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SYNTACTIC COMPREHENSION IN APHASIA
AND ITS RELATIONSHIP TO
WORKING MEMORY DEFICITS
Spyridoula Varlokosta'

National and Kapodistrian University of Athens
svarlokosta@phil.uoa.gr

epidnyn

2ty mapovon perétn eletdleTan n CVVTAKTIKI KATAVONOY O€ dTOp e apadia kKoL 1] axéon
NG pe T pvijun epyadios. Hapovardlovrar amotedéouata amé yYAwooikés ko yun YAwooikés
doxipaoieg mov xopnynOnkay oe tpetg opddes atopwy pe apaoie. T mopiopata Seiyvovy ot
(@) T EAAeippaTa 0TI CVVTAKTIKY KATAVONOH TWY OHUACIOAOYIKE aVAOTPEWIUWY SOUWY pe
UH KAVOVIKH OELp& OpwV TAXPATHPOUVTAL O HOVO O€ ATOUX pe agaoio TOTOV Broca aAdd kot
o€ opANTEG pe dANovs TVTOVG apadiag Ko () Ta EAAEIUPATA OTH CUVTAKTIKY KATAVOHOH
ovoyetiovrau pe eAdeippata otn Aektiky uviun epyaciog aveédptnta amd Tov 10O Aoi-

ag, aArd Sev ovayetiCovrau pe eEl\eippara oty un Aektiky uviun epyaciog.
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1. Introduction

Aphasia is an acquired language disorder that has attracted much attention within
theoretical linguistics over the past thirty years. The interaction of the two disciplines,
theoretical linguistics and aphasiology, presented researchers novel ways to view lan-
guage impairment as well as the normal cognition. The study of aphasia through lin-
guistic theory offered researchers a deeper insight into the nature of language break-
down and allowed them to provide a characterization of the observed language deficits
in terms of damage to underlying structures. At the same time, studies of aphasia con-
tributed to a better understanding of the human unimpaired linguistic capacity (for an
extended discussion of the interaction between linguistic theory and aphasiology see
Levy & Kavé 1999, Avrutin 2001).

Agrammatism is a case of a more general linguistic impairment known as Broca’s
aphasia and has attracted most of the attention among researchers interested in the
relationship between language deficits and linguistic theory. Broca’s agrammatic
aphasia is characterized by an effortful, “telegraphic” pattern of speech production,
which includes frequent omission of functional categories, such as determiners,
tense, complementizers. The nature of the deficit has been shown to be rather selec-
tive and has given rise to a number of interpretative hypotheses that attribute it to
speakers’ lack of grammatical knowledge (so-called ‘representational’ accounts or
‘structural deficit hypothesis’; e.g., Friedmann & Grodzinsky 1997, Wenzlaff & Clah-
sen 2004). Psycholinguistic research in the 70’s and 80’ though showed that apart
from the production deficit, agrammatic aphasia is also characterized by a compre-
hension deficit, which affects “semantically reversible” sentences with non-canonical
word order (e.g., passive sentences, object clefts, object relative clauses etc.; Car-
amazza & Zurif 1976, Grodzinsky 1984). This unique pattern of comprehension was
termed ‘asyntactic’ comprehension and ever since lead to several hypotheses that
attempted to provide an explanation for its selective nature as well (e.g., Grodzinsky
1984, Mauner et al. 1993). However, some researchers have challenged the claim that
the comprehension deficit in “semantically reversible” sentences with non-canonical

word order is a pattern observed only in speakers with agrammatic aphasia (e.g.,
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Caplan 1995). Moreover, a number of studies have shown that grammatical deficits
co-exist with memory deficits in agrammatic aphasia (e.g., Caplan & Waters 1999,
Caspari et al. 1998) and, thus, have reinforced those claims in the aphasiological
literature that attribute the linguistic deficit of the speakers with agrammatic aphasia
to their inability to implement grammatical knowledge due to lack of processing
resources (so-called ‘processing’ accounts or ‘processing limitation hypothesis’; e.g.
Avrutin 2000, 2006, Grillo 2009). The within- and between-individual variability
also observed across various studies has further complicated the picture, as it con-
stitutes a problem for the ‘definition’ as well as the interpretative accounts of agram-
matism (particularly, the representational ones).

The present paper, which is part of a broader study on grammatical deficits in apha-
sia and their relationship to non-linguistic deficits, addresses two questions: (a) Is the
syntactic comprehension deficit affecting “semantically reversible” sentences with
non-canonical word order a pattern observed only in speakers diagnosed with Broca’s
agrammatic aphasia or is it observed in speakers diagnosed with other aphasia types
as well? (b) Do disorders of syntactic processing in sentence comprehension correlate

with the speakers’ working memory abilities?

2. Aphasia
2.1 Definition and types

Aphasia is an acquired language disorder usually caused by damage to an area (or
some areas) of the left cerebral hemisphere. It can be caused by a cerebro-vascular acci-
dent (CVA), a traumatic brain injury (TBI), infections such as meningitis or encepha-
litis, or as the result of the existence or the removal of a brain tumor (De Roo 1999: 1,
Mesulam 2000: 296). Aphasia is characterized by impairments in the production and
comprehension of speech, by word-finding difficulties, by difficulties in reading and
writing, etc. Deficits in aphasia can affect all linguistic levels (i.e., phonology, morpho-
logy, syntax, and semantics) to varying degrees depending on the site and the severity
of the brain injury (Harley 2001: 23).

Despite the fact individuals with aphasia differ with respect to the kind of symptoms
they show and the severity of their language disorder (from mild, to moderate and

severe disorders), some syndromes can be distinguished that share a number of symp-
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toms. The main split is between fluent and non-fluent syndromes, with fluency being
categorized as the ability to express five or more words uninterrupted (Goodglass et
al. 2001: 67). Although many different types of aphasia have been described within
this split, the most widespread classification identifies two basic categories: non-fluent
aphasia or Broca’s aphasia and fluent aphasia or Wernicke’s aphasia, each one of which
has been associated with different neurological as well as linguistic characteristics (for
different classifications see Goodglass 1993, Benson & Ardila 1996, Dronkers & Larsen
2001).

In Broca’s aphasia, the brain damage is localized in the frontal lobe (typically Brod-
mann’s areas 44 and 45) and the resulting speech is non-fluent, but language compre-
hension is relatively well-preserved. The speech of individuals with Broca’s aphasia is
described as “slow, deliberate and effortful” (Obler & Gjerlow 1999: 39) with “limited
vocabulary, restricted grammar and awkward articulation” (Goodglass & Kaplan 1983,
Goodglass et al. 2001: 61). They use one or two word utterances and their attempts to
generate full sentences fail due to lack of syntactic support and poor naming (Good-
glass et al. 2001: 62). In Wernicke’s aphasia, the brain damage is localized in the pos-
terior part of the superior temporal gyrus, the so-called Brodmann’s area 22), and the
resulting speech is fluent and characterized by paraphasias (erroneous production of
phonemes, words or phrases, that is phonemic and semantic paraphasias) and poor
comprehension (Goodglass & Kaplan 1983).

