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ABSTRACT

m This study examines differences in the comprehension of canonical and non-canonical sentences in Persian
speakers with agrammatism. Additionally, it examines the relationship between sentence comprehension and the
production measures of mean utterance length and mean sentence length to determine whether shared syntactic
representations serve as the basis for both comprehension and production deficits in agrammatism.

21 individuals with non-fluent aphasia and agrammatism (9 women, 12 men; mean age: 54.23
years) participated in this descriptive-analytical study. To establish normative criteria, 21 non-brain-damaged indi-
viduals, matched with the aphasic group in gender, age, and education, served as the control group. Sentence com-
prehension was assessed using the bilingual aphasia test, including the overall sentence comprehension score and
scores for canonical and non-canonical sentences. Mean utterance length and mean sentence length were evaluated
through descriptive, narrative, and story-retelling discourse across eight tasks. Between-group comparisons included
differences in sentence comprehension, comprehension of canonical and non-canonical sentences, and production
measures of mean length of utterance (MLU) and mean sentence length. Since the control group achieved perfect
scores, within-group comparisons were conducted only in the agrammatic group to examine differences in processing
canonical versus non-canonical sentences. Finally, the relationship between sentence comprehension and production
measures was analyzed in the agrammatic group.

m Between-group comparisons showed that the agrammatic group scored significantly lower in the syntac-
tic comprehension test (P<0.05), comprehension of canonical sentences (P<0.05), comprehension of non-canonical
sentences (P<0.05), MLU (P<0.05), and mean sentence length (P<0.05). Within-group comparisons in the agram-
matic group indicated significant differences in comprehending canonical and non-canonical sentences (P<0.05).
Among non-canonical structures, object-cleft and object-topicalized sentences were significantly more challenging
than subject-cleft and subject-topicalized sentences (P<0.05). Additionally, MLU and mean sentence length showed a
significant correlation with syntactic comprehension (P<0.05).

The findings revealed that sentence comprehension skills in individuals with agrammatism are signifi-
cantly lower than those of their non-brain-damaged counterparts. Additionally, Persian speakers with agrammatism
experience considerable difficulty processing non-canonical structures with derived word order, such as object-topi-
calized and object-cleft sentences. Furthermore, production measures of mean utterance and sentence length were
significantly correlated with sentence comprehension. These findings emphasize the importance of syntactic com-
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plexity and word order variations in sentence processing in individuals with agrammatism and can contribute to the
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Introduction

significant proportion of individuals

who experience a stroke in the left ce-

rebral hemisphere—particularly in the
inferior frontal gyrus, including Broca’s area and its sur-
rounding regions—develop nonfluent aphasia. One of
the most prominent manifestations of nonfluent apha-
sia is agrammatism [1]. Agrammatism is defined as a
linguistic disorder characterized by nonfluent, effort-
ful, and slowed speech. The speech of individuals with
agrammatism is primarily composed of content words,
while grammatical morphemes—both free and bound—
are often omitted or substituted. Production deficits in
agrammatism are relatively easy to identify; however,
comprehension impairments are less apparent. In fact,
comprehension difficulties were largely overlooked un-
til the 1970s, when the studies by Caramazza and Zurif
(1976) revealed that individuals with agrammatism, in
addition to production impairments, also struggle with
understanding complex and noncanonical sentence
structures [2].

A noncanonical sentence is one that deviates from the
typical word order or conventional syntactic structure of
a language. Such deviations are generally employed for
semantic or emphatic purposes [3]; examples include
topicalization (to emphasize a particular element within
the sentence), passivization, and cleft constructions. In
Persian, the canonical word order follows a “subject—
object—verb (SOV)” pattern (e.g. /Maryam, Ali ra did /
“Maryam, saw Ali”). If this sentence is transformed into
/in Maryam bud ke Ali ra did/ “It was Maryam who saw
Ali”, the subject “Maryam” has been emphasized, and
subject topicalization has occurred; as a result, the sen-
tence is considered noncanonical in structure. Similarly,
if the object is syntactically moved to the beginning of
the sentence—contrary to its default position (e.g. /Ali
ra, Maryam hol dad/ ) object topicalization has occurred.
Other examples of noncanonical constructions include
syntactically complex sentences such as passives, where
the subject is omitted (e.g. /sib xorde Sod/ “The apple
was eaten”), and object-cleft sentences, which not only
highlight the object but also include a relative clause
(e.g. /in Maryam bud ke Ali hola$ dad/ “It was Maryam
who Ali pushed”).

