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Syntadic frame and verb biasin aphasia
Plausibili ty judgments of undergoer-subjed sentences
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This gudy investigates threefadors that have been argued to define "canonicd form" in sentence
comprehension: syntadic structure, semantic role, and frequency of usage. We first examine the daim that
sentences containing unaacusative verbs present difficulti es analogous to those of passive sentences. Using
aplausibili ty judgment task, we show that a mixed group of aphasics performed significantly better on
unaacusatives than on passives. We then turn to the observation that passives are generally harder than
adives for aphasics. We show that this effed is modulated by lexicd bias, i.e. the likelihoodthat averb
appeasin agiven syntadic structure: Passves of passive-bias verbs are significantly easier than passives
of adive-bias verbs. More generally, sentences whose structure matches the lexicd bias of the main verb
are significantly easier than sentences in which structure and lexica bias do not match. These findings
suggest that "canonicd form” refleds frequency and lexicd biases.

Introduction

The simplicity of "canonicd form", or "canonicd word order”, for normal and aphasic comprehension has
often been taken as <l f-evident in the sentence mmprehension literature. However, as has been pointed out
by Menn (2000, the privil eged status of canonicd form itself needs explanation. Different definitions of
"canonicd form" yield testably different predictions. One gproac to the definition of canonicd sentence
formisthat implicit in Bates et a. (1987, inter alii). Bates et a. note that sentences with Agent-Action-
Objea order represent the canonicd word order for English. A second approach is based on syntactic
"movement" analyses and defines as non-canonica any word order that diverges from the [,pNP-[pVerb-
NP]] configuration assumed for the degp structure of English sentences. Based on this understanding of
canonicity, Kegl (1995 argues that sentences with unaacusative verbs should be difficult to processfor
aphasic patients, in particular for patients with "agrammatism", for reasons that are analogous to the fadors
giving rise to the greaer difficulty of pasdves compared to adives. Although the predse definiti on of
unaccusativity is contested (see eg. Levin and Rappaport Hovav 1995, unacaisative verbs are generally
understoodto be intransitive verbs whose (surface subjeds represent Undergoer arguments. Examples of
unaccusative verbs include verbs like melt and blush. Under the transformational analysis assumed in Kegl
(1995), the surfacesubjeds of unacaisative verbs are linked via movement to dired objedsin deegp
structure. Unaccusatives therefore induce the very same difficulti es as passve sentences, acordingto
Kegl'sanalysis, and should be & hard as passves for aphasic speakers.

A different approach to canonicd form has been proposed by Menn et al. (1998) who suggest that
canonicd form relies on the most frequent syntactic frame for a given verb. Under this view, aphasic
problems with producing and understanding passives derive from the fad that, for most transitive verbs,
passves occur less frequently than adives. One prediction of this approadch, also advanced by Gahl (2000,
isthat comprehension difficulty should vary with the lexicd bias of the wordsin a given sentence, i.e. with
the likelihood d a particular word's occurring in a particular type of syntactic frame. For example, adive
transitive sentences should not be uniformly easy to process Rather, verbs that are rarely transitive should
induce greaer comprehension difficulty than verbs that are frequently transitive.



Asargued in Menn (2000, the basic assumptions underlying the definition of canonicd form have not been
serioudly tested. Furthermore, most experimental work to date reli es on materials in which syntax,
semantics, and frequency of usage ae confounded: The cntrast between adives and passves, for example,
has been tested primarily with highly transitive verbs like kick and break. These verbs are most often used
in the adive form, so the greder difficulty of their passve munterparts could be due to syntadic, semantic,
or frequency fadors.

