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Abstract

Characterization of Aphasic Disruption pf Syntax:
The Perception of Grammatical Relations in Relative Clauses

by Robert A, Volin
Advisers: Professor Louis J, Gerstman (Chairesan)
Professor €dgar B. Zurif
Professor Helen S. Cairns

It has been claimed that a central syntactic processor
underlies all modalities of language performance. This claim
has been supported by evidence ot parallel syntactic deficits in
the production and comprehension of language by agramsmatic apha-
sics. These parallels have been demonstrated across groups of
subjects, but rarely within groups. The present study applied
two dissimilar comprehension tasks to agrammatics (and to fluent
aphasics as controls) 1in order to test the parallel deficit
clainm, One of these tasks was a paraphrase judgment paradigm
using written input; and the other was an auditory comprehension
paradigm. It was found that each aﬁhasi: group produced -deficit
patterns that were task-independent (i.e., were parallel across
tasks), The deficit patterns produced by the two groups dif-
fered. Further analysis indicated that the agrammatics, lacking
the use of syntactic cues ta graamatical relations in relative
gsentences, resort to a sentence processing strategy tased on the
proximity of semantically compatible nouns and verbs, and on ca-
nonical word order. While the agrammatic deficit was shown to
br task—-independent, the use of a strategy or strategies was

task—-dapendent in some subjects.
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Introduction

Language function has traditionally been bisected into the
faculties of speaking and listening. These were believed to be
discretely represented in the brain: speech was assumed to be
essentially a motor function mediated in the lett frontal cortex
while comprehension was believed to be a sensory auditory per-
ceptual process mediated in the left temporal and parietal
labes. (See, ©.g., Lichtheim, 1883.) The pattern of language
dissolution following brain damage has provided the major sup-
port for this view, which has changed little, except for the
elaboration of detail, to the present day {(see beschwind, 1970},
Developments in modern linguistics have motivated a competing
view, one that assumes that language is functionally organizad
in the brain in a modular fashion, along lines that roughly cor-
respond to levels of linguistic representation, and that this
organization 1is not modality-~bound in the traditional expres-
sive~receptive sense (Chomsky, (980). One consequence of this
view 18 a research strategy that seeks to identify and define
aphasic grammatical disruptions that are more or less insensi-
tive to modality: disruptions indicative of a central syntactic
deficit,

The traditional view of Broca’s aphasia held that agram-
matism, one of its main features, was an exprassive disorder
referable to disrupted motor functions subserving speech. Lan-
guage comprehension was thought to be essentially i1ntact. {See,

e.g., Lenneberg, 1973 for an exposition of this view,) While
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there were reports aof impaired sentence comprehension in these
patients, deficits of this sort were typically ascribed to dif-
ficulties inherent in the length and/or conceptual complexity af
the material (Schuell, Jenkins and Jimenez-Pabon, 1%7464). Mcre
recently, however, it has become apparent that agrammatic apha-
sics suffer a comprehension deficit that parallels their pro-
duction deficit insofar as comparable elements and structures
have been implicated. Just as agrammatics tend to omt closed-
class elements such as functors or bound inflectianal morphemes
in production, they fail to make use of these forms 1n compre-
hension. Elements sucth as articles, pronouns and reflexives
have been shown to be involved (Berndt and Caramazza, 1980¢; and
see discussion within). Moreover, the ordering of open-class
elements in a sentence carries syntactic information, which also
appears to be unavailable to some agrammatics (Saffran, Schwartz
and Marin, 1980; Schwartz, Saffran and Marin, 19803 but see
Heeschen, 1980 and Caplan, 1983). These findings, which will be
reviewed below, support the view that the language processing
system includes 4 dissociable syntactic component and that
agrammatism involves the selective impairment of aspects of this
system. A coraollary claim is that the agrammatic disruption is
"domain-specific®": that it gverarches (i.e., 15 shared by) mo-
dalities of input and praduction, and is independent from other
cognitive sequelae af brain damage.

This study scught to test saome of the empirical guestions

entailed by these claims by asking agrammatic sub,ects to per-
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form two experimental tasks which differ in modalities of input
and response. Both tasks employ identical linguistic materials.
Intertask comparisons were carried out in order to test the pre-
diction that a central, underlying syntactic deticit engenders
parallel results across modalities and types of performance dif-
ficulty. Further analysis sought to determine which, 1f any,
heuristic strategies are brought to bear on 1anguage compre-
hension when syntactic processes are disrupted. The perforasance
of agrammatic and nonagrammatic aphasics was compared ta deter-
mine whether their response patterns are syndrome-specific or

are a general result of left hemisphere lesions.



Neurolinguistig studies of agrammatism

Broca's aphasia

The syndrome ot Broca's aphasia generally results from ex-~
tensive lesions affecting the frontoparietal cortex and insula,
in the distribution of the superior branch of the left middle
cerebral artery ({(Mohr, 1976). Right hemiplegia, wusually af-
tecting the arm more severely than the leg, buccofacial apraxia
and ideomotor apraxia, which 15 manifested in the unaffected up-
per extremity, are commaon concomitants of Broca’s aphasia {De
Renzi, Pieczuro and Vignolo, 1944)§ Geschwind, 1965},

The spontaneous speech af these patients is halting, la-
bored, and usually distorted. Speech prosody is typically
sharply reduced, with utterances limited to one or few words.
In marked cantrast to their speech output, Broca’'s aphasics may
be able to carry a tune, once they are helped to initiate the
melody ({(Brown, 1972). Agrasmatism is reflected in the spontan-
eous speech of these patients by a decrease in occurrence of
grammatical morphemes and simplification in form (Howes and
Geschwind, 19462}, and by an i1ncreased proportion of nouns and
adjectives, relative tgo function words (Jones and Wepman, [963).
Repetition generally follows the characteristics of spontaneous
speach, The articulatory disturbance is extremely variable at
the phonemic level, and has therefore been characterized as
“verbal apraxia", a disturbance of motor speech programming

(see, e.g., Darley, Aronson and Brown, 19753). Martin (1974} has
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strangly objected to the use of the term "apraxia” to delineate
a phenomenon that is specifiable on linguistic (phonemic)
grounds. Haowever, the former view has been supparted by recent
studies of voice onset time characteristics (ltoh, Sasanuma,
Tatsumi, Murakami, Fukusako and Suzuki, 1982) and the articu-
latory dynamics of velar movement (Itoh, Sasanuma, Hirose,
Yashioka and Ushijima, 1980}, This research implicates a defi-
cit in timing control of the movements of the articulators ra-
ther than a deficit ot phonemic specification.

The auditory comprehension of Broca’s aphasics has tradi-
tionally been reported to be spared, relative to their speech
disruption, but these patients have shown deficits in the com-
prehension of minimally redundant, maderately complex sentences
{De Renzi and Vignolo, 1942; Poeck, Kerschensteiner and Hart e,
1972). Broca’s aphasics have demonstrable deficits in auditory
verbal short-term memory affecting their retention of (a) items
in a list and (b) of the sequential ordering of items in a list
{Albert, 1976). Moreover, they display a marked comprehensiaon
deficit for sentences in which meaning depends on syntactic fac-
tors (Zurif and Caramazza, 1976; and see review, withinl,

Reading in Broca’s aphasia follows the pattern of auditory
comprehension. These patients, traditionally thought to retain
relatively good -- albeit slow -- reading coaprehensian, have
been shown to have reading impairment (Benson, 1977). They dis-
play most difficulty with material in which meaning hinges on

syntactically cued relationships and 1s not clearly reflected by



semantic content (Samuels and Benson, 1979), The writing of
Broca’s aphasics parallels speech production., Misspeilings and
distortions are common. GOutput is limited and effortful. When
words are produced, they are almost always exclusively "content’
wards (Gopdglass and Kaplan, 1972).

The syndrome complex of Broca’'s aphasia involves loss of
mator function, disturbances of praxis, memory and 1anguage.
The past two decades have witnessed an increased awareness of
the manifold features of language impairment in this syndrome.
One of these features, agrammatic sentence comprehension, is the

subject of the {following section.

Agqrammatic sentence_comprehension

Numerous recent studies have extensively 1avestigated
agrammatics’ comprehension of sentences. The earliest approach
to be motivated by modern linguistic theory was that of Jakobson
{1964), who divided aphasic impairments into “similarity disor-
ders" and "contiguity disorders.' Within this broad framewark,
agrammatism would be characterized as a contiguity disorder; one
involving the relations between semantic entities. More re-
cently, research has focused on aqgrammatics” ability to respond
to material in which correct performance depends on comprehen—
sion of speciftic grammatical morphemes or structural cues. The
thrust of the recent work has been to show a dissociation, not

between modalities of input or output, but between syntactic and



semantic dimensions of language procesing.

Zurif, Caramazza and Myerson (1972) investigated aphasics’
control of free grammatical morphemes with a metalinguistic
worg-clustering task. Subjects grouped the two words that they
felt “went best together" in each of many word-triads taken from
the test sentences. There were no temporal constraints on per-
formance, as the stimulus sentences were kept in view while sub-
jects formulated their responses. Control subjects’ groupings
resembled traditional hierarchical phrase structure trees. The
Broca’s aphasics tended to cluster major category words (N, V,
Adjl; the “"content” words. Noun-verb pairings were most frae-
quent, but noun-adjective pairs were also produced. For exam-
ple, in the sentence *The girl was taller®, the most frequent
cluster was "girl - taller". 1In forming these clusters, the
Broca's aphasics viclated structural rules such as those per-
tairing to the role of function words in the construction of
noun phrases and the distributional characteristics of copula
{foras. Function words were not simply disregarded, however:
they were grouped together or were coupled with words of inap-
propriate form class (e.q., det + V). The noun phrases that
were formed by agrammatics invalved functars that were seman-
tically richer than articles, as in the sentence "Where are my
shoes?" This finding suggested that agrammatic aphasics might
be differentially sensitive to closed-class elements as a func-
tian of their semantic i1nformation load within the context of a

given sentence.



In arder to pursue this question further the triadic clus-
tering task was again employed (Zurif, Green, Caramazza and
Goodencough, 1978). In this study, the so-called ‘“semantic
weight" of closed-class words in some of the sentences was man-
ipulated as an independent variable., Differential sensitivity
to articles, pronouns and prepositions as structural markers was
examined. Three small groups were tested: these were Broca’s
aphasics with relatively good comprehension, "mixed anterior”
aphasics with agrammatic speech and obvious comprehension defi-
cits, and neurologically intact controls., The results showed
that neither aphasic group was sensitive to articles. The added
pragmatic importance of the article as a disambiguating marker
had no effect (cf. Heilman and Schales, 1976},

In marked contrast ¢to their performance with articles,
agrammatics approached the normal pattern in the clustering of
prepositions with nouns. But when the same preposition served
as an infinitive marker, the agrammatic gQroup failed to cluster
it. This again demonstrates the sensitivity of Broca’s aphasics
toc semantic factors that affect the role of a functor 1n deter-
mining the meaning of a sentence (and see discussion of the spe-
cial status of prepositions at the functional and positional
levels 0pf the language groduction model proposed by Garrett,
1982).

Within certain contexts the use ot the appropriate definite
or indefinite article bears important interpretive consequenhces.

Heilman and Scholes (1974) demonstrated that Broca’s aphasics



are unable to use this cue to discriminate two sentences 1Ln
which surface structure differed only by the position of the ar-
ticle. Subjects were required to choose the picture corre-

sponding to a sentence such as (1) or (2):

(1) He shaowed her the baby pictures.

(2) He showed her baby the pictures.

Broca’s aphasics performed at chance level on this task, and
were unable to distinguish these sentences from the truly am-
biguous version, (J).

(3) He showed her baby pictures.

In another study ot aphasics’' comprehension of articles,
Goodenough, Zurif and Weintraub (1977) found that Broca’s apha-
s1cs 4are "“unable to use articles to assign apprapriate refer-
ence.” Fresenting a visual array ot three figures, e.g., a
white circle, a black circle and a black square, they asked
their sub;ects to indicate the figure referred to by prerecorded
‘verbal instructions. These instructions i1ndicated a single
choice ("the white one", "the square one"}), or they 1nappro-
priately used the definite article when two choices were possi-
ble ("the round one", "the black one"). Broca’'s aphasics did
not demonstrate sensitivity to the function of the article:
their response latencies were equivalent for appropriate andg in-
appropriate trials, and their choices did not reflect the sense
that wunigue specification was regquired by the appearance ot the
definite article. These studies suggest that agrammatics, who

tend to omt articles in speech production, fail to fully wuti-
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lize articles in comprehensian.

Caramazza and Zurit (1976) reasoned that if Broca’s apha-
si1¢cs’ comprehension 15 agrammatic, they should have difticulty
understanding sentences in which grammatical relationships are
not cued semantically. They employed an auditory comprehension
paradigm 1n which subjects were asked to point to the picture
best described by a test sentence. Sentences were center-emn-
bedded and were (a) semantically nonreversible, {(b) reversible
or {(c) implausible but well-formed. Distractors among the pic-
tures were designed to distinguish semantic errors from syntac-
tic errors. When distractors cued only semantic changes (e.q..
wrong color or wrong verb), Broca's aphasics were fairly accu-
rate, but when the distractor marked a syntactic change, their
performance deteriorated. When forced to choose between pic-
tures portraying the correct gramaatical relationships and sub-
ject-object reversals, agrammatics chose correctly (about 90%)
when semantic constraints were present, as in (4). In the ab-
sence of semantic cues, as in (5}, accuracy dropped to the level
of chance.

{4) The apple that the boy 15 eating 1s red.

{3) The boy that the girl 1s chasing ts tall.

Agrammatics were also sensitive to semantic plausibility: well-
-forned sentences such as (5) were consistently misinterpreted
in favaor of the more plausible subject-object reversal.

{(6) The man that the norse is riding 1s fat.

Caramazza and ZIurif (1978) argued that these results 1indicate
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that agrammatics’ coaprehension parallals their production 1n
that "they are unable to use syntactic-like algorithmic proces-
ses" while retaining heuristic procedures of semantic i1nter-
pretation based on semantic plausibility and the probability
that noun-verb sequences can be interpreted as actor-action re-
lations. The available data, they continued, suggest that
agrammatism reflects damage to "a general 1anguage procesing
mechanism that subserves the syntactic component of both com-
prehension and production”. Notice, however, that agrammacic
performance 1in this study, as in those cited abhove, may be con-
strued as failure to utilize information carried by function
words in the comprehension of sentences.

Recently, Blumstein, Goodglass, Statlernder and Biber (1983)
completed a study which i1ncluded an investigation o+ Broca’s
aphasics’ comprehension of pronomainalization and reflexiviz-
ation. These subjects were found to pertorm pertectly on a pro-
noun test, which eiamined their ability to assign reterence on
the basis of the semantic i1nformation contained 1n the +torms
him, her, ¢them, me, and ygu. Their accuracy dropped to about
&8%. hawever, on a reflexive test which contrasted simple sen-
tences such as "She washed her" versus "She washed herself.”
Marpholaogical cues appear to he less effective faor agrammatics
than are lexical cues. This, again, suggests that agrammatics
fail to utilize 1n comprehension those elements that they tend
to omit 1n speech production.,

In a recent study, Friederici, Schonle and bGarrett (19820)
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tested agrammatics’® production and comprehension of prepositions
in sentences. Production was tested with a fill - i1n - the -
blank procedure in which subjects were shawn a series of pilc-
tures {e.g., of a cat lying under a chair). Along with each
picture, subjects were shown a sentence describing the picture,
but with the preposition missing. Subj;ects were required to
verbalize the missing preposition. Two comprehension tasks were
also employed. Both of these employed a multiple-choice tormat.
In the first, correct performance depended upon recognition of
the preposition itself; in the second, accuracy depended upon
recognitian of the preposition within a sentence corresponding
to the stimulus picture. There was no ditference i1n the accu-
racy of agrammatics’® production of prepositions and their per-
tormance in the sentence recognition comprehension task; and
performance on both these tasks was poorer than on the lexical
perception task., Friederici, et. al. concluded that these re-
sults suggest that agraammatics retain their "lexicaly based in-
ferential capacity" (which 1s likely why their comprehension ap-
pears to be superior to their production abilities), but not the
normal capacity to use closed-class items to guide phrasal in-
tegration.