Research has shown that certain types of noncanonical
sentences—particularly passive constructions, object-
topicalized sentences, and object-cleft structures—pose
greater challenges for individuals with agrammatism
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[1, 4, 5]. In this regard, Bastiaanse and van Zonneveld
(2005), in their investigation of the difficulties associat-
ed with the comprehension and production of sentences
featuring noncanonical word order among Dutch-speak-
ing individuals with agrammatism, demonstrated that
canonical word order structures are relatively easier for
these individuals to comprehend. In contrast, interpret-
ing noncanonical structures, in which sentence elements
are syntactically displaced and thus considered derived,
proves to be more difficult [5]. Based on these findings,
they proposed the derived order problem hypothesis
(DOP-H). This hypothesis posits that each language has
its own base word order, and any deviation from that
order—through the syntactic movement of sentence
constituents—increases processing complexity and dis-
rupts the accurate use of syntactic knowledge required
for sentence interpretation. The difficulty associated
with derived structures as predicted by the DOP-H has
been supported by various cross-linguistic studies, in-
cluding those conducted in English [6], Dutch [7] Italian
[8] Turkish [4] and Czech [9]. These findings reveals the
significance of cross-linguistic research in this domain
[10-12].

In light of these challenges, one of the central ques-
tions in this context concerns whether production and
comprehension impairments in individuals with agram-
matism always manifest simultaneously, or whether a
distinction can be made between these two language
functions. Research findings on this issue have been
contradictory; some studies suggest that these impair-
ments do not necessarily occur concurrently and that
production and comprehension abilities can be indepen-
dently compromised. Such differences have been report-
ed both in cross-linguistic studies and within-language
investigations. For example, some Italian speakers with
agrammatism exhibited deficits in producing gram-
matical sentences, while their sentence comprehension
skills remained intact [13, 14]. A report by Nespoulous
et al. on a French-speaking patient also indicated that,
despite severe impairments in producing ungrammatical
sentences, the comprehension of complex sentences re-
mained unaffected [15]. Similar findings have been doc-
umented by Italian and German researchers [6, 13, 14].
However, an investigation by Meyer et al. into the rela-
tionship between production measures—such as mean
length of utterance (MLU)—and the comprehension of
passive sentences in English-speaking individuals with
agrammatism found that those with lower MLU scores
experienced greater difficulties in sentence comprehen-
sion [16].
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In Persian, relatively few studies have examined the
comprehension skills of Persian-speaking individuals
with agrammatism (PSWA) in comparison to those in
other languages. Raghibdoost, in a study investigating
the comprehension abilities of two PSWA compared
to healthy controls, found that the participants demon-
strated relatively adequate comprehension across vari-
ous sentence types, with only mild deficits observed
in processing object-cleft and object-relative structure
[17]. In a separate study, Shiani et al. reported severe
difficulty in comprehending noncanonical sentences
involving syntactic movement—particularly object-rel-
ative clauses—among six agrammatic participants [18].
Azad also documented significant challenges among
four individuals with agrammatism in understanding
relative and object-cleft constructions [19-21]. Although
both Shiani et al. and Azad [17, 18] found a statistically
significant difference between the comprehension of
complex versus simple sentences in agrammatic indi-
viduals, their findings stand in contrast to those reported
by Raghibdoost.

The inconsistencies in findings across both domestic
and international studies, along with cross-linguistic dif-
ferences and the variability of language performance in
individuals with agrammatism, reveals the need for fur-
ther research in this area—particularly in the context of
the Persian language. A review of the literature suggests
that, in addition to individual differences among partici-
pants and the severity of their production and/or com-
prehension impairments, part of these discrepancies may
stem from the use of diverse assessment tasks and proto-
cols across studies, which can sometimes yield contradic-
tory results [6, 22, 23]. Given the limited findings avail-
able in Persian, the present study aimed to investigate
the performance language profile of a broader sample of
PSWA in the domain of sentence comprehension and its
relationship with production measures. The objectives
of this study were as follows: 1) To examine sentence
comprehension (canonical and noncanonical) in PSWA
and compare their performance with that of non-brain-
damaged (NBD) controls; 2) To compare the comprehen-
sion of canonical and noncanonical sentences within the
PSWA group; 3) To analyze the MLU and mean length of
sentence (MLS) in both PSWA and NBD groups; and 4)
To investigate the relationship between MLU and MLS
and the sentence comprehension score in PSWA.

