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Abstract

Sentence production difficulties are a common fesatii aphasia. The aim of the
current study was to investigate the processesvasian sentence production and to
identify whether consistent patterns of difficutiare associated with non-fluent and
fluent aphasic speech. An analysis of sentenceugtimh was designed which
described thematic, phrasal and morphological siracThe sentence production of 22
speakers with aphasia was compared to that of B@alspeakers. The study
investigated: i) the consistency of difficultieg@gs individual speakers with aphasia ii)
the patterns associated with non-fluent and flsgeech and iii) the relationship
between different aspects of sentence productintensive variability was seen in the
group of people with aphasia. Individual non-fluant fluent speakers had widely
varying patterns of performance suggesting thaedpéuency is not a useful
diagnostic measure. The production of thematicctire was independent of phrasal
structure suggesting that distinct processes a&avead in their specification. The
processes involved in the elaboration of phrasatgire and the production of
grammatical morphemes were more closely associ8tatde independence was seen
between the measures associated with particulalsl@f structure suggesting there may

be sub-processes involved which can also be sedfcimpaired in aphasia.
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1. Introduction
1.1. Sentence Production Deficits in Aphasia

Sentence production deficits are a commonly redddature in aphasia. Kleist
(1916) described two distinct types of sentencicdities, agrammatism and
paragrammatism and it is this distinction which basstinued to dominate. Saffran,
Berndt & Schwartz (1989) describe agrammatism as-fluent and dysprosodic
speech output, simple and poorly realised sentsinaetures and frequent omission of
bound and free grammatical morphemes’ and paragedisim as ‘fluent speech, better
realised but still non-normal sentence structutté wiisuse of grammatical markers’
(p441). The majority of subsequent research has beecerned with agrammatism,
focusing on a characterisation of its featuresiamestigations into the nature of the
underlying problem. Fewer studies have looked estimtence production deficits of
fluent speakers and the nature of the relationlsbipreen agrammatism and
paragrammatism.

Agrammatic speakers as a group have been showfidoftbm normal
speakers in a number of ways. At a syntactic (&iraf) level, agrammatic speakers
produce a reduced proportion of words within sergsr(Rochon, Saffran, Berndt, &
Schwartz, 2000; Saffran et al., 1989), a reducegqtion of well-formed, grammatical
sentences and a reduced proportion of sentence®mibedding (Rochon et al., 2000;
Saffran et al., 1989; Thompson et al., 1995). Tinéssion of bound and free
grammatical morphemes results in a increased ptiopasf open class (content) words
(Rochon et al., 2000; Saffran et al., 1989; Thompstaal., 1995) and poorly realised
phrasal structure (Menn & Obler, 1990). Difficuftieetrieving verbs often co-occur

alongside agrammatic speech (Miceli, Silveri, \ifaCaramazza, 1984; Zingeser &



Berndt, 1990). In an analysis of spontaneous spddampson et al. (1995) found that
speakers with agrammatism produced a similar waagverb types as normal speakers
but verbs were used in their simplest syntactimfor

Agrammatic speech production also co-occurs wittiastic comprehension
difficulties, with patients having difficulty undgianding the meaning conveyed by
function words and inflections (Goodenough, ZWifWeintraub, 1977; Parisi &
Pizzamiglio, 1970) and understanding complex seet®®R.g. relative clauses
(Goodglass et al., 1979). Caramazza and Zurif (18@6éwed that agrammatic speakers
could understand semantically non-reversible seetewhere the meaning could be
derived from the lexical items but found it difficto comprehend semantically
reversible sentences. The comprehension of reVers@mtences has since been very
extensively investigated in this group of speakseg Beretta, 2001; Berndt, Mitchum,
& Haendiges, 1996; Grodzinsky, Pinango, Zurif, &prl999 for reviews).

Agrammatic speakers as a group have been shovavéoehgood understanding of
‘canonical’ sentences e.g. actives, subject redatibut poor comprehension of ‘non-
canonical’ sentences e.g. passives, object refatiliese structures contain moved
arguments and there is a lack of transparency leetwe syntactic structure and the
underlying meaning.

There has been extensive debate regarding whagih@mmatism should be
considered as a syndrome; this would suggesthkdettures co-occur with a
frequency greater than chance (Caplan, 1985). Gaplgposed that there are two types
of syndrome, functional and non-functional syndreme functional syndromes,
features co-occur due to a common underlying inmpait; individual speakers should

therefore show a very similar pattern of impairmanthe features should not be



dissociable. In non-functional syndromes, symptemeccur due to neuro-anatomical
proximity, predicting that there is the potentiai tlissociations between features. The
possibility of dissociations and the underlyinguasption that the features are no longer
due to the same underlying impairment, howeverstjmes the clinical relevance of
grouping individual speakers in this way. If iision-functional syndrome, the label of
agrammatism is unlikely to provide an accurate ati@risation of an individual's
speech and will certainly provide limited directionterms of treatment.

The presence of extensive variability betweenviddial speakers has
questioned the validity of characterising agramsmatas a functional syndrome and has
undermined the search for a unitary linguistic arption of the deficits. Kean (1995)
described two types of agrammatic speakers, onggsose output was restricted to
single content words and another group whose spestisome sentence structure and
some appropriate morphology, although other morgsenwere omitted. Similarly,
Miceli et al. (1989) reported extensive variabiligtween individual speakers in the
amount of errors produced overall and betweenqadati morphemes, with some
speakers producing substitution errors as welha®iission errors which are the
defining feature of agrammatism. Whilst these ddfeces might be a consequence of
varying severity, other dissociations question Waetgrammatism results from a
single underlying impairment. Tissot, Mounin ancetmitte (1973) identified
dissociations between the omission of morphemegtanstructural/syntactic features
of agrammatism, suggesting that they arise fromindisimpairments. He identified
three groups of speakers, one group in which maogical errors predominated, one
group in which syntactic deficits were prominent @group where both features were

impaired. Dissociations have also been identifietivieen the production of bound and



free morphemes (Miceli et al., 1989) . Therefogrammatic speakers are not a
coherent group and there is an increasing recagnitiat agrammatic sentence
production is a multi-faceted condition with diffities arising from different
underlying impairments (Schwartz, Fink, & Saffraf95).

Similar variability has been identified in relatito the comprehension of
agrammatic speakers. Speakers with agrammatic gtiodudo not always have
asyntactic comprehension (e.g. Mrs K, Kolk, Vani@&uen, & Keyser, 1985) and
individual speakers do not have the same compredredsficulties (Caramazza,
Capitani, Rey, & Berndt, 2001). Whilst there isendive debate regarding the impact of
this individual variation on theories attemptingetxplain these difficulties (see
Caramazza et al., 2001; Drai, Grodzinsky, & Z\2#01), it should be recognised that
‘agrammatic Broca’s aphasia is not associated avghngle pattern of comprehension
performance’ (Caramazza et al., 2001, p183). Ti@ama that there is the possibility
that the comprehension difficulties in agrammagieakers may also arise from a
number of different underlying impairments.

There have been less comprehensive studies oétherse production of fluent
speakers, but again variability has been identifietiveen individual people with
aphasia. Goodglass and Kaplan (1983) suggestetiibat paragrammatic speakers are
not impaired in the constructional aspects of spead that clausal and phrasal
complexity is preserved. However, some analysaepeéch production have identified
the use of less complex syntactic structures andrfembedded and relative clauses
compared to normal speakers (Bastiaanse, Edwardsss: 1996; Edwards, 1995 ;

Gleason et al., 1980), a decreased range of graoahstructures (Gleason et al., 1980)



and difficulty using grammatical devices to linlagkal and phrasal structure (Edwards,
1995).

The characterisation of agrammatism and paragraismais discrete,
functional syndromes has also been questionedégparent overlap between the two
groups of speakers. A reliance on simple senteiscgsen in some non-fluent and fluent
speakers (Bird & Franklin, 1996). Goodglass (1968hd no difference in the number
and type of errors made by the two groups of spsakehe production of bound and
free grammatical morphemes. Agrammatic speakere saike substitution errors
(Kolk & Heeschen, 1992) and some fluent speakeris @tiher than substitute
grammatical morphemes (Butterworth & Howard, 1987)addition, there are speakers
who have some similar sentence production diffiealbut who would be not classified
as having agrammatism or paragrammatism. Saffrah(&089) describe ‘non-fluent,
non-agrammatic speakers’. As a group, these pe&datlleaphasia do not differ from
normal speakers in their production of grammatimcatphemes but still produce a high
proportion of sentences that are not grammatieadlj-formed (due to the omission of
obligatory arguments) and a low proportion of entdsetisentences (Rochon et al.,
2000; Saffran et al., 1989) in the context of dy#nimic and hesitant speech.

