyard (18795)
howgver, led to thevconclusion that this type of wave was
different in scalp distribution and latency fr?m the usual
p3 found in the signal detection and FB  paradigms, being
earl%fr_and more frontal. mhis "p3a", "és they'called'it,
Qas postul;ted to index a basic sensor'y mechanism register-
°
ing any change in background stimulation, perhaps bY means

of mismatching a specific neuronal model (Sckolov, 1963) es-

tablished by repetition of the background. The parietal

t
A
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"p3b" (the usual one}, in " contrast, varied with the

probabilit} of the same stimuli when they were counted.

Another study b} Courchesne, Hillyard and Galambos‘(1975)
further compliéated‘the issue of multiple P3s. Visual stim-
uli (letters) were used where the subject had to count the
occurrence of an occasional different letter (target). In-
terspersed within the main sequence were two types of unpre-
d¥ctable stimuli: the "simples®™ (easily recognizable draw-
ings _Er vords) and the "novels" (quasi~-random colour
patterns unrecognizable by the subject). Posteriorly dis-
tributed P3s were elicited by the targets aqd by thelsiqy
ples, whereas the novels elicited large frontocentrai P3s.
Although the‘PB'elicited by the novels was postulated to lnl
dex sbme coqnitive component of the orienting response, mat-
ters of amplitud= and'latency led the authoréﬂto consider it
as fundamentally different from the P3a of Squires et al.
(1975). The novel P3s were more than twice as big in awmpli-

Y
tude, and much later in latency. On the basis of these re-

sults the hypothesis was proposed that the diffearence be-

“pween frontally and posteriorly 1located P3 vaves to-

irrelevant stimuli was related to ease of recognitién..r A
later study .chiigged this interpretation (Courchesne "and
“Hill}ard{ 1978) . \Bn the basis of these data the authors
differentiated three different types of P3 uavés, triggerea

by different types of stimuli and requiring different types

of processing: (a) Frontal P3 waves elicited by non-target

PN
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unrecognizable stimuli; (b) Posterior P3 waves elicited by
non-target easily recognizable stimuli, and: (c) Posterior

P3 waves elicited by any target stimuli.

Anothe; study by Courchesne (1958) using the Courchesne
et al. (1978f paradigm, investigated the effects of stinulué
rqpetition on the various kinds of P3 waves. When analyzed
by subcéssive small groups, the‘novel P3s appeared éo shift
from a fromtal to a parietal alp distribution. However,
avidence for at least two distinct neural generators under-
lying this phenomenon comes from the.fact that over the
first eight trials (novels) there wvas decreasing activity at
Fz but increaéing at Pz. ovar the last eight'trials, how-
ever, activity at Fz continued to decrease vhile activity at
pz returned to the levels found for the first four trials.
S5ince the parietal P3 amplitude increased in trials 5-8 com-
p;red to 1-4, considerfble doubt is cast upon the generality
of findings linﬁing_amplitude to the gubjective prbbabiiity
of events; undoubtedly the subjects caqé to expect more and
more the presentation of novel events. The interpretation
ﬁropbsed in the previous stddy {Courchesne and Hillfard,
1978) was thus partially disconfirmed since-even novel unre-
cognizable events could elicit parietél P3 uéves.' These re-
sults could be reconciled however, by viewing the parietal
shift as representing the evolution of categorization rules.
In Couréhesne's own words (19?8; p. 762):

nThe evolution of categorization rules can be con-
gidered to be concept formation, that is, the ab-
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~ Straction of invariant event attributes and of the
rules defining the relationship between such at-
tributes [+..1 Thus, one could speak equally
well in terms of different Pp3 distributions repre-
senting differences in the extent to which availa-
> ble concepts are applicable to the eliciting
event: frontal P3 waves ‘would then occur whenever
new concepts were required and parietal P3 waves
would occur whenever existent concepts were appro-
priate," g ‘
As to the parietal p3 amplitude, Courchesne Proposes that it
might reflect the importance or interest of an event cate-

gory to the subject,

Sevéral investigators have seen in the occurrence of thew
P3. wave a refleétion cf some decision-making process,
(Hillyard, 19¢9; Smith, Donchin, Cohen and Starr, 1970;
Shelburne, 1972, 1973y . Tﬁe exact content of fhe.deéision
would involve, at leést iﬁ target detection é;gls, a4 compar-
ison of stinulus input against re;resentations in memory
(templates) (Tueting, 1978) . Klinke et al. (1968} spoke °fi
‘an  interaction between extérnal and stored information,
while Weinberg (1970) alluded to the probable role of memory
search in P3 elicitakion. Similariy, Thatcher (1977) pro-
posed "representational matching” as an underlying construct
for P3 elicitation. Representation;l matching might occur
with hypotheses, task-related expectancigs and task strate-
gies, as well as ui;h simpler memory elements, and might be

invoked at different levels of serial cognitive information

processing. Most of the evidence for and against the deci-

/ | \
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sion-making interpretation of P3 comes from studies
correlating P3 latency with reaction-time. The basic idea
is that response ¢time should be clésély linked t& decisicon
time, for example in tasks where the subject must raspond to )
detected targets. Several studies have reported a good cor-
relation betweesn P3 latency and feaction time (R7T) (e.g.
-.81 for' Friedﬁan, Vaughan and TFrlenmeyer-Kimling, 1978)
while others have reported very low correlations (e.q. -;10
for Roth,:Pfefferbaum, Horvath and Koppel, in press). ) The'
"major piecs of evidence against aﬁ ipterpretation of P3 as
reflecting decision-making comes }rom studies raporting P3
latency to be longer than reaction time (Ritter, Simson and
Vaughan, 1972; Harter and Previc, 1978; Picton aud.ﬂillyard,‘

1974},

An alternate explanation of P3  occurrence 1is that it
might index something occurring after the IdeciSion, some-
thing to which response time need not be'precisely time-
locked. * Such is the "response get" hfpothesis of ﬂillyarq
and PicFou (Hillyafﬁ, Hink, Schwent and Picton, 1gli; Picton
and Hillyard, 19%“; Hillyard and Picton, 1977), derived from
Broadbent's theory of selective atten;ion (Broadbent, 1971).
In this modél, P3.would reflect &...the percepto-motor se-
quelae of the decision that a certain stimulus has occurred.
Such sequelae qould involve the registration of pertinent

sensory information in memory, the resetting of perceptual

analysers or an appropriate behavioral ;esponseﬁ. {(Picton
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and Hillyard, 1974, page 97). Such an interpretation leaves
the door open to parallel processing following the decision,-

releasing the constraint of a definite time relation between

'P3 and PT. By parallel prdcessinq is meant the simultaneous

execution of processing routiﬂes which can lead to different
resulti:s.\.Jl Memory storage, goal resettings or response selec-
tion and initiation are examples of such results. The proc-‘:
esses indexed by the P3 wave do not nec;ssarily have to bé

precisely time-locked.tp fesponse initiation.

Donchin and colleaques-also proposed a msdel in which P3
1aténcy is related to stimulus evaluation time, but is
largely independant of response select;on time. In this
model, P3 would reflect the "updating of context®™ that fol-
lows the intéke of new information. Since this updhting af--
fects responses on future grialé only, .P3 latency need not
be time-locked’to response time oﬁ any givenltrial (Donchi;,
Pitter and HcCallum; 1978 Dunca;-Johnson and Donchin, 1977;
Sduires, Hiékens, Squires ang Donchin, 1?76). Such a poiné
éf view implies that the relation ' between P3 latency and RT
;s a function‘of the subject's strategy, Kufas, McCarthy
and Donchin (1977) verified ’thié assﬁﬁption by emphasizing
either speed or accuracy of response in a detection task in
which prbcessing complexity was fariéd. _In their Condition
1 the target was theé word "Nancy" presented 20% of the time,

anonqg repeated 6ccﬁrrences of the word "David" at the com->

plementary probability. In their Condition 2 female names



23
occurred 20% ogqthe‘time in a §eries otherﬁise comprising
pale names. In a third'condition,'targets were synonyms of
the word "prod" presented among ofher unrélated uqrds. Por
al)l conditions, the correlation between P3 lﬁtgncy- gnd,RT_
was lower when emphasis was put on speed rathear than accu-
racy {.257 and .617 respectively). Such results can be ex-l
plainea 2asily if we comnsider that ﬁnder the speeded condi--
tion, response couid'be initiated before stimulus evaluation
was fully cpmpleted. TIf P3 occurs only after stimuius eval-
uaéion is complet2d, then the P3-RT corralation shou;d in-
deed be very low. On the other hand;_ accuracy of response
entails a more complete evaluéiion of the stimulus, there-
fore diminishing the-possible variability of é3'1atency with
respect to response. Akhigher correlation shoﬁld thus be

expected. Another study by McCarthy, Kutas and Donchin (iﬁ

preparation; reported in Donchin, 1979) should be mantioned.

.Subjects were asked to classify events of a series compris-

ing 20% male names and 80% female names, under both épeed

and accuracy conditions. In the sbeed conditibn, 40% of the

‘rare items were misclassified, i.e., they were responded to

as 1f they were freguent, By examining the waveforms on a'

trial-by-triai basis, it was found that RT was shorter than

. P3 latency in all cases of misclassification. In Donchin

{1979) *s own words:

Whenever the subject acted before "thinking", he
tended to err. Whenever "thought™ preceded action
{as &t presumably does whenever P300 latency is
shorter than reaction time), the subject tended to
be correct. :
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It has also been suggg;tid-that P3 might be related in

‘Some way to comscious awareness (Posmer, 1975; Simson, Vau-

ghan ‘and Ritter, '1976; 'Ritter, 1978) There is a point in

s

time, during.its journey to ‘and through the cortex, where
the event-r;\Iated éattern of _.neuron ffi’“mg 1s consciousdly
interpreted by £he subject as refe :J to the triggering
event.:. Since P3 occurs 1ate.enough but not too late, ié
might represent the -conscious reélisation_that something has
occurred. Consciocusness is needed, in the analysis of 'an
event, when no aufomatic procegsing routines are available
to amalyse the event and respond appropriatzly (Bassine,
1973f: This type of conscious processing might be the one

underlying P3 generatignl If so, progressive automatization

of the processing routime should cauvse P3 to disappear.

The inference of a relation between P3 and the vaguely
deflned introspectively based concept ‘of consciousness is
impeded by results coming from experiments using the target
detecﬁion paradigm. In such tésks, the non-target stimuli
do not usually provoke the appearance of P3 in the waveform.

Certainly, however, the subject is comscious of these stand-

~ard stimuli. as well.

The previous: phenomenon can be interpreted in at least
tvo ways. First, it might be that even standard stimuli
aevoke P3 components but that the latter are too weak to be

.
averaged out of ‘the noise in typical experiments. Second,

i

4

Y, |
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this phencmenon might point out to consciousmess being some-
vhat different from the unitary construct it 'is . often

equated uith, If conscipusness exists it must have a struc-
[

ture and for this structure to be functionally adaptive it

must not be riqid.i Pathef, it musf depend on the momentary
requirenments of the processing situation. In this case a
consciousness-related P3 is likely to be inflﬁenced by a
wealth of factors, depending on specific situations, and it

does. Within such.a framework, the idea of consciousness as
F 2 .
a form without content. must be abandonned. Then only might

-

P3 be useful/ in studying the structuralf}and functional as-
. . -

pects of nscilous processes.