Despite a general clinical claim that the reading compre-
hension of Broca’s aphasics i1s less impaired than their auditory
comprehension (see, B.g., boodglass and Kaplan, 1972), research
employing the visual modality has nroduced results that are

roughly parallel with the results of those using the auditory



input wmodality. Moreover, a small number of studies have di-
rectly compared the performance of Hroca'’s aphasics across input
modalities, and indicate that this factor has no gualitative ef-
fect on pertormance. For example, Gardner, Denes and Zur:f
{1975) administered a metalinguistic task that compared sub-
jects’ performance on material presented in auditory and visual
modalities. Pairs of sentences were presented, and subjects
were reguired to determine which one of the pair was correct.
The sentences were equated for all parameters except the syn-
tactic or semantic variable under test., Anterior and posterior
aphasics waere coapared. Both groups noticed semantic errors
linvolving lexica selection restrictions or real-world know-
ledge! more readily than syntactic errors. For both groups, the
aode of stimulus presentation had no etfect. Samuels and Benson
(1979) also contrasted input modalities in a study of sentence
comprehension. Subjects were required to make true-talse deci-
gions or to complete sentences that were designed to pose syn-—
tactic or semantic dit+ficulty, The Broca’s aphasics performed
more poarly an syntactically loaded sentences 1n both visual and
auditory modalities.

In summary, the foregoing research has demonstrated that
the agrammatic disruption of sentence camprehénsion appro:iti-
mately parallels the agrammatic production deficit, and appears
to be qualitatively 1nsensitive to sensary 1nput madality.
Agrammatics seem to rely on lexical/semantic i1nformationy cues

to syntactic structure, such as those that are carried by func-
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tion words, are relatively unavailable to thea. These findings
of fer considerable support +or the notion, consistent with the
modularity hypothesis (Chomsky, 1980), that the language pro-
cesing system includes a dissociable syntactic component and
that agrammatism involves a selective disruption atfecting this

component.

The locus of the agrammatic deticart

Two theoretical variants have emerged regarding the [ocus
ot the agrammatic languaqge breakdown. It has been proposed that
agrammatism 1s synptomatic of a general breakdown in syntactic
processing (Berndt and Caramaz:za, 1980; Caramazza and Zurif,
1974). Most of the work cited in the previous section has been
taken +for support for this parsing deticit hypothesis. One as-
pect of the parsing deficit hypothesis focuses on a deficit 1in
the processing of the vocabulary elements that are presumed to
si1gnal syntactic operations (Kean, 1980; Bradley, Garrett and
Zurit (19BO). Another variant [gcates the agrammatic ogeticit,
not 1n the initial assignment of structure, but 1n the mapping
of the parsed 1nput ontoc a semantically 1nterpretabie repre-
sentation (Saffran, Schwartz and Marin, 1989; [Linebarger,
Schwartz and Saftran, in press). These two variants will be
discussed 1n turn.

Functor theory: The vocabulary elements exploited by
the syntactic processaor can be characterized as functors or as
minar gramdatical categories, and may be specitied formally at

the phonalogical level (Kean, 1980). Regardless of the formal



characterizations eaployed, the lexicon is maore or less divis-
ible into two computationally distinct categories, the open-
class and closed-class vocabularies {(see barrett, 1982 for dis-
cussion). The two classes ditfer 1in their "interpretive
burden.” Open-class items are “primary agents of referente."
Closed-class 1tems are essentially "vehicles of phrasal con-
struction" and are largely nonreferential.

The importance of this distinction lies in its Implications
for the characterization of a computatiocnal system that eaploys
the two classes differentially. Closed-class items support syn-
tactic analysis, as 1s obvious from their effect in Lewis
Carroll’s “"Jabberwocky." As Bradley, Garrett and Zurif (198u)
point out, closed-class elements apparentiy have a role 1n the
establishment of major category membership of the nonsense words
in this work, thus enabling the reader to perform a sSentential
analysis of the nonsense strings. 1t is also well known that
closed-class elements facilitate learning and recall af anoma-
lous sentences (Miller and Isara, 1943). Bradley and Garrett
{1979; ci1ted by Bradley, et. al.. L?80) suggested a model 1n
which different word retrieval mechanisms, selectively sensitive
to open~ and closed-class elements, subserve structural and ref-
erential computational functions, respectively.

Bradley and Garrett, studying normal subjects, contrasted
the effects of the two form classes 1n two lexical decisian
tasks. The first task involved the presentation of letter

strings to subjects who had to decide whether stimulus items
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were or were not acceptable wards. T[he dependent variable was
response latency for accurate decisions. This task is highly
sensitive to frequency of occurrence (Forster, [979; Schuberth
and Eimas, 1977). The second task, a lexical interference par-
adigm developed by Taft and Forster (1774}, was a lexical de-~
cision task in which the stimuli of interest were nonword com-
pound farms. Some of these incarporated open-class words in the
initial position (e.g., "classipen”), some incorporated closed-
class words ("lessipen"), and "baseline nonwords" contained no
legal words ("fessipen"). Taft and Forster, studying normal
subjects, reported that open—class nonwords took longer to re-
ject than did baseline nonwords. Fresumably, recognition ot the
valid lexical status ot the initial open—-class segment retards
the decision to reject.

Bradley and Garrett (197%9) {found that the tirst lexical de-
cislion task produced the typical etfect, but only for apen-class
words. There was no frequency effect tor closed-class 1tems.
This indicated that open~class words and closed-class words may
be acrcessed differentially; the open class according to fre-
quency af occurrence and the closed class in some ather way.
The results of the lexical interference experiment also high-
lighted the distinction between the two classes. When the ini-
tial segment was an open-class i1tem, the typical interterence
effect was obtained. But when the initial string was a closed-
class item, rejection latencies did not differ sigmiticantly

from baseline nonword rejection latencies. Thus, 1n normal sub-
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jects, the closed~class vocabulary seemas to be accessed 1n a way
that eliminates the interference effect engendered by recogni-
tion of the lexical status of the initial segment.

Bradley, Garrett and Zurif (1980) repeated the lexical de-
cision tasks with a group of Broca’s aphasics and a group of
neurologically intact hospitalized controls. In both experi-
ments, the normals behaved as did the previous subjects, dis-
playing sharp distinctions between open- and closed-class ele-
ments, This contrast was not evident in the responses of the
Broca’s aphasics. While the normal subjects displayed sensi-
tivity to word frequency for open-class items only, the aphasics
displayed +requency effects for both classes. On the lexical
interterence task, normals rejected closed-class nonwords as ra-
pidly as baseline nonwords, but the Broca’s aphasics rejected
closed-class words as slowly as they did open-class words. For
the aphasics, both open - and closed~class 1tems behaved like
open-class vaocabularies.

The +act that Broca’'s aphasics were able to process both
classes of vocabulary items suggested to Bradley, et. al. that
"the normal organization of the word system 'doubly represents’
the clased class." On this view, ctlosed-class elements may be
represented both (a) with the full open-class lexicon that may
be supposed to support lexical semantic proceduresi and (b) 10 a
special "bin", from which rapid access of these elements without
full semantic interpretation supports on-line syntactic proces-

Sing. Rapid access of closed-class elements 18 a necessary as-
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sumption 1n this schemes closed-class access must be more rapid
than open-class access, in order to "inhibit the consequences of
the open-class routine,” Bradley and her colleagues cautioned
that these results do not prove that agrammatism 1s accounted
far by the failure of a claosed-class retrieval mechanism; but,
on the other hand, they offered this as a "plausible candidate"
hypothesis. They added that three +fluent aphasics have also
been tested on these tasks and that two ot them produced the
normal distinction between the farm classes (the performance af
the third was uninterpretable). Zurit (19HU) reported that a
fourth fluent aphasic had produced the narmal distinction., Thas
indicates that the pattern of the agrammatics’ performance 1%
syndrome - specific, and 1s not attributable to general effects
of brain damage.

In a replication of the Bradley, et, al. experiment,
Gordon and Caramazza ({982) found a nonlinear frequency effect
for both word classes in normal subjects. Higher +frequency
words produced a flat, rapid response curve, which 15 to say
that they did not show a frequency ettect. Lower frequency
words, on the other hand, produced a response-time curve that
varied inversely with frequency. Similar findings were reported
by Sequir, Mehler, Frauenfelder and Morton (1982), who studied
normal French speakers.

Although these reports appear to undermine claims based on
the +{requency data, other observations continue ta suqQgest a

computational dissociation between torm classes, First, the
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lexical interference results still stand. What is mare, a re-
cent letter cancellation experiment reinforces those results.
When normal subjects are required to cross out specified letters
in prose passages, they cancel letters appearing 1n open-class
words more reliably than they do letters appearing 1n closed
class words (Healy, 19768). Resenbergqg, Iurif, Darrett and
Bradley (i982) have found that agrammatics show cancellation
rates that are equivalent across classes. 1+ the normal results
are taken to indicate a distinction between open-~ and closed-
class lexical access routines such that closed-class i1tems are
subjectively mare or less "invisible," then the agrammatics’
performance suggests a disruption of the closed-class access
route. By this reasoning, the agrammatics are relatively better
at canceling letters in closed-class entries because they pro-
cess them not as rapidly accessed syntactic markers, but as
open—class vocabulary 1tems. Another form of evidence for com-
putational dissociation of apen- and closed-class elements has
been offered by Bradley and Garrett (1983), who have demon-
strated functional hemispheric asymmetry 1nvolving these clas-
Se5. They studied recognition of tachistoscopically presented
open- and closed-class words 1n normal subjects. They {ound
that recognition accuracies for the two classes differ only when
stimul1 were presented to the right visual field (left hemi-
sphere). Closed-class i1tems presenteg to the right visual +tield
were less available to report (more "invisible') than are open-

class items presented to the same f1eld. No such distinction
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was observed for stimuli presented to the left visual Field.
The normal lett hemisphere, in other words, seems to maintain a
distinction between the fora classes which the right hemisphere
does not recognize. These studies 1ndicate that the open- and
closed-class vaocabularies are computationally distinct, and that
a4 failure to process the latter 1n the normal fashion tigures
importantly in the agrammatic deficit.
An__alternative view: About the time that Bradley, et.

al., published their findings, Schwartz, Saffran and Marin (1980)
argued against a “phonological” account of agrammatism which was
put forward by Kean in a series of papers (see, e.g., Kean,
1979). They argued that Kean's account would predict that
agraamatics should be able to decode “constructions 1n which
grammatical morphemes serve no essential rolé,' on the basis of
informatian encoded in the canonical ardering of aajor lexical
items. Failure to do so, they continued, would be inexplicable
in terms of an inability to utilize i1nformation encoded 1n minor
gr asmatical categories. They argued that i1f agrammatics failed
to decode say, siaple active declarative sentences on the basis
of canonical word order, then the scope ot agrammatism must ex-
tend beyond the failure to utilize closed-class i1tems for the
computation o+ syntactic representation. Schwartz, et. al.
tested agrammatics’ ability to employ the syntax of word order
tc decode the grammatical relations i1n sentences. They found
that not one of their five agrammatic subjects reliably decoded

semantically reversible sentences on all three of the experi-
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nental tasks, The agrammatics did not appear to use word aorder
strategies 1n sentence comprehension and, 1n fact, such strate-
gies das they may have eaplaoyed varied from task tag task. These
tive subjects +failed to demonstrate a consistent word order
strategy collectively or i1ndividually.

In a companion article, Saffran, Schwartz and Marin (1980)
showed that these same agrammatics produced appropriate word
orders in production only when the sentential subj;ect and object
differed in "potency" or "saliency"” (by which criteriaon the more
salient element was the more plausible actor, as in the ani-
mate/inanimate contrast). Saffran, et. al. concluded that
agrammatic comprehension and production reflects an absence of
"the capacity to deal with language structures that encode re-
lational meanings." They suggest that

“the agrammatic selects salient elements of a
cognitive representation and maps them i1nto a sur-

face structure of the N-V-N form, ordering the NFs

on the basis of cognitive factors like animacy or

patency. The order of NPs carries no semantic

signifticance, Similarly, on the receptive side,

the lack of mediating linguistic structures re-
sults in the farlure to extract from worad orgder

the directionality of the underlying relation.”

Their view departs from a parsing deficit hypothesis in
that it sakes the ciaim that the agrammatic deficit 1s referable
to a level of processing at which logical relations are repre-
sented, a level that is conceived to be deeper than that at
which syntactic computation takes place. Linebarger, Schwart:z
ang Saffran {(in press) have offered new data compatible w:ith

this view. DObserving that the variants o+t parsing deficit the-



ory entail the i1nability of agrammatics to perforn syntactic
analysis of sentences, they present evidence that agrammatics
are able tao carry out grammaticality judgments successfully on a
variety of syntactic structures. They offer two hypotheses to
account for their findings. The first argument is that since
their subjects cannot have yielded this result without having
performed syntactic analyses on the stimulus sentences, the lo-
cus of the agrammatic deficit must lie not in the computation ot
syntactic representation but in its exploitation for the repre-
sentation of meaning. Alternatively, they suggest that, at
least in the aphasic population, syntactic and semantic pro-
cessing may compete tor computational resources, “so that sub-
jects achieve their optimal performance 1n one domain anly by
sacrificing accuracy in the other."

Caplan t(in press) offers counterarguments, claiming that
the Linebarger, et. al. results are, 1n his view, consistent
with a functor theory. WNoting that syntactic information may be
bound up with the meaning of a given lexical entry as well as 1n
phrasal structure, his argument, very briefly, is that the
agrammatic language processor appears to be restricted to the
syntactic information coded in the argument structures of indi-
vidual words. For example, the agrammatic might demonstrate
sensitivity to the fact that a particular verb takes a comple-~
ment, and conversely, be i1nsensitive to phrasal structure. On
this view, the agrammatic deficit involves information struc-~

turas that implicate the function word vocabulary: Caplan



paints out that the function word vacabulary contributes not
only to the construction of syntactic structures, e.g., of phra-
sal nodes, but also to the

semantic interpretation of supra-lexical syntactic
structures, It pravides aspects of semantic read-
ings, such as definite and indefinite reference ot
noun phrases, aspect and tense in verb phrases,
scope of quantification, etc. Both traditional
and current treatments of thase aspects of seman-
tic structure do not attribute them to lexical ca-
tegories but rather to phrasal categories and the
interaction of phrasal categories with each other
and with larger syntactic units such as clauses.
Just as the function word vocabulary plays a cri-
tical role in determining these aspects of syn-
tactic structure, 1t also plays an important role
in establishing these aspects of semantic struc-
tures. The mapping from semantic to syntactic
structures, which Linebarger et. al. suggest as
one possible locus of the disturbance in agram=
matism, may, accordingly, not be independent of
the semantic role of the function word vocabulary,
but, rather, intimately connected to it.

Caplan proposes that “it is the interaction of the syntactic
and semantic information jointly dependent upon the function
word vocabulary which 1s not available for processing.”

To summarize: The locus of the agrammatic disruption has
been variously placed. The breakdown of a parser has heen
proposed by Caramazza and Zuri#, 1976 and by Berndt and
Caramazza, 1980. Modifications of parsing deficit theory im-
piicating claosed-class vocabulary eiements have been advanced.
Bradley, Garrett and Zurit (1%980) suggested that agrammatism
is accaounted for by the failure af a special closed-class lex-

ical access routine which subserves on-line syntactic pro-

cessing. Caplan (in press) has argued that the deficit occurs



at the point of intersection between syntactic and semantic
representations which are "jointly dependent aon the functicn
word vocabulary." The paosition taken by Saffran, Schwart: and
Marin (1980) departed from a general parsing deticit theory
in suggesting that the locus of the agrammatic deficit :s at a
level ot processing at which thematic relations are encoded.
That position was elaborated by Linebarger, Schwart: and
Saffran (in press), who have claimed that agrammatics do, 1n
fact, construct syntactic representations: they propose that
agrammatism reflects either (1), a deficit in the mapping of
sy' .actic represantation onto semantic representation, or (2)
a tradeoft between syntactic and semantic processing in a re-
source-limited computational system. The issue of the loacus
of the agrammatic deficit is far from resolved. 1n any event,
the approaches we have reviewed are consistent with the modu-
larity hypothesis (Chomsky, 1980), with which this review

began.