A third type of aphasia identified within the fluent vs. non-fluent split is anomia.
Anomia is caused by damage to various parts of the parietal or the temporal lobe of the
brain. Although the speech of individuals with anomic aphasia is fluent and gramma-
tically correct, it is characterized by problems in recalling words, names, and numbers.
Thus, individuals with anomic aphasia often use circumlocutions in order to avoid a
word they cannot recall or to express a word they cannot remember. Nonetheless, they
understand speech well and they can repeat words and sentences (Dronkers & Baldo
2009).
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2.2 Agrammatic aphasia

A specific type of Broca’s aphasia, very often described in the aphasiological litera-
ture, is agrammatism or (Broca’s) agrammatic aphasia.”’ Agrammatism is a pattern of
language production that appears to lack grammatical structure (Pick 1913, quoted in
Grodzinsky 1990). It has traditionally been defined as a morphosyntactic impairment
characterized by decrease in speech rate, by omission and/or substitution of bound
and free grammatical morphemes (e.g., determiners, auxiliaries, verbal inflections,
complementizers) and by use of simplified syntactic structures (‘poor grammar’). This
co-occurrence of symptoms has been described in the literature as ‘telegraphic speech’
(e.g., Goodglass 1968, Caramazza & Berndt 1985).

Cross-linguistic studies have shown that individuals with agrammatic aphasia have
selective grammatical deficits, affecting some but not all grammatical morphemes and
functional categories. Thus, in the verbal domain, Tense has been shown to be signifi-
cantly more impaired compared to subject-verb Agreement (e.g., for Dutch: Bastiaan-
se et al. 2002, for German: Burchert et al. 2005, Wenzlaft & Clahsen 2004, for Greek:
Nanousi et al. 2006, Varlokosta et al. 2006, for Hebrew: Friedmann & Grodzinsky
1997). In the nominal domain, Case appears to be more impaired compared to Gen-
der (Bastiaanse et al. 2003)*. Besides morphosyntactic deficits, core syntactic opera-
tions (i.e. movement) seem to be impaired in the production of agrammatic speakers,
evidenced in structures with reversible word order, such as object scrambling (e.g.,
Lee & Thompson 2004, Thompson 2003), wh-questions, relative clauses, and passives
(e.g., Bastiaanse & van Zonneveld 2005, Thompson & Shapiro 2007). Greater difficul-
ty is also observed in the production of verbs as compared to nouns (e.g., Berndt,
Mitchum, Haendiges & Sandson 1997, Miceli, Silveri, Villa & Caramazza 1984) and in
the production of verbs with complex argument structure (transitives vs. ditransitives,

unergatives vs. unaccusatives; e.g., Kegl 1995, Thompson 2003).

2 The two terms, ‘agrammatism’ and ‘Broca’s aphasia, are often used as synonyms in the literature.

3 Agrammatism is often associated with damage to Broca’s area. However, damage to Broca’s area does not
necessarily result in Broca’s agrammatic aphasia, and Broca’s agrammatic aphasia is not necessarily caused
by damage to Broca’s area (Mohr et al. 1978, Dronkers et al. 1992). The current consensus is that the dama-
ge in Broca’s aphasia probably includes parts of Broca's area and some other adjacent structures; however,
these structures still remain unknown (Lazar & Mohr 2011). Recent findings suggest that individuals with
Broca’s aphasia have damage to both Broca’s and Wernicke's areas (Fridriksson et al. 2014).

4 According to Bastiaanse et al. (2003) most substitution errors in article production in Dutch agramma-
tic aphasia concern case.
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Although the impairment in agrammatism was originally described for production, a
number of studies have shown that speakers with agrammatic aphasia have a language
comprehension problem that mirrors their speech production problems. Specifically,
they have difficulties understanding syntactically complex structures such as “seman-
tically reversible” sentences with non-canonical word order (e.g., object clefts, wh-
questions, relatives) (e.g., Caramazza & Zurif 1976). This pattern of behavior in known
in the literature as ‘asyntactic comprehension’ (Caramazza & Zurif 1976) and has been
interpreted through representational as well as processing accounts (e.g., Grodzinsky
2000, Grillo 2009). However, the association of the pattern of ‘asyntactic comprehen-
sion’ to agrammatic aphasia has been questioned in the field. Caplan (1995) observes
a number of methodological shortcomings in the agrammatism literature including
inadequacies in the construction of materials, in the matching of participants with
agrammatic aphasia and other aphasia types, in the statistical treatment of the data, as
well as in the selection criteria used for subject grouping. He points out that detailed
description of the participants’ conversational speech is rarely used for patient selec-
tion in the studies that focus on syntactic comprehension problems. Moreover, Caplan
(1995: 333) argues that there is nothing unique in the kind of comprehension prob-
lems observed in agrammatism, because the pattern of ‘asyntactic comprehension’
discussed in several studies is not found in all agrammatic speakers (Nespoulous et
al. 1988), whereas it is present in non-agrammatic speakers (Caplan, Baker & Dehaut
1985). He concludes that despite the existence of several studies showing differences
between small groups of speakers with agrammatism and speakers with other aphasia
types, these studies do not establish that the syntactic comprehension problems of
participants with agrammatism are different from those without agrammatism.

The within subject variability in the patterns of agrammatic performance observed
in many studies across different languages has also been a problem for the definition
of agrammatism and has raised questions regarding its existence as a distinct condi-
tion. Goodglass et al. (2001) describe a number of core features/characteristics that
distinguish agrammatic from non-agrammatic speakers, which include omission and/
or within-class substitution of function words, reduced use of coordination and sub-
ordination, fragmentary and incomplete phrases/sentences, loss of comprehension of
inflections and function words, as well as loss of comprehension of complex syntactic
structures with non-canonical word order. Nonetheless, the actual nature of ‘asyntac-
tic’ comprehension and its relationship to agrammatic aphasia remains controversial

and the questions raised by Caplan (1995) still remain open in the field.
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Broca’s agrammatic aphasia is also characterized by non-linguistic deficits, particularly
deficits in short-term and working memory (for a review see Salis et al. 2015, Wright &
Fergadiotis 2012). Short-term memory (STM) refers to the ability to remember informa-
tion received through auditory and visual channels for a brief period of time, immedi-
ately after this information is registered. Thus, STM is a temporary memory system, with
limited capacity in terms of encoded information memory units (see Cowan et al. 2005,
2008, Salis et al. 2015). Working Memory (WM) is another temporary memory system
used for mentally manipulating information (Baddeley 2012). The difference between
the two is that while STM refers to the ability to recall information immediately after its
presentation in a relatively unprocessed state, that is, without mental manipulation, WM
entails mental manipulation of information (see Baddeley 2012, Conway et al. 2005). A
number of studies report a strong connection between linguistic and STM impairments,
arguing that digit repetition (digit forward) is a major predictor of receptive as well as
expressive language performance in speakers with (agrammatic) aphasia (e.g., Schuell et
al. 1964, Crocket et al. 1981, Beeson et al. 1993, Leff et al. 2009, Laures-Gore et al. 2011).
WM deficits have also been observed in aphasia. However, the precise relationship be-
tween WM deficits and language processing still remains unclear, as some studies report
significant correlations between WM capacities and various language abilities (e.g., read-
ing and listening comprehension, sentence comprehension; Caspari et al. 1998, Tomp-
kins et al. 1994), while other studies do not (e.g., Christensen & Wright 2010, Ivanova
& Hallowell 2014, Mayer & Murray 2012). The inconsistency in results has been partly
attributed to the mixed aphasia groups that have been employed in the studies, which
results in comparisons of WM capacities among individuals with distinct profiles of lan-
guage impairments (Ivanova & Hallowell 2014, Ivanova et al. 2015). Some studies have
shown that aphasia type contributes to the role WM plays in language processing. Fried-
mann & Gvion (2003) compared participants with agrammatic aphasia and participants
with conduction aphasia and showed that only the former group performed poorly on
the comprehension of object relative clauses despite the fact both groups had limited
WM abilities. Similarly, Ivanova et al. (2015) showed that although individuals with non-
fluent aphasia perform similarly to individuals with fluent aphasia on WM and language
comprehension tasks, the relationship between WM and language comprehension is sig-
nificant only for participants with non-fluent aphasia. Thus, although WM impairments
have been associated with Broca’s agrammatic aphasia in some studies (e.g., Garraffa &
Learmonth 2013, Kolk and van Grunsven 1985), the role of WM in language processing

in different types of aphasia remains open.
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3. The study
3.1 Aims

The present study is part of a broader study on aphasia that aimed at (i) an in-depth in-
vestigation of different linguistic levels in aphasia and their interrelations, (ii) the study
of the relationship between other neuropsychological disorders, including WM defi-
cits, and language impairments, (iii) an evaluation of aphasic disorders, their symp-
toms and level of severity, in relation to the location and extent of left-hemisphere
damage, and (iv) an in-depth investigation of the efficacy of different types of therapy
intervention in aphasia.

