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ABSTRACT ‘ - )
Pictures are remerbered better than words. One theory to explain this

phenomenon suggests that pictorial and verbal information are processed in
two different; but connected systens. . Another proposes that pictures and

»

words are processed and represented in one common memory-system.- ‘The two
studies presented examine this issue by recording event—related potentials
(ERPs) of the brain concurrent with performance of a recognition memory task

-

for pictures and words. i ' '

-

_/

The first .eroqrimeng' was a preliminery investigation of EREE to
pictures and words for two independent groups during the recognition memory
task. Theqresolts of this study raised'many guestions which were: addressed
in the second study.- Exoeriment II examined recognition memory for pictures
and words under conditions of incidental and intentional: learning. _._As
expected, pictures were ' remembered better than words in both 5tud1es:
Moreover, intentionally learned stimuli ‘ﬁere" remembered better than
incidentally” learned stimuli in the second . study. In general, there
appeared to be no remarkable difference in the morphology of ERP? waveforms
for pictures and words. A positive peak atﬁapproximately J5¢ ms was larger

 for pictures than words in boéh studies. Teo_positive peaks at 250 and 356 ms

were. larger for intent%onally -than incidentally learned pictures~ at
acquisition but did not differentiate the intentionally ‘from* incidentally
learned -words. This result concurs with evidence indicating that the initlal
processing of words is automagic, and also suggests that the processing of
pictures 1is controlled. In Experiment II, though not in Experiment I, P600
during *fhe' acquisition phase was larger for pictures than words, an effect

which is consistent with the evidence aesociating enhanced P600 amplitude
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- ¢ .

with better memory. Howgver, there weré no differences in -P6G0 amplitude
between, the' incidental and intentional conditions éor.eithe; stimulus. " In
both ‘studies, a late negative peak (500 ms) was of larger amplitude in
recognition thanzacguisition waveforms for both plctures and-words..This N500
wave seems ta_b; assocliated with a recognition memory process that is coﬁmon
to both pictymes and words. For both stimuli, a late slow wave was largef
during the acquisition phasé'than during the recognition task.' In the

present ERP analysis of picture and word pfocesses, no support was obtained -

for. the existence of two separate, form-specific systems.

Q o
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INTRODUCTION
Sometimes I put a word in a dark place and have trouble
seeing it as I go by. Take the word box, for example.
I'd put it in a niche In the gate. Since 1t was dark there
I couldn't see it ... Scmetimes if there is noise, or another
person's volce suddenly intrudes, I see blurs whlch block off
my images. Then syllables are liable to slip into a word
which weren't there originally and I'd be tempted to say

they really bhad been part of the word. 1It's these blurs
which interfere with my recall... (Luria, 1968, p.36-37)

This melding of the werbal and imaginal was characteristic of a yodhg
man  whose memory capacity) seemed limitless. Most of us  have
difficulty remembering a smail.proportion of a list of words, while we have
much‘ greater success with pictures. HoWever, for Luria's mnemonist, anj\
symbol ({word, number, syllable) seemed to be associated with so mucﬁw
information from all of the senses that it was unlikely that he would make a
mistake in iater recalling or recognizing it. Rarely are words and pictures
so synesthetically bound. This éase of extracrdinary memory capacity is of
particular interest to memory psychologlsts.‘Why should this enmeshment of
verbal and imaginal information lead to such spectacular memory performanc;?
Perhaps there are two different systems, one for words and another for
pictures or Iimages. The redundancy created when Eoth are activated may
result in increased likelihood of recall. On the other hand, both types f
input may share a common abstract representation in memory, but additional
information makes the pictorial representation more distinctive. The purpose
of the investigations presented i;.this thesis was to examine the superlority
of pictorial over verbal memory using a psychophysiological measure, the
event-related potential (ERP).

—

e
Despite the plethora of research in this area, the relia?fe on

behavioural outcome measures to infer underlying processes has been a
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persistent limitation. Recently, Qouever, there has been some success in the
application of psychophysiological methods to problems of ve;bal Iearninﬁbégd
memory which promise to provide indices of memory mechanisms that are
independent of performance .measunes. In these studies; the brain's
responses to task relevant stimull are recorded. Typically ‘procedures
adapted from cognitive psychology are employed. The brain's responses in
such paradigms are often labelled "event*reiated potentials" or "ERPE"J
This method allows access to processes which occur while a task is being
performed. The two studies presented here use ERPs as measures of the timing
ané quality‘ of plctorial and verbal information processing. Hore
speclflcally; differences 1in ERPs-during the performénce of recognltion
memory_vtasks with pictures and words werédexamined. NuEerous investigators
have observed a relationship between ERP waveforms and different aspects of
verbal memory functioning. If there are differencés in the functional
representation of pictures and words in memory, as suggested by the
dval-coding theorists, then the functional significancé of the ERP waves
elicited during memory tasks should be different for pictures and words. If
: £ﬁere are no differences in the system of representation for pictures and
words in memory, as suggested by the conceptual coding theorists, then the
ERP waves should be similarly responsive to memory. task demands. That: is,

changes in the ERP which cccur in comparing encoding to retrieval should be

similar for pictures and words. Both of these findings have implicaéions for
\ the picture superiority effect.

In twe investigations, a recognition memory paradigm is employed in
order to compare ERPs observed at encoding (during acquisition}) to those

elicited at retrieval (during the recognitioﬁ test). A second comparison is



afforded Sy ;he sorting of the subject's response dur ing recognition tr%éls
into hits,rmisses, false alarms and correct rejeptions. In particular, éhis
sorting allows a cémparison of the ERPs for those stimuli which were
correctly recognized (hité), to those which were correctly lidentified as not
having been previously presented (correct rejections). The second
experiment introduces an additional manipulation. ‘A comparison of
intentional wversus incidental learnin@ is offered for both pictu}es - and
words, 'In the incidental learning condition, the subject was asked io ignore
certain types of stimuli (for example, words). This request usuqlly limits
the use of elaborative strategies and redu;;s memory performance. \ The
incidental learning manipulation allows within-stimulus comparisons of better
‘remembered versus poorly remembered stimuli and strategy use versus disregard
for stimuli. |

The first chapter, a review of the literature, is divided int6 three
major sections. The memory processing differences of pictures and words have
begn the subﬁect of intensive debate iﬁ cognitive psychology. A description
of the picture superiority phenomenqn, as well as a review of the theoretical
issues and the related empirical contributions from cognitiv; psychology. is
presented 1in the first section. The second section of this review ;ill
address ERP studies which have employed word or picture stimili in cognitive
- tasks in general, as well as the drowing number of studies which specifically
examine memory processes using this measure. The third section of Chapter I
is an e;;ﬁination of methodologicii and theoretical issues pertaining to the
relationship between the picture superiority effect and ERPs, within the

framework of the recognition memory paradigm used in these experiments. The

utility of ERP waves as dependent measures for examining cognitive
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chronometry and memory functioning is discussed.
Chapter II contains the methodology, .results and a short discussion of

- the first study. The methods and results for the second Incidental Learning

- 4

Paradigm are *presented.in Chapter III. A discussion follows in.Chapter V,

relating the combined results for both studies to the hypotheses, and
theoretical issues presented in Chapter I.

f’
!
v



CHAPTER 1
. Review of the Literature

The questions addressed in this research are based-on two bodies- of
literature, one from cognitive psychology, and the "oéher from
ésychophysiologg. Is it possible\z? use event-related potentials (ERPs) to
medsure picture-and-word procgssingnhifferences? What can these differences
tell us about why pictorial .recognition memory perfqrmance 15 superior to
verbal recognition memory per formance? The theoretical and empirical
literature relevant to the mental chronémetry of pictﬁre and word processing
will be reviewed initially in terms of the cognitive psychology approach
(section 1) and then the relevant ERP studies (section 2 ) and utility of
ERPs‘to address thése issues (section 3) will be supported.

Thgs Pictire Superiority Effect

This first sectioq: of the literature review addresses the problem of
picture superiority as it has traditionally been examined in cognitive
-bsychology.' The hajor theoretical models of picture and word processing are
described, and their explanations for .the pictur;_superiority effect are
_outlined: Subsequently, empirical evidence which bears on the mental

chronometry of pictorial and verbal memory processes is presented. Finally,
methodological }ssues are addressed.

The investigation of memory for verbal stimuli has long predominated
experimental  psychology slnce the early <classical studles of
Ebbinghaus. Interest 1in picture memory research developed ’later, when
Shepard (1967) revealed that pictures coula be recognized with extremely high .

accuracy. Further investigations revealed that an almost unlimited quantity

of ipformation can be retained in pictorial form (Kroll & Potter, 1984;

®



Postman, 1971; Sperber, McCauley, Ragain & Weil, 1979, Standing, Conesio &
Haber, 1970). Even when the number of stimuli is large, and stimuli are
prese%ﬁed at exposure times as short as 20 ms (Noton & Stark, 19713,
recogn}tion is maintained at a high rate for several ﬁgyk*(Nickerson, 1968;
Shepard, 1967; Standing, Conezio & Haber, 1970) and may remain-above chance
for a full year (Fajnstzéjn-Pollack, 1973; Nickerson, 1968).

Explanations of Picture Superiority

~

Pual coding theory

Pual coding theory (Paivio,(lS?l, 1986) distinguishes between two systemsJ
[

of mental representation. One system is a verbal, language-based hierarchy

of assoclations. The other system processes nonverbal informaticn in a

représentational network of images (see Fig.l.1). Words are first processed

“in  the verbal system. With extra processing time, the associated image may

be geﬂerated. On the other hand, pictures and objects are first processed in
the Iimage-based system, while the associated verbal label may be activated
subsequently.

fn order to explain the suﬁerior memory for pictures compared to_words,
Paivio sdggests that an asymmetry in these two systems exists. An object or
a pictﬁre, given sufficient processing time, automatically activates its
associated wverbal label or hame. However, words do not necessarily aétivate
their corresponding image. The verbal system can function -autonomously of
the image system. As a result, representations of pictures are automatically
encoded in the image system. Dual coding theorists propose that the
superiority of pictorial memory is maintained by the exisfence.of twoc mental
representations rather than just one. Accordingly., instructing subjects to

-

create ™ visual images during the acquisition of words improves their recall
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{Bower, 1972). On the other hand, abstract words, which are difficultﬂ to

image are remembered poorly compared to concrete words (Paivio, 1969).

Conceptual coding theory

The conceptual coding £heory also accepts the differentiation of
separate verbal and nonverbal processes. However, this 'framework differs
from Fual coding in that verbal and pictorial memories are stored in the form
of a common concepéual representation, accessible by either a word or object
(see Fig.1.2). This commoﬁ system is neither vetbal nor perceptual, but more
abstract and functionally identical for pictures and words.

The pictore superiority effect is generally explained in conceptual
coding theory in terms of depth of processing. Recognition and Eehearsal of
a word might involve processing at a lexical level without further semantic
processing. An object or picture, on the other hand, appears to
automatically access both the pattern-recognition and conceptual meaning
levels. In this model, naming a bicture requires prior analysis for meaning.
Thus, in contrast to dual codiné theory, semantic access is direct for
pictures, while naming requires further controlled ﬁrocessing. Pictures are
better remembered than words because they are more likely to have been
processed semantically. Since generating an image of a word requires
conceptual processing, this model can also account for the enhancement in

—_—

memory for imaged words. \

The depth of processinglexplanation has since been modified by Nelson
(Nelson, Reed & McEvoy, 1977). These investigators have revised the notion
that sensory information should be considered shallow. They acknowledge that

sensory features may be very effective in activating memory representations

for both words and pictures. Indeed, sensory interference resulting from '
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Figure 1.2 -~ A conceptualization of unitary or conceptual

—_ .

code theory (after Potter, 1979)
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‘both visual and phonetic similarity of words affects retrieval. Manipulation
of the bisual features of plctures leads to similar effects (Nelson, Reed &

Walling, 1976).  When pictures were chosen such that their visual

P il

configuration was similar, the picture superlority effect was eliminated at -

long presentation rates and reversed at short presentation rates.‘Since this
high similarity affects only recognition performance, but not recall (Nelson,
Brooks & Wheeler, 1975), the source of the interference appears to be the
retrieval rather than the enéoding phase.

In accordance with these results, Nelson and his colleagues developed a
"sensory-semantic" model to explain the picture superiority effect (Nelson,
Reed & McEvoy, 1977). Retention of;both pictures and words is a direct
function of both the distinctive and interactive nature of the featurfs at
encoding and also the degree to which this context 1is replicated at
retrieval. The greater the degree of overlap between the context or cue at
retrieval and that during encoding, the better the chance that the target
will be recognized.

Mental Chronometry of Picture and Word Processing

The empirical invéstigations of picture and word processing are divided
here into three categories: studies of word processing, picture processing
and finally, studies which have combined the use of picture and word stimuli

{n order to compare aspects of their processing.

Word processing q

In order to examine how early memory-related differences in the
processing of plctures and words occur, one bedy of research has examineé
the qguality of the information obtained from a single fixation pericd. The

eyesmove, on average, every 250 to 300 ms during visual perception (Rayner,



1978}, During the saccades or "lapses" of processing, no information 15.
processed by the brain (Latour, 1962; Matin, 1974; Rayner, 1976). Each
successive impression ls Integrated, such that our perception of the stimulus
remains constant, despite the inconsistency ;f the retinal image.

. In a serieé of studies, Rayner (1978) and his colleagues. presented a
string of letters in parafoveal vision. This stimulus caused eye~movement to
the area of the stimulus. When the séééade occurred, a word was presented
(foveally) in place of the letter string. The subject's task was tp
pfonounce this secohd word as quickly as possible. The visual, lexical and
semantic relationship of the letter string to the subsequent word were
manipulated. Facilitation of word naming was measured by response time. In
general, only physical similarity (when the first two or three letters of the
word and the letter string were the same) facilitated worq naming. As a
result of these studies, tMcConkie and R;yner (1976) hypothesizeu Lhat  an
iﬁtegrative visual buffer stored information and compared each fixation with
the previous one. However, when the case of the letters in a word was
changed during the saccade, Rayner, McConkie and Zola (1980) found that the
facilitation still occurred. One would assume that if a wvisual buffer
existed, less facilitation would have been obtained when the stimuli were
physically dissimilar. Ouerail, results from these studies have indicated
that information about words or letters is-?sld in memory across saccades,
and that this information is carried at some level of abstraction.

Another issue of word processing addressed by cognit}ve psychologists
concerns the 1latency of  meaning extraction, and whether conscious
identification is required priocr to the extraction of meaning from verbal gnd

nonverbal stimuli. For fluent readers, many of the processes involved in
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reading, such as phonological iColtheart, 1978) and lexical (Henderson, 1982;
LaBerge & Samuels, 1974; Schneider & Shiffrin, 1977) access appear to become
automatic as a result of overlearning. However, phonologlcal access may be a
prerequisite to lexical access (Rubenstein, Lewls & Rubenstein, 1971). Many
studies have indicated that meaning can be extracted very early in ‘the
proéessing qf words (eq. Heyer‘& Schuaneveldt, 1971). owever, tﬂe precise
timing involved in these processes is a contentious issue.} The duration of a
priming stimulus required be;ore semantic relatedness will facilitate the
pronunciation of a.térget word has been estimated to be as long as 1%0 ms
(Warren, 1972), but as short as 50 ms (Hickehs, 1972) or 40 ms (Fischler &

Goodman, 1970).

Picture Processing »

The perception of meaningful nonverbal stimuli has not been
investigated as exhaustively as that for words. In visual short-term memory
studies, subjects are generally required to decide whether two pictures
that are presented have the same name (ie. matching wverbal labels}.
Responses are made more quickly when pictures are physically identical than
when they are physically different even if they represent the same concept,
This difference appears to be present at short interstimulus inteivals
(ISIs), but is eliminated with longer ISIs. These characteristics suggest
that‘ the physical or sensory code might be stored in a visual short-term
memory .

The .visual short~term memory studies do not take into account the
relative proportion of information processing time, in terms of £fixation
periods, for each stimulus. In a series of studies, Pollatsek, Rayner &

Collins (1984) examined saccadic eye movements with pictorial stimuli in much
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=
the " same way that verbal stimuli were studied by Rayner and his colleagues,
They found no difference in facilitation between identical pictures, and
those for which the size was altered. In addition, conditions in which the
-
pictures were identical resulted in faster decision times than did éi;ﬁ?? the
same-concept condition or a condition in which the ﬁirror~image of théﬁt;rget
was previously presented. These results confirm those of the visual
short-term memory studies in indicating that some purely visual informatlon
is represented across saccades., The .nformation which is integrated across
fixations appears to be different for pictorial stimuli than for vérbal
stimuli. Jolicoeur, Gluck and Kosslyn (1984) conclude that fop pictures
visual features are integrated, whereas the information held for words |is
more abstract and independent of physical form, such as-letter case,
“—-;——L__Ihg__gxg_mgggmgn;_g;gﬁigg\s1so provide support for the contention tha£
ﬁaming a picture requires extra processing time subsequent to that reqguired
fo;_ semantic access. The mirror-image and the same-concept primes were
more facilitative than a control condition in which pictureé represented
different concepts but had identical verbal labels. This combination of
results led the authors to suggest that two processes are involved in picture
naming, one involving access to visual features, and anofher which . accesses
the name. Support for this conclusion, which is consistent with Nelson's
sensory-semantic model, has been found in a variety of paradigms. Although
drawings take approximately 260 ms longer to name than words, the sorting of
drawings into semantic categories is carried out faster (by approximately 50
ms) than a similar sorting of words (Potter & Faulconer, 1975). Thus, for

pictures, semantic access appears to require less processing time than

phonological access. HcCauley, Parmellee, Sperber and Carr (1980) reaching a
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similar conclusion, found that naming latencies for picture stimuli which had

been preceded by semantically related pictorial primes were significantly
faster than unrelated prime conditions. In  these studlesj.; the
subject's strategy was controlled by excluding any trial in which the prinme
was verbally reported by the subject.