Materials and Methods

This descriptive-analytical study was conducted in
Tehran during the years 2023-2024. The study popula-
tion consisted of Persian-speaking adults with nonflu-
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ent aphasia who, in 2024, were referred to rehabilitation
centers affiliated with the University of Rehabilitation
and Social Health Sciences. Participants were selected
through non-probability sampling from among these
referrals, based on predefined inclusion and exclusion
criteria.

The inclusion criteria were as follows: being an adult
(18 years or older), right-handed, and having a language
impairment resulting from a left-hemispheric brain le-
sion caused by a single stroke, with at least three months
having passed since the incident. Participants were ei-
ther monolingual Persian speakers or bilingual/multilin-
gual individuals with sufficient proficiency in Persian.
Observable signs of agrammatism were evident in their
connected speech, including reduced speech rate (a
score of 8 or lower on the fluency criterion of the dis-
course task from the Persian diagnostic aphasia battery
(P-DAB-1), telegraphic speech or syntactic simplifica-
tion, utterance length ranging from one to four words,
and limited or omitted use of function words. Addi-
tionally, participants were required to have adequate
comprehension and verbal communication abilities
to perform aphasia assessments, normal or corrected-
to-normal hearing and vision, and sufficient cognitive
functioning—including alertness, orientation, attention,
and cooperation—as confirmed by a certified speech-
language pathologist.

Exclusion criteria included the presence of apraxia
of speech or severe dysarthria, severe aphasia with
minimal or absent verbal output, a history of substance
abuse, acute neurological or psychiatric disorders, and
unwillingness to continue participation. All criteria were
determined through patient interviews, medical record
reviews, and expert evaluation by the rehabilitation
team to ensure the accuracy of participant selection and
the integrity of research data.

Ultimately, 42 participants were included in the study,
divided into two groups: the first group consisted of 21
PSWA (9 women and 12 men), and the second group
comprised 21 NBD adults (10 women and 11 men). The
control group was matched with the aphasic group in
terms of gender, age, and educational background (al-
though perfect matching was not fully achieved) and
had no neurological or psychiatric conditions that could
affect language abilities. These individuals also demon-
strated normal vision, hearing, and cognitive function-
ing. A demographic questionnaire, completed by the
participants themselves, confirmed their medical history
and general health status. All participants signed a writ-
ten informed consent form.
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Assessment and procedure

The P-DAB-1 test, which was developed based on the
structure and diagnostic criteria of the Western Aphasia
Battery, was standardized in Persian by Nilipour and
colleagues (2014) for screening and assessing the sever-
ity of acquired language disorders resulting from brain
injury [24]. The test comprises six subtests: Content
quality of speech, speech fluency, auditory comprehen-
sion, comprehension of continuous commands, repeti-
tion ability, and naming ability. Each subtest is scored
out of 10 points. To calculate the aphasia quotient (AQ),
the sum of all subtest scores is divided by 6 and then
multiplied by 10. A score between 92 and 100 indicates
no aphasia, while a score below 92 indicates aphasia of
varying severity. Validity and reliability assessments of
this test have demonstrated good internal consistency
(0=0.71) and acceptable test-retest reliability (r=0.65,
P<0.05).

To assess sentence comprehension, the Bilingual
Aphasia Test (BAT), developed by Paradis et al. [25] in
1987, was employed. The Persian version of the BAT
was translated by Nilipour and Tahereh Paribakht. In the
current study, the grammatical comprehension subtest of
the BAT was used, which follows a sentence-to-picture
matching format. In this subtest, a sentence is read aloud
to the participant, who must then select the image that
best matches the meaning of the sentence. The gram-
matical subtest includes a total of 70 items (items 66 to
136), covering two types of sentence structures: Stan-
dard (canonical) sentences such as “The boy is chasing
the girl,” and nonstandard (noncanonical) sentences,
including subject clefts (e.g. “It is the boy who is chas-
ing the girl”), object topicalization (e.g. “The dog, the
cat bites”), subject clefts (e.g. “It is the cat that bites
the dog”), and object clefts (e.g. “It is the cat that the
dog bites”). Additional examples of these structures are
available in the explanatory guide of the screening sec-
tion of the test [25] . Scoring was binary: 1 point for cor-
rect responses and 0 for incorrect or missing responses.
Participant responses were recorded and scored in real-
time with precision.