We present results from three groups of participants with aphasia in order to inves-
tigate whether (a) syntactic comprehension deficits affecting “semantically reversible”
sentences with non-canonical word order are observed not only in speakers diagnosed
with Broca’s agrammatic aphasia but also in speakers diagnosed with other aphasia
types and (b) disorders of syntactic processing in sentence comprehension correlate

with the speakers’ working memory abilities.
3.2 Participants

For the purposes of the present study, we present results from 14 monolingual Greek-
speaking participants with aphasia, who have been divided into three groups, accor-
ding to their classification derived from their Boston Diagnostic Aphasia Examinati-
on (BDAE) scores (Goodglass & Kaplan 1983, Greek adaptation: Papathanasiou et al.
2008). Group I - Broca comprised 6 participants with Broca’s aphasia (Mean age: 57.7
years, SD: 8.2, Mean years of education: 13.2, SD: 3.0), Group II - Anomic comprised
4 participants with anomia (Mean age: 54.8 years, SD: 6.9, Mean years of education:
12.0, SD: 4.6), and Group III - Unclassified comprised 4 participants with non-fluent
output, that were unclassified on the basis of their BDAE scores (Mean age: 63.5 years,
SD: 5.9, Mean years of education: 10.5, SD: 2.4). All brain-damaged participants had
suffered a single left cerebral vascular accident (CVA) at least 12 months prior testing,
which in most cases caused a right hemiparesis.

Tables 1, 2 and 3 summarize the demographic information and the classification of

each participant with aphasia for each of the three groups.
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P1 p2 P3 P4 P5 pP6
Gender M M M M M M
Age 63 60 69 56 52 46
Education 16 12 16 13 14 8
Type of lession | CVA CVA CVA CVA CVA CVA
Hemiparesis Right None None Right Right Right
Classification | Broca’s | Broca’s | Broca’s | Broca’s | Brocas | Broca’s
(derived from
BDAE)

Table 1 Demographic information and classification of participants for Group I - Broca

P7 P8 P9 P10
Gender F M M M
Age 63 47 52 57
Education 6 16 11 15
Type oflession | CVA CVA CVA CVA
Hemiparesis Right Right Right Right
Classification Anomic | Severe Mild Mild
(derived from anomic | anomic | anomic
BDAE)

Table 2 Demographic information and classification of participants for Group II - Anomic

P11 P12 P13 P14
Gender M M M M
Age 55 67 68 64
Education 9 14 9 10
Type oflession | CVA CVA CVA CVA
Hemiparesis Right Right Right Right

SYNTACTIC COMPREHENSION IN APHASIA | 83




Classification Unclassified | Non-fluent Mild unclas- | Non-fluent
(derived from unclassified | sified unclassified
BDAE)

Table 3 Demographic information and classification of participants for Group III - Unclassified

Each participant with aphasia was matched to a Greek-speaking non-brain damaged
control participant on age and years of education (Control group I: Age range: 48-71;
Mean age: 60.7, SD: 8.0; Mean years of education: 11.7, SD: 2.0; Control group II: Age
range: 49-58; Mean age: 53.5, SD: 4.2; Mean years of education: 12.5, SD: 4.7; Control
group III: Age range: 56-69; Mean age: 62.8, SD: 6.7; Mean years of education: 10.8,
SD: 1.7). There were no significant differences between aphasia and control groups
with regards to mean age and mean years of education: Group I - Broca vs. Control
group I: t(10)=-.643, p=.535 (age), t(10)=1.026, p=.329 (education); Group II - An-
omic vs. Control group II: t(6)=.311, p=.766 (age), t(6)=-.152, p=.884 (education);
Group III - Unclassified vs. Control group III: t(6)=.168, p=.872 (age), t(6)=-.171,
p=.870 (education).

Participants had to pass a Cognitive Screen in order to participate in the study and be
further assessed. The Cognitive Screen assessed non-verbal intelligence and included
Raven’s Coloured Progressive Matrices (Raven 2004) and the Dementia Rating Scale
(Mattis 1988).

3.3 Materials

Baseline tasks

A Dattery of baseline tasks assessed the participants’ verbal and non-verbal abilities:

a) Boston Diagnostic Aphasia Examination (BDAE) (Goodglass & Kaplan 1972,
Greek adaptation: Papathanasiou et al. 2008) to diagnose aphasia and its type.
The BDAE evaluates various perceptual modalities (auditory, visual, and ges-
tural), processing functions (comprehension, analysis, problem-solving) and re-
sponse modalities (writing, articulation, and manipulation).

b) Boston Naming Test (BNT) (Kaplan, Goodglass & Weintraub 1983, Greek adapta-

tion: Simos et al. 2011) to assess participants’ naming ability. Participants were
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asked to correctly name 60 pictures depicting objects of different degrees of image-

ability. When necessary, participants were provided with a semantic cue (mean-

ing), a phonemic cue (sounding out the first letter of the target word) or both.

c) Spontaneous and more constrained speech from the Greek Corpus of Aphasic
Discourse (GREECAD, Varlokosta et al. 2016) to evaluate a number of metrics,
such as fluency, % grammatical sentences, V/N ratio. The speech samples were
obtained with tasks that were designed to elicit descriptive and narrative dis-
course: picture description (Cookie Theft from the BDAE) (see Figure 1), per-
sonal narrative (stroke story), narrative based on an original series of pictures
(“the party”) (see Figure 2), re-telling of an original story with the assistance of
pictures (“the ring”) (see Figure 3), and re-telling of a familiar story (“hare and
tortoise” Aesop’s fable) (Kakavoulia et al. 2014).

d) THALES Neuropsychological Battery to assess cognitive abilities (verbal and non-
verbal). The battery comprised a number of tasks, including WMS-III Mental
Control, verbal fluency, fluency animals, verbs and furniture, WMS-III Digit
Span, WMS-III Spatial Span, word repetition, non-word repetition, sentence
repetition, number sequencing, symbol-pointing span, picture-pointing span,
retrieval of visuospatial information - immediate recall, phoneme discrimina-
tion, phonological awareness, non-word repetition (increased length), picture
arrangement (WISC-III), fluid intelligence (GAMA), retrieval of visuospatial
information - delayed recall. In the present study we analyze results from the
following tasks:

o Non-word repetition, to tap phonological STM: participants were asked to re-
peat pseudowords, which were presented in blocks (8 blocks, 2 trials each,
progressively 2-9 words), e.g., kéua-pida, palo-tpofds-xaumna, myidpo-kovTi-
OKOAOG-TIépTC.