Comparison studles

Picture/word interference tasks. Studies which compare picture and

word semantic priming effects, in general, find asymmetries in processing.
Sperber,  McCauley, Ragain and Weil (1979), for example, found that the
semantic facilitation demonstrated for words was not as great as that for
pictures. In addition, when pairs were semantically related, response time
was' faster_lfp; pictures than for words. Conversely, when unrelated pairs
were used, the oﬁbosite effect occurred. However, these studies, and priming
tasks in general, are criticized for assuminé that no strategic operaticn are
performed by the subject. The possible intrusion of subjective bias is
difficult to predict and interpret. '

In ‘an ingenious body of studies, the relative time course of picture and
word processing has been examined through the use of a  variation on the
Stroop (1935) colour-word phenomenon. This version is based on the following
general design. The subject is presented with a combination stimulus in

which a word is superimposed on a picture. The subject's task is either to
name the picture or go read the word. When the task required naming the
embedded word, words that labelled the background picture were named more
rapidly than when the words belonged to a different semantic category (Lupker
& Katz, 1982; Smith & Magee, 1980). This facilitation 1is limited to

situations in which the word and picture represent the same specific concept,
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rather than the same conceptual category (eg. animal).
In contrast, when a word is superimposed on a picture from the same
semantic category, Eﬁpture naming latency, |is pr&longed {Lupker, 1979;

Rosinski, 1977). Again, an assoclative relationship does not preoduce this

‘effect (Lupker, ,1979). Furthermore, highly imageable words are more

interfering than nonimageable words. Lupker suggests that this pattern of
results supports the response competition hypothesis of interference (Dyer,
1975; Keele, 1972; Klein, 1964; Posner & Snyder, 1975; Warren, 1972;1975)%

This hypothesis assumes that the subject is actively engaged in processing

t

. the response-relevant stimulus property (eg. category, colour), while

concurrently engaged in passive or automatic processing of the irrelevant
component (eéx word; Dbackground stimulus). If task relevant informatlon
about the irrelévant stimulus becomes available before the same lnformatlon
about _the task relevant stimulus, then the responses to both stimuli will
compete for a single motor-output channel. Thus an extra amount of
processing time is required to suppress the response to the irrelevant
stimulus. Task-releuant semantic information about the background word
appears to be available automatically and iﬂ\ competition with similar
information about the to-be-named picture. Because naming-a word |is
overlearned, it 1is likely that access to its name will occur rapidly.
Regardless of whethgf a picture is allowed access to the semantic concept as
rapidly as a word,;fetrieval of the verbal label shou}d require additional
processing time. To the extent.that the phonological code for a word |is

available early as a possible response, the competition for motor output will

be strong.
' d
The results obtained by Lupker and Katz may be contrasted with the impact
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of word processing on the processing of subsequently presented words (Shaffer
& LaBerge, 1979), in which the existence of a semantic ' relationship does
influeq%; response latency. Thé authors suggest that results from priming
experiménts which reveal such a rela;ionship (eg.' Sperber et al., 1979) may

be contaminated by strategic operations.

Reality decision tasks. Reality decision tasks for words and pictures
have ‘been called "lexical decision" and "object decision" respectively. In
lexical decision tasks, subjects are asked to decide whether a string of
letters fogm a real word. In one such study,.Vanderwart (1984) compared the
extent to which pictures or words could prime the subsequent lexical
decision. Pictures which shared the denotative meaning of the target ~word,
facilitated the latency.of Ehe lexical decision to the same extent as words
(Vanderwart, 1984). This finding concurs with other data indicating thaf.
when the task involves semantic processing (eg. categorizing; Durso &
Johnson, 1979; Guenther & Klatzky, 1877), rather than naming, pictures can
facilitate responses to words. Moreover, the comparable facilitative effects
of intra~-form and cross-form facilitation support a common unitary memory
system, rather than separate form-specific memory systems.

When an object (i.e. picture) decision task, was compared to a lexical
{l.e. word) declsion task, Kroll and Potter (1984) observed than the response
time for both types of decisions was similar. The authors concluded that
the objects were not named during the task, since naming pictures Iis
associated with longer response times. This evidence is in direct opposition

to Paivio's proposal that pictures are automatically named.

Paired-associate learning: Several studies have employed pictures and

words within paired-associate paradigms. 'Although the results tend to be

L
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contradictory, one common result is that plctures are clearly more
facilitating as stimulus cues for words than words are for pictures, or any
intra-form pair kBrainerd, Desrochers, & Howe, 1981; Dilley & Palvio, 1968;
Paivio & Yarmey, 1966; Postman, 1978). Indeed, pictures seem to increase the
difficulty of the task when used as responsé items {Erainerd. Desrochers &
Howe, 1981;. Dilley & Paivic, 1968; Postman, 1378). Paivic (1971) has
suggested that the demands of the task requ{re_transformation of the picture
such that a verbal response may be made, and that this decoding may have -
deleterigus effects when the picture is used on the response side of the
pair. Brainerd and his colleagues postulated that piétures are better search
cues than words, and therefore are more beneficial as stimulus cues.
Words, on the other hand, are easier to decode phonologically than pictures,
and therefore are an advantage as responses. In addition,\pﬁey found fhat
after a one week retention interval, pictures were recalled better,
regardless of the response required. This effect also appeared to ‘be
localized in the later stage of learning. Pairs-which included pictures as
stimuli did neot, unlike the verbal stimuli, have a tendency to regress into a
condition whereby they become partially recallable.
Summary

Differences in picture and word processing using behavioural measures
may be summarized as follows. The early processing of pictures appears to
differ from that of words. Information about words is held in memory over
saccades at some level of abstraction, while for pictures, this informatlon
appears to be purely perceptual. Phonological and lexical access for words
may be sequential processes which become automatic as a. result of

overlearning. However, for pictures, naming or phonological access requires
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addif&onal proce;sing subsequent to semantic analysis. Indeed, the naming of
pictures does not seem to be automatic. Pictures are better as search cues,
accessing the memory representation; while words are better as response
items, accessing the pheonological cedes. In the main, this evidence is
consistent with Nelson's sensory—sémantic model of picture and word
processing.

ERPs and Mental Chronometry

Psychophysiological techniques, such-as event-related” potential (ERP)
recordings o¢f brain activity, have proven to be useful tocls for accessing'
mental events which are not amenable to behavioural measurement. This -
section briefly describes event-related potentials and how they are measured
and named. In addition it reviews the use of ERPs in studies of word and
plcture processing, and the imp}ications of the endogencus waves for the
study of memory processes.

Event-Related Potentials: Definition, béscrigtign and Nomenglature

The ERP reflects changes in electrical acgivity which occur in response
to a physical stimulus or psychological'event. This electrical potential
which 1s time-locked to stimulus onset, is extracted from ongoing
electroencephalographic (EEG) activity using signal averaging procedures. As
the number of stimulus presentations increases, the random EEG noise tends to
" cancel itself out, while the signal (the ERP response to the stimglus)
'remaihs (see Campbell, 1985). Components of the EhP reflect the timing and
quality gf informatjon processing. In general, the earlier the wave, the
more likely it is gé;erated by stimulus or sensory parameters such as
its intensity, frequency, presentation rate or sensory modality. The.longer

[N

the latency, the greater the dependence on ‘"endogenous" or non-sensory
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factors that are not directly related to physical stimulus characteristics.

These: factors include such cognitive processes as decision making, intention
hS

. and signal value.

The ERP waveformffgghsisfs of a complex series of peaks.. and troughs.
Several methods of ident;fying these waves of the ERP are in common usé.
Each wave is characterized by its polarity, latency, scalp distribution, and
function. A common method of labeling these waves ls qpcording to their
polarity and peak latency. Polarity is either positive (P) or negative (N)
and latency 1is measured in milliseconds. Thus, P300 is a positive peak
occurring at 300 ms. The problem with this system of nomenclature is that
the latency of a component may vary considerably depending on stimulus
characterisitics and task requirements. P300 can occur as early as 280 ms in
easy tasks but as late as 750 ms in complex ones. P275 and P750 may
therefore refer to componénts which share a" common functional significance
and scalp;tqpography. To overcome this ambiquity, ancther alternative labels
the waves seéuentially. P300 is sometimes called P3 because 1t is usually
the third large positive peak that is visible‘on the evoked potential plot.
The problem here is that additional sub-compeonents may also appear, dependent
on specific task requirements. Thus, a component N1 may be divided into
Sub-componentsj Nla, Nlb and Nlc. The waves discussed in this paper are
identified according to their peak latency. For example, P350 is a positive
peak observed, in this study, at approximately 350 ms. >

ERPs and Word Processing

- As in the cognitive demain, the .number of studies employing verbal stimuli
far exceeds those investigating pictorial stimuli. Much of this interest in

verbal processing has stemmed from an interest in identifying an asymmetrical
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_hemispheric dominance of language processes. The outcome of this research is

equivocal. However, since much of our knowledge about the relationship of ~
ERP waves t§ verbal and nonverbal processes is derived from this body of
literature, a brief review is appropriate:

ERP# preceding speech are genérally cbtained by averaging backwards from
voice onset. Some investigators have found greater activity over the left
hemisphere than the right (McAdam & Whitaker, 1971; Low, Wana & Fox, 1973;
1979; Zimmerman & Xnott, 1974; Levy, 1977; 1980; Pinsky & Adam, 1980). When
artifactual potentials are however carefully controlled, many lnvestigators
fail to report hemispheric asymmetries (Morrell & Huntington, 1970; Grabow &
Elliott, 1974; Szirtes & Vaughan, 1977; Brooker & Donald, 1980; Michaelewski,
Weiﬁberg & Patterson, 1977; éurry, Peters & Weinberg, 1978;.House & Naitoh,
1979). Similarly, auditory ERPs to speech sounds display greater amplitude
over the left than right hemisphere in some studies {eg. Morrell & Salaﬁy,
1971; Matsumiya, Tagliasco, Lombreoso & Goodglass, 1972; Neville,. 1974;
Molfese, 1977; Friedman, Simson, Ritter & Rapin, 1975a; Hillyard & Woods,
1979), vhile others report no differen;es (Haaland, 1974; Galambos, Smith,
Schulman-Galambos & Osier, 1975; Tanguay, Taub, Doubleday & Clarkson, 1977;
Genesee, Hamers, Lambert & Mononen, 1978; Hink, Hillyard & Benson, 1978;
Grabow, Aronson, Offord, Rose & Greene, 1980).

Investigations of lateral speclalization with visually presented words
are similarly equivocal. Rugg and Beaumont (1978, 1973) presented letters
and shapes, instructing subjects to make a disc;imination based on
phonological features or pattern. Although the lateral occipital P2-N2 wave
was larger in response to the letters than the éhapes, no hemispheric

asymmetry was reported. Similarly, hemispheric symmetry has been found in a
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variety of tasks including the processing of letter strings for thair lexical
and phonological attributes (Rugg, 1983), the sequential presentation of
letters forming words (Shelburne, 1972) and the sequentiél presentétion of
words forming sentences (Friedman, Simson, Ritter & Rapin, 1975b). Rugg
(1983). attributes this lack of léteraL asymmetry to a bilateral Iinvolvement
in the initial automatic decoding of letter strings. He suggests that this
involves parallel visual and phonological processing. Thus, hemispheric ERP
asymmetries may be more likely to occur during storage or further
manipulations of the vérbal material. iIn such tasks, the effects are again
equivocal. Left greater than right asymmetries in the PIN]1 range have been
reported for the phonetic (Kana) compared to the ideographic (Kanji) Japanese
script (Hink, Kaga & Suzuki, 1980). Similarly, Neville (1980) reported a
substantial augmenﬁation of N1 recorded over the left compared to the right
parietal site for legible_uords than illegible degraded words. In a series
of studies, Kutas and Hiliyard (1980a,c; 1982) have found an asymmetry at
400-700 ms for words presented in meaningful sentences, but not when
presented out of context. Overall, no clear consensus has been achieved from
ERP studies of hemispheric asymmetries.

ERPs in Verbal Decision-Making Tasks

—~

Considerable progress in the understanding of-verbal processing has
been achieved from an examination of the timing of linguistic processes.
Several ERP waves, although they may not reflect processes uniquely related
to 1language, are useful in assessing the time—course‘ of language-related

processes.

. P300 latency and mental chronometry. Perhaps the most extensively

studied ERP component in cognitive paradigms is P300 or P3. This positive
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endogenous component, is generally observed to be maximum at parietal sites,

decreasing in amplitude at the central and frontal sites. This wave was

“first observed in a simple auditory task at approximately 300 ms.- (Sutton,

A

Brareﬁ?* 2ubin & John, 1965). Its latency is directly related to stimulus
eualu;;ion time, increasing in latency with increments inl task complexity
(Duncan-Johnson, 1981; Duncan-Johnson & Donchin, 1977; Jobnson & Donchin,
1985; Kutas, McCarthy & Donchin, 1977; Pfefferbaum, Ford, Johnson, Wenegrat &
Kopell, 1983). In contrast to behavicural measures such as reaction time

(RT), P3 latency is relatively independent of response bias (Duncan-Johnson,

1981). Thus the latency of P3 can be used as an index of the time required

‘to classify a target. Distinguishing stimulus evaluation processes from

response  selection processes is often difficult in RT paradignms
(Campbell, 1985). When subjecfs were asked to determine whethér words were
similar phonolegically, orthographically‘or both, P3 latency was longer.;E;n
orthographic and phonological cues_conflicted {Polich, McCarthy, Wang &
Donchin, 1983). Thus, using ERPs, these investigators could conclude that
interference occurred prior to fesponse selection., Similarly, P3 latency has
been used to differentiate stimulus from response processes in the Stroop
colour-word task. In this case the interference caused by the colour name in
reporting the colour of the word {(eg.the word "yellow" printed in red ink)
affected RT but not P3 latency. Thus, the Stroop interference effect was
attributed to response incompatibility rather than interfering perceptual
processes (Puncan-Johnson & Kopell, 1981).

P300 amplitude and word meaning. The amplitude of the P3 wave can also

be used to index the ihfofmation content of words in a sentence. Friedman

and colleagues (1975b) reported that all words of a meaningful sentence
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elicited P3s. The most informative words elicited the largest amplitude P3s.
In particular, the final wﬁrd of the -sentence elicited large P3s, perhaps

reflecting the property of syntactic closure.

N400 and contextual effects in language. ERP waveforms have been shown
to reflect differences in meaning induced biﬁchanges in context 7(Brown et
al., 1973). In a sefies of investigation#, Kutas and Hillyard (1980a,b,c;
1982; 1983) demonstrated tHﬂ&sensitivity of a late negative wave, "N400", to
the £inal word in a sentence when it was‘incongruous with the context built
up by the rest éf the sentence. The amplitude of the N400 wave was directly
related to the degree of anomaly of the word. However, neither physical nor
grammatical deviations had the same effect. When the ending of the sentence
was appropriate they found a positive waveform, similar to the effect of
syntactic closure described by Friedman et als(1975b). Thus, support for ‘
separate syntactic and semantic analyses was found.

Further evidence of a relationship between N400 and contextual effects
is found with tasks involving lexical or semantic categorization, When words
or non-words ~were preceded by associatively related or unrelé%ed primes, a
late negative wave (34Umsj increased in amplitude with decreases in semanic
assoclation. Moreover, words that are judged as not belonging to a semantic
category, but not those which were judged &s belonging, elicited N400s
{Boddy, 1981, Boddy & Weinberg, 1981; Neville, Ku*as & Schmidt, 1882; Polich,
Vanasse & Donchin, 1981). Kutas and Hillyard (1984) wvaried the cloze
probability of the final word in grammatically and syntacticallf correct
sentences, N400 amplitude was again inversely related to the probability of
the terminal word. They concluded that N400 was gn index of the extent to

P
which a word's representation was primed in Ehe mental lexicon. Each
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sequential word in the sentence seems to activate a set of probable
subsequent words. The amplitude of N400 is larger the more improbable the
ending.

ERPs to Pictures

There is a paucity of ERP studies employing pictorial stimuli. Those
which have been reported can be classified into two types: shapes and
» . Bk
patterns without meaning and meaningful drawings, photographs or paintings.

- Meaningless shapes and patterns. A late fronto-central positive wave

has been described in adults in studies which employ complex ﬁBuel
"splotches" (similar to abstract paintings) as stimuli (Courchesne et al.,
1975). Unfamiliar shapes alsc elicit a series of late positive waves, which
have -been called P3, P4 and slow wave (Kok & dedong, 1980). All _of these
waves decreased in amplitude with stimulus repetitiqn. The early P3 in these
situations appeared to be a sign of preliminary categorization of the
stimulus (eg. as deviant), while theh late slow wave indicated the
categorization of finer stimulus qualities (Kok & dedong, 1980).

Meaningful pictures. Although the waves elicited by wverbal stimull

seemed to'vary as a function of task requirements, stimuli such as meaningful
pictures, which are inherently complex and interesting, may elicit late
positive waves even when no specific task is defined. A P3-like wavé is
elicited by recognizable pictures of persons, paintings, and places, when
subjects are instructed only to look passively at them. Thus, long-term
memory of familiar pictures may be p?flected In this type of P3. Pictures of
faces with varying emotional salience evoke a series of positivities similar
to--those described above, P3 (latency, 300 ms), P4 (at 540 mé) and a slow

wave {(maximal at 920 ms) (Johnson, Miller & Burleson,‘3986). In this case,
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the authors suggest that P3 and P4 are regulated by the emotional salience of

the stimuli, and reflect the activation of memory storage mechanisms.

ERPs and Memory Processes | L

Several waves of the ERP waveform are useful indices of memory processing.
Speciflcallf, Increases in amplitude (Karis, FaBiani & Donchin, 1984;
Sandgquist, Rohrbaugh, Syndulko & Lindsley, 1980) and deéreases in latency
(Johnson, Pfefiferbaum & Kopell, 1985) of two late“ positive waves, P3
and a still later frontally positive slow wave (SQJ, 'apﬁear relevant to
memory per formance. In addition, a ﬁegatlve wave, N400, increases in
amplitude as the number of items to be searched in-memory storage Increases
(Stuss, Picton & Cerri, 1986).