The various studies described above have highligte variety of sentence
production difficulties seen in aphasia and thealality seen between individual
speakers. The characterisation of agrammatism arayammatism as discrete
functional syndromes, with a common underlying impant accounting for each
group of symptoms, has thus been questioned. Titadic, phrasal and morphological
deficits evident in an individual speaker seemeaarulependent of speech fluency and,

at least to some extent, independent of each dthhemains important to describe the



features of sentence production in an individuabger but in determining a diagnosis
and planning treatment, it is important to consitternature of the underlying
impairments as well. A cognitive neuropsychologaaproach aims to relate the
observed symptoms to a model of normal procesgiagsumes the difficulties seen in
people with aphasia reflect disruption or damagert@esses involved in normal
sentence production. As these processes can lmtisaleimpaired, specific deficits
can be identified which may or may not occur alashg®ther difficulties (Caramazza &
Hillis, 1989). The description of the featuresaofindividual’'s speech compared to
normal speakers and then relating those featurégmtprocesses involved in normal
sentence production may thus provide an invaluelbiecal tool.
1.2. Normal Sentence Production and the Characterion of Sentence Production
Deficits in Aphasia

Garrett’'s (1980; 1982) model of normal sentence&pection is based on the
analysis of normal speech errors. The model corsesentence production as a series
of relatively independent levels of processing. Tessage level representation
corresponds to a non-linguistic, conceptual speation of the event. The functional
level representation corresponds to the thematictsitre of the sentence; this is an
abstract semantic representation of the utteralrfee positional level representation
corresponds to the syntactic frame and then subs¢guocesses are involved in
phonological encoding and the articulation of taetence. Schwartz (1987) elaborated
Garrett’s model by specifying the processes thotmbt involved in the production of
the functional and positional levels of represeatat She suggests that three sub-
processes may be involved in the production ofdhetional level representation. First,

the semantic representations of the main lexieatstare retrieved, the predicate



argument structure (PAS) is then specified arotsedverb and finally, the lexical items
are assigned to thematic roles within that argurentture. The positional level
representation specifies the syntactic and phedsadture of the sentence. Schwartz
suggests that it is formed as the phonologicalesgntations of the content words are
retrieved and a syntactic planning frame is crealbé planning frame specifies word
order and phrasal structure. The phrasal strugsyseoduced as free morphemes, for
example auxiliaries and determiners, are retri@ratbound morphemes are added.
Even with the elaborations suggested by Schwa@&7)l the model remains
grossly underspecified but does present a frameWworkonsidering the types of
difficulties seen in people with aphasia. If sesproduction involves these
independent levels of processing, individual spesak®y present with selective
impairments in the specification of the functioaat positional levels of
representation. Thus dissociations should be sewvebn the ability to specify the
thematic structure of a sentence and the abilifyréaluce phrasal structure and free and
bound morphemes. If, however, multiple sub-processe involved in the creation of
each level of representation, additional dissammstimay be seen as these sub-processes
also have the potential to be selectively impaihedheir model of sentence production,
Lapointe and Dell (1989) elaborate the processeasivad in the production of the
syntactic planning frame. Phrasal fragments whrehs&ructural frames of a particular
phrasal category are retrieved from a store. Thragenents have slots for free
morphemes but have bound morphemes as an integtalfghe frame. Free
morphemes are then retrieved from a separate ataokslotted into the frame. This
elaborated model can account for the dissociasees in the production of free and

bound morphemes and between different phrasal @agsg



Whilst Bock and Levelt (1994) agree with the bréackls of processing
suggested within Garrett’s model, a number of disibns are made regarding the
nature of processing at each level. Within theimcaptualisation of sentence
production, grammatical encoding (considered teceboth functional and positional
level processing) is lexically driven, with lexicancepts (lemmas) containing
semantic and syntactic information. As lemmas amgeved at the functional level, they
are assigned syntactic functions rather than themaes and corresponding syntactic
frames become available. It is then the unificabbthese syntactic frames which
produces the ordered sentence at the positionall (egvelt, 1999). The syntactic frame
is then elaborated to encode grammatical morphenmes: model highlights the
importance of lexically specified information inntence production rather than general
processes and procedures. The relationship betlerieal and syntactic deficits
remains a matter of debate (see Farogi-Shah & Teom@®003 for discussion) but it is
not clear to what extent a study of spontaneousctpean contribute to this. The study
of thematic, phrasal and morphological structuré@svever, equally valid when
considering this model. Although functional progegsnvolves the assignment of
syntactic functions, Bock and Levelt (1994) stilpgest that the syntactic functions
may be linked together via the argument structfitbeverb. There remains a
separation between overall sentence structurehensipecification of phrases (although
the suggested mechanisms are different) and tleatetat which the same processes are
involved in the specification of free and boundmgnaatical morphemes remains

unclear.
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There have been attempts to characterise the symsptat arise from
difficulties at different stages of sentence prdauc Problems with verb retrieval and
the production of the PAS impact the specificatibthe functional level
representation. Difficulties retrieving the semamépresentation of verbs have been
reported to result in the production of semanti@phasias or the production of
semantically ‘light’ verbs e.g. ‘have’, ‘do’ and ake’ (Berndt, Mitchum, Haendiges, &
Sandson, 1997). Failure to retrieve the verb atléhiel may also result in a reliance on
single phrases and a limited use of sentence steuBerndt, Haendiges, Mitchum, &
Sandson, 1997). Problems specifying the PAS mayrakult in a reliance on single
phrases, as well as a reduced number of compleamadhree argument structures and
a high percentage of sentences in which obligaterlp arguments have been omitted
(Byng & Black, 1989). Difficulties assigning lexicdéems to thematic roles within the
PAS are generally identified only in the productadireversible sentences and are thus
difficult to identify in spontaneous speech. Wordear problems may also reflect
problems mapping the abstract functional levelesentation onto syntactic structure at
the positional level (Saffran, Schwartz, & Mari®8D). Inadequate activation of the
syntactic frame at the positional level is though&iccount for the poor production of
grammatical morphemes seen in both agrammatisnparagrammatism (Goodglass,
Christiansen, & Gallager, 1993). Failure to actviite free morphemes results in poor
phrasal elaboration (Berndt & Caramazza, 1980)sé&studies have focused on a
particular aspect of sentence production and haveansidered the production of
thematic, phrasal and morphological structure withdividual speakers; this has meant
that the relationship between the processes indalveach aspect of production has

not been investigated.
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1.3. Analysis of Spontaneous Speech in Patients iwAphasia

The description of sentence production difficultissng Garrett’s model as a
framework requires us to characterise and quatitdyspecification of the functional
and positional levels of representation in peopté aphasia, compared to that of
normal speakers. A number of analyses of sentemckiption during spontaneous
speech have been reported but no analysis adegdatairibes thematic, phrasal and
morphological structure and provides comprehensorenal data.

The most widely used analysis of aphasic senteragiuption is the
Quantitative Production Analysis (QPA) developed3ayffran et al. (1989). The QPA
describes the structural characteristics and mdogiaal content of utterances
produced during the telling of a fairy story. ltshaeen shown to be reliable for
describing the features of agrammatic speechndisighing agrammatic speech from
normal speech and non-fluent, non-agrammatic spaedhn highlighting differences
between individual agrammatic speakers. The QPAalsasbeen used to quantify some
of the features of fluent aphasic speech (Birdr&klin, 1996; Edwards, 1995) and for
monitoring changes in sentence production duedovexy or as a consequence of
treatment (Bird & Franklin, 1996; Schwartz, Saffr&nk, Myers, & Martin, 1994).
The QPA has many strengths and with the publicadfdarther data (Rochon et al.,
2000), normal variability across the parametersiiegs captured. There are, however,
a number of important features of sentence produdhiat are not investigated by the
QPA. The analysis adopts a frequency of use appn@dber than an error based
approach and whilst this captures the difficulbéspeakers who omit morphemes, it
does not allow the characterisation of substitudoors. The QPA also focuses

predominantly on the specification of the positidesel representation. Whilst it can
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capture some of the difficulties that would be agsed with functional level

difficulties, for instance, the proportion of narva words produced within sentences, it
does not investigate the range of verbs and argusterttures used. In addition, the
proportion of well-formed sentences may reflect anments to processes at different
levels of production depending on whether the ser@e are ill-formed due to the
omission of arguments or morphology.