o Sentence repetition, to tap verbal STM: participants were asked to repeat sen-
tences, which were presented in blocks (10 blocks, 2 trials each, sentence
complexity and number of words progressively increased), e.g., To Aewgopeio
dpynoe “The bus was late”, H ydra dpmate ypiyopa to movAdxi agod Sdyxwoe
Tov okVA0 “The cat snatched quickly the bird after biting the dog”.

o Digit span (forward) (WAIS III), to tap verbal STM: Participants were asked to
repeat a list of digits that increase in length, in the order they heard it (8 blocks,
2 trials each, digits progressively increasing), e.g.,1-7,6-3;5-8-2,6-9 -
4,6-4-3-9,7-2-8-6,4-2-7-3-1,7-5-8-3-6.
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o Digit span (backward) (WAIS III), to tap verbal WM: Participants were asked
to recall a list of digits that increase in length from the end of the list to the
beginning (7 blocks, 2 trials each, digits progressively increasing).

o Spatial span (forward) (WAIS III), to tap non-verbal STM: Participants were
asked to touch a list of cubes that increase in length, in the order they were tou-
ched by the examiner (8 blocks, 2 trials each, number of blocks progressively
increasing) (see Figure 4).

o Spatial span (backward) (WAIS III), to tap non-verbal WM: Participants were
asked to touch a list of cubes that increase in length in the reverse order they
were touched by the examiner (8 blocks, 2 trials each, number of blocks pro-

gressively increasing).

Linguistic tasks

A battery of linguistic tasks assessed different aspects of the participants’ production
(subject-verb agreement, tense, aspect, case, wh-questions, relative clauses) and com-
prehension abilities (nominal and verbal agreement, case, wh-questions, relative clau-
ses, free relatives). In the present study, we focus on one comprehension task that as-
sessed the participants’ ability to comprehend “semantically reversible” sentences with
non-canonical word order.

Picture pointing task: Participants were presented with black-and-white drawings on
a computer screen — one at a time — (see Figure 5) while they heard a sentence (wh-

question/ relative clause/ free relative) (see examples 1 and 2), and were asked to point

Figure 1 | The Cookie Theft
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Figure 2 | The party

"l ¥

Figure 3 | The ring

Figure 4 | Spatial span (WAIS I11I)

Figure 5 | Picture pointing task
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to the correct agent of the action. The drawings depicted semantically reversible ac-
tions performed by animate agents (people or animals) of the same gender (gramma-
tical and semantic). The task included: 16 non-referential wh-questions (who questi-
ons), 8 with a subject and 8 with an object dependency (1), 16 referential wh-questions
(which NP questions), 8 with a subject and 8 with an object dependency (2), 16 relative
clauses, 8 with a subject and 8 with an object dependency, and 16 free relatives, 8 with

a subject and 8 with an object dependency.

(1) Pjon pirovoli o jatros? (object who question)
who_Acc shoots the doctor_Nom
‘Who does the doctor shoot?’

(2) Pjon astonimiko pirovoli o jatros? (object which NP question)
which policeman_Acc shoots the doctor_Nom

‘Which policeman does the doctor shoot?’

3.4 Results

Tables 4, 5, and 6 summarize the results of the BDAE and BNT for Group I - Broca,
Group IT - Anomic, and Group III - Unclassified, respectively.

BDAE & BNT scores P1 P2 P3 P4 P5 P6

BDAE_auditory comprehension_words/72 | 100 | 100 | 91 100 | 87.5 | 86

BDAE i hensi -
_auditory comprehension_com 100 1s0 o3 |86 |a6 60

mands/15

BDAE._audltory comprehension_complex 6 |s0 |50 |75 |33 16
material/12

Total/99 96 91 86 94 74 73

BDAE_oral expression_word repetition/10 | 100 | 90 | 70 |90 | 90 80

BDAE 1 i t titi-
_oral expression_sentence repetiti 100 | 75 50 87 62 37

on(1)/8
BDAE_oral expression_sentence repetiti- 75 50 62 62 37 12
on(2)/8
BDAE_oral expression_naming/114 98 76 61 78 60 20
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Total/140 97 |75 |61 |77 |75 16
Boston Naming Test—correct without
cue/d5 68 |26 |37 |28 |70 11
E:sctlcl):/ iammg Test—correct with seman 0 0 4 0 0 11
Boston Naming Test—corr ith
p}(:(s)feml\;: cue/iS eomeet 22 46 28 = 17 1
Table 4 | BDAE ¢ BNT scores (%) for Group I - Broca
BDAE & BNT scores P7 P8 P9 P10
BDAE_auditory comprehension_words/72 95 100 | 87 100
BDAE_auditory comprehension_commands/15 86 100 | 66 93
BDAE_auditory comprehension_complex material/12 58 80 83 83
Total/99 89 95 83 97
BDAE_oral expression_word repetition/10 100 | 100 | 100 | 100
BDAE_oral expression_sentence repetition(1)/8 100 | 100 | 100 | 100
BDAE_oral expression_sentence repetition(2)/8 100 | 100 | 100 | 100
BDAE_oral expression_naming/114 92 99 86 97
Total/140 93 99 88 98
Boston Naming Test—correct without cue/45 31 62 66 87
Boston Naming Test—correct with semantic cue/45 66 |22 |0
Boston Naming Test—correct with phonemic cue/45 33 28 24

Table 5 | BDAE & BNT scores (%) for Group II - Anomics

We observe that the participants of Group I — Broca have lower scores on the sentence

repetition test of the oral expression part of the BDAE compared to the participants

of Group II - Anomic, who exhibit very high performance. Group I - Broca has also

lower performance compared to Group II - Anomic on the complex material test of

the auditory comprehension part. Performance of the participants of Group III - Un-

classified is lower compared to performance of the participants of Group I - Broca and

Group II - Anomic on these tests.
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BDAE & BNT scores P11 | P12 P13 | P14
BDAE_auditory comprehension_words/72 88 97 91 70
BDAE_auditory comprehension_commands/15 53 80 93 53
BDAE_auditory comprehension_complex material/12 | 16 33 33 |25
Total/99 74 86 84 68
BDAE_oral expression_word repetition/10 70 70 100 | 100
BDAE_oral expression_sentence repetition(1)/8 25 37 75 75
BDAE_oral expression_sentence repetition(2)/8 125 | 0 65.5 | 62
BDAE_oral expression_naming/114 49 75 79 43
Total/140 47 68 72 50
Boston Naming Test—correct without cue/45 51 46 40 35
Boston Naming Test—correct with semantic cue/45 2 4 2.2
Boston Naming Test—correct with phonemic cue/45 20 31 33

Table 6 | BDAE & BNT scores (%) for Group III - Unclassified

Table 7 summarizes the mean scores for fluency’, % grammatical sentences, and V/N
ratio, derived from the spontaneous speech data of the participants. Significant dif-
ferences were observed between aphasia and control groups with respect to all mea-
sures: Group I - Broca vs. Control Group I: fluency: p=.000, % grammatical senten-
ces: p=.000, V: p=.000, N: p=.000; Group II - Anomics vs. Control Group II: fluency:
p=.000, % grammatical sentences: p=.013, V: p=.004, N: p=.000; Group III - Unclas-
sified vs. Control Group III: fluency: p=.000, % grammatical sentences: p=.000, V:
p=.000, N: p=.000. The differences between the three aphasia groups were not signifi-
cant apart from % grammatical sentences, which was significant for Group I - Broca
vs. Group II - Anomics (p=.013) and fluency which was close to significant for Group
I - Broca vs. Group II - Anomics (p=.058). The low proportion of grammatical sen-
tences in Group I - Broca is considered evidence for agrammatic production (Faroqi-
Shah & Thompson 2004).