Other Late Peaks of the Ewvoked Potential

N fhe N2 p2ak is a negative deflection of the wvaveform oc-
‘ -2
curring at about 200 ms from stimulus onset. It 1is best
. . Al 3 N ‘ -
seen in the response to stimulus onmissions since 1in this

.
case the stimulus-related P2 is absent and overlap is
avoided (Klinke et al. 19€8; Picton; Hillyard and Galambos,
1974) . Donchin (1978) describes N2 as endogenous and modal-

} ity specific. The amplitude of the ?2 component, like P3's,
is inversely’ related to the probaﬁili of the.!aliciting
event (Squires, Squine;.,nonchin and Hccérthy, "1977)y; con-

’trary to P3 however, ’tbels£imuli elici{;ng‘ an N2 responée
.need not be task-rélevant. Its short laténcy renders'it li-

¢

able to reflect many of .the processes previously mentioned
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for P3, . such as target detection or information processing

(Pitter, 1979)¥ﬁ_ N

Squires, Squires and Hillyard (1975) reported a positive

e

deflect;on occubrihg abodt 240 ms following unpredictab%e s
shifts in pitch, whether or not the subject was aptending:\hu/
They Iabelléd this wave P3a. Tt could be‘differentiaied
from the ugual P3 in terms of its shorter latency and more
v f?on}al scalp distribution:' The f3 peak varied in ampl;tude
as a function of the rarity of the shifts; and seemed to oc-
> cur vhgne%er mismatches haopened. Foth (1973) had reported
a simiiz?ﬂr;:;.and suggestad that it might index sonme compo-~
. nent of the orieﬁting response, -However, he thought the

gy
wave to be an early manifestation of P3.

Goodin, Squires, Henderson and étatr 1978y recently
\ ' identified another positive deflection, termed P165 because
“%L; . Aof ité latency, which - was asspcf ted with rare attendéﬁ
‘:} tones in a signal detection gapiézi:i This peak, hoﬁever,
could only be observed after subtracting the waveform to
:i\_,, unattended tone; from that to ;ttended ones. Presumably,
phis might explaim its late discovery. Although occurring
approximately at the same latency as the currently reportead

: 0
P2, 5165 could be q;fferentiated from it by.manipulating
elegtrode locations. r'when using lateral electrbﬁes refer-
enced to the tip of the nose P165'jjé foun;'to fe constantly

positiv® at ?lL leads, in contrast -tc P2 which inverted in

polarity across the supratemporal plane.

.
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Chapman, HcCraéy and Chapman (1978; cChapman, 1979) re-
ported a "latent® copponent of ‘the evokgd potential, éosi;
tive and peaking atrapproiimately.250 ms, apparently related
to the storage of‘informafion in short-term memory. This is
a latent component hecauéé it derive; fror a-Principal Com-

,ponent Analysis and could not be detected by mere visual

inspection of the rav .waveform. The task was as follows.

" Two letters and two numbers vere presented individually in

random order at intervals of 750 ms, preceded an@'folloved
by a blank flash, ' The subject's task was to compare either
the letters or ﬂumhers forming a pair, depénding on the,par-
ticular run. Three different luminous intensities were used
for all runs, in different condig;ons. The "storage compo-
.nent" as Chapman has it,was recorded maximally to the €first
stinulus of each pair, the one which had to be.kepf in mem-
ory for later comparisons to the other members of the pair.
The correlation between the component scores and probed re-
call for the various 'stimuli ¥as ~.77, guite high as Chapman
points out, in view of the facf that other factors such as
reﬁ%;gvalﬁ;;e nct taken into éccopnt. Chapman hypothesized
éhat it nmight reflect the reading of information out of a
Sensory register into short-ternm éemory, its latency occur-

ring about at the time the ‘visual icon fades out {Sperling,

1974y .

Tn a  study of corcopt formation using visual stimuli,

Stuss and Picton (1978) reported on a positive deflection
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peaking around €50 ms in the evoked response to auditory

tones given as feedback on tha sdhject's performance, This

“pyn peak, és it was called, was maximally recorded at the

vertex and over the parieto-occipital regions. It increased

"in amplitud= during‘periods where the subject was making

continval errors. Except for this particularity it was

quite similar to the feédback—P3 in its variatiqn'vith expe-~-
rimental manipulations, being also‘related to the amount of
taékfrelevant information present in the Pg stimuli. ° The
authors suggested that the P4 component might refléct the
utilization of FB information- to modify ‘visual perceptual
proéessesﬂ . They proposed, however, that py m@ght not be
specific to the visual 'modality but rather vould reflect
general perceptuai adjustments occurrimg in the parietal as-
sociation eortex. In a further stﬁdy (Stuss and Picton, in
press) the PU was observed in response to viswal FB stimuli
providing information about performancé during an auditory
con;eﬁt formation task. In this latter study, howgver, the
P4 was observed in- only about ﬁalf the sybjects. A P4 wave
had ;lso besn noted by Jenness (1972), in the response to
discriminative stimﬁli in a percepgﬁa% qiscrimination learn-
ing task, |

\ I

Slow Haves

N®&t8nen and Michie (in pPress) have reviewed eviggnce for‘

//j the existence of a‘"proceésing,neqativity" vhich might start
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rising as sarly as 60 ns  following stimulus on#et andlcould
+ last fér several hundreds of miligseconds, depending on,stim-
ﬁiug rate, duration and - difficulty of discriminativn. ‘ In
attentional-studies_where tha'rate of stimulué delivery is\
high the onset of this shift miéht overlap with the N1 peak,
thus explaining in a different vay the previousiy reviewved
" nN1 effectn. N&#t#nen and Michie have proposed th@t‘this
negativity'refleéts the orienting +to and further proqgssing
of inputs foun?,relevant in preliminary . sensory analysis.
Such an interpretation differs frém the previous suggestion
by Hillvard and colleagues (Hillyard et al. 19733’ Hillyard
and Picton, 1972} « Picton and Hi;lyard, 1974) - about the N1
wave, These authors, it will be recalled, suggested that
the vériations in amplitude of the N1 péak-under attentional
manipulations indexed the cohtinqenc;es of a stimulus set

-mode of attention (Broadbent, 1971).

Another tyﬁe of slow wave has been  described (;Luires,
Squires and Hillyard, 1975; Squires, Squires, Donchin and
McCarthy, 1977y, which is pog&t};e going parietally and neg-
ative going front;{ly. It covaried with the same variables
as d;d P13, ' The scalp distribution of this slow wave proba-
.bly interacts strongly with that of P3 and might therefore
explain the lower P} amplitude wusually found at frontal

1

electrodes.
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Rohrbaugh and colleagués recently reported 5 negative
;fterwave elicited Sy unpaired stimuli under various tasks.-
mapipulating the subject's involvemené (Rohrbaugh, . Symndulko
and' Lindsley, =« 1978; 1979). This negativity changed its
scalp distribution with latency from a frontal to a parietal
maxipum and peakesd within the first second. It lasted for a
minimum of 1.5 sgcondsi A Principal Component Analysis del-
inéated two factors corresponding to the neggtive afterwvave,
The first factor.accounted for the early neqat%ve peak of
the slow wave  at fromtal sites and sometimes also includeﬁfﬂ\\ '
the P3 component. The second factor fepresents the late
portion of the negative wave and is widely distributed on
~ the sca}p. Tﬁe neqative'afteruave'was of greater amplitude
for auditory than for visval stimuli, The appearance of the
negativity for visual stimuli seemed to require more strin-
gent task requirements: The authorsnproéosed that this neg-
-ativity might represent non-specific actifation processes,
and correspond to thg early part of the CWV usually observed

™
bet we2n pairs of stimuli.’

Contingent Negative Variation and Bereitschaftpotential =

The Contingent Negafive Variatien, ~'was first reported by
Walter, Cooper, Aldridge, HcCallum‘and Winter (19§u). It
was recorded as a neggtive shift, maxiﬁal over the frontal
aregasfof the cortex, occurring in the interval separating a
_"warping" from an "imperative™ stimulus to which the subject

ha o respond. In situvations where the imperative stimulus



y : ‘ _ 31
‘was nsistently omitted, the CNYV receded gradually over

1

about 30 trials., Walter et al. suggestéd that the CNV might
be ",..the éléctricaf siqn of cortical ‘priming? whéreby re-
sponses to associated stimuli are economically accelerated
and synchronized" (page 383). Hillyard (1973)-has offered a
fourfold glassificgfion of CNV-genmerator paradigms: 1) hold-
ipé a motor response in readiness; 2) ©preparing for a per-
ceptual judqment;' 3} anticipation of a’ieinﬁorger, positive
or negative; _4) preparing for a.cogmnitive decision. More
generally, it might be said to occur whenever the relation

between two successive stimuli is important %o the task.

Several investigators have proposed attention as a possible

underlyig process for the CNV (Walter et‘'al., 1964:; McCal-
- lum, Low and Hillyard, 1969; Hillyard and Galambos, 1967F;

Tecce qnd Scheff, 19€9; Tecce, 1970),

972) bhas revievwed most of the literature dealing

CHMV prior to 1970. It is maximally recorded a%
frgntal sites, with anterijosterior and latéfhl\gradients
of diminution. Its&garly part seems related to arousal
processes, while the léle CNV is readily linked to facilita-
tion of attention to S2 in the ?1a351ca1 paradigm., The late
CNV combines with the motor readiness {ox Befeitschaft) po-

tential, in paradigms asking for a résponse from the sub-

ject.
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Because both the'CNV and Bereitschpftpotential {BP). are
%idespréad in di;tribution and confounded in several tasks,
the existence gQf aqpﬁxtne" CNV has often been questioned.
Lovaless and Sanford (1974) distinguished between an early
non yave presuﬁed to be a componént of the orienting‘re-
sponse, and a later "F" wave rising in anticipation'of the
imperative stimulus and closely résembling the BP preceding
a voluntary movement. Several studies had, found a differ-
ence in scalp distfibution between the two phenomenﬁ, espe-
ciaily a2 higher bilateral asymmetry and mere frontal dis-
tribution the CNV (Deecke, Grozinger and Kornhuber, 1976;
McCallum, 1976; Deecke and Kornhuber,. 1977) Kutas and’' Don-
chin, 197&, Using a pattern recognition technique, Weinberg
and Cooper (1972) had found a rather poor correlation be-
tween the frontal and. vertex recordings of the éwv} Thase
results were confirmed by Papakostopoulos and Fene;on
{1975), who were led to propose that these two aspects of
the CNV indexead fundamentally different functional proc-
esses. Interesting in this respect are the findings of Ro-
rhbéﬁgh et al. (1978, 1979) whose factor I seems to corre-
spond to th%ﬁ,eérly Cuv. Thesé results vere obtained in a
task using unpaired stimuli, thus strenghtening an orienting

response interpretation of this early process.