Thompson et al. (1995) advance a system for quamgilexical and morpho-
syntactic aspects of agrammatic sentence produictioarrative and conversational
speech. This analysis uses syntactic and morplualbgieasures similar to the QPA but
also incorporates an analysis of the types of vanasargument structures used and the
proportion of verbs of each type produced withdbeect arguments. The analysis thus
considers production of the functional level repreation in greater depth than the
QPA but still characterises frequency of use rathan quantifying errors. Other studies
have focused on the detailed description of aqadr aspect of sentence production.
For example, Byng & Black (1989) analysed the sstitaealisation of the PAS during
narrative production, describing the type and nunab@erb arguments and non-
arguments. Whitworth (1995) described the typéefitatic structures and thematic
roles produced during conversational speech. Timege restricted analyses are
diagnostic in terms of the specific features aredylsut do not provide a complete
profile of sentence production. These studies port limited data from normal
speakers; this may or may not be sufficient towaghormal variability in production.
1.4. Aim of Study

The aim of the current study was to carry out ame@iensive investigation of

sentence production deficits in aphasia. An anslgssentence production during
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narrative speech was designed; this describedhéredtic, phrasal and morphological
aspects of sentence production, capturing botluéegy of use and the errors produced.
These aspects correspond to the information spddii the functional and positional
levels of representation in Garrett’'s model. Thalgtinvestigated the relationship
between thematic, phrasal and morphological defigithin and between individual
speakers, allowing consideration of the processeasvied in these aspects of normal
sentence production. The extent to which thereansistent patterns of difficulties
associated with non-fluent and fluent aphasic dp&exs also considered.
2. Method
2.1. Participants

The study investigated the performance of 20 noguoatrol subjects and 22
people with chronic aphasia. The normal group ctediof 4 men and 16 women,
mean age of 54.85 years (range 18 to 90 years)ndimeal subjects had no history of
language or cognitive difficulties and came fromvide range of social/educational
backgrounds. The people with aphasia consiste@® afidn and 12 women, mean age of
60.64 years (range 40 to 80 years). Their aphaasapredominantly a consequence of a
single left hemisphere CVA, with the exceptionwbtpeople, one whose aphasia
resulted from surgery and one who had had two pusvstrokes; he had had no
language difficulties following these previous tepisodes. They were all at least six
months post-onset (mean of 3 %2 years, range 7 momth0 years) and had no
significant motor speech disorders or showed amjeece of cognitive impairment.
The people with aphasia were selected on the bathem being able to produce a

narrative sample and showing some evidence of seatgroduction difficulties.
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Appendix A shows extracts from the narratives ohemf the individual people with
aphasia in order to highlight the range of partiais included.
2.2. Analysis of Narrative Samples

The samples of speech were obtained by asking @éopell the story of Cinderella.
The samples were obtained and transcribed as fraSaft al. (1989) but even if the
sample was limited in length, only the Cinderetlarg was used in order to keep the
propositional content constant. The narrative eaae extracted by the elimination of
repair, repetitions etc. and the utterances wegmeated, again as in the Saffran et al.
(1989) analysis, with two exceptions. Firstly, tdteces like ‘when she arrived at the
ball, she danced with the prince’ were divided itteir two component sentences.
Secondly, direct speech was included in the nagatbre although the discourse
markers ‘she said’ were still eliminated (see dsston in 3.1). In addition, it was
decided to use the whole samples (as in Bird & Hnan1996) rather than the first 150
narrative words. Rate of speech for each of thalggre was determined by recording
the total time taken to produce the narrative amitlishg it by the number of words
produced (as in Saffran et al. 1989). The percentagrative was also calculated; this
measure looked at the proportion of the total sarttpdt remained once the narrative
words had been extracted.

The thematic structure of the utterances was aedlgscording to a framework
based on the ‘Thematic Role Analysis of Spontan&@utput’ (Whitworth, 1995).
Utterances were broadly divided into those withuadetermined thematic structure
(UTS), one, two and three argument structures &edamces containing thematic
embedding (TE). UTS utterances included thosedtiatained no verb and utterances

composed of a single phrase. Utterances with aitefirgument structure were

15



subdivided into one, two and three argument strastdepending on the number of
phrasal components used in association with the vdre number of phrasal
components used alongside the verb was taken assune of predicate argument
structure (PAS) complexity. The category of thematnbedding was defined by
Whitworth (1995 p390) as ‘those utterances wheeenttic roles are embedded in more
complex syntactic and thematic structures’. Exaspfeeach type of utterance can be
found in table 1.

Insert Table 1

A mean PAS complexity score was calculated to aloveasy comparison of
speakers. One, two and three argument structunesgieen a value of one to three
respectively and a total score was obtained. A nseare was then calculated by
dividing this total by the total number of thesmistures. No distinction was made
between those phrasal components that were argsroktite verb and those that were
non-arguments (additional, optional informatioratet! to time, manner or place, Byng
and Black, 1989). The status of phrasal comporeadsot been found to be a
significant factor influencing thematic or phrasamplexity in a previous study
(Webster, Franklin, & Howard, 2001). However, tmegmortion of two and three
component sentences that contained non-argumestaated.

The omission of obligatory arguments in two an@é¢hargument structures was
analysed. Byng and Black (1989, p263) defined digatory argument as ‘an argument
that must be realised syntactically if the sentead¢e be grammatical’. The percentage
argument omission was calculated as the numbevewanhd three argument structures

with omitted arguments compared to the total nunobéwo and three argument
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structures. If arguments were omitted from one gt structures, a single verb
utterance resulted and it was thus coded as UTS.

The type of phrase i.e. noun phrase or prepositipihrase, used to realise each
argument was coded (as in Byng and Black, 1983)h parase was then broken down
into its constituent parts e.g. ‘the ugly sisteva’s coded as determiner, adjective and
noun. The number of constituents in the phrasetalaen as a measure of the
complexity of the phrase i.e. a verb phrase coimgia main verb and an auxiliary was
considered more complex than one containing omhaen verb. The categories were
grouped into one, two and three constituent phrasdsomplex phrases. Complex
phrases included those with four or more componamtisphrases containing post-
modifying phrases. A mean complexity score was ggad for each of the phrasal
types and then overall. Phrases with one, two arektcomponents were given a value
of one to three respectively and complex phrasee gigen a value of four. The total
complexity score was then divided by the total namdf phrases to obtain a mean
score.

Errors involving the omission or inappropriate o$@repositions, determiners,
pronouns and auxiliaries were coded in the errcti@® A percentage phrasal error
score was calculated for the use of each claggefmorphemes and then overall. The
percentage phrasal error reflected the numberofsecompared to the number of times
the item was correctly used within the sample. pilesence of bound morphemes and
the production of irregular plural and past terens were coded in the morphological
analysis to allow their frequency of use within gaanple to be determined. Errors

involving the omission or inappropriate use of nfemes were also coded. A

17



percentage morphological error score was calculfateglach form individually and
then an overall mean score was obtained.
2.3. Analysis
The analysis of the narrative samples was congpleteeach of the normal
speakers and speakers with aphasia. The perforno&tice two groups was then
compared using two sample t tests. The performahrelividual speakers with
aphasia was then compared to the normal grouppnoesihce was considered to differ
from normal if it was more than two standard dewra from the normal mean.
Sentence parameters within the normal range wergidered not to be different from
normal speakers; parameters which fell outsidentirenal range reflected a likely
impairment to this aspect of sentence productiamally, correlations between the
summary parameters in the group of people with siphaere carried out in order to
investigate the relationship between rate of spaechthe features of sentence
production and between different aspects of prodnct
2.4. Predictions
It was predicted that the group of people withasgsd would differ from the

normal group on all of the parameters but thatdihection of difference (above or
below normal performance) would vary accordingi® parameter. The speakers with
aphasia were expected to produce less complexXwstescand to produce more errors;
the following patterns were thus predicted:

¢ Reduced rate of speech

* Increased percentage of UTS

* Reduced mean PAS complexity

* Increased percentage of argument omission

18



* Reduced phrasal complexity

« Increased percentage of phrasal errors

* Increased percentage of morphological errors

Extensive individual variability has been reporiegrevious studies and it was thus
important to compare each individual speaker withasia with normal performance. It
was predicted that for each speaker, performansme parameters would fall within
the normal range whereas other aspects would ditier normal performance. It was
felt that any consistency between speakers in tefrparameters falling within/outside
the normal range may depend either on their ragpeéch or the relationship between
the processes involved in those aspects of senpgndeaction.

The features of non-fluent and fluent speech wersidered by investigating the
relationship between rate of speech and sentewckigiion and by looking at the
performance of individual speakers. The traditiatedcription of agrammatism in some
non-fluent speakers would predict reduced ratgpeésh alongside an increase in
percentage UTS, reduced mean PAS complexity, redoiceasal complexity and in
increase in omission errors. In contrast, it wdugdoredicted that in fluent
paragrammatic speakers, a normal rate of speecldwewseen alongside a normal
percentage of UTS, normal PAS and phrasal compléxit an increase in argument
omission and substitution errors. If the variapilitithin the group of people with
aphasia was a consequence of the inclusion offheht and non-fluent subjects,
consistent patterns of performance would still Xigeeted within the fluent and non-
fluent speakers.

The relationship between thematic, phrasal and habogical structure was

investigated in order to determine whether the ggees involved in these aspects of
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production are independent. Garrett’s model ofesr# production specifies
independent levels of processing and it was thedigted that there would be some
independence between the production of thematictsire and the production and
phrasal and morphological structure. In contrastagal and morphological structure is
produced at the same level of processing and sheutdore closely related. These
differing strengths of relationships should be seethe strength of correlations
between measures and in the extent to which ing@igeople with aphasia show
specific difficulties in one aspect of processiRgrameters at the same level of
processing should be closely related e.g. meareptrge UTS, mean PAS complexity
and mean argument omission but if sub-processasakved in the production of each
level of representation, then these may also Ha@adtential to be selectively
impaired.
3. Results

This section will present the results of the corgmars between the two groups
of speakers as well as the patterns of performaeeer in individual speakers with
aphasia. Appendix B shows the mean normal scor¢hendpper (two standard
deviations above the normal mean) and lower (t&oddrd deviations below the
normal mean) limits which were considered withia tftormal range. On some
parameters e.g. percentage UTS, there was a largers of normal variation (as seen
by the large standard deviations); this sometirasslted in a lower limit less than zero
making the individual comparisons inappropriatee§égnmeasures are labelled as not
appropriate (NA) for comparison. Depending on tredcted performance of the
people with aphasia (seen in section 2.4), the rtapofigure (either the upper or lower

limit) is highlighted in bold. The results for thedividual speakers with aphasia can be
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seen in table 2. At the end of the section, talte of the correlations between
particular features of sentence production withimgroup of people with aphasia are
considered.