5  Fluency is calculated in terms of words per minute.
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Group Fluency % Grammatical sentences V/N

Mean 22.9 34.2 12/14
Group I - Broca
Mean 45.5 78.1 24/15

Group II - Anomics

Mean

33.1 55.2 15/10
Group III - Unclas-
sified
Mean Control I 104.9 100 37/36
Mean Control 11 105.1 100 38/37
Mean Control III 103.7 100 36/37

Table 7 | Spontaneous speech (means for fluency, % grammatical sentences, V/N) for all groups

Figures 6, 7, 8, 9, 10 and 11 present the results of the non-word repetition, sentence
repetition, digit span forward, digit span backward, spatial span forward and spatial
span backward tasks from the THALES Neuropsychological Battery, for each aphasia
group and for controls.

Performance of the three aphasia groups was significantly worse compared to con-
trols on the non-word repetition task (Group I - Broca vs. Control: t(10)=-6.491,
p<.001; Group IT - Anomic vs. Control: t(8)=-3.073, p=.015; Group III - Unclassified
vs. Control: t(8)=-5.656, p<.001). However, significant differences were not obser-
ved between the three groups (Group I - Broca vs. Group II - Anomic: t(8)= -1,592,
p=.150; Group II - Anomic vs. Group III - Unclassified: t(6)=0.962, p=.373; Group
I - Broca vs. Group III - Unclassified: t(8)=-0.569, p=.585).

Performance of the three aphasia groups was significantly worse compared to cont-
rols on the sentence repetition task as well (Group I - Broca vs. Control: t(10)=-8,691,
p<.001; Group II - Anomic vs. Control: t(8)=-2.907, p=.020; Group III - Unclassified
vs. Control: t(8)=-9.679, p<.001). Significant differences were also observed between
Group I - Broca and Group II - Anomic (t(8)=-2.754, p=.025) but not between Group
II - Anomic and Group III - Unclassified (t(6)= 2.301, p=.061) or Group I - Broca
and Group III - Unclassified (t(8)=-0.297, p=.774).

Performance of the aphasia groups did not differ from performance of the cont-

rols on the digit span forward task apart from Group III - Unclassified and controls
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Figure 6 Non-word repetition
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Figure 7 | Sentence repetition
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(Group I - Broca vs. Control: t(10)=-2.011, p=.084; Group II - Anomic vs. Control:
t(8)=-1.265, p=0.242; Group III - Unclassified vs. Control: t(8)=-3.067, p=.015). Mo-
reover, significant differences were not observed between aphasia groups: Group I
- Broca vs. Group II - Anomic t(8)=-0.414, p=.690; Group II - Anomic vs. Group
III - Unclassified: t(6)= 1.095, p=.315; Group I - Broca vs. Group III - Unclassified:
£(8)=0.845, p=.423.

Performance of the three aphasia groups was significantly worse compared to con-
trols on the digit span backward task (Group I - Broca vs. Control: t(10)=-7.730,
p<.001; Group II - Anomic vs. Control: t(8)=-3.335, p=.010; Group III - Unclassified
vs. Control: t(8)=-5.741, p<.001). Significant differences were also observed between
Group I - Broca vs. Group II — Anomic (t(8)=-3,863, p=.005) and Group II - Anomic
vs. Group III - Unclassified (t(6)= 2.810, p=.031) but not between Group I - Broca vs.
Group III - Unclassified (t(8)= 0.590 p=.572).

Performance of the aphasia groups did not differ from performance of the controls
on the spatial span forward task: Group I — Broca vs. Control: t(10)=-0.720, p=.488;
Group II - Anomic vs. Control: t(8)=-1.272, p=.239; Group III - Unclassified vs. Con-
trol: t(8)=-2.016, p=.079). Moreover, significant differences were not observed bet-
ween aphasia groups: Group I — Broca vs. Group II - Anomic: t(8)=0.732, p=.485;
Group IT - Anomic vs. Group III - Unclassified: t(6)=0.319, p=.761; Group I - Broca
vs. Group III - Unclassified: t(8)=1.358, p=.211.

Performance of the aphasia groups did not differ from performance of the controls
on the spatial span backward task as well: Group I — Broca vs. Control: t(10)=-0.697,
p=.501; Group II - Anomic vs. Control: t(8)=-0.659, p=.536; Group III - Unclassified
vs. Control: t(8)=-1.210, p=.261). Moreover, significant differences were not observed
between aphasia groups: Group I - Broca vs. Group II - Anomic: t(8)=0.115, p=.911;
Group II - Anomic vs. Group III - Unclassified: t(6)= 0.333, p=.750; Group I - Broca
vs. Group III - Unclassified: t(8)= 0.539, p=.604.

Figure 12 presents the results of the three aphasia groups in the picture pointing task
that assessed subject and object dependencies in who questions, which NP questions,
relatives clauses and free relatives. The three control groups performed at ceiling and

their data on the linguistic tasks will not be further discussed.
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Figure 12 | Percentage of correct responses as a function of aphasia type, sentence type, and dependency type
(subject vs. object). Top row: percentages for the subject dependency. Bottom row: percentages for the object
dependency. Bar plots are given with standard errors.

A generalized mixed-effects model was applied to the data (Baayen, Davidson & Ba-
tes 2008). In the fixed effects component, sentence type (who question, which NP
question, relative clause, free relative), aphasia type (Broca, Anomic, Unclassified),
dependency type (subject vs. object) as well as the results of the digit backward test

were included. In particular, all interactions of sentence type, aphasia type and de-
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pendency type, but only main effects (no interactions) of the digit backward test
were included. In the random effects component, random intercepts for every par-
ticipant and every sentence were included so as to minimize the random systemati-
cities induced by the participants and items within the model. Because the model is
a generalized one, it assumed that the dependent variable (i.e. correct or erroneous
responses) is categorical and, thus, it transformed the variable into a continuous one
through a logit function (Jaeger 2008). To perform hypothesis testing, likelihood ra-
tio tests were used. Main effects of the dependency type ((1)=7.57, p=.006) and per-
formance on digit backward were observed ((1)=4.75, p=.030) (Figure 13 and Figure
14). Furthermore, an interaction between aphasia type and dependency type was
observed ((2)=7.53, p=.020). No further main effects or interaction were observed
(all p values >.05). If the results of the digit backward test were not included in the
model, then the aphasia type would become a significant main effect. The fact that it
is not a main effect when the digit backward is included implies that the two varia-
bles are highly correlated. Moving on to specific group comparisons, subject-object
asymmetries were observed in Group II - Anomic for which NP questions (z(2.012),
p=.044). Moving on to interaction terms, a significant interaction was found with
respect to dependency type in who questions between Group II - Anomic and Group
I - Broca (z=-2.495, p=.012). In addition, an interaction was found between Group II
- Anomic and Group III - Unclassified with respect to dependency type in which NP
questions (z=-2.6, p=.009). Furthermore, a significant interaction was observed in
object dependencies between which NP questions and who questions with respect to
Group II - Anomic and Group I - Broca (z=-2.496, p=.012) and between who ques-
tions and relative clauses in Group I - Broca and Group III - Unclassified (z=-2.567,
p=.01). Lastly, an interaction was found between Group III - Unclassified and Group
IT - Anomic with respect to dependency type in who questions (z=-2.601, p=.003).

No further significant interactions were found.