P3. Memory processes have most consistently been associated with the
P300, or P3 wave. Johnson and his colleagues (1985) have recently repﬁrted a
relationsﬁip between P3 latency and successful memory performance. Subjects
were presented with a list of 75 words to he memorized (targets). Thé} were
subsequently asked to recognize those targets among distractor words (not
previously presented). Study and test lists were repeated four times,
Separaté‘ averages were obtained for targets and distractors. Targets
elicited shorter 1latency P3s than distractors during the test phase

{approximately 660 versus 710 ms for the initial test list). This difference

. -

was attributed to a priming effect which may have reduced stimulus evaluation
kime for tafget words on second presentation. P3 amplitude increased diréctly
with repetition of the test for both targets and diétractors. However, P3
amplitude was larger for targets than distractors only after the flirst
presentation of the list. 'P3s from the study series were smaller than during

the test series, and the latency did not vary with practice at acquisition.

TN
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When study trials Aéere sorted according to recognition performance,
subsequently recognized words elicited P3s which‘uere apprdximafely 22 ms
earlier than those elicited by subsequently unrecogﬁized words. P3 amplitude
did not predict recognition performance.

A relationship between P3J amplitude and memory performance is observed
with some consistency in ERP stuodies. In investigations of immediate
recognition memory, such as delayed‘letter-matching.an;-Sternberg paradigms,
larger amplitude P3s have been reported to items which match the target or
target set, compared to items which do not match the target (Thatcher, 1977;
Posner, Xlein, Summers & Budgie, 1973; Gomer, Spicuzza & 0'Donnell, 1976). Ii\\\\\
general, large amplitude P3s are evoked in response to novel or unexpected A
events which are relevant to the task in which the subject 1is engaged
{Campbell, Courschene, Plcton & Squires, 1979; Duncan-Johnson & Donchin,
1977; Johnson & Donchin, 1980, 1982; Tueting & Sutton, 1976; Tueting, Sutton
& 2Zubin, 1870). 5§nchin and his colleagues (Donchin, 1981; Fabiani, Karis &
Donchin, 1985; Karis, Fabiani &°Donchin, 1984; Klein, Coles & Donchin, 1984)
argue that such events reguire fhe updating or revision of working mem;ry,
and that P3 reflects this updating. In their view, the updating process is
required ip order to revise the current schema of phe environment. The

camplitude of P3 1is assumed to be directly proportional to the degree of
revision of working memory. The memory representation or some attribute of
thats representation may be "activated" by this updating process and thereby
facilitate subsequent recall of the event. The greater the restructuring
associated with the event, the greater the likelihood that the event will be
recalled, Accordlﬁgly, the éﬁplitﬁde of P3 during acquisition or learning of

stimuli should predict subsequent recall. Karis, Fabiani and Donchin (1984)
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examined this hypothesis using an "isolétlon" or "von Restorff" paradigm.
The von Restorff effect describes the phenomenon that items which are. vefy
different from other items, or "stand out" are better remembered. Lists of 15
unrelated words were followed by a free recall task. 'Seventy—five'sﬁ}cent of
the 1lists contained one word which differed in size from the other words In
the 1list. Following a recall test of these lists, subjects were asked to
report the use of mnemonic strateglies, and ERP waveforms were gorted on this
basis. Two groups were defined, those who relied on simple repetition of the
stimuli ("rote" memorizers) and those who formed more complex sto;1es or
images to organize thelmaterial {"elaborateors"). The elaborators performed
better on the test of recall than the rote memorizers. The type of mnemonic
strategy reported was not only related to subsequent recall, but also to the
occurrence of the wvon Restorff effect and the relationship between P3
amplitude and recall. Rote memorizers recalled feuer.stimuli and obtained
1arge} von Restorff effects than elaborators (subjects who used more complex
strateq;gs such as imagery or forming short stories). However, the P3
amplitudgg elicited by the isolated words at acquisition did not
differentiate rote memorizers and elaborators. These results were taken as

an indication that the initial change in representation at acquisition was

similar for the two groups. During recall, however, the rote memorizers may

v
i

have relied primarily on thé activation of%the representation as a search
cue; whereas the eiaborators likely used associations formed during recall as

search cues rendering the activation itself unbeneficial. In addition, the
rote memorizer exhibited a direct relationship between P3 amplitude and
recall. This effect was not obtained by the elabor;tors. Although this

study did not control strategy use, a subsequent study did manipulate the
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subjects' use of strategy experimentally, and obtained cﬁﬁparable results
(Fabiani et al., 1985). & further investigation (Fabiani, Karis & Donéhin,
1986) employed an Incidental memory paradigm in order/;; reduce the use of
rehearsal strategies. Subjects were asked to count either the male or female
names in a series. Unexpectedly, they were later requested to recall as many

names as possible. Larger P3s were obtained for names subsequently recalled

than not recalled, again pointing to a direct relationship between P3

amplitude and recall for nén-eiaborators.

N40Q. & negative wéve, occurring at approximately 400 ms is elicited
primarily in linguistic tasks (Kutas & van Pétten, in press), when a word
embedded in a sentence is semantically incongruent (Xutas & Hillyard, 1980a,
b), when arguments within a sentence are false or contraaictory (Fischler,
Bloom, Childers, Roucas &tﬁarry, 1983}, when a word from an infrequent or
deviant category is presented in a discrimination task {Boddy & Weinberg,
1981; Polich, McCarthy, Wang & Donchin, 1983; Ritter, Ford, Gaillard, Harter,
Kutas, Naatanen, Polich, Renault & Rohrbaugh, 1983) and when & word or
picture 1is named (Stuss, Sarazih, Leech, & ﬁicton, 1983; Stuss, Leech,
Sarazin & Picton, 1984). 1In phog:}ogical matching tasksf{non—rhyming stifiuli
elicit _;reater negativity around 400 ms than do rhyming stimuli, whether the
stimull are real words (Rugg, 1984a) or non-words (Rugg, 1984b).

In an attempt to dissociate the proces;és of P3 and N400 with respect to
meméry, Stuss et al. (1986} manipulated both stimulus probability and the
number of target stimuli (pictuyesj in a naming task. They observed Lhat the
negativity in the 300 to 500 ms latency range increased as a function of

increasing target set size from 1 to 5§ to 20. Similarly, Mulder, Brookhuis,

Okita, Van Dellen & Mulder (1984) reported a decrease in the P3 amplitude as

A
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the memory set in a Sternberg paradigm increased. Both authors suggest that

overlapping P3 and N400 waves are occurring. Stuss and his colleagues (1986)
suggest that P3 réflects the updating of category-expectancies. The N400 may
represeht the activation of or activity of the memory search required in
order to identify the stimulus. These two processes appeé to be generated
simultaneously.

Although some have argued that the N400 reflects a uniquely linguistic
process {Kutas & van Petten, in press), reports indicating that mental
rotation of geometrical shapes can also elicit a similar waveform (Stuss
etal.,1984) weakens this argument. The most encompassing tentatiug
explanation appears to include the broader involvement of memory
representation activation. .

Slow wave., The amplitude of a late positive SW has also been related to
memory functioning. A SW at 800 ms is of greaier amplitude for semant;c and
phonemic Jjudgments than orthographic judgments, and predicted subseguent
recognition in a memory task (Sandquist et al., 1980). Unlike P300, this 5W
predicted recall for those subjects employing elaborative operations on the
stimalus (XKaris , Fabiani & Donchin, 1984; Fabiani, Karis & Donchin, 1985).
Several studies have indicated a relationship between SW and requirements for
additional controlled processing of stimuli (Kok &% deJong, 1980; Stuss et

al., 1978, 1980; Johnson, 1979).

ERPs_and the Picture Superiority Effect
Since ERPs can be ‘used as indices of the timing and quality of
mental processes, they should be helpful in identifying the stage or stages
of processing which mediate the relative differences in recognition accuracy

between pictures and words. The studies presented employ picture and word

i
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stimuli in two versions of a recognition memory paradigm. These studies
represent the first attempt at applying ERP methodology to issues of
plctorlai recognition memory. The hypothesé? are therefore tentatlve and
represent an exploratory look at the utility of ERPs in addressing these
issues. Experiment 1 resembles the study-test probedure used by Johnson et
al. (1985). Subjects were shown either picture or word stimuli. Independent
groups were employed in order to overcome order effects, Pictures and
words were matched for meaning. A series of small pilot studies were run to
establish optimal recording conditions and to overcome problems of artifact.
This investigatlion was performed in order to establish a tiﬁe—course fof
picture-word processing differences in this task., This initial recognition
memory  paradigm also served to establish the conditions under whch ERPs are
recorded optimally in both acquisition Qnd recognition phases of the task.

In Experiment 2, subjects were shown an equal number of randomly
presented piéﬁures and words during the acquisition task. They were asked
either to remember the pictures, and ignore the words, or to remember the
words and ignore the pictures. Subsequently they were either tested on the
stimulus they bhad been asked to remember (intentional conditions) or the
stimulus they had been asked to ignore (incidental conditions). Since
intentionally learned stimuli are remembered better than incidentally lghrned
stimuli to which reigtively little attention bhas been devoted, this
manipulation allowed us to examine within-stimulus wvariation in memory
accuracy, as well as effects due to encoding strategigs, which should be

absent in the incidental condition.

Methodological and theoretical issues

Reaction Time o
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Cognitive psychologists have developed some very elaborate and elegant
designs for examining processes not under their direct observation. A large
proportion of the tasks implemented in experimental cognitive psychology
measure human information processing through reaction time (RT). A number of
subjec£ive Qariables such as guessihglst}ategies and response blases can
markedly affect RT (Campbell, 1985}, Several elaborate mathematical
derivatioﬁs of RT have been developed.that take these factors into account.
Formulae can correct for percejved relative céé%s of sPeed versus accuracy
{Pachella, 1974), guessing (Link, 1982), the 7Qadjustments of response
threshold which occur from moment to moment in comparing a memory
representation with an external stimiilus (Link & Heath, 1975; Link, 197%),
and stimulus probability (Lappin & Disch, 1972}. These mathematical controls
aid in siphoning facEprs which may be inherent in the eﬁpirical ~situation,
and emphasize the - importance of such variables as instructional set,
individual differences and the analysis of error trials (see Link & Heath,
1975; Link, 1975). The validity of many of these "correction" formulae has
been questioﬁed. .Horeover, even if their validity is accepted, their proper
application often requires several.hundred, if not thousands, of trials. The
processes or combination df processes which result in lengthénéd or shorzened'
RTs remain "blurred" functions of underlying mechanisms, for which only the
behavioural result is observed. Ié.has been stated that ultimately the true
answers of memorial representational structure and form will not be known
until  physiological evidence is obtained (Anderson, 1%78). As already
mentioned, the latency of the physiological measure, P3, appears to overcome
many of the methodological 1limitations of the behavioural measure, RT,

Unfortunately, very few memory studies have recorded concomitant behavioural
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and physioloéical measures. The lstudies presented here represent a
preliminary stép to this end. The characteristics of the event-related
potential, as discussed below, offer the capability of accessing "realitime"
cognitive-related brain activity while it is ongoing.

Recogqnition memory tasks

" The most well-known and ;triking differences In picture' and word
processing ﬁéue been reported in tasks of recognition memory. - Recognition
memory for picture stimuli is extremely accurgate, durable and extensive
compared to that of verbal stimuli.'Howeveri§¥he processes invelved in

recognition- memory . tests have historically been a subject‘gf debate. One
account presumes that since the target stimulus is presented to the subject
. in a recognition task, search or-retrieval is not performed (Kintsch, 1970;
ﬁorman, 1968), The recognition task in this case involves a decision of
familiarity with the stimulus. That is, a judgment is made regarding whether
a stimulus appeared in the designated list or context. These theories
readily explain why recognition tends to lead to superior memcry performance
than recall. Fallure to recall is attributed to faulty memorv search. In
contrast, it has been proposed that recall and recognition involve basically
similar processes (Tulving, 1976; Brown, 1976). In this view, the memory
otrace of an item'depends on the simfﬁarlty of this context-unique trace with
the cues provided at retrieval. Recognition cues generally provide this
overlapping Information to a greater extent than recall. Hence a memory
search is implied in the recognition task. Recent evidence seems to favour a
combination of these‘two approaches: "Support has been adduced for the notion

that the recognition of previous occurrence is adequately captured by a

theory that assumes that two processes are invoked when someone is asked to
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make a Jjudgment of prior occurrence.. The first process retrieves that
faéiliarity value of the event ... The second, slower mechanlsm engages in a
search and retrieval processmfhat attempts to determine whether the target .
item waé origiﬁally pregented" {Mandler, 1980, p 268).

One of the weaknesses of recognition memory designs in the cognitive
psychology literature, is that behavioural‘ggrformance on the recognition
test is often the only measure available for both encoding and retrieval
processes, and the two processes are difficult to investigate Independently.
Using psychophysioclogical techniques, an invaluable amount of information
both about the recognition memory task itself, and about recognition memory
for different types of stimuli 1s potentially avallable.

"Incidental learning paradigms

Generally, intentional learning results in superior memory performance
than incidentalw;aarninb. Nevertheless, this result depends on a number of
fabtors, including whether an orienting task accompanies incidental learning
{Gleitman & Gillett, 1957; Saltzman, 1953); the nature of the orienting task,

> (Postman & Adams, 1956; Saltzman, 1956; Craik & Lockhart, 1972, Craik, 1973;
Craik & Tul&ing, 1975), the number of stimulus presentations (Gleitman &
Gillet, 1957; Saltzman & Atkinson, 1354) and the manner in which learning is:
tested (ﬁgstman et al., 19553. Intention to learn‘is only eff?ctive insofar
‘as it generates operations to improve memory performance. Subjects who
report not using a memory strategy in intentional learning situations do not
recall more than incidental learners who are asked to categorize words as
nouns or verbs, and recognition performance is superior for this -incidental
learning group (Eagle & Leiter, 1964). The worst performance for incidental

learning groups occurs when the orienting task requires the subject merely to
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detect” the presence or absence of a word. Thus it is the nature of the
processing required during incidental learning that determines memory, not
intention per’ se,

In the secend studﬁ in this thesis, an incidental learning paradigm is
used in order to examine within-stimulus changes in memory accuracy and
associated changes in endogenous waves of the ERP w?veform. The four

resulting groups: incidental learning of words, intentional learning of

words, incidental learning of pictures, and intentional learning of pictures,

allow an examination of within-stimulus ERP changes which occur both at
acquisition and reccgnition. During acquisition, the processing differences
which are associated wifh incidental versus intentional learning are expected
to be reflected in the ERP waveform.‘ Such a relationship will providé
insight into the portion (or portions) of the acquisition waveform that are
associated with improved recognition performance for each stimulus,
Similarly, during the recognition memory test, the comparison of relatively
poorly -encoded compared to relatively well encoded stimuli, should indicate
which portion of the ERP waveform is associated with difficulty of memory
search processes. Once these within-stimulus endogenohs changes are
identified, then gcross-stimulus compar isons can be made. That is, once the
question "How is the ERP affected by this cognitive manipulatiohé" is
;ﬁsuered, then the question "Is the ERP affected for both pictures and
words In a similar manner?" can be tackled. If th% series of waveforms In
each case have the same latency and scalp topographf, and are affected in the
same’ direction, with similar magnitudes of change, then the processing of the

pictorial and wverbal stimuli will be considered similar. If, on the other

hand, any of these variables differ, there is evidence for form-specific

N

.
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processing.

Examination of Hypotheses

Conclusions about differ?nces in processing for pictures and words and how
these relate to memory performance differences are made on the basis of
converging operations. First we ask how the cognitive manipulations affect
the ERP waveform within each stimulus. That {s, which waves are affected by
) task differences (acquisition/recognition, incidental/ intentional), in what
direction, and how does this information relate to uﬁat is already known
about the waveforms, Next, given that these cognitive manipulations have had
an’ effect on the endogenous cbmponents, how do these changes compare across
stimuli? Are the same waveforms affected by these manipulations for pictures
and words? Finally, given what we know about the processing of pictures and

words from the cognitive literature, and what we know about the co%ponents of

the ERP, how can we reconcile these results, and what can they tell us about

the superiority of pictorial memory? Based on both the cognitive and

physiological studies, the waveforms of pictures and words were expected to
t

differ in the following manner.

Early waves: exogenous or endogenous effects?

Given that the quality of information derived from individual fixations
appears to be different for pictures and words it would be expected that
picture/word processing differences related to memory should be apparent in
the ERP waveform at approximately 250-300 ms. Differentiating between
effects which are due to physical rather than cognitive processing
differences of pictures and words is particularly of issue at this early
latency. The incidental learning paradigm suggested here, however, purports

to address this problem through a set of converging operations. By

v

€.



34

definition, an exogenous wave remains unvaried for a‘particular stimulus when

cognitive manipulations are performed. Thus, if a cognitive manipulation

affects the response to that stimulus, it can no longé{ be considered

exclusively exogenous. The within-stimulus manipulations acquisition/

recognition; hit/correct rejectlon; intentional/incidental) allow a
discrimination between exogenous and endogenous effects.‘ If a waveform is
affected by any of these manipulations, we may conclude that it is, at least
in part, assoclated with an endogenous process. On the other hand, if a
waveform differentiates betﬁeen picture and word stimuli, E?k is not affected
by any within=stimulus manipulations, the problem is more difficult. Either
the waveform reflects exogenous activity, or form-specific cognitive
processes are associéted with each stimulus.

P3 and incidental learning ' —

\

The acquisition series of the incidental learning paradigm is quite

unique,. in that the subject’s task is not only to remember stimuli, but to

select the stimull to be remembered from those to be ignored. In this

conéext, it resembles the familiar "odd-ball" paradigm often used in P3
research. A rather complex series of decisions is required. Since the
selection of the target may be based on gross physical differences between
pictures and words, such as their spatial distribution or area, the P3
assoclated with this type of evaluation might be expected to occur
relatively early. On the other hand, finer discriminations performed on the
to-be-remembered items may be associated with later positivities (Johnson,
in press).