Insert table 2
3.1. General Information

The two groups (normal speakers and people withsiphdiffered significantly
from one another in their rate of speech (t (48)696, p = <0.001). On average, the
people with aphasia produced fewer words per mifragan = 54.76 wpm, range 17.9-
136.63) than the normal speakers (mean = 137.02, wgnge 82.6—195.63) although
there was a lot of individual variation in both gps; some speakers with aphasia had
rates of speech within the normal range. Indivigaeadple with aphasia were classified
as non-fluent if their rate of speech was less #ha8 wpm (>2 standard deviations
lower than the normal mean). On this basis, JS, N&,, PW, RN & VC were
considered fluent with the remaining sixteen peaytd aphasia considered non-fluent.
The issues associated with determining fluencylygela the rate of speech will be
considered in the discussion.

The narratives of the normal speakers contairamhaistently high proportion
of words which were subsequently included in thalyms (mean = 88.70%, range
74.9-98.0). The group of people with aphasia d#ffiesignificantly from the normal
group (t (25.84) = 6.91, p = <0.001) producingrgéanumber of repairs, repetitions and
unrelated responses that were subsequently exclulded extracting the narrative
words. This resulted in a lower proportion of asalyle narrative (mean = 62.19%,

range 24.66-90.09). There was, however, a largaiatrad variability, with some
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individual scores falling within two standard ddieas of the normal mean (AL, AM,
IM, MK & TF).

In contrast to the Saffran et al. (1989) proceddirect speech utterances were
not excluded from the narrative core. From anahitispection of the normal samples,
it was felt that the direct speech was not stemo#y and sometimes contained
examples of varied verb tense that were limitetheremainder of the sample.
However, direct speech accounted for a small péagerof the utterances in both
groups of speakers (4.05% of the total sample domial speakers, 2.78% for the group
of people with aphasia). Fourteen of the speakétsaphasia produced no direct
speech. For those speakers who did produce dieeth, these utterances did often
contain complex verb phrases but in each casespibakers also produced these phrases
in other contexts.

3.2. Thematic Structure

Figure 1 shows the mean percentage distributiahffefrent types of thematic
structure for the two groups of speakers. Two amurstructures were the most
commonly used utterance in both groups. The gréygeople with aphasia produced
more utterances with an undetermined thematictstrei¢UTS) (t (21.47) =5.03, p =
<0.001), fewer two argument structures (t (28.28)56, p = 0.016), fewer three
argument structures (t (35.48) = 4.46, p = <0.@01) fewer utterances with thematic
embedding (TE) (t (20.82) = 4.85, p = <0.001). THe&lynot differ from the normal
group in their production of one argument strucdutg40) = 1.89, p = 0.067). The
production of thematic embedding was not considaredppropriate comparative
measure for individual performance as normal spsakaried extensively in their use

of embedding with three speakers producing no edihgdt all.
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Insert figure 1

In the initial analysis seen in figure 1, no distion was made between phrases
which were arguments of the verb and non-argum@adisincts). Figure 2 shows the
breakdown of the two and three argument structaresrms of those containing only
verb arguments and those containing non-argumkman be seen that the distribution
for the two groups of speakers is very similarbéith the normal and aphasic speakers,
two component structures were mainly two argumenbs with no additional
information. In contrast, three component senteroesisted of both three argument
verbs and two argument verbs with optional non-argjts.

Insert figure 2

The mean PAS complexity scores of the group opleewith aphasia differed
significantly from the normal group (t (40) = 2[8= 0.08). On average, the normal
speakers produced more complex structures (mead8srange 1.80-2.27) than the
people with aphasia (mean = 1.96, range 1.43-212®re was, however, extensive
overlap with 16 of the people with aphasia fallimighin normal limits. The normal
speakers rarely omitted verb arguments (mean 4. it&nge 0-1). The group of
people with aphasia omitted a significantly highercentage of obligatory arguments
(mean 9.53, range 0-66.7) (t (40) = 2.7, p = 0.01).

Extensive variability was seen in the performanicéhe individual speakers
with aphasia on the measures related to thematictste. None of the speakers with
aphasia fell within the normal range on percentd@§&, mean PAS complexity and
percentage argument omission. However, only thpealsers AL, BG and BM differed
on all of the parameters. Most of the speakers aptiasia fell outside normal limits on

two of the measures associated with thematic streciwo of the speakers GW and
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ML just omitted more obligatory arguments and as garameter although ML was
very close to normal limits (1.35%). Five of theeagers (CG, RN, RS, TJ and VC)
differed from the normal speakers only in theirgarction of UTS. TJ and VC relied
almost exclusively on single phrases producing 8286 UTS whereas the other
speakers still produced a range of sentences attngslightly increased proportion of
single phrases. Speaker RN was only just outsidaadimits producing 9.38% of
UTS utterances.
3.3. Phrasal Structure

Noun phrase complexity did not differ significantietween the two groups (t
(40) = 0.858, p = 0.380). There was extensive apebetween individuals in the groups
(normal mean = 1.83, range 1.52-2.12, mean of gpeakith aphasia = 1.78, range
1.45-2.32). Figure 3 shows the mean percentagebdison of noun phrases for the two
groups of speakers. The distribution for the twaugis was very similar, with the
production of a large proportion of single compdnewun phrases (single noun or
pronoun). Only two individuals (IB & PW) producedun phrases that were less
complex than the normal speakers; this reflectedlmost total reliance on single
component phrases.

Insert figure 3

There was also no significant difference betwéenperformance of the two
groups in mean verb phrase complexity (t (24.96)9 p = 0.848). The normal and
speakers with aphasia had a similar overall mearptaxity (normal mean = 1.37,
range 1.23-1.56, mean of speakers with aphasia%; fange 1-2.04) and a similar
distribution across verb phrase categories. Figsleows the mean percentage

distribution of verb phrases for the two groupspéakers and highlights the
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dependence of both groups on single verbs. Evéreinormal group, only a small
percentage of verb phrases containing auxiliamesc@mpound verbs were produced
due to a reliance on the simple past tense. THrde®peakers with aphasia (BM, DM,
& TJ) had a mean verb complexity that was lowentharmal speakers; these speakers
produced only single verbs.
Insert figure 4

A significant difference was seen between thedvwaups in mean adjectival
phrase complexity (t (40) = 2.643, p = 0.01). Oerage, the normal group produced
more complex adjectival phrases (mean 2.07, rarfe-3) than the group of people
with aphasia (mean = 1.51, range 0-3.5), althohgretwas extensive overlap. Figure 5
shows the mean percentage distribution of adjdqpiveases for the two groups. The
group of speakers with aphasia produced more phrasesisting of single adjectives
and less complex phrases. There was, however,six¢evariability in the performance
of individual speakers in the production of adjeatiphrases. DM, GW, IB, PW, RN
and RS produced less complex phrases but CG angribldiced phrases that were
more complex than normal speakers.

Insert Figure 5

When considering prepositional phrases, it musebeembered that if
prepositions were omitted, phrases were coded @s plorases and the error on the
preposition was noted. The complexity of preposdighrases did not differ
significantly between the groups (t (40) = 0.776;, @.45) (normal mean = 2.95, range
2.60-3.38, mean of speakers with aphasia = 2.88erd—3.5). The mean percentage
distribution can be seen in figure 6. Three compbpeepositional phrases (preposition

plus determiner plus noun) were the most commoe tfphrase. In the production of
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prepositional phrases, four individuals (CG, DM,&BI'J) produced less complex

phrases than normal speakers. This reduction irptExity reflected an increased

number of prepositions produced in isolation areppsition plus noun constructions.
Insert figure 6

A combined mean phrasal complexity score was tatled for each of the
normal speakers and people with aphasia. No sogmifidifference was found between
the two groups of speakers (t (40) = 1.81, p =1D).0@nly three of the individual
speakers with aphasia (DM, IB & TJ) produced lemssglex phrases than normal
speakers.

The normal speakers produced a very low percerftdgays less than one
percent) of phrasal errors (errors involving the akfree morphemes). In addition,
there was around another one percent of utteranesich a repair of an incorrect
function word had occurred. Table 3 shows the npegicentage of errors in the group
of people with aphasia. Errors were produced irptioeluction of all the free
morphemes, with a combination of omission and stibsin errors. Not all individuals
with aphasia produced errors and the morphemeshwasullted in errors differed
across speakers. AM, TJ and VC made no errors wiegtucing the free morphemes.
JS and NB had consistent difficulties, making exmam all four categories. Most of the
people with aphasia produced errors on two or thagegories of morpheme with only
three speakers having specific difficulties (BMlie production of prepositions, IB in
the production of determiners and KD in the proaurcof auxiliaries). There was no
simple relationship between phrasal complexity #nedpresence of these phrasal errors.
AL, MK and TF produced phrases of comparable coripi¢o normal speakers but

made some phrasal errors. In contrast, TJ appéarexe function words appropriately
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when they were used, but often his phrases wegdestontent words, resulting in
reduced phrasal complexity scores.
Insert Table 3

3.4. Morphological Structure

The analysis considered the production of bouadhgnatical morphemes and
the production of irregular past tense and irregplarals. Examples of each of the
grammatical morphemes were not produced in eacplsaand when used, the
frequency of use varied across the morphemes. Hamifinequency of use in the
samples for the individual morphemes and the residiithe comparisons between the
two groups can be found in table 4. In both groofpspeakers, the irregular past tense
form was used most frequently. The possessiveéstect ‘en’ morphemes and
irregular plural forms were rarely used. The groapsormal speakers and speakers
with aphasia differed in the frequency of productasd all the bound morphemes except
the progressive ‘ing’ and third person ‘s’.