Totease gart the dfeds of frequency of usage, syntadic structure, and semantic roles, the present paper
investigates aphasic comprehension of four types of sentences. Intwo o the sentencetypestested - adive
transitive, and intransitive with agentive subjeds -, the Agent precedes the Undergoer. In the other two
sentencetypes - passive, and intransitive with Undergoer subjeds (roughly, unaccusatives) - the Undergoer
preceades the Agent. For ead of the four types of sentences or syntadic frames, we test verbs that occur
frequently in the given frame and verbs that occur infrequently in the frame in question. We ae particularly
interested in the extent to which matches or mismatches between lexicd bias and syntadic structure may be
responsible for the observed dfficulty of passives, and of unaccusatives compared to passves on the one
hand, and to intransitive verbs with agentive subjeds on the other.

Materials and M ethods

To explore therole of lexicd biasin sentence @mprehension, we tested four types of syntadic frames:
adivetransitive (T), passve (P), intransitive-undergoer subjed (1U; rougHy, unacaisative) and
intransitive-agentive subjed (1A). The method used was judging the plausibility of sentences using verbs
with different preferred syntadic frames. We neaded severa verbs favoring ead of the four syntadic
frames. As part of arelated projed reported in Roland et a. (2000), we determined the preferred frames of
about 80 verbs from the Briti sh National Corpus. This was done by hand-classfying 100 randomly-chosen
occurrences of each verb by syntactic frame. Not every verb appeaed in al four frames, sincenot al
English verbs alternate between transitive and intransitive forms. We identified those verbs which appeaed
in at least two of the four frames and showed over 50% preference for one of the four frames. These verbs
were ansidered to have alexicd bias for that frame. About 150 gausible 3-NP sentences were aeaed by
combining each verb with one or two noun phrases and at least one prepositional phrase; al of these
sentences were ‘red-world’ irreversible in the sense that interchanging the NPs would result in an
implausible sentence. We used ead verb in all the frames for which grammatical sentences could be
creaed; afew verbs could be used in al four frames, but most were usable in only two o three For
example, for the verb dip, our sentencesincluded The thief dli pped the jewelry into the pocke and The
jewelry dipped ou of the thief's pocke. An equal number of implausible sentences was creaed from the
same verbs and NPs (with minor modifications in functors, where needed, to avoid having such locdly
implausible sub-sequences as ‘in the table’), e. g. The jewelry dli pped the thief into the pocke.

A written list of the full set of plausible and implausible sentences was presented in two pseudo-random
ordersto apod of undergraduate normal subjeds for rating on ascde of 1 to 7, the 149 sentences with
extreme ratings (average dove 5.6 or below 2.3) — about half of the original set - were then presented to
subjeds with aphasia for their judgments. There were thirty-two combinations of the four syntadic frames,
the verb biasesto ead of the four frames, and the two levels of plausibility (plausible and implausible).
However, seven of the thirty-two cdls were empty after the sentences with equivocd plausibility ratings
were removed. Thisnecessarily limited the statistica analyses that could be performed.

Ead subjed with aphasiathen individually head the list of sentences in the same pseudo-random order
and was asked to say if eat sentence made sense or not. Each sentence was read aloud, and repeaed upon
request. Actual yes-no responses were written down and later evaluated as corred or incorred. Two
subjeds who made too few errors for analysis and one subjed who said that all but 5 of the sentences were
plausible were excluded from analysis. The remaining eight subjeds provide the data analyzed below.

Subjects

The subjeds were a@ght aphasic patients. Testing took place &the University of Arizona and the University
of Colorado, Boulder. Badkground information on the éght aphasic patientsis given in Table 2 below.



Results

Analysis of group data

The threequestions posed in this gudy are (1) whether sentences with unaccusative verbs and passve
sentencesindeal present similar difficulties as predicted by Kegl (1999, (2) whether sentences with
Undergoer subjeds are generally more difficult than sentences with agentive subjeds, and (3) whether
comprehension difficulty isinfluenced by the match or mismatch between syntadic structure and the
lexicd bias of the verb, as predicted by Menn (2000 and Gahl (2000).