The issue of domain-specificity

Much of the research discussed above has employed co#-
prehension tasks that require subjects to relate linguistic --
usually auditary -- stimuli to the objects or pictures to
which they retfer. Other research has used metalinguistic
tasks in which referenfial considerations are less explicat,
Examples of these are triadic comparison, anagram and gram-

maticality judgment tasks (e.g., ZIurif, et. al., 1972; von
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Stockert and Bader, 19743 and Linebarger, et. al.,in press),
The results of these studies have been remarkably consistent:
apparent parallels exist between agrammatics’ production and
their performance on several modalities ot receptive language
tasks. These parallels, which invelve comparable elements and
structures, have leo to the assumption that agrammatism 1n-
valves the disruption of syntactic processing (or its avatila-
bilityr at a level that underlies and accounts for the ob-
served behavior and 15 distinct from domain-neutral cognitive
abilities such as inferential functions (e.g., Berndt and
Caramazza, 1980; Caramazza and Zurif, 1974; Zurif. Caramazza
and Myerson, 1972}).

This assuaption entails the claim that syntactic +{unc-
tions are shared by performance systemss and should be guali-
tatively unatfected by modality of perception or expression.
The claim for cross—-aodality parallels has been widely sup-
ported by i1nferential statistics developed ¢rom group studies,
but, with some exceptions toc be described below, has rarely
been tested by subjecting a4 group ot agrammatics to two oOr
more tasks that differ in performance modalities. [ndeed, 1+
intraindividual comparisons $ai}l to show qualitative paralels
across modalities, one would be unable to make strong claims
for the existence of a domain-specific syntactic processor.

As mentioned, a few Studies have tested agrammatic subd-
jects across perfarmance modalities., BSatfran, Schwartz and

Marin reported an four agrammatic aphasics who were apparently



unable to make use ot word order to decode or encode santences
in the absence ot disambiguating semantic 1ntormation
(Gatfran, Schwartz and Marin, 1980; Schwartz, Saffran and
Marin, 1980)., Caramazza, Berndt, Basili and Koller (1981) de-
scribed two Broca’s aphasics whose agrammatic responses on  a
number of production and comprehension tasks could be clearly
differentiated From the respanses aof a Wernicke’'s and a con-
duction aphasic. Friederici, Schonle and barrett (i982) gre-
sented a group of Broca’s aphasics who demonstrated defective
production of prepusitions in a sentence completion task and
who were unable to accurately recognize sentences in  which
prepositions play important syntactic roles. These direct
comparisons constitute support for the notion that agrammatism
may be attributed to an overarching syntactic deficit (whate-
ver its locus or loci may be), but sach 1s limited 1n scope.
Further elaboration 1s clearly needed. This study extends
the parallel deficit claim by comparing performance across two
receptive activities which 1mpose rather different pertformance

demands, These will be detailed 1n a later section.

Heuristic sentence processing strategies

This study addresses a secand issue as well. It has been
suggested that agrammatics, lacking the benefit of normal syn-
tactic processing may be inappropriately dependent upon a se-
quencing strategy that, for example, wmaps a noun-verb-noun

sequence onto agent-action-object rales., The evidence an this



point is contradictory. As noted, Schwartz, et, al. (1980
reported that their subjects failed to employ a consistent
word order strategy. 0Others, however, have reported the use
of temporal order by agrammatics {(e.g,, Caplan, 1n press; von
Staockert and PBader, 1974)., Heeschen (1982) re-ported that
German agrammatics show sensitivity to word order, even 1n
sentences that are interpretable on the basis of plausibility
alone. Scholes (1982) discusses a hypothetical ‘“"verb-right"
{SOV) —strategy. He considers the possibility that “misor-
derings of (at least major) constituents of sentences may re-
flect a tendency in agrammatic aphasics to operate 1n terms of
more natural, less marked, seguencing strategies.” By testing
subjects® performance aon several forms of two-clause relative
sentences, this study examines the tendency of agrammatic
aphasics to employ sequencing strategies (or, more precisely,
tc demonstrate consistent response patterns)., These sentence
forms are well suited ta this study, for it is possible to al-
ter the grammatical relations these structures express by
means of simple shifts in word order, There is, moreover, a
considerable body of literature, concerned with the compre-
hension of relative clauses, with which to compare to agram-
matic patterns of response. [t i; to this literature that we

now turn.



The comprehension of relative clauses

The sentence structures to be considered here take the
forms listed below. The sentences are labeled according to
the contrastive roles ot their relativized noun phrases. In

clause and is the subject of the relative clause as well. In

clause but is the subject of the relative clause (Sheldon,
1974). The pasition of the empty NP 1n each relative clause
18 1ndicated here by the symbol -,

(7} SS-relative:
The cow that ~ bumped the horse kicked the goat.

(8) S0-relative:
The horse that the cow bumped ~ kicked the goat.

{?) OS-relative:
The goat bumped the cow that ~ kicked the horse.

{10) 00-relative:
The horse kicked the cow that the goat bumped .

A brief ward about notation: each sentence used in this
study contains two NFs and two verbs, When sentences are con-
sidered structurally in the remainder 1n this paper, NPs will
be labelled N1l or N2 in order ot their appearance in the sur-
face string., Similarly, the verbs will be labelled V1 and V2
{in the experimental sentences, to be described 1i1n anhother
section, V2 is always the verb + particle "fell down"}. Thus,
tor example, the notation Ni1-V1 (50) indicates the tirst noun
and first verb in SO-relative sentences.

A relative clause modifying the subject of a sentence has
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the effect of interrupting the linear flaow af the sentence,
Miller (1962) and others demonstrated that such center-em-
bedded clauses are harder for adults to process than are

right-branching relative clauses, It was argqued that this is

the result of the increased processing load engendered by the
need to remember elements ot the main clause while processing
the relative clause.

Slobin (1971} considered a body of evidence showing that
center-embedded constructions are more difficult to process
than right-branching sentences for children as well as for
aduylts. He suggested that sentences containing i1nterrupted or
rearranged elements are more difficult than those 1in which
constituents follow a S-V-0 order. According to Slobin, cen-
ter-embedded sententes were instances of interruption by the
relative clause,

Sheldon (1974) named Slobin’s suggestion the “interrup-
tion hypathesis.” Sheldon argued that it predicts that S5 and
S0 relative sentences would be harder for children to process
than right-branching (05 and 00} relatives. She {found, to the
cont;}ry, that children three to +ive years old had the most
difficulty enacting S0 and 0S sentences, and did bast with S5
and 00 sentences. Sheldon noticed that in these sentences the
grammatical +function of the relativized NP of the main clause
matches that of the empty NP of the relative clause. Accor-
dingly she praoposed the "parallel function hypathesis” ta ex-

plain her data. The paralle! function hypothesis claims that



children wil! interpret the grammtical function of the rela-
tivized NP to be the same as that ot its antecedent, and that
sentences in which coreferent NPs have the same grammtical
function w1ll be processed more readily than those whose co-
referent NPs have different gramatical functions,

Sheldon (1977) subsequently extended her study to agults,
who vyielded a different pattern. College students did not
show a parallel function etfect. Instead, Slobin's predic-
tions concerning word aorder rearrangement {as in 05 relatives,
55 and S0 relatives) were supported. Sheldon accounted for
these findings by proposing an “adjacency strategy":

In parsing a noncompound sentence, starting from

the lett, group together as constituents of the

same construction two NPs...and an adjacent non~

initial verb that has not already been assigned to

a clause. Interpret the first NP as the subject

of the wverb, and the second NF as the object of

the verb (Sheldon, 1977, p. 312).

The adjacency hypothesis predicts that adults will make fewest
errors on 05 sentences, and most on S0. 00 and S5 errors
would +all in an intermediate range. These are the results
reported by Sheldon {(1977). To explain the full range ot her
findings with both children and adults, Sheldon claimed that
strategies vary with age and sentence form. While the notion
that strategies may vary as a function of age 1% eminently
plausible, the argument that strategies may vary with sentence

type seems to be ad hoc.

Lahey {(1974) investigated children’s comprehension af SS,



S0 and CO sentences. The sentences were presented under sev-
eral conditions, i1n which the presence or absence of syntactic
markers and/or normal prosody were manipulated as experimental
variables, Lahey found that the 50 form was, overall, the
most difficult. She took this data to be support for the par-
allel +function hypothesis. Lahey found, 1n addition, that
most of her subjects took the first-mentioned NP in a sentence
to be the agent ot both of the actions encoded by that sen-
tence. Note that this "first-mention” strategy and the par-
allel function hypothesis make 1dentical predictions for S8
and S0 sentences, but not for (S sentences.

Smith (1974; cited in de Villiers, et. al., 1979) sug-
gested that children’s processing of relative constructions
might be accounted for by the simultanecus application of two
strategies. An SV] strategy (after Bever, 197u) 1nterprets an
NVN seguence such that the tirst noun 15 subject and the sec-
ond noun is the aobject of the verb. The second strateqy, the
“minimum distance principle”, dictates that in a relative sen-
tence an NP immediately preceding a syntactically marked rel-
ative clause will be interpreted as subject ot that clause.
I+ these strategies are applied, then 0S sentences should be
easiest, since both strategies predict correct interpretation.
S0 relatives should be most difficult, since both strategies
predict failure. Smith (1974) obtained the predicted order of
difficulty, using an elicited imitation task.

De Villiers, Flusberg, Hakuta and Cohen (197%9) examined



several conflicting hypotheses by testing children with an en-
actment procedure. Sentences were scored for the number of
correctly marked grammatical relations (following the methad
af Lahey, 1{974). The resultant order of accuracy was 05 = §S
> 00 > S0 (the directionality this nptation 1s apposite that
of many of the papers cited here, which tended to report re-
sults in terms of errors produced). De Villers, et. al. con-
cluded that their data are consistent with an NVYN surface
structure processing strategy.

Tavakolian (197B) found that the predominant error type
produced by children matches the analysis required to 1nter-
pret the role of the missing NF in conjoined sentences. In
relative sentences of the types used 1n this study (see the
Methods section), this leads to the same predictions as the
"first-mention" strategy. The predicted order af respaonse
accuracy is 55 > 80 = 0S.

Hany of the findings and interpretations reviewed above
are contradictory. Some of the differences may be more ap-
parent than real. For example, there is substantial variety
in methodology and in the ages of the child subjects. There
is another, possibly confounding factor, worth noting: it has
been reported that children’s performance is radically 1m-
proved when the number o+ nouns (or NPs) i1n relative sentences
is reduced from three to two (Goodluck and Tavakolian, 1982).
Since most of the work on children’s comprehension of relative

sentences revolves around their responses to three-NF con-

Gl
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structions, the conclusions derived fron this work may be
questioned, While it is true that these conclusions my be
campronised, this review has been presented i1n arder to 1n-
troduce various hypotheses that have been advanced to account
for children’s comprehension of relative sentences. Thase
will serve, in the present work, as the basis for an attempt
to characterize comprehension strategies used by aphasics.

The comprehension of relative sentences by adults has not
been studied as extensively as 1t has been in children. [nhls
is natural enough, since adults rarely fail to comprehend
them. Investigators such as Cook (1975) and Larkin and Burns
{1977), employing multiply-embedded constructions, elicited
responses that led them to claim that anemonic limitations ac-
count for incorrect performance. Such coaclusions are no
doubt wvalid for multiply embedded sentences, but they are of
doubtful utility in consideration of the clausal processing ot
singly-embedded constructions. In passing, notice that pre-
dictions based on mnemonic limitations are within the scope of
the interruption hypothesis.

Feier (1977) found support for the parallel function hy-
pothesis (S5 = 00 > OS > S0) among normal elderly subjects.
She noted, however, that parallel function does not predict OS5
> 80, To account for this finding she proposed a “temporal
strategy” which assumes that the sequence N1-V1-N2 1s the SVO
sequence of the first enactment. Since the 50 form 15 the

only one that violates this assumption, the theory predicts
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greatest difficulty for 50 relatives. In effect, Feier’s work
supports that part of Slobin’s arguments pertaining to the
rearrangement of constituents. Within the context of the rel-
ative sentences under consideration, the temporal strategy 1s
consistent with the minimum distance principle.

Brain-damaged adults appear to be unable to assign gram-
matical relations in relative sentences without pragmatic
and/or semantic cues (Caramazza and Zurif, 1976). Bliumstein,
Goodglass, Statlender and Biber (1983) have suggested that
aphasics use an heuristic strategy which relates an anaphor to
the nearest preceding antecedent. Thus, in relative senten-
ces, this “minimal distance strategy” (MDS) assumes that the
antecedent of the empty NP in the relative clause is the near-
est preceding NP. Blumstein, et. al, observed that their sub-
jects were likely to erronecusly assign reference 1n sentences
which violated the MDS.

Caplan (in press) has proposed that agrammatics have ac-
cess tp syntactic/semantic information carried by 1ndividual
lexical entities, but not by supra-lexical nodes. This "lex-
ical nade" hypothesis predicts that agrammatics will process
relative constructions (indeed, any sentence torms) as though
thay are strings of ma;or lexical items and will 1interpret
them according to their lexically-encoded argument structures,
I+ it 15 assumed (as does Caplan, for example) that temparal
order figures in the assignment of nouns to verb argument

structures, then sentences 1n which the major lexical items



are ordered as 1n (11)
{11) N1-V1-N2-V2,

{e.g., The man bumped the woman that tell dawn) will be in-
terpreted as NI-V1-N2, ang N2-VZ (the man bumped the woman,
and the woman fell down). This form, (11), corresponds to (O,
88 and (S sentences having twa NPs. The interaretation given
here 1is, of course, correct only for OS5 sentences. This 1n-
terpretation of the lexical node hypathesis alsa predicts a
somewhat more erratic performance on S0 relatives, since the
ordering of the lexical items in that farm does not confora to
the argument structures of the verbs. Notice that this pre-
diction confarms with that of the ainimal distance strategy.

In summary, it has not been possible to unambiguously
characterize the heuristic processing strategies presumanly
applied to relative sentences by young children and/or lan-
guage-i1mpaired adults. Reviewing this literature, one 1§ con-
tronted with conflicting data and claims. There are many sa-
lient wvariables, such as subject selection, number of NPs 1n
stimuli, data analysis, and the like that tend to make com-
parisaons difficult. Four major candidate strategies emerge
trom this review, each predicting a somewhat different set ot
responses to relative sentences. These are the minimal dis-
tance (MDS), adjacency (ADJ), parallel function (FFS) and
first noun phrase (FNP) strategies. Each will be briefly de-
stribed, and the behaviors predicted for each will be out-

lined. These predictions, projected for each of two experi-
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mental tasks, are represented in Tables 7 and B8.

Minimal _distance strategqy. 7This strategy, as 1t 1s
construed 1n the presant work, closely raseables the "minimum
distance principle” described by Smith (1974). It is presumed
to result from the simultaneous operation of two heuristic
principles. The first of these is the canonical arder stra-
tegy (Bever, 19270}, which assumes that in an NVN sequence, the
first noun is agent and the second noun is the patient. The
second heuristic is a departure fram Smith’s formulatiaon, and
does not require recognition of syntactic markers as such faor
its opperation. According to this second heuristic, thematic
relations will be assigned among the most proximate seman-
tically plausible items. fhematic relations holding between
the first noun and final verb i1n two-clasue relative sentences
Wwill not be accurately perceived by a user of this principle.