Insert table 4

The normal speakers produced a very low percerddgorphological errors,
less than one percent on each of the morphemean&he percentage of errors for the
people with aphasia is shown in table 5. They omdyle errors on five of the eight
categories; their lack of errors in the productdithe other forms may reflect their low
frequency of use in the sample. The majority obexwwere omissions, although some
substitutions were also present in both fluentrmmatfluent speakers. As with the
production of free morphemes, not all individua¢akers produced errors and the
forms which resulted in errors varied. Nine of ge®ple with aphasia (AM, BG, BM,

GW, HW, JM, RS, SS & TJ) made no errors when produthese bound morphemes
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and irregular forms and nobody showed consistdfitualties across the range of forms.
Eight of the speakers produced errors on a sirmgha but for five (CG, DM, IB, TF &
VC), this probably reflected the very restrictedga of morphemes used. The
remaining speakers generally produced errors orfdwos.
Insert table 5

When looking at the relationship between phrasdlrmorphological errors, half
of the speakers produced both types of error. @Jfdh made neither phrasal or
morphological errors and AM also produced phrase®mparable complexity. BM,
GW, HW, JM, RS, SS and NB made errors in theiraifeee morphemes but produced
bound morphemes appropriately. VC made no erroenvginoducing function words
but produced a very restricted range of bound menms and made morphological
errors.
3.5. Results of Correlations between Parameters 8entence Production

The results of Pearson’s correlations betweendagifes of sentence production
in the people with aphasia are presented in tallec@n be seen that rate of speech was
not significantly correlated with any of the otlparameters of sentence production. No
significant correlations were seen between theethteasures associated with thematic
structure (percentage UTS, mean PAS complexitypandentage argument omission).
There was also no significant correlation betwémse measures and mean phrasal
complexity or percentage phrasal errors. Many efgpeakers with aphasia produced
more single phrases and less complex argumentwtesdhan normal speakers but still
produced phrases of comparable complexity. Howevsignificant negative

correlation (r = -0.542, p = 0.009) was seen betwaean PAS complexity and
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percentage morphological errors. With reduced Pé&8ptexity, there was an increase
in the percentage of morphological errors.
Insert Table 6

Trends were seen between the measures associsitetth@vproduction of
phrasal and morphological structure. Figure 7 shibmgelationship between mean
phrasal complexity and the mean percentage of pheaors. A non-significant trend (r
=-0.412, p = 0.057) was identified; with reducéudgsal complexity, there was a trend
for an increase in the number of phrasal errorgs presumably reflects the fact that the
omission of function words would lead to a reduttio phrasal complexity. Figures 8
and 9 show the relationship between mean phraggplexity and the mean percentage
of morphological errors and the mean percentagdatsal and morphological errors.
No correlation was seen between mean phrasal caitypéad the production of
morphological errors (r = -0.232, p = 0.299) bateand was seen between the mean
percentage of phrasal errors and the mean pereeaotagorphological errors (r =
0.419, p = 0.052). Speakers who produced more ghea®rs had a tendency to
produce more morphological errors.

Insert figures 7, 8 & 9

3.6. Summary of Results
3.6.1. Group Comparisons

The performance of the group of people with aphasis characterised by an
increased proportion of repairs, repetitions arglthBons resulting in an overall
reduction in speech rate and a low proportion alysable narrative. On average, the
speakers with aphasia produced an increased prapoftsingle phrases and had a

lower mean PAS complexity due to a decreased ptiopoof two and three argument
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structures. As a group, they also produced fewerarices with thematic embedding
and omitted some obligatory verb arguments. There no difference between the
normal and aphasic groups in terms of the compl@finoun, verb and prepositional
phrases. However, the speakers with aphasia prddumee errors involving the use of
free morphemes, produced some bound morphemeisdgsently than the normal
speakers and produced errors when using morpholdggse errors were a combination
of omissions and substitutions.
3.6.2. Summary of Results: Correlations between Faaes of Sentence Production
in Aphasia

None of the parameters showed a significant cdroglavith rate of speech,
showing that the characteristics of sentence pitomtuevere independent of fluency. No
significant correlations were identified betweea ffarameters associated with thematic
structure but non-significant trends were seen eetwmean phrasal complexity and the
mean percentage of phrasal errors and the meaenpage of phrasal errors and the
mean percentage of morphological errors. When fapkt the correlations between
thematic, phrasal and morphological structure pdy@ameters were independent of each
other with the exception of a strong negative datien between mean PAS complexity
and percentage morphological errors.
3.6.3. Summary of Results: Individual Speakers witi\phasia

A summary of the performance of the individualass with aphasia on
parameters associated with the specification ofuhetional and positional levels of
representation can be seen in table 7. It candretbat non-fluent and fluent speakers
did not have distinct patterns of impairment. J8 &K showed the same pattern of

strengths and weaknesses despite marked differentssir rate of speech and there
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was extensive variability seen in individual speakeith fluent or non-fluent speech.
The majority of the people with aphasia present#ld a&combination of thematic,
phrasal and morphological difficulties suggestingttboth functional and positional
level processing were affected. The exception wes AM had some thematic
difficulties as she produced a high proportioninfjke phrases and omitted obligatory
verb arguments but phrasal complexity was withimmad limits and she produced
neither phrasal or morphological errors. This sstgygeome difficulties creating the
functional level representation but intact positéiblevel processing. No speakers were
within normal limits on all three parameters asated with thematic structure.
However, RN was only just outside normal limitis production of single phrases but
his phrases were characterised by the productitothf phrasal and morphological
difficulties. Other speakers also varied in theesgy of their difficulties across
thematic, phrasal and morphological processing.
Insert table 7

Across all of the parameters of sentence producértensive individual
variability was seen. On each parameter, someeo$pleakers with aphasia fell within
normal limits whilst others showed apparent diffiguDifferent patterns of strengths
and weaknesses were seen in the production of tiestiaicture; individual speakers
varied in the extent to which their difficulties méested in terms of an increase in
single phrases, argument omission or the produdfigmmpler argument structures. In
the production of phrasal structure, the difficestiof most speakers resulted in phrasal
(function word) errors. In contrast, TJ did not mghrasal errors but relied almost
exclusively on single component phrases. Differernveere also seen between

individual speakers in terms of the production lofgsal and morphological errors.
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4. Discussion

The aim of this study was to carry out a compreivensvestigation of sentence
production deficits in aphasia during the produtid narrative speech. The analysis
investigated the production of thematic structasespecified at the functional level of
Garrett’'s model of sentence production, by anatysiie production of the type and
range of argument structures, the omission of abbiy arguments and whether
speakers relied on single phrases instead of ssrgeh also considered the production
of phrasal structure and morphology, aspects deser production specified within
the positional level representation. Within thistg®, the importance of obtaining
comprehensive normal data will be considered, gaaliscussing the sentence
production difficulties of these speakers with agpphand the possible contribution of
this analysis to the assessment and treatmenhtdrsse production difficulties.
4.1. Characteristics of Normal Performance

Some of the previous analyses of sentence pramtuictiaphasia have not
obtained comprehensive information about norméabperance, often relying on a
limited number of normal subjects. The considerabbnormal performance on a
particular task is, however, vital when identifyitige value of that task in eliciting
particular types of linguistic structure and foachcterising normal variability. Normal
data highlights the features which should be prtasethe narrative sample, providing a
basis for the identification of sentence productidficulties.

In the production of thematic structure within tbmderella story, normal
speakers produced thematically complete sentenctisa very low percentage of
argument omission. Normal speakers rarely reliedingle phrases, producing a range

of one, two and three argument structures. Thes @vever, extensive variability in
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their use of thematic embedding, with some norrmpabékers not producing any
embedded sentences. In the production of phrasaitste, normal speakers showed
that they were capable of producing some elaboigtteases but, with the exception of
prepositional phrases, single component phradedatininated. This was particularly
true of verb phrases; the telling of the storye@lpredominantly on the simple past
tense so normal speakers made limited use of atiggiand compound verbs. In the
production of adjectival phrases, the normal spesakaried in the number and
complexity of phrases produced. Normal speakengratluced some determiners,
pronouns, auxiliaries and prepositions and madg fesv errors in their production of
these free morphemes. The normal speakers alsaqada range of bound morphemes
but some forms e.g. possessive ‘s’ were not pratibgeall individuals. As with the
free morphemes, very few errors were made.