If, as postulated by Kegl (1995, aphasic patients experience difficulties with sentences containing
unaccusative verbs that are analogous to those encountered with passives, then these patients should
perform equally poarly on the two sentencetypes. That thisis not the cae an be seen from Table 1, which
presents the total number of corred and incorred responses from the group of eight aphasic subjedsin
ead condition. A chi-square analysis $ows that performance on intransitive-undergoer subjed (1U)
sentences was sgnificantly better than on passive (P) sentences (x? (187,320) = 21.398, p < 0.00001). (In
thisand all other comparisons, the degrees of freedom for the chi-square tests were one, and the number of
trials entering ead comparison is presented in parentheses). It might be objeded that this finding could
simply be due to the fact that intransitive sentences contain only one syntactic argument, whereas passves
contain two. To rule out this possibility, we mmpared performanceon 1U and intransitive-agentive subjed
(IA) sentences:. If the movement acount of unacaisativesis corred, then intransitive sentences with
unacacusative verbs should be harder than intransitive sentences with agentive subjeds, i.e. sentences that
are not subjed to any movement operation. That thisis not the cae can again be seen from a chi-square test
comparing the aror rateson 1U and | A sentences, which are virtually identica (x* (187, 181) = 0.158, p =
0.691, n.s.). The fad that performance on intransitive-agent (1A) and intransitive-undergoer (IU) sentences
did not differ significantly also failsto suppart the daim that Undergoer-first sentences should necessarily
be more difficult for aphasic patients than Agent-first sentences, as predicted by an approach to canonicd
form purely based on semantic roles. This answers the second of our threequestions.

To chedk whether the plausibili ty judgment task isin fad capable of deteding relevant differencesin
processng difficulty, we dso compared petients' performance on adive transitive sentences and passves.
Aswasto be expeded, adive transitive sentencesin fad €licited significantly better performancethan
passves (x? (510, 320) = 23.615, p < 0.00001).



Sentence frame

Verb bias |T P 1A V] total sample

(agent (undergoer |(agent (undergoer verbs

subjed) subjed) subjed) subjed)
T
corred 81 (55) 22 (51) 0(24) 7(12) 139(229) |disturb
error 15(24) 10 (45) 0(8) 1(4) 37(138) |pour
P
corred 62 (10) 43 (8) 0 (0) 0(0) 148(26) |eleda
error 10(14) 5 (16) 0 (0) 0(0) 20 (46) injure
A
corred 43(30) 0 (15) 52 (49) 0 (0) 147(158) [lean
error 5(9) 0(9) 4 (13) 0 (0) 13(53) walk
U
corred 64 (49) 20(38) 19(6) 90 (43) 322(223) |burst
error 8 (31) 4(34) 33 9 (21) 40(147)  |float
total 250(144) [85(112) (71(79) 97 (55) 756 (636)
correct
total 38(78) 19(104) (7 (29 10(25) 110(384)
errors

Table 1: Total number of corred and incorred responses from eight aphasic subjeds on the plausibility
judgment task. The first number in ead cdl shows the number of corred or incorred responses on
plausible stimuli. The second number (in parentheses) shows the number of corred or incorred responses
on implausible sentences. Highlighted cdls represent " concordant™ conditions, i.e. onesin which sentence
frame and verb hias match.

Turning to our third question, concerning the effect of match between lexicd bias and syntadic frame, we
find that performance on "matching" (concordant) sentences was sgnificantly better than on nonmatching
sentences: (x° (528, 670) = 13421, p < 0.001). This suggests that comprehension difficulty is indeed
influenced by match between lexicd bias and syntadic structure.

Analysis of data fromindividual subjects

Asisusualy the ase with data from aphasic patients, there is a mnsiderable amount of between-subjed
variability. In Table 2 below, we show the results for ead individual patient. Several of our subjeds
showed atendency towards accepting al sentences as plausible. What is needed is a statisticd measure that
takes this type of resporse bias into ac@munt in asessng subjeds sensitivity to sentence plausibility.
Therefore, in the analysis of individual patients' resporses, we alopt the logic and notation of signal
detedion analysis. Spedficdly, we use A', a non-parametric index of sensitivity, (Polladk & Norman 1964
Grier 1971), for this purpose.’ The values of A' range from 0to 1. A value of 0.5 indicates complete
inability to discriminate between two types of events (in our case, plausible and implausible sentences). A
value of 1 indicates perfea discrimination of the two types of events. In determining the values for A', we
made use of the formulareported in Grier (1971).