‘"he preceding results, however, can be interpreted in a
different way to- propose that the currently.'tecorded BP is
the fesult of both motor preparation processes and some true

CNV (N¥8tMnen, in press). The BP is greater in amplitude at
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Cz than over the contralateral hand areas, and the amplitude
over the ipsilateral hand area 4is substantial (Syndulko and
Lindsley,-1978), .Aléo speaking in favor.of the existence of
.a true CNV is the fact that many experiments recorded it in
situations free ‘'of motor response requirements (JHrvilehto
and Frushtorfer, [?73: Irwin, Knott, Mcidam and Rebert,

1960; Low, Borda, Frost and Kellaway, 1966).

Severai experiments reported Fhe CNV to vary in amplitude
with the manipulation of variables which have little to do
wﬁﬂ1@;tor pfeparation. An increase in cpv amplitude rela-
tgd to the subjective expectancy for the imperative stimulus
wvas reported by J&réileht& and Ma¥ntysalo (1976). Roth, Kop-
pel, Tinklenbergq, Darley, Sikora Jnd Vesecky (1975), using a
typical Sternberé paradigm found that the amplitude of the
CNV and the speed of its resoiﬁtion.following the probe var-
ied as a function of target size, CNV amplitude vaéﬁgréat—
est when the set size was one. "' Thus, there seems to be
pleéty of evidence for the existence of a truye CNV, inde-

‘pendent of fhe BP.

The relationship of CNV to performance has been the ob-
ject of much controversy. The asstptibn of this negative
shift indexing attention'or‘ "cortiéal primiug"qshou&g imply
a positive correlation with PT. Tecce (1973) revie;ed about
20 experiments on the suﬁject and concluded to the independ-~-
ence pf the two variables. McCarthy and Donchin (in press)

have proposed the "terrain hypothesis", aimed at explaining

4
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the poor re1§£ion between CNV and RT. More precisely they
prdposed that the CNV might constitute the manitestation of
a.cbntFol system that mobilizes organismic resources to a
Qanying deqree to keep constant some behavioural output.
Froq'this viewpoint the "aim" of CNV amplit$de is to main-
taiﬁ a fixed behavioural output in the fronmt of varied con-
ditions. Vo constant relation should therefore be expected

between the CNV and response time.

Tn a somewhat different line of thought Cooper, MNcCallum
and papakostopoulos (1978) proposed a bimodal sldfrpotential

theory of cerebral processing, in which two modes of cere-

bral functioning can occur. The categoric mode refers to
states in which actions or .decisions are executed automati-
cally and mechanically according to some predetermined and

pre-established response procedures. The scopeutic mode

refers toa ". . . selective state of involvement with a
particular set of circumstances which have taken over the
- éentral processpr for a given period of time and which re-
gquire at theirﬁ end point some action or decision". .‘T:ZSG
tvo ﬁodes can interact or occur simultaneously, and are af-
fected by %he procéssing load imposed on them. TIn this for-
mulation, the CNV would r=flect the scopeutic mode of func-
tioning in which emphasis is put on the thg organization of
information. Similarly, Picton et al. (1978) have proposed
that the frontal component of the CWV might be related to a

activity in the frontal regions that progranms, directs and

energizes the mechanisms of attentionm, therefore linking it
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directly with the organizagtion of selective information

processing and behaviour.

-

CNV-P3 relationshib

The coincidence in time of P3 and CNV resolution in se-.

veral paradigms (Donchin and Smith, 1970) has led to the
proposal that P3 might he determined by generalized prepara-
tory activity preceﬁinq.the eliciting stimulus rather than
by pfocesses iﬁvoked by the stimulus itself (Naataneu,‘1967,
1970). Karlin (1970) suvggested that the P3 component was
essentially a "reactive change™ to the development of the
CNV. .Several studies however have repofted manipulations of
P3 amplitude in situationms precluding the artifact of dif-
ferential preparation {Ponchin and Cohen, 1967; Fason, H&r-
ter and Hhité, 1969; Tueting, Sut%on and Zubin, 1970; Harter
and Salmon, 1952; Friedman, . Hakeren, Sutton and Fleiss,
1973; Hillyard, Hink, Schwaent and Picton, 1973). Further-
more, the scalp distribution of Pl is maximal over the pa-
rietal areas, whiéh.is not the case for the CNV. bonchin,

Tueting, Pitter, Kutas and HeffPey (1975) demonstrated,
-,

through Principal Component Analysis, the coexistence of tvo

orthogonal components corresponding to P3 and to the pre-
stimulus negativity. As Tueting and Sutton (197 } point out
however, the possibility remain; open.that the CNV and P3
intefact in several situvations., Particular care should

therefore. be taken to disentangle these effects.

-
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METHOD

‘i:ir/ﬁgsk invoived the discovery of the classification

criverton underlying a set of four complex geometrical fig-

ures, each of which could vary along three dimensions -=<
]

shape, colour and line. All stimuli consisted of two con-

- centric shapes (square or circle), each shape having its own

colour (red or yellow) and its own 1line width (thick or

561 OF 64 different figures (4 shapes x 4 colours
nes) permitted”the construction of 108 different sets
of four stimuli. TFach of these sets fell into 6ne of six
different categories defin?d by the location of dimensions
variation within the set _and by the amount of dimensions

varied at each location. fihe sets of four stimuli were con-

structed according to the following rules:

1. The first slide of each sequence was chosen at_\

random among the 64 instances of the origin?l
pool.

2. Individual slides in tﬁe second, third or fourth
position of each train coulad vér} 0, 1t or 2 dimen-
sions with reSpect to the first one. (In this
way, the amount of processing required from the

subject could be graéed).
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3. A maximum of 2 dimensions could be varied in any
sequence. This is a logical constraint, since the

. total number of dimensions was three.

S

4, Once a dimension had been varied, it remained the
sane throughout the rest of the sequence. This
permitted the construction of .gggggglglg se-
quences, the use of vhich diwminished by one half

-~

the number of slides needed.

5. Ag{ change in a given 41meﬂéion, whether it af-
fected omne or both of the concentric figures,
would he conslidered as a "complete"™ variation and

. be sufficient for the subject to eliminate this

dimension as a possible classification criterion.

€. 2ll permutations of location by number of varia-
tions would be exploited, inasmuch as rule four

vas respected.

'S
7. 1ll three dimensions would be used an egual number

of times as classification criterion,

Each set of four stimuli was seen four times by the sub-
ject during the experiment, twice forvard amd twice Back-
wafd, adding up to 432 trials. Thus, there weke 72 trials
for each +type of sequence.‘ The complexity of the figure

sets, as well as their relatively high, number, prevented

completely the subject from knowing in advance the nature of

the upcoming seqguence. Fach trial was preglassified

-~

4
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according.to the conjunctivé occurrence of two attributes
within one dimension, .and the sdbject's task was to.deter-
mine this élassifi&ation qriteripﬂ. For example, the con-
junction -"square ;nside Eircle" might occur in-all four
stimull om a given‘trial. The nature, complexity and time
‘pressure of the task allowed only one successful bfoblem-
solving strategy. .The Qubject fixed the first stimulus in
hemory for comparison to succeeding stimuli. Any differ-
ences that were then perceived allowed the elimination of

particular criteria as possible solutions to

'prqplem.
The final answer occurred u?eﬁ only one sible ériterion
remained, i.e, when two dimensions had varied. - The subject
was also required to indicate the slidé number at which the
solution had occurred, This diminished the possibility for
the subject of solving the problem only at the end of the
trial byl a retrospective pfoceésing- of the stimuli. The
subjects were explicitly asked not to rely on such retro-
spective Iprocessing.' Close nmonitoring of the subject's
strategy, through verbal reports during the extensive, prac-
tice periods ?ndicated a shtisfactory nonline" g;imifation

of possible criteria in proportion as the stimuli were de-

\
livered.

The different possible eliminati?n steps occurring prior

to problem-solution provided the basis for a division of
trials into six different "sequences"™. In the first type of
sequence two possible critefia could be eliminated on the

. v
second slide; in the second type, one criterion ‘'was

v



’ . 39
%

seliminated on each /of the second and third slides; in the
thirdrtype, both dirmensions vere-vaéied_on,thé third slide; -
in the Eourth fype one dimension was varied on each of the -

third and fourth slidési in the fiftg type, one dimension

was varied on the second slide, and one on the fourth; tn

/fnkhe sixth type both dimensions were varied on the fourth

slide. Table T depicts the various types of sequence ac-

cording to the numbér of dimensions varied. The first stim-

ulus in each sequence is simply labelled ™"S®, hecause its

LY

functional significance is qualitatively different from that
of -the other stimwli. . It provides the origihnal teamplate
from which further cbmparisons are made. Figure 1 gives an

Table T

variation of dimensions within sequences

STIMOLI

I s 2 o0 o

s IT s 1 "1 0
T

Q Y IIT s 0 2 0
U P

E E IV S 0 1 1
NS

cC ¥ . 5 1. 0 1
E

vI s 0 0 2

-

e
example of each of the six types of sequence.

The experimental hypotheées vhich were being checked in

this experiment are the followings: 4

Al
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1. +here are independent components of the evoked po-
téntial vaveform elicited by the stimuli in the
problem;solving tasky.and these compongn&i reflect
different cognitive processes éccuring'during the
solving of-the problemn,

2. The P3 component pf~the evoked potential is rela-
ted to the amou§:£;>\¥information in the stimuli
which 1s relevant to the eliminative.'strateqy.

' This amount is indexedlby the number of dimensions

varied, at eaj&;stimulus, from the preceding one.

(See Table T)

- Subjects .

Ten volunteer subjects, 9 males and one fepale, partici-
pated in the experiment. 1All were colleagues of the experi-
;;zter. 311 of +them had university education. One nmale
subject was excluded from the analjses because of incorrect

electrode placement. All subjeéts vere right handed ard had

normal vision, with or without refractive correction.

Electroencephalographic (EEG) activity was recorded using

ngg;étus

Beckman Biopotemtial Ag/RAgCl electrodes. affixed to the scalp
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Hith gauze and collodion. The skin.was‘scratéhed under each
electrode (except the ones used for elecfro-oculogram) SO as
to diminish skin-potential artifacts (Picton and Hillyard,
1972y, Electrodes were placed at Fz, Cz, P3, P4 and Oz,
\according to the international 10-20 system (Jaspeé, 1958) .
These electroded were referenced to linked mastoids. Elec-
tro-ocular activity was simultaneously rec;¥ded from the me-
dial supraorbital ridge and the inferior ocuter canthus of
the right eye, 50 as to monitor both vertical and horizontal
eye movements.e The EFG activity was amblified us;ng Beck-
man R611 polyéraph amplifiers modified to have an eight sec-
ond’ timé-constant and with high pass filters set a 30 cps.
The aﬁplified activity was ;onitored online (Tektronix D10

Oscilloscope) and recorded on FNM tape at 3 3/4 ihches per

second (Vetter Model A Tape ReEBfﬁing Systen).