The normal samples show the types and complekitysmnatic and phrasal
structures that are likely to be evident duringtiikng of the story of Cinderella. The
samples also highlight that just because some aagdiuctures are not present in the
narratives of the people with aphasia, this mayoeandicative of a problem. The
Cinderella sample is a useful starting point butigohal elicitation methods would be
needed if it is these complex structures whichoiaterest. Normal speakers produce
very few errors in the production of any level tlisture and if errors are present in the
samples, they are likely to reflect sentence prodadifficulties; this emphasises the
importance of considering errors as well as freqyeri use. The performance of the

speakers with aphasia will now be considered.
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4.2. Characteristics of Performance of People witAphasia

It was predicted that the group of people with anavould differ from the
normal group on all of the parameters of sentemodyttion, producing less complex
structures and more errors. As a group, the pesiiheaphasia produced a higher
proportion of repairs, repetitions and unrelateédrances whilst producing the story.
They produced a high proportion of single phrasesaareduced number of complex
two argument structures, three argument strucamdsembedded sentences. When
sentences were produced, obligatory verb argunvesms sometimes omitted. These
findings are consistent with previous studies ghagnatic speech (Byng & Black,
1989; Goodglass, Gleason, Bernholtz, & Hyde, 19f@&mpson et al., 1995 ) and may
reflect the high number of non-fluent speakersia study.

In contrast to predictions, the group of peoplehvaiphasia did not differ from
the normal group in the complexity of the nounbvand prepositional phrases they
produced. This may reflect the increased diveditypeakers included in this study.
Alternatively, it may be a consequence of the lpgbportion of single component noun
and verb phrases produced by the normal speak@@sd production in the group of
people with aphasia did contrast with normal penfamnce in the number of errors
produced. The speakers with aphasia produced emmbving both free and bound
morphemes. These errors were a combination of anissd substitution errors and
this mixture may again be a consequence of thetyaof speakers involved in the
study. However as in Miceli et al (1989), there everdividual speakers who produced
both types of error and the presence of omissiolsabstitution errors was not

consistently related to speech fluency.
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It was predicted that extensive variability woukel deen in the performance of
individual speakers; this variability was seen aadfirms the complex nature of
sentence production difficulties in aphasia. Onrgyparameter, there were some
individual speakers who did not differ from the mad speakers, as well as individuals
who were outside the normal range. It was preditiiatithis variability may reflect the
inclusion of both fluent and non-fluent speakerghwonsistent patterns of
performance within each group. Alternatively, tlagmeters falling within/outside the
normal range may depend on the relationship betweeprocesses involved in those
aspects of sentence production, with independemiegses having the potential to be
selectively impaired.

One of the main distinctions between agrammatisthpamagrammatism is
verbal fluency (the ease with which connected secgs of words are produced).
Fluency is dependent on a number of characterigtcgxample, melodic line,
articulatory agility, the pattern and distributiohpauses and utterance length. It can be
rated in terms of the longest, occasional uninpged strings of words (with non-fluent
speech characterised by word-runs of less thanwouds) (Goodglass, Kaplan, &
Barresi, 2001) or by measuring rate of speech. Bfadpeech was used in this study as
it was an objective measure which reflected thgeaof severity rather than a simple
dichotomy and which considered the variability seenormal speakers. It was also felt
that utterance length confounded thematic and phcasnplexity. There was, however,
a significant correlation between rate of speeahrapan length of utterance (r = 0.453,
p = 0.036).

There is no evidence that the extensive varialsktgn in this group is a

consequence of the inclusion of both fluent and-thoent speakers. Within the study,
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some speakers can be identified who show the cléssiures associated with
agrammatism and paragrammatism. IB and DM showatdifes consistent with
agrammatism; they had non-fluent speech, produdeghaproportion of single phrases,
produced very simple phrases and produced a higlepige of phrasal and
morphological errors (mainly omissions). ML shoveepattern of features consistent
with the predictions for paragrammatism; she predue normal proportion of UTS,
was within the normal range for PAS and phrasalmerity but omitted obligatory
arguments and made substitution errors when proddoee and bound morphemes.
However, individual fluent and non-fluent speaksmswed widely varying patterns of
performance and there isn’t the consistency irufeatto support a functional syndrome
account of agrammatism and paragrammatism (Cap®8h).

In line with previous investigations (e.g. Bird &daklin, 1996), there was also
overlap between the features of sentence produséen in non-fluent and fluent
individuals. There was no significant correlaticgiieeen rate of speech and the other
parameters of sentence production and no distatteqms of sentence production
impairments were associated with fluent and noartispeech. JS and MK showed the
same pattern of strengths and weaknesses despkedrdifferences in their rate.
Similarly, when the groups of fluent and non-fluspeakers were compared, no
significant differences were seen in percentage {9) = -0.53 p = 0.602), mean
PAS complexity (t(20) = 1.96 p = 0.064) and mearapal complexity (t(20) = 0.581
p=0.568). Only in percentage argument omissionavsignificant difference identified
(t(17.23) = 1.90, p <0.001), with fluent speakearsting a greater percentage of

obligatory arguments. The fluency of an individgadpeech is thus not a useful
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diagnostic measure as it provides very limitedghsinto their sentence production
difficulties.

The normal data can be used to identify aspegtsaafuction which are
equivalent to normal speakers and those which atecplar weaknesses; these
parameters can then be related to a level of psowpsvolved in sentence production
as conceptualised in Garrett's model. The moddtiipe independent levels of
processing involved in the production of thematid @hrasal/morphological structure.
It was predicted that there would be some indepecelbetween sentence parameters
associated with thematic structure (produced afuhetional level) and those
associated with phrasal and morphological strudjreduced at the positional level).
As predicted, no significant correlation was seethe people with aphasia between the
measures related to the processing of thematictateuat the functional level
representation (mean percentage UTS, mean theooatiplexity and mean percentage
argument omission) and phrasal processing at thigiquual level representation (mean
phrasal complexity and mean percentage phrasakgr@milarly, there was not a
significant correlation between mean PAS compleaitg mean phrasal complexity in
the normal speakers (r = -0.322, p = 0.1658).

A significant negative correlation was, howevegrsbetween mean PAS
complexity and percentage morphological errorshait increase in PAS complexity,
there was a reduction in morphological errors. Pagern would be consistent with the
traditional descriptions of agrammatism but ithert interesting that the same
correlation was not seen with phrasal errors aretalvphrasal complexity.

Alternatively, this may reflect the fact that mawfythe speakers did not produce
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morphological errors and thus the distribution wbes across the speakers is less of a
continuum than other parameters.

Most of the speakers with aphasia performed outkide@ormal range on
parameters associated with thematic, phrasal amghuolmgical structure; this is
consistent with difficulties at both the functiorzadd positional levels of representation.
However, the severity of those difficulties oftearied across speakers and it is a
benefit of the analysis that it can identify theskative strengths and weaknesses.
Speaker AM was within the normal range on parametssociated with phrasal and
morphological structure but produced a high praporof single phrases and omitted
obligatory arguments (measures of thematic stragt@peaker RN showed only
minimal difficulties with thematic structure butqutuced both phrasal and
morphological errors. The differences seen betwieese speakers provide additional
support that the processes involved in the creatidhematic and phrasal structure are
distinct and can be impaired independently in ajghas

The study also considered the relationship betvpaeameters assumed to be at
the same level of processing within Garrett's mpthe$ was done to investigate
whether sub-processes are involved in the creafi@ach level of representation. In the
production of thematic structure at the functideak! of representation, there were no
significant correlations between mean percentag8,Wifean PAS complexity and
mean percentage argument omission. Overall thekspewith aphasia relied on more
single phrases but this was not consistently relede¢he production of simpler
sentences or the omission of arguments. Some seakly differed from the normal
range on one of the parameters associated witbrdaiction of thematic structure.

Performance across these parameters is therefatively independent and the reasons
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for this remain unclear. It could be that theséedént outward symptoms reflect
impairment to different sub-processes involvech production of the functional level
representation. The reliance on single phrasesahsicharacteristic of most speakers is
most likely to result from failure to produce therly (Berndt et al., 1997). The omission
of obligatory arguments could arise from a varigtympairments, for example, failure
to retrieve the semantic representation of the npaar knowledge of the arguments
associated with the verb or impaired thematic asigignment (Webster, Franklin, &
Howard, 2004). These possibilities cannot be evatlian the basis of spontaneous
speech alone; further investigations of performantenore constrained tasks would be
needed (as described in Webster et al., 2004)aytaiso be that the differences in
outward symptoms reflect severity differences. &ample, TJ and VC produced a
large proportion of single phrases, resulting lava number of structures in which
obligatory arguments could be omitted. Speakers, @he to less severe problems,
produced a greater range of thematic structuresased their opportunities to omit
arguments. Alternatively, it may be that some ekthdifficulties are actually arising
from a level of processing other than the productibthematic structure at the
functional level representation. For example, omisgrrors may also arise from an
inability to retrieve the phonological form of thexical items at the positional level.
Again it is difficult to investigate this possilifion the basis of spontaneous speech
alone but it should be considered that there wastnong association between
percentage argument omission and other measuedsdeb positional level processing.