! Another commonly used statistic for this type of task is d', which we rejected because of the asumptions
it requires about the probability distributions underlying subjeds' performance (cf. Swets 1973.



For eat combination of sentencetype and lexicd bias, we mwmpare the propartion of plausible sentences
which the subjed corredly accets as plausible to the propartion of implausible sentences which the
subjed falsely accets. Note that the value of A' is undefined when a subjed acceptsall stimuli inaset (in
our case, when a subjed accets al sentencesin a particular condition as plausible).

Two important feaures of the data can be gleaned from Table 2. Firgt, thereis clea evidence of good
discrimination ability in all eight subjeds, i.e. plausible sentences elicit different responses from
implausible ones. Seand, the data from individual subjeds tend to be mnsistent with the findings based on
poded group data. Spedficdly, performance on passive sentences is worse than on intransitive-undergoer
subjed (1U) sentences. In addition, "concordant” sentences, i.e. sentences whose structure matches the bias
of the main verb, tend to €licit better performancethan "discordant” sentences, i.e. onesin which thereisa
mismatch between syntadic structure and lexicd bias.

Table 2: Plausibility judgments by eight aphasic subjeds, with badkground information on eech patient.
The table shows ead subjed’'s A’, a non-parametric index of sensitivity (seetext) in ead condition.

Subjed

Sentenceframe |Match AZ2 |AZ5 [AzZ6 |JS KJ LM SK WK
T concordant 0.9 0.856 |0.716 |0.9 0.917 |0.855 |1 0.655
discordant 0.75 [0.838 |0.633 |0.849 |0.933 |0.963 |0.933 |0.781
1A concordant 0.857 |1 0.917 |0.875 (0.964 |1 0.964 [0.909

discordant 0.9 0.9 0.897 (085 |1 0.767 |1 0.9
U concordant 0.844 [0.784 |0.938 [0.875 |0.879 |0.982 |0.964 |0.795
discordant 0.875 [0.875 - 0.875 |1 1 1 0.875
P concordant - - 10.833 |0.833 |0.75 ]0.838 - 10.838
discordant 0.823 [0.38 |0.624 |0.875 |0.774 |0.894 |0.893 |0.317
al concordant 0.857 [0.865 |0.841 [0.879 |0.899 |0.933 |(0.941 |0.792
discordant 0.796 [0.719 |0.708 |0.853 |0.903 |0.926 |(0.935 |0.692

Patient badkground information:

Patient  Sex Age® Post-onset” Aphasiadiagnosis Aphasia Severity  Etiology
WK Female 58 40 Conduction 103 Left CVA
KJ Femae 33 131 Conduction 98 Left CVA
LM Male 37 6 Brocds 103 Left CVA
JS Femae 54 21 Conduction 103 Left CVA
AZ-2  Mae 45 40 Anomic 92.2¢ Head injury
AZ-5 Female 45 unknown Anomic 82.1¢ Gunshot
wound
AZ-6 Male 70 37 Brocas 15.7¢ Left CVA
SK Femde 78 168 Brocds 3 BDAE Left CVA
Yeas
®Months

“As measured by the ghasia diagnostic profil es (ADP; Helm-Estabrooks, 1992
4As measured by the Western Aphasia Battery (WAB, Kertesz 1982

General Discussion

The threequestions posed in this gudy were whether sentences with unaccusative verbs and passive
sentencesindeal present similar difficulties, whether sentences with Undergoer subjeds are generally more
difficult than sentences with agentive subjeds, and whether comprehension difficulty was influenced by the
match or mismatch between syntadic structure and the lexicd bias of the verb. We discussthese three
guestionsin turn.



Kegl (1995 found that story narratives by several agrammatic speakers contained fewer unaccusatives
than similar narratives by normal spe&ers. Since unacaisatives are transformationally derived in the
syntadic framework assumed in Kegl (1995 (and cther transformational theories), Kegl hypothesized that
agrammatic gohasics $ould have problems with unaacusatives that parall e ed their difficulties with
passves, and interpreted the nea-absence of unaccusative verbsin their narratives as confirming this
hypothesis. We found that performance on unaccusatives was ggnificantly better than performanceon
passves, and that performance on unacasatives was not significantly different from performanceon
intransitive sentences with agentive subjeds. These findings constitute a tall enge for Kegl's acount, and
more generally for purely syntadic goproaches to explaining patterns of aphasic miscomprehension.
Similarly, Gottfried et a. (1997) showed that aphasic speakers had equal difficulty in repeding sentences
whose subjeds were Agents and sentences whaose subjeds were Undergoers, again chall enging the daim
that the derivation of unacausatives poses particular problems for aphasics.

It might be objeded that Kegl's claim pertained spedficdly to agrammatic patients with Brocds aphasia,
and that our data from a mixed patient group therefore do not constitute adired challenge. Indedd, it is
theoreticaly possible that agrammatic patients with Brocds aphasia have difficulti es with unaccusatives
and passves for reasons that do not apply to ather patient groups. However, we do not think that the
comprehension patterns that have been observed for aphasic patientsin general offer sufficient motivation
for setting "agrammatic" patients with Brocds aphasia gart from all other patients (see eg. Goodglass &
Menn 1985 Berndt et al. 1996).

An dternative explanation for the near-absence of unacasative verbs in Kegl's data suggestsitself: In
general, narratives from spedkers with aphasia encode mnsiderably lessinformation than those from
unimpaired spedkers. At the same time, aphasic spegkers do have an accurate sense of what the key
elements of a story are; thus, these speakers tend to encode the main line of adion in a story, leaving out
the badkground and lessimportant items (Menn et al. 1998 1999). For most stories, this entails reporting
the adions of asmall set of agonists, which tend to get encoded as agentive subjeds or, in the cae of
Undergoers, as objeds. Hence, we would exped verbs with Undergoer subjedsto be proportionately less
frequent in aphasic narratives, unlessthe plot has been chosen to highlight events that are not under the
protagonist’s control.

With regard to our second question, while our approach has much in common with the semantic-role based
acount of canonical form, our findings do not suppart the hypothesis that sentences with undergoer
subjeds are uniformly more difficult than sentences with agentive subjeds. Semantic roles are indeed
important predictors of sentence mmprehension difficulty, aslong aslexicd biasis aso taken into ac@unt.

With regard to our third question, we found that performance on "matching"' (concordant) sentences was
significantly better than on nonmatching sentences. We mnclude from this that syntactic structure done
does not adequately acoount for comprehension difficulty: the match between syntadic structure and verb
bias neals to be taken into acaunt. Our findings confirm those of Gahl (2000. This ealier study tested
threesentencetypes (adive transitive, passve, and intransitive-undergoer subjed), with similar results as
the present study. Thus, the results of the present study add to a growing body of evidencethat aphasic
sentence mmprehension refleds usage-based and exposure-based fadors aso known to influence normal
comprehension. In the future, we plan to examine the effed of lexicd biasin aphasic patients' speed, using
elicited speed. We believe that, despite the cae taken in this gudy to include only 'natural-sounding'
sentencesin the experiment, patients' speed affords alook at more natural data.

As dated ealier, the notion of ‘canonicad form' has variously been defined in purely syntadic or purely
semantic terms. Kegl (1995 is consistent with a purely syntadic gpproach to defining canonicd form,
whereas the work of Bates et a. (1987) represents an approach to canonica form that is based on semantic
roles. Our findings sippart an alternative goproach to the definiti on of canonicd word order, one that takes
syntadic, semantic, and frequency-based fadors into account.
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