4. Discussion
The present study investigated whether syntactic comprehension deficits affecting “se-

mantically reversible” sentences with non-canonical word order are observed not only

in speakers with Broca’s agrammatic aphasia but also in speakers with other aphasia
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Figure 13 | Predicted probabilities of the generalized mixed-effects model of the responses of the individuals with
aphasia as a function their digit backward score. The data are classified in terms of the type of the sentence.
Points in the graphs represent the number of correct (1) or incorrect (0) response at each digit backward score.
The predicted probabilities come with 95% confidence intervals.

types. We also examined WM impairments and their relationship to sentence compre-
hension disorders across different aphasia groups.

We assessed three groups of individuals with aphasia, classified to different aphasia
groups on the basis of their BDAE scores: the first group consisted of 6 individuals
with Broca’s aphasia (Group I - Broca), the second group consisted of 4 individuals
with anomic aphasia (Group II - Anomic), and the third one of 4 participants, who
were not classified to a particular aphasia type (Group III - Unclassified). Each partici-
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sia as a function their digit backward score. The data are classified in terms of the type of impairment. Points in the
graphs represent the number of correct (1) or incorrect (0) response at each digit backward score. The predicted proba-

bilities come with 95% confidence intervals.

pant with aphasia was matched to a non-brain damaged control participant on age and
education. The three aphasia groups had different scores in the sentence repetition test
of the oral expression part and in the complex material test of the auditory compre-
hension part of the BDAE. Specifically, Group II - Anomic had higher scores in both
tests compared to both Group I - Broca and Group III - Unclassified, while Group I
- Broca had higher scores on both tests compared to Group III - Unclassified (relevant
lines in Tables 4, 5 and 6). Moreover, the three aphasia groups exhibited significantly
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lower performance compared to the non-brain damaged controls in three measures
derived from spontaneous and more constrained speech samples: fluency, % gram-
matical sentences, and V/N ratio. Crucially, Group I — Broca exhibited significantly
lower scores on % grammatical sentences compared to Group II - Anomic, while their
fluency scores were also lower compared to those of Group II - Anomic, although the
difference did not reach significance. Thus, on the basis of their spontaneous and more
constrained speech, Group I - Broca and Group II - Anomic displayed different lan-
guage profiles and only Group I - Broca showed agrammatic production.

Differences among aphasia groups were also observed in some tests of the THALES
Neuropsychological Battery. Performance of the three aphasia groups was significantly
worse compared to controls on the non-word repetition task, on the sentence rep-
etition task, and on the digit backward task, but not on the spatial span forward and
backward tasks or the digit span forward task (apart from Group III - Unclassified and
controls for the latter task). These results indicate a reduction in verbal STM and ver-
bal WM, replicating thus previous studies (e.g., for WM see Ivanova & Hallowell 2014,
Ivanova et al. 2015, Mayer & Murray 2012). They also show that the reduction in WM
affects only verbal WM. So spatial WM, which lies to right hemisphere processing ac-
cording to imaging studies, as in Smith et al. (1996) and Stern et al. (2000), seems not
to be impaired, but verbal WM, which is left hemisphere processing according to the
same studies, seems to be impaired. These results indicate also that the link between
language comprehension and WM in aphasia may be specific to verbal WM and may
not result from a domain general deficit that affects language processing.

Crucially, the three aphasia groups did not perform similarly on the verbal WM task.
Group IT - Anomic performed significantly better compared to the other two aphasia
groups (Group I - Broca and Group III - Unclassified) on the digit backward task. The
differences in the degree of verbal WM impairment observed between participants
with non-fluent aphasia (Group I - Broca) and participants with fluent aphasia (Group
IT - Anomic) are not compatible with the findings in Ivanova et al. (2015) or with stud-
ies that do not show a differential impairment in cognitive abilities for specific aphasia
types (e.g., Ivanova and Hallowell 2014, Friedmann and Gvion 2003; but see Seniéw
et al. (2009) for variability in cognitive impairments in people with different aphasia
types). Nonetheless, previous studies on cognitive impairments across different apha-
sia groups have not compared Broca’s agrammatic aphasia and anomic aphasia. For
example, Ivanova and Hallowell (2014) compared mild versus moderate aphasia, while

Friedmann and Gvion (2003) compared Broca’s versus conduction aphasia. Thus, it
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remains open whether differences in the degree of verbal WM impairment are present
in different aphasia types.

The three aphasia groups did not perform similarly on the picture pointing task
that tapped syntactic comprehension. Although performance on subject dependen-
cies tended to be higher than performance on object dependencies (asymmetries were
observed for who questions in Group I - Broca, for which NP questions in Group
II - Anomic, for relative clauses in Group II - Anomic and Group III - Unclassified,
and for free relatives in all groups), only the subject-object asymmetry in Group II
- Anomic for which NP questions turned out to be significant (subject-object asym-
metries that were close to significant are not discussed in the present study). These
results show that ‘asyntactic’ comprehension is not a pattern that characterizes only
individuals with Broca’s agrammatic aphasia but is also evident in individuals with
fluent aphasia, specifically in individuals with anomic aphasia. Thus, with respect to
our first research question, we conclude that syntactic comprehension deficits affect-
ing “semantically reversible” sentences with non-canonical word order are observed
not only in speakers with Broca’s agrammatic aphasia but also in speakers with other
aphasia types. Our findings support the claim in Caplan (1995: 333) that there is noth-
ing unique in the kind of comprehension problems observed in agrammatism, since
the impairments in the syntactic comprehension of “semantically reversible” sentences
with non-canonical word order were observed in non-agrammatic speakers as well
(see Caplan, Baker & Dehaut 1985).

Our data showed differences in performance across the three aphasia groups. Specit-
ically, Group I - Broca performed significantly worse compared to Group II - Anomic
with respect to object who questions, while Group IT - Anomic performed significant-
ly better compared to Group III - Unclassified with respect to object who questions
and subject which NP questions. In addition, Group I - Broca performed significantly
worse on object who questions compared to Group III - Unclassified, while Group
III - Unclassified performed significantly worse on object relative clauses compared
to Group I — Broca. These patterns indicate that, at least in our sample, subject-object
asymmetries did not always surface within the different aphasia groups and that per-
formance on subject versus object dependencies varied between the different sentence
types across the three aphasia groups.

Coming to our second research question, that is the link between WM and sentence
comprehension, our results showed that higher performance on the digit backward

task was a predictor for higher performance on all sentence types (Figure 13) inde-
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pendently of aphasia type, since it was true that higher performance on digit backward
was a predictor for higher performance in all aphasia groups (Figure 14). Thus, we
conclude that sentence comprehension impairments correlate with verbal WM defi-
cits in different aphasia types. These results are not compatible with recent findings in
Ivanova et al. (2015), which show a differential relationship between WM abilities and
language comprehension depending on aphasia type. As in the Ivanova et al. (2015)
study though, our findings regarding the relationship between WM and sentence com-
prehension warrant further inquiry. In the present study, the number of participants in
all groups was rather small. Moreover, we examined only performance on digit back-
ward and not on other cognitive tasks tapping WM, we did not examine performance
on other cognitive abilities (e.g., executive functions), and we employed only oft-line
tasks to assess syntactic comprehension and WM abilities. Thus, further research is
necessary that will take into account the limitations of existing research on the nature
of syntactic comprehension impairments in aphasia as well as on the relationship be-

tween these impairments and cognitive functions such as WM.

References

Avrutin, S. 2000. “Comprehension of discourse-linked and non-discourse-linked
questions by children and Broca’s aphasics” In Language and
the Brain: Representation and Processing, edited by Y. Grod-
zinsky, L. Shapiro, and D. Swinney, 295-313. San Diego, CA:
Academic Press.