Several of the strategies reviewed here are compatible
with the ainimal distance strategy. It i1ncorporates the 1in-
terruption hypothesis (Slobin, 1971} and, despite the fact
that 1t does not regquire recognition of a function word mark-
ing a relative clause, makes predictions identical to those af
Smith (19738), Similarly, this msinimal distance strategy makes
the same predictions as does the like—-named heuristic proposed
by BHBlumstein, et. al. (1983). This strategy 1s also consist-
ent with the lexical node hypothesis as well, except i1n S0-
relatives, where the latter predicts ambiguity with regara to

thematic relations around the verb in the NNV sequence.



The wminimal distance strategy predicts that oabject—sub-
ject relatives, e.g.,

The man greeted the woman that fell down
should be most readily understood, since neither canonical or-
der nor proximity constraints are violated. Sub ;ect-sub ject
relatives, e.g.,

The woman that watched the man +ell down
should elicit errors. The minimal distance strategy predicts
an interpretation of this surtace string such that the +first
noun is the agent and the secand noun the patient of the first
verb, while the second noun i1s agent of the secono verb. Sub-
jact-object relatives, e.g.,

The man that the woman bumped fell down
shquld also elicit errors. The vialation of canonical order
is expected to disrupt perception of relationships around the
first verh, and the correct noun i-verb 2 agent-action rela-
tionship vioclates the proximity principle. Since bhoth prin-
ciples are viglated by subject-cbject relatives, this form
should engender the greatest number of errors among users of
this strategy.

The adjacenc trategy.. This strategy was
originaliy proposed by Sheldon (1977), Its definition 1s
repeated here:

In parsing a noncompound sentence, starting from

the left, group tagether as constitusnts of the

sam@ construction two NPs,.,and an adjacent onon-

initial verb that has not already been assigned to
a clause. Interpret the first NP as the subject



of the verb, and the secand NP as the object of
the verb (Sheldon, 1977, p. 312).

This strategy assumes that any coambination of two nouns and a
transitive verb will be interpreted such that the temporally
first noun is the agent and the second noun the paatient. As
defined by Sheidon, the adjacency hypothesis 1s restricted to
noncompound sentences, and 1t makes nao prediction regarding
thematic relaticns involving the second verb i1n sentences of
the types used in this study. It will be assumed, then, that
proximity applies in these cases. This assumption allows a
distinction between the adjacency strategy and a first noun
phrase strategy, to be described below. This formulation
leads to correct interpretation of abject-subject relatives,
and predicts equivalent error groportions for subject-sub;ect
and subject-obhject sentences. Since the lexical node hypo-
thesis (Caplan, in press) seems to be neutral with regard to
the assignment of thematic roles in NNV sequences, it 15 com-
patible with both minimal distance and adjacency hypotheses.
The parallel function strategy. As defined by

Sheldon (1974), this strategy is one i1n which relative sen-
tences will be interpreted such that the grammatical function
of the relativized NP will be perceived toc be the same as that
of its antecedent. Thus, among subject-subject, subject-ob-
ject and object-subject relatives, sub;ect-subject relatives
should elicit fewest errors. [n projecting responses for this

strategy 1t was again assumed that i1t depends on surtace
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structure processing. On this assumption, the fi1rst agent—
action relationship to be encountered in a left-to-right scan
of the surface string would determine the interpretation at
the second agent-action relationship. This interpretation 1s
correct 1n subject-subject relatives, but not object-subject
relatives. The 1nterpretation ot subject-object +orms was
projected as follows: naoun 2 1s agent of both vern ! and verd
2. This 1s, of course, incorrect.

The fi1rst noun phrase strategy. This strategy simply

assumes that the first noun encountered in the surtare string
is the agent of all subsequent actions. By default, other
nouns are assumned toc take patient roles., This strategy pre-
dicts correct respanses tc one form of relative sentence, the
subject-subject relative. In subject-ob;ject sentences, the
agent of the tirst verb will be misinterpreted; and 1n ob-
sect-[subject sentences, the error will involve the second
varb.

The predicted responses for these four strategies will be
compared with the responses of two groups of aphasic patients
to determine which, 1+ any, strategy 15 employed by each
group. The research hypotheses and methods follow 1n the next

section.



Strategies reconsidegred: a_caveat

The word "strategy" implies the use of a plan, a wmethod
to achieve a desired result. In the current context, however,
the term 1is used to describe and/or explain patterns ot re-
spanse reflecting subjects’ comprehension of sentences. To
say that a subject or group of subjects employs a strateqgy,
then, 15 to say that their responses demonstrate regularities
that reflect their ability to i1mpose order an linguistic 1in-
put. This ability may reflect damain-specific constraints an
the construction of linguistic representations and/or domain-
-general constraints, e.g., on the ability to form or utilize
inductions over experience, such as regularities of word or-
der. in subsequent discussion, the term "strategy®” will bear

the meaning which has been expressed here,
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fhe research hypatheses

A large body of evidence has been accumulateo to support
the belief that agrammatism 1s attributable to a central, do-
main-gpecitic syntactic deficit. Few studies have reparteo
cross-modality studieg perfarmed on a single group of sub-
jects; and those that have dpne so have supported the central
deficit Hhypothesis (Carama:zza, et. al., 1981; Friederici, et.
al., 1982; Sa#fran, et. al., 1980; Schwartz, et. al., 1980;
but see Linebarger, Schwartz and Saffran, 1n press). It was
anticipated that the agrammatic subjects of this study would
also vyield results consistent with the central deficit hypo-
thesis.

The follawing research hypotheses were advanced:

Hi. 1[f agrammatism is in fact domain-specific, then the
character ot this deficit should be unaltereg by variation 1n
task demands., The ability ot agrammatic Broca’ s aphasics to
torrectly represent agent-action relationships 1n relative
sentences was tested i1n two quite dissiallar comprehensian
tasks (tp be described 1n the following section). It was hy-
pathesized that their patterns of error across sentence types
-- reflecting their syntactic processing deficits -— would be
qualitatively equivalent atross tasks.

HZ. 1+ the agrammatic deficit i1s to be considered syn-
drome~specific, and not the general result of damage to the
dominant hemisphere, then the response patterns generated by

Braca's aphasics should differ qualitatively from those of
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fluent aphasics. It was anticipated that such a distinction
would be observed.

H3. [t was further hypothesized that agrammatics, pre-
sumably 1ncapable of normal grammatical analysis, employ &
principled and predictable heuristic sentence processing stra-
tegy. [t was predicted that the results of this study would

provide evidence for the use ot one such strategy.



METHOD

Subjects

The subjects who participated 1n this study were eight
Broca’'s aphasics, six +luent aphasics and nine neurclogically
intact caontrols. All subjects were patients in the New York,
Broaklyn or East Orange Veterans Administration Medical Centers.
Each of the aphasic¢s has a documented history of single left fo-
cal EVA, with no suspicion of bilateral involvement. Each was
right-handed, premorbldly. The methods employed 1n the deter-
mination of lesion site varied from patient to patient, and con-
sisted of combinations of all or saome of the following: clini-
cal neurplogical signs (e.g., hemiplegia, hemisensory desicit,
refleves), CT scans, and brain scans. Most of the controls were
outpatient visitors to the otolaryngeology clinic of the New York
VYA Medical Center, and had no history or suspicion af neurc-
logical disease. Background information pertaining to the apha-

51C subjects 1s summarized in Table 1.

Broca’s_aphasics

The eight Broca’s aphasics rangeo 1n age +rom 47 to 67
years, with a maean age of 54,13 years. In each case the site of
iesion was within the distribution ot the superior branch ot the
left nmiddle cerebral artery (Mohr, 1¥74). The number of vyears
of education completed ranged from 8 to 14, with a mean aof 1l.6.

The duration of aphaslc impairment ranged fram 9 months to 12.3



44

years, with a mean of 4.56 years. Freselection criteria 1n-
cluded: (a) Boston Diagnostic Aphasia Examination (boodglass
and ¥Xaplan, 1972) profiles consistent with the diagnaosis o+
Bbroca's aphasia, (b} z-scores ot -.5 or better on the auditory
comprehension subtests of the BDAE, (c) raw scores of 4 or bet-
ter on the reading sentences and paragraphs subtest of the BDAE,
and (d) nonfluent, agqrammatic speech output. The severity of
aphasic impairment was not a preselection criterion, but 1t was
found that subjects with BDAE severity ratings as low as 2 were
able to participate appropriately, while a patient at level 1
was unable to respond reliably, No very aildly impaired (level
3y Broca's aphasics were tested. Severity levels ranged from Z
to 4. Auditory comprehension z-scores ranged from -.1 to .8,
with a mean of .4464. Raw scores on the reading sentences and
paragraphs subtest ranged from 5 to 8, with a mean of 4.25. Ar-
ticulatory agility z-scores (EDAE) ranged from -2.1 to -.6, with
a mean of -1.34 . The length of the longest uninterrupted
phrase uttered in a speech sample ranged 4rom | to 7, with a
mean ot 3.38. Ratings of avallability of grammatical forms 1n
spontaneous sbeech {BDAE) ranged from ! (none available) to I
(simple declaratives and occasional i1nstances o+ more complex
forms e.g., constructions i1nvolving modal verbs), with a mean
rating aft 2.94,

The validity of the use of contemporary classification
schemes +for making generalizations about the structure of lan-

guage has recently come under serious scrutiny (e.g., Caramaz:a



and Martin, in press; Schwartz, 1982). Schwartz {1982) has ab-
served that despite the well-known clinical utility attendant
upon identification ot an aphasic with one or another of the ma-
jor clinical syndromes, "it has become paintully clear that di-
viding patients along the lines of the classical aphasia syn-
dromes does not make taxonomically relevant those generali-
zations about language organization that many of us strive to
capture.," She points out that the major aphasic syndromes are
"polytypic” structures, defined by clusters of shared charac-
teristics, of which no single one 1s necessary +for identiti-
cation with a particular syndrome. Thus, if the major climcal
entity Broca’s aphasia is viewed as a polytypic structure, one
may not deneralize a set of experimental findings to all Broca’s
aphasics. One should expect, to the contrary, to find Broca's
aphasics who do not demonstrate this finding and, further, ta
tind it 1a aphasics who would not be so classified on 1nde-
pendent grounds. The recent experimental literature has of-
tered several cases in point, FReports of two patiente ‘“pre-
senting with agraamatic speech and what seams to be normal com-
prehension” are cited by Grodzinsky, Swinney and Zurif ({in
prass), Caplan, Mattheir and Gigley (198!), using an enactment
paradigm, tested 11 clinically diagnosed Broca's aphasics’ com-
prehension of gerundive constructions. Four of these subj;ects
demonstrated the use of normal grammatical structures in their
interpretation of trial sentences, six clearly failed to do so,

and one produced a random response pattern, This result ofters
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empirical reason to question the theoretical utility af syn-
drome-based qroupings: here, a group of sub;ects who shared
membership in a taxonomic category were separated out 1in the
centrifuge of experimental study.

Heretofore, the terms ’Broca’s aphasia’® and ’agrammatism’
have been used more or less interchangeably. With these recent
examples in mind, it was aof some interest to ask whether the
Broca's aphasics participating i1n this study, who were selected
on the basis of criteria which are common in clinical and ex-
gerimental wusage, would separate into discernible subgroups.
Subjects” response patterns and other relevant data were ex-

amined for evidence of subdivision.

Fluent aphasics

The six fluent aphasics ranged 1n age fraom 33 to 7!, with a
mean of 54, [n each case, a posterior site of lesion, either
parietal or temporo-parietal, was established. Duration of
aphasia varied from 1.5 months to ten years, with the mean just
short of three years. The educational backgrounds ot these pa-
tients varied widely, from completion of the Fth grade to the
attainment of a Masters of Business Administration. The mean
years of schooling for this group was 12.67. The preselection
criteria +for this group were (a) BDAE profiles consistent with
the +luent aphasias (Wernicke’s or anomic), and (b} the ability
to read and understand at least four of the i1tems of the FHDAE

reading sentences and paragraphs subtest. Severity of 1mpair-
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ment was not a preselection criterion, but it was found that a
fluent aphasic with a BDAE severity rating below 3 (able to dis-
cuss most everyday problems without much assistance) was unable
to grasp the experimental task requirements. The severity
levels of the participating fluent aphasics ranged from I to 35,
These levels reflect relatively milder impairment in fluent pa-
tients when campared with the Broca's aphasics. [This disparity
was necessitated by the i1nability cf more severely impalred +lu-
ent aphasitcs to complete the pretrial training (see below +for
details)., It 1s believed that group ditterences 1n auditory and
reading comprehension scares reflect this difference 1n overall
severity. Auditory comprehension z-scores ranged trom 0 to 1.0,
with a mean score of 0.4l. Raw scores on the reading subtest
varied +4reom 5 to 10, with the mean of 7.67. Articulatory agil-
ity z-scores ranged from 0 tp 1.0, with a mean of U.b&6. Phrase
length varied from S to 11 words (mean = 8.33). There was no

obvious limitation aof the availability of grammatical forms.

Control subjects

The nine contrel subjects were otolanryngology or derma-
tology pajtients of the New York Veterans Adainistratian Medical
Center. They were free of any i1ndication of neurological dis-
-F1-1-M They ranged in age from 47 ta 71 years, with a mean of
57.11. Their educational levels varied from completion of 9th
grade to {four years of college. Tne average number of grades

completed was 12. These subjects were tested only to verity the
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claim that neurologically intact persons would perform mare or
less flawlessly on the experimental tasks. This was indeed the
case: only three errors were recorded among the 1,440 responses

generated by these subjects. There will be no further discus-

s10n of the normal controls.

Two-clause relative sentences are well suited +for this stu-
dy, for the graematical relations these structures express are
altered by siaple shifts in the ordering of ma or and/or minor
lexical items. The stucture and labelling of the types of sen-
tences employed in this study were discussed above., Examples of
the experimental sentences follow.

(t2) 58S relative:
The man that bumped the woman fell down.

{13) S0 relative:
The woman that the man bumped fell down.

(14) QS relative:
The man bumped the woman that fell down.

A conj;oined sentence of the same length and containing the same
set of major lexical elements served as a control structure:

{15) CQ (conjoined):
The woman bumped the man and fell down,

Since these forms end with an intransitive verb, sentences of
the O0-relative torm, e.g.,

(16} The man bumped the woman that the girl watched.
cannot be used here. This restriction is motivated by the re-

sults nf a ptlot investigation which revealed that subjects who
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were unable to perfarm reliably with 3-NP sentences, such as
{16), per+ormed consistently with 2-NF forms., This finding re-
iterates that of Goodluck and lavakalian (1982), who repaorted
that children respond more readily to 2-NF sentences than to 3-
NF constructions.

The test sentences were generated from a closed list of two
poun phrases, four transitive verbs and one compound intransti-
tive verb. A closed set of stimuli was used to avoid semantic
variability as a confounding factor, The noun phrases are:

the man
the woman

and the verbs ares
pushed
bumped
watched
greeted
fell dawn,

Five exemplars of each sentence type were constructed, with
the number and position of NPs and verbs balanced across type.
The order ot sentence presentation was pseudorandomized: a com-
puter-generated random list order was sodified to ensure that no
sentence type or transitive verb appeared twice 1n succession.
The experimental sentences are listed, 1n order of presentation,
in Appendix A.