P3 and prediction of memory per formance

As previously noted, some studies of ERPs and memory have reported a

-
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'positive relationship between P3 amplltude'éhd subsequent verbal memory
performance. If encoding‘and retrieval processes for pictures and words are
similar, we would expect‘that th; same waveform would be associated with
memory performance for each stimulus. This relationship would be manifested
in the studies presented in this thesis in three ways. Firstf since plctures
are remembered better than words, the amplitude of §3 at acquisition is
expected to be larger for pictures than words. Second, since intentionally
learned stimuli (both pictures and wordg) are remembered better than
incidentally learned "stimuli, P3 for 1nteﬁtionally learned stimuli 1is
expected to be larger.than for incidentally }earned stimali at acquisition.
Third, a positive correlation between the average amplitude of P3 for 'each
subject, and the d' scores would be expected. Moreover, the relatipnship
between P3 amplitude and subsequent memory appears to be stronger when
strategy use is limited (Karis et al., 1984; Fabiani et al.,71985; Fablani et
al., 1986), thus, a correlation between P3 amplitqge and d' is morev likely
for those subjects who incidentally learned stimuli rather than those who

intentionally learned the stimuli.

P300 and decision making in the recoqnition memory task

Since the P3 may serve as an index of stimulus evaluation time and is
associated with stimulus digéfiminability in signal detection paradigms, P300
latency should reflect the time required for the faniliarity decision
required in the recognition memory task. When 'the ‘probabi%ity of each
response 1is held  constant, as it is in recognition memory tasks, the
amplitude of P300 generally reflects the confidence of the decision (Kerkhof,
1982; Kerkhof & Uhlenbrock, 1981; Parasuraman & Beatty, 1980; Parasuraman,

Richer & Beatty, 1982; thires et al., 1973a, 1975a,b; Sutton, Ruchkin,

~
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Munson & Hammer, 1982) and decision accuraéy (Campbell, Courschesne, Picton &
a
Squires, 1979; H;nson & Hillyard, 1984; Hillyard, Squires, Baver & Lindsay,
1971; Ruchkin, Sutton, Kietzman & Silver, 1980; Ruchkin, Sutton & Stega,
1980). Thus,  since hit decisions are generally made with more confidence
than cogrect rejecffons, P3 ampiitudeé should SE larger for hits than correct
rejections, and larger uﬁen the stimuli have been intenfionally learned than

Y

'Ihcidentally learned.

N400 and contextual effects of the recognition memory task

The test phase of the récognition memory paradigm consists of the
presentation of a series of stimuli,‘half of which were previously presented.
This previous presentation should activate or prime the repres;;tations of
target stimuli, while the remaining novel stimuli are not -primed. The
amplituﬁe of N400.isfinversely related to priming. It shou}d therefore occur
in response to those stimuli which have not been preyviously preséhted,
i.e‘h the distractors. Similarly, the amplitude of N400 in the test phase
should be greater for tthe—stimuli which have been learned incidentally than
those learned intentié;ally, s}nce incidental learning probably results in
1ess activation of related representations than intentional learning:
Therefore, during the recognition test; the nodel, distractor stimuli should
elicit larger N400s than the incidentally learned stimuli, which in turn
should elicit larger N400s than the intentionally learned étimuli. If the
memory representations for pictures are functionally the Z?mgjgg\imose for

N
words, as suggested by Nelson and his colleagues, then this\relationship of

il

N400 to distractor stimuli should be similar for pictures and words. If the
memory representations for pictures are functionally different from those for

words, as postulated by Paivio, and the dual coding theorists,fﬁfhen this

p
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relationship will not be common for pictures and words.

& .
Slow wave and further processing

Several investigajions using goth picture and word stimuli have
describéd a late slow wave which has rather vagggf} been considered an
indication of further or elaborative processingY//Little is known about this
waveform and it is difficult to make any pfeci e predictions about the effect
of thgse manipulations on the SW. Sincg/ he acquisition phase of the
incidental .learning paradigm is designed,tgjpermitrgsfiy elimination of a set
of st1mu11 from further processing//fhe SW should be less prominent, {f not

completely absent from the waveforms of the stimuli to be ignored compared to

those to be remembered.
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CHAPTER II
Experiment I
Method
Subjects
_ Sixteen right-handed university student§'(4 males, 12 females) ffom 15
to 35 years of age participated in this sfudy. All reportcd normal or
corrected-to-normal vision. None had previously seen the stimuli employed in
this study.
Stimull
The picture stimuli were photographic slides of unambiguous black 1line
drawings derived from children's coloufing books (Stelmack, Plouffe &
Winogron, 1983). The word stimuli were photographic slides of horizontally
-presented words, appearing in black upper-case elite font. The words were the
verbal labels corresponding to the picture stimuli.

Stimulus presentation

One carousel projector equipped with a tachistoscopig shutter projected
stimuius slides onto a wail in the main laboratory. A second projector
presented a clear slide between stimulus slide presentations. The
tachistoscopic shutter and lafayette timer were modified to control both
stimulus duration (2 s) and the synchrony of the two projectorsAsuch that the,
offset of the stimulus slide would coincide -with the onset of the clear
intermediate slide. This method was employed to eliminate confounding VEPs
generated by changes in light inté%sity at stimulus onset. An RCA wvideo
camera relayed the projected image to a 22 cm video monitor placed 1.5 m from

the subject in a sound-attenuated chamber. The difference 1in luminance
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between picture, word and interstimulus slides as measured by a Spectra
Pritchard photometer was negligible. Pictorial stimuli, on average,
subtended a horizontal visual angle of 5°, and a vertical visual angle of 3°
Verbal stimuli subtended an average horizontal visual angle of 4° and a
vertical visual angle of 1°. Stimulus onset, which occurred every 5 s, was
initiated by a Cromemco Z-2 microcomputer.
Procedure /f

The experiment followed a yes/no signal detection procedure (Green &
Swets, ‘1966). In this method, the proportion of hits and false alarms (FAs)
were used to obtain a measure of recognition accuracy (d') which is
relatively free of response bias. The protocol consisted of two series of
stimulus presentations: gn acquisition series and a recognition series, In
the acquisition series, each subject was shown 140 consecutive stimuli, and
was asked to remember them.. Half of the subjects saw tﬁb“pictorial stimuli,
the other half, the word stimuli. The sex of the subjects was counterbalanced
across groups. Fach subject was informed that a test for memory would
follow.

The recognition memory task followed the acquisition.phase after a ten
minute rest period. Subjectis:fere asked to discriminate 60 target
(p%eviously éhown) stimuli from 60 distractor (ﬁot previously shown) stimuli.
These stimuli were presented in a computer-generated Bernculli random
sequence. The subject was requested to press one button to indicate that a
stimulus had been previously presented or a second buttoﬁ to indicate that
the stimulus had not been previously presented. Hand of response was

counterbalanced across groups. Subjects were required to respond within the 2

s duration of the stimulus. A pilot study indicated that the motor response
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occurring during stimulus onset had no effect on the ERP waveform compared to
when the response occurred after its offset.
EEG recording

The EEG was recorded using Beckman Ag/AgCl electrodes affixed to the
scalp at Fz, Cz, Pz, Qz, according to the International 10/20 system, and
at'two lateral temporal locations that were located 75 % of the distance from ‘
Cz‘ to T3 on the left ("LT"), and to T4 on the right ("RT") {cf. Rugg,1984).
%his corresponds to "Cﬁﬁ and fCS" placements ;n the 10-20 system, Pilot
studies indicated that the more commonly used references site, the mastoid
process, 1is, in fact,lactive.for the visual stimuli employed in this study.
The sternovertebral site was not active. For the purpose of the pilot study,
the ankle was used as é referenéel Each scalp electrode was referred to a
balanced noncephalic sternovertebral site (Stephenson & Gibbs, 1951). The
electroculograph {E0G) was recorded from electrodes placed on the lateral
extremity of both the supraorbital ridge of the lef;teye and the infraorbital
ridge of the right eye. This permitted the monitoring of both horizpntéﬁﬁand
vertical eye movement on a single channél. The skin was abraded with a
sterile needle at each oflthe scalp and EOG electrode sites to minimize skin
potential artifacts (Picton & Hillyard, 1972). Inter-electrode impedances
were below 2 kOhm.

EEG and EOG signals were amplified using Nihon Kohden EU/5D polygraph
amplifiers. For alllchannels, the high £f£ilter was set at 35 H; and the timg
'consfant was set at 0.3 s.“This relatively short time constant was selected
as a compromise bhetween reducing the possibility that a 1low frequency
negative sustained potential might overlap and sum with the late components

(Picton, Woods & Proulx, 1978) and the risk of attenuating the amplitude of
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the late components. Analoque-to-digital conversion wgs cafrled out at a 6
ms sampling rate by the Cromemco 2-2 microdompuéer. Signal averaging of EEG
and EOG Has'perfo;med on-line (Hakasare,‘Campbell, Stelmack & Knott, 1985)
for 1.8 s, beginning 0.3 s prior to stimulus onset. Trials during which a
signal exceeded +100 uV on either the EOG or Fz channel were rejected prior
to averaging. Eye movements from the centre to the horizontal or vertical
edge of the monitor were observed to exceed this + 100 uV limit in pilot
runs. Trials were also rejected if the subject's response occurred outslde

of the sweep time (i.e. 1.5 s post-stimulus .offset). The averaged data were
stored on diskette for later off-line plotting and scoring.

ERP measurements
=]

Three componenty of the evoked response waveform which were clearly
evident for all subjects were identified and measured using a computer
scoring algorithm. Lafency windows were derived from the morphological and
topographical characteristics of the g;and averaged waveforms. The maximum
positive deflection occurring between 280 and 450 ms from stimulus onset was
termed P350. The latency for this component was determined at Pz where this
peak was most pro;inent, and amplitudes for all EEG sites were measured at
that latency. The maximum negative peak between 400 and 600 ms from stimulus
onset was termed N500. Latency was measured at Fz where this peak was most
prominent and amplitudes for all channels were measured at that latency. The
maxiﬁum positive peak between 480 and 700 ms was called P600. Latency was
measured at Pz and amplitudes were determined at that 1latency for all
electrode sites. In addition to these three peaks, a late frontal positive

slow wave (5W) which reversed in polarity at Pz and 0z, was observed at a

latency ¥Yfrom 750 to 1400 ms. The SW was divided into three subintervals:
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SW1 (750-900 ms}, SW2 (1000-1150 ms) and SW3 (1250-1400 ms). Within each of

these subintervals the average voltage was calculated independently for each

.....

electrode site.
Results
» In  the statistical analysis of these data, the .05 confidence level was
adopted for all statistical tests, unless noted otherwise. Conservative
confidence levels were employed for comparisons which involved repeated
measures (Geisser & Greenhouse,1958).

Recognition memory performance

Discriminability indices (d') for recognition memory performance were
calculated on the basis of the proportion of hits and FAS. A t-test
performed on these data indicated that the mean recognition accuracy for
pictures (2.69) was greater than that for words (1.56). The small number of
misses and FAs for plctures precluded analysis of the ERP waveforms for

those response categories. v

v +

Picture/word comparisons

Picture and word grand average waveforms for the acquisition phase are
illustrated in Figure 2.1. P350 occurred at an average latency of 350 ms,
N500 at 470 ms, and P600 at 585 ms. A one-way analysis of variance (BNOVA),
pictures versus words, was applied to the ERP data obtained during the
acquisition serjes, with an independent analysis performed for each component
at each electrode site. Results from this analysis indlcated that P350 was
significantly greater for pictures than words at Pz (F(1,14) = 4.9). The
amplitude of P00 was significantly greater for words than pictures during
acquisition at 0z (F(1,14) = 6.6). However, at other electrode sites the

amplitude of P600 was greater for pictures than words, although these did not
2
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Figure 2.1 - Acquisition waveforms for words and pictures

in Exp I.
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reach slignificance: Fz (F(1,14)=2.2; p=.16), Cz (F(1,14)=2.2; p=.16). No
significant differences between the pictures and words were observed for the
N500 component. The SW (750 - 1400 ms) was 'characterized by positive
polarity at Fz_,gnd Cz, but negative polarity at Pz and O0z. This scalp
distribution was ;bserved in both picture and word waveforms. Significantly
greater negative amplitude Qas observed at posterior sites for thé picture
tha# word waveforms at all three SW subintervals: SW1l at 0z (F(1,14) =
15.3), syz at Pz (F(1,14) = 5.4) and 0z (F(1,14) = 18.6) and SW3 at Oz
(E(1,14) = 5.8). : |

It Qas also of interest to determine whether differences between
pictures and words observed during the acquisition series were apparent
during the recognition memory test. For this purpose, a two-way ANOVA with
repeated measures was performed in the .independent analysis of each ERP

component at each electrode site. The between-subject factor was stimulus
{

.type {pictures and words) and the within-subject factor comprised the—~
acquisition phase and tpe hit and CR categories of the recognition task.
Unlike the one-way ANOVA performed on the acquisition data, P350 amplitude
did qdf/’g;;tinguish pictures and words at Pz when submitted to the two-way
ANOVA. Since there were fewer hit and CR responses than there were stimulus
pfesentations in the acquisition s;ries, there were fewer evoked responses
averaged for the former than the latter. As a result, there wasqa decrease
in the signal-to-noise ratio, and an increase in the error variance in the
two-wdy ANOVA which may have masked a P350 main effect, ~ or
interaction.

Picture and word waveforms for hits and CRs are presented in Figure 2.2.

Main effects of stimulus type were observed for two components. As in the
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Figure 2.2 - Recognition waveforms for words and pictures in

Exp. 1
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acquisition phase, the P600 component differed in scalp topography for the
two stimuli. Across acquisition, hit and CR, P600 was significantly more
positive for pictures than word§ at LT (F{1,11)=4.6). However, at 0z this
P600 component was of greater amplitude for words than pictures { F(1,14) =
6.6). In addition, across acquisition, hit and-CR waveforms, SW1 tended to
‘be  of éreater amplitude for pictures than words at Fz (2.2 vs -0.4
uv,F(1,11)=4.3, p =0.06), Cz (~-0.03 vs -1.6 uV, F(1,11)=4.2, p = 0.06) and
LT ( 1.45 vs -0.3 uV, F(1,11)=4.3, p = 0.06).

Acquisition/recognition comparisons. Reliable differences in ERP

components of waveforms obtained during the acquisition and recognition
memory test were also observed. These effects were common to both picture
and word waveforms. Two components exhibited such effects, N500 and SWl.
Grand averaged waveforms for hit and CR responses are supe%}mposed in Figure
2.2, For both pictures and words, N500 amplitudes were greater for hit and
CR responses during the recognition task than for acquisition waveforms at
all electrode locations: Fz (F(2,22) = 6.5}, Cz (F(2,22) = 4.6), Pz (F(2,22)
= 4,5), 0z (F(2,22) =5.7), LT (F(2,22) =5.2) and RT (F(2,22) = 14.9}.
Alsoc, for both stimuli, SW1 was significantly greater dﬁ?ing the acquisition
phase than for waveforms obtained from hit or CR responses during the
recognition_task at Cz (2(2,22) = 4.9) and Pz (F(Z,22) = 9.4).
Discussion

In this study, differences between picture and word waveforms were
cbserved primarily in the positive waves. At 360 ms'(P35Q), 600 ms and during
the late SW, pictures were associated with greater positivity than words.
The retrieval process appeared to affect a common wave for pictures and

words. For both stimuli, a negative wave at a 500 ms latency was larger in
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CR waveforms than hit or acquisition waveforms.

-

Early components: endogenous or exogenous effects

P350 was observed to be larger in amplitude for pictures than words
during the acquisition - phase. We had expected that pilctures and. word
waveforms would differ at approximately this latency based on the
eye-movement/fixation studies. In this study it was possible that this
difference could be explained by the physical diffgyence between pictures and
words. Memory for bictures has been said to stan&w"at the interface between
" perception and semantic memory" {(Jolicoeur, Gluck & Kosslyn, 1984, p.244).
That 1is, the perceptual qualities of pictures, and the information gleaﬁed
from them by 300 ms, appear to provide important information in the process
of developing the memory representation.- The incidental learning paradignm
employed in Exﬁeriment IT will shed 1light on this matter through a

within-stimulus comparison of intent.

P3 and prediction of memory performance

Pictures and words were also differentiated by a second peak, P600, which
exhibited the characteristic "P3" centro-parietal scalp distribution, with
maximum amplitude at Pz and decreases in'éhplitude at the anterior and
occipital sites., Late positive waves at this latency have been observed in
several memory tasks (Johnson et al., 1985; Karis et al., 1984; Sandquist et
al., 1986). In general, these studies report a positive relationship between
P3 amplitude at acquisition and subsequent recall. In a recognifion memory
paradigm, wusing wverbal stimuli, Johnson and colleagques (1985} also found
large P3s at 600 ms during the acquisition series, even though all bstimuli
were equiprobable. However, in contrast to studies which have employed

recall tests of memory, (XKaris et al., 1984, Sandquist et al., 1980), Johnson



46

35;#:;. (1985) found no P600 amplitude dif::rencps between subsequen%}y
‘recognized and subsequently unrecognized stimull in their recognition memory
task. Similarly, no midline amplitude differenceé Qetween picture and word
acquisition waveforms were found here. Our expectation that P600 would be of
greater .amplitude for pictures which are conslétently better-remembered,
had been based on recall studies, and thus was not confirmed. ¢ The' memory
tas&s in which P600 amplitude differences have been found suggest that the
type of strategy employed will determine whether P600 amplitude will be
’ fassociated with memory performance. The secoﬁd study includes a condition in
which elaborative strategy use is discouraged. )

| fhe' scalp topography of this wave appeared to be somewhat different for
pictures and words. There was a tendencg for P600 to be of larger
amplitude for pictures than words at anterior sites. The opposite
rElationship was observed at the 0Oz lead.f/?% this finding is replicated in
the second study with a larger number of subjects, and .an additional
cognitive manipulation, it may be indicative of a difference in the
underlying cerebral generation for pictures and words during the acquisition
of items in memory.

N400 and contextual effects in the recognition memory task

The most striking difference between the acquisition and recognition
memory waveforms for both plctures and words was a negative wave which
occurred at approximately 500 ms. At all electrode locations this wave was
qf significantly greater amplitude during recognition than
acquisition. Given that this wave is much more prominent in the recognition
ERP, and since, in the case of targets, the stimuli themselves are identical

to _those presented in the acquisition phase, the process reflected by our
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. N500 is related to the_réquirements of the retrieval task, rather than an
exogenous stimuldas™ property. Initial pillot studies indicated that the
enhanced negativity during the recognition task is nat a result of motor
petentials related to the button-press response. The finding that N500 s
of greater amplitude in the recognition waveforms of both pictures and words
is consistent with cognitive research indicating that the systems 'for
retrieval of stored Information are similar for pictur;s and words. The
relationship between this wave and memory search is further investigated in
Experiment 2.