N

The visual stimuli were slides projected from behind a

Stimulation
small translucent screen through a mirror syétem. Two Kodak
Carcusel projectors were used for this purpose. The first
one (BOO)—iwas used to project the sequences'of slides which
coﬁsisted of geometric figures drawn on a yellow background.
The secong:one (750H) conélnually projected a yellow slide
used as a background between s{imuli._ These tvwo projectors
were equipped with shutters independent of the slide chang-
ing mechanisms (lLafayette 42011). - The shut%ers were syn-

chronized (lab-made devicel!) so that whenever one was open,
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the other was closed. The simultaneous "closingfopeninq" of .
the shutters.;as throuéh vithin 16\to 15 ms. For someone
looking at the screen,\éhe subjéétive impreséion vas that of
- a coloured figure "aﬁpégring" on a yellow background at reg-,
ular imtervals, -The subject's initiation of a trial by

pressing a button caused a pulse (initiation pulse) to acti-

vate a stimulator (Grass S48} which then produced a train of

—

- four equally spaced pulses. These were fed into Grason-Sta-
dler timers and the output of these timers was used to drive
vthe first (806) slide projector, backvard or forward, for
four consecutive slide changes. The train of pulses from
the Grass stimuiator was also used, after a delay, to acti-
. vate the shutters. The delay provided the time necessary
for slide changes between shutter openings within a train.
The first pulse generated by the Grass apparatus, coincident
upon the subject's button press, produced a click in the
. subject's earphones (Telephonics TDH-49) which served as a
warning tﬁat the visual stimuli would come soon. It also
told the subject that his button ﬁress had been effective.

Coding and decoding of sequence types and criteria

The 800 projector, vhich was used for the sequence
slides, was equipped with an array of photocells arranéed s0
as to face one side of the slide's frane. Holes were

drilled into saqme of the slides, their numbef and

tAl1l "lab-made devices" wvere designed and constructed by
Gilles Hamel, B.Sc. P

y

/
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~arrangement corresponding to specific sequence types. The

last slide in'each train of four provided the code appropri-
ate éor the next train. These codes'uere read by the photo-
cells anﬁ;yelated appgrqtﬁs (Lehigh Vvalley Electronics) and
fed iﬁto/; set of six and-gates. | These and-gates vefe in-
tercoﬁnected so that Snly one of them fired when a code cor-
rgsponding to a specific sequence was input in conjunction
with the initiation pulse. In other words the subject's ini-
tiation pulses was only allowed to pass through the particu-
15; and-gate corresﬁﬁﬁ&ieg to.the sequence type of the slide
train being projected. \qéreafter, the outputs from these
and-gates will bé called “ééquence pulses®. These sequence
pﬁisgs vwere fed into three different flip-flops deﬁending on
thé particular sequence they }epresented. 4 first flip-flop
vas acbiv;téd by the output from the and-gate corresponding
to sequenc2 I, where the solution occurred at ;he's$cond
slide. A seco£;“ flip-fiop was activated by Athe output‘of
tgé_and-qates corresponding to sequences II and III, where
the sélutioﬁf&ccurnpd at the third slide. A third flip-flop

/
a3 activated by "the outputs from the and-gates correspond-

to sequences IV, 'V and VI, where the solution occurred

on the féurth slide. Hereaffer,‘these will be called "loca-

tion flip-£lops".

The code for the correct criterion within a -given trial
was set manually by the experimenter. This consisted in ac-

tivating a duo of flip-flops érranged to function as a

S S——
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counter (criterion /flip-flops}. ' e code for "the ¢colour,

line and shape criteria were set bylactivat}ng one, the
other or both flip-flops respectively. The subject's re-
sponse as £o the criterion also activated these flip-flops.
They were so .arranged that whenmever the subject's response
corresponded to the code sef by the experimenter. (i.e. when
. he or she was right): no fliprfldps were left open. In
other wvords a correct‘rgspons; from the subject canceled the.
gxperimenter's code. cimilarly the subject's location re-
. - .
sponse de~activated (when right) the location flip-flop cur-
rently "on", If any of the criterion’or location flip-flops
were still ACtivatgd at the end of the subjéct's response, a
pﬁlse indicétinq a wrong answver was gemerated (error pulse).
The ‘sequence and error pulses were fed into an eight-channel
frequency coder-decoder (lab-made device), along with the
pulse resulting from the subject last button press (location
respoﬁse). Each of these eight pulé@sﬁuas'then attributed a
different frequéncy code; A1l these codes were stored on

one channel of the FHM tape;

Playback

The tapes were played back at 15 ips. _ The frequency
codes vere decoded b; the same device that had coded then.
2 code corresponding io a particular sequence type, for ex-
‘ample, caused a pulée to be output from a specific channel
of the coder-decoder. The same was true for the er;or and

response codes,
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The TEG waveforms were digitized aﬁd averaged on a Tracor
Northern 1500 digital signal analyser. The pulses generated
by the seqﬁence codes were .used to start the averager's pe=-
riod of analysis, This permitted separhte‘averaqing of the

ZEG activity corresponding to each equence type. Following

reception of a sequence pulse the omputer went on digitiz-

ing for a period of 2.17s (8. real time). Then it stopped
autom:?ﬁbally, to be restarted.only by the response trigger
corre ponding to the trial under consideration. Since this
. trigger coincided with the end of ‘the subject's response, it
had a constant time'relation to the FB stimulus, Following

this trigger +the averager went on 4gain for .4 s (1.6 s

real-time) to digitize the FB evoked potential.

All TEG epochs contaminated by EOG artifact were redjected
by the TN 1S00's artifact rejection (AR) system . Elong
with the EQG, the error pulseé were also passed througp the
AF systam, permitting the rejecfion of all trials where fhe
subject's’response was wrong. Furthermore, all trials where
the subject had responded, too early (i.e. 1less than one
second after the onset of ﬂthé lgst slide) were prevented
.from reaching £he digitizing stage. Three counters were set
up vhich monitored the number of sequence pulses emitted by

the coder-decoder (check on decoding accura ¢ the number

he number of
t)

A

of trials with responses coming too early, fand

trial with wrong responses.
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Since the -number of trials sucéessfully averaged varied
for each gequencé type, the resulting wvaveforms werae normal-~
ized. This permitted a direct comparison of the various sé-
‘quence types within subjects, controlling for the number of
averéqed trials. The resulting waveforms vere then graphed
on paper, for each subject and sequence type, {Hewlett-Pack~-
ard 7044-A X-Y PRecorder). The same waveforms were also
stored on cassette to'be later used in the computétion of

grand averages over subjects (TN 1003 Tape Cassette Unit}.

>
o

AN Procedu

. e e

®

Each' subject gained mastery of the task -during several
pfaciiée periods which were continued until a consistent
performance level of 85% correct was achieved. . This re-
quired between one and eight hours. The evoked potential
session ocqurréd within a few days of the last practice pe-
riod aﬂﬁ-began with a few practice trials, in ordar to re-

ﬁtesh the subjects® skills.

The subjecté' sat confortably in a reclining chair and
.1ooked at a fixation cross drawn on a 90 cm2 translucent
screen located 150 cm from their eyes (a visual angle of ap-
proximately 4 daegrees) . The subjects wore earphones (TDH
49) in which white noise of 80 dp SPL occurred continuously

in order to mask the equipment sounds. The subjects initi-
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ated each trial by Pressing a button with +their left thumb

when they vere ready. This caused a click sfimulus (250us,
280 mv) to be heard over tﬁe masking noise. One second af-
ter the click, the visual stimuli began. The dqration and
1nterst1mulus intervals for these four stimuli wers 100 and
2200 ms respactively. 'The subjects were instructed to wait
for at least one second before responding with théir solu-~
tion to the problem and the slide location at uhicﬂ it had
occurrad, This was done through a system of four micr&-
switches. The criterion response was made by pressing a mi-
croswitch with the right index once, twice or three times
. for shape, line, and colour respe;tively. Three other mi-
croswitches on the respoﬁse box could be aétivated with the
remaining fingers of the same hand in order to indicate the
location at which the solution had occyrread. From left to
right the second button corresponded to slide number tvﬁ
the third to slide number three and the fourth to slide num-
ber four. 1 1509 cps 200 ms 90 dB nHL feedback tone vas de-
1iveﬁ€§,xthugh the earphones one second after a correct re-
sponse, th2 absence of such a tone indicating a wroeng

answver, : , ﬁ

Data Analysis

Baselines dotnrmination and raw measurements

e oty A - e . i 2 B

The EP responses for each experimental trial were averaged,

for eaq% Subject separately, across.all trials belonging to

FalaN
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a particular sequence type. There was therefore 6 different
rage responses for each subject, One per sequence type,
Each sequence comprises 4 stimuli. The responses particular
to these stimuli were averagead simulténeously and were based

on the same number of individual trials. .

An individval baselipe was traced forgeach stimulus in
the sequence,.'on the basis of the averaqe amplitude of the
vaveform in the 200 ps preceding the stimulus. The use of
measurements taken from individual baselinef does not allow
the evaluation of Processes takiﬁg place étfoss the whole
sequence, 2 general baseline was therefore traced on the
basis of the mean amplitude in the 400 ms preceding the
first visual stimulus ‘in thg t:aii% Measurements were
taken, at each stimulus, of the difference between this gen-~
eral baseline (B) aﬁa each individval baseline (b). The re-
sulting valus (B-b) was entered along with other dependent
measurés in the data-matrix; in order to identify the pras-~
.ence of'a possible general Cuv. )

: . -
h)

For all separate stimuli the amplitude measuremants were
taken within windows whose limits were determined By prior
visual inspectioﬁ of‘the grand average waveforms (over sub-
jects).The major peéks of a. waveform could therefoge be
measur=ed and averaged together, in spite of their latency

variability between subjects and conditions. The following

latency Capdes (from stimulus onset) véte used to identify
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and measuvre the separate peaks: N1 -=- B0-220 ms, P2 -~
200-325 ms, ¥2 -- .250-380 ms, P3 -- 270-700 ms. The average
amplitudg of the wvaveform was also measured inside windows
wvhose limits were: 350-650 ms, €650-1030 ms, 1030-1340 ms,
13&0—i650 ms, 1650-1970 ms and 1970-2200 nms. Owing to the
limits of the averaging epoch, the last four window measure-
ments were not avalaible for stimuli occurring at location
four. Figure 2 illustrates the various windowvs used "in
measuETngfamplitude.