The transitive verbs were originally chposen to test the hy-
pothesis that verbs denoting proximal contact are 1n some way

more readily incorporated into meaning structures than are verbs

denoting physically more abstract actions. The enterprise was



suggested by the work of Fastouriaux, Brownell and ZIurif (1982,
and by the choice of verbs employed i1n the work ot Saffran ano
colleagues (Saffran, Schwartz and Marin, (980¢{ Scwartz, Saffran
and Marin, 19680), It was intended to test the hypothesis by
noting which verb(s) engendered the greater number of action-
errors on the enactment task, to be described in the +following
sectian. As it happens, very few action errors were recorded;

thus no analysis was possible.

roceqdures

Testing conditions

Each subject was individually tested in a single session,
which began with preliminary testing on portions of the BDAE
(described above), followed in most cases with the taping of a
gpontaneous speech sample. In the interest of brevity, speech
samples were not taken for patients having taped samples on file
at the New York VA Speech Pathaology Clinic. In addition, sub-
jects wunderwent tests of verbal {and in some cases, nonverbal)
short term memary. Patients who satisfied the preselectiaon cri-
teria were then trained in one of the experimental tasks and,
having satisfied the training criteria (see below) were then
subj;ected to the task. This was followed by training and test-
ing in the second task. The details of training will be pre-
sented for each task separately. The order of administration of

these tasks was counterbalanced across gQroups.



Short term _memory tests

Digit span testing, both forward and backward, was 1ncluded
in the test battery. Testing proceeded at progressively dif-
ficult levels, and two failures at a given level ended the test
sequence. The score was the highest number of successfully re-
peated digits. A number board was provided for sequential
gointing, thus subjects were able to select a verbal or gestural
response modality, About midway through testing, i1t was sug-
gested that a measure of non-verbal memory be included. Conse-
quently, the Knox Cube Test (Arthur Revision, 1947), was added
to the battery in time to praovide supplementary data for four

Broca’s aphasics and four {luent aphasics.

Experimantal tasks

l. Auditory cosprehension -- endctment task,

This task has been used successfully with aphasic subj;ects
by Caplan, Matthei and Gigley (1981). [t has also been employed
extensively in the study of children’s acquisition of grammar.
At the start of each af the twenty trials on this task, a sub-
ject 1s canfraonted with two freestanding hand puppets -- one the
likeness of a man, the other of a woman -- placed on the table
and facing him., It has been suggested that sentences with re-
strictive clauses presuppose more than one 1nstantiation per
noun phrase, and that violatiaon af this “felicity condition®
might present problems in the interpretation of responses to

such sentences (Hamburger and Crain, i1n press). Pilot testing



indicated that the population of this study is wunaftfected by
this +tactaor, and consequently, only two dolls were presenteq,
After each sentence was read aloud by the experimenter at a sod-
erate rate and with normal inflection, the subject was required
to act it out with the hand puppets. When performed 1n se-
guence, these enactments were readily accomplished by hemiplegic
patients. A single repetition was provided on request or when
responses were 1ncomplete,

Subjects were trained to understand that each sentence de-
picts two actions: one figure performs one of four actions in
relation to the other figure, and then one ot them falls down.
The instructions used to introduce this task were as follows:

Here are two dolls: a man and a woman. ['1]1 read
a sentence to yau and then your job 15 to show me
what the sentence means, by doing the actions with
the dolls. Let me show you what I mean. Here’s a
sentence:
The man pushed the woman.
{Experimenter demonstrates man pushing waoman).
How about some more? (E. Demonstrates greeted,

Naw you show me:

The man pushed the woman

The woman greeted the man

The man watched the woman

The woman bumped the man

The man fell down.
Okay' Now let’s do one that has two actions,

The waman pushed the man and fell down,

The man pushed the woman and fell down,
Good. Now, the sentences [ will read to you will
have two actions. Remember, you have to show both
actions., Ready? Let’s baegin.

In practice trials, each subject was required to demonstrate
the ability tao correctly act out each aof the five actions and

to keep track of all actor-recipient relatiaonships. During



the course af subject selection, all patients learned this

task readily.

2. Sentence-fragment paraphrase judgment task.

At the start of each trial, the subject viewedd a sehtence
printed in large type (IBM Orator) as the experimenter reag it
aloud at a moderate rate and with normal infiection., the card
remained in the sub;ect’s view as six 2-element sentence trag-
ments were presented in turn, Each element consisted of et-
ther an NP or a verb from the sentence 1n view. FOr example,
in the 55 relative sentence

117) The man that pushed the woman fell down,

the fragments were:?

THE MAN  PUGHED (NL-V1)
THE MAN THE WONAN (NL=-N2)}
THE MAN  FELL DOWN (N1-V2)
PUSHED THE WOMAN {V1-N2)
PUSHED FELL DOWN (V1-v2)
THE WOMAN FELL DOWN (N2-V2)

From sentence to sentence, the order in which these {fragments
were presanted was randomized by a computer program that gen-
erated the scoresheets. A sample scoresheet 15 1nCluded as
Appendix A. As each fragment 1s presented, the subject’s task
was to decide whether the frageent did or did not paraphrase,
or convey & part of the information expressed by the complete
sentence. An affirmative or negative answer 1n any modality
was acceptable. Note that the order of elements always con-

tormed to their appearance 1n the parent sentence. This was



done in order to discourage subjects from considering frag-
ments without regard to the sentences from which they were de-
rived. Thus, in the example given, only N1-V1, N1-V2Z and N2-
V2 decisions were analyzed; the other choices were treated as
foils.

Training trials began with simple active declarative sen-
tences used to demonstrate the task, and then employed seman-
tically nonreversible conj;oined and passive sentences, com-
parable in length to the experimental material. Subj;ects were
trained to recogrnize the validity of "distant” noun-verb re-
lationships (N1-V2) in canjoined and passive sentences. They
were also trained to recognize that lett-to-right concatena-
tion of elements is not always appropriate. That 1is, they
were shown that the Ni-V1 pairing should be rejected in the
context of passive sentences, and were warned that this is
also true for some of the experimental sentences. The train-
ing instructions for this task were as follows:

You will read some sentences. The sentences tell
about something that happened. Here’s an example:
I can take the words gut of the sentence to make
small phrases. Each one tells a Jittle part ot
what happened (E shows fragsents)

THE MAN WASHED

WASHED THE DISHES
I can make one more little part, but it doesn’t
tell auch about what happened:

THE MAN THE DISHES
Now I’l]l show you the sentence again and this
time, I’°11l show you the phrases ang it’ll be your
job to tell me if they tell a little part of what
heppens :1n the sentence. (E. presents same sen-
tence and fragments, reinforcing correct re-
sponses. The procedure 15 repeated for one or two
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more simple declarative gsentences. Then, larger,
semantically nonreversible sentences are trained.

Now vyou will read some longer sentences. Each
sentence tells about ¢two things that happen.
Here’s an exanple:
what are the two things that happened? The bpy
threw a rock and the boy sat dgwn. Look how I can
take words out of the sentence to wmake small
phrases. Each one tells one thing that happened:
(E. shows fragments?

THE BOY SAT DOWN

THE BQY THREW

THREW THE ROCK
I can make more phrases, but they dop’'t tell what
happened:

THE BDY THE ROCK

THREW SAT DOWN

THE ROCK SAT DOWN
Now let’'s ¢try it. 1'l1 show you the whole sen-
tence and then I'l]l show you some phrases. Your
job is to tell me if the lLittle phraze tells a
part of what happens in the whole sentence. (Ex-
perimenter presents the phrases shown above, 1in
random order. Errors are corrected and esxplain-
ed.) Now let’s do anather one {(same procedure with
another semantically nonreversible conjoined sen-
tence.

Sometimes the ’little’ words of a sentence make
a big difference. Take this sentence: The box
was carried by the map who burped, Who carried
the box? (E. confirm correct answer). Yes: we
know that because of the words was and by. So
even 1+ the man comes atter the box 1n this
sentence, we still know it was the man who di1d the
carrying. Let’s try the phrases (repeat as above,
with corrections).

Sub,ects were accepted for the study when they demonstrated
ability to complete three accurate series for each type of
training sentence. A total of three potential patients, two
fluent and one nonfluent, were unable to complete training tfor

this task. One of the fluents could not be trained for be-



havioral reasons: he conducted a running monologue on his
treatment at the haospital, his illness, etc., and he could not
be focussed on the experimental material. The other fluent
aphasic who was rejected was unable to comprehend the demands
of the paraphrase task. This patient had received a BDAE se-
verity rating of 2 (able to communicate with substantial as-
sistance from the listener), while the fluents who were able
to participate in this study had severity ratings ot three or
better. The scores for both men in other preselection meas-—
ures were comparable with those ot participating subjects.
The lone nonfluent aphasic who was unable ta camplete training
had been thought to have adequate comprehension despite a se-
vere paucity of speech, which was limited to few single-word
utterances. His auditory comprehension z-score was —.2Z2, which
was within the preselection guidelines but lower than that ot

ary of the participating subjects.



Results

The subjects’ individual responses are represented 1in
Tables 2 tao &. Tables 2 and 3 show the subjects’ affirmative
responses to sentence fragments on the paraphrase task. For
each sentence type, the two correct choices are marked by as-
terisks. Proportion scores are given for each fragment type.
These reflect affirmative responses divided by number aof oc-
curences. Thus, on the paraphrase task (see Table 2), Broca's
aphasics accepted the NL-VY1 fragament 38 times in 40 occur-
rences within CO sentences, giving a proportion score of .99,
As mentioned in the previous section, the ordering of lexical
items in sentence fragments always conformed to the word order
of the sentences from which they were derived. This can-
straint, which was imposed 1n order to discourage random gues-
sing, precluded testing of N2-Vi fragments an CO, 8S and 0S8
sentences. Tables 4 and 5 represent the raw data +rom the en-
actment task. For each sentence type, the correct enactments
are indicated by asterisks. Below these, individual subjects’

chaoices and group accuracy proportions are listed.

e e e e e . . .

Hypothesis | calls for an analysis of accuracy of re-

sponse as a function pf sentence type, compared across tasks.



A straightforward cross~task comparison was not possible, haow-
ever, since the data for the two experimental tasks are not
equivalent in form. The paraphrase task vyields 1ndependent
scores for each of three or +our N-V fragments per sentence
type, while the enactment task yields only twao scores per san-
tence type. Accordingly, hypothesis 1 was tested i1n two sep-
arated analyses. First, a “whole-sentence"” analysis collapsed
all responses tor a given sentence within a task into a single
score (correct or incorrect). A correct whole-sentence score
was obtained when all the raw scores tor that sentence were
correct. By this method the scores were rendered comparable
across tasks, thus enabling the #irst analysis., Since data is
inevitably lost in this sort of analysis, a score-weighting
procedure was employed to enable the inclusion of each sepa-
rate response in the second analysis, This ueighg;ng proced-
ure is described below, and is follaowed by an analysis of
weighted accuracy scores.

A consideration of hypothesic 3 follows the analyses of
deficit patterns. Hypothesis 3 suggests that agrammatics
might display a tendency to employ a particular heuristic sen-
tence processing strategy. Persuant to this gquestion, the re-
sponses of an "ideal user" ot each ot the four strateglies dis-
cussed above were projected. Then, subjects’ responses were
compared with these predictions to derive proportional weight-
ed strategy scores. [hese data were analyzed to test hypo-

thesis 3. Finally, hypothesis Z calls {for i1ntergroup compar-
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isons. These were performed as part of each of the above ana-
lyses.

Analysis ot "whole-sentence correct” responses

lhe whole-sentence correct data are given in Table 6. A
groups by tasks by sentence type repeated measures analysis ot
variance was applied to these data. Both groups produced more
fully correct responses on the enactment task (F [1,12]1 =
23.86 [p£.0011). There was a significant effect of sentence
type as well (F [3,34] = B.03 £p<.0011)). Fost-hoc testing
{Tukey A, .035) showed that this resulted from significantly
better performance on 0S sentences than on 50 and CO senten-
tes. In addition, there was a significant groups by sentence
type interaction (F {3,361 = 4,58 [p<.011}). This indicates
that the Broca’s and fluent aphasics did not respond to the
four sentence types in the same way. In order to examine this
interaction more claosely, separate two-factor repeated meas-

ures analyses of variance were carried out for each group.

“Whole-sentgnce correct” analysis: Broca’s aphasics

A task by sentence type repeated measures ANOVA was ap-
plied ta the Broca’s aphasics’ data. A significant main ef-
fect of tasks i1ndicated that enactment task scores were, on
the whole, higher than paraphrase task scores (F [1,7] = 13.9
{p<011). There was a significant main aettect ot sentence type

(F (3,211 = 8.12 (p<.03}). A past-hoc test (Schef+e, .01}
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showed that on both tasks, the responses of these patients to
0S-relatives were significantly more accurate than were re-
sponses to the three other sentence types. This pattern con-
forms to the minimal distance and adjacency strategies. Sig-
nificant difterences between S5, SO and CO sentence types did
not emerge in this “"whole-sentence" analysis. The task by
sentence interaction was nonsignificant (F [3,21] = 1,66},
This 1indicates that the performance ot the Broca's aphasics

was indeed parallel across tasks.

"Whole-sentence correct” analysis: Fluent aphasigs

A similar two-factor repeated measures analysis of vari-
ance o0f the fluents’ data showed that their enactment task
scores were higher than paraphrase task scores (F [1,D5] = 9.14
(p<.031), A main effect of sentence type (F [3,15] = 4,14
[p<.03]1) was due to consistently poorer accuracy far S0 than
for other sentence types (Tukey A, .00). This response pat-
tern 1s consistent with all but ane of the projected strategy
patterns: the adjacencty strategy predicts accurate responses
to S0 sentences. Again, the tasks by sentence type 1nterac-
tion was nonsignificant, indicating that perforsance was
roughly parallel across tasks far this group as it was for
Broca’s aphasics.

The ®ajor findings of the foregoing analysis are: 1,
2ach group responded to the four sentence types 1n patterns

.

that are parallel across tasks; (2Z), Broca’s and fluent apha-
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sics produced different patterns of response to these stimuli;
{3), Broca’s aphasics performed most accurately in response to
object~subject (0S) relatives, making no significant distinc-
tions between 55, S0 and €O sentence forms: and (4) {luent
aphasics perfarmed least accurately 1n response to subject-
obj;ect (S0) relatives, making no clear distinction between S5,
0S and CO sentence types.

This analysis 1s based on a tally of fully correct sen-
tences: since each single correct sentence represents two
scorable enactment responses or three to four scorable para-
phrase responses, it 1s likely that a more finely detailed
analysis -- one which takes each response into account --
would be more informative. This reguires transformation of
the data. The following section details this transformation

nrocedure.

Transformation pf the data: weighted scores. ’

The enactment task requires two farced choice decisians
per sentence. This paradigm yields simple correct/incorrect
propaortion data. The paraphrase judgment task requires yes/no
decisions, vyielding +our possible response categories per
trial: correct affirmatives (hits), misses, corrcct re;ec-
tions and incorrect affirmatives (false alarms), While these
data may be canverted into unbiased proportions by means at

signal detection analysis (Follack and Hsieh, 1969}, not all



of the paraphrase task data could be treated in this manner.
In order to discourage subjects from responding without re-
ference to the test sentences, the ordering of words in trial
fragments never conflicted with the word order of their parent
sentences. Thus, in 55, CO and 0S5 sentences, the possibility
of actor-action relationships between noun 2 and verb I was
not tested. This permitted anly correct/incorrect responses
to Ni-¥1 fragments in these sentences, which are unsuitable
for signal detection analysis. In arder to permit meaningful
and valid comparisons, the data +from both tasks were trans-
formed to weighted scores.