Slow wave and further processing

A notable chafacteristic of the acguisition waveforms in this study wa$
the appearance of a late slow wave (SW). SWs have been reported in tasks
which involve feedback® (Johnson & Donchin, 1985) or® tasks which require
"additional processing” following stimulus identiflication (Ruchkin, Sutton,
Kietzman & Silver, 1980a; Ruchkin, Sutton & Stega, 1980b). The SW identified
here was observed to have a rémarkable polarity feversal, characterized by
frontal positivity, which decreasedl in amplitude at Cz, and occipital
negativity, which decreased in amplitude at Pz. This SW morphology was also
apparent in the averagesvof individual subjects, and there was no indication
that it resulted from overlapping P3s (cf Johnson & Donchin, 1985}. The
difference between picture and word waveforms at acquisition was largest and
most persistent at 0z, At this site, significantly greater negativity was

“~observed for pictures than words for all three measured durations of the SW.
In view of the cognitive research which indicates quite clearly the greater
involvement of visual and spatiial information in encoding pictorial stimuli,

- —
this augmented activity at the occipital lead is particularly congenial. SW1

.
'
N~ !
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was of significantly greater amplitude for’pictures than words at the
'TYEB%q:central sites, during both the acquisition and recognition tasks.
However, the generaliy enhanced late negative amplitudes of the recognition
waveforms seeméd to obscure the picture-word differences at Oz.

As ;EEedicted, for both pictures and words, SW1 was of larger amplitdde
centro-parietally at acquisitidn’than recognition. Generally, SWs have been
reported to be indicators of exténded processing (Karis et al.,.l§84;\3uchkin
& Sutton, 1983; Sandquist et al., 1980). During the acquisition phase,
extended processing in the form of elaborate strategizing is an effective
means of accomplishing the task. In the recognition task, such processing iay
nog required.

It ;s quite possible that the short time constant employed in this study
affected the morphology of the SW. Although this limits the ability “to
compare the present SW to that of other investigators, the scalp topography
and relative'amplitudes involved in picture/word and acquisition/recognition
comparisons would not be expected to be affected.

Summary

In summary, a review of the hypotheses indicates that this preliminary
study was successful in outlining the time-course of picture-word processing
differences. However, several questions regarding the quality or function of
these processes remained. First, differences in the ERP waveform were
observed at approximately 350 ms. Whether these differences were due to
arousal or attentional differences between the stimuli or the physical
characteristics of the stimuli could not be determined. Experimentill also
examines within-stimulus change?r/;n memory accuracy, and may therefore

discriminate a pué%jy exogenoys wave ffom one which is clearly linked to



49

{; attentibhgl and memorial events, The second lnvesﬁigation also questions
whether earlier Eifferences might not be observed, and measures a positive
wave -at 200 ms. Second, picture and word retrieval processes appeared to be
similar, in that differences between acquisition and recognition were evident
in the N500 peak for both stimuli. The second experiment alters encoding
processes, and thereby the information available for retrieval. These
within-stimulus differences in retrieval difficulty offers a furthe;
examination of this phenomenon. Third, to the extent ihat g’ is inversely
related to the extent of memory search invoked, N400 amplitude should be
sensitive to manipulations which affect d'. N400 amplitude should be larger
for words than pictures, and largér for incidentally learned stimuli than
intentionally learned stimuli. Finally, the first study indicated that the
SW was ;ssociated more with acquisition processes than recognition processes.
If this wave reflects elaﬁorative processes, 1t should be greater in the
waveforms of the intentional learning condition for both stimuli, thaﬁ the

incidental condition, in which learning is discouraged.

/
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CHAPTER III
Experiment II
Squects \‘t
Forty right-handed university studegté (Zd*male, 20 female) from 19 to
35 years of age pa;tigipafed in thié\_study. 11 reported normal or
corrected-to-normal vision. None had PFEVi;;;IEjéffn the stimuli employed in
this study.

Stimulf and Stimulus presentation -

-

Tﬁe picture and word stimuli were produced and presented in the same
manner as those in Experiment 1. The luminancé and visual angle parameters
also were the same as Experiment 1.

Procedure

The experiment followed & yes/no signal detection procedure (Green &
Swets, 1966). In this method, the proportion of hits and false alarms (FAs)
was used to obtain a measure of recognition accuracy (d') which is relatively
free of response bilas. The protocoi consisted of two series of stimulus

_presentations: an acqiisition series and a recognition series. In the
acquisition series, one of two sets of stimull (Set A or Set B) was
presented. Each set contained an equal number ofurandomly mixed word and
picture stimuli to total 140. In order to counterbalance the denotative
meaning of the stimuli, the words of Set B were the verbal labels
corresponding to tﬁe pictures of .Set A, and the pictures of Set B illustrated
the word stimeli of Set A. |

Half of the subjects {N=20) were asked to try to remember only the

pictures, but disreqgard words, with the raticonale that we were only

=



« il

51

iqterested in seeing if the words interfered with remembering the picfures.
They were told that they would Igter be tested on thelr memory for the
pictures. Half of the subjects were told that the words were to be
remembered and the .pictu;és to be ignored. These instructions were

counterbalanced for Set A and Set B.

The recognition memory task followeé the acquisition phasé after a ten
‘minute ‘ rest period. Recognition of either the intentionallQ learned
stimuli or the ignored -stimuli was requested. Fcur\\fomparison groups
thus resulted: those who were asked to remember pictures and were

ubsequently tested on‘the pictures (intentional-picture group); those asked
to learn the words and were tested on the words (intentional-word gqroup);
those asked to‘ learn the words and were tested on the ‘pictures
(incidental-picture group) and those asked to learn the pictures, and were |
tested on the words (incidental-word group}. Subjects were asked to
discriminate 60 target (previously shown) stimuli from 60 distractor (not
previously shown) s%imuli, of the same type as the targets. These stimuli
were présented in a computer-generated Bernoulli random sequence..The subject
was requested to press one button to indicate -that a stimulus had been
previously presentéd or a second button to indicate that the stimulus had not
been  previously presented. The hand of response was counterbalanced across

groups. Subjects were requiréd to respond within the 2 s duration of the
stimaulus.

EEG recording

The EEG -and EOG were recorded, amplified and averaged in the same
manner as in Experiment 1.

ERP measurements
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Four components of the evoked response waveform which were clearly
evident for all subjects were identified and measured usipg a computer
scbring algorithm., Latency windoﬁs were derived from the morpholégical ané
topographical characteristics of the grand averaged waveforms. The maximam’
positive. deflection occurring betqeen 220 and 280 ms was termed P200. The
latency for  this component was ‘determined at Fz, wﬁere rit wés most
prominent, anﬁi amplitudés'for all EEG sites were measu;ed at that latency.
The remainingiihree components and the SW were measured at the same latencies
,ahé sites as those described in Exper iment 1. e

\

Results

Recognition memory performance

Discriminability indicés (d') for recognition memory performance were
calculated on the-ba;is of the proport%oh of hits and false alarms (FAs). An
‘\ENQQA’-on these data revealed siénificant-group differences. ﬁean d' ‘values
are i1llustrated in Figure 3.1. In order of superior to:inferior performance,
the groups ranked ‘as " follows: intentional-pictures {d'=3.2),
intentional-words (d'=2.2), incidental pickures (d'=1.8) and incidental-words
(d'=1.3). All group differences were signifigant with the exception of the

incidental-pictures vs intentional-words comparison,

ERP waveforms

. v
Four repeated-measures analyses of variance (ANOVAs) were performed per

wave and electrode slte, Since stimulus type {picture, word} was a.
within-subject factor at acquisition but a between subjects factor during the
—-recognition task, the acquisition data were examined with a tﬁo-way repeated
measures ANOVA, with stimulus as the repeated factor (both pictures and wordé

were presented in the acquisition phase) and group (intentional learning of
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Figure 3.1 - Mean @' scores obtained in Exp. II
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words or intentional learning of pictures) as the second factor. ERP
waveforms for the acquisition phase are presented in Figure 3.2. Recognition
data were examined ln a three-way repegted measures ANOVA fresponse type x
stimulus x intention) with response type (hit, CR) as the repeated £factor.
Picture data were analyzed independently to compare acquisition wiFh hit and
CR response waveforms. The mean latencies and amplitudes of ERP waves for
acquisition, 'hit and CR waveforms of intentionally and incidentally learned
pictures are presented in Tables 3.1 and 3.2 reépectively: A two-way ANOVA
was employed, with acquisition, hit, CR as the repeated factor and intention
as a between-subjects factor. Significant effects were Investigated by
post-hoc Tukey tests. An identical two-way ANOVA was employed for the word
data. Mean latencies and amplitudes for intentionally and incidentally
- learned words are presented in Tables 3.3 and 3.4 respectively. Figures 3.3
and 3.4 show the ERP waveforms for hits and CRs respectively, £for both

stimuli. In addition, Pearscon product momént correlation coefficients were

obtained independently for each group, and for both acgquisition and

recagnition waveforms between 4' and the latency and amplitude of each wave.

The Gelsser & Greenhouse (1958} correction was applied and effects were

considered significant at p<.05,

p200. The BNOVA performed on anuisition data indicated that the P200

wave was both of longeryFatency (F(1,38)=8.91, p(.005) for words (X=249 ms)

than pictures (X=241 ms) and of larger.amplitude for words than pictures at

Cz (F(1,38)=8.93, p<.005), LT (F(1,38)=14.03, p(.0005) and RT (F(1,38)=8.14,

'g(.006). In addition, this ANOVA revealed an interaction between lstimulus
and intention at Fz (F(1,38)=4.11, p(.05). D200 was 1arger' when pictures

were to be remembered than ignored while no similar intentional/incidental



. 53a

Figure 3.2 - Acquistion waveforms for words and pictures in Exp. II
EOG has been plotted at half gain.
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Figure 3.3 “Hit waveforms for words and pictures in Exp. II
EOG is plotted at half ga\'in*;
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Figure 3.4 Correct rejection waveforms for picture and words
- in Exp. II., EOG has been plotted at half gain.
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Table 3.1

INTENTIONAL PICTURES CCONDITION

Electrode Site

Component Latency Fz  Cz Pz Oz 1T RT

ACQUISITION SERIES

Pictures (Attended)

P200 245 2.75 4.36 4.26 4.16 .43 A
P3s0 340 4.99 5.71 4.67 4.18 2,96  3.43
N500 508 - .26 .62 .15 .95 .04 .65
P600 ‘571 1.36 5.05 6.27 3.57 2.88 3.6l
SW1 n/a 3.13  1.72 ,05 - .86 2.22 2.34
SW2 n/a 2.43 65 - .90 - .46 .96  1.01
SW3 nf/a 2.08 .73 - .09 .32 .57 .94
Words (Ignored)

P200 251 3.02 5.10. 3.93 3.29 2.34 1.63
P350 348 2.21 3.32 7.03 2.75 1.87 1.68
N500 482 -2.61 -2.14 2.64 -1.02 -1.00 ~-1.61
P600° 595 . 2.00 3.57 4.69 2.58 1.94 2.09
SW1 n/a 1.39 .41 - .55 - .66 .62 .76
SW2 n/a 1.49 - .08 - .92 - .85 .23 .38
SW3 n/a 1.02 .13 - .35 .03 - .12 .11

RECOGNITION SERIES

Pictures (Hits)

.64 4,42 2.53  1.43

P200 244 4,16 4L.48 S

P350 341 4.69 6.15 8.01 2.94 2.04 1.36
N500 505 - .22 1.23  2.11 - .04 .06 .17
P600 542 5.00 6.45 6.76 3.42 2.71 4.52
- 8W1 n/a 1.84 =~ .47 -2.04 -2.09 .72 1.09
SW2 n/a 1.38 ‘- .40 -1.27 ~-1.05 - .36 ~- .10
SW3 n/a 2.26 1.61 .53 .72 .21 - .08
Pictures (Correct Rejections)

P200 245 1.11 4.60 6.39 3.84 1.78- 1.56
P3s50 322 2.74 4.34 7.69 3:49 1.51 1.72
N500 447 -1.06 *24 2,00 - .74 =-2.18 -1.49
P600 561 4.69 6.88 7.12 3.17 3.25 4.81°
SW1 n/a 2.23 - .21 ~-1.27 ~-1.i15 2.06 2.90
SW2 n/a 3.11  2.05 L6 - .24 1,06 1,15
SW3 nfa 2.32  1.99 .75 .23 .53 A
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Table 3.2
INCIDENTAL PICTURES CONDITION _\\\
. ! Electrode Site J/“ﬂ-
Component Latency Fz Cz Pz 0z LT RT
ACQUISITION SERIES
Words (Attended) )
P200 251 5.66 5.40 3.93 2.39 3,79 1.44
P350 361 2.87 3.99 6.51 .2.79 1.73 1.62
NS00 490 -3.03 -2.20 1.48 .33 - .38 - .03
P600 580 2.94 4.47 5.86 2.01 2.81 3.66
SW1 nn/a 2.10 .26 -~ .53 -1.35 .17 .71
SW2 n/a 2.18 - .11 - .54 -1.09 .37 .33
SW3 n/a 1.50 .62 06 - .22 .08 - .18
Pictures (Ignored)
P200 236 1.72  3.33  3.64 2.96 .63 -~ .47
P350 352 2.40  2.07  4.03 .88 1.72 1.86
N500 491 -1.84 =-1.37 1,36 -1.00 - .81 .38
P600 548 3.43 4.21 6.40 2.76 3.75 5.06
SW1 n/a 1.88 .07 -1.16 =-2.00 .96 .98
SW2 n/a 1.88 71 -.04 - .34 .93 .55
SW3 n/a 1.68 .79 .30 .31 .33 47
\ RECOGNITION SERIES

Pictures (H%E§J
P200 238 2.51 .79 .59  3.44  1.65 1.64
P350 340 5.55 4.13 7%3  2.50 1.51 4.44
NS00 491 -1.60 .07 1.55 - .90 - .21 1.31
P600 577 5.86 7.10 5.59 2.31 4.87 5.58
SW1 n/a .79 -1.12 -2.22 -1.72 .20 .38
SW2 n/a - .8 -1.67 -1.82 -1.08 -2.07 ~-1.25
SW3 n/a .34 .38 - .17 09 - .75 -1.44
Pictures (Correct Rejections)
P200 243 - .50 .02 - 2.77  2.34 40 -1.02
P350 348 2.14 1.51 5.49 .89 .32 2.54
N500 473 -6.25 -4.96 -1.71 -3.95 -3,38 -3.00
P600 586 1.65 3.08 4.29 1.21 3,53 3.53
SW1 n/fa 1.14 - .58 - .99 - .09 .99  1.56
SW2 n/a 1.42 .90 - .15 - .70 - .07 - .59
SW3 n/a .14 .56 - .60 - .89 - .41 -1.4l
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Table 3.3 v
INTENTIONAL WORDS CONDITION
Electrode Site
éomponent Latency Fz Cz + Pz Oz LT RT
ACQUISITION SERIES
Words (Attended) .
P200 247 4.05 5.20 5.02 4.04 2.34 1.55
P350 332 3.46 4.81 6.31 3.26 2.33  2.60
N500 492 -2.37 -1.97 - .14 -1.14 -l.l4 ~-1.42
P600O 523 1.89 1.98 3.07 1.09 2.16 1.10
SW1 n/a - .11 - .63 =-1.17 -1.28 .01 .18
SW2 / n/a 1.32 .22 - .92 - .87 14 46
SW3 n/a 1.18 .53 - .67 - .45 .23 .14
Pictures (Ignored)
P200 238 1.37 2.53 3.04 4.08 .29 A
. Pasg 327 2.42 3.26 4.68 2.29 1.79 2.22
N500 477 -2.31 -1.80 .12 -1.36 - .84 -1.01
* P600 566 1.91 3.33 4,63 2.84 2.46 2.05
. sWl n/a .56 .34 - .56 -1.09 .60 .51
SW2 n/a 66 - .07 =-1.01 -1.04 .27 .04
‘ SW3 n/a .21 04 - .64 - .21 - .28 - .25
RECOGNITION SERIES -
Words (Hits)
P200 239 7.01 5.34 3.89\ 1.02 1.60 2.99
P350 350 3.20 2.76 5.42 1.69 .13 1.30
N500 473 -4.74 -2.82 -1.09 -2.82 -3.65 -3.89
P600 575 .63 2.69 3.39 1.26 1.65 1.59
SW1 n/a -1.88 -2.28 -3.39 -1.59 -1.00 - .56
SW2 n/a - .68 - ,77 =-1.96 - .72 =-1.05 - .81
SW3 n/a - 47 41 - .05 .28 - .92 -1.20
Words (Correct Rejections)
P200 239 6.49  4.52 3.21 .95 1.32 2.67
P350 326 4.39 3.25 5.33- 1.91 - .03 2.25
N500 4B8 -5.58 -3.60 .23 -4.18 -4.37 -3.00
P600 579 - 42 1.07 2.36 1.48 .87 .93
SW1 nfa -2.76 - -3.29 -1,52 ~-1.44 =~ .82
SW2 n/a -1.,46 -X.07 -1.03 - .42 -1.72 -1.29
SW3 n/fa ~1.49 .02 - .38 - .51 -1.50 ~-1.75
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Table 3.4

INCIDENTAL WORDS CONDITION

53g

Latency

Electrode Site

Component Fz Cz Pz Oz LT RT
ACQUISITION SERIES
Pictures (Attended) .
P200 245 4.46 6.13 6.19 3,28 1.16 2.30
P350 368 3.99 4.73 7.62 3.05 1.60 3.6l
NS00 479 - .02 .65 2.65 - .30 - .33 .80
P600 543 3.11 4.73 6.20 1.87 2.62 3.18
SW1 nfa 3.10 1.38 - .66 =-2.03 1.83 1.58
SW2 n/a 1.28 -~ .41 -2.,27 ~-1,98 .08 .01
Sw3 n/a .53 - .33 -1.08 =-1.50 - .66 - .45
»
Words (Ignored)
P200 | 248 6.62 7.72 5.89 4.03 3.27 3.8l
P350 314 4.63 5.42 6.97 3.91 2.64 3,69
N500 486 -2.34 -1.96 - .33 -1.00 - .40 - .06
P600 535 1.06 2.02 3.59 .99  1.89 2.23
SWi n/a .71 - .21 - .85 -1.12 .20 .25
SW2 n/a 1.34 .52 - .38 - .11 .32 .32
SW3 n/a .90 .19 - .48 - .10 - .34 12
RECOGNITION SERIES
Words (Hits)
P200 239 7.20 6.46 5.65 .2.63 3.01 2.60
P350 322 1.95  4.46 . 6.73 3.23  2.14 3.49
N500 499 -5.23 -2.79 -1.43 =-2.11 .-2.19 -1.62
P600 560 3.93  3.71 3.62 1.37 2.50 2.4l
SW1 nfa 1.24 - .92 =-1.96 - .86 78 1.11°
SwW2 n/a -1.30 -2.29 -2.78 ~-1.46 ~-1.88 -1.72
SW3 nfa - .5 - .20 - .33 =~ .01 ~-1.57 ~-1.62
Words (Correct Rejections)
P200 238 8.41 7.40 6.84 3.84 3.85 3.95
P350 307 5.05 5.21 7.57 3.38 2.13 2.88
N500 7 487 -3.26 -2.56 - .19 -2.10 -2.78 -2.23
P600 562 1.60 4.29 4.98 3,06 3.35 4.14
SW1 nfa 1.41 - .31 -1.08 - .60 .38 .85
SW2 n/a 1.07 .63 .33 - .11 .13 - .25
SW3 nfa .99 1.17 T .51 17 - L 1l4
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ﬁlfference was observed for the words.

