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tlus chapter This contnbutlon comes from Lenneberz s belief that
neurolinguists must search for a fundamental process that occupies a
central position in all higher level cognitive functions. As Lenneberg
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ered to be adequate unless it comes to grips with the notion of lan-
guage knowledge and its relationship to knowledge in general”
(p. 636). 'I'hroughout his writings Lenneberg searched for a single pro-
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cess or a set of central processes which were fundamental to all hlgner-
level operations including perception, language, thought, and knowl-
edge. It was from this background that Lenneberg so forcefully argued
that “sensory recognition processes were homologous to language pro-
cesses” (Lenneberg, 1970). Although Lenneberg never described pre-
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95



96 . ROBERT W. THATCHER AND ROBERT S. APRIL

cisely what these basic processes were, he nevertheless felt it was im-
portant to emphasize that language and logic share the basic property
of classification and discrimination (Lenneberg, 1967, 1970). As dis-
cussed more completely by Lenneberg (1970), the notions of discrimi-
nation and dassification were formalized into laws of thought and
knowledge by George Boole in 1854. The famous “‘Boolean algebra” is
based on a binary classification scheme which, in essence, creates a
formalism of the concepts of “sameness” and “difference.” As exam-
ined more fully elsewhere (Thatcher, 1976b), the concepts of ““same-
ness” and “difference” are among the most profound known to man.
These notions form the basis of order (Bohm, 1969), logic and mathe-
matics (Whitehead and Russell, 1927; McCulloch and Pitts, 1943), and
classification in general (Chen, 1973; Sneath and Sokal, 1973). In the
context of language and cognition, Lenneberg pointed to the impor-
tance of the relational properties of language (Lenneberg, 1974) and
emphasized the temporal structure of knowledge where connections
are made between succeeding events and the present is compared to
the past. Notions of “semantic fields” and “syntactical and semantic
structures” involve an elaboration of the concepts of “sameness” and
difference”” and the computation of relationships in time (Lenneberg,
1967, 1970).

Physiological Considerations of Language Comprehension

The goal of the present chapter is twofold. One is to introduce
procedures that explore the electrophysiological correlates of memory
match and mismatch. The procedures involve evoked potential analy-
ses from subijects performing in delayed letter matching and delayed
word semantic matching tasks. The evoked potential is particularly
relevant since it reflects sensory recognition and cognitive processes
held so important by Eric Lenneberg. The second goal is to contrast
the electrophysiological results from normal subjects to those obtained
from two aphasic patients performing the same tasks. This represents
the first efforts by the authors to study evoked potentials and neurop-
sychological tests of cognitive function in aphasic patients. Evoked po-
tential analyses from such patients may provide a useful measure of
cognitive function for studies of language recovery after acquired le--
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The human scalp evoked potential reflects prim arily sensory and
cognitive processes and has two major components. The eariy compo-

nents reflect the physical attributes of the stimuli, whereas the longer
latency components reflect later cognitive processes (Regan, 1972). In
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terms of linguistic information processing afferent 1nformat10n is .
transformed by specialized nerve endings into coded impulses which
are conducted centrally. The physical features of the sensory stimulus
(phonemes in the case of an auditory input and lines, edges, angles,
etc., in the case of a visual input) are mapped onto a neural represen-
tational system in an, as yet, unknown manner. Various neurophysio-
logical models have been developed to explain the mapping process
(Hubel and Wiesel, 1962; Pribram, 1971; Barlow, 1972). Most of these
models rely on feature extraction. That is, neural elements respond op-
timally only to a particular feature of the sensory stimulus. The con-
stellation of neural responses corresponding to the salient features of
the stimulus constitute a representational system. Feature extraction
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models are usually hierarchical (see Barlow, 1972) in which there is a
hierarchy of levels of greater complexity both of the feature extraction
and the representational systems. There are a few nonfeature extrac-
tion models (see Gibson, 1969) in which the anatomy of the brain
uniquely determines mappings of the external world onto neutral rep-
resentational systems. Our concern in this chapter, however, is not
with how representational systems are formed but rather with cogni-
tive operations that are performed on‘representational systems once
they have been created. There is reasonable consensus among re-
searchers (see Szentagothai and Arbib, 1974) that, at some stage, both
the formation and subsequent operations performed on represen-
tational systems involve the active interaction of the present with the
past. For example, Szentagothai and Arbib (1974) elegantly presented
the commonly expressed view (see Sokolov, 1960; Miller, Galanter,
and Pribram, 1960; Pribram, 1971) that models of the external world
are continually being created and then refined and updated by match-
ing and mismatching the model with memory as well as successive
samples of sensory input. This hypothesis of representational match
and mismatch is consistent with many of Lenneberg’s views and fits
two general hypotheses of linguistic comprehension.