-

Principal component analysis

Visual inspection of the plotted waveforms revealed se-
veral peaks and pointed to possible differences befween ex-
perimental treatments. The peaks in the rawv uaveform%ihou-
ever, can be partially correlated,. Thé amplitude of the P2
peak, for éxample, might have an influgnce on the amplitude
of the succeeding Nz-peak. I was looking for traces of the
eliminative strategy and wvished to assess independent under-
lying cognitive processes, Although different peaks can be
assumed to index different cogritive processes, the electri-
éal interactions between these peaks do not necessarily re-
flect cognitive interactions. Since I was looking for inde-
pendent sources of variation in _the wavefornm, Principal
.Comp nent Analvsis seemed an adequate technique. PCA has

been use previously several times in the field of evoked
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potentials, The relevgﬂce of this _teChnf@ué for. the
intérpretation of E? .data has been examined by several au-
thors (Donchin and Heffley, ' 1978; Picton and Stuss, in
press; Puchkin and Giaser, 1976) . The following overview of
relevant aspects draws on these sSources as well as on more
general ones (Ferguson, 1971; Kim, 1975; Laforge, "1976; Mor-
rison, 1976). ] -

Principal Component Analysis looks for independent
sourceé of variation in the data matrix, It determines
their location and extent across the set df dependent varia-
bles, They are called compongntsaﬁpr derived factors, and
do not covary. fhis orthoqbnality of the derived factors
nakes them more easily compared to theoreticaliy independent

™~

cognitive processes. This is why PCA was performed on the

Qata: in order ‘that the theoretical. interpretation of the

results be made easier., By reducing variance sources (de;

pendent variables) to progressively smaller and independent

basic sources of variatien, ve decrease considerably the

complexity of the data set. In a sense, this compensates
. -

for the complexitf of the task.

. R :
In order to interpret these components, reference to the

previous litterature will be necgssary. It is therefore de-
sirable that the components derived correspond to phenomena
usvally seen in the raw waveforn. Previous research on

[y
these phenomena can then be brought to bear upon the derived
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componénts. Hypotheses formulated to account for variations
in these phenomena can be checked against variations in the

o
derived components across experimentql treatments.

The PCA was performed using the P4M program of the BJDP
package (Dixoﬁ and Brown, 1977{. To .keep closer to the real
data, so that the componénts retain more physiological mean-
ing, a covariance matrix was used as representing the asso-
ciations between variables. The advantage of uéing a covar-
iance matrix is that, the data being only cente;ed and not
normalized, each of the original variables will contribute
its real amount of variation to the derived . components.
Consequently those dependent measures exhibiting the great-
est amount of variation will account for more in the PCR
solution, Since T was especially interested }n'those peaks
which vary the most with experimental manipuldtions, this is

an approﬁriate state of affairs.

The matrix of amplitud!‘dgta used as input to the PCA was
organized as follows. The'columﬁs corresponded to the de-~
pendent variables and the rous.fblfhe cases. A case was the
averaged fP response of a given subject to a specific stimu-
lus. . Each subject therefore gemerated 24 cases (6 sequence
types Ilu stimuli). From the 9 subjects, 216 cases wvere
available with 7 dependent variables. The last four depend-
ent variables:(uindows} could not he entéged in-this matrix,

because they were not avalaible at the fourth stimulus of
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I‘ - ’

the segquences. These four windows span the area of the
waveform which is referred to as the negative afterwave.
The possibility. of a component corresponding to this nega-
tivity vwas examined in a second PCA where only the responses
from the first three stimuli of each sequence type were

used. This'.gave a matrix of .11 dependent variables by 162

cases (9 subjetts X 6 sequedces X 3 stimuli).

%he set of dependent variables on which measurements were
taken can be represented geometfically as a .set of axes
along which the cbllected data points scatter. If the vari-
aQ}es covary these axes will not be orthogonal, i.e. they
will not intersect at right anglé. PCA Wwill reéuce the
number of axes neéded to represent the data inlthis‘space,
and have them intersect at right angle. The nev axes are
the cégponents of PCA. For each newly derived component,
PCA will provide a set of 1loadings which represent the cor-
relation between this lcbmponent and every original imput

variable. The loadings can be used to determine hov,much of

the variance in the original variables-is accounor by

the nev component or, inversely, what is the contrid¥tion of-

ks

each variable to the new componént. The pattern of loadings

for each derived component is used to name it after the

" original variable contributing most to its formation.

mhe maximum number of components extracted by PCA 1is

equal to the number of input variables. Since the goal of.

\-

R
|
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the analysis is to achieve gfeater simplicity, -howe@er, ve
must determine a priori a fixed number of components to be
derived. Several methopds are available {o-limit the number
of components. In this study, the gininum amount of -vari-
ance to be explained by a componenf was manipulated. Be -
cause the task is complex i1t is legitiﬁaté to expect a fair
amount of separate processes going on during its execution.
Furthermore some of these processes might occurf only under
specific experimental treatments and therefore, although im-
port;nt from the interpretational point of view, might ac-
covnt for only a smaik proportion>o%;thé total variance in
the data qatrix. Following these considerations it w;s de-

cided that a lower cutof%,point of 5 percent of the total

varianca would" be adequate.
[

Yarimax rotation. Because the PCA components tend to co-

.

™

vary across the waveforms from which the;’::;e derived, and
< .

also, because the depézazagmvariables often covary, the PCA
will produce loadings for =zach cqmponenf across the entire
wvaveform. The interpretation would be easier if each compg-
nént, had maximized.actiyity vithin a restricted region‘of_
the‘uaveform,\aﬁd ifhimized activity elseﬂhere;. fhis éan be
sthieved throégh ths yse of Varimax rotation. ~ This techni-

que has the effect of maximf&iﬁg high loadings and minimiz-.

inqlo:)ones while maintaining orthogonality. ' Conseque%tii

t «fived components will relate highly %o a lesser number

& . - - R

qf'vaniables and their interpretation will be nade easier.
. o . ) ——

PO .
o N

.
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.

The plots presented in figures 3-h and 4-h are based on the

varimax rotated factor loadings.

The component scores.- o©nce the derived components have

peen identified and labelled according to the major peak or

fegion of the waveform they represemt, the pattern of their

variations following specific experimental treatments can be

investigated. For this purpose the component ScCOres are

used, . .
z

The compoment scores reflect the activity of the derived
coﬁponénts under the vafious experimental conditions, the
same as do the amplitude _measureménts from which £hey are
computéd. These scores are obtained from a linear equation

are tﬁe terms are q&g rav applitude values of the depend-
ent vafiables, veighted accoﬁiiﬁq#to their respective load-
ing on the Eomponent_uader cogsideration.‘ For each derived
component,. therefore, ther? will be as hény scores as there

'

were cases in the original matrix. Because of the use of a

. covariance matrix to derive the components, the means of the

scores forhjjft/gnnapnent is zero. Thus a component score of

ze represents the mean activity level of the corresponding

compgnent across the whole set of data'. . Positive values are

above the mean and negative values under it.
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Analyses of yarianmce

The analyses performed on the data up to now can be con-
sidered as transformations of the raw values into scores
wvhich better represent the activity of the "real" components

in the_ _waveform. Plotting the , means of these. scores for

each :ié;gigg\<ithin each saquence therefore provides an

[

idea of the activity of the derived facéors under the vari-
ous experimental treatmgnts.‘ Still, as in the case of in-
terpreking raw data, -the differences betwveen means can be
due to error varianpe. .In order to verify tﬁe effect of ex-
perimental treatments on the derived factors and reach deci-
sions which have a'high probability of being right, the com-
ponent scores must be subjected to analysis of variance.
Since the component scores rebresent a%tivity in orthogonal
factors, there is no loss of ihformq;ion from the use of
univariate rather than dultivariate ERNOVAS, and so the con-
.

ponent scores corresponding to each coﬁponent were analyzed
separately.

A tvo-way repéated measures analysis of variance was used

to assess treatment effects (Dixon and Brown, 1977 - BMDP

Program 2V). One treétment is the stimulus location, and
has four levels, The other treatment is the sequence type,
and has six levels. Within each of the 24 cells of this de-

sign are the scores for each of the .9 subjects on a given

- R

rd

derived factor. »
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The two dimensions along Hh}ch the fesults are aligned

in this design are not completely independent, sincsd the se-
quence type is definable only in terms of the content of a
gi;en slide at a given locatiom. Because of this, treatment
effects loose scmewhat their clear cut meaning. The main

interest, however, was not in comparing treatments, but in

assessing the specific-aspncts of their interaction. The
L

1nteractlon iu th;;\ﬂesigni,ls really betueen slide content /

and location, ‘or in cther words, between 1nformation conte t

/

and time of delivery. The different sequence'types used sare
R /

globally equivalent and differ only imkzheir interﬁgtion
/7

with slide location. Any overall sequencs éﬁgeét Mould then

{
[

result from its interaction with slide location. ~

The slide location treatment alsp interacts with sequence
type (inasmuch as slide gné always has the same content
vhile slide two, three and four vary it); but {t also has an
independent existence from being scaled on a continuous time
dimensiqn. Tvo interpretations of a slide location effect
are ‘therefore available. ‘Bither it is a real effect due to
the scaling of events on the time dimension, or it repre-
sents a significant difference between slide one and the
.othér slides in the segquence, Béth interpretations could be

varranted at the same tinme. Comparisons among means can be
- .

uvsed to reject one interpretation or the other.

/,
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. -
Comparisons among means. °
Because of the’interdependence between tr ents in this

deslqn, the _interaction effect will probably /be overesti-
mated by the ANOVA. ° The correct interpretatign of an inter-
action effect in this designh is +that it is a positively bi-

ased overall test of the difference between component heans

at differeht slides. In order %o counterbalance this bias,

two-tailed post-hoc tests with alpha set at .01 were used,

in?tEad of the legitimate a priori one-tailed tests with al-
§EA set at .05. The risk of type I error wvas therefore re-
duced by at 1least a factor of ten. Because all tests in-
volved comparisons between groups_of means, Scheffe;s ngw

vas used (Kirk, 1968), based on the interaction error ternm.

~

-

Assessment of correlations

To further help the interpretation of the resuwlts, Spear-
man's rank-order correlation coefficient (Ferquson, 1971)
vas used .to assess the fit between the derived component

scores and theoretical predictions that could be made on the

basis of existing hypotheses.




RESULTS
only results from the Cz electrode are presented in this —
paper. mhe grand éve;age vaveforms evoked by the sedquence

and FB stimuli are given in figure 3. A gradual shift of
the whole epoch toward negativity can be observed for all
types of sequence. large positive waves occur after all the
stimuli. At times, particularly at the first slide of each
sequence, this wave divides into_two easily recognizable P2

and P3 wavéds, but at other times these seel almost con-

‘founded into a éingle large vave, One can also discern a N1
peak to most slides and sometimes also a ¥2. -The vaveforms g
are alsoAcharacterize& by a negative going ramp developing
betuee.n stimoli. _The FB responses consist of gnegative—

positive deflection comprising the N1 and p3 peaks.
P

irst PCA and Related ANOVAS

e R et

The first PCA delineated four factors. Plots of the
loadings and factor scores are given in figure 4. Sunma-

rized results from the RNOVAS will be found in table II.