Performance on the parameters related to phradaharphological structure
was more strongly associated and this provides swdence that they may be

produced at the same level of processing. Trends igdentified in the correlations

39



between mean phrasal complexity and the mean gegeof phrasal errors and
between the mean percentage of phrasal and mogbal@rrors. The trend for a
reduction in phrasal complexity with increased ghtarrors is likely to reflect the
production of omission errors. This could be a eguence of a failure to create phrasal
frames or an inability to retrieve the function @emeeded within those frames. Within
the group, there was also a trend that with aresse in phrasal errors, there was also
an increase in morphological errors. This coulterfthe more widespread difficulties
that some of the people with aphasia have in priadyzhrasal planning frames at the
positional level of representation.

The nature of the relationship between the prosass®lved in the production
of phrasal and morphological structures become® mamplex when the performance
of individual speakers relative to normal perforrmers considered. Some individuals
with aphasia e.g. TF produced phrases of compacaiigplexity to normal speakers
but made errors in the realisation of free and blauorphemes. These individuals
made substitution errors which maintained the cexipt of the phrase. It is these
speakers with aphasia who would be difficult toniafg using the QPA (Saffran et al.,
1989). TJ's performance showed the reverse pattemrmay be explained by the
severity of his impairment. TJ relied so stronghytbe production of single component
phrases that there were minimal opportunities for to produce free morphemes
correctly or incorrectly. Further investigationswla be necessary to see if, in contexts
where free morphemes had to be produced, his &t@increased. In line with
previous research (Miceli et al., 1989; Rochonl.e2800) and with the model
suggested by Lapointe and Dell (1989), differerweee seen between the production

of free and bound morphemes. Speakers were idsh{diM, NB & VC) who had
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specific deficits with either free or bound morplesnand there was variability in the
morphemes subject to error. The specificity of sdeficits must, however, be treated
with some caution due to the limited range of merpbs produced by some speakers.
As with the other parameters, investigations offeuction of these morphemes in
more constrained tasks would provide clearer evidef these differences.

The discussion above highlights that if we aredosider relating patterns of
sentence production impairment to a model of noseatence production, it may not
be sufficient to consider the overall level of pwotion that is affected. The specific
sub-processes which are responsible for the pramtuct each level of representation
may also have the capacity to be selectively ingghiesulting in very specific
impairments in sentence production. An analysispaintaneous speech may not,
therefore, be detailed enough to identify theseifipesymptoms or to determine the
underlying impairment.

4.3. Evaluation of the Analysis

This study has presented the results of an asabysentence production that
describes and quantifies thematic, phrasal and modogical structure. This final part
of the discussion will consider the possible cdmition of the analysis to the
assessment and treatment of sentence productisutliés in aphasia. Investigations
of spontaneous speech are time consuming andegjeptovide the clinician with a
valid way of assessing a speaker’s ability to cgnwérmation in a coherent and
structured way. The features of sentence produatio@rrative speech are likely to be
characteristic of that person’s speech in convienrsand mild deficits, not identified in
traditional aphasia assessments, will be identifidthis task (Yorkston & Beukelman,

1980). In addition, eliciting change in spontanespsech should be the ultimate aim of

41



any speech and language therapy intervention areddimicians need ways of
monitoring this change. The summary measures with&analysis would provide a
good means of monitoring changes in sentence ptiodutue to recovery or as a
consequence of treatment.

The telling of a story provides a middle groundamen other spontaneous
speech tasks, namely complex picture descriptioncanversation. As Saffran et al.
(1989) highlight, the narrative is a monologuestimakes the sample easier to segment
than conversations which involve exchanges betwpeakers. The story also provides
a context for interpreting the speaker’s productsrihere is some predictability in the
propositional and lexical content. This predictiyils not present in conversational
speech (Yorkston & Beukelman, 1980). The contemiciire descriptions is generally
more predictable than narrative speech but theepoesof the picture may aid lexical
retrieval or prompt the labelling of items. Withime narrative, the normal speakers
produced thematically complete utterances and glenwentage of repairs, repetitions
and unrelated responses, highlighting the valuaisftask in identifying omitted
arguments and general problems producing the storgnge of thematic structures
were produced but the story did not elicit comgdaxasal structure.

In contrast to previous studies, the analysisnil@ss the information at both the
functional and positional levels of representatidiGarrett’s model. It also combines a
consideration of the frequency with which particidauctures are used and the errors
produced. The extent to which the creation of tHesels of representation is impaired
can be determined by comparing the performancedividual speakers with aphasia
and the normal speakers. The comprehensive nomtalodtained in this study ensures

that clinically significant deficits can be distunghed from normal variability.
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However, more detailed assessment may still bessacgto investigate whether
particular sub-processes are affected. It is the@ebination of the study of
spontaneous speech and performance on controfikedl tlaat would enable clinicians to
identify the precise origin of an individual's ddtilties and to plan appropriate

treatment.

43



Appendix A: Extracts of the narrative samples of sme of the individual people

with aphasia.

AL : ‘once upon a time there lived a .. Cinderelkhe. sisters . er . fat the Cinderella
working all the time . cleaning cooking and erntls® the sisters went to the ball .....
erm . Cinderella is crying but the magic genie dngssyou shall be the best erm .. ball’
DM: ‘yes erm .. er. [d d d ] Cinderella er er erm @iredla er make [meman] radio
radio er er (unintelligible) radio er ... the fairies no no no .... erm er no no no no
(unintelligible) the prince er come to er come t&enderella uh huh huh uh huh and er
they marry no no’

IB: ‘Cinderella and um .. um .. lady Cinderella and$eand dusting no well er ..
dusting and sweeping sweeping Cinderella and utarsige two sister and ball ..
Cinderella ball and Cinderella ball and Cinderéldl .. no ball.. and sister one two
sister and um off .. off’

JM: ‘Cinderella was very small his her mam died anddaid wanted to married and
this woman had two daughters ... so he they marnedCinderella had to be a maid ...
the died his dad dad fell ill and she died he diedhe girl stayed with the mam and the
two step daughters’

JS: ‘ordinary routines as they was go back into a eatklinto a pumpkin or whatever it
is .. taken the palace .. so anyway ah no sheh®gdgot a pair of glass slipper and she
used to dance with those in the ball and then apyween it came to twelve o’clock
one night and they had to run out home less tHehmbress and everything was just

disappeared’

44



Appendix B: Upper and lower limits of normal performance (two standard

deviations from the normal mean).

Mean of Normal Lower Normal Upper
Normal Limit Limit
Group (2 SD) (2 SD)
Rate of Speech (words per minute) | 137.02 71.34 202.71
THEMATIC STRUCTURE
a) Percentage Undetermined 2.54 NA 8.45
Thematic Structure
b) Percentage 1 Argument 12.83 2.91 22.74
c) Percentage 2 Argument 58.02 41.37 74.67
d) Percentage 3 Argument 20.28 7.48 33.08
e) Percentage Thematic Embedding 6.33 NA 16.00
Mean PAS Complexity 2.08 1.87 2.30
Percentage Argument Omission 0.15 NA 1.09
PHRASAL STRUCTURE
Mean Phrasal Complexity 2.06 1.78 2.34
Noun Phrases
Mean NP Complexity 1.83 151 2.15
a) Percentage 1 Component NP 57.1 44.56 69.82
b) Percentage 2 Component NP 19.6] 9.62 29.60
c) Percentage 3 Component NP 7.45 1.43 13.46
d) Percentage Complex NP 15.67 4.27 27.07
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Verb Phrases

Mean VP Complexity 1.37 1.19 1.55

a) Percentage 1 Component VP 68.1] 56.15 80.06

b) Percentage 2 Component VP 26.91 15.35 38.58

c) Percentage 3 Component VP 4.2 NA 11.66
d) Percentage Complex VP 0.73 NA 2.59
Adjectival Phrases

Mean AP Complexity 2.07 1.15 2.99

a) Percentage 1 Component AP 43.3 4.33 82.45

b) Percentage 2 Component AP 21.96 NA 51.81
c) Percentage 3 Component AP 20.73 NA 65.91
d) Percentage Complex AP 13.92 NA 42.98
Prepositional Phrases

Mean PP Complexity 2.95 2.53 3.37

a) Percentage 1 Component PP 2.22 NA 8.95

b) Percentage 2 Component PP 21.0 NA 44.45
c) Percentage 3 Component PP 54.2 24.14 84.41

d) Percentage Complex PP 22.47 NA 46.64

NA = Not Applicable (value less than zero)

Figures in bold represent key values for evaludtivegperformance of people with

aphasia.
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Table 1

Examples of each of the types of thematic structure

Utterance Type

Examples

1. Undetermined thematic

structure (UTS)

‘ugly sisters’
‘Cinderella ball’

‘to the ball’

2. One argument structure

‘Cinderella danced’

‘prince cried’

3. Two argument structure

‘Cinderella went to palac

‘the fairy godmother waved the wand’

4. Three argument structure

‘fairy turned pumpkito icoach’

‘she gave Cinderella a beautiful dress’

5. Thematic embedding (TE)

‘so she went to thétbalance with the prince

who was very handsome’
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Table 2

Performance of individual speakers with aphasighermain parameters of sentence production

Rate of Percentage | Percentage | Mean PAS | Percentage Mean Mean NP Mean VP Mean AP Mean PP | Percentage | Percentage
Speech Narrative UTS Complexity | Argument Phrasal Complexity | Complexity | Complexity | Complexity | Phrasal Morpho-
(words Omission | Complexity Errors logical
per Errors
minute)
AL 44.60* 78.79 41.18* 1.85* 11.76* 1.88 1.54 1.30 1.67 3.00 11.88* 20.21*
AM | 40.28* 80.00 18.18* 211 13.33* 1.99 1.65 1.32 2.00 3.00 0.00 0.00
BG | 27.14* 59.87* 53.57* 1.85* 36.36* 1.85 1.58 1.20 2.00 2.60 16.35* 0.00
BM 35.37* 35.60* 50.00* 1.81* 22.22* 1.98 1.92 1.00* 1.50 3.50 16.67* 0.00
CG 19.39* 67.79* 30.00* 1.92 0.00 2.21 1.89 1.44 3.00* 2.50* 8.01* 6.67*
DM 37.06* 51.59* 63.16* 1.42* 0.00 1.58* 1.81 1.00* 1.00* 2.50* 29.17* 100*
GW | 17.90* 57.30* 2.35 1.92 14.29* 1.82 1.93 1.25 1.00* 3.10 5.00* 0.00
HW | 68.00* 59.41* 39.13* 1.93 8.33* 2.01 1.72 2.00 1.33 3.00 6.09* 0.00
1B 21.09* 47.71* 91.43* 2.00 66.67* 1.16* 1.45* 1.20 1.00* 1.00* 16.67* 18*
IM 56.56* 81.22 12.5* 1.78* 0.00 1.86 1.81 1.20 1.17 3.25 12.28* 0.00
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JS 136.73 64.23* 13.7* 1.98 5.77* 2.20 1.75 1.74 2.22 3.09 14.45* 0.24*
KD 29.20* 70.73* 46.15* 1.86* 0.00 2.29 2.04 1.43 2.50 3.20 2.27* 5.11*
MK | 23.13* 90.09 11.76* 2.07 7.14* 2.49 2.20 1.25 3.50* 3.00 11.25* 25.89*
ML 115.44 66.24* 0.00 2.16 1.35* 1.95 1.69 1.27 1.91 2.92 2.98* 0.42*
NB 71.75 74.82* 11.67* 2.01 4.76* 1.82 1.67 1.38 1.22 3.00 12.11* 1.33*
PW | 88.97 47.84* 30.77* 2.05 7.14* 1.84 1.49* 2.04 1.00* 2.82 12.78* 51.67*
RN 74.38 52.66* 18.18* 2.16 0.00 1.79 1.80 141 1.00* 2.94 8.54* 6.84*
RS 50.48* 74.53* 9.38* 2.06 0.00 1.79 1.74 1.41 1.00* 3.00 26.39* 0.00
SS 60.98* 56.99* 9.76* 1.91 2.94* 2.06 1.66 1.54 1.88 3.14 7.01* 0.00
TF 52.00* 86.54 11.76* 2.20 7.69* 1.87 1.81 1.19 NA 2.60 27.38* 3.33*
TJ 20.46* 24.66* 91.3* 2.00 0.00 1.74* 2.32 1.00* 1.33 2.31* 0.00 0.00
VC 113.85 24.66* 91.67* 2.00 0.00 2.34 1.68 2.00 NA 3.33 0.00 16.67*

* Significant difference from normal performance (>2SD from normal mean)

NA — not applicable as not present in sample
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Table 3

Mean percentage of phrasal errors in the grougople with aphasia in the production

of free morphemes

Class of Mean SD Min Max
Free Percentage
Morpheme Error
Determiners 14.04 15.38 0 50
Pronouns 4.54 8.10 0 25.37
Prepositions 10.68 16.02 0 50
Auxiliary 16.34 20.24 0 66.67
Verbs
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Table 4
Mean frequency of use for the bound morphemesraagular past tense and plural forms and the iesiiithe comparisons between the

normal group and the group of people with aphasia.

Form Mean Frequency| Mean Frequency Comparison of Normal and
of Use in Normal | of Use in Aphasic Aphasic Groups
Group Group
Regular Plural 10.60 5.05 t (40) = 40.16, p = 0.0003*

Irregular Plural 1.85 0.59 t(28.77) = 3.191, p = 0.0033%
Possessive ‘s’ 0.95 0.09 t (22.84) = 2.868, p = 0.0087%
Regular Past 18.35 2.45 t (22.35) = 7.612, p = <0.0001}
Irregular Past 22.05 6.45 t (28.94) = 4.369, p = 0.0001%
Progressive ‘ing’ 4.70 3.68 t(35.28) =0.7720, p = 0.4411
Perfect ‘en’ 0.75 0.05 t (20.37) = 2.893, p = 0.0089*

3% Person ‘s’ 1.15 3.45 t (40) = 1.360, p = 0.182

* = Significant differences between the two groopspeakers



Table 5

Mean percentage of errors in the group of peoplk aphasia in the production of bound morphemesraegular past tense and plural

forms.
Form Mean SD Min Max
Percentage
Error
Regular Plural 11.00 19.36 0 54.55
Irregular Plural 0 0 0 0
Possessive ‘s’ 0 0 0 0
Regular Past 7.14 17.50 0 50.00
Irregular Past 4.89 10.07 0 33.33
Progressive ‘ing’ 2 8.94 0 40.00
Perfect ‘en’ 0 0 0 0
3 Person '’ 23.02 41.83 0 100
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Table 6

Results of correlations between parameters of seatgroduction in the group of people with aphasia

Rate of Speech Percentage Mean PAS Percentage Mean Phrasal Percentage Percentage
UTS Complexity Argument Complexity Phrasal Errors | Morphological
Omission Errors
Rate of Speech r=-0.215 r=0.305 r=0.338 r=0.175 r=0.129 r=-0.011
p =0.336 p=0.168 p=0.124 p = 0.437 p = 0.568 p = 0.963
Percentage UTS r=-0.337 r=0.385 r=-0.274 r=-0.082 r=0.029
p=0.126 p=0.077 p=0.217 p=0.716 p = 0.097
Mean PAS Complexity r=-0.017 r=0.138 r=-0.0278 r=-0.542
p = 0.940 p = 0.541 p=0.210 p = 0.009
Percentage Argument r=-0.116 r =0.038 r=20.226
Omission p =0.608 p = 0.866 p=0.312
Phrasal Complexity r=-0.412 r=-0.232
p = 0.057 p =0.299
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Percentage Phrasal Errors
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Table 7
Summary of the performance of individual speakeatk aphasia on parameters associated with the ptiotguof the functional and
positional levels of representation.

Functional Level Representation Positional LevdRepresentation
Fluency of| Percentage PAS Omission Phrasal Phrasal |[Morphological

Speech UTS Complexity| Arguments | Complexity Errors Errors
AL |Non-Fluent - - - N - -
AM [ Non-Fluent - N - N N N
BG | Non-Fluent - - - N - J
BM | Non-Fluent - - - N - N
CG |Non-Fluent - N N N - -
DM | Non-Fluent - \ - - _
GW | Non-Fluent N N - N - N
HW |Non-Fluent - N - N - N
IB | Non-Fluent - N - - - -
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JM | Non-Fluent - - N

<2

JS Fluent -

<2

KD |Non-Fluent -

MK | Non-Fluent -

ML Fluent N

NB Fluent -

PW Fluent -

RN Fluent -

RS | Non-Fluent -

SS | Non-Fluent -

1

<2 <2 <2 <] <] <] <] <2 <2 <2 <2
1
2]

TF | Non-Fluent -

TJ | Non-Fluent -

<] 2] 2 21 <21 <21 =2 =21 <21 2]
<2

VC Fluent -

Key: < =retained (within normal limits) = impaired (outside 2 SD of normal mean)
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Figure 1: Mean percentage distribution of thematicstructure in normal group and group of people withaphasia
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Figure 2
Mean percentage of two and three argument structurg containing non-arguments (NA) in normal group andyroup of people with

aphasia
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Figure 3

Mean percentage distribution of noun phrase complety in normal group and group of people with aphasa

70

60

50

o
o

OMean Normal
B Mean Aphasia

% of Phrases

w
o

20

10

Type of Noun Phrase

61



Key to figures 2 — 5

1

2

1 component phrase
2 component phrase
3 component phrase

Complex phrase
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Figure 4

Mean percentage distribution of verb phrase compleky in normal group and group of people with aphasa
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Figure 5

Mean percentage distribution of adjectival phrase omplexity in normal group and group of people withaphasia
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Figure 6

Mean percentage distribution of prepositional phrag complexity in normal group and group of people vih aphasia
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Figure 7

Relationship between mean phrasal complexity and na@ percentage of phrasal errors in group of peopleith aphasia
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Figure 8

Relationship between mean phrasal complexity and na@ percentage of morphological errors in group of pople with aphasia
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Figure 9
Relationship between mean percentage of phrasal ems and mean percentage of morphological errors igroup of people with

aphasia
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