To extract the MLU and MLS, participants’ discourse
samples (defined as a unit of language longer than a
single sentence [26] were analyzed. In this study, three
types of discourse elicitation methods were employed:
Descriptive speech (one task), narrative speech (six
tasks), and story retelling (one task). A total of eight
tasks were administered, as described below:
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Descriptive speech: In this task, the serial picture story
“The Bird’s Nest” was used. Following the instructions
provided in the P-DAB-1, participants were told: “These
pictures show a story; please tell me the whole story.”
They were encouraged to describe all the details of the
images. If participants produced only single-word re-
sponses, they were prompted with: “Try to tell me the
story in full sentences.”

Narrative speech: In this section, three topics—
“birthday celebration,” “Nowruz,” and “leisure time”—
were presented to participants, and they were asked to
speak about these topics in both past and future tenses
(six tasks in total). First, participants were asked to re-
count each topic in the past tense (“Tell me a memory of
a birthday celebration in the past,” “Tell me a memory of
Nowruz in the past,” and “Talk about your leisure time
in the past”). The same topics were then addressed in the
future tense (“Talk about a birthday celebration in the
future,” “Talk about a Nowruz celebration in the future,”
and “Talk about your future leisure time”). If participants
asked whether they should speak about themselves or
someone else, they were given the freedom to choose.
Similarly, if they asked whether to recount a distant or
recent past event, the choice was left to them.

Story retelling: In this task, participants were shown
six sequential black-and-white images while listening
to a pre-recorded story. During playback, the researcher
pointed to each image to help guide the participant’s at-
tention. After the story was fully played, the audio was
turned off, the images were placed in front of the par-
ticipant, and the examiner pointed to each image as the
participant was asked to retell the story [27].

Discourse analysis was conducted in accordance with
the best practice guidelines for reporting discourse in in-
dividuals with aphasia and neurogenic communication
disorders [28]. Based on these guidelines, all speech
data from each participant were audio-recorded and or-
thographically transcribed to ensure that no important
information was lost [29]. Subsequently, each partici-
pant’s utterances and sentences were segmented. An ut-
terance is defined as ““a unit of language that is meaning-
ful within context and is separated by pauses or changes
in the speaker’s intonation” [10, 30]. A sentence is de-
fined as “a unit of language composed of one or more
clauses and containing at least one verb” [31].

To calculate MLU, the total number of content and
function words in each discourse sample was counted
and divided by the number of utterances. For MLS, the
total number of content and function words was simi-

Sazegar Nejad S, et al. Sentence Comprehension Deficit and The Relationship between Syntactic Comprehension and Production measures in Brain-Damaged individuals RJ. 2025; 26(2):254-277.




Archives of

Rehabilitation

larly counted and divided by the number of sentences.
All intelligible words (e.g. nouns, verbs, prepositions),
including those containing grammatical errors (e.g.
verbs with inflectional errors), were included in the
count as long as the errors did not render the word un-
recognizable. This process was guided by the definition
of a word in Persian, where a word consists of one or
more morphemes and may have independent meaning
(e.g. a verb) or be functionally dependent (e.g. conjunc-
tions). Compound nouns and verbs (e.g., dast zadan [to
clap]) and prefixed verbs with auxiliary components
(e.g. daram dast mizanam [I am clapping]) were each
considered as single words. Words were counted based
on their components (e.g. mano, a reduced form of man
ra [me], was counted as two words). In addition, words
with phonological substitutions, deletions, or insertions,
as well as informal expressions (e.g. ey vay, nuch nuch),
were included in the analysis [32].

Unintelligible speech, false starts, non-words (e.g.,
em, um), simple binary responses (e.g. “yes,” “no”), fill-
ers (e.g. well), frequently repeated clichés (utterances
repeated more than five times), immediate word rep-
etitions, and personal remarks (e.g. “I don’t know what
else to say”) were excluded from analysis.