- 58 =
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- Table TT

Summary of ANOVAS for First PCR
' [ N !
# FACTOR I | FACTOR IT { FACTOR TII | FACTOR IV

* F ! F { F 1 F
B e R R R R R RN NN R RN NN RN RN A RN RN R RS

% 1 | {
SLIDE # 0.5€ 1 31.74 *% | 18,77, %% 1 1.99
* | | {
------------- e B B R
E . I ' ' —_—
STQUENCF # 4.53 % | 0.69 | 0.98 | 0.69
' L | | l
------------- i i D T T TSy PSP
$ { { |
INTEPACTION & 14,32 %% | 1,138 i 1.36 1 1.81
¥ | | Y |
* = PC.N1 rd
*k = P<,001

Factor I explains 43,.3% of the variaﬂce in thé rav data
and loads mairly on the measurement corresponding to the P3
peak of .the Ep, of which it accounts for B4% of the ex-
plained varianca. Tts loadings distribution is‘widespréad
howevar, and the proportion of shared variance between this
factor and the. P2,¥2 and LP-measurements are 14.5%, 17.6%
and 90.4% respectively. The second factor loads mainly on
the P2 peak me;;urement (83% of the variance aécounted for)
although it also has a rather widespread time distribution
across the apoch. The ﬁercentages of variﬁnce—accounted for
in the N2 and P3 peaks by this second factor are: 48% and
B.4% reépectively. ¥hen the whole set gt measdre;ents is

considered, it explains '24.8% of the total‘variance. There’
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L
is ,a fair amount of overlap between the first and second
factor. The third factor can be seen to explain almost ex-
clusively the amplitude variance of the difference hetween
general and individual baselines (B-b}). This "“CNV" factor
accounts for 97% of the explained variance in the B-b meas-

urement. Its influence can be seen to 1ingcrease steadily

throughout the whole epoch, of which it explains 16.4% of *

" the total variance. The fourth factor cotresponds to the N2

LA I

measurement of the rav waveform. Yt accounts for 11% of the

e

total variance, Since this factor, as shown by the subse=~

quent ANOVAS, 1is not related t the experimental treatments

in any appreciable way, it will n t/be discussed here.

Rn examination of the factor fcore plots reveals factor T

(hereafter called "P3 factorm ? " most active at those
slides where criteria can be eliminated feollowing a varia-
tion in content. Notice the second;slide ot sequencé I, thg
second and third slides of sequence; II, the third slide of
sequence TII, and so on. A sharp drop can be seen at those
stimuli following problem-solution (in thet;irst three se-
quences). Interestingly the important late positive wave to
the first slide of each sequence, which can be seen clearly
in the raw wvaveform, is, only weakly ‘representsd in . the
scores of the P3 factor. The analysi# of variance for thege
factor scores show a sequence effect and a more important
interaction effect. The sequence effect_hgkes no sense, ex-

pefimentaly,' and must therefore derive from the interaction

of slide and sequence effects. Tt probably.stemé from the
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particular arrangement of experimental treatments imn our

statistical design. There is, for example, a gradual in-

crease in latency of information delivery from sequence I Ei//z—%k

sequence VI. This is only due, however, to the arbitrary
way the data were placed into the design. Scheffe's F (Kirk
1968), reveals a significant difference between slides con-
tributing to the elimination of criteriﬁ, and those which do
not (F=0.42, p<.01). The difference ié still significant
even when only slides varying one and zero dimension are
compared (F=0.46, p<.d1). There is no significant differ-
ence between slides varying one and two dimensioms (F=0.65,
p>.10) . These comparisons excluded the - first slide of all
sequences which, on logical grounds, must be considered dif-

ferent from\Ell the others in the train. This first slide

N -

cannot be said +to really contribute to the problem solving
procéss, but neither can it be qualified as uninformative.
rather, it might be described as permitting the creation of
the original tempiate against which all the other stimuli

w

are compared.

The analysis of variance performed on'ihe-nsEdres cof the -
Pzagactor reveal only'éh effect of slide. Examination of
the‘plots?in figure 4-B shows this effect tol'bg_m&in}y.due'
to the differenée betveen the €irst slide of each sequence
and the following ones (F=Q.ﬁ8, 'p<.p1). This component
therefo;e-appearsiio account for most of the variamce of the

large late positivity found at the first slide of each se-

quence, which wvas left upexpiained by the P3 factor. ~ The
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AFQVA for fﬁf_ffﬁffs of Factor \3 (CNV factor), also show
only an effect of slide. - There is a trend toward a gradual
increase in negativity of the factor scores across each se-

quence.

Second PCA and Related ANQV

T
Factor loadings and factor scores for this second PCA are

depicted in figure 5. The summarized ANOVAS'can_be found in
table IT, This analysis, it will be remembered, included
all measuremenfs taken from the responses to the first three
slides of each sequence only. Five factors were delineated.

The fifEh factors corresponds to the N2 peak and will not be

L]

Table TII

Summary of ANOVAS £dr Second PCA

L4 | | | :
# FACTOR I | PACTOR IT | FACTOR IXII { FACTOR IV
' F l F { F | 14
RN AR RRRR O AR NN R RN R AR IR RO R RN RN E RN NN ORRRERERRRRRONES
L] i i 1
SLIDE £ 0.80° ] .42 1 31.94 *x | 13,16 *=*
' L | { 1
------------- R L nd TR R B e
L | 1 !
SEQUENCE # 3.84 * | 1.49 | 0.86 1 0.97
t i | !
———meme e R ettt {=m—ememmma—a [mvemmcmmenan RS deme
* | | 1
INTERACTION # 9.57 *%x | 2,68 % | 1.57 {1 1.08
R | | ' {
hd
* = P, 01 .
= P<.001

' -
discussed here, for the same reasons as before.
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Factor I still corresponds maximally to the P3 peak meas-'
urement and can be seen to decreése regularly in prominence
thereafter. It novw explains 41% of the variance in the. en-
larged waveforn. Factors 3 and 4 (P2 and CQV) also present
basically the same pattern, goth in terms of loadings and
factor scofes, as that which ﬁas revealed by the first Ppca,
although the’ proporgion of tbtal variance they exﬁiain is
expectedly lower (18% and 10% respectively). The nev piece
of information comes from the appearance of Factor 2, which
uov‘corresponds to the later ‘portion of the stimulus evoked
uaveform; i.e. thé interstimulus negative ramp (Negative
Afterwvave)., The presenée of this factor, conjointly ﬁith
the cwv facéor suggests the existence of two-.distinct slow
processes, one riding over the whole sequence (CNV), the
other following each stimulus within- the sequence (Negative

Afterwave). The proportion of variance accounted for by

Factor 2 in the new waveform is 19%.

~

The Tesults of the ANOVAS .performed on'tﬁe-fadtéé scores
of the second PCR differ slightly from those of the first
_ PCh. The P3 factor shows the -samé effects, The plots of
factor scores also show basically the'ﬁame pattern with a
slight exceptign€;¥ the second siide'of sequence V, where
the amplitude should be higher. Again a\sigﬁifipant differ-
ence is found betveeﬂigi;ﬁes that vary dimensions aﬁd those
that do not (F=0;u5, p<.01}. The difference between one and

tvo dimensions still does not reach significance (P=0.65,

A
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p>.10) . Factor 3 (P2), like previously, shovs only'an
gffect of slide. It is highest again at the firsthélide and
‘much.smaller at the other two (F=0.48, p<.0M) . Factor &

(CNV) again shows its previous slide effect. The new Factof

2 (Negative Afterwave) shovs an effect of interaction on

analysis of variance. If we except the third slide of se-
guence VI, the corresponding factor scores can be seen,

roughly, to decrease proportionately to the amount of dimen-
sions varied. The activity of this factor decrease 'whenever
no new information is brought to the subject. The overall
difference betweesn slides vaéying dimensions and those which

do not is, however, nonsignificant (¥=1.02,p>.10).

Correlations with theoretical values

Th2 Spearman rank-order correlation coefficients between

the number of dimensions varied and the mean scores of the
L

p3 and Negative Afterwave factors are +0.64 and -0.71 re-

spectively. -

ANOVAS on the measurements from the responses tg feedback

The one-way ANOVAS performed on the feedback-related
measurements showed no significant effects. The feedback
responses following each type of sequence can therefore be

considered ideéentical. These results;>will not be discussed

further. ) (3




DISCUSSION

" The principal component analyses delineated five factor%
(P3, P2, Megative Afterwave, CNV, ¥2) among vhich four are
influenced by experimental treatments. The P3 tactor is in-
fluenced differentially by slides varying~dimensions and
those that do not. The same is true of the negative after- -
wvave factor, although the differences are less clear cut.
The P2 factor is active mostly at the first stimulus of each
sequence.  The CNV facior increased qradually‘ through the
epoch. It seems that the evoked zﬁveform comprises several
independent components that might relate to different as-
pecis of the task. Thus; so far, the general starting hy-
pothesis‘ls supported. The precisé relationship of these

, : -

components to cognitive processes occurring during the task

needs, however, further discussion.

-

The major portién of the variance in the average evoked
responses is accounted for by the P3 componént. . This compo-
nent is higﬁest at slides which contribute to the ei?gina-
tive strategy, although it does pot reflect the precise
amount of change from one stimulus to the next.‘ 4 possible
cause for this lack of precision might be latenq} variabil~-
ity of the ' P3 peak. Tf the P3 peak bariesﬂ %;5 latency of
occurrence from one event to the next within the set of such

events that were averaged together, some averaging of

- 65 -
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 hon-correspondent time points will occur and this zight

contribute to diminish P3 amplitude. Tf the P3 wavé is’rel-

ated to stimulus evaluation, then it is a ‘plausible assump-

tion that the more complex the stimulus, the more variable‘

thellatency_of P3. Such latency variability should however,
vhile reducing P3 amplitude, also increase the width of the

-

peak. ) Visuval inspection of the raw vaveforas. shows the P3
peak‘z; be no wider for slides varying two dimensions than
for those varying onlg,one? If Iaténcy variability shows no
discernible effect on P3 width, its effefts on P3 amplitude
must not be very importént. NTherefore‘eitgér both simple
(one dimension varied) and gdﬁblex (two dimensions varied)
stimuli are equally affectad, or the explanafion of the lack
of difference. between the responses to. these two ty?es of
stimuli in +terms of latency variability is not;whrranbed.

Since the first possibility is wunlikely, it is concluded

that the lack of difference under discussion is real.

Among the hypotheses which have been reviewed in chapter
I, several can be eliminated as explanations of the present

wir .
P3 findings. Stimulus uncertainty (Sutton et al., 1965:

w

-

L 2

Priedman ot al., 1967, 1968) and probability or informatiéﬁhf’

(Campbell et al., 1978; Picton et al., 1978) do not explain
the results, since low probability éfimuii such as the first
ore. in each sequence elicit smaller hmplitude P3's than more
probable stimuli like the fourth of comnditiom VI or the

third of condition ITII. Although information might have
N i

-
-
-




.‘ . | \ -.5 ) . . 6:7

played a fole, it is certainly not the major determinant o%

P3 amplitude Y 4his task. In fact,' it‘might.very vell be
S s ‘ :

physical features of stimuli for what they medﬁ,gprobabilitx
recedaﬁ in the baCkground. To illustrate with an example

from daily life, - one can say frite thinés with rare words,
or séf qeahingful thinds with words of frequent usa;e. When
'undérstanding is the goal, -word probability bec;;es a factor
of-minor importance. 'Somethiqg ;imilar most probably.occur-
Tred in éhe present task,.' ﬁd‘;his might explain, the lack of
correspondénce betweeh th?QL -

-

infbrmation.