For the purposes of this analysis, correct responses are
treated statistically as though thay are the outcome of one aof
tfive strategies which might be applied to sentence compre-
hension by aphasics. (Note that this is not meant to imply
that the writer views all syntactic processing as strategic.)
The responses af an "ideal user"” of each of the four strate-
gies discussed earlier in this work were projected, along with
correct responses, faor each task. These projections are re-
presented 1in Tables 7 and 8., Examination of these tables re-
veals that for most of the thematic relations expressed in the
test sentences, more than one strategy may lead to a given re-
spanse. To reduce the effect of these redundancies, each re-
sponse was weighted according to the number ot strategies to
which it conformed. To illustrate: caonsider lable 7, whigh

shows predictions and response weights for the paraphrase
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task. Observe that all five strategies predict affirmative
responses to Ni1-V1(CO) fragments (i.e., noun l~verb 1 frag-
ments in CO0 sentences). Dividing one such response by the
number of strategies it fits yields a score ot 1/5. This val-
ug is then added to cumulative totals for each of the five
strategies. Continuing the example, consider the N1-v2(CO)
fragment. Table 7 shows that affirmative responses are pre-
dicted by three strategies, while negative responses are pre-
dicted by two. An affirmative answer is thus given a value gf
1/3, and this value 15 summed to the totals of the three stra-
tegies predicting the response. A negative answer, predicted
hy two strategies, 1s given a value of 1/2, and this value 1is
sunmed to the totals of those strategies. This procedure was
applied to the enactment process, as well. Refer, now, to Ta-
ble 8, which displays predictions and response weightings for
the enactment task. This task required two enactments per
sentence: one for each verb., Thus there were two independent
scores per sentence. Let us again consider a concrete ex-
ample. All five strategies predict that the actor associated
with verb 1| in CO sentences will be noun 1. When this rela-
tionship is enacted, the response 1s apportioned amang all the
strategies it fits and thus the value 1/5 is summed to their
totals. [+ the NZ2-V1 actor-action relationship 15 enacted,
then nothing is added to the totals, for none of the strate-
gies predict this response. With regard to verb Z enactments:

if a subject indicates that N1 1s the actor then scores of L/Z



are added to the totals for the three strategies (correct,
parallel <function and first-NF) predicting the response; but
if he designates N2 as the actor, then scores of /2 are added
to the wminimal distante and adjacency strategies. In this
manner, each response received an unweighted value of 1, which
was then apportioned among the strategies to which 1t con-
formed,

The total weighted scores assigned to each strategy were
divided by the theoretically maximum scores for each, to de-
rive “strategy proportion scores“. Five such scores (one for
each strategy) were developed for each subject on fach task,
These scores are listed in Table 9. The proportions were then
subjected to arcsine transformations in order to make the data

suitable for analysis of variance {Winer, 1971).

Analysis of weighted accuracy scores

This part of the analysis pertains to weighted correct
proportion scores only. A groups by tasks by sentence type
repeated measures analysis of variance was performed. There
was a3 significant main @ffect of groups (F [1,12] = 3.1
[p<.03)), showing that the fluent subjects responded more ac-
curately, averall, than did the Broca’s aphasics., A signit-
icant main effect of tasks (F [1,12] = 13.83 [(p<.0058)) 1indi-
cated that greater accuracy was achieved 0oy the coabined
groups on the enactment task. A main eftect of sentence type

(F (3,341 = 7.51 (p<.001]1) revealed that the faur experimental
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sentence types were not treated alike. Overall, the right-
branching O0S-relative sentences elicited the most correct re-
sponses and SO-relatives engendered the most errors. A s1g-
niticant groups by sentence type interaction (F [3,36] = 35.12
fp<.011) demonstrated that Broca’s and fluents aphasics pro-
duced different patterns of response to the sentence types.
This supports the hypothesis that the response patterns gen-
erated by Broca’'s aphasics are syndrome-specific and not a
general result of brain damage. In order to examine this 1n-
teraction more closely, separate two-factor repeated measures

ANOVAS were carried aout on each group’s data.

Broca’s _aphasics’ weighted accuracy scores

Figure la displays the response patterns of Broca’s apha-
sics for the ditferent sentence types. Analysis of variance
reveals a significant effect of  tasks (F (1,71 = 4.94%
[p<.031). Enactment scores are higher than paraphrase scores.
A significant main effect of sentence type (F (3,21] = 9.&7
ip{.0011}) 15 due to the fact that 0OS-relative sentences elicit
more correct responses than do the other sentence fores
(Scheffe, .01). Note that this et+fect is highly significant
despite considerable individual variation {see Tables 2 and 4;
especially subjects B35 and B&). The question of 1ndividual
variation is discussed at some length, below. The task by
sentence type interaction is nonsigniticant (F [(3,21] = 2.88),

This indicates that this group of Broca’s aphasics display



gqualitatively parallel error patterns across tasks. [f error
patterns reflect sentence processing deficits, then this re-
sult supports the supposition that a syntactic deficit exerts

a similar effect upon performance on both tasks.

Fluent aphasics: weighted accuracy sScores

The data +for this group are displayed graphically 1in
Figure 1b. A significant main effect of tasks (F (1,33 = 7,67
(p<.031) 1indicates that enactment task responses were gener-
ally more accurate than were paraphrase task responses, The
main effect of sentence type was nonsignificant (F [3,15])] =
3.07), as was the task by sentence type interaction (F [3,15]

= U.96).

Weighted accuracy scores: brie+ summary

First, the fluent aphasics of this study are generally
nore accurate than the Broca’s aphasics. Although this would
appear to contradict the general iapression that comprehension
15 more 1L1ntact among anterior-lesioned patients, i1t must be
remembered that the fluent aphasics who participated 1n this
study were generally less severely impaired than were the
Broca’s aphasics (please refer to Table 1 and to the discus-
sion 1in the Methods section). Second, enactment task scores
were higher than paraphrase task scores 1n each analysis. It
is unclear whether this results from some real difference :in

task demands or from some artifact of the design. This fi1nd-
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ing will be discussed further, below. Third, the fact that
fluent aphasics’ accuracy scores were equivalent across sen-
tence types indicates that their errors did not reflect par-
ticular difficulties with the variations of syntactic struc-
ture that distinguished the sentence tygpes. It would appear,
rather, that their errors may reflect lexical confusions among
vocabulary items within the same form class, distributed more
or less randomnly among all sentence types, Finally, the
Broca’s aphasics’ error patterns are naonrandom, and are con-
sequently taken to reflect deticits in the processing of the
structural elements that distinguish the sentence toras. The
tact that these nonrandom patterns are qualitatively parallel
acrosg tasks suggests the presence, as hypothesized, of an
activity-independent wunderlying syntactic deficit 1in this
group aof Broca's aphasics.

Given this conclusion, 1t is appraopriate to test the hy-
pothesis that agrammatic aphasics, as a group, employ a pre-
dictable sentence processing heuristic strategy. 1In the {fol-
lowing section, an analysis of the full set of weighted stra-

tegy scores will be presented.
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Analysis of weighted strategy scores

The +five response patterns, for which predictions were
projected and tested are:

1. correct grammatical analysis (CORR)

2. minimal distance strategy (MDS)

3. adjacency strateqgy (ADJ)

4. paraliel function strategy (FFS)

Y. tirst noun phrase strategy (FNP).

The first pattern (CORR}) simply reflects instances in which
responses are correct, and does not represent an heuristic
strategy per se. The latter four are described and summarized
in the review of the comprehension of relative sentences,
above. Individual average weighted strategy scores are listed
in Table 7.

A three-~-factor repeated measures analysis of variance re-
vealed a significant main effect af tasks (F {1,121 = 29.98
[p<.001]), with groups and strategies pooled. There was a
significant interaction of tasks by strategies (F (4,481 =
6,36 [p<.001))., There was, moreover, a significant groups by
strategy interaction (F {4,48} = 7.93 [(p<.uQll), which again
supports the notion of syndrome-specificity. The differences
between groups were examined in greater detail by means ot
separate two-factor repeated measures ANOVAs, which are de-

tailed belaw.
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Broca’'s aphasics: analysis of weighted strateqy ScOres

The data analyzed in this section are represented graph-
ically 1n Figure 2a. The ANOVA yieided a main effect of tasks
(F [1,7]1 = 20.16 {p<.005]). Again, enactment scores were
higher than paraphrase scores. #A significant main effect of
strategy (F [4,28] = 5,86 [p<.0011) was found to result +rom
the distinction between high minimal distance strategy scores
and relatively low parallel +unction and +irst-NP scores
{Tukey A, .03}, A significant task by sfrategy 1nteraction
was found (F [4,28]) = 7.6B [p<.001]). On the paraphrase judg-
ment task, minimal distance scores were significantly higher
than all others (Schetfe, .01), while there were no differ-
ences between strategies on the enactment task {(Tukey A, .03).

A sentence by strategy analysis yielded similar results.
In the paraphrase task, the main effects of strategy was
highly significant (F [4,2B] = 11.45 [p<.00il), as was the
strategy by sentence interaction (F (12,84] = 9.37 (p<.001}).
Fost-hoc tests (Tukey A .03) show that for each sentence type,
minimal distance scores were higher than those of strategies
making different predictions. In the enactaent task, i1n con-
trast., there were no significant differences between strate-
gl es.

The implication of these findings seems to be that while
these subjects display the same syntactic deficit across tasks

(recall that their task by sentence scores were parallel!},

- -
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Fluent aphasics: _analysis of weighted strateqy scores

The weighted strategy scores g+ the fluent aphasics are
represented 1n Figure 2b. A tasks by strategy repeated meas-
ures ANDVYA revealed that the main effect of tasks was nonsig-
nificant (F [1,3) = 4.13). The main effect of strategies was
significant «(F ([4,20] = 8.83 [p<.0011}. Fost-hoc testing
shows that this effect 1s due to the fact that, with tasks
pooled, minimal distance and adjacency scores are lower than
correct scores (Scheffe, .01). Note that even at less strin-
gent levels of testing, first-NP and parallel function scores
are not distinguishable from correct scores (Tukey A, .03),

The task’ by strategy interaction was nonsignificant (F [4,20)

= 0.54),

The foregoing may be summarized as follows. Just as with
the processing deticits themselves, Broca’s aphasics and flu-
ent aphasics clearly difter with respect to strategies applied
to sentence processing. Second, 1t 1s noteworthy that all the
analyses show that enactment task scores are higher than par-
aphrase task scores. Although post-hoc tests fail to reveal
significant differences, examination of Figures Za and 2b
shows that first-NP and, to a lesser degree, correct responses
are higher in enactment than in paraphrase tasks., Fernaps the

ephemeral nature ot the auditory stimuli: favored the use of
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the first-NP strateqy 1n the enactment task. Since the cor-
rect response pattern i1s more redundant with +first-NF than
with minimal distance and ad;acency patterns, the elevation of
correct scores may be only a secondary effect. This expla-
nation 1is clearly speculative, but as it seems to be the only
one available at this ¢time, 1t 1s tentatively accepted.
Third, Broca’s aphasics strongly favored the minimal distance
strategy over all others; while fluent aphasics quite reliably
rejected this strategy. The majority of responses produced by
fluent subjects were correct, but the number of correct re-
spaonseés was not significantly different from the fi1rst-NpP
and/or parallel +function strategy scores. Notice that the
minimal distance strategy thematically relates adjacent noun-
verb pairs, while the first-NF and parallel function strate-
gies relate nonadjacent pairs. Fourth: although Broca’s apha-
sics demonstrated qualitatively parallel deficits 1n sentence
processing across tasks, they did not show uniformity of stra-
tegy preference across tasks. The use of strategies 1s, ap-

parently, activity-dependent.

Individual variability;

In view Qf recent discussions of variabliity within major
taxonomic entities (e.qg., Caramazza and Martin, 1n press;
Schwartz, 1982) the individual strategy scores of the Hroca's
aphasics were examined. These are represented i1n Figure 3.

It may readily be seen fram these graphs that these patients
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are not a completely homogeneous group. 0Of the eight sub-
jects, six produced marked minimal distance patterns on the
paraphrase task. Among these six, there appear to be differ-
ences retlected in enactment task scores. Three subj;ects {(BZ,
B4, BB8) produced patterns that more or less parallel their
paraphrase task scores, while another three (Bl, B3, B7) show
quite a different -- essentially random -- enactment pattern.
The data for the two subgroups are displayed graphically in
Figure 4. Hereafter, subjects Bl, B3 and B7 will be referred
to as Subgroup 1 and subjects B2, B4 ang BB will be designated
Subgroup 2. The remaining two subjects, BYS and B4, although
clinically identified as Broca’s aphasics, yiels patterns that
correspond better with the fluent group {(see Figure S) than
with the Broca’s group. Their response patterns are not
readily 1interpretable, and are assumed to reflect randomized
responses.

Separate ANOVAS were performed on the data for subgroups
! and 2. For subgroup 1, a highly significant task by stra-
teqy interaction was found (F {4,B]1 = 9.29 {p<.0051). On the
paraphrase task, minimal distance scores, which could not be
distinguished from adjacency scores, were significantly higher
than were correct, parallel functiaon and fi1rst-NP scores.
There were no ditferences between strategies on the enactment
task (Tukey A, .03},

The two-tactor repeated measures ANOVA for supogroup T

vielded an effect of tasks (F [1,2) = 19.38 (p<.udl), shawing



that the total enactment score was higher than the total par-

aphrase score. There was a highly significant main effect ot

strategy with tasks poaled (F [4,8] 93.03 [pd.0011),. At the
.05 level of significance, the Tukey A test indicated a sep-
aration of strategies, In the order: minimal distance » ad;a-
cency 7 carrect and parallel {function > +irst-NF. A signit-
1cant task by strategy interaction was aiso revealad (F [4,8]
= 7,76 [p<.0l)). For the paraphrase task, minimal distance
scores were greater than the others (Scheft+e [.051). On the
epnactment task, wminimal distance and adjacency SCOres were
greater than the others (Tukey A, .03). I+ minimal distance
and adjacency are considered to be equivalent strategies (see
Discussion section), then the results for subgroup 2 are par-
allel across tasks.

It is possible that subjects who differ along the ab-
served dimensions also differ in ways that were not apparent
when they were first assigned group membership. Consequently,
these patients’ production and other ancillary data were e~
amined for such differences. Biographical and ancillary data
are displayed 1n Tabie 1. Looking across the table, there are
no apparent discriminating teatures in the three Broca’s sub-
groups on the following measures: digits forward, Knox cube
scores, aphasia severity rating, articulation rating, phrase
iength, educatian level and lesion site. There 1s an apparent

d1+ference 1n age, such that all subjects but two are under 54

years old, while the two who are gver 60 are 1n subgroup 2.
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Observe, hawever, tnat the third member of subgraup 2 happens
to be the youngest of the Broca’s aphasits. More substantial
difterences arise between subgroups 1 and Z on the toliowing:
Boston Diagnostic Aphasia Examination (BDAE) augitory compre-
hensi1on and reading scores, and manths post anset (subjects BS
and B6 range rather widely on these measures, and are undis-
tinguishable from either of the other two subgroups).

Subgroup 1 achieved higher BDAE auditory comprehension
scares than did subgroup 2. There was no overlap an  this
measure, On the Reading Sentences subtest of the BDAE, sub-
jects B3 and B7 responded correctly to 8 of 1u sentences,
while B2 and BB read only 5. There was overlap on this meas-
ure, as Bl and B4 tied at & sentences. The most striking dif-
ference between subgroups was in the duration of aphasic 1m-
pairment: subgroup 1 had heen aphasic for an average of &7
months at the time of testing, while subgroup 2 were a mean 27
months post gnset. Agawn, there was no overlap. Eramination
of the data t+or BS and B6 1ndicates that the duration ot apha-
S1C 1mpairaent cannat alone accpunt for the group difterences:
BS had been aphasic tor 130 months, while Bé had his CVA anly
9 manths prior to testing.

Bne can only speculate why thase Broca's aphasics having
the bDetter auditory comprehension and greater duration of 1m-
pairment (hence, the longer ag; ustment period) show greater
variability on the enactment task. Perhaps these patients un-

derstand, because of their somewhat less severe comprehension
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defticit, because o+ thelr longer period of recovery and ad-
justment, or both, that the thematic relations expressed 1p
sentences are not limited to adjacent lexical items (recall
that aipimal distance limits the representation of thematic
relations in this way). Since understanding that one may be
wrong 15 not equivalent to knowing what is correct, we may ex-
pect to observe more response variability in these patients,
whose experience may have taught them the relative merits of
guessing. One may speculate further, that this variability 1s
more likely to be found when input is ephemeral, as 1n normal
conversation and in the enactment task. When given the op-
portunity to consider and reconsider their answers, these sub-
jects may be expected to show the true state of their ability
to decode thematic relatjons.