To address the study objectives, the following variables
were calculated: mean overall comprehension score
(based on the total number of test items), mean scores
for canonical sentences (based on the number of canoni-
cal sentence items), noncanonical sentences (based on
noncanonical items), subject-cleft sentences (based on
subject-cleft items), and object-cleft sentences (based
on object-cleft items). Each individual’s score was
converted into a percentage. Group-level means were
then calculated. Additionally, within the PSWA group,
comparisons were made between mean percentages of
canonical vs. noncanonical sentences, subject clefts vs.
object clefts, subject-relative vs. object-relative clauses,
and the relationship between MLU and MLS and scores
on the BAT grammatical comprehension subtest.

Data analysis

For between-group comparisons, the independent t-
test was used for normally distributed data, and the
Mann—Whitney U test was applied for non-normal data.
For within-group analyses, the Wilcoxon signed-rank
test was employed for non-normal data, and the paired
t-test was used for normally distributed data. To account
for individual variability within the aphasia group, a lin-
ear mixed-effects modeling approach was applied, with
participants treated as random variables and time post-
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onse (MOP) and AQ treated as fixed variables. This ap-
proach was used to control for the potential confound-
ing effects of these variables on language outcomes. In
addition, Pearson correlation was used to examine the
relationship between production measures and the score
on the grammatical comprehension subtest.

Research reliability

Inter-rater reliability for the extraction of production
measures was assessed at two levels: transcription and
data analysis. Transcription and segmentation of dis-
course into utterances and sentences were initially car-
ried out by a certified speech-language pathologist (the
first author). To ensure point-by-point agreement, two
trained speech therapy students each reviewed half of
the transcriptions by listening to the audio recordings,
comparing them to the first author’s transcriptions, and
independently re-segmenting the discourse into utter-
ances and sentences. Any disagreements or ambiguities
were resolved, prior to data analysis, under the supervi-
sion of an expert linguist (the third author).

For data analysis, after the initial analysis was per-
formed by the first author, ten discourse samples from
each participant group were randomly selected and in-
dependently re-analyzed by two additional trained stu-
dents. Intra-class correlation coefficients (ICCs) were
used to assess inter-rater reliability. The results showed
ICC>0.95, indicating a high level of agreement between
raters.

Intra-rater reliability for the analysis of production data
was also assessed by the first author on a separate set of
ten additional samples. Correlation coefficients ranging
from 81% to 100% (mean: 90.5%) were obtained. Ad-
ditionally, intra-rater reliability for scoring correct and
incorrect responses and assigning values for variables
related to the grammatical comprehension test was eval-
uated by the first author on ten randomly selected sam-
ples from each group. Correlation coefficients ranged
from 95% to 100% (mean: 97.5%), confirming the high
reliability of the measured variables.

Results

An independent t-test indicated no significant differ-
ences between the two groups in terms of age (t=0.34
P=0.85) or level of education (t=0.96 , P=40). Ad-
ditionally, a chi-square test revealed no significant
difference in gender distribution between the groups
(5>=0.096, P=0.75). These results suggest demographic
homogeneity between the PSWA and NBD groups, sup-
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porting the validity of the subsequent between-group
comparisons. Demographic details are presented in
Table 1.

Between-group comparisons revealed that the NBD
group performed flawlessly across all sentence com-
prehension variables, while the PSWA group performed
significantly lower across all measures. Statistically
significant differences were observed between the two
groups for both comprehension and production indices,
including overall comprehension scores, comprehen-
sion of canonical and noncanonical sentences, as well
as MLU and MLS. Details of these differences are pre-
sented in Table 2.

Within-group analyses showed that comprehension of
canonical sentences was significantly better than that of
noncanonical sentences. Additionally, significant dif-
ferences were observed among subtypes of noncanoni-
cal structures—specifically, between subject-cleft and
object-cleft sentences, and between subject-topicalized
and object-topicalized constructions. These results are
presented in Table 3.

Mixed-effects linear modeling revealed that time post-
onset had no significant effect on any of the variables

Table 1. Demographic information of participants (n=21)
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studied. However, AQ significantly predicted compre-
hension of object-cleft sentences(f=-3.98, P<0.05),
as well as MLU (B=0.068, P<.05) and MLS (=0.58,
P<0.05).

Finally, Pearson correlation analysis revealed a sig-
nificant relationship between production measures and
grammatical comprehension scores, details of which are
presented in Table 4.

Discussion

This study was conducted to investigate the compre-
hension of canonical and noncanonical sentences, as
well as its relationship with production measures—spe-
cifically, MLU and MLS—in PSWA. In line with this
aim, four research objectives were defined, and the find-
ings are discussed accordingly.