The QOmparispn of pictures aﬁd words for hit and correct rejection data
also lreuealed a main effect of stimulus. P200 was of larger amplitude for
words than pictures = in the recognition response waueforms at Fz
(F(1,36)=10,01, p<.003) and RT (F(1,36}=4.9, p(.03).

Nelither the analysis of picture data %cross condition (acquisitioh, hit,
CR) nor the analogous analysis of word déta revealed significant effects.

P350. The P350 wave occurred at an'average_lafency of 342 ms. The
analysis of acquisition data revealed a significant interaction of ‘group and
stimulus type at Cz (F(1,38)=6.95, p<.01) and Pz (F(1,38)=16.04, p<¢.0005).
P350 was larger for intentionally learned pictures than ignored pictures.
However, no effect of intention for words was observed.

With réspect to the analysis of hits and CRs for bofh stimuli, a
stimulus by response category intgraction ‘ was observed at Fz
(F(1,36)=4.43, p<¢.01) and Cz (F(1,36)=7.16, p<.05). At these locations,
P350- amplitude for pictures was significantly greater for hits than CRs, but
for words no significant difference between response categories was observed.

The repeated-measures ANOVA performed across conditions (acquisition;
hit CR)H on picture waveforms only, revealed larger P300 amplitude for hits
‘than acquisition waveforms at Fz (F(2,36)=4.22, p<¢.05), Cz (F(2,36)=3.30,
p¢.05) and Pz (5(2,3§)=5.43, p<.01).

No diffefencgs between conditions were found in the repeated measures
analysis of word data.

N500. The N500 waggfgccugréﬁ at an average latency of 485 -ms. At

~acquisition, N500 was of greater amplitude for word than picture waveforms gt

Fz (F(1,38)=6.78, g(.oi) and Cz (F(1,38)=6.42, p(.02), regardless of
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lntehtion. At Pz {F(1,38)=5.52, p(.05) and Oz (F(1,38)=5.14, p¢.05) an
effect of intention was observed only £for plctures. Pictures .to be
remembered exhibited more positivity at this latency than pictures to  be

ignored, No similar‘ effect of intention was observed for words In this

analysié. _ .

When hit and CR dafa were compared for the two stimuli, the N500 was
larger for words than pictures at Pz (3(1,56)=7.75, p¢-01) and LT
(F(1,36)=4.99, p<.05). An interaction between response category and stimulus
type was also observed, at Fz,(§(1,35)=§fgif'g<.03) and RT (5(1,3a1:5.1s,

. R¢.03). TFor hits, N500 was of larger amplitude for words than pictures.\ For

\\cRs?//NSOO amplitude was equally large for both stimuli. Also, a three-way

interaction (respeonse type x stimulus x intention) was observed at Fz
(F(1,36)=5.58, p<j03) and Pz (F(1,36}=7.03, p<.01). For the CR waveforms,
_/
e

N400 was ljzéér for the incidentally 1learned pictures than for the |

intentionally\ learned pictures. However, for words the reverse was observed,

5
intentionally

arned words exhibited larger N500s than incidentally learned
words. |

When picture data e analésed across conditions, la}ger ampl itude RSDD
was found for CR than acquisition and hit responses at all electrode slites:
Fz (F(2,36)=6.69, p<.005); Cz (F(2,36=6.6, p<.005); Pz (F(2,36)=4.01,
p¢.03), 0z (F(2,36)=5.62, p¢.01); LT (F(2,36)=47.3, p<.01), and ‘RT
(F(2,36)=55.4, p<£.001). A similar analysis of the word waveforms revegled an
effect in the same difection at 0Oz (F(2,36)=3.74, p<.058) anan LT
(F(2,36)=6.35, p(.006)}.

P60O. PE00 amplitude was larger &for pictures than words during

acquisition at Cz (F(1,38)=5.4, p¢.03), Pz (E(1;38)=14.2, p<¢.001), Oz (F(



Ry

1,38)=7.80, p<.01) and RT (F(1,38)=8.35, p<.005).
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The analysis of hit and CR waveforms revegled.q main effect of
stimulds type in éhe same direction: at Pz (F(1,36)=5.08) and RT
(Fi1,36)=8.2). A main effect of response type was also obtained. For both
stimuli, P600 was larger for hlts than CRs at Fz (E(1,36)= 5 2, p<lo3) ;nd Cz
(F(1,36)=5.46, p<.03); No interactions were signiflcant _f

SwWi, §$2 and SW3. The scalp topography of the slow wave was

characterizegd by a polarity reversal: 'fronfo—central angd ' temporal’

&posiﬁivity, and parieto-occipital negativity.

&

During acquisitiqn; SW1 was of greater amplitude for bicture than word
waveforms at Cz (F(1,38)=6.38, p¢.02), LT (E(l,38);11.99,;g<.001), and "RT
(F(1,36)=6.23, p¢.01). -

During acquisition, SW2 was of greater (negafive—going)—amplitude ‘for
pictures than words at 0z (F(1,38)=4.34, g(.hS). Independent analysis of
picture wavefo;ms ‘revealed_-thét Sw2 waé large; for acquisitio§§ and CR
responses  than hits at Fz (E(2,36)=6.66, p<.002), G2 (E(2,36)6.01,

PC.006), Pz (F(2,36)=3,35, p¢.05), LT (£(2,36)=10. 87, (g 001).

For both picture and word stlmull, SHS was of greater amplltude for CRs

’

than hits at Fz (F(1,36)=6.15, Q(.OI), Cz (E(l,SSliii;j9, p<.00%), Pz

(F(1,36)=12.75, p<.005), Oz "(F(1,36)=4.05, p<.05) and LT (E(1,36)=7.81,

p<.D0s) ., In the analysis of picture data across conditions, 5SW3 was of
L ‘ . . .J N -
larger amplitude for acquisition waveforms than hit and CR wavefgrms at RT

.
¥y

L(F(2,36)=6.11, p</01). L -

Correléi?bns
‘}he correlations ‘between achisition*uaveforms ané d' for pictures and
uo;ds- are presentedfin Table 3.5. At acquigition, the waveforms of words
¥ /

3o\ X . . . (:



Table 3.5

CORRELATION OF EP LATENCIES AND AMPLITUDES WITH d':
* ACQUISITION SER;ES

56a

N
Electrode Site
Compohent Latency ¥z Cz Pz Oz LT RT
- ! "

Words (Intentional, N=10)
P200 -.03 -.33 -.35 -.24 .01 -.13 51
P350 .00 -.31 -.26 -.32 .36 -.05 .33
N500 46 ~. 47 -.43 -.26" .00 .08 04
P600 -.37 -,20 - -.48 -.40 .05 -.12 .08
SwWl n/a -.06 -.18 .03 .04 .03 .07
S92 nfa © .30 .05 .05 .18 Al .05
SW3 n/a .54 130 -.31 .35 .58 23 e
Words (Incidental, N=10)
P200 .35 -.01 -.26 -.10 .28 .19 11 .
P350 .16 .29 -.17 - 44 .50 .11 W22 .H?’
NS00 .03 -.22  -.09 .02 ‘-.32 - 117 -.51 ¢
P600 ~.19 -.49 -.62% -.59 L62% - 48 LB2RE
SW1 n/a 46 -.36  -.39  -.34 =32 .45 (.
SW2 n/a -.58 -.44 -.40 .23 -. 46 -.52
SW3 n/a -.17 -.11 /-.12 12 .01 .01
Piotures (Intentional, N=10) - K

. P200 -.24 .19 ~-.00 .09 .08 .20 .05
P350 .54 04 42 .23 .08 .02 -.06
NS00 .30% 21 _.26 -.07 -.12 .30 -2
P600 .13 -.27 -.37 -.68% -.74% -.34 -, 74%
SWl n/a .14 .38 .21 .19 .15 -.17
SwW2 nfa -.11 .02 -.12 A1 -.03 --.03
SW3 n/a -, 28 -.15 -.14 .07 -,11 -.29
Pictures (Incidental, N=10)
P200 -.33 .07 -.32 -.66 .65 -.70 "-.36
P350 -.17 -.34 - -.51 ~-.56 .32 -.46 -.50
NS00 -.08 .0? TroL12 .07 17 .06 14
PG00 -2 7 L 14 .22 .36 .18 .45, .50
5W1 n/a 439 .33 .22 04 .39 .26
sW nfa. -.02  -.14 -.23 -.27 -.12 -.15
SW3-- . nfa =. 14 -.29 -,38 .23 -.19 .23

s
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which were intentionally learned and pictures incidentally learned were not
significantly correlated with d' for any wave. However, for those subjects
who incidentally learned words, d' was correlated negatively with P600 at Cz
(r=—.62)ﬂ 0z (r=-.62), and RT(r=-.82). For those subjects who intentionally
learned pidtﬁres at acquisition, P600 was also negativé;y correlated with d?
at Pz (r=-.68), 0z {(r=-.74), and RT (r=-.74). In addition:_for intentionally
learned plctures, P300 amplitude at Fz was positively correlated (r=.65) with
a'. N500 latency was alsc positively correlated with d'(r=.80) for this
jgroup. ‘That is, subjects who hadllarger d' tended to héve later N500s.
’ Recqgnitidn"waveforms were also observed to contain waves which were
correlated with d' (see Table 3.6). In particular, increases in N500

amplitude for CRs were associated with decreases in d*'. P600 amplitude -was

positively correlated with d' for this group.

.2

,.
F
—
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Table 3.6

C
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CORRELATION OF LATENCIES AND AMPLITUDES OF ERP COMPONENTS WITH d':

RECOGNITION SERIES

{

Component

Latency

" Electrode Site

Fz

Cz

Pz -~

0z

LT

RT

PICTURES (INTENTIONALLY AND INCIDENTALLY LEARNED, N=20)

Hit Responses

P200 -.08 .09 .12 .13 .18 .02 -.08
P300 - -.02 .04 .40 04 .08 .02 -.29
N500 ' .25 .22 .27 .12 .32 .26 .07.
P600 - .16 .05- .02 -.06 .06 100 -.26
SWl n/a .34 .29 .28 .21 24743
SW2 oy n/a .3l .30 . .22 .03 Laax 29
SW3 n/a .37 JA49% .30 .28 Jaak 4]
Correct Rejection Responses
P200 .04 .01 .03 .05 0L~ .04
P300 -.14 -.05 .29 .15 .26 -.22
N500 T .22 .66%  ,68%  .56% 51% .25
P600 -.04 .54%  ,53%  52% .34 730 .35
SW1 n/a .23 .19 .16 .02 .25 .23
SW2 n/a .16 .27 .29 .16 .30 .17
SW3 n/a .32 .40 6% 34 .34 LL2%
WORDS (INTENTIONALLY AND INCIDENTALLY LEARNED, N=20)
Hit Responses
P200 .01 .10 .05 .09 .11 .39 .00
P300 .35 -.09 .12 .21 .18 .32 L
N500 .10 -.23 -.14 -.18 -.55%% ~-.23 -.l4
P600 -.01 .00 .26 .31 .18 .21 W43
SWi n/a .00 .02 .18 .20 .20 43
SW2 n/a -.29 J4S5% L 49% 27 W41 .40
SW3 nfa . .21 J45%  49% - 27 41 40
[
Correct Rejection Responses . _
P200 -.15 -.05 -.08 .03 .03 .19 .13
P300 .22 -’18 -.09 -.03 .07 - -.16 .16
N500 -.10 -.28 -.17 -.08 .05 -.18 -,07
P600 .12 -.16 -.15 -.21 21 -.05 -.11
SW1 n/a .05 D4 .02 .12, .02 L4
SW2 n/a ~01 .07 .14 . .26 % .10 .15
SW3 ’ n/a 09 -.12 -.12 .01 .00 -.05
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CHAPTER IV

Discussion
This discussion is presented in three segments. The first examines
uithin-stimulus‘ effects of the cognitive manipulations. Specifically, it

examines each stimulus (pictures/words) 'sepafately in determining which
waves . are affected ) by task differences {acquisition/recognition;
_ inéidental/intentional). In the second section, these effects afe compared
across stimuli, That is, the manner in which the experimental manipulations
affected words compared to pictures is discussed. ERP waves for pictures and
words are compared in terms of tﬁe hypotheses outlined in the first 'chapter.

Finally, the third  section discusses  the ihplicaﬁions of the
'.elecroencephalographic recordings for cognitive theories of picture and word
processing.

Recognition memory £for pictures was superior to that of words, and
intentional learning 1led to superior memory performance than incidental
learning, replicatiné previous reports (Cohen, 1974). These findings
indicate that the instructional manipulation of remembering or 1ignoring a
stimulu; * had the desi;ed effect on' the subject's recognitién memory
per formance. All subjects in the incidental learning groups reported surprise
when asked to recognize the incidentally learned stimull.

Within-stimulus effects

Effects of Cognitive Manbpulations on word ERPs, Previous investigations

!

(Karis, Fabiani & Donchin, 3984; Fabiani et al., 1985,1986; Karis & Donchin,

1985) bhad indicated that words which were later recalled could be
distinguished from words which were not 1later recalled based on the

acquisition waveforms. Since intentionally learned words are recognized more
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. successfully than incidentally learned words, we had expected that the
wave s of these groups might differ at acquisition. In particular, P&00
amplitude was expected to be augmented for the intentionally learned words
compared to the incidentally learned words. However, no significant
differences were observed in the acquisition waveforms of the intehtionally
learned and ignored words. It could be argued that this hypothesis was not
confirmed because the sﬁbjects were not following the instructiohs. This
seems unlikely since tﬁFij indicated significantly greater discriminability
for the stimuli‘ intené&onally learned compared to those ignored. — The
instructions seem to have had the desired effect.

Although P&0D amplitude did not differentiate between intentionally
learned and ignored words, previous studies have reported a positive
relationship between subsequent recall and the amplitude of a positive peak
with a similar latency and scalp topography (Kdris et al., 1984; Fabiani et
al., 1985, 1986). Several methodological differences may account for such a
discrepancy. The Karis et al. (1984) and Fabiani et'al. (1985, 19B86) studies
employed oddball-type "von Restorff" paradigms. The Karis et al. study
ﬁ?éraged waveforms based on a posferiori reports of mnemonic strategy use,
while the Fabiani et al. (1985i investigation manipulated the
subject's strategy. In these studies, their "P300" (similar in 1latency and
topography to the present P660) amplitude per se did not reflect the recall
difference between rote memorizers and elaborators at acquisition. Both
investigations reported that the relationship between P300 and recall was a
function of strategy use. For rote memorizers, P300 amplitude was associated
with subsequent recall. When elaborative strategles were used, no

relationship between.P3 and recall performance was found. In explaining this

.

'(‘P‘)
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effect, the authors suggested that the initlal change in the memory
representation at acquisition is similar for rote memorizers ahd elaborators,
and that the disparity in recall accuracy is a result of differences in
processing occurring at retrieval. They thought that rote memorizers might
rely on an activation of orlginal representations while for elaborators a
network of associations had beer accessed. These studies may explain the
lack of correlation betweeﬁfd' and P600 for intentionally learned words, since
the use of mnemonic strategy in that condition was likely. However, our
‘ffn§¥gg of a negative corralatgén between P600 amplitude and d' for
incidentally "learned words contrasts with the results of —%ébiani and her
colleagues {1986) in their incidental learning paradigm.
The use of recognition rather than recall paradigms also differentiate
-the results obtained in the studies | presented here from previous
investigations. The Karis et al. (1984) and Fabiani et al. (1985, 1986)
studies all useﬁ a recall test of retriEEET\\:iiie Johnson et al. (1985) and
Stelmack, Saxe, Holdy-CulldE}3 Cayégell & Armjtage (in press) employed
recognition memory paradigms. ;Bgé'investigations which used recall paradigms
found that items whic 'ﬁEFE’I;;er recalled exhibited larger amplitude P600s at b
acquisition. When Fecognition memory paradigms are employed, such éfﬁ/ﬂ
relationship Is not}\observed. Johnson and his colleagues (1985) found no
relationship between | thelr P300 amplitude and subsequent recognition, while
Stelmack et all opserved a negative correlation. Perhaps qualitative
differeﬁces %p//’/; two paradigms can explain processing differences.
Recognition(i:ner.lly leads to superior memory performance than recall. In a
the subject is given alternative responses, and.uses them as

recognition t

cues in retrieval. The stimuli remembered in this type of task may be very
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different from those remembered when no such cues are given. —indeed, recall
« and lrecognition have been described as independent processes (eg. Thlving &
Thomson, 1973; Tulving, 1983). Thus, the type of memory performance that we
are measuring, and relating back to encoding may be different.
™ Fabiani et al. (1986) have suggested that the relationship between P3 and
verbal memory may be unigue to situations in which intra-item integration
rather than inter-item integration 1is more 1likely. Intra-item retrieval
strategies, involve fhe formation of assoclations of items on the list with
items in long-term memory, for instance, when items recollect events from the
past. Inter~item assocliations are those formed between ltems in the 1list.
This interpretation 1s conslstent with the finding that those subjects who
used elaborative semantically-based strategies exhibited neithera von Restorff
effect nor a relationship between P3 and later recalll (karis, Fablani K &
Donchin, 1984; Fabiani et al., 1985). It may be that the same relationship
does not hold when the test of retrieval is a forced-choice recognitioﬁ task.
The only difference between ERPs for  intentionally learned and
incidentally learned wordg\was observed in the recoénition wave forms. The
N500 was larger for intentionally learned than incidentally learned words.
.Thus, the discrimination between the waveforms of subjects whose recognition
accuracy was more successful compared to those who recognized fewer words, was
not‘ found in the acquisition, but in the recognition waveforms. This finding
supports the contention that retrieval strategies might be just as important
as encoding strategies, if not more important in determln;ng'performance in a
recognition memory task (Tulving & Thompson, 1971, 1973). It also underlines
the utility of information that can be gained by examining ERPs aséociated

-

with retrieval as well as acquisition.

&
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In addition, the correct rejection waveforms from the recognition.test were
distinguished from both the hit and acquisition waveforms by activityl which
began at approximately 500 ms, and continued to the end of the epoch. This
effect can not be attributed to the presence of a motor readiness potential
preceding the button press since N500 for hit responses, which required a
motor response, was similar to that of acquisition waveformé? which did not
require a physical response. The CR waveforms are characterized by a frontal
negative shift in N500, while the hit tracings (particularly of intentionally
learned, stimuli) and acquisition waveforms are influenced by a parietal
positivity at this 1latency. Kutas and Hillyard (1980c) have reported the
tendency for N400 apd P3 to overlap in latency. Some combinétion or weighting
of the processes reflected by these.ﬁaves may be responsible for the N500
effect. It appears that the brocess associated with the N500 is engaged to a
greater extent during the recognition task when distractors are presented.
Boddy (1986) reported a prolonged negativity which occurred when a priming
stimulus was not semantically related to the target. He suggested— that
unexpected stimuli augment arcusal and facilitate a switch from automatic to
controlled processing. BAugmented negativities in this latency range have also
been reported when semantic expectancies built up by sentence context are
violated (Kutas & Hillyard, 1980a{?,c, 1983). Since the targef stimuli have
been previously associated with the experimental context at acquisition, they
are primed during the recognition task. Distractor stimuli are not so primed,
thus evoking large N500s.

Effects of coqnitive manipulations on picture ERPs. The ERPs elicited by

=

pictorial stimuli were very similar to those described by V. Johnson et al.

(1986). Two prominent positive peaks and a slow wave were observed in both
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cases. V. Johnson reported that the amplitude o£P3 (300 ms), and P4 (540 ms)

“were modulated be the emotional salience of the pictures. R. Johnsen (in
press) suggests that multiple P3s to complex stimuli involve an early P3
which 1s associated with complexity wvariables, while the later P3 is
assoclated with classification of that information. Further, studies which
compare P3 latency with RT indicate that stimulus cateqgorization is not
complete until the time of the second P3.

During tﬁe acquisition task the waveforms of the to-be-remembered pictures
differed from those of the ignored picfures. In thls task, the pictures seem
to be classified very early as stimnli to-be-remembered (or ~ignored).
Increaged .positivity'-at 250 ms, 350 ms and 500 ms was associated with
intention. It is not 1likely that even the earliest of these represent
exogenous effects sincef for pictures, the P200 was affected by the
manipulation of intention. A possible explanation of this effect would #e one
of attention. At acquisition, the task requires a declision to rememéer a
picture and ignore a word. Since the stimuli can be distinguished relat}vely
rapidly based on physical form, the decision to attend might most expediently
be made on this basis. Thus, the enhanced P200 for the to-be-remembered
pictures compared to the to-be-ignored pictures might reflect such a decision
process. However, selections among stimull made on the basis of physical
characteristics such as colour, spatial orientation and contour have been
previously associated only w}th a broad negative wave at this latency (Harter
& Salmon, 1972; Harter & Previc, 1978; Harter & Guido, 1980; Previc & Harfer,

' 1582; Harter et al, 1982; Hillyard & Munte, 1984). In addition,
attention-related waves in the visual modality are generally recorded with a

posterior maximum (Eason et al., 1969; Van Voorhis & Hillyard, 1977; Eason,
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1961; Harter et al., 1982; Hillyard and Munte, 1984). Thé P200 wave observed
here was generally larger at more anterior locations.

An aiﬁernative explanatloh is that the P200 is analogous to the "P3a®
described .by several investigators. P3a occurs at a shorter latency (220 -to
280 ms) ‘énd is more anéeriorly distributed (Roth, 1973; Squires et al., 1975,
1977: Snyder and Hillyard, 1976; Ford et al., 1976) thén the later parietal
"pP3b". . The P3a generally responds to stimulus deviance regardless of task
relevance, or the subject's level of attention and has thus been l;kened to
the orlenting response. This view is consistent with the larger amplitude
P200 for pictures which are to-be-remembered compared to those which were to-
be-ignored. The orienting response has been associated with subsequent memory
per formance (Stelmack, Plouffe & Winogron, 1983; Ohman, 1973%), and therefore
might explain the positive correlation between the amplitude of this wave and
d' for intentionally learned pictures. However, no such correlation was
observed between the amplitude of P200 for ingidentally learned pictures and
d'. Thus, the description of our P200 as a P3a for pictures is tenuous.

The augmented positivity associated with intention for P350 and NS00 are
perhaps more readily explainable. The pattern of effects associated with P350
indicate that it |is 1}Eely a P3 (or P3b). P350 is distributed maximally
in parito~central sites similar to the oddball "P3". The task relevance of
the  intentionally learned stimuli, is similar to the targets in the oddball
paradigm and might be expected to elicit a similar P3. The N500 wave for
pictures at acquisition seemed to be overridden by a2 positive-going gaveform.
The overlapping of positive waves (400 to 500 ms latency) with N500 has been
reported by Kutas and her colleagues, in tasks involving‘complex decisioné.

The relative positivity at approximately 500 ms observed here might also be an



effébt‘of an overrialng additional P3.

The recognition waveforms also distinquished the intentionally from
incidentally learned pictures. N500 was greater for incidentally learned than
intentionally léarned pictures. The empirical support for a relationship
between priming and N500 has been previously diécussed. The explanation of
this relationship in terms of memory search requirements is supported by our
results. A larger N500 for incidentally learned pictﬁres than intentlionally
learned pictures at recognition .

Consistent with investigations which have examined the relationship
between P3 and signal detection (Squires, Squires & Hillyard, 1975a,b), and
with effects observed in a verbal recognition memory experiment (Johnson,
1985), hits were associated with augmented positivity éompared to CRs,
Whether this effect(occﬁrs because of the incredse in amplitude of 'the N400 at
this' latency for CRs; or because the hit responses are assoclated with

augmented P3 amplitudes remains unclear.

A comparison of FERP effects for pictures and words

P200: exogenous or endogengus effects. The P200 was differentially

sensitive to cognitive manipulations for words and pictg;es. None of the
cognitive manipulations or changés examined reliably altered the latency or
amplitude of the wave for the verbal stimuli, while the instrudtion to
remember rather than ignore did alter the amplitude of this wave for the
pictures in the acquisition waveforms. For intentionally learned pictures,
P200 was larger than for incidentally learned pictures. This finding is
consistent with the view that early processing (perhaps phonological or
lexical) becomes automatic for words, while for pictures this is not the case.

An automatic process would be éipected to occur both during intentional and
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incidehtal processing-of a stimulus, while controlled processing 15 affected
by Iintention and is mare likely to be engaged under intentional than
incidental conditions. Although this is not decisive evidence that aﬁtomatic.
processihg is reflected by this wave for words, our results' are in the
expected direction, and may indicate of form-specific processing at this early
stage. Further investigations of the properties of automaticity and their
rélationship;tq this wave are reqﬁired.

EQG activity is also apparent at this early latency. The EOG, like the

“activity at the, frontal site is of greater amplitude for attended than ignored

pictures at acquisition. It might be argued that the large frontal positivity
was therefore not generated by intra-cerebral activity. It is-an unfortunate
reality that visual tasks of the type employed in this study will involve somé
degree of eye movement. Without correction procedures designed to remove the
effects of eye movement on EEG activity, it may be impossible to dissociate
actual EEC from EOG artifact. Hhiie a number cof EOG correction methods have
been developed, these are primarily for vertical eye movements. Such
procedures develop algorithms to determine the influence of eye movement - at
vafious electrode sites and may also take EOG . and EEG . frequency
cQgractﬁzﬁsE}cs into consideration. Occular artifact in the present study
came, however; from two dimensions, vertiéél and horizo‘tal eye movement.
While thé use of eye movement correction proceduZes remains- highly
controversial when only one orientation (usually vertica13 is involved, there
has beeﬂ Tittle attempt to compute algorithms associated with both wvertical
and horizontal dimensions. On the other hand, it may be that the EOG

electrod%? were recording cerebral activity from the frontal electrode.

Indeed, the EOG recordings of many subjects appeared to contain very peaked
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waves, coinciding with those of the early waves of the . event-related
potential. Thus, the cccular activf{y may not be as pronounced as 1t appears.
- P3 and Incidental Learning. ﬂThe _acquisltion series of the incidental

¥

learning paradigm requires the subject to select the stimuli to be remembered

from these to be ignored. Since the selection of a target might most
expediently be based on the rather gross pﬁysical differences between pictures
and words, the 93_ associated with this decision was expected to ocgur
relatively early, while finer descrimindtions might be associated with later
positivities. A positive peak, P350., displ;yed the morpho{ogy and
centro-parietal scalp distribution of the traditional "P3". Clear evidence
of endogenous effects were observed for P350 in the piéture waveforms. This
wave was larger for thg‘to—be—remémbered pictures than the ignored pictures at
acquisition. On the basis of thé large literature linking ijfoitask relevant
decisi;ns in targét selectien pa}adigms, a relativel ;early posltive wave wgi
expected to differentiate the to-be-remembered targeig from the to-be-ignored

"distraétors”. The P350 probably reflects an early decision-making process

related to the task relevance of the stimulus.

P3 and prediction of memory performance. A positive, parietally maximdm -
component. at approximately 600 ms has been implicateé in.many ERP studieé of -
the memory process, with larger amplitudes at acquisit{on éssugiated with
. enhanced memory performanée (Karis, Fabi;ni &“ Donchin; 1984; Sandquist;
Rohrbaugh, Syndulko-&-Lindsley, 1980). This late positive wave is generally
considered to be a P3 wﬁich has a late onset because of the complexity of the
task. The relationship of P600 amplitude at acquisition with . subsequent
memery performance was examined.in three ways. First, it was expeg}ed fhat'

the P600 wave wodld be larger for pictures since they are rémembered better
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than words. Second, intentlonally learned stimuli were expected to elicit
larger P600s since they are remembered better than 1hcidentally leagned
stimuli. Third, & correlation between d' and P600 amplitude in averaged
subject waveform§ }as eipected to reveal a positive relationship.

* As expecteﬁ, the amplitude of the P600 wave was larger for plctures than
}ords under all conditions. This result is'consistent with report§ that P3 is
sensitive to differences in stimulus compléxity (Johnson, 1986) ;;d, by virtue
of- the superior recognition memory for pictures, implicates this wave in the
enco@}ng of ltems to memory.

In contrast to Fhe limited number of memory studies finding that P3
amplitude ét this 1atency1%red1bts subsequent memory performance, P600 did not
distinguish bhetween incidentally learned and intentionally learned sLimdl}_@t
acquisition. Th}s effect is surprisiﬁg since gariler waveforms had indicated
that a decision regarding which stimuli to ignore had been made by 240 ms.
Evidently, rehearsal or mnemonic strategy did not play a role in the
development of this P600, unless one accepts the unlikely hypothesis that
subjects rehearsed during both conditions. Despite the greater allocation of
effort generallf‘éssociated with learning a stimulus,. coméared to ignoring it,
the effect on ?600 appears to be eguivalent,

There are two approaches that have been employed to investigate the
effects of .memorability of items on ERP waveforms. The first apprqach is a
post-hoc procedure that returns to the acquisition series and averages the
individual trial waveforms based on subsedﬁent):ecall or recognition. The
second approach is correlational, examining thg cévariation of the average ERP
with overall memory performance. Both approaches have limitations. Sorting

acquisition trials based on subsequent recall or recognition assumes that only
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v the‘ processing of the étlmulus at acquisltioh determines whether it will be
remembered.” Cognitive 'bsychologigts have pr(rided considerable &viéence:'to
the  contrary. The concepts of "encoding sbecificity" (Tulving & Thomson,
1971; Thomson, 1972; Eysenck,1979; Jacoby & Craik, 1979) apd
"coptext—dependent.1ehrning" ehphasize the effect of context on retrieval. In
a recognition memory task, the context during retrieval involves

discriminating the target stimuli from a set of distractors. The

-

characteristics of the distractors also determine mémory per formance for any

pafticular stimulus. A major model of these processes (Nelson, 1977) stresses

thé discriminabili®y of tge Targets during the test phase as a ke§ to
successful retrieval. From this perspective, analysis of encoding opefations
on tﬁe‘basis of successful retrieval is problematic, gspecially in isolation.
ERP activity during retrieval should aiso be recorded and analyzed
independently. With a correlational approach, it 15 reasonable tﬁ expect that
individuals who show strong memory performance will display enhanced ERP
amplitudes if the latter reflects‘ an important determinant of memory

performance. This assumes a high degree of specificity in both the performance

criteria and the ERP uavefofm, neither of which may be true. Thus, both
post-hoc_ averaging of individual acquisitton trials and the correlational
method have limitatiohs. In the present study, bardware limitations prevented
the storage of single irials. For this reason, the correlational approach was
adopted.

The correiational data observed for the two stimuli did not fall in the
expected difection. Indeed they are very difficult to interpret. The P600
amplitude.elicited at ‘acquisition for the incidentally learned words group and

the intentionally learned pictures group were negatively correlated with d°'.
T
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That 1is, larger 'amp;itude P600s were assoclated with poorer subseguent.
'recoénition memory performanbe:- There is, of course, the possibility thgt
the negative assoclation between PGOQ and better 'recpgnitlon memory
performance was ‘a spurious relationship, particularly because of the
relatively small number of subjgcts (n=10 per group). ©On the other hand,
several consistencies have been observed which render it an intriguiné effect.
The correlation was observed in  two Independent conéltlons at a
statistically significant 1level, and waé obser&ed-in the same direction for
the two remaining conditions, although they did not reach significance.
\

Furthermore, using wverbal stimuli in a recognition memory paradigm, we have

" observed the same relationship in a population of children (Stelmack, Saxe,

%
Noldy-Cullum,v Campbell & Armitage,; in press). Finally, the potential

influence of an overlapping N400 at this latency remains undetermined., It is

possible that the negative correlation of P600 with d4' 1s a result of a direct

relationship between d' and an overlapping negative wave. J

P3 and decision making in the recognition memory task. For picturgs, P350

was also larger for hits than either acquisition or CR waveforms. TE&S result

confirmed our expectation, since .much previous literature has shown a
relationship between P3 amplitude and performance in signafﬁ detection
paradigms (Campbell et al., 1979; Hanson & Hillyard, 1984; Hillyard, K.
Squires, Bauer & Lindsay, 1971; Kerkhof, -1982; Kerkhof & Uhlenbrock, 198];
Parasuraman & Beatty, 1980; Parasuraman et al., 1982; K. Squires et al.,
1973a, 1975a,b; Sutton, Ruchkin, Munson, Keitzman & Hammer, 1982; Ruchkin,
Sutton, Kietzman & Silver, 1980; Ruchkin, Sutton & Stega, 1980).

Multiple P3s in a recoqnition memory task. The observation that two "P3Y

components have been identified during this memory task is relatively unique.
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Johnson and Donchin (1985) p&gg?@gﬁeqtly presented evidence indicatlné lphat
multiple P3s may appear in tasks)which involve more than one decision. Since
P3 latency is influenced by task difficulty, it ls reaso;able to.assume that
any task which is relatively complex might génerate more than one P3 {Johnson
& Donchin, 1985). This phenomenon has been most convincingly illustrated in
paradigms which involve feedback. Such tasks réqﬁire tﬁe subject not only to
identify the stimulus, but also to continue procéssing the stimulus fbf
further decision-making or discriminations. Stuss and Picton (1978) thus
reported-an early positivity (350 ms) and a later positivity (600 ms) dﬁring a
feeéback task. With pictorial stimuli, Johﬁson'anq his colleagﬁes (Johnson et
al.,1986) also report two positivities which Qhey suggest reflect P3 activity.
The morphology of --their waveforms is very §§milar to those observed here.

Their £irst P3 occurred at approximately300 ms, and the second at.. 540 ms.

Both components were sensitlve to manipulations in the emotional value of the

 pictures.

N400 and contextual effects in the recoqni%ion memérV’task: The N500

component was of greater amplitude for words than pictures in both the

intentional and incidental conditions for both acquisition and recognition

phases ﬁf ‘the task. One explanation for this finding 1is that the N500
reflecty the  physical mismatch between the picture and word stimuli. A
froptallm distributed negativity, the N200, which occurs earlier in —less
COmpléx tasks, has been assoclated with physical mismatch (Naatanen &

Gaillard, 1983; WNaatanen, Sams & Alho, 1986; Naatanen, Simpson & Loveless,

1982). There is much debate regarding the equivalence of N200 and N400. The

. N500 observed here occurs at a latency which is sensitive not only to the

picture/word differences, but also to-other cognitive. manipulations most
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: o o 44!&‘-3.',-:“;;_._‘?{5‘,‘_:‘ —5»:';;‘ : .
A second interpretation of thiwS@dpporment Is that it reflects the

processas of the N400 desctibed by Kutas and Hillyard. In a .recent review,
Kutas 7ahd ban Petten {in press) claim that with few exceptions, the N400 has
only been obtained when the task is linguistic. There have, however, been few
investigations of its effects using comparably meaningful nonverbal stimulil
At acquisition,. the N500 in picture vave forms ;as not readily appérent in
éither the intentional or incidental condition, but seemed to bé overridden By
a parietélly distributed positive waveform. The scalp toﬁgaraghy'defining the
,INQOO has beén a mattér of some concern. Kutas and Hillyard"(1§80a,b) obtained
N400s with a centro-parietal maximum at a latency of 300 to 600 ms
poststimulus in response to unexpected endings of sentences. This component
exhibited ; left greater than right hemispheric asymmetry. When subjects were
naming pictures, reading‘words and performing a mental rotation task, - Stuss
et al.({1986) observed frontally distributed "NP400; ﬁhich was negafiue at the
frontal lead but exhibited positive polarity at the occipital lead in the timé
range of 300 to 500 ms, This comﬁonent u;E gf greater amplitude over the
right than left hemisphere. By contrast, Nevilie} Kutas and Schmidt (1S882a)
describe & ., frontally distributed negﬁtivit} whiﬁh was greater over the left
than right hemisphere. These differences in sealp topography have led Kutas
and van Petten to postulate the.existence of two separate'components, an N400
which has a posterior maximum, and responds to contextual semantic'incongruiéy
in linguistic contexts, and an N410 which is frontally maximum and elicited by
isplated words preéented for uritten identification (Neville, Kutas & Schmidt,
1882a, 1982b). The N410 described by Neville and her colleagues exhib{ts a

left greater than right hemispheric asymmetry. Our N500 is more similar to
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“.that_.descrlbedrby‘Stuss et a}. (19?3,{986) iniscalp topography. However, a
‘.éreaf deal of 6ve;1ap between the late positivities and negativities is ofteq‘
chserved at this latency ( Kutas & Hlllyard,'1980c;'Hu1der, Brookhuls, Ckita,
‘Van Dellen, and Mulder, 1984; Stuss et al., 1386;). Diffe;en&es in the scalp

topogréphy of these compdnents would produce changes in the absolﬁﬁé
amplitude of the waveform &t this latency at each of thé electrode sites.
Moreover, insofar as the pﬁsitive and negative coﬁponents are affected
differently by the reguirements of the task,’the relative inublvement.of _the
processes reflected by e;ch of the components will alter the scalp topography
from task to task. Thus it is difficult to i&E:tify thefNQOO process based
;élely on scalp topography.

Several investigators have noted the association between N400 émplitude
and la;k of priming (Kutas & Hillyard, 1984). For both stimuli, the amplitude
of.NSOO.was sensitive to Fhe experimental manipulations which were expected to
affect the extent of priming in memory. Priming effects are as yet not well
understood. The concept of "priming” has been used in several different kinds:
of circumstances: "Priming" is currentlQ used as a general concept which
refers to the facilitation of -performance on a task as a result of previously
performing that task, or a similar task. It is also sometimes used to

[

‘describe the process responsible for the effect of fgbilitation. Several
explanations of t;; processes which lead to the phenomenon of priming have
been offered. According to one body of theories (Atkinson and Juola, 1974;
Morton, 1970; Collins and Loftus, 1975), when a word is presented for study
the corresponding node in a lexical store ig activated. Information about the

recency of its presentation is represented by a reverberation of activity

which dissipates over time, or a temporarily lowered excitability threshold.
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This explanation is not easily reconciled wifh the persistence of priming

“effects. which are evident over 24 hours (Jacoby & Dallas, 1981), 7 days

(Tulving et al., 1982) or 12 months (Kolers, 1976). In an attempt to
alleviate some of the difficulties with earlier priming - models, Becker's

verification model proposed that a series of tests |is pefformed on the

available sensory information. The order in which candidates are tested

depends bath on frequency of occurrence énd context. The representations are
always tested in descending ordeifgﬁjfrequency, but candidates suggested by
the context have prior{ty‘aﬁd‘are always tested first. Thus, in a recognition
memorf task, the preéentation of items at acquisition may create an
asﬁociatién bétween the larger experiméntal context and the targets. At the

\, .
subsequent recognition test, the target words hold a position of priority and,

based on inc;;Ing sensory information, are compared to the presented stimuli
first. Using Becker's fraﬁework, N400 hay reflect‘thg process which |is
engaged when the stimuli which™are weighted as the most likely capdidates for
presentation fail to match the current stimulus.

In these studies, the priming eff?ct was exgqptgd t6 be manigggted‘in t
ways. First, tﬁe distractor stimuli in the recognition phase were expected to
elicit larger N400s than the targets, since the distractors were novel
stimuli, and had not been primed by the acquisition series. If there are

differences in the storage of memory representations of pictures and words, as

postulated by dual-coding theorists, then they should be reflected in the

extent to which this relationship differed for pictures and words. In

Experiment I, for both stimuli, N500 was larger during the recognition test
than acqhisitionlphase. In addition, in Experiment II, we observed that N500

was of larger amblitude for CR than hit responses. The presentation of the
. ,



75

-

o

target sfimuli dufing the acquisition fask actlﬁatéd or primed the
representation§ of Atarget stimuli. The éRs, on the other hand, are stimuii
which have not been previously primed. For boéh pictures and‘words, the same
wave, NS00, reflected this difference between CRs and hits. Therefore, the
‘.process reflected by the N500 in this task is functionally similar for the two
types of stimuli.
The 'second manifestati;ﬁ of the relationship between N500 and contextual
effects was expected to .be revealed by the intentional/incidental
___panipulation. At acquisition, the Tsdbject was asked to ignore the
incidentally learned sfimuli. During the recognition phase of the study.,
the performance measure, d', indicated that these stimuli were more difficult
to discriminate from distractors., duriné the recognition task. It is
.probable that the subjects!' investment of processing time and elaborat}ée
mnemonic strategies at encoding was greater for intentionally learned stimuli
than incidentally..learned stimuli. Thus, the degree of pfiming (or the
priority in Becker's model) of the intentionally learned stimuli when
presented during the recegnition task was greater than that og the
incidentally learned Agtimuli. Sinée N400  amplitude holds an inverse
relationship with priming, th present N500 was expected to be augmented for-
incidentally learned stimuli compared to intentionally learned stimuli. Again,
the extent to which this relationship held for both pictures and ;ords was
considered to be an index of the similarity of their retrieval systems. We
h;d not predicted that the incidental/inténtional differences would occur gnly
for CR waveforms, and not for hits. However, it seems reasonable that stimuli

which are recognized successfully, regardless of how they were learned, would

have been associated with similar degrees of priming. For CRs the ' predicted
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relétionship between the manipulation of 1nténf and N500 amplitude was

ohserved for pictures. Incidentally learned pictures exhibited larger N500s

_ than intentionally learned pictures. The limited extent of processing of the

incidehtally learneq_pictures compared to the intentionally learned pictures,.
may increase ﬁthe:difficulty of rejecting a absslble match. Paradoxically,
however, this eff;ct was reversed fér words. That is, for CRs, the N500s of
intentionally learned words were ié;ger than for. incldentally learned wérds.
While this effect is difficult to reconcile, it may be that recogﬁizing the
incidentally learned words was extremely difficult, and as a result, 1ittle
effort was expended in memory search. The extremely low discriminability index

(d’) for this group seemed to have been characterized by a response bilas
. - ~ e - .

. favoring the "No" response, resulting in a disproportional number of miss anﬁ

CR responses, The ERP waveforms for this group also lndicated. very little
deviation from baseline at the latency of the NB00 and sdbsequently. These
data are consistent with the view that the incidentél words condition was so
difficult that little effort was expended on the task.

The third manifestation of the N400 as an index of the extent of priming
or memory searchpis found in a comparison of’NGUO for pictures and words.
Both of the ‘studies presented in this thesis are in support of the notion
tﬁat N§00 amplitude is associated-with the extent of memory search in a
recognition _memory paradigm. Since the extent of memory search required |is
re}atedf to the ease of discriminability (d') of these items during a
r;cognition test, we might also compare Epp N400 of pictqres, which are better
recognizeq, to the NA0OO 6£ words, which are more poorly discriminated from

distractors. Using N400 as an index of memory search, it might be concluded

that verbal stimuli require a more extensive search than pictorial stimull,
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even at acquisition. The greateE inhgrent physical diséinctlveness of
pictorial stimuli compared to words, aids both encod;ng and retrievél, and may
serve to decrease the ~extent of the mem;ry search required both during
acquisition .and the recognitich memory task. Indeed, when the physical
distinctiveness of pictorial stimull is reduced, recognition memory accuracy
is diminished (Nelson & Reed, 1976).

Slow wave and Eurthef‘prdcessingJ In both experiments, the slow wave (SW)

| exhibited a polarity reversai-éharacterized by a.frontal positivity which
°decreased in amplitude at Cz, and an occipital negativity, which decreased in
amplitude at Pz. The SW was of greater ampllitude fer pictures‘than words
for SW1 at Fz, Cz and the temporal sites, and for SW2 at Oz. The augmented
'actiuity at ‘"the ocecipital lead may indic;te 'greate; sensory specific
involvement for pictures than words. In particﬁlar, the suggestion of an
interaction between the frontal and the visual cortices is appealing in that
it implicates the involvement of viswal and spatial information as p}operties
of strategic encoding. The salience of this type df information in
remember ing pictu;eé coﬁpéred to words may result in\ingreased distinctiveness
of the memory represéntation for pictures, and consequently, iﬁcreased_memory
performance. In the first study, SW1 was larger for acquisition than
recognition waveﬁorms for both stimull. )

For pictures, SW2 was 1ar§er for acquisition and CR responseg Fhan for
hits at all  electrode locations except 0z. This effect may
indicate that more effortful processing is demanded by the novelty of the
stimull. Items in the hit category had been; presented previously in

gcquisition, while items presented as acquisition and CR stimuli were pfeﬁent

only once. For words, this effect was in the same direction, however it was
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only observed at the‘right temporal locatiom. .

For pictures only, SW3 was of greater amplitude for acquisition than hit
or CR waveforms. It, would Appear that the processing of plctures Quringh
learping is ﬁaintained for a longer period than that of words. If this
extended processing is involved in further elaborations of a representaion in
memorf, then it may be associatea Qith the superior. abllity to remehber
pictures.  Complex " novel stimuli such as unfamillar shapes {XoK & :deJongh
1380) have been shown to evoke late slow waves.  Although the "-activity
reflectgd by these slow waves 1s difﬁicult éo discern, ' they éppear to
manifest a continuation‘of‘refined gtimnlus analysis.

Implications for cognitive theory

It is significant that the rgéognition memory paradigm employed here
provides a direct and independent analysis of acduisltion and recognitlicn
memory phases since such a distincfion cannot easily be made with
psychophysical or neuropsychological approaches. As indicated in the
analysis of recognition memory for piétures and words, there are several ERP
components which differentiate pictures and words End that may serve -the
superior recogntion memory for pictures. Further examinatiﬁn of. these
componénts would seem to hold a good.deal of promise for advancing our
understanding'of this effect and of recognitiah memory in general.

The picture superiority effect must be a result of differences in the
processing of pictorial and verbal information, and the associated memory
reprﬁgentations. Functional differences in the proce?siné of pictures and
words have been examined here using event-related paténtialé of the brain.
Changes in EEG activity which occur as a result of cognitive manipulations in

a memory task give us some indication of the differences in functioning

——
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' assoclated with these two types of stimuli. The incidental learning paradigm

was used Iin order to examine within-stimulus changes in memory accuracy, and
associated changes in endogenous waves of the ERP. During acduisitionb\ the

processing differences associated with incidental versus intentional learning

"were expected to be reflected in the ERP waveform.’ Since intentionally

learned g%imuli were subsequently better recognized than ‘incidentally learned

'stlmuii, ER? differences between these conditions «<were assumed to be

associated with differences- in encoding, and thesg in turn, affect
subsequent recognition. To the extént that these differences are observed
in .2 similar manner for bgih pictures and words, the memory systems for
pictures and words are considered similar in }unction. The within-stimulus
comparisons of acquisition/recognition and hit/correct rejéction- wave forms
aiso afford comparisons of the functional properties of the peaks® for ~each
stimulus. Differences and similarities of the pictﬁre apnd word waveforms
with respect -to these comparisons, as uelj as their implications for
cognitive theories of picture and word processing, follow.

The ERP waveforms of pictures and vword éiﬁfered in several ways.
Some very early processiné differences were observed, 1hich did not appear to
be exogenous‘in nature.a ~ Pictures that were to-be-remembered were
Essociated with greater positivity at 200 ms, 350 ms and 500 ms
than those to—be—ignored.- This effect of intentién was not observed for
;ords. Indeed,. the P200 and P350 were not dffected by qnyﬂ_cognitive
manipulation for words. Thus, picture and word processing appear to differ

gquite early during encoding. The early processing for pictures appears to

.be " affectéd by intent (ie. is controlled), while similar processing for

words is unaffected by intent (ie. is automatic). Saccadic eye movement
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‘ s$udies, plctﬁ;e/uord interference_taéks and prim}pg gtudies indicate that
mﬁch of the early phonological pquéﬁsIng of uordslisléhtomatic. The patternl
of results obtained here is quite coﬁsistent with this view.
‘ The picture acquisition waveforms were also observed te contain more
) .

positivity at latencies of 500 and 600 ms, and maintalin augmented activity to

.

to fﬂe end of the sweep. Word waveforms, on the other hand, were more
. hegative in polarltykat 500 ms and 600 ms, and thereafter exhibited 1llttle
deviation from baseline. Thgse'effects occurred regardless of intention for
both .stimuli. In some taéks, N400 and P600 have been observed to overlap in
latency.- However, the relative contribution of each is difficult to
determine. It would ;bpear that some interaction of increased negativity for
words and augmented positivity for pictures has resulted in the observed
amplitude differences, To the extent that this is the case, and ‘thai the
N400 and P600 components are products of different generator networks, and
have different functional properties, the processing of pictures and words at

acquisition appears to differ. Overall, these acquisition data indicate that
functional differences in the encoding of pictures and wordﬁlare épparent in
acquisition waveforms, and are brggent even at 250 ms. These findings at
acquisition do 1little to differentiate.a dual coding system fram a uniéary
memory sys{em. " Both assume that prior to storage,- pictorial apd wverbal
information are processed differently, either in different systems (dual
-coding) or in the same system, with different order of access to phonological

and semankic information,.

‘Qlﬁﬁglgh the effects which were observed at acquisition served primarily

to differentiate the processing of pictures and words, the recognition

waveforms clearly revealed similarities. As outlined in the .previous
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section; the amplitude of N500 was quite consistently related to the extent
of memory search ({or lack of priming)} assgciated with the task demaﬁds.
These retrieval effects were very similar for pictures and words. For both
stimuii, N500s for CRs were larger than for acquisition or hit waveforms.,
There ls some consensus in the cognitive literature that when a stimulus is
not immeéiately matched with a representation in memory (perhaps a primed
representation), then an extensive search of memory ensues. Although it may
be that processing differences which we were unable to measure differentiate
plcture and word processing, the properties of N500 do not seem to differ for
pictures and words. Moreover, the N500 also distinguished between
incidentally and intentionally learned stimuli for both pictures and words
for correct rejectien respdggés. For pictures, WN500 was larger for
incidentally. learned than intentionally learned stimuli. The representations
for incidentally learned pictures may have been more poorly established in
memory. The overall diminished activity at acquisition for the ignored
pictures attests to this. BAs a result;—; more intensive search fdr matching
stimuli was likely required for incidentally learned pictures in order to
correctly reject the stimulus. On the other hand, for words, the correct
rejection waveforms of intentionally learned words ;;re of larger amplitude
than incidentally learned words. Indeed, very little deviation from, baseline
is observed for the inciaentally learned words. The very low d', and high
proportion of misses and correct rejections for this group suggest that the
task of recognizing incidentally learned words might have been so difficult
that 1little effort was expended, and memory search was considered

unprofitable.

Dual coding theorists propose that verbal and perceptual knowledge are

——



‘ e Cme T

82

"represented in different systems”. That is, the system which deals with
verbal information is functionally different from that which stores -image
information. If this were the case, it would seem reasonable t6 predict that
tpe sources of activity in the brain associated with the retrieval of verbal
and pictorial information wduld be very different. However, the measure of
retrieval which we were able fo obtain at tﬁe scalp for both stimuli was the
N500 component. Although this effect was similar for both stimuli, we can
not rule out the possibility that processing differences exist that we cannot
measure at the scalp. However, no physiological evidence has been presented
here to support.the dual coding model. The cognitive manipulations employed
in these studies affected the early portion of the acquisition waveforms
differently for pictures and words, while the component most consistently
associated with retrieval differences was sensitive to simllar manipulations
for both stimuli.

Wher® does this leave us with the young mnemonist studied so extensively
by Luria (1968)? This young man never experienced\the distortions of memory
normally experienced 1in recall. All of the original information, and much
more, was ultimately avallable for retrieval. Each word or object was
intrinsically bound to a network of "extra" information. Sounds, images,
scents, tastes and feelings formed synesthetic impressions of single letters
and words or whoie arrays of numbers. These impressions were so vividly
assoc;ated with the stimulus that they sometimes interfered with lts recall.
A word might become lost in it's own shadow, as described in the opening
citation. The sensory inforfhtion retained by the mnemonist seemed to aid a
great deal in his ability to recall. Unlike the theorists who -purport

to a levels of processing approach, and for whom sensory information is seen
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as shallow, and related to low success of recall, Nelson's sensory-semantic
" version of conceptual coding theory acknowledges the utility of sensory
information {n remembering. Indeed, to the extent that sensory enéoding can

render an input distinctive from other evepts, it is just as effective as

semantic encoding. F;; Luria's mnemoﬁist, this appears to be the case.
Similarly, for the average university student the sensory information (the
visual images of the letters and the phonology associated with them) derived
from common words is overlearned, and does not readily distinguisﬁsone word
from “another. On the other hand, the picfures shown in a memory task are
generally novel to the subject, and their physical form may more  readily
distinguish one picture from another. It is not surprising that our memory
capacity, although perbaps not that of a mnemonist, is greater for pictures

than words.
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