The hypothesis of Donchin End coileagueé (thchin et al.,
1978; .Duncqn-Johﬁson and Donchin,. 1977) that,é3 indexes an
activity of context updating is also_partialiy disgonfirmed

"'by the present results, if the Iamount of-updating is éaken
into acéount. Stimuli varying one and tuéjdimenéiégg, which
lead.theorexicaliy_té different amoﬁnts ot updating; elicit

AN
- same size DPis. ) . N

. . 3 ) 1 - Y. }‘

Friedﬁan#dnd colleagues - fad found P3 correlates of syn-

. etactic closure, Because/syntactic closure relates essen-

tially to the formal sfructure of the stimulus traiﬂ,béing

. _ . : .
‘presented -to the subject,. it vas deemed possible for traces

1
1

“of "problém9closure" to'appear in +the responses to the‘ée-
- quences of ﬁh@%ﬁ;eseﬁt task. 1In 'such'a.c£§e-thé responses
‘ ., .x o Y
- - o .
. N ﬁ.ﬁ‘ :
. ; . o . a

mplitude of .the P3 factor and’
- 5

N . ~ - - .
that ¥vhen task-execution requires deep procegsing of the -«

L3

-

N
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to stim&li-glosing' the problem;_ or'brinqing its solution,
Shquld have .evoked greater‘amplitude P3s. than other which
deliver the same amount of.infofmétion but do not close the

] v :
problem (cf. TI-1 versus TII-2, or IV-3 versus IV-4), Such

is nof.the case, It might therefore be that the closure -

phenoaenon is specific to linguiséic,processing. There were
Moe indications, in the raw-udveforms, of .a "task-closure"
effect, reflecting the end of the task as a whole, ‘occurring
at the fourth . stimulus of each sequence (seé f;gure 3.
However, the slight incrément'in P3 amplitude at this loca-
‘tion was notk-reflected in the-cqrresponding ~factor scores.
- This might indicate that;thé'inprement . was due to an inte:-
- action beéween P3 and a fall-off of +the CNV 5t'the end of
the task, J The use of PCa, ich delineated two separate

factors for P3 and CNV probably éuhtracted such influence

from the P3 facter scores.

" The template mismatching hypothesis of fiillyard and col=-

ieagueg runs into the same type of proﬁlem as Donchin's up~-

dat;hg of conteit, vhen' trying to explain the results at p3,

% . N . . . _
The amount dk mismatch, which ygs clearly defined in this- -

task 414 not covary .with ©3 amplitude or with Ythe “corre-
‘sponding factor scores. It might be arguead that the present
v : g .

task did not really elicit template.fitting in the Sokolo-

'viah fashion, since there was lit#le Qf no fepefition of a

background -and since changes were alvays somewhat expeqﬁed.

Houévert .the - task Eeﬁﬁired the comparison of +the current

) e . o
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stimulus against an internal memory representation of the
previous one, and template mismatching might have been a

plausible explanation of p3 findings.

The last hypothesis to be discussed from previous litera-
ture, is that which relates P3 amplitude to the subjective
evaluation df the stimulu§ task-relevance (Courchesﬂe, 1978
Hopnberg et al., in préss; Picton et al., 1976). The task-
relevance of 4:,5 -

.the £ask goal. In a simple task.such as target detection,
‘the determina£ion of tasé-relevance is. straightforward.
This is not so, however, when dealing with complex tasks.
The 'more complex the*task, the more organized the problen-
solving strategy must be. The problem is solved in sgveral

steps. Information processing during a ngtep" is oriented

by the goal specific to that step. Tﬁe nglobal" goal of a

task can therefore ba split into several subgoals which can’ -

then be organized by the problem solver (vith or without ex-
. .

ternal help or constraints) into 4 problem solving strateqy.

‘3 strategy therefore has a sfructure which can be, for exam--

ple, serial 'orbhierarchical, depending on the functional

relations between the subgoals that orient processing withim

it. The task-relevance of a stimulus can thus be determined.
S ” :

by its relation to more than one goal, or to a subgoal enm-

bedded within a more global goal.

N . - h ]

timulus is determined by its relation to
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The concept of "goalfrelevance" might provide the best

explanation of P3 variations in this task. Three major pos-+

sibllities arise:

1. The stimulus provides a starting point for the
global strategy that will lead’to goal attainment,
) but does not permit any elimination of possible
criteria. Progessing is oriented by the goal of
‘mémorizing pfoperly. Included in this category

are all stimuli coming first in the sequence.

2. 'The stimulus permits the eIimiﬁation of criteria
and thérefore provides information as to problen
solution, Processéﬁg\}s oriented by theigoal of
. eliminating possible criteria. - Included. in this

category are all stimuli "that vary dimensipns.

Y

3. The stimulus is neithdr a starting point nor does
it ‘providd information as to problem solutiom.
Processing.is oriented by, the need to eliminatg
poss%ble criteria. Included im this category are

all stimuli_wh@ch do not vary dimensions.

R . .
The second afid third categories are opppsites in terms of

goal-relevance. Between these, a significant-difference

. ~ ‘
was found. The first category is not evaluated by the sub-

ject entiqéiy along the same lines, since it h%? an alto-

>

gether'different' functioh iﬁ the global strategy. Tt is

-
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plausible, however, that its relevance to the global goal ‘is

intermediate between that of categories 2 and 3, The ampli-

tude of the corresponding factor scores would support such
an interpretation, It is therefore proposed that the 93
factor reflects the subjective evaluation of goal relevance,

with the gqualification that there can be more than one goal,

and if so, that the goals can interact in determining the

subjective importance of stimuli.

The P2 factor seems to reflect some process occurring

mainly at the first stimulus of eachdggsgoence, and little
elsevhere. ‘Tt should be pointed out that although the peak
to thCh At corresponds has been labeled "92" 1t eccurs’ 1n

fa€t much later than the P2 peak usually recordad in simpler

experimentsy - ) ’

Three hypotheses are availéhle‘ in- the previous fiter;-
ture, ‘that might(;it the ‘present results. It ;s\possible
‘that the P2 factor corresponds to what Squires and col-
leagues (1975) hﬂye labelleo P3a. They interpreted this
peak as reflecting some aspect of hhe oriéh@ing response.
Ih{the present task,. the prohabilihy of occorence of-any

specific stimulus ocCUrriqg at the first position wvithin
. .

S
the train is quite low. (1/64). These stimuli therefore f£ill

the rareness condition of the orienting response. However,
k]

¥
other factors militate against. such an interpretatlon. Al-

though the precise content of the stimulus is unknown to “the

J
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subject before its occurrence, the time of its occurrence

And its functional. ieaninq w}thin' the task are entifely

known to the subjec£; fhe P3a of Squires et al. was e;i-

cited by stimuli w?ich were unpredictablé in time and, fur-
thermore, unrelaté& to the subjectts task. The ;ortespond-

ance betwegn P3at and the present P2 1is therefore not

_ st:aightfdruard. A more powerful test of the identity of

* these two peaks will at;it analysis of the scalp distrib-

‘\\\\\”/) ution data.

" Picton anad colleagues (197&)' have proposed'that the P2
peak Sf the evoked potential qight: index the set up of per-
cepteal: analysers that 1is neceésary t; process stimuli.
Given a train of stimuli, such a set up m%eht occur onli at
the bnget, being kept as lomg as Aeédeds ‘TLé major problem
with thiS‘hypothesis.is that it—vqas‘or¥gina11y ;ppiied to a

v P2 p;ak occurring much earlier'in”latency than tﬁg present

one. Tt might be, however, that because of "the grpat com- ~

plexity of the stimuli in the presenf experiment, the build-

ing wup of pbrceptu51 expectancies occurs later. Rgain,
scalp distribution will be usefﬁl in determining the-appro-

. priéteness of -‘this hypothesis for the present results;(//’

A third :exp;énation stens fiog Chapman and-co}leagues;
\digcovery.j1978; in‘presé} of a 1§tent copponent related-to‘
o . "short-term memory storagg in a letter comparison task. = Al-.
1~th6ﬁqﬁ'Chapman's task was mnuch SiQpler than the preseﬁt“bne,

it cowmpares favourably in terms of the need for memorization
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of a “tempiate"d stimulus to be used for later comparisons.
" chapman's latent éomponent was positive, maﬁgmnm at the
first stifiulus within the pair, and peaked eronnd 250 ws.
This is only 20 ms earlier tham the mean létency of the
present P2, ;Qnd stimulus complexity must be takﬁf into ac- *
count.. Carefnl memorization of the first stimulus\was very
important in the present experinent, and this fact was par-
ticularly‘emphasized during the'practice pericods. This em-
phasis " on memorization as well as the“difficulty of it,
might have turned Chapman;s nlatent" component into’ a peak
readily v151b1= in the raw waveform. Therefore. it is sug-
gested that memory sggrage provides the. best interpretation
of the present results at the P2 factor,.

. | o R -
" The negativ= g01ng radﬁw of electrica . activity betveen
'.stimuli’is renresented 1n.ihe PCA results by the negative
afteréave‘factor. One 1nterpretation of the negative after-

{

waves'is that of local CNVs' occqring between the stimull in
the train. Loveiess and Sanford (1974) have proposed that
the CWV was composed of two eeparate slow waves, ONDe occur-
ring earl}'in the-interstimnlus internal and representing ac\\
cognitive component of the orienting response, the. other oc~
curring more toward tbe sncond stimulus and related to the
'_expectancy of it., The~ two.subconponents can only be.differ-
entiateﬂ when the - ISI is long enough. ohrbaugh and ‘col~-

_1lpagues (1978 1979y, ‘Pave found negative aftervaves to un-

paired stimuli and have proposed ‘that it corresponded to the

7
~
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" MWnd two factors underlying the negative afterwave, vhereas

/
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eariy part of the CNV, The negatlve afterwave of Rohrbaugh

et a;. is strikingly 51m11ar, morphologically speaklng, td

" the one ‘found in the pregent experiment. These authors

the bresent results indicate only one, This is probmblx

due, however, to the fact that their PCA was performed on a

matrlx inclvding data from all electrodes. Since the scalp .

dlstrlbutlon of the-early and late parts of fﬁﬁ afterwave

differed two 1ndependent factors have turned out. It is

possible that, due to the coarse resolution of the measuring
\

wihdows used in the present task, ' PCAa, just did not succeed

in separating the two factows. ':ina}{y, it might also be -
fac

. . , ) T .
that the putative underlying Oors-were strongly corre-

lated at the €z electrode and SO - were represented at the

scalp as a2 unique process., Whatever the reason is for the

-, LY
|vholeness of the negative aftervave at the Cz electrode in

thig task, a rational analysis indicates that more than one

cognitive process might have taken place dyring this period

¥

between stimuli. | ' : | '