Avrutin, S. 2001. “Linguistics and agrammatism.” GLOT International 5:1-11.

Avrutin, S. 2006. “Weak syntax”. In Broca’s Region, edited by K. Amunts and Y. Grod-
zinsky, 49-62. New York, NY: Oxford University Press.

Baayen, R. H., Davidson, D. J., and Bates, D. M. 2008. “Mixed-effects modeling with
crossed random effects for subjects and items.” Journal of
Memory and Language 59:390-412.

Baddeley, A. 2012. “Working memory: Theories, models, and controversies” Annual
Review of Psychology 63:1-29.

Bastiaanse, R., Rispens, J., Ruigendijk, E., Rabadan, O. J., and Thompson, C. K. 2002.
“Verbs: Some properties and their consequences for agram-

102 | VARLOKOSTA



matic Broca’s aphasia.” Journal of Neurolinguistics 15:239-264.

Bastiaanse, R., Jonkers, R., Ruigendijk, E., and Van Zonneveld, R. 2003. “Gender and
case in agrammatic production” Cortex 39:405-417.

Bastiaanse, R., and Van Zonneveld, R. 2005. “Sentence production with verbs of al-
ternating transitivity in Broca'’s agrammatic aphasia.” Journal
of Neurolinguistics 18:57-66.

Beeson, P. M, Bayles, K. A, Rubens, A. B., and Kaszniak, A. W. 1993. “Memory
impairment and executive control in individuals with stroke-
induced aphasia” Brain and Language 45:253-275.

Benson, D. E, and Ardila, A. 1996. Aphasia: A Clinical Perspective. Oxford: Oxford
University Press.

Berndt, R. S., Mitchum, C. C., Haendiges, A. N., and Sandson, J. 1997. “Verb retrieval
in aphasia. 1. Characterizing single word impairments” Brain
and Language 56:68-106.

Burchert, E, Swoboda-Moll, M., and De Bleser, R. 2005. “Tense and agreement disso-
ciations in German agrammatic speakers: Underspecification
versus hierarchy” Brain and Language 94:188-199.

Caplan, D., Baker, C., and Dehaut, F. 1985. “Syntactic determinants of sentence com-
prehension in aphasia” Cognition 21:117-175.

Caplan, D. 1995. “Issues arising in contemporary studies of disorders of syntactic
processing in sentence comprehension in agrammatic pati-
ents.” Brain and Language 50:325-338.

Caplan, D., and Waters, G. S. 1999. “Verbal working memory and sentence compre-
hension” Behavioral and Brain Sciences 22:77-94.

Caramazza, A., and Zurif, E. 1976. “Dissociations of algorithmic and heuristic pro-
cesses in sentence comprehension: Evidence from aphasia”
Brain and Language 3:572-582.

Caramazza, A., and Berndt, R. 1985. “A multicomponent deficit view of Broca's apha-
sia”. In Agrammatism, edited by M. L. Kean, 27-63. Orlando:
Academic Press.

Caspari, I, Parkinson, S. R., LaPointe, L. L., and Katz, R. C. 1998. “Working memory
and aphasia” Brain and Cognition 37:205-223.

Christensen, S. C., and Wright, H. H. 2010. “Verbal and non-verbal working memo-
ry in aphasia: What three n-back tasks reveal” Aphasiology
24:752-762.

Cowan, N., Elliott, E. M., Scott-Saults, J., Morey, C. C., Mattox, S., Hismjatullina, A., and
Conway, A. R. 2005. “On the capacity of attention: Its estima-
tion and its role in working memory and cognitive aptitudes.”
Cognitive Psychology 51:42-100.

Cowan, N. 2008. “What are the differences between long-term, short-term, and wor-

SYNTACTIC COMPREHENSION IN APHASIA | 103



king memory?” Progress in Brain Research 169:323-338.

Crocket, D., Clark, C., Spreen, S., and Klonoff, H. 1981. “Severity of impairment or
specific types of aphasia: An empirical investigation.” Cortex
17:83-96.

De Roo, E. 1999. Agrammatic Grammar: Functional Categories in Agrammatic Speech.
Hague: Theseus.

Dronkers, N. E, Shapiro, J. K., Redfern, B., and Knight, R. T. 1992. “The role of Broca’s
area in Broca’s aphasia” Journal of Clinical and Experimental
Neuropsychology 14:52-53.

Dronkers, N. E, and Larsen, J. 2001. “Neuroanatomy of the classical syndromes of apha-
sia” In Handbook of Neuropsychology, edited by E Boller and J.
Grafman, 19-30. Amsterdam: Elsevier.

Dronkers, N. E. and Baldo, J. V. 2009. “Language: Aphasia”. In Encyclopedia of Neuro-
science, 343-348. Amsterdam: Elsevier.

Faroqi-Shah, Y. and Thompson, C. K. 2004. “Semantic, lexical, and phonological in-
fluences on the production of verb inflections in agrammatic
aphasia” Brain and Language 89:484-498.

Fridriksson, J., Guo, D., Fillmore, P, Holland, A., and Rorden, C. 2014. “Damage to the
anterior arcuate fasciculus predicts non-fluent speech produc-
tion in aphasia” Brain: A Journal of Neurology 136:3451-60.

Friedmann, N., and Grodzinsky, Y. 1997. “Tense and agreement in agrammatic
production: Pruning the syntactic tree” Brain and Language
56:397-425.

Friedmann, N., and Gvion, A. 2003. “Sentence comprehension and working memory
limitation in aphasia: A dissociation between semantic and
phonological encoding” Brain and Language 86:23-39.

Garraffa, M., and Learmonth, G. 2013. “Sentence comprehension and memory load
in aphasia: The role of resource reduction.” Procedia - Social
and Behavioral Sciences 94:143-144.

Goodglass, H. 1968. “Studies on the grammar of aphasics” In Developments in Applied
Linguistic Research, edited by S. Rosenberg and K. Joplin, 177-
208. New York: MacMillan.

Goodglass, H., and Kaplan, E. 1983. Boston Diagnostic Aphasia Examination. Malvern.
PA: Lea & Febinger.

Goodglass, H. 1993. Understanding Aphasia. San Diego, CA: Academic Press.

Goodglass, H., Kaplan, E., and Barresi, B. 2001. The Assessment of Aphasia and Re-
lated Disorders (3rd ed.). Baltimore, MD: Lippincott, Wil-
liams & Wilkins.

Grillo, N. 2009. “Generalized minimality: Feature impoverishment and comprehensi-
on deficits in agrammatism.”. Lingua 119:1426-1443.

104 | VARLOKOSTA



Grodzinsky, Y. 1984. “The syntactic characterization of agrammatism?” Cognition
20:99-120.

Grodzinsky, Y. 1990. Theoretical Perspectives on Language Deficits. Cambridge, MA:
MIT Press.

Grodzinsky, Y. 2000. “The neurology of syntax: Language use without Broca’s area”
Behavioral and Brain Sciences 23:1-71.

Harley, T. 2001. The Psychology of Language: From Data to Theory (2" ed.). New York:
Psychology Press.

Ivanova, M. V,, and Hallowell, B. 2014. “A new modified listening span task to enhance
validity of working memory assessment for people with and
without aphasia” Journal of Communication Disorders 52:78-
98.

Ivanova, M. V,, Dragoy, O. V,, Kuptsova, S. V., Ulicheva, A. S., and Laurinavichyute, A.
K. 2015. “The contribution of working memory to language
comprehension: differential effect of aphasia type.” Aphasiol-
0gy 29:645-664.