The first objective addressed overall sentence com-
prehension and the comprehension of canonical and
noncanonical structures in the PSWA group, with com-
parisons to normative performance in NBD individuals.
The findings indicated that NBD participants correctly
identified all sentences in the BAT grammatical compre-
hension test. This performance is consistent with numer-

Mean+SD
Group
Age Education Time Post-Onset (months) AQ
PSWA 54.23+11.55 14.38+3.32 31.61+31.73 62.48+13.29
NBD 51.19+11.62 14.33+2.81 = =
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Table 2. Comparison of mean percentages of variables between PSWA and NBD groups (n=21)

Mean+SD
Variables t Statistic p
PSWA NBD

Overall comprehension score 72.6316.77 100.00 -18.04 <0.05
Canonical sentence score 90.35%7.85 100.00 -5.62 <0.05
Noncanonical sentence score 51.05+12.97 100.00 -17.29 <0.05
MLU 2.09+0.74 7.56+1.23 -17.51 <0.05

MLS 2.64+1.00 5.92+1.16 -12.90 <0.05
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Table 3. Comparison of mean percent sentence comprehension scores across sentence types in the PSWA group (n=21)

Sentence Type Mean+SD t Statistic P

Canonical 90.35+7.85 <0.05
-10.73

Noncanonical 51.05+12.97 <0.05

Subject cleft 78.57+27.45 <0.05
-3.98

Object cleft 38.88+7.65 <0.05

Subject topicalization 78.57+27.45 <0.05
-3.70

Object topicalization 43.77+15.01 <0.05

Archives of
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Note. Canonical vs. noncanonical comparisons used paired t-tests; other rows report descriptive statistics with significance values.

ous studies emphasizing intact comprehension abilities
in individuals without brain injury [2, 4, 33, 34]. In con-
trast, data from the PSWA group showed that their over-
all sentence comprehension scores were significantly
lower than those of the NBD participants. This signifi-
cant difference aligns with cross-linguistic research in
German [7],Turkish [4], Hebrew [35], and Italian [8], as
well as with previous studies by Shiyani et al. [18] and
Azad [19, 20] on PSWA.

Moreover, the findings revealed that comprehension of
both canonical and noncanonical structures was mark-
edly weaker in the PSWA group compared to the NBD
group. Between-group comparisons of these sentence
types showed that, although agrammatic individuals
performed better on canonical structures than on non-
canonical ones, their performance still fell short of that
of their healthy counterparts. This result is in line with
studies reporting that canonical word order sentences
are generally easier for individuals with agrammatism
to comprehend, although some degree of impairment re-
mains in comparison to unimpaired speakers [5, 9].

On the other hand, the observed pattern of impaired
comprehension even for canonical sentences is consis-
tent with studies highlighting variability among indi-

viduals with agrammatism in comprehending different
sentence types. For example, in a meta-analysis of 15
studies, Berndt et al. identified three general perfor-
mance patterns: 1) Relatively preserved comprehen-
sion of both simple and complex sentences; 2) Impaired
comprehension across both sentence types; and 3) Bet-
ter performance on simple compared to complex sen-
tences [36].

The second objective of this study was to conduct
within-group comparisons in the PSWA group, exam-
ining comprehension of canonical versus noncanonical
sentences, as well as different types of noncanonical
constructions. In the first step, it was found that com-
prehension of noncanonical sentences was significantly
weaker than that of canonical sentences. This finding
aligns with the study by Caramazza and Zurif in English
[3] , and with other cross-linguistic studies conducted
in English [6], Italian [8], Czech [9], and Turkish [4] all
of which reported that individuals with agrammatism
face greater difficulties comprehending noncanonical
sentences due to their increased syntactic complexity.
A’meri et al. similarly reported that Persian-speaking
individuals with Broca’s aphasia showed significant
difficulties in comprehending syntactic structures with
noncanonical word order compared to canonical ones

Table 4. Correlation between MLU and MLS and overall BAT grammatical comprehension score in the PSWA group (n=21)

Variables R P
MLU and BAT comprehension score 0.9 <0.001
MLS and BAT comprehension score 0.79 0.015
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[37]. These findings are further supported by the results
of Azad [19, 20], who also reported significant differ-
ences in the comprehension of these sentence types.
However, they contrast with the study by Raqibdoost,
which found only mild deficits in the comprehension of
various noncanonical structures among two individuals
with agrammatism [17].