On this last assumption, then, subgroups 1 and 2 really
have the same upper bound on their grammatical capacity, and
ditter only in the ways in which they make use 0o+ 1t. By this
reasoning., the eight Hroca’s aphasics split 1nto two divisians
only: the six of subgroups 1 and Z and the two subj;ects (BS

and B&) whao generated random strategy patterns.

A_between-qroups dissociation

The data indicate that, in the comprehension of relative
sentences, ditferences between agrammatic and fluent aphasics
may be captured by a characterization of their response biases

vis-a-vlis local versus phrase-spanning encodings of thematic



relatiaons, The relationships recognized by agrammatics are
local: it seems that they accept a plausible N-V relationship
as soon as their reading of the surface string allows 1it.
They strongly tend to reject distant relationships. Consider
naWw the paraphrase task performance of the s1x Broca’s apha-
sics who produced consistent minimal distance patterns. They
rejected distant (N1-V¥2} relationships ~- 75% of which were
correct -- at a rate ot BBX, while at the same time they re-
jected only 74 of the local N2-V2 relationships (75% of which
were incorrect). Both these rejection rates are highly si1g-
nificant (p<.000l, binomial test). No such dissociation was
found among the fluents. They tended to accept noun - verb
fragments regardless of their position in the sentence, In-
deed, they may have accepted these {fragments without any re-
gard at all for the target sentences (although their behavior
during testing i1ndicated that they did atteno to the senten-
ces). These patients accepted N1-VZ2 and N2-V2? fragments at

equivalent rates: 724 and 72%, respectively {(both highly sig-

nificant: p{.uv00l, binomial test).
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Canclusiaons and General Discussian

The issue of domain-specificity

One of the major arguments supporting the central syntactic
deficit hypothesis has been the modality-independence of the
agrammatic deficit (Gardner, Denes and Zurif, 1975; Samuels and
Benson, 1979; and see Berndt and Caramazza, 1980 for a review).
This study sought to extend the modality-independence argument
to activity-independence. A cross—-task comparison of the per-
formance o0of the Broca’s aphasics studied here 1ndicates that
such extension is warranted.

The agrammatic deficit has been variously characterized.
It 13 typicalily defined operationally 1n terms of the elements
and structures that are implemented inaccurately or omitted
altogether by agrammatic subjects. The present study used this
operational approach to establish a pattern of agrammtic re-
sponses to three semantically reversible Eumplex sentences con-
taining relative clauses and a conjoined sentence of equal
length. It was found that Broca’s aphasics comprehended two
foras of center-embedded sentence and the conj;oined sentence
forms relatively poorly. while the accuracy of their responses
to right-branching sentences was high. Two separate analyses
were emplaoyed. The first, a "whole-sentence” analysis, used the
complete sentence as a unit: all responses pertaining to a
given sentence had to be correct to achieve a single correct

score. The welghted scores analysis used each separate response
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as a unit and 1s, accordingly, believed to be the more sensitive
measure. in both analyses, the interaction of task with sen-
tence type was nonsignificant. This indicates that the deficit

pattern produced by this group of Broca’s aphasics was qguali-

tatively equivalent acraoss two comprehension tasks with very
ditferent performance demands. These findings may be added to
those recent studies which have reported crass-modality para-
llels not only within clinically defined groups, but within in-
dividual subjects (e.g., Caramazza, Berndt, Basili and Koller
,1981; Friederici, Schonle and Barrett, 1982). Here again 1is5
evidence for the existence of a central syntactic deficit which
is domain-specific., The evidence for such a deficit -~ and by
inference, for a central, domain-specific syntactic processor 1n

the normal language user -- continues to accumulate.

Syndrome-specificity

There 1is no guestion that anterior-lesioned aphasics dis-
play characteristics that are readily differentiated from thase
of posteriaor~-lesioned aphasics, but i1t is also true that focal
lesions 1n the left hemisphere can produce effects that are not
syndrome-specific,. Indeed, syntactic deficits have been repor-
ted in both anterior and posterior patients. For example,
Gardaner, Denes and Zurif (1975) found that both anterior and
posteriar-lesioned aphasics recognized semantic anomaly more
readily than syntactic anomaly.

When the accuracy scores of the aphasic groups of this
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study were compared, their patterns of error were reliably
diftferentt in both the "whole-sentence" and weighted scores a-
nalyses, significant groups by sentence type interactions were
obtained. The Broca's aphasics responded maost correctly to
ob ject-sub ject relatives, and perforaed at roughly chance levels
on the other three forms. In the whole-sentence analysis, the
tluent aphasics performed at chance level on subject-object rel-
atives, and at a glightly better level on the other three forms;
but there were no distinctions between sentence types for this
group in the weighted scores analysis. In subsequent sections,

therefore, it may be contidently assumed that the agrammatic de-

ficit under discussion is syndrame-specific.

Strategy preference

Given that the Broca’s aphasics of this study demonstrate a
syntactic deficit that is activity-independent and syndrome-
specific, one may legitimately wonder whether their approaches
ta sentence processing, or strategies, are as consistent as
their deficits, Do they consistently employ one or ancother
strategy? Are such strategies as they may employ activity-
independent, or does their use interact with task demands?

The data show that six of the eight Broca’s aphasics
strongly favor the minimal distance strategy on the paraphrase
task, while two show no particuiar strategy preference on that
task., Of these six, three produce roughly equivalent preference

for minimal distance and adjacency patterns on the enactment
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task, while three others show no preference on this task. The
two who vield random (no preference) patterns on the paraphrase
task also yield random patterns on the enactment task. Indeed,
substantial intertask variation is observed,

Consider the two experimental tasks. The sentence fragment
paraphrase judgment task requires that a subject consider sepa-
rately the possible meaning relationships in a stimulus senten-
ce. On a given trial, the subject has before him the full stim-
ulus sentence and a fragment consisting of a noun phrase and a
verb. He 1s asked to decide whether that fragment expresses a
part of the meaning expressed by the complete sentence, and he
is given to understand that he has as much time as he needs to
make his best judgment. MNotice that 1t 1s on this task that we
t+ind consistency among six of the eight subjects, Now consider
the enactment task. Here, the subject listens to an ephemeral
string ot words concerning two puppets placed before him. He 1s
required to demonstrate with the puppets his understanding of
the thesatic relations expressed in the sentence. The choices
are limited, but equally plausible. What 1s he to do when he 15
unsure? The input string, being acoustic, is gone. He cannot
recansider the stimulus, as in the paraphrase task. I[nstead of
his considered j;udgment, he can offer only his best guess. The
sub ject’s respanse may follow the grammatical intuitions he dis-
plays on the paraphrase task, but i+ he lacks confidence 1n
these intuitions, his response may be completely random, or may

retlect some guessing strategy based on his post-onset experi-
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ence, Ferhaps 1t was the latter that produced the aberrant pat-
terns observed for subjects BS and Bé4. The available data are
insufficient to provide an answer., Clearly, there may be many
factors contributing to variability in on-line comprehension
tasks. One factor that may have figured in the present findings
is considered in the next paragrapbh.

It was noted earlier that the three highly cansistent pa-
tients comprising subgroup Z produced slightly different stra-
tegy patterns on the two tasks: their paraphrase task responses
strongly reflected a minimal distance strategy pattern, while
their enactment task responses were ambiguous between minimal
distance and adjacency patterns. By the line ot reasoning that
follows, the two patterns may be viewed as equivalent.

According to Caplan (in press), agrammatics are hypothe~-
tically able to process the thematic infaormation coded 1n the
argument structures of individual lexical entries. This means
that, among other things, they are able to assign nouns to verb
arguments. Consider the sentences used in this study. Each of
them contained one transitive and one intransitive verb. In
three af the four sentence forms, the trangsitive verb was sur-
rounded by nouns of equivalent animacy. In this condition,
agrammatic subjects’ paraphrase responses conformed to an Sv0
pattern, It is asgsumed here, as many have done, that order of
appearance functions as a cue to the assignaent of meaning re-
lations when semantic or pragmatic disambiguation 18 absent.

Some evidence to this et+fect has been reported (Blumstein,



Statlender, Goodglass and Biber, 19793 Pastouriaux, Brownell and
lurit, 1982; Caplan, Matthei and Gigley, 198i). The data of
this study also support this assumption. In the G50 relative
form, however, two animate nouns precede the transitive verb,
thus neutralizing the effect of order. In this case, their as-
signment to the verb arguments might be randomized. Recall that
the minimal distance strategy predicts that the noun immediately
preceding the verb would be perceived as its subject, while ad-
jacency predicts the first noun would be subject. The data are
equivocal. Thus, when the canonical NVN ordering is violated,
the assignment of thematic relations around verbs i1s disrupted,
or randomized. To the extent that this may have occurred, res~
ponses will have been divided evenly between adjacency and mini-
mal distance strategy patterns, Notice, however, that there was
ng wminimal distance/adjacency aabiguity an the paraphrase task,
for which the decay of acopustic information was not a +Factor,
This suggests that the relatively high adjacency scores produced
by some of the subjects of this study actually represent res-
ponses which would have been consistent with the minimal dis-
tance strategy, but for perturbation of the sort predicted by
the interruption hypothesis of Slabin (1971). The use of heur-
1stic sentence processing strategies, then, is not activity-
independent. Again, there may be any number of factors con-
tributing to variability in on-line comprehensiaon tasks in which
input 15 evanescent. [n contrast, the censistency of agrammat-

ics’ responses to metalinguistic paradigms such as the para-



phrase judgment task appears to take on added significance.
Within this framework, the hypothesis that agrammatics dis-
play a consistent respanse pattern in the comprehension of rel-
ative sentences is tentatively confirmed. The findings ot this
study suggest that the comaprehension ot sentences by agrammatic
aphasics 1is constrained in such a way that only the most local,
lexically coded meaning relationships are appreciated. The arg-
ument structure of a given verb is apparently filled with the
nearest semantically appropriate noun or nouns; and thematic re-
lationships signalled by phrasal or clausal structure are poorly
recognized, if at all. W®Withip this local constraint, the ca-
nonical word order pattern (5V0) appears te function as a de-

fault cue to the assignment of thematic roles around verbs.

Broca's aphasia, agrammatism and taxanomy

The Broca's aphasics who participated in this study offer
qualified support {or the arguments advanced by faramazza and
Martin (i1n press) and by Schwartz (1982}, who maintained that
the standard aphasia classifications fail to capture features of
aphasic behavior that may be relevant to the organizatian a#
language. Schwartz asserted that the maj or aphasia syndromes
are best viewed as "polytypic" structures, clusters of features
which share the characteristic that none of them is essential to
the larger classification., The Broca’s aphasics who were studied
in this work were selected on the basis of traditional clinical

criteria, yet a degree of variability was encountered. Clearly,
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two of the eight so-called Broca’s aphasics generated strateqy
score patterns that were indistinguishable from those of a group
of fluent aphasics. As to the remaining six, they produced con-
sistent strategy score patterns on the paraphrase judgment task,
but agaein displayed significant variability 1n their responses
to the enactment task. As mentioned earlier, this sort ot var-
iability 15 onot unique (although reports to this effect are
rare). Caplan, Matthei and Gigley (1981) reported a very simi-
lar finding. Had these subjects been tested aonly an the en-
actment task, infurmafion about their linguistic status would
have been missed.

In view of the variability observed within the group of
Broca’'s aphasics who participated in this study, it 1s appro-
priate to echo the warnings raised by Caramazza and Martin ({in
press! and Schwartz (1982) concerning syndrome-based group re-
search, Those concerned with the nature of agrammatism will
need to control task-related variables quite narrowly, selecting
subjects on the basis of their agrammatic performance on Ssome
well-defined measure.

The etfect of task demands upon on-line syntactic proces-
s1ng is poorly understoaod. It might be useful to carry out an
extended study of a number of patients who demonstrate consist-
ent performance on one or agre metalinguistic tasks. Once base-
line performances are established, then the effects of a series
of carefully differentiated on-line tasks might be measured and

correlated with biographical and nonlinguistic performance data,



There are obvious ocbstacles confronting the researcher who at-
tempts to impose on-line (e.q., reaction time} tasks on apha-
sics, but recent successful applications (e.qg., those of
Bradley, et. al., 1980) are encouraging. Such an endeavor
should serve to refine taxonomic distinctions , and may prove to
be thecretically productive. [t might be possible to replicate
some 0of the experiments, carried out on normal subjects, that
have been designed to isolate syntactic processes +$rom other
language processes. For exaample, variations of fForster’s (1979)
"same-different matching task," testing the independence ¢ _he
effects of syntactic form and semantic plausibility, might be
teasible, Aphasiologists have, if we are to believe Caramaz:za
and Martin (in press), come close to exhausting the theoretical
utility of the current aphasia classifications: it is at such
times that “fishing expeditions" of this sort have been aast

useful.

Clinical i1mplications

It is, more than ever, clear that the traditional formula
for communicating with aphasics -- keep it short and simple -~
is appropriate. If the data of this study are reliable, an
agraamatic aphasic should be entirely capable of understanding
simple N-V-N statements. To the limit of his/her ability to
cancatenate concepts, the agrammatic should be able to assi-

milate a string of such statements. Indeed, this is consistent
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with the {findings of Goodglass, et. al., {1979) who reported
that Broca’s aphasics understood sentences like (18) better than
they understood shorter, but mare syntactically caomplex struc-
tures such as (19),

{18} The man was greeted by his wife and he was smoking a
pipe.

(19) The man greeted by his wife was smoking a pipe.

The waost important clinical implications of this study re-
volve around the need to clarify the parameters of aphasic
symptomatalogy. It is clearly unwise to assume, for example,
that a patient who presents with halting, labored speech and
grossly adequate comprehension is incapable of syntactic anal-
ysis and might benefit from therapeutic efforts to re~establish
syntactic skills. The data suggest that, even though such a pa-
tient might perform poorly on syntactically loaded tasks, bhis
problem may not be agrammatism per se. On the other hand, pa-
tients who appear to be generally inconsistent 1n sentence com-
prehension may prave to be masking or compensating 1n some way
for an agrammatic deficit. While standard clinical instruments
such as the Porch Index of Communicative Ability (Porch, 19567}
and the Baston Diagnostic Aphasia Examination (Goodglass and
Kaplan, 1972) are useful inasmuch as they are reliable 1ndica-
tors of change and level of severity, they provide inadequate
descriptions, at best, of aphasic deficits, Hopefully, 1t will
he paossible to develop more effective rehabilitation technigues

as a result of sharper characterization of aphasic i1mpairment.
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APPENDIX A:

THE WOMAN BREETED THE MAN AND FELL DOWN

THE WOMAN THE MAN tesaanen

GREETED THE MAN raseenns
THE MAN FELL DOWN T esaae s
THE WOMAN GREETED crsreaae
GREETED FELL DOWN  ..... oas

THE WOMAN FELL DOWN ........

THE WOMAN THAT BUMPED THE MAN FELL DOWN

THE MAN FELL DOWN Teserena

THE WOMAN FELL DOWN ........
THE WOMAN THE MAN  ..... caa
BUMPED THE MAN e seu
THE WOMAN BUMPED veseaans
BUMPED FELL DOWN N

THE WOMAN WATCHED THE MAN THAT FELL DOWN

THE WOMAN FELL DOWN ........

WATCHED THE MAN cearanan
THE WOMAN THE MAN  ..... ¢sa
WATCHED FELL DOKN ..... oaa
THE MAN FELL DOWN seaseana
THE WOMAN WATCHED treasenn

THE MAN PUSHED THE WOMAN AND FELL

FUSHED FELL DOWN  ..... ‘e
THE MAN THE WOMAN P
THE MAN FELL DOWN  ..... ‘oo

PUSHED THE WOMAN treen e
THE WOMAN FELL DGWN ........
THE MAN PUSHED Parmemae

THE MAN THAT THE WOMAN WATCHED FELL DOWN

WATCHED FELL DOWN  ........
THE MAN THE WOMAN casieann

THE MAN WATCHED ressrean
THE WOMAN WATCHED trasnana
THE MAN FELL DOWN ....... .