Hypotheses of the Comprehension Process

Currently, there are two general categories of theories of speech
perception. One category contains the motor or articulatory theories
and the other the sensory theories. The motor theory was proposed
first by Halle and Stevens (1962) and elaborated by A. M. Liberman
and colleagues at Haskins Laboratories (see Liberman, Cooper, Shak-
weiler, and Studdert-Kennedy, 1967; Liberman 1970). This theory
maintains that the mechanism of speech recognition makes use of in-
ternal models of speech production, in which acoustic input is corre-
lated with articulatory patterns necessary to reproduce the input. Ac-
cording to this view phonemes are the basic building blocks for
speech and speech perception is presumed to occur in a special
“speech mode” which involves unique sensory systems and motor
mechanisms. However, there are recent experimental data that chal-
lenge the motor theory. For example, Fodor, Bever, and Garrett (1974)
failed to observe invariant electromyographic correlates associated
with particular phonemes. Also, as noted by Wanner, Taylor, and
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tween these two representational levels. In the present context one
might assert that the surface structure of language corresponds to fea-
ture extraction or sensory representational systems, whereas the deep

* “Categorical perception” implies that speech sounds are perceived categorically. That
is, discriminable speech sounds are limited to a small number of identifiable cat-
egories. For example, syllables such as /ba and /pa differ according to their voice onset
times or VOT (the delay between the initial sound produced by releasing the lips and
the later sound made by vibrating the vocal cords). Sounds with a short VOT (less
than about 25 msec) are perceived as /ba, sounds with a longer VOT (greater than
about 25 msec) are perceived as /pa. Two sounds which fall on either side of the
boundary are easy to discriminate, whereas two sounds which fall on the same side of
the boundary are discriminated with slightly better than chance accuracy.
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structure corresponds to a long-term memory or semantic represen-

" tation and the transformational structure reflects a comparator opera-
tion involved in matching or mismatching sensory representations at
the semantic level (Thatcher, 1976a).

The second dominant view of comprehension can be called the
context construction hypothesis. This includes the semantic node hy-
potheses (Wortman and Greenberg, 1971). However, one of the most
promising context hypotheses is believed to be the so-called augmented
transition network (ATN) developed originally by Thorne, Bratley, and
Dewar (1968) and subsequently elaborated by Bobrow and Frazier
(1969) and Kaplan (1973). This hypothesis involves a sequential pro-
cess whereby information at the beginning of a sentence guides the
comprehension of later words in the sentence. It is argued that com-
prehension occurs by formulating hypotheses about the syntactical
category of each word, the contextual grouping of words into phrases,
and the grammatical function of a phrase. According to this view, sen-
sory input is continually being matched or mismatched with the out-
“put of an ongoing hypothesis-refining process.

It is not our purpose to evaluate critically these two hypotheses of
the process of comprehension. Suffice it to say that there is experi- -
mental evidence favoring both, and conflicts between the two hypoth-
eses are, as yet, unresolved (Wanner, 1974). In the present chapter the
sensory theories of comprehension will be emphasized rather than the
motoric ones. The evoked potential analyses discussed in this chapter
are obtained from widespread scalp regions which include frontal,
central (motor), and posterior (sensory) derivations. One might predict
that if motor or articulatory processes were involved in letter or word
recognition, the principal evoked potential correlates would occur in
anterior derivations, rather than posterior ones. However, as will be
shown, the largest evoked potential effects observed in our study oc-
curred in occipital, parietal, and posterior temporal derivations.
Hence, no evidence for the motoric theory was provided by the
evoked potential analysis.

Evoked Potential Correlates of Delayed Letter Matching

Central to the language comprehension hypotheses is the process
of representational matching. It is consistent to argue that match-mis-
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(mismatch). Flgure 1 illustrates the delayed letter matchmg paradigm
in which a series of brief visual displays were presented on an acces-

sory oscilioscope to human subjects. The subjects varied in age from
18 to 32 (one female) and were all either college graduates or college-
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Fig. 1. Mlustration of trial sequence of computer-generated displays in a delayed letter
matching paradigm. There are a variable number of control and ITI displays before and
after the first letter (information). All displays are 20 msec in duration and presented at a
repetition frequency of 1 Hz. Total luminance and retinal area subtended (1.5°) are the
same for all displays. (From Thatcher, 1976a)
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bound. These subjects (two left-handed and seven right-handed) had
no previous history of neurological dysfunction.

The displays, which were generated by a PDP-12 computer, were
20 msec in duration and presented at a repetition frequency of 1/s. A
given trial (Figure 1) involved presenting a variable number (2 to 6) of
random dot displays (control) followed by a letter (information dis-
play, A, B, or C) followed by another variable number (2 to 6) of ran-
dom dot displays (intertest interval displays, ITIs) which were fol-
lowed by a second letter (test) that either matched or mismatched the
information stimulus. If the test stimulus was a match, subjects were
instructed to delay 1 sec and then move a small lever to the left. If it
mismatched, subjects moved the lever to the right. There was a 5-sec
delay period between trials, and match and mismatch conditions were
equally probable and counterbalanced across a session. There were 24
trials/session and evoked potentials were averaged across four ses-
sions. The direction of lever movement across sessions was counter-
balanced and the number of illuminated points and visual angle (1.5
were the same for all displays. (Further details of the methodology are
provided elsewhere: Thatcher, 1976c).

The evoked potentials were recorded from bilateral and midline
scalp derivations. The electrodes were applied according to the inter-
national 10-20 system (Oy, O,, P, Py, Ts, T, T3, Ty, Fz, Fg, G5, C4, and
F, or C,) in which the odd numbers refer to left scalp derivations the
even to right, and subscript z to the midline (Jasper, 1958). Eye move-
ments were monitored by either F,; and Fy, electrodes or by a transor-
bital bipolar electrode pair. Except when otherwise specified, all re-
cordings were monopolar using linked ear lobes as a reference. The
EEG was amplified and band pass filtered (3 db roll-off at .3 Hz and 40
Hz) and evoked potentials were digitized with a PDP-12 computer (5
msec or 6 msec between samples yielding evoked potentials epochs of
512 ms or 640 msec).
~ An example of one normal subject’s AEPs to random dots and let-
ter stimuli is shown in Figure 2. The most common finding was an
enhanced late positive component (see horizontal bars, Figure 2) to
first letters and also matching second letters. Eight out of the nine sub-
jects showed this enhancement. The mismatch produced significantly
less late positivity than the second letter match or first letter AEP. The
mean correlation coefficient between first letter AEPs and match AEPs
was .72 as compared to .47 for the mean cotrelation coefficient be-
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Fig. 2. Examples of AEPs (N = 24 for controls and ITIs and 16 for letters) from a subject
(.G.) performing in the letter matching experiment. Bars denote enhanced positivity to
first letters and matching second letters. (Positive is up in this and the other figures.)

secor ers. (Positi d the gures.
(From Thatcher, 1976a)

tween first letter AEPs and mismatch AEPs. Sign tests showed that
first letter AEPs and match AEPs were correlated higher more
frequently (p<.05) than the first letter and mismatch AEPs. This em-
phasizes that the mismatch stimulus often results in an attenuated late
positive component in comparison to the enhancement observed to
both the first letter and the matching test stimuli. It should be noted,
however, that a late positive response does occur to the mismatch al-
though it is attenuated with respect to the match. The attenuated late
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Fig. 4. Latency h:stograms of significant ts for control, AEPs versus ITI,, through ITI,
AEPs for normal subjects in the delayed letter matching task. The ordinate represents

the number of significant ts and the abscissa represents the latency bin at which signifi-
cant £s occurred.
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349 msec. These data show that AEP amplitude of waveshape changes
occur to the first ITI and then decay back to the control condition by
the time of the third ITI (or within about 2 sec). As discussed else-
where (Thatcher, 1976¢) such effects may reflect rehearsal processes.
Table 1 shows the total number of significant t tests for
the various conditions as a function of derivation. It can be seen that
there were only 4 significant ¢s in the control, versus control, AEP tests.
In contrast, there was a total of 72 significant ts between control, AEPs
and first letter AEPs. There were also a decreasing number of signifi-
cant ts between control; AEPs and the first through the third ITI AEPs
(26, 12, and 6). There were nearly twice as many significant ts between
control; AEPs versus match AEPs (84) and control; AEPs versus mis-
match AEPs (47). In addition, there was a total of 31 significant ¢s be-
tween match and mismatch AEPs. Figure 5 shows latency histograms
of statistically significant t tests for all of the normal subjects for match
and mismatch AEPs and the two control AEPs immediately preceding
first letter presentation. It can be seen that significant differences be-
-tween match and mismatch AEPs occurred primarily at two latency
periods (100 to 150 msec and 300 to 400 msec). Table 1 shows that 76%
of the significant match-mismatch ¢s occurred in posterior leads (04, 0,,
P3;, P4, Ts, Tg) white 24% occurred in T;, T,, and frontal and central
leads.
It is important to ask why there are differences in AEPs elicited by
letters that match with the past as compared to identical letters when
they mismatch. First, could these effects be due to artifacts of experi-
mental design? This is not likely since the conditions of the experi-
ment were counterbalanced and equally probable. That is, match-mis-

Table 1. Number of Significant ts (3 Successive at p <.01) for Normal Subjects in
Delayed Letter Matching Task

Condition O] + Oz P3 + P4 Ts + Te Ts + T4 Cz F7 + Fs + Fz Total
Control; vs. control, —_ 2 2 — — — 4
Control; vs. first letter 16 19 20 10 2 4 71
Control; vs. ITI, 7 6 6 1 4 26
Control, vs. ITI, 4 —_ 3 3 — 3 13
Control; vs. ITI3 2 1 3 — — — 6
Control; vs. match 19 19 27 10 3 6 84
Control, vs. mismatch 12 9 14 8 1 3 47
Match vs. mismatch 7 10 6 2 3 3 31

Total v 67 66 81 35 10 23
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match AEP differences cannot be explained by factors such as
differential attention, expectancy, arousal, uncertainty resolution, or
cognitive acts of decision. Second, can these differences be due to
pathway facilitation? According to this view particular pathways are

activated hv the first letter resultine in an enhanced late positive com-
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ponent to the matching second letter. However, this explanation is in-
adequate because there was an enhanced evoked response to the first
letter. Third, are these differences due to enhanced variance in the la-
tency of the late positive component to mismatch stimuli? This expla-
nation is also inadequate since the evoked potential variance was
- slightly greater to match stimuli and analyses of single evoked poten-
tials can discriminate between match and mismatch conditioning
(Thatcher, 1976c).
The most parsimonious explanation is that the process of repre-
sentational matching itself contributes to the enhanced late positive
component in the evoked potential.
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Evoked Potential Correlates of Semantic Match and Mismatch

One might assume that the enhanced late positive component
reflects the match of the physical features and not uniquely the
linguistic attributes of the letter stimuli. Considerations of this sort
gave rise to other experiments designed to test the linguistic nature of
the representational match hypothesis. One experiment involved a
match-mismatch paradigm using synonyms, antonyms, and neutral
words rather than letters (see Thatcher, 1976a). In this paradigm com-
parisons are made only at the level of semantic, not physical, features.
The prediction was that the late positive component to synonyms and
antonyms, comparison of which would involve semantic match or
pairing, would be enhanced in comparison to the late positive compo-
nent elicited by the neutral word pairs which lack a semantic fit. Fig-
ure 6 and Table 2 illustrate the synonym, antonym, and neutral word
paradigm. The procedure is similar to that shown in Figure 1. This ex-
periment involved eight normal subjects (18 to 37 years of age). Thirty-
six different first words and 12 different second words were presented
in a session. For one-third of the trials the second words were syn-
onyms, for one-third of the trials the second words were antonyms,
and for one-third of the trials the second words were neutral (see Fig-
ure 6). Thus, physically identical stimuli (the same 12-second words)
served as synonyms, antonyms, and neutrals and were presented in a
counterbalanced order within a session. Each subject was given two

ITI POST TEST
1 SMALL . LITTLE i oy
RE # LARGE LITTLE
3 b I.'.:I = DO IVI N vy Zl: datao Ll T'Il' LE
SINGLE :R];ssnrmon TWO PRESENTATIONS
VARIABLE  NUMBER INTERTRIAL
OF PRESENTATIONS . INTERVAL

(RESPONSE)

Fig. 6. Illustration of trial sequences and experimental design in the delayed semantic
task. Within a session of trials the total number of illuminated dots and the average |
retinal area subtended was the same for all display conditions. Displays were 20 msec in
duration and presented at 1 Hz. (From Thatcher, 1976a)
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Tg, T3, T4, Flgure 6) occurred in the second word condmon but not the
first word condition. Note that the late positive component to second
words was anatomically widely distributed, appearing even in frontal
derivations (F;, Fg) although less in amplitude. AEP differences be-
tween the first word condition might be explained by the fact that re-
trieval of the meaning of the first word and a comparison with the
meaning of the second word only occurred in the second word condi-
tion. Figure 8 shows examples of AEPs elicited by second words in the
three semantic conditions, ¢ tests between synonym and neutral AEPs

* The direction of lever movement was counterbalanced across sessions.



110 ROBERT W. THATCHER AND ROBERT S. APRIL

A SUBJECT
DD

o 0, A L} T
. L3 ) [y 5
FIRST WORD J\/\/\J\‘\f\/\/\'\,\/\/\/\’\, \/\/\“‘“\-W
L :
N '

CONTROL PRECEDING ; ; \/\f\\/

TEST V\/\’\\’“ J\/\'\/\ A s VT

CONTROL FOLLOWING ; 4\/\\\/ {«J‘\-\, N A
TEST ; ; .

% T T Fr F EYE cz

FIRST WORD MMWWMW—M
coumo;;:gc:om VA AR A e eV L i e S Aoy e
CONTROL FOLLOWING A/ /" W‘”" P pmrie e A

TEST

o MR e e o

i
320 msec

Fig. 7. Averaged evoked potentials (N =24 for synonym and antonym and 48 for the
other conditions) to words and random dot controls in one subject. A shows P-300 in oc-
cipital regions (dotted line) to both first and second words. Arrows show the P-400 pro-
cess to synonyms and antonyms which is anatomically and temporally differentiable
from the P-300. B, same as A, but showing AEPs from anterior derivations. Note dif- -
ference between first word and second word responses in T, Tg and T;, T4. Note also,

asymmetries in the temporal lobe to second words, which are not present in control or
first word AEPs.

are shown at the bottom of the figure. The results of this study demon-
strated a statistically significant difference (p <.01, two-tailed) be-
tween synonym or antonym AEPs and neutral AEPs in each of the
eight subjects. Significant differences occurred primarily in posterior
(O, Oy, P;, Py, Ts, Tg) derivations with latencies ranging from 405 to
460 ms. In summary, the enhancement of the late positive component
to synonyms and antonym AEPs was similar to that seen for letter
match AEPs in the first paradigm. The attenuation of the late positive
component with neutral word AEPs resembled that for mismatch sec-
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Fig. 9. Mean baseline to P-4(00) amplitude for left and right electrode sites for the
various conditions of the experiment. (From Thatcher, 1976a)

together (F=3.56, df=1/7, p=n.s.). However, there was a significant
side X derivation interaction (F=2.34, df=9/63, p <.05). The latter
finding indicates that hemispheric asymmetries, while present, are not
uniform across posterior-anterior derivations.
_ This finding justified additional analyses which showed signifi-
cant left-right differences (F=6.57, df = 1/71, p < .05) in posterior deri-
vations (O; +P; +T; versus O, + P4+ Ts) in the second word condition.
No significant left-right differences were noted in anterior derivations
(Ts+F; versus T,+Fg) to either the first or second word conditions,
nor was a significant difference noted in posterior derivations to the
first word condition alone.

Since several workers have reported only rather small AEP sym-
metries, i.e., 1 to 3 uv (Buchsbaum and Fedio, 1970; Morrell and Sa-
lamy, 1971; Wood, Goff, and Day, 1971), a sign test for the side of
greatest late positive component amplitude for each subject for con-
trol, ITI, and second word conditions was conducted. The results of a
binary sign test (Hays, 1963) reveal clear asymmetries in posterior
derivations (occipital, parietal, and posterior temporal) during the ITI
and first and second word conditions (combined) but not during the
control (Thatcher, 1976b). Significant asymmetries always involved left
side greater than right (100% of the subjects exhibited left>right in
occipital derivations in the word condition). It is interesting that



‘After the data were acquired from normal subjects, it became pos-
sible to examine the performance of some aphasic patients—i.e., those
with a localized brain lesion resulting in specific speech—language dys-

function. This approacn was felt to be 1mp0rta.nt be

o

where dysfunction has been described traditionally in terms of sne-
cific alterations in input-output functions of language alone
(Geschwind, 1972). Since the recovery of function depends on pro-
cesses in the remaining intact neural substrate (Smith, 1975), observa-
tion of task-specific AEPs might give one an opportunity to examine
the nature of hemispheric electrical phenomena which parallel the re-
covery of performance. It is emphasized once again, however, that this
method correlates best with the sensory aspect of language and does
not give one a measurable correlate of later stage motor processing.

The paradigms used with the aphasic patients were the same as
described previously. A complete study with aphasic patients is being
planned and only preliminary results from two patients will be pre-
sented at this time.
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Patient Histories

The two aphasic patients are F.C. (male, right-handed, age 43)
and L.F. (male, right-handed, age 25).

F.C. had a sudden onset of aphasia and right hemiparesis in Oc-
tober 1973. A complete diagnostic work-up at the Massachusetts Gen-
eral Hospital revealed the presence of a complete left middle cerebral
artery occlusion. The lasting dysfunction consisted of right hemi-
paresis and nonfluent aphasia.

Language testing at the time of study of the patient’s evoked po-
tentials revealed the following. His spontaneous speech was character-
ized by occasional blocking of complicated sentences, paraphasia, at-
tempts to correct, stammering, and frustration. He was able to read
newspapers and books and comprehended both auditory and visual
information normally. When given tasks including more than three
steps of information, the patient was often confused and had difficulty
even repeating manual rhythms tapped by the examiner. He scored 26
on the Symbol Digit Manipulation Test, when the examiner wrote the
number that the patient chose on the matching list of symbols. This
score represents the mean of score distributions for aphasics tested by
Dr. Aaron Smith of the University of Michigan (1973). The patient per-
formed at a high level in the Peabody Picture Vocabulary Test, espe-
cially in items involving action pictures. He had no difficulty matching
objects, pictures, and words. The functional language problem for this
patient consisted principally of going from any input modality to spo-
ken or written output performance. Thus, he was a typical severe
Broca’s aphasic. A clinical EEG showed very high amplitude intermit-
tent focal delta activity localized at F,,, F;, F3, Ts. The patient’s clinical
neurological course had been complicated by occasional grand mal
seizures which were controlled with anticonvulsants. ‘

L.F., a 25-year-old right-handed man, developed headache and
the insidious onset of trouble speaking in June 1975. Hospitalization
and neurological work-up followed, indicating the presence on cere-
bral arteriogram of a localized avascular mass in the posterior superior
region of the left temporal operculum. On clinical examination there
were no abnormalities in cranial nerve function and no lateralizing ab-
- normalities on motor or sensory testing. His spontaneous speech was
fluent and there was no paraphasia. When the examiner spoke very
rapidly, the patient had difficulty in comprehending the entire mean-



umca1 ]mpreSSIOI'l was aphasia, Wernicke’s type, probably
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ing task although lus performance was smmﬁcantlv poorer than for
normals. For example, only 72% of F.C.’s responses were correct for
two sessmns as compared to a mean of 98% in normals. F.C.’s pertor-

DOnded cor-

rectly to particular word pairs.

A similar performance in the delayed letter matching and delayed
semantic matching tasks for F.C. was observed in patient L.F. A pri-
mary difference between the two patients, however, was that L.F. was

* Recently, Kertesz and McCabe (1975) reported the results of scores on the Raven's
Coloured Progressive Matrices in a variety of aphasic patients classified according to
taxonomic criteria, based on the Western Aphasia Battery scores. The purpose of the
study was to correlate nonverbal intelligence with different kinds of aphasia. Interest-
ingly, global, Wernicke’s, and transcortical sensory aphasics performed significantly
more poorly than did Broca’s and other aphasic types. It is therefore of interest to
point out that our patient L.F. scored significantly better on the Raven’s than did the
18 Wernicke’s aphasics in Kertesz and McCabe's series. In fact, his score was superior
to that of any of their patients, including controls. Perhaps this relates to the exqui-
sitely localized nature of his pathology.
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~unable to grasp the concept of antonym and usually confused the ant-
onym and neutral categories. However, L.F. did appear to under-
stand the concept of synonym and did obtain some consistently cor-
rect scores to a few synonym word pairs. L.F. scored 76% correct on
the delayed letter matching task and only 22% correct in the delayed
semantic matching task.

Evoked Potential Results: F.C.

Figure 10 shows AEPs from bilateral parietal (P; and P,) and bilat-
eral frontal (F; and F;) derivations to controls, first letters, and match
- and mismatch stimuli in the delayed letter matching experiments in
patient F.C. It shows that an enhancement of the late positive compo-
nent occurred in P; and P, derivations but was poorly developed in
the F; derivation. The correlation coefficients between the homologous
pairs of AEPs is shown at the side in Figure 10. The most notable find-
ing was a deterioration of interhemispheric symmetry of AEPs in the
F,-Fg derivations to the match-mismatch stimuli. The poor stability of
AEP waveforms from F; is further demonstrated by the mean correla-
tion coefficient computed for all possible pairs of AEPs. The correla-
tion values at the bottom of each column of AEPs reflect the replica-
bility of AEP waveforms across condition (i.e., C~C,; info-C,,
 info-C,, match-mismatch, match-info, match-C,;, match-C,, mis-
match~info, mismatch~C,, mismatch-C,). The F, AEPs exhibit marked
variability. Table 3 shows the correlation coefficients between homo-

logous pairs in both the letter matching and semantic matching tasks.
It can be seen in Table 3 that in the letter matching task the correlation
coefficients are reasonably high to the control stimuli but decrease to
the letter stimuli showing a decrement in Ts vs. Tg and reaching lowest
values in F; vs. Fg. A similar deterioration of hemispheric symmetry
occurred in T3 vs. T, and Fg, vs. Fg derivations in the semantic matching
task. Table 4 shows the correlation coefficients between AFEPs from F,
and Fg and AEPs from all other derivations in the two tasks. The sig-
‘nificant finding is that the correlation coefficients between F, AEPs
and AEPs from other derivations is consistently lower than the correla-
tion coefficients between Fy AEPs and AEPs from other derivations.
These data indicate a marked decoupling of the left frontal (F;) region
from other regions, particularly in anterior leads in the match condi-
tion. This contrasts with right frontal (Fg) AEPs, which correlate well
with all other AEPs and decouple strongly from left anterior AEPs.
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Table 3. Correlation Coefficients of AEPs for Homologous Derivations from Patient
F.C.

01 VS 02 Pa vs P4 T5 vs Ts T3 VS T4 F7 VS Fs

Delayed letter matching

Control-2 .96 .92 .78 75 .74
Control-1 .94 .88 .81 77 91
1st letter . .95 .82 .65 .88 .81
Mismatch . 93 .87 .58 .54 41
Match .94 .84 .69 .61 .26
Delayed semantic matching
Control-2 91 .86 .75 12 .25
Control-1 .95 .87 .69 .20 39
First word .93 .83 .68 .28 .38
Neutral (2nd word) .95 .89 .70 .40 .03
Syn+Ant (2nd word) .95 .92 © .68 .32 .08

These data indicate that a functional deficit begins approximately
at T5 and extends forward, reaching a maximum at F,.

Evoked Potential Results: L.F.

L.F.’s abnormality appears to be much more localized than F.C.’s.’
Figure 11 shows AEPs from 11 derivations from both tasks. A marked -
hemispheric asymmetry was noted in the T; vs. Tg derivations (see
arrow at top, Figure 10). In these derivations the mean correlation co-
efficient was .47 as compared to .86 for O,-O,, .88 for P;~P, and .68 for
Ts-T,. ,

A late positive component occurred consistently in both posterior
and anterior derivations (except in T;) in the delayed letter matching
task. However, a late positive component enhancement failed to occur
in the anterior derivations (particularly C;, C,, and F,) in the delayed
semantic matching task (see arrows, Figure 11). The absence of an
enhanced late positive component occurred primarily in AEPs to sec-
ond words. It should be recalled that L.F. was unable to perform the
delayed semantic task. These data may reflect L.F.’s performance defi-
cit.* It is interesting that there is a dissociation between the anterior

* The absence of a late positive component in the anterior derivations was not due to
subject fatigiie or habituation. This is known since L.F. subsequently performed in a
third task requiring delayed form matching and the late positive components were
again present.
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FTVS Ol 46 43 FQVS Ol 44 .50
F,vs O, .60 .35 Favs Oy 60 .60
Ef‘;’&?g 59 a1 ‘Eg_‘!&-?g 5—-5 4-5,-_‘—.
F7V5P4 72 .25 FQVE P‘ 75 .70
rgvs ?5 7o &7 :‘:'!?’S ?5 75 A7
F;vsTs 71 .26 FgvsTg 81 75
F;vsT, 81 .62 FgvsTs 79 .51
F,!‘-.’S_ T, 88 4 E;‘!& 1.4 95 .84
F7 vs F; 91 26 Fg vs F-_l . 91 .26
Delayed Semantic Matching
Left frontal Right frontal
Control  Syn+ant Control  Syn+ant

F1VS 0| .14 32 FsVS 01 .64 51
FfVSOg 15 31 FgVS Ol .62 .66
F;vsPy 31 .33 FyvsPy .64 .61
F,vsP, .18 34 FsvsP, .64 .80
FovsTs 54 37 FevsTs .56 .40
F,vsTg 21 .26 FsvsTyg 77 .87
F1VST3 77 .58 F! Vs Ts .28 21
FyvsT, 19 21 FevsT, .90 .96
F-; Vs Fg .39 .08 Fa vs F1 .39 .08

® Note more pronounced changes in correlation in left frontal compared to right
frontal.
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EVOKED POTENTIAL CORRELATES 121

resentations. That is, the early components of the evoked potential are
classically related to the physical atiribuies of %‘ﬁé evoking stimulus
and early sensory processing. The late cornpnrlenf AEP phenomena

related to higher-level processing had a widespread distribution but
were maximal in posterior derivations. The strong posterior domi-
nance might be due, in part, to the fact that visual stimuli were used.
Future experiments will be designed using both auditory and visual
stimuli. Auditory and visual-auditory cross-modal tasks may have
more relevance for the study of aphasia.

The paradigms described in this chapter allow precise
psychophysical control of the parameters of stimulation. That is, the
number of illuminated dots and retinal area subtended were the same
for all displays. The paradigm allows the presentation of linguistic or
nonlinguistic stimuli (e.g., geometric forms, faces, objects, etc.) and
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can ascend different levels of complexity and thus challenge specific
information processing. In this way a patient with a localized brain
lesion might be challenged with tasks which are initially very simple
but become successively more complex and can be tailored to the par-
- ticular domain of neurological deficit. The philosophy behind this
approach is that evoked potential diagnosis of functional pathology
can be optimized by providing challenges specific to the cognitive def-
icit as contrasted with classical clinical EEG which lacks cognitive
challenges. Not only may the region of pathology be localized more
precisely by this method but, perhaps more importantly, specific func-
tional or organizational deficits may appear in brain regions that are
normal but which are nonetheless an integral part of a network sub-
serving the probed cognitive function. In this regard- there are three
findings from the aphasic patients worthy of emphasis.

First, a late positive enhancement failed to occur during semantic
processing in patient L.F., who also failed to perform correctly. This
gives added support to our hypothesis that late positive enhancement
is directly related to correctness of processing rather than to stimulus
features themselves.

Second, the enhanced AEP components were bilateral and wide-
spread at many electrodes. Thus, the representational process probed
is not limited solely to the traditional language region of the left hemi-
sphere. '
 Third, we noted striking left-right waveform asymmetries during
processing of information loaded stimuli if one of the electrode pairs
was situated near the local brain lesion. This points out the value of
probing cognitive function with specific stimulus loads in order to un-
cover maximum lack of regional processing. We refer the reader to Ta-
bles 3 and 4, which show that the correlation coefficients were much
lower when the stimuli contained information. ‘

More data must be gathered systematically, using a variety of
stimulus arrays (geometric form match-mismatch, probes of logic and
simple mathematics, cross-modal match-mismatch, etc.). Patients
with a variety of local lesions (with and without aphasia) should be
chosen. In this way it might be possible to describe systematically
central representational processes after cerebral lesions as reflected in
components of the AEP.
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