In the current study, comprehension of subject-topical-
ized sentences was found to be easier than comprehen-
sion of object-topicalized sentences. A similar pattern
emerged when comparing subject-cleft to object-cleft
structures. These results are in line with observations by
Shiani et al. and Azad [18, 19] and also support findings
from other studies indicating that sentence structures in-
volving syntactic movement pose greater challenges for
individuals with agrammatism. For example, Friedmann
and Shapiro reported that Hebrew-speaking individuals
with agrammatism had little difficulty comprehending
sentences with canonical word order, but showed sig-
nificant impairments in understanding structures that
involved the movement of noun phrases from their
canonical positions [35]. Similarly, in Turkish—a lan-
guage with flexible word order that allows for six pos-
sible configurations—object-topicalized sentences were
more difficult to comprehend than subject-topicalized
ones [4, 34, 38]. Nonetheless, not all studies have re-
ported consistent results. For instance, Jap et al. (2016)
found no significant difference in the comprehension
of active versus passive canonical sentences in Indo-
nesian individuals with agrammatism [33]. Aziz et al.
(2020) reported similar findings among Malay-speaking
participants with agrammatism, observing no notable
performance differences between active and passive
constructions [39]. Despite these inconsistencies across
languages, the present findings suggest that word order
significantly affects sentence comprehension in PSWA.
As previously noted, although Persian allows some
flexibility in word order and permits object fronting,
the canonical structure is SOV. Object-cleft and object-
topicalized sentences, in which the object is moved from
its base position to the sentence-initial position, are con-
sidered noncanonical structures. According to the DOP-
H, these are derived constructions involving syntactic
movement.

Furthermore, the analysis revealed that AQ had a
significant effect on the comprehension of object-cleft
sentences. This finding suggests that aphasia severity
specifically affects the processing of structures involv-
ing syntactic movement and altered word order; indi-
viduals with lower AQ scores may experience greater
processing demands when interpreting such construc-
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tions. Accordingly, the observed pattern in the PSWA
group aligns with the DOP-H hypothesis: Participants
exhibited the most difficulty with derived structures that
involve movement, specifically object-cleft and object-
topicalized sentences. These findings lend further sup-
port to the DOP-H in languages such as Dutch [40],
Czech [41], Hebrew [36], and Turkish [34]. Addition-
ally, the current results underscore the importance of
syntactic complexity and the role of syntactic movement
in sentence processing, with significant implications for
designing targeted language rehabilitation programs in
this domain.

The third objective of the study was to examine MLU
and MLS in the PSWA and NBD groups. The compre-
hensive analysis of eight discourse tasks across both
groups, based on a broader sample than previous Per-
sian-language studies, revealed specific production-re-
lated markers consistent with earlier findings. The data
from this study, in line with multiple prior investigations,
indicate that in the domain of syntactic production, the
language output of individuals with agrammatism is
characterized by reduced sentence length and telegraph-
ic output. Specifically, these individuals produce fewer
words per utterance, which is typically reflected in a
lower MLU [40, 42] Additionally, examination of their
sentence structures has shown a clear preference for
significantly shorter sentences [42-44]. Earlier Persian-
language studies have also reported syntactic limitations
and structural simplifications, manifested as reduced
MLU [43-45] and MLS [41], in individuals with agram-
matism when compared with speakers who possess in-
tact language abilities [45]. Moreover, the present find-
ings demonstrated that the severity of aphasia affects
both production measures: increased aphasia severity
was associated with a decrease in both MLU and MLS.
This significant correlation highlights the variability in
syntactic output among individuals with different levels
of impairment and underscores the importance of ac-
counting for such differences in clinical rehabilitation
planning.

The fourth objective of this study was to examine the
relationship between syntactic production measures—
MLU and MLS and the grammatical comprehension
scores in the PSWA group. The findings indicated a sig-
nificant correlation between MLU and MLS and syn-
tactic comprehension. These results are consistent with
studies that have confirmed a link between production
and comprehension performance in individuals with
agrammatism [16]. However, they contrast with other
studies that have contradicted a direct connection be-
tween language comprehension and production. For
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example, the study by Raghibdoost on two PSWA, the
case report by Nespoulous and colleagues on a French-
speaking patient [15] and research involving Greek-
speaking individuals with agