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Abstract

The aim of this study was to investigate sentence production deficits in subjects
with aphasia, with a view to improving the description of the observed features of
performance and determining the nature of the underlying impairment. An analysis of
narrative speech was designed which described sentence production in terms of
thematic, phrasal and morphological structure. The comprehensive analysis procedure
allowed the sentence production of non-fluent aphasic subjects, fluent aphasic
subjects and normal control subjects to be compared. The results of the narrative
analysis questioned the validity of grouping subjects via the fluency of their speech;
there was extensive variability within each group and the deficits seen in the non-
fluent and fluent subjects were not differentiable. Garrett’s (1980) model of normal
sentence production provided a more beneficial framework for characterising sentence
production deficits in aphasia. The majority of the subjects with aphasia presented
with a combination of functional and positional level deficits. Selective deficits were,
however, 1dentified 1n the production of thematic structure, complex phrases, function
words and inflectional morphology.

The independence of functional and positional level processing was confirmed by
an additional study of narrative speech investigating how thematic structure
influenced subsequent phrasal realisation. There was no trade-off between the
complexity of the predicate argument structure (in terms of the number of phrasal
components associated with the verb) and the complexity of the phrases used to
realise those arguments. In addition, the argument status of the phrase was not found
to influence its complexity. The number of phrasal components in an utterance and
the complexity of those phrases was only influenced by the information to be
conveyed.

The narrative analysis allowed the likely location of a subject’s impairment to be
identified. An investigation of four subjects with apparent difficulties in producing the
functional level representation found that differential deficits were responsible for
their production of thematic structure. These results provide support for the three sub-
processes suggested by Schwartz (1987):- the retrieval of semantic information, the

creation of the predicate argument structure and the assignment of thematic roles to

lexical items.
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Chapter 1: Literature Review

Sentence production deficits have traditionally been described within the
syndromes of agrammatism and paragrammatism. This chapter will review the
features which characterise the two syndromes and the theories which have been
proposed to account for the observed performance. The validity of these two
syndromes has, however, been questioned due to the variability between subjects
within groups and the overlap in the performance of the two groups. There has been a
recent move in aphasia research towards a cognitive neuropsychological approach
which analyses the performance of individual subjects in relation to models of normal
processing. This approach is outlined, alongside a model of sentence production
(Garrett 1980) which has been used to describe aphasic performance. The underlying
processes which are thought to operate and the characteristic deficits resulting from
their impairment are discussed. Finally, the aims of this study are introduced.

Sentence production deficits are a widespread feature of aphasic language. Kleist
(1916) distinguished two distinct types of aphasic sentence production deficits,
agrammatism and paragrammatism,; it is this distinction which has continued to
dominate the description of aphasic speech. Agrammatism describes the simplified
syntactic structure and omission of morphology associated with Broca’s aphasia.
Paragrammatism 1s the disturbance of grammar, involving the substitution of
morphemes associated with Wernicke’s aphasia. Broca’s and Wernicke’s aphasia are
considered to be aphasic syndromes, associated with damage to distinct areas of the
brain. Broca’s aphasia 1s characterised by good functional comprehension, effortful,
dysprosodic and non-fluent speech containing phonemic paraphasias, articulatory
disturbances and agrammatism (Goodglass and Kaplan 1983, Kean 1995). Wernicke’s
aphasia, 1n contrast, 1s characterised by a marked comprehension deficit, word
retrieval difficulties resulting in the production of semantic and phonemic paraphasias
and neologisms and the production of fluent, paragrammatic speech (Goodglass and
Kaplan 1983). Paragrammatic speech is often semantically inappropriate. The
majority of the research investigating sentence production difficulties in aphasia has
focused on agrammatism; comparatively little research has been carried out into
paragrammatism. The following sections will discuss the characteristics of

agrammatic and paragrammatic speech.



1.1 Agrammatism

1.1.1 Features of Agrammatism

Agrammatism has been a widely investigated feature of aphasic performance.
Saffran, Berndt and Schwartz (1989) described agrammatism as 'non-fluent and
dysprosodic speech output, simple and poorly realised sentence structures, and
frequent omission of bound and free grammatical morphemes' (p441). The omission
of these morphemes, considered the defining feature of agrammatism, is generally
evident in reading and repetition tasks, as well as spontaneous speech. These
ditficulties with function words result in the predominance of open class words,
particularly concrete nouns (Saffran et al 1989) and poorly realised phrasal structure
(Menn and Obler 1990).

Verb deficits have been identified alongside agrammatic speech. Miceli, Silveri,
Villa and Caramazza (1984) studied noun and verb retrieval in agrammatic subjects
and anomic subjects. The agrammatic subjects were shown to have a marked deficit in
the retrieval of action names, compared to object names. This was in contrast to the
anomic subjects who showed more difficulty with noun retrieval. Similar results were
reported by Zingeser and Berndt (1990). Many single case studies of individual
agrammatic subjects, for example, ROX, (McCarthy and Warrington 1985), ML,
(Mitchum and Berndt 1989) BP, (Byng and Black 1989) and EA, (Mitchum,
Haendiges and Berndt 1993) have also shown that agrammatic subjects have difficulty
with verb retrieval in single word and sentence contexts. In sentence production, verb
retrieval deficits result in the omission of verbs, an increased proportion of nouns
(Gleason, Goodglass, Obler, Green Hyde and Weintraub 1980, Saffran et al 1989) and
the use of light' verbs (McCarthy and Warrington 1985, Berndt, Haendiges, Mitchum
and Sandson 1997). These light verbs, for example 'do’, 'have’, 'be' and 'make’, are high
frequency and semantically non-specific; they thus have a potentially wide usage.
When lexical verbs are used by subjects, they typically occur in the progressive 'ing'
form (Goodglass 1968, Satfran, Schwartz and Marin 1980). Goodglass (1968)
attributed the predominance of 'ing’ to a tendency to nominalise the verb.

Subjects with agrammatic speech produce a reduced range of syntactic structures,

with a reliance on simple intransitive and transitive forms and the absence of

conjoined and embedded clauses (Goodglass, Gleason, Bernholtz and Hyde 1972).



Agrammatic subjects may also have difficulty in the production of appropriate word
order within sentences (Goodglass et al 1972, Saffran et al 1980a). Goodglass et al
(1972) suggested that words were ordered according to their prominence in the
sentence. Saffran et al (1980a) reported a study contrasting the production of
reversible and non-reversible sentences, with noun phrases which differed in animacy;
agrammatic subjects were unable to correctly order two animate noun phrases around
a verb 1n reversible sentences. They suggested that in non-reversible sentences, the
agrammatic subjects were able to rely on differences in animacy to produce
appropriate sentences. In the absence of this non-linguistic information, subjects were
unable to communicate meaning via word order.

Broca's aphasia was 1nitially characterised as a disorder of expressive language.
Broca’s aphasics were believed to have good comprehension of single words and a
good functional understanding of conversation. This apparently preserved
comprehension led many researchers to conclude that despite their agrammatic
production, Broca's patients retained their knowledge about syntactic and phrasal
structure. Syntactic comprehension deficits were, however, described in early studies
of subjects with agrammatism (for example, Isserlin 1922) and in the late 1970's and
1980's, there was a series of studies which challenged the apparent preservation of
syntactic knowledge. Zurif, Caramazza and Myerson (1972) showed that in a
relatedness judgement task, agrammatic subjects were unable to integrate function
words 1nto hierarchical structures. Other studies of comprehension showed that
agrammatic subjects were not sensitive to the meaning conveyed by function words
and 1nflections 1n sentences (Parisi and Pizzamiglio 1970, Goodenough, Zurif and
Weintraub 1977). Shewan and Canter (1971) and Goodglass, Blumstein, Gleason,
Hyde, Green and Statlender (1979) suggested that syntactic complexity influenced the
comprehension performance of agrammatic subjects. Goodglass et al (1979) showed
that more complex sentences, such as relative clauses, were understood less well than
conjoined sentences with the same propositional content. With appropriate
assessment, therefore, it appears that agrammatic subjects have deficits in the
comprehension of function words, morphology and complex sentences which are
similar to their agrammatic production.

Subjects with agrammatism are unable to comprehend sentences whose meaning

cannot be derived from the lexical content alone, as in reversible sentences



(Caramazza and Zurif 1976). They proposed that two distinct processes contribute to
sentence comprehension:- algorithmic linguistic knowledge and heuristic real world
knowledge. Non-reversible sentences can be interpreted using real world knowledge
as they describe only one plausible event. Reversible sentences, on the other hand,
have more than one semantically plausible interpretation; they thus rely on syntactic
processes to disambiguate these possibilities. According to Caramazza and Zurif
(1976), agrammatic subjects have access to real world knowledge and thus retain the
ability to understand non-reversible sentences; in contrast, they do not have access to
the syntactic knowledge necessary to understand reversible sentences. The
comprehension of subjects with agrammatism has, therefore, been described as
asyntactic. Many subsequent studies have also highlighted these deficits in the
comprehension of reversible sentences (for example, Schwartz, Saffran and Marin
1980, Jones 1984, Byng 1988, Schwartz, Saffran, Fink, Myers and Martin 1994). The
deficit increases in reversible sentences with moved arguments (Caplan and Futter
1986, Kolk and Weijts 1996, Schwartz, Linebarger, Saffran and Pate 1987); this is
hypothesised to be a consequence of the lack of transparency between surface
syntactic structure and underlying meaning.

Howard (1985) discussed the many parallels between agrammatic performance in

production and comprehension. These are summarised in table 1.1.

Table 1.1: Similarities between the performance of agrammatic patients in

production and comprehension (from Howard 1985).

PRODUCTION COMPREHENSION

Omit function words Unaware of the syntactic structure that

function words convey

Omit inflectional affixes Unaware of the meaning conveyed by

inflectional affixes

Poor production of word order Poor comprehension of word order
Verb retrieval difficulties Poor comprehension of verbs



These similarities between comprehension and production led to the notion of
‘parallelism’. Parallelism suggests that the productive deficits in agrammatism are
always accompanied by parallel deficits in comprehension and that the same impaired
processing components are responsible for the deficits (Kolk, Van Grunsven and
Keyser 1985). Parallelism has, however, been challenged by the presence of

dissociations between comprehension and production (Howard 1985).

1.1.2 Agrammatism as a Unitary Syndrome

The characterisation of agrammatism as a syndrome suggests that the features co-
occur with a frequency greater than chance (Caplan 1985). He proposed that there are
two types of syndrome, functional and non-functional syndromes. In functional
syndromes, features co-occur due to a common underlying impairment. Individual
subjects should thus all show a similar pattern of impairment as features should not be
dissociable from one another. In non-functional syndromes, symptoms co-occur due to
neuroanatomical proximity and thus there is some potential for dissociations. This
section will discuss the variability which has been identified initially in the features of
agrammatic speech and then in relation to the verb and comprehension deficits
associated with agrammatism. This variability has led to debates about which features
are sufficient or necessary for a diagnosis of agrammatism and the validity of its
characterisation as a functional syndrome.

The most prominent feature of agrammatic speech is the omission of function
words and inflectional morphemes. Even restricting the characterisation of
agrammatic speech to this feature, extensive variability has been identified within and
between individual speakers. Kean (1995) described two distinct patterns of
agrammatic speech. In some subjects with agrammatism, output is limited to single
content words; other subjects are able to produce some evidence of sentence structure
and some morphology, but other function words and inflections are omitted. These
speech patterns vary in the extent to which function words and inflectional
morphemes are produced. Extensive variability has also been identified in the
morphemes which are omitted. Dissociations have been identified between the
production of bound and free morphemes 1n spontaneous speech (Miceli, Silveri,
Romani and Caramazza 1989) and 1n the production of inflectional and derivational

morphology in spontaneous speech and repetition tasks (Miceli and Caramazza 1988).



Miceli et al (1989) also reported extreme variation in the rate of omission and the
relative proportions of omission and substitution errors in the production of individual
classes of function words. The characterisation of agrammatic speech as the loss of
grammatical morphemes, therefore, is not as straightforward as it would seem: not all
morphemes are lost, some are produced correctly and some are substituted.
Investigations of individual subjects have also identified variability in the omission of
morphemes in different tasks. Heeschen (1985) and Kolk and Heeschen (1992)
showed that subjects who omitted morphemes in spontaneous speech, substituted
morphemes in more constrained tasks of function word production. Saffran (1982)
described a patient who was more agrammatic in spontaneous speech than in more
structured and constrained tasks. Luria (1970) described a patient who was
agrammatic in speech but who did not omit morphemes in repetition. These studies
again question the precise characterisation of agrammatism.

Agrammatic speech is also considered to involve the production of simplified
sentence structure. Dissociations have, however, been identified between the omission
of morphemes and these structural abnormalities (Tissot, Mounin and Lhermitte
1973). These dissociations prompted Tissot et al (1973) to suggest that there were
three sub-types of agrammatism:- syntactic, morphologic and an additional group with
a combination of both syntactic and morphologic deficits. Miceli, Mazzuchi, Menn
and Goodglass (1983) and Caramazza and Miceli (1991) identified dissociations
between word order difficulties and morphologic deficits, suggesting that different
impairments may be responsible for the two features of performance. These
dissociations question the functional relationship between the two aspects of
performance. It 1s, however, unclear to what extent different types of structural and
morphologic deficits dissociate as the majority of studies have focused on the
description of one of these aspects of production.

The validity of the functional relationship between agrammatic speech production,
verb deficits and asyntactic comprehension has been questioned by the presence of
dissociations between these aspects ot performance. Agrammatic production has been
identified in the absence of asyntactic comprehension and verb deficits. The patients
JR (Schwartz, et al 1980), Mrs K. (Kolk et al 1985) and GG and TF (Miceli,
Mazzuchi, Menn and Goodglass 1983) were all agrammatic speakers and yet retained

the ability to understand reversible sentences. Berndt, Haendiges and Wozniak (1997)



described a patient who demonstrated no difficulties in the production or
comprehension of verbs, but who had sentence production difficulties which
resembled agrammatism. These dissociations suggest that the deficits are not the
consequence of the same underlying impairment. Asyntactic comprehension and verb
retrieval deficits have also been identified in non-agrammatic speakers. Patient MC
(Caramazza, Berndt, Basili and Koller 1981) had asyntactic comprehension but
produced grammatically intact speech. Other fluent patients with asyntactic
comprehension have been identified by Caramazza and Zurif (1976) and Heeschen
(1980). Williams and Canter (1987) and Berndt, Mitchum, Haendiges and Sandson
(1997) have identified verb retrieval deficits in both non-fluent agrammatic and fluent
patients. Patients have been identified who demonstrated difficulty with verb retrieval
but who were able to produce appropriate morphology and sentence structure
(Caramazza and Hillis 1991).

These studies demonstrate the heterogeneity of patients with apparently the same
impairment. The consequences of these findings for the classification of agrammatism
as a syndrome has been widely debated. For some, the variability in agrammatic

speech production has challenged the very existence of the syndrome (Miceli et al
1989, Badecker and Caramazza 1986). In contrast, Caplan (1986, 1991) and

Grodzinsky (1991) have defended the characterisation of agrammatic speech as a
functional syndrome, arguing that within any syndrome there may be individual
variation and variability. In these cases, theories of agrammatism must offer
explanations for both the characteristics of agrammatic speech and the observed
variation, for example, the selective loss and retention of morphemes and task
differences. Some theories of agrammatism have tried to explain the co-occurrence of

verb and asyntactic comprehension deticits with agrammatic speech production.

1.1.3 Theories of Agrammatism

Theories of agrammatism have searched for a unitary account of the observed
features of the syndrome of agrammatism. In addition, theories have addressed the
relationship between agrammatism and the other aspects of Broca’s aphasia and the

observed variability in agrammatic performance. Accounts of agrammatism fall into



four main groups:- prosodic and phonological accounts, syntactic accounts, processing

and adaptation accounts and mapping accounts.

a) Prosodic and Phonological Accounts of Agrammatism

Prosodic and phonological accounts of agrammatism have focused on explaining
the production difficulties characteristic of Broca’s aphasia and the co-occurrence of
phonological paraphasias (Blumstein 1973), dysprosodic speech and non-tluency.
These features all seemed to be related to the processing of sound and prosody, and
thus, prosodic and phonological accounts for the selective retention and omission of
morphology were sought. Goodglass (1962) was the main proponent of prosodic
theories of agrammatism. He proposed that there was an increased threshold for
Initiating and maintaining speech. The aphasics' ability to exceed threshold relied on
the salience of the message, and thus, only informative, phonologically prominent
items were produced. In a later study, Goodglass Fodor and Schulhoff (1967) found
that 1n a repetition task, stressed function words were retained more frequently than
unstressed, particularly in sentence initial position. Gleason, Goodglass, Green,
Ackerman and Hyde (1975) demonstrated an increased omission of unstressed.
sentence 1nitial articles and pronouns. Goodglass et al (1967) suggested that the
presence of stress increased salience allowing the initiation and maintenance of
speech. Without the presence of stress, subjects are not able to initiate speech and thus
unstressed components are omitted. This prosodic theory would, therefore, seem to
offer some account of the selective loss and retention of morphemes. The theory does
not, however, account for all of the features of agrammatic speech. In spontaneous
speech most function words are unstressed, but some of these unstressed morphemes
are still retained. In addition, prosodic accounts would suggest a similar loss of less
salient inflectional morphemes. DeVilliers (1974), however, showed that more salient,
syllabic morphemes were not retained with greater frequency than non-syllabic
morphemes 1n speech.

Kean (1977) proposed that agrammatism results from an impairment to the
phonological system which specifies the segmental shape of individual words and the
stress and intonation of words within sentences. The selective omission of morphemes
is governed by phonological principles, such as sonorance and stress. She predicts a

greater omission of morphemes after decreased sonorant sounds than after more



sonorant sounds. This prediction is supported by the study into the production of
morphemes by Goodglass and Berko (1960); they found an increased retention of
post-vocalic inflectional morphemes compared to post-consonantal morphemes. In a
similar way to Goodglass et al (1967), Kean (1977) proposed that stress affects the
retention and omission of function words and morphology. Inflectional morphemes
and function words which are not involved in the assignment of stress are omitted.
Subjects with agrammatism, therefore, reduce sentences to strings of segments which
can be lexically construed as a phonological words (defined as strings of segments
which function in stress assignment). This inadequate phonological representation
results in phonemic paraphasias in the specification of words and subsequent phonetic
difficulties in the realisation of the sentences. The other aspects of performance are
considered to reflect characteristics of intact normal processing. The observed
variation in the omission of morphemes reflects a normal pattern related to the degree
of separability between words and their morphemes. For example, derivational
morphemes seem to be more closely bound than inflectional morphemes and are not
stranded 1n normal speech errors. In a similar way, derivational morphemes are
omitted less frequently than inflectional morphemes in agrammatic speech. Kean’s
phonological account of agrammatic speech does seem to offer an account for the
selective retention of some morphemes. Data from some subjects with agrammatism,
however, suggests that it is the grammatical function of morphemes and function
words which affects retention rather than phonological form or the degree of
separability (DeVilliers 1978).

The prosodic and phonological accounts of agrammatism proposed by Goodglass
(1962, Goodglass et al 1967) and Kean (1977) offer a partial account of the speech
production of subjects with agrammatism. They offer an explanation of the phonemic
paraphasias, dysprosody and decreased rate characteristic of Broca’s aphasia and
suggest a possible account of the selective retention of some morphemes. The theories
do not, however, offer a full explanation of the influence of grammatical function on
the selective omission of inflectional morphemes. The omission of function words and
morphology may account for the simplification of phrasal structure in agrammatism.
but it fails to account for the reliance on simple syntactic structures and the observed
difficulties in the production of linear word order. These theories do not offer any

explanation of the co-occurring comprehension and verb deficits seen in many



subjects with agrammatism. Verbs, like other content words, are typically stressed and
would thus be retained in agrammatic speech if sentence structure was reduced to
phonological words as proposed by Kean (1977). As tor the comprehension deficits
Seen 1n agrammatism, it may be proposed that a similar lack of stress and prominence
may result in the poor recognition of function words and morphology in sentence
comprehension. This may explain the poor performance of subjects with
agrammatism on certain sentences, such as passives, whose interpretation depends on
sensitivity to grammatical morphemes. This theory, however, offers no explanation

for the poor comprehension of simple reversible sentences as identified by Schwartz

et al (1980).

b) Syntactic Accounts of Agrammatism

Many of the features of agrammatism involve disruption to syntactic structure.
T'he primary role of function words and inflectional morphology is the expression of
syntax; their omission, therefore, seemed to warrant a syntactic explanation. The
eftect of syntactic complexity on the production and comprehension of sentences
reinforced the notion that agrammatism required a syntactic explanation. Accounts
were, therefore, proposed which posited that agrammatism resulted from damage to
the component of the language system specialised for syntactic processing. There is
no general consensus which syntactic processes are affected in agrammatism; various
aspects have been proposed:- the knowledge of syntactic rules, the assembly and
disassembly of phrasal structure and the processing of closed class vocabulary.
Although the theories differ in the precise nature of the proposed impairment, all

result in 1impaired syntactic parsing in comprehension and poor production of

hierarchical phrase structure.

Berndt and Caramazza (1980), mindful that Broca’s aphasics are unable to
construct syntactic structures while able to produce individual content words,
proposed that agrammatism represents an inability to construct the syntactic frames of
utterances, with a failure to select items with a purely syntactic function. This
inadequate selection results 1n the predominance of content words in speech and
difficulty expressing relationships which rely on the use of grammatical morphology.
In a later study, Caramazza et al (1981) investigated the performance of two Broca’s

patients on a number of tasks involving syntactic processing. The two subjects were

10



found to perform poorly on comprehension, production and anagram tasks Involving
syntactic processing and were, therefore, hypothesised to have a central syntactic
Impairment. Caramazza et al (1981) concluded that the syntactic deficit hypothesis
could account for the omission of grammatical morphemes, the inappropriate
development of syntactic frame and the extraction of only semantic information. The
precise nature of this syntactic deficit was not, however, characterised. A very early
syntactic account of agrammatism suggested that the syntactic deficit reflected a loss
of syntactic rules and a loss of words with a purely grammatical function (Jakobson
1956). The deficits identified by Caramazza and his colleagues seem to support this
view of a syntactic deficit.

With a reduced contribution of syntactic rules, subjects rely on semantic
information (Caramazza and Zurif 1976, Caramazza et al 1981). There have been a
number of studies that have demonstrated preferential processing of closed class
words which encode semantic information. Zurif and Caramazza (1976) described the
results of word grouping tasks, in which Broca’s aphasics were more sensitive to
function words which were critical for the expression of semantic relations, such as
prepositions, than those with a less crucial semantic role, such as articles. Friederici
(1982) demonstrated differential access to prepositions, depending on their
grammatical role in sentences and their relative semantic content. Broca’s patients had
more difficulty accessing obligatory prepositions, which express syntactic
information, than lexical prepositions which code semantic information.

Bradley, Garrett and Zurif (1980) proposed that agrammatism reflects a loss in the
specialist retrieval mechanisms for closed class vocabulary, the ‘closed class

hypothesis’. Their hypothesis arose from the differential involvement of open and
closed class vocabulary in normal speech errors. The results of an investigation of

lexical decision seemed to confirm that different mechanisms were involved in the
processing of open and closed class words, but their results have not been replicated.
In agrammatic subjects, they demonstrated the retrieval of closed class words is
influenced by the same factors as the retrieval of open class words in normal subjects.
In the absence of specialist closed class retrieval mechanisms, it would seem that
closed class words are retrieved by open class mechanisms. This suggests that those
function words with some semantic content will be retrieved more successfully than

those encoding purely syntactic information. Caplan (1985) presented a modified
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version of the closed class hypothesis; closed class words may be accessed but are not
fully interpreted. This failure of interpretation results in a failure to compute
hierarchical phrase structure. In the absence of function word information, subjects
establish word order using category membership information and the relative
prominence of lexical items.

Grodzinsky (1984, 1986, 1990) proposed a partial loss of syntactic information in
agrammatic comprehension in his ‘trace deletion hypothesis’ (TDH). The TDH is
based on the syntactic theory of Government and Binding (Chomsky 1981) and relies
on the distinction between deep and surface structure. Grodzinsky proposed that in
agrammatism, traces are deleted from surface structure representations. This deletion
of traces results in the impaired comprehension of sentences involving syntactic
movement. As a consequence of this partial loss of syntactic information, a cognitive
strategy augments performance by assigning thematic roles to noun phrases. In a
similar way, Grodzinsky suggested that a loss of information in the surface structure
representation could account for the difterential impairment of prepositions in
agrammatism. He proposed that governed prepositions were deleted from the surface
structure representation resulting in impaired use of these prepositions whereas the
representation of ungoverned prepositions (prepositions in sentential adjuncts) was
not affected. With additional investigations of agrammatic comprehension (see
summary in Grodzinsky 1995), Grodzinsky has found it necessary to restrict the TDH
to particular kinds of traces and restrict the use of the cognitive strategy. He
reformulated the TDH as ‘only traces in theta positions are deleted and noun phrases
lacking a theta role receive one strategically if they are referential’ (Grodzinsky 1995,
p28).

Within the syntactic accounts described above, there has been no explanation of
the verb impairments evident in subjects with agrammatism. Syntactic accounts of
verb retrieval deficits have, however, been proposed (Zingeser and Berndt 1990).
These accounts highlight the importance of the syntactic information coded within
verbs for sentence production and interpretation. It 1s assumed that this syntactic
information has to be retrieved whenever the lexical form of the verb is retrieved
(Zingeser and Berndt 1990). Widespread syntactic deficits may therefore affect access

to verbs in single word and sentence production and comprehension tasks. Verb

deficits may also be a consequence of the increased morphological complexity of
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verbs, compared to nouns in English. In a similar way to above, if it is considered that
morphological information is accessed whenever the verb is retrieved, then disruption
to the morphological system will affect single word and sentence production and
comprehension. This hypothesis is, however, unable to account for the presence of
verb deficits in agrammatic subjects who speak un-inflected languages, such as
Chinese (Bates, Chen, Tzeng, Li and Opie 1991).

The syntactic accounts although differing slightly in their characterisation of the
syntactic impairment, all suggest a difficulty processing inflectional morphology,
closed class vocabulary, particularly those function words with a purely syntactic
function, and a difficulty computing hierarchical phrase structure. These difficulties
result in difficulties creating phrasal structure and difficulties in the syntactic parsing
of sentences. These syntactic deficit hypotheses, therefore, seem to explain the co-
occurrence of agrammatic production and asyntactic comprehension. The selective
loss and retention of function words and morphology is explained by their
grammatical role in the sentence and the semantic information they convey. These
syntactic accounts could also be elaborated to include an account of verb deficits, if it
1s assumed that syntactic information constitutes a necessary part of a verb’s lexical
entry. Various studies have, however, demonstrated an apparent sparing of syntactic
knowledge 1n some agrammatic subjects and have thus questioned the validity of
these syntactic accounts.

Goodglass et al (1972) initially suggested that subjects with agrammatism had an
apparent preservation of grammatical knowledge due to their ability to self-correct.
Self corrections often resulted in the production of a syntactically correct form: this
fact was interpreted as an indicator of a preserved knowledge of syntactic correctness.
Subsequent experimental studies confirmed this apparent preservation of syntactic
knowledge and have demonstrated a sensitivity to function words. Linebarger,
Schwartz and Saftfran (1983) tested the ability to judge grammatical correctness in
four subjects with agrammatic speech production and asyntactic comprehension.
Despite their apparent syntactic deficits in production and comprehension, these four
subjects were capable of detecting violations in syntactic structure related to poor
realisation of phrasal structure, inappropriate treatment of gaps and violations in the
use of morphology and function words. Only in the detection of violations Involving

tag questions and reflexives did the agrammatic subjects demonstrate difficulty.
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Subsequent studies (for example Wulfeck 1988) have confirmed this apparent
dissociation between grammaticality judgement and sentence comprehension tasks.
Schwartz, Linebarger and Saffran (1985) argued that grammaticality judgements
Involve syntactic processing as well-formedness constraints are encoded in the
syntactic component; agrammatic subjects have access to this syntactic information
and thus the syntactic accounts of agrammatism were rejected. Berndt (1991),
however, highlighted methodological concerns about the use of grammaticality
judgement tasks to assess access to syntactic information. Grammaticality judgement
involves off-line processing, which is different to the on-line processing involved in
sentence comprehension and production. Subjects may use any clues, for example
prosody, to judge the sentence as ungrammatical; in none of the reported studies were
subjects asked to identify what was ungrammatical about the sentence.

Dissociations between asyntactic comprehension and agrammatic production have
also challenged the notion of a loss of central syntactic knowledge. As previously
highlighted, agrammatism is not always associated with asyntactic comprehension
(Kolk et al 1985, Miceli et al 1983). In addition, asyntactic comprehension is not
restricted to agrammatic speakers; similar patterns of comprehension deficit have been
identified in some fluent patients (Caramazza and Zurif 1976, Heeschen 1980). These
dissociations undermine the very motivating force behind syntactic accounts and the
search for a single underlying impairment which accounts for production and
comprehension performance. In a similar way, dissociations between the ability to
produce verbs and agrammatism (Williams and Canter 1987, Caramazza and Hillis

1991, Berndt et al 1997¢) have undermined the validity of a unitary syntactic account

of verb deficits and agrammatism.

¢) Processing and Adaptation Accounts of Agrammatism

Kolk and Van Grunsven (1985) rejected the syntactic hypotheses as they proposed
they could not explain the variability present within individual patients across
sentence types, and between patients on the same sentences. Kolk and colleagues
(Kolk and van Grunsven 1985, Heeschen and Kolk 1988, Kolk and Heeschen 1990)
have proposed that agrammatism results from a general processing deficit, either a
slowing down of on-line processing, noise within the processing system or an

exacerbated decay rate. The result 1s a decrease in the temporal window for the
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processing of sentences. The observed agrammatic speech is considered to be not a
direct consequence of the impairment but an attempt to adapt to these processing
difficulties (Heeschen and Kolk 1988, Kolk and Heeschen 1990). This view is
consistent with some early characterisations of agrammatism (Pick 1913, Isserlin
1922).

Agrammatic speech is considered to be an attempt to minimise the demands that
sentence production places on computational resources, by reducing speech output to
informative words. The omission of inflectional morphemes and the reduced variety
of grammatical form both reflect ways of reducing complexity whilst maintaining
communication. Agrammatic speech has been shown to display many of the
characteristics associated with normal ‘telegraphic speech’ (Kolk and Heeschen 1990)
and 1s, therefore, considered to be a consequence of normal processing. If
agrammatism 1s considered to be an adaptation to processing difficulties, then it is
considered to be an optional strategy which may not be used at all times. Heeschen
and Kolk (1988) and Kolk and Heeschen (1990) have demonstrated the optional
nature of agrammatic speech; they found that agrammatic speech was not used in
cloze tasks and in more formal interactions. The use of agrammatic speech in these
situations was considered to be pragmatically or communicatively inappropriate. Even
within single interactions, agrammatic subjects have demonstrated the ability to
switch between agrammatic and non-agrammatic speech (Bastiaanse 1995). The
characterisation of agrammatism as an adaptation to processing difficulties, therefore,
can account for performance variability between patients, between tasks and between
different sentence types.

Kolk and Heeschen (1990) outline how the processing and adaptation account of
agrammatism can account for the dysprosody, reduced rate and restricted use of
syntactic forms which characterise the output of subjects with Broca’s aphasia.
Processing accounts have also been used to account for the performance of this group
of aphasics on comprehension tasks. Linebarger et al (1983) suggested the allocation
of limited processing resources could account for the dissociation between

performance on grammaticality judgement and comprehension tasks. In

grammaticality judgement tasks, only parsing 1s required and thus the aphasics' were
able to perform the task. In comparison, the parsing and semantic processes involved

in sentence comprehension exceeded the available resources, and therefore,
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performance was impaired. When processing requirements exceed the available
resources, subjects may rely on non-linguistic information, for example, animacy
(Kolk and Weijts 1996).

T'he processing and adaptation accounts of agrammatic speech production can
explain many of the symptoms of Broca’s aphasia. The presence of and the nature of
the processing impairment has not, however, been explicitly investigated in this group
of subjects. In addition, it remains unclear why producing agrammatic speech requires
less processing resources than producing non-agrammatic speech. If agrammatic
speech 1s less resource-demanding, then there should be a direct relationship between
the omission of morphology and reduced phrasal complexity and the complexity of
the sentence in which those features occur. There is, however, no experimental
evidence which suggests the omission of morphology and the simplification of phrasal
and sentence structure is a direct consequence of exceeding available processing
resources. No studies have been reported which explicitly contrast the omission of

morphology in the production of simple and complex sentences.

d) Mapping Accounts of Agrammatism

Mapping accounts of agrammatism stemmed from the identification of difficulties
in the production and comprehension of word order in reversible sentences (Saffran et
al 1980a, Schwartz et al 1980). In these papers, Saffran, Schwartz and Marin proposed
the performance of the agrammatic subjects reflects an inability to associate sentence
form and sentence meaning. In comprehension, agrammatic subjects were able to use
syntactic procedures to adequately parse the sentence, but were then unable to use
rules or procedures to associate the parsed syntactic constituents with the semantic
representations of the lexical items (Schwartz et al 1980). This deficit in the
association of sentence form and meaning has also been used to account for the
difficulties agrammatic subjects demonstrate in their understanding of co-indexation
in tag questions and retlexives (Schwartz et al 1985). Schwartz et al (1987)
demonstrated that the effects of the mapping deficit increase when there is a non-
transparent relationship between sentence form and meaning, for example, in the

comprehension of sentences with moved arguments. In production, it has been
suggested that agrammatic subjects present with a similar difficulty using word order

to encode relational meaning. As a consequence of this difficulty computing word
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order, noun phrases are ordered on the basis of non-linguistic information, for
example, animacy or saliency (Saffran et al 1980a, Saffran 1982). The mapping
hypothesis has also been used to explain the omission of verbs, the production of
sentences with fewer arguments and the production of sentences with omitted
arguments (Schwartz, Fink and Saffran 1995). The mapping hypothesis can explain
the difficulties with word order that have been considered to be part of the syndrome
of agrammatism. It, however, fails to explain the omission of morphology which is the
defining feature of the syndrome. It has, therefore, been concluded that mapping
deficits can account for some of the deficits seen in the syndrome of agrammatism,
but are not the sole cause of the observed features of agrammatic speech (Saffran
1982). Mapping and mapping deficits will be discussed in relation to models of

sentence processing in section 1.7.4.

1.1.4 Conclusions

It can be seen from the discussions above that agrammatic speech is a variable
phenomena which occurs to a varying extent with verb deficits and asyntactic
comprehension. The observed variation in agrammatic speech between and within
patients has undermined the search for a unitary linguistic explanation of the deficits.
Performance variability can be explained within a processing and adaptation account
of agrammatism. The presence of a processing deficit in agrammatism and its effect
on sentence processing has not, however, been demonstrated experimentally. The
observed features of agrammatic speech may result from distinct damage to multiple
aspects of processing. Schwartz et al (1995) suggested that agrammatism is a multi-
faceted condition, with different aspects affected in different patients. The analysis of
this hypothesis requires an in-depth and comprehensive investigation of multiple
aspects of sentence production. Studies of sentence production in agrammatism have
typically focused on a particular level of linguistic structure, and thus, the validity of
this characterisation within individual subjects has not been investigated. With regard
to the co-occurrence of verb and asyntactic comprehension deficits, the dissociations
evident have undermined the notion of a functional relationship between these aSpeCts

of performance. The co-occurrence of these features may reflect a non-functional

relationship, due to neuroanatomical proximity.
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1.2 Paragrammatism

1.2.1 Features of Paragrammatism

In contrast to the extensive research into agrammatism, paragrammatism has not
been widely investigated as a feature of aphasic performance. Saffran et al ( 1989)
described paragrammatism as “fluent speech, better realised but still non-normal
sentence structure with misuse of grammatical markers” (p441). Paragrammatic
speech 1s generally verbose and fluent, but often irrelevant and unrelated to topic
Paragrammatism is associated with Wernicke's aphasia, and thus, co-occurs with
ditficulties in comprehension and in the retrieval of content words. These deficits are
thought to result from a central semantic deficit (Caramazza and Berndt 1978). The
word retrieval deficits in Wernicke's aphasia result in the production of paraphasias
(unrelated, phonemic and semantic) and neologisms (Goodglass and Kaplan 1983,
Ellis, Miller and Sin 1983, Schwartz 1987) and an increased production of pronouns,
generally without antecedents (Gleason, Goodglass, Obler, Green, Hyde and
Weintraub 1980). Ellis et al (1983) proposed that the apparent sparing of function
words 1n Wernicke’s aphasia is a consequence of their length and high frequency; no
differences were identified in the reading of content and function words, matched for
frequency and length.

Kleist (1916) proposed that paragrammatism was characterised by the production
of substitution errors in the realisation of grammatical morphemes. Wernicke’s
aphasics confuse rather than omit the grammatical aspects of speech; they retain the
ability to access the appropriate class of function word but do not have sufficient
access to semantic information to distinguish between items within that category
(Friederici 1981). In a subsequent study, Friederici (1982) demonstrated that subjects
with Wernicke’s aphasia were more impaired in their retrieval of lexical prepositions
than syntactic obligatory prepositions. The results of these studies is consistent with a
central semantic deficit. Subsequent investigations of the errors in paragrammatic

speech have, however, also observed omission errors (Berndt 1991, Butterworth and

Howard 1987).
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Goodglass and Kaplan (1983) suggested that fluent subjects were not impaired 1n
the constructional aspects of sentence production, with clausal and phrasal complexity
preserved. Butterworth and Howard’s (1987) paragrammatic speakers produced an
extensive range of complex syntactic structures. Many studies have, however,
challenged this apparent preservation of complex sentence structure. Analyses of
spontaneous speech samples from some fluent aphasics have shown the use of less
complex constructions than normal subjects, with fewer embedded and relative
clauses (Gleason et al 1980, Edwards 1995, Bastiaanse, Edwards and Kiss 1996,
Edwards and Bastiaanse 1998), a decreased range of grammatical structures (Gleason
et al 1980) and difficulty using grammatical devices to link clausal and phrasal
structure (Edwards 1995). Bastiaanse et al (1996) and Edwards and Bastiaanse (1998),
in their cross-linguistic studies of spontaneous speech production, identified similar
patterns of grammatical deticit in English, Hungarian and Dutch fluent aphasics.
Martin and Blossom-Stach (1986) 1n their examination of the spontaneous speech and
writing of a mild, Wernicke’s aphasic, WS, also demonstrated discrete syntactic
deficits. WS produced tew embedded clauses, despite an adequate range of sentence
structure. In addition, WS displayed difficulty 1n associating meaning and surface
form, resulting 1in the mis-ordering of words and the exchange ot sentence
constituents. These difficulties resembled those of agrammatic subjects in the
production of reversible sentences.

Paragrammatism 1s, therefore, considered to be a characteristic speech pattern
associated with Wernicke’s aphasia. Paragrammatic speech 1s characterised by the
substitution (and occasional omission) of grammatical morphemes. In some patients,
there is also a restricted use of complex clauses and phrases. It 1s not clear to what
extent these syntactic deficits are characteristic of all paragrammatic speakers. As
with the syndrome of agrammatism, individual subjects may vary in the extent to
which morphological and syntactic deficits co-occur and their occurrence with other
features of Wernicke’s aphasia. Some tluent aphasic subjects display features of

performance more frequently associated with non-fluent, agrammatic speech.
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1.2.2 Theories of Paragrammatism

The lack of studies which have systematically investigated speech production in
fluent aphasic subjects has led to a scarcity of theories explaining the observed
deticits and their relationship to other aspects of Wernicke’s aphasia. Butterworth and
Howard (1987) suggested that theories of paragrammatism fall into four categories:-
lexical accounts, syntactic accounts, monitoring accounts and control processing

accounts.

a) Lexical Accounts of Paragrammatism

The lexical accounts of fluent sentence production propose that the sentential
features are a consequence of lexical difficulties (Bates et al 1991, Bird and Franklin
1996). Paragrammatism, in Wernicke’s aphasia, is therefore considered to be an
additional consequence of the semantic impairment which dominates in subjects with
Wernicke’s aphasia. Word retrieval deficits may result in the omission of obligatory
sentence components, extended repair sequences within sentences and poor realisation
of sentences with increasing numbers of components (see Berndt and Caramazza 1981
for discussion of the relationship between word retrieval and sentence construction).
Friederici (1981, 1982) suggested that semantic deficits can account for the deficits
seen 1n Wernicke’s aphasics in the production of prepositions. Semantic deficits were
reported to result 1n poor access to and comprehension of lexical prepositions. Martin
and Blossom-Stach (1986) acknowledged that semantic deficits may account for the
errors relating to the production of some function words, for example, pronouns and
prepositions which encode some semantic information.

The validity of lexical accounts of paragrammatism has, however, been questioned
by the presence of deficits 1n paragrammatic speech which cannot be accounted for by
lexical semantic difficulties and the independence of lexical and constructional
deficits. It is unclear how a semantic deficit could account for errors in the production
of those function words fulfilling a purely structural role (Martin and Blossom-Stach
1986). Lexical deficits also fail to explain the presence of the word order errors and
constituent exchanges in the speech of WS (Martin and Blossom-Stach 1986).
Butterworth and Howard (1987) suggested that if lexical deficits are responsible for
the production of paragrammatisms, the incidence of paragrammatisms should be

associated with the incidence of lexical selection deficits, as shown by the presence of

20



neologisms. This correlation between the rate of neologisms and paragrammatisms
was not evident in the spontaneous speech of the four paragrammatic subjects
described in their study. Edwards and Bastiaanse (1998) reported an apparent
dissociation between lexical abilities, as measured by the type token ratio for nouns
and verbs, and the ability to produce appropriate sentence structure. Subjects were
1dentified who had good lexical skills, in terms of the number of nouns and verbs
produced, but who showed discrete syntactic impairments in their production of
complex phrases and clauses. Lexical difficulties may account for some of the features
of paragrammatic speech, but some subjects appear to have additional difficulties

which cannot be explained by lexical semantic deficits.

b) Syntactic Accounts of Paragrammatism

The syntactic accounts of paragrammatism suggest that the sentential features are
a consequence of syntactic impairments. Initial characterisations of paragrammatism
(Kleist 1916, Pick 1931) were syntactic accounts; these accounts proposed that
paragrammatic speech resulted from difficulties activating or inhibiting appropriate
sentence frames. Butterworth and Howard (1987) suggested that these syntactic
deficits could be conceived as the loss of rules used in the generation of phrasal and
clausal structure. Recent evidence of the reduced use of complex, embedded clauses
(Gleason et al 1980, Bastiaanse et al 1996, Edwards and Bastiaanse 1998) provides
some support for this syntactic account of paragrammatism. Grodzinsky and Finkel
(1996) have provided additional evidence that some fluent patients exhibit syntactic
deficits. In their study, it was demonstrated that in a grammaticality judgement task,
Wernicke’s subjects were impaired in their identification of syntactic anomalies. It is.
however, unclear to what extent these results are a consequence of the lexical
semantic comprehension deficit. Syntactic deficits may occur alongside lexical
deficits.

The validity of syntactic theories of paragrammatism has been questioned by the
apparent preservation of some syntactic abilities and the presence of content word
errors. Experiments by Zurif, Swinney, Prather, Solomon and Bushell (1993) and
Shapiro, Gordon, Hack and Killackey (1993) investigating the comprehension of
Wernicke’s aphasics proposed that despite poor access to the semantic and thematic

properties of verbs, subjects were sensitive to syntactic properties of sentences, for
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example, syntactic traces. Butterworth and Howard (1987) suggested that the syntactic
account predicts that the processing of function words would be more impaired than
the processing of content words and the resulting paragrammatisms would differ in
character to normal errors. These predictions were not confirmed by their analysis of
the errors produced by the four fluent aphasic subjects studied. The paragrammatisms
seen 1n the fluent patients affected the production of both content and function words
and resembled those of the normal speakers. Butterworth and Howard (1987)
therefore, concluded that there is little evidence to support the loss of grammatical

knowledge 1n paragrammatism.

¢) Monitoring Accounts of Paragrammatism

The monitoring accounts propose that paragrammatism results from a failure to
monitor speech output. This failure to monitor speech results in the production of
errors, which would edited out by normal speakers. It is suggested by some current
models of language processing (Ellis et al 1983, Levelt 1989) that the same processes
are involved 1n the monitoring of our own speech as in the comprehension of the
speech of others. These accounts, therefore, see paragrammatic output as an additional
consequence of the semantic impairment evident in sentence comprehension.
Butterworth and Howard (1987) pointed out that this hypothesis suggests that all
subjects with paragrammatism should also have a comprehension deficit. Their
analysis of four fluent patients, however, found no significant correlation between the
degree of comprehension impairment and the frequency of paragrammatisms in
speech. It was thus concluded that monitoring accounts could not explain the speech

production errors seen in their fluent aphasics.

d) Control Processing Accounts of Paragrammatism

The control processing accounts state that paragrammatism results not from
lexical or syntactic deficiencies but from a more general cognitive impairment
(Butterworth and Howard 1987, Butterworth, Panzeri, Semenza and Ferreri 1990).
The control processing accounts arose from the observations that paragrammatic
speech is qualitatively (1f not quantitatively) similar to that of normal speakers. The
morphological deficits seen in fluent paragrammatic patients were similar in nature to

normal slips of the tongue, but occurred with increased frequency. Grammatically
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complex sentence structures are present in paragrammatic speech, showing that
subjects are able to produce these forms, but not in the same frequency as normal
speakers (Gleason et al 1980, Edwards and Bastiaanse 1998). Edwards and Bastiaanse
(1998) suggest that a reduction in processing resources could account for this limited
capacity to use complex forms, although they prefer syntactic accounts. In a similar
way, Zurif et al (1993) and Shapiro et al (1993) proposed that reduced processing
abilities could explain Wernicke’s aphasic comprehension performance. It was
proposed that the increased processing resources needed to access certain verbs
resulted in impairment, whilst performance on less complex verbs was maintained.
Butterworth and Howard (1987) suggested that paragrammatisms result from transient
malfunctions of the control processes which regulate the components of the normal
language processing system. These control processes are thought to initiate and

terminate operations within a module and co-ordinate activity between modules.

Detective control processes result in an increased number of normal speech errors.

1.2.3 Conclusion

Paragrammatism retlects a pattern of speech which varies in its characteristics and
the extent to which 1t can be accounted for by the semantic deficit which is prominent
in Wernicke’s aphasia. Further characterisations of the speech of fluent speakers are
needed to ivestigate the extent to which paragrammatic speech resembles that of
normal and agrammatic speakers. Evidence that paragrammatic speech has features
not associated with normal speakers would question the validity of the control
processing accounts and may support the presence of syntactic deficits in some
subjects. It 1s likely that paragrammatism, like agrammatism, is a heterogeneous

disorder with some variability in the deficits evident in individual subjects.

1.3 Agrammatism and Paragrammatism

The characterisation of sentence production difficulties in aphasia within the
syndromes of agrammatism and paragrammatism has been challenged by the
variability within the syndromes and the apparent overlap of symptoms across the two

syndromes. The speech of agrammatic and paragrammatic speakers differs in terms of
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fluency, but there is a lot of overlap in the morphological errors made. In the
production of function words and inflections, the two groups do not differ in the
number and type of errors made (Goodglass and Mayer 1958, Goodglass 1968).
Agrammatic speakers have been found to make substitution errors (Kolk and
Heeschen 1992) and some paragrammatic speakers omit rather than substitute
grammatical morphemes (Berndt 1991, Butterworth and Howard 1987). Goodglass,
Christiansen and Gallagher (1993) found no difference in the performance of
agrammatic and paragrammatic aphasics in their comprehension of morphology. As
previously outlined, deficits in verb retrieval (Berndt et al 1997a) and syntactic
comprehension (Caramazza and Zurif 1976) have also been identified in both fluent
and non-fluent speakers. Heeschen and Kolk (1988) proposed that the sentence
production deficits in Broca's and Wernicke's aphasics are the consequence of the
same underlying impairment. They suggested that in both cases the impairment
symptoms are substitution errors; the omission errors in agrammatism resulting as a
consequence of adaptation. It was suggested the lack of adaptation in Wernicke's
aphasics may reflect a lack of awareness or unconcern about their aberrant speech.
Alternatively, sentence production deficits in aphasia may be considered the result of
damage to distinct aspects of processing, which occurs with varying frequency
alongside damage to other processes. This concurrent damage results in the
characteristic patterns of performance associated with agrammatic and paragrammatic
speech. Deficits can, however, occur independently and alongside other difficulties. A
detailed study of the sentence production deficits evident in fluent and non-fluent
patients, compared to normal performance, would help to determine the degree of

similarity and dissimilarity between speakers (Martin and Blossom-Stach 1986).

1.4 Studies of Sentence Production in Subjects with Aphasia

Many of the original studies 1nto the syndromes of agrammatism and
paragrammatism were group studies, focusing on the similarities between subjects
within the groups. Group studies attempt to capture the systematic regularities which
are evident in performance. This facilitates the search for general theories and unitary
explanations of performance (Grodzinsky 1991). The use of mean scores, however,

masks individual variability in performance and differentiable patterns of disorder are
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difficult to identify from group studies (Howard 1985). Individual case studies have
highlighted the variability in individual performance and the dissociations between
ditferent aspects of performance. In-depth investigations of single subjects with
aphasia can also provide information about the nature of the normal language system
(Saffran 1982). Saffran suggested the study of a damaged system provides insight into
processes which are often difficult to observe in a normal system. Data obtained from
the analysis of sentence production deficits is thus a rich source of input to
psycholinguistic models of production, helping to define and re-define models of
normal processing (Schwartz 1987, Maher, Chatterjee, Rothi, Gonzalez and Heilman
1995). The 1dentification of dissociations between aspects of performance (and in
particular double dissociations) has been used as evidence of separate processing
components. Multiple symptoms result from damage to more than one component
within the language system (Marshall, Pring and Chiat 1993).

Both group and individual case studies can contribute to the understanding of
sentence production deficits in aphasia. Group studies identify trends in performance
which provide information about the nature of normal processing. In-depth analyses
of individual subjects allow the identification of dissociations between aspects of
performance, giving insight into the distinct processing mechanisms which contribute
to performance. This study will combine group studies and the detailed analysis of
individual subjects. Group studies of spontaneous speech will be used to capture
regular patterns of performance and test specific hypotheses relating to the production
of thematic and phrasal structure. Individual case studies will be used to investigate
the nature of processes which contribute to sentence production in normal speakers
and their impairment in aphasia. Individual case studies will also be used to determine

whether similar patterns of performance are a consequence of different underlying

Impairments.

1.5 A Cognitive Neuropsychological Approach to Sentence

Production

Models of sentence processing provide a framework for the analysis of aphasic

disorders. There has been a recent move 1n the assessment and treatment of language

disorders towards a cognitive neuropsychological approach. The aim of this approach

is to discover the underlying cause of the linguistic difficulties by analysing the
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disordered language in relation to models of normal language production. Normal
sentence processing models provide a framework for interpreting the outward
symptoms 1n terms of damage to underlying processes (Mitchum and Berndt 1994).
The 1dentification of the underlying impairment allows predictions to be made about
the likely co-occurring deficits in production and comprehension. The identification
of the underlying deficit also allows treatment to be targeted more effectively and the
likely effects of that treatment to be determined. Saffran (1982) highlights that in
using models of normal production to describe aphasic speech, there is an assumption
that aphasia reflects a loss of processing components present in the normal system.
Performance may, however, also reflect any adaptation to that disruption (Caplan
1986, Kolk and Heeschen 1990). The performance observed in aphasic speech
production 1s thus a combined result of the damaged system (both in terms of aspects
damaged and aspects spared) and the subjects' adaptation to the damage. It is possible
that 1n some cases, adaptation may mask the true nature of the underlying impairment
(Kolk and Heeschen 1990). It is, therefore, important to consider the possible effects

of such strategies on observed performance.

1.5.1 A Model of Normal Speech Production

Garrett (1930, 1982) developed a model of normal sentence production based
upon an analysis of a corpus of normal speech errors. This model conceived sentence
production as a series of independent processing levels, each corresponding to a level
of linguistic representation. The message level representation corresponds to a non-
linguistic conceptual level which specifies the features of the event. The functional
level representation corresponds to the thematic structure of the sentence: this
specifies the verb and its arguments. The positional level representation specifies the
syntactic and phonological structure of the sentence. The phonetic level representation
specifies the phonetic information used 1n the articulation of the sentence. Garrett’s
model proposes that these independent levels of processing can be selectively
impaired. At the broadest level of distinction, impairment may result in message,
functional, positional or phonetic level deficits. These distinctions are descriptive
labels which correspond to deficits in the specification of the event, the production of

thematic structure, the specification of phrasal structure and the realisation of phonetic
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form respectively. Multiple deficits are the consequence of impaired processing at
more than one level. In the assessment and treatment of aphasic sentence production
deficits, it is important to identify the underlying impairment. It is, therefore,
necessary to specity the processes involved in the production of each level of
representation, as it is likely that these processes can be damaged selectively, with
ditferent implications for performance (Caramazza and Hillis 1989).

Garrett restricted his characterisation of sentence production to what could be
inferred from the speech error data; the processes involved in the production of these
levels of representation were, therefore, left unspecified (Caramazza and Hillis 1989).
Schwartz (1987) elaborated Garrett's model, by suggesting the processes which
operate to form each level of structure. This model can be seen in figure 1.1 and is
described below. Schwartz (1987) proposed that the following processes were
involved in sentence production. The non-linguistic message level specifies the
Information to be conveyed about an event, its participants and timing and the
speaker's perspective on that event. The conceptual information derived from
encoding the event triggers a series of steps entitled the logical and syntactic
processes. These processes are detailed in figure 1.2. A initial lexical search based on
the semantic form and the grammatical category of the word is performed. A
predicate-argument structure (PAS) is then specified; this is a conceptual
representation which determines the number and type of arguments associated with a
verb. The predicate refers to the concept which specifies the action or relation: the
arguments refer to the concepts identifying the participants in the event (Byng and
Black 1989). The semantic role played by each of the arguments is described as its
thematic role. Definitions of the common thematic roles can be found in appendix 1.
Lexical items are assigned to each of the thematic roles. The resulting representation
at the functional level thus specitfies the major lexical content and the meaning
relations between items. The PAS can be translated into several different syntactic
structures. Syntactic and phonological processes are then initiated; these are detailed
in figure 1.3. A second lexical search retrieves the phonological form of the lexical
items. A syntactic frame for the sentences is then created; this frame specifies the
grammatical morphemes and contains slots in which the lexical items are inserted.
The positional level of representation i1s, therefore, produced which includes

phonologically specified items inserted in a syntactic frame with both the lexical and
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grammatical content present. The regular phonological processes and the motor
coding processes which follow are involved in the specification of phonetic form and
the subsequent articulation of the sentence.

The sub-processes suggested by Schwartz (1987) provide some insight into what
processes may be involved in the production of each level of linguistic structure but
these are not supported by the speech error data and have not been tested
experimentally. The comprehensive assessment of subjects with aphasia provides a
means of investigating the presence of these sub-processes. The study of aphasic
sentence disorders may also provide information about the extent to which processing
at each level interacts. Schwartz’ elaborated model predicts that certain patterns of
deficit may be evident in sentence production. Dissociations may exist between the
retrieval of content words and the retrieval of function words as these occur at
ditferent locations in the processing system (Caramazza and Hillis 1989). There is a
two stage retrieval of content words, based on the retrieval of semantic information at
the functional level and phonological information at the positional level. Word
retrieval deficits may, therefore, be a consequence of a breakdown at either the
functional or positional level or at both levels (Ellis et al 1983). In contrast, function
words are only retrieved as part of the syntactic frame, in the creation of the positional
level of representation. Although, function words encode some semantic information,
they are not retrieved in the production of the functional level representation.
Intlections are also retrieved as part of the syntactic planning frame. No distinction is
made between the production of noun, verb, adjectival or prepositional phrases in the

production of the positional level representation.
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Figure 1.1: A model of normal sentence production (Schwartz 1987)
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Figure 1.2: Diagram illustrating the processes involved in the production of the
functional level representation (Schwartz 1987)
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Figure 1.3: Diagram illustrating the processes involved in the production of the
positional level representation (Schwartz 1987)
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1.5.2 Sentence Production Deficits in Subjects with Aphasia

Garrett's model has been used as framework to describe the deficits seen in some
individual aphasic subjects. Poor specification of the message level representation
atfects a person's ability to encode those events linguistically. Nickels, Byng and
Black (1991) and Marshall et al (1993) have suggested that some aphasic sentence
production difficulties are a consequence of event perception abilities. It is argued that
an 1nability to extract the relevant features of an event may result in impaired verb
selection and thematic role difficulties. The observed effects of these impairments
mirror the effects of thematic role assignment and mapping difficulties (see section
1.7.4).

Of particular interest in the description of the deficits seen in agrammatism and
paragrammatism are the processes involved in the production of the functional and
positional levels of representation. The proposed difference in the retrieval of function
and content words has been used as a general account for the difficulties with
grammatical morphemes seen in both agrammatic and paragrammatic speakers
(Caramazza and Hillis 1989, Goodglass et al 1993). These authors suggested that
inadequate activation of the syntactic frame results in poor production of the
grammatical content of the sentence. The lexical deficits seen in paragrammatism
have been associated with additional difficulties in the dual retrieval of semantic and
phonological information (Ellis et al 1983). These lexical difficulties result in
problems associating the functional and positional levels of representation, and thus,
may result in difficulties with sentence construction (Menn, Powelson, Miceli,
Williams and Zurif 1982; cited in Martin and Blossom-Stach 1986). In agrammatism,
poor verb retrieval, impaired mapping between thematic and syntactic roles and word
order problems 1in some subjects have led some researchers, such as Caramazza and
Miceli (1991), Jones (1986) and Maher et al (1995), to conclude that functional level
deficits predominate. In other agrammatic subjects, poor phrasal elaboration and the
omission of grammatical morphemes have resulted in the level of deficit been located
at the positional level (Berndt and Caramazza 1980, Caramazza and Hillis 1989).
Other researchers, for example Saffran et al (1980b), have proposed that the
functional and positional level representations are adequately specified by some

agrammatic and paragrammatic speakers, but that deficits in subsequent phonetic
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processing result in poor realisation of morphemes. The precise processes which are

thought to be impaired are not precisely specified in the descriptions of these patients.

1.6 Verb Retrieval And Sentence Production

Garrett's model suggests that the verb has a central contribution to sentence
production. Lexical entries of verbs contain information which determines the
semantic and syntactic character of the sentence in which the verb is embedded. This
information is thought to include a word's syntactic category, argument structure,
thematic information and syntactic sub-categorisation information (Shapiro, Brookins,
Gordon and Nagel 1991). The nature of the relationship between verb retrieval
deficits and sentence production difficulties has been explored in relation to this
lexically specitfied information. Lexical accounts of sentence production deficits
suggest that lexical deficits for verbs result in impaired sentence production. The
presence of dissociations between verb retrieval and sentence production difficulties
has, however, questioned the validity of these lexical accounts. Patients have been
identified who have difficulty with verbs but who do not have sentence production
difficulties (Caramazza and Hillis 1991) and Berndt et al (1997¢) described a patient
who had no verb retrieval deficit, but had severe sentence production difficulties. A
revised account of the relationship between verb and sentence deficits has been
proposed by Marshall, Pring and Chiat (1998). The ‘refined lexical hypothesis’
suggests that sentence production difficulties are a consequence of verb retrieval
deticits, but proposes that there is differential access to lexical information; the
precise nature of the sentence production difficulties depends on the information
which cannot be accessed. It could be argued that the presence of dissociations
between verb retrieval and sentence production also argues against this hypothesis. In
contrast to the lexical hypothesis, however, this hypothesis does not suggest a
complete loss of information. It may be that in the presence of impaired access to
certain lexical information, other aspects may partially compensate for what is lost. In

this way, sentences may be generated even with the loss of some lexically specified

information.

Lexically specified information may be used alongside general processes in the

production of different levels of representation (Byng, Nickels and Black 1994).
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Schwartz's (1987) model suggests PAS and thematic information is accessed
alongside semantic information in the production of the functional level of
representation. In contrast, syntactic sub-categorisation information is used alongside
phonological information in the assembly of the syntactic frame at the positional level
of representation. The following sections will review the apparent role of lexically
specified information and the processes involved in the production of the functional
and the positional levels of representation. The patterns of deficit resulting from

impaired access to lexical information and impaired processing at each level will be

discussed.

1.7 The Production of the Functional Level Representation

The production of the functional level representation is thought to involve three
distinct processes:- the retrieval of semantic representations, the retrieval of the
predicate-argument structure and the assignment of thematic roles to the lexical items
(Schwartz 1987). The functional level representation is considered to be a conceptual
representation, based around the verb and its arguments; it precedes the specification
of surface form. The production of the functional level representation relies on access
to semantic and PAS information. The following sections will outline the processes

involved and the deficits seen in aphasic patients, relating to each of these aspects of

performance.

1.7.1 The Retrieval of Semantic Information

Garrett's model suggests that at the functional level representation, semantic
representations are retrieved for the major lexical items within the sentence. Semantic
representations consist of a set of conceptual conditions; representations are retrieved
1f the requirements of the message match these conditions (Levelt 1992). In relation to
verbs, this semantic specification has been described as the core meaning of the verb
(Marshall, Chiat and Pring 1997); it details the type of the event the verb encodes and
the features of that event. For example, the core meaning of the verb 'eat' specifies 'to
take into the mouth and swallow food'. A person's perspective on an event at the

message level influences verb selection as verbs do not give equal prominence to
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participants in the event. The core meaning of the verb imposes certain restrictions on
the selection of accompanying arguments, for example, with the verb 'eat' one of the
arguments must be edible. These constraints are called semantic selection restrictions
(Marshall et al 1997).

Semantic information is considered to be central to production and
comprehension; semantic impairments, therefore, result in parallel impairments to
both aspects of processing. The semantic system is thought to be organised on the
basis of syntactic category, and thus, selective deficits of nouns and verbs may be
identitied (Zingeser and Berndt 1990). Semantic deficits affect both single word and
sentence processing. If a particular noun cannot be retrieved within a sentence,
obligatory verb arguments may be omitted. Verb retrieval deficits at a semantic level
have been reported to result in the production of semantic paraphasias and the
production of light verbs (Berndt et al 1997b, Breedin and Martin 1996). Berndt et al
(1997b) proposed that light verb use reflected a preserved sensitivity to the need for a
verb, with a reliance on high frequency and low semantic verbs. In the absence of a
specified verb, the phonological representations of light verbs (which resemble
auxiliaries) may be activated as part of the syntactic frame. Breedin, Saffran and
Schwartz (1998) investigated the effect of semantic complexity on verb retrieval, by
contrasting the retrieval of general versus specific verbs and semantically heavy and
light verbs. They found that semantically rich verbs were retrieved more accurately
than light, general verbs. It was proposed this reflected the increased number of
perceptual features possessed by specific verbs, resulting in more complex semantic
representations. They suggested that the observed increase in light verb production in
some patients retlected the use of an adaptive strategy; a reliance on a small set of
accessible verbs. Their study was restricted to the analysis of non-fluent subjects; the
performance of fluent aphasic subjects was not investigated. It has been proposed that
verb retrieval deficits at this level may also have detrimental effects on the production
of sentence structure (Berndt et al 1997a). It 1s, however, unclear to what extent these
deficits may be a consequence of poor access to PAS information. Semantic verb
deficits have been identified in the presence of preserved access to phonological

information, thematic role assignment and access to syntactic sub-categorisation

information.
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1.7.2 The Predicate Argument Structure

The predicate argument structure specifies the number of arguments required
alongside a verb and the thematic roles that these arguments fulfil. The PAS,
theretore, specifies the semantic structure of a sentence (Shapiro, Zurif and Grimshaw
1987). The extent to which PAS information 1s a component of a verb’s overall
semantic representation has not been investigated. The PAS may be coded alongside
the verb’s core meaning and semantic selection restrictions. No studies have
demonstrated differential access to semantic and PAS information.

The PAS for the verb 'eat’ specifies that it requires two arguments, one to be the
agent who does the eating, one to be the patient, the item which is eaten. Some verbs
have an obligatory (tfixed) predicate-argument structure, i.e. they can only be used in a
particular argument structure. For example, the verb 'fetch' can only be used in a two
argument structure, with an agent and a patient, 'the woman fetched the shopping'.
Other verbs have optional (variable) predicate-argument structures, i.e. they can be
used in more than one argument structure arrangement. For example, the verb 'bake’
can be used as both a one argument structure with only an agent, 'the woman 1s
baking', or as a two argument structure with both an agent and a patient, 'the children
baked a cake'. It is of interest whether verbs with different PAS arrangements
constitute the same lexical item or whether they should be considered as separate
lexical entries. In the above example, 'bake' seems to have a very similar core
meaning, whether it 1s used 1n its one or two argument torm. In other cases, however,
the different argument structures seem to portray different events, for example, 'he is
going mad' 'he 1s going to the shop'. In the first example, the verb specifies the event
'becoming’, in the second, it specities the event of ‘'moving'.
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