THE WOMAN FELL DOWN ..... .o

PARAPHRASE TASK_SCORESHEET

DOWN
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THE WOMAN THAT GREETED THE MAN FELL DOWN

GREETED TME MAN

THE WOMAN FELL DOWN
THE WOMAN THE MAN
GREETED FELL DOWN
THE MAN FELL DOWN
THE WOMAN GREETED

THE WOMAN PUSHED THE MAN THAT FELL DOWN

THE WOMAN THE MAN
PUSHED FELL DOWN
THE WOMAN PUSHED
THE MAN FELL DOWN
THE WOMAN FELL DOWN
PUSHED THE MAN

THE WOMAN THAT THE MAN GREETED FELL DOWN

GREETED FELL DOWN
THE WOMAN FELL DOWN
THE MAN GREETED

THE MAN FELL DOWN
THE WOMAN THE MAN
THE WOMAN GREETED

THE MAN BUMPED THE WOMAN AND FELL

THE MAN FELL DOWN
THE MAN THE WOMAN
THE MAN BUMPED
BUMFED THE WOMAN
THE WOMAN FELL DOWN
BUMPED FELL DOWN

THE MAN THAT THE WOMAN PUSHED FELL DOWN

THE WOMAN FELL DOWN
PUSHED FELL DUWN
THE WOMAN PUSHED
THE MAN THE WOMAN
THE MAN FELL DOWN
THE MAN PUSHED
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L R I ]

DOWN
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11 8§ ¢ THE MAN THAT GREETED THE

THE MAN THE WOMAN
THE MAN GREETED
GREETED FELL DOWN
THE WOMAN FELL DOWN
GREETED THE WOMAN
THE MAN FELL DOWN

12 0s & THE MAN BUMPED THE WOMAN
BUMPED FELL DOWN
THE MAN THE WOMAN
THE MAN FELL DOWN
BUMPED THE WOMAN
THE MAN BUMFED
THE WDMAN FELL DOWN

WOMAN FELL DOWN

LR N R

THAT FELL LDOWN

12 Co 4 THE WOMAN WATCHED THE MAN AND FELL DOWN

THE WOMAN FELL DOWN
THE MAN FELL DOWN
WATCHED THE MAN

THE WOMAN WATCHED
THE WOMAN THE MAN
WATCHED FELL DOWN

EIN LR B B R ]

14 0s 2 THE MAN GREETED THE WOMAN THAT FELL DOWN

GREETED THE WOMAN
THE MAN THE WOMAN
THE MAN GREETED
GREETED FELL DOWN
THE MAN FELL DOWN
THE WOMAN FELL DOWN

--------
--------
LN R R
[N B R B
o - L)

15 85 4 THE WOMAN THAT PUSHED THE MAN FELL DOMWN

THE WOMAN THE MAN
THE WOMAN FELL DOWN
THE WOMAN PUSHED
PUSHED FELL DOWN
PUSHED THE MAN

THE MAN FELL DOWN
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THE WOMAN THAT THE MAN WATCHED FELL DOWN

THE MAN FELL DOWN
THE MAN WATCHED

THE WOMAN WATCHED
WATCHED FELL DGWN
THE WOMAN THE MAN
THE WOMAN FELL DOWN

THE WOMAN BUMFED THE MAN

THE MAN FELL DOWN
THE WOMAN EUMPED
THE WOMAN FELL DOWN
THE WOMAN THE MAN
BUMPED THE MAN
BUMPED FELL DOWN

THE MAN PUSHED THE WOMAN

THE MAN FELL DOWN
PUSHED FELL DOWN
THE MAN THE WOMAN
THE WOMAN FELL DOWN
FUSHED THE WOMAN
THE MAN PUSHED

THE MAN THAT WATCHED THE

THE MAN THE WOMAN
THE MAN WATCHED

THE WOMAN FELL DOWN
THE MAN FELL DOWN
WATCHED FELL DOWN
WATCHED THE WOMAN

[BC RN BRI
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AND FELL DOWN
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THE MAN THAT THE WOMAN BUMPED FELL DOWN

BUMPED FELL DOWN
THE MAN BUMPED

THE MAN FELL DOWN
THE WOMAN FELL DOWN
THE MAN THE WOMAN
THE WOMAN BUMPED
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TABLE 1}

PRODUCTION AND MISCELLANEOUS DATA

BROCA’S APHASICS

Bi B2 B3 b4 B3 Bé B7 <] =]
Age 52 47 48 a7 52 54 20 &3
Educ (yrs) 10 12 14 13 12 B 12 12
Lesion site FP F FP FP FP FP F F
Months P, OD. 73 34 45 36 150 9 81 q
Digits Fwd =] 2] 3 ) 4 ] s 5
Digits Bkwd 3 0 0 3 3 3 4 0
Krnox Cubes 14 10 13 13
BDAE SCDRES
Severity 2 2 2 2 2 3 4 3
Aud. Comp.(z) .73 -.10 .43 .25 .80 .25 .B8O .33
Read. Sent. b 5 B b 7 5 B 5
Artic, Rating 1 4 4 4 2 2 % 1.9
Phrase Length 3 B 1 3 3 3 10 2
Grammat. Farn 2 1.5 1 1.5 1 3 4 1.3
FLUENT AFPHASICS
F1 F 2 F3 F4 ES Fé
Age a0 44 61 33 55 71
Educ (yrs) i1 i6 9 14 12 12
Lesion site TP TF FP TP P TF
Months F.0. 4 120 4 36 45 1.8
Digits Fwd 4 4 4 0 0 5
Digits Bkwd 3 3 z 0 0 3
Knox Cubes 10 B 11 8
BDAE SCORES
Severity 3 4 3 5 4 4
Aud. Comp. .33 0.0 0.0 1.0 .75 .40
Read. Sent. 6 b & 10 7 =
Artic. Rating 6.3 4.0 5.0 6.5 7.0 3.0
Phrase Length S 8 8 B 10 11
Grammat. Form 7 7 7 7 7 7
CONTROL SUBJEECTS
Cc! c2 C3 C4 CS __C& C7 C8 £
Age LY 71 47 47 sS4 &3 59 55 54
Educ (yrs) 11 10 12 il 12 9 13 14 14
Digits Fud B 7 7 7 7 [ B b b
Digits Bkwd. =] ) 4 4 S 4 7 3 4

21



TABLE 2
INDIVIDUAL PRAFPHRHRASE RESPONSES: BROCA’S APHASICS
{"yes" responses only)

SENTENCE TYPE SUBJ. Ni-Vi N2-V1  Ni-V2 _ N2-V2

E_J
-

DU A LU0
(N
L 3

]

co carrect
B1

B2

iH

BS

B&

B7

B8
proporticn accepted .
58 correct X

bBi

B2

B3

3 $

3 u

5 1

3 0

B4 3 Q
B3 3 - 3
4 2

3 1

) 0

8 2

~ 8 8RB0

-”
L 2
"

Bé&
B7
BA
proportiaon accepted
50 correct |
B1 4
B2 0
B3 3
B4 1
BS 0
Bé& 3
B7 1
=1:] H
proportion accepted 3
1 correct t §
B1 ]
B2 S
B3 S
B4 S
BS 3 -
.|
S
o]
9

-
-
E 2

[
Ll oy

Bé

B7

BB
groportion accepted

. T I

[N PYR
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TABLE 3

INDIVIDUAL PARAPHRASE RESPONSES: FLUENT APHASICS
("yes" responses anly)

SENTENCE TYFE SuUBJ. N1-VI] N2-V1 NI-V2 NZ2-V2

co correct s 513
F1 = - 3 2
F2 q - 2 I
F3 4 - ] 3
F4 3 - 4 0
F3 S - 2 5
Fé& 3 - 4 3
proportion accepted « 73 77 .93
85 correct L2} 15
Fl 4 - S 3
F2 9 - 4 3
F3 ba] - 5 2
Fa =] - S 1
F3 3 - S S
Fa 4 4 1
proportion accepted 93 73 .50
&0 correct 1 1 £ ¢
Fi 4 4 5 3
F2 1 5 U 3
F3 2 3 S 3
Fq 1 4 3 2
FS 5 S 5 4
Fé& 2 ] 3 2
proportion accepted « &0 . 87 . 70 63
0s correct 5L 12
F1 L) - 4 4
F2 ] - 1 4
F3 4 - S 1
F4 ] - O S
FS =] - ] 9
Fé S - 0 4
prapartion accepted 33 .l 77
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TARLE 4

INDIVIDUAL ENACTMENT RESFONSES: BROCA’S AFHASICS

SENTENCE . IRANSITIVE VERB INTRANS, VERB
TYPE SUBJ, NI-V1-N2 NZ-Vi-N] Ni-V2 _N2-v2
co correct 111 113
Bl
B2
B3
B4
B3
Bé
B?7
BB
proportion correct 70 .38
58 correct L & |
Bl S
B2 3
B3 S
Ba 3
<]
4
b
=]

LN L apb0n
o = e I Ll = =
CHMUWUHWCSCNON
S NN LA WO

BS
2T
B7
Bg
proportion correct .78 .45
50 correct 3
B1 4
B2 0
B3 3
B4 3
B3 3
Bé& 2
B7 0
B8 1
proportion correct .60 . S0
as correct n
Bl S
B2 3
B3 4
B4 4
S
4
S
]

L

BS
Bé&
B7
BA
proportion correct .93 .75

B R T T T T A .

[ B AR R L S
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[ABLE 5
INDIVIDUAL ENACTMENT RESPONSES: FLUENT APHASICS

SENTENCE TRANSITIVE VERB INTRANS, VERB
IYPE SUBJ.  Ni-V1-N2 N2-Y1-Ni N1-V2 N2-V2
cD correct 1 33 ] 553
F1 4
F2
F3

1

5 0

3 2

Fa4 ] 0
3 0

S 0

FS
Fé&
prapartion correct .20 .83
55 correct L § 4
F1 5
F2 3
F3 4
3
2
S

N B WY
O e N e O

F4
FS
Fé&
proportion correct .87 .BO
50 correct ¥
F1 3
F2 5
F3 0
Fa 1
FS 4
Fé V]
proportion correct .97 .67
s correct 1
Fi 4
F2 3
F3 4
F4 5
FS 4
Fé 3
proportion correct .50 .77

- Em w wr o e omr m . omm e e mm e  k Em o owe Em am owe W e mw s mm mm

95



TABLE &
"WHOLE-SENTENCE CORRECT" ANALYSIS:

SENTENCES FOR WHICH ALL RESPONSES WERE ACCURATE

Broca’s_aphasics: _Paraphrase task
Bf B2 B3 Ba B Be B7 BB Jotal
0 QO 0 0 3 1 1 0 3
0 0 Q 0 2 3 i 0 b
0 0 0 0 0 V] 0 V] 0
2 3 4 3 V4 i 4 4 z8
2 5 4 3 7 2 s 4
Broca’s aphasicgs: _Enactment task
Bf BZ BZ B4 By B B7 BB Total
2 0 2 V] 3 1 3 0 13
3 1 2 0 2 4 4 1 17
1 0 1 2 2 3 0 3 12
2 5 4 4 9o & 5§ 4 28
8 b 9 6 7 12 14 a
Fluent aphasics: Paraphrase task
Fy E2 E3 F4 E3 Eé Total
Cco 2 2 2 4 V] 2 12
sS 1 2 3 3 0 3 13
S0 0 0 0 3 o 1 4
0s 0 2 0 ! 0 4 12
Total 3 7 9 14 U 10
Fluent aphasigs: Enactment task
Fl F2 E3 E& E3 E6 Total
co 4 2 2 4 I 5 20
58 ] 2 2 =] 2 b 21
50 2 Q 3 L] 1 4 14
0s 1 2 P4 2 3 2 18
Total 12 L.} 9 i8 9 19
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TABLE 7

FARAPHRASE TASK:
STRATEGY FREDICTIONS AND RESPONSE WE IGHTING

Sent. Fragment CORR. MDS ADJ PFS FNF WE IGHT
type Y N
N1-v1 Y Y Y Y Y 1/5 0
co Ni-V2 Y N N Y Y 173 1/2
N2-V2 N Y Y N N 1/72 1/3
N1-¥1 Y \ Y Y Y 1/5 0
59 N1-V2 Y N N Y Y 173 1/2
N2-y2 N Y Y N N 1/2 1/3
N1-V1 N N Y N ¥ 1/2 /3
S0 N2-V1 Y Y N ¥ N 173 1/2
Ni-V2 Y N Y N Y 173 /2
NZ-¥2 N Y N Y N 1/72 /3
Nl-V1 Y Y Y Y Y 1/8 0
0s N1-V2 N N N Y Y 1/2 1/3
N2-v2 Y Y Y N N 173 1/2
Y: Indicates "yes” respanse

Indicates

IlnDll

response
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TABLE 8
ENACTMENT TASK:

STRATEGY PREDICTIONS AND RESFONSE WEIGHI NG

Sent. Fragment CORR, MDS ADJ FFS FNP WEIGH?
tyge {+)
Cco NLI-V1-N2Z + + + + + 175
NZ2-VY1-N1 - - - - - 4]

N1-V2 + - - + + 1/3

N2-V2 - + + - - 1/2

S5 Ni-V1-N2 + + + + + 1/5
NZ-V1-NI - - - - - ]

N1-Y2 + - - + + 1/3

NZ-V2 - + + - - 1/2

S0 N1-Vi-N2Z - - + - + 1/2
NZ2-Vi-Ni * + - + - 1/3

Ni-v2 + - - - + 1/2

NZ-V2 - + + + - 173

as Ni-VI-N2 + + + + + 1/5
NZ2-V1-N1 - - - - - 0

N1-v2 - - 1/2

NZ-y2 + - 173

il A T S ot T ] T i AR =7 S ——

+: Indicates enactment of indicated relationship



SuBd
Bl
B2
B3
B4
BS
Bé
B7

Fl
F2
F3
Fa
FS
Fé

v e W -

HDS
.BS
.94
.85
.87
.68
.43
.83
.97

.44
.73
.36
.49
.54
=]

TABLE 9

WEIBHTED STRATEGY SCORES

3 i~

aRd
.82
.60
.72
.63
.38
.53
.66
.67

.51
.44
.40
.42
.57
.48

ENE
.33
.17
.23
.24
.41
.64
.28

.17

.62
.33
.71
«92
-1
.48

1]
.48
90

62
.93

.43
D3
.92
49

ADJ
- 70
. 76
-1
.80
.99
.44
.33
.73

.34
+ 59
47
.43
.60
. 40

.48
-1

ENE
.70
.28
.04
.44
.73
.62
.47

. 37

.54
.85
.47
.61
.94
-1

99



oo

FARAFHRASE TASK o—o
ENACTMENT TASK ¢——¢

co §s S0 as

la. PROPORTION CORRECT ~ BY SENTENCE TYPE (BROCR’S APHASICS)
(arcsine transformations of percentage scores)

3.0

2.5

/

2.0

O

1.5

1.9

0.5

co 58 S0 0s

ibh. PROPORTION CORRECT - BY SENTENCE TYFE (FLUENT APHASICS)
{arcsine transformations of percentage scores)

FIGURE 1



1.0

0.3

2.0

1.5

1.0

0.9

PARAFHRASE TASK o—o
ENACTMENT TASK ¢—

CORR MDS ADJ FFS FNF

2a. STRATEGY SCORES (BROCA’S APHASICS)
{(arcsine transformations of percentage scores)

CORR MDS ADJ PFS FNF

2b. STRATEGY SCORES (FLUENT APHASICS)
(arcsine transformations of percentage scores)

FIGURE 2

101



102

FARAPHRASE TASK 0— o
ENACTMENT TASK ¢—
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