Jaeger, T. E. 2008. “Categorical data analysis: Away from ANOVAs (transformation or
not) and towards Logit Mixed Models” Journal of Memory
and Language 59:434-446.

Kakavoulia, M., Stamouli, S., Foka-Kavalieraki, P., Economou, A., Protopapas, A. and
Varlokosta, S. 2014. “A battery for eliciting narrative discourse
by greek speakers with aphasia: Principles, methodological
issues, and preliminary results” [in Greek] Glossologia 22:41-
60. http://glossologia.phil.uoa.gr

Kaplan, E., Goodglass, H., and Weintraub, S. 1983. The Boston Naming Test (2nd ed.).
Philadelphia: Lea & Febiger.

Kegl, J. 1995. “Levels of representation and units of access relevant to agrammatism.
Brain and Language 50:151-200.

Kolk, H. H. J., and van Grunsven, M. M. E. 1985. “Agrammatism as a variable pheno-
menon.” Cognitive Neuropsychology 2:347-384.

Laures-Gore, J., Marshall, R. S., and Verner, E. 2011. “Performance of individuals with
left-hemisphere stroke and aphasia and individuals with right
brain damage on forward and backward digit span tasks.”
Aphasiology 25:43-56.

Lazar, R. M., and Mohr, J. P. 2011. “Revisiting the contributions of Paul Broca to the
study of aphasia” Neuropsychology Review 21:236-239.

Lee, M., and Thompson, C. K. 2004. “Agrammatic aphasic production and compre-
hension of unaccusative verbs in sentence contexts.” Journal
of Neurolinguistics 17:315-330.

Leff, A. P, Schofield, T. M., Crinion, J. T., Seghier, M. L., Grogan, A., Green, D. W,, and

SYNTACTIC COMPREHENSION IN APHASIA | 105



Price, C. J. 2009. “The left superior temporal gyrus is a shared
substrate for auditory short-term memory and speech com-
prehension: Evidence from 210 patients with stroke.” Brain
132:3401-3410.

Levy, Y., and Kavé, G. 1999. “Language breakdown and linguistic theory: A tutorial
overview.” Lingua 107:95-143.

Mattis, S. 1988. Dementia Rating Scale: Professional Manual. Odessa, FL: Psychologi-
cal Assessment Resources.

Mauner, G., Fromkin, V., and Cornell, T. 1993. “Comprehension and acceptability
judgments in agrammatism: Disruptions in the syntax of refe-
rential dependency.” Brain and Language 45:340-370.

Mayer, J. E, and Murray, L. L. 2012. “Measuring working memory deficits in aphasia.”
Journal of Communication Disorders 45:325-339.

Mesulam. M. M., ed. 2000. Principles of Behavioral and Cognitive Neurology (2" ed.).
New York: Oxford University Press.

Miceli, G,, Silveri, M. C,, Villa, G., and Caramazza, A. 1984. “On the basis for the
agrammatic’s difficulty in producing main verbs.” Cortex
20:207-220.

Mohr, J. P, Pessin, M. S., Finkelstein, S., Funkenstein, H. H., Duncan, G. W, and
Davis K. R. 1978. “Broca aphasia: Pathologic and clinical”
Neurology 28:311-324.

Nanousi, V., Masterson, J., Druks, J., and Atkinson, M. 2006. “Interpretable vs. uninter-
pretable features: Evidence from six Greek-speaking agram-
matic patients.” Journal of Neurolinguistics 19:209-238.

Nespoulous, J. L., Dordain, M., Perron, C., Ska, B., Bub, D., Caplan, D., ... Lecours, A.
R. 1988. “Agrammatism in sentence production without com-
prehension deficits: reduced availability of syntactic structu-
res or of grammatical morphemes? A case study” Brain and
Language 33:273-295.

Obler, L. K., and Gjerlow, K. 1999. Language and the Brain. Cambridge: Cambridge
University Press.

Papathanasiou, L., Papadimitriou, D., Gavrilou, V., and Mihou, A. 2008. “Psychomet-
ric properties of BDAE in normal adult population: the effect
of age and gender?” [in Greek] Psychology 15:398-410.

Pick, A. 1913. Die Agrammatischen Sprachstorungen. Berlin, Germany: Springer.

Raven, J. 2004. Coloured Progressive Matrices and Crichton Vocabulary Scale. Lon-
don, England: Pearson

Salis, C. Kelly, H., and Code, C. 2015. “Assessment and treatment of short-term and
working memory impairments in stroke aphasia: A practical
tutorial” International Journal of Language and Communica-

106 | VARLOKOSTA



tion Disorders 50:721-736.

Schuell, H., Jenkins, J. J., and Jiménez-Pabon, E. 1964. Aphasia in Adults: Diagnosis,
Prognosis, and Treatment. New York: Harper & Row.

Senidw, ], Litwin, M., and Lesniak, M. 2009. “Nonverbal reasoning and working me-
mory in patients with post-stroke aphasia.” Journal of the
Neurological Science 285:5281-5282.

Simos, P. G., Kasselimis, D., and Mouzaki, A. 2011. “Age, gender, and education effects
on vocabulary measures in Greek.” Aphasiology 25:492-504.

Smith, E. E., Jonides, J., and Koeppe, R. A. 1996. “Dissociating verbal and spatial wor-
king memory using PET” Cerebral Cortex 6:11-20.

Stern, C. E., Owen, A.M., Tracey, L., Look, R. B., Rosen, B. R., and Petrides, M. 2000.
“Activity in ventrolateral and mid-dorsolateral prefrontal
cortex during nonspatial visual working memory processing:
Evidence from functional magnetic resonance imaging.”
Neurolmage 11:392-399.

Tompkins, C. A., Bloise, C. G. R., Timko, M. L., and Baumgaertner, A. 1994. “Wor-
king memory and inference revision in brain-damaged and
normally aging adults” Journal of Speech Language and Hear-
ing Research 37:896-912.

Thompson, C. K. 2003. “Unaccusative verb production in agrammatic aphasia: The
argument structure complexity hypothesis” Journal of Neuro-
linguistics 16:151-167.

Thompson, C. K. and Shapiro, L. P. 2007. “Complexity in treatment of syntactic defi-
cits” American Journal of Speech-Language Pathology / Ameri-
can Speech-Language-Hearing Association 16:30-42.

Varlokosta, S., Valeonti, N., Kakavoulia, M., Lazaridou, M., Economou, A., and Pro-
topapas, A. 2006. “The breakdown of functional categories in
greek aphasia: Evidence from agreement, tense, and aspect.”
Aphasiology 20:723-743.

Varlokosta, S., Stamouli, S., Karasimos, A., Markopoulos, G., Kakavoulia, M., Nerant-
zini, M., ... Protopapas, A. 2016. A Greek corpus of aphasic
discourse: Collection, transcription, and annotation specifi-
cations. In Proceedings of the 10th International Conference on
Language Resources and Evaluation (LREC) 2016 Workshop:
Resources and processing of linguistic and extra-linguistic data

[from people with various forms of cognitive/psychiatric impair-
ments (RaPID), edited by D. Kokkinakis, 14-21. Portoroz: Lin-
képing University Electronic Press.

Wenzlaft, M., and Clahsen, H. 2004. “Tense and agreement in German agrammatism.
Brain and Language 89:57-68.

SYNTACTIC COMPREHENSION IN APHASIA | 107



Wright, H. H., and Fergadiotis, G. 2012. “Conceptualising and measuring working
memory and its relationship to aphasia” Aphasiology 26:258-
278.