The negative afteruave factor'conprise the end portion

: w
of the response to ;nd1v1dua1 stlmull. . Its activity starte

shortly after the P3 peak. and goes on increa51ng till the

¥ 4

occurrence of the next stlmulus. The pattern of rgasfactor'

scorns someuhat parallels that of the P3 factor, an’ 1ncrease

in negativity qf the former _being genera%ly matched by an

inczease in positivity of the latter. Such’ a covariation

L

19

RN
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between B3 and a-succeeding negative slovw wave was alse

_‘-7 .
noted by Rorhbaugh and colleagues‘(1978,1979);‘ The timing

of this'process as well as its relation to the ellmlnatlve

strateqgy mdke possible 1ts interpretation in terms of updat--.

ing ‘of context and.of the preparatlon whlch bases 1tself Qn

it. Follou*ng lthe elimlnation of possible classification

»

criteﬁna, some form of updating nust occur which will orient

the preparetidn necessary to process the upcoming stimuli

>

1

more effectively. The preparation‘process can he conside?id

. A L
as an alloy of - two subcomponents., Tt is proposed that the

L 4

.level of preparation toward?the_'nextfstimulus is determined

jointly by the -predictebility of the upconing stimulus-ind
; . . T e

by the, expected difficulty of processing it. - The necessary
‘preparation level can be 1ntu1tive1y computed by the subject

,~during thn task, on the basis of current stimulus content

and location. Through'tﬁe use of such inﬁormation, the shb-.

ject can prepare a more selectivF processing of the event to

come netf thereforeleffectlvely economlzlng effort

Py

Ou*ng to the B-b measuremert uhich vas entered 'in the PC&
along with the other dependant measures, ran additlonal fac-

tor could b2 darlved whose activity covers each sequence in

its entirety.‘ Thls\factor is ‘not affected by the contents

of'specific stimuli, but Tather only by their location in
the seguence. Its activity goes' on increasing across each
" train, 1rrespect1ve of the spec1§2 work executed on 1nd1-

vidual stlmuli. _The direct relation of this factor-to the

75
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‘%eneral slant affecting the whole vaveform warrants its
la&ellng as a.'"CNV factor". Coopqﬁr et al., (1978) have pro-

~

posed. that the CNV might index a nscopeutic" mode of action,

in which the ‘subject is §e1e::;yely involvedhwijh\? particu-

lar sat of circumstances wh&ch require at their end point

* gome decision or action. puring the course of this ;;;:3§s

-

a continuous interaction with the environment is possible so
that modification of the final respomse can occur at any
time. Simiiarly, Pictén et al., (1978) have proposed that
the CYV might manifest the general orqénization of percep-
tual information that leads to appropriate’ behhavioural re-
sponse. In a Vprelimindry pr;sentation of the present re-
sults we have proposed (Perrault and Picton, in press) that
fhe CNV nmight reflect some supervigory process controlling
the more elementary stimulus evalﬁation procedures. It is
intﬁitively appealing to think of the CNV in this task as a
nbinding" factor. Several studies using a paired assoclate
learning paradigm have pointediout to ‘the CNWV reflecting in
its amplituée the asspciation-strenqth Petuééﬂ stimuli {(Wal-
ter et al, 1964; Peters et'al, 19;5; éroulr and Picton, in
‘press). In the presgnt experiment ﬁhe éNV factor “might

therefore reflect the exertion of'mentalbeffort'(cf. Kahne-

™ ‘man, 1973; Pribras and McGuinness, 1975) necessary to link

he stimuli together, or in other words, to keep them simul-
takeously in the focus of consciousness ‘'so that the Hogk of

pd; wise comparisons upon y@ich the whole iask.is based can

d.
.
.,
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take place. Another explanation of the CNV factor im teras
of expectancy for task-closure cannot however, be ruled out

on the basis of the present results. H

Concluding statement-

This experiment was designed to evaluate the evoked po-‘

- tential during a ‘task which would tax appreciably the sub-

jecté‘ cognitive abilities, while reducing to a minimum the

option for alternafe strategies. Tﬂis fas_ successful and

interpretable results were obtained, fvoked potential‘com-

ponents related to mémorizqtion, evaluation _of goal~rele-~

vance and preparation were proposed. The characEerizafion

of the amount of processing occurring is not clearcut, par-
»

ticularly for the last two processes. Furﬂ"r delineation

of the +type of processing indexed by the P3 component may
® .

.come through better time-locking of the molecular processes

compris;ug stipulus analysis, Tpis goal could be approached
by redvcing the internal complexity of the " stimuli, "i.e.
eliminatiﬂg: the conjunélive asﬁeqf of £ge stiﬁuli 'di;en-
sions. _,?his would effeqtively reduce tHE'difficulpy“Lével

without affecting the fofmal complexity of the task. © Some

neans would have to be found EP control the var;;bility of

[

L.
On the basis of the present results the occurrence of se-

percaptual strategy ‘in simple tasks..

veral interrelated cognitive'précesses has baen hypothes-

',’\t) ized. This* provides'é basis -for theoretical guidance of
f i LA ;

g

i

'

F]
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further research. The ahility of the P3 lcompdnent to
characteriie hieratchical levels within a problem~solving
strategy, and the hypothesized iﬂtetaction of factors-undef-
lying the negative afté;wave nust be further invéstigated.
Similarly, the ‘nature and functional significance of the
"p2" component must be ascertained, As with _many expari-
ments, this one poses more questioné-than it answers. Some-~-

L

times, however, unsolved problems‘ are more important than

answered ques;;ggsjﬂ/r__

-
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7/ FIGURY LEGENDS

Piqure 1. 'Examples of Seguence Types. Each rov consists

of four figureg vhich were presented successively during the
N : .
experiment., FRoman numerals refer to the six differemt types

of sequence. The solutlon to each probiem as well as the

. location (élidél number) at which this solution could be

found are given on the right-hand side of the figure.. Dot-
ted and pfain aéeas were red and yellow, respectively, in
the experiment. If we -take, for,?xample, sequence number
II, we see that the first . slide has its dimensions charac-
terizeé as folidws: circle ‘inside-squa;e’(shaﬁe), yellow
inside red'(colour) and thin ins'de.fhick (line)." The sec-

ond §lide.brings changes to the colour dimension (red inside

. Yellow), thereby permitting the elimination of. this dimefi~

' ston as a possible classification ¢riterion. Similarly, the

third slide chénges the shape dimension (square inside cir-
cle). At this pe#nt only line has remainé& unchanged, which

is fiecessarily the classification criterion. - The  fourth
h Y . T

slide will bring no further change. The correct ahswer to

- that 4rial is "line at slide no." 3", ' In sequences II, IV

L3

and. ¥, two steps are required :before reaching solution,
vhereas ip sequences I, III and VI, one step only is needed

(two'dimensfons varyinrg at the same locatiom).

2

r oo

‘s
’
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scale qsed for all factor® 1is arbitrary with positive up;
the " basgeline correspohds' to the mean {0) of the . factor
.sco;es. ‘ An examination of graph no. II, for exanple,. re--
veals the P§ factor to  be most’ active at slides 2 and 3,
which is vhere 1nfor-at10n w;sjhellvered. _ 'Pactor 2 (P2) is
highest at the first sllde + and quite low at the other
slides. Factor 3 (B-b or CNV) decseases rggniarly from
slide 1 to 4. Owing to the way leasurements were taken (the
Tesults of the subtraction being always negatlve),' this is

indicative ogja gradual increase 4D negativity. of the vave-

form across the trlal..,COnparing the

raphs -with the cor-*

. et -
responding exemplar sequenceq of figure 2 will provide a

clearer understanding of the results.

s

Pigqure 5. Faoto; Loa&;;gg and Scores for Second PCA.

(a). Thislhnal sis was based on - the responses to t?e first
: . : Y

three stimuli only. The’ mean anplitude leasurenents corre-
. sponding" (to the "negative aftervave Yhave been added (B
) l . . - ’ - " . .

through E), ‘and an additional factor tufned out (Factor 2).

i

{B) This'new factor is. rep;esented by a "dash -dot" 11ne 1n

the :plots of . part B. ' The interpretatlon-is otherwise,sini-

5
~

lar to that of figure.u.
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. . Pigure 3. ‘Grapd Averages. Evoked waveforms recorded at
. the Cz electrodé and averaded over 10‘sdbjects.‘ Negativiry .

. ®
Tis 1nd1cated by :an upward deflection. Rosan nurerals indi-

/
dﬁﬁate the type of sequence which Blicited the vaveform. oOmly

the general baselines have been traced. The bottom line de-

scribes the tenpdral relationships between events. A self-

initiated warning click (¥C) . vas followed one second later
'by a train of four slides (S1, S2, S3, S4) coming every 2.2

~ seconds, The subject's response, occurring one second or
mQre after the last slide, was followed 500 ms later by a
feedback tone-if it was correct. Feedback potentials are

given ‘on the right-hand side of the figure.

v

~"Fiqure &4. Factor Loadings and scores for First BCA. (3)
Pactar load}ngs derived fronm ’the first PCA are 'graphed
across the various dependentlnedsnres taken on the wvavefora.
Latenc1es at which the anplitudfs were taken are given in

. the text. Discrete horizontal lines ihdicate that the meas-
urement was of the mean amplitude uithin the corresponding
1atency_bracket._ éfb was diso. compdted'f;dn mean- ampli-

tudes. éﬁhegrise, peak amplitudes were used. . The scale is

.arbitrary with positive up. Percent of. total variance ex-

. hY .
scores at each slide location for all six types of seguence
(I-VI). Type of line differentiates between Factor 1 (pliin
line), Pactor 2 (dashed line), and Pactor 3 (dotted line).

§t1nu1us number is 1ndl ated below the hasellne. The coamon

.plained by each factqr is given on the right. (B) Pactor
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Pigure 2. Dependent Measures. The various windows

‘within which peak or-mean amplitude was measured Are illus~-+«

ttated‘here. Linit latencies are given 1?0539.39*t1" Height
is arbitrary. For visual clarity, the wvindows have been
spread over four stimuli. Iﬁ reality, all windows ;ereuused
at each of the first three stimuli, yielding.11 dependent
measures (10 uiﬁdousgplus the B-b difference). The fourth
stimulus yielded'oniy( 7 dependent measures {6 windows pius
the B-b difference). Notice the.increasiﬁg difference be-
tween .general and imdividuval baselines across the sequence.
Above each window is the label for what was measured. The
first P3 window (ar;ow) vas' used in ‘locating and meésuiing
the F3 peak. The second one was used in determining the
mean amplitude of the vaveform at this location. The labels
"oM" and "A"™ correspond to the same measurement . .Tﬁe first
was uged in PCA~-I and the second in PéA-II. On thé right,
the windows used for the feedback evoked responséé are il-
iﬁstrated. The 5otton line indicates +the timing‘of events
from the warning cliqﬁ (WC) to stimuluépﬂ,(su). Then coneér
the feedh;ck tcne. The{érecise latencies of ocqurence‘of
theéé events are given in'the legend of figure 3, as well as .
in the text. The wqyeform uéed for this<figure is froa’
subject G.P., at the Cz electréde. It correspénds ;o'se-

quence no. 1V, anrd is the average of 62 individual respon-

‘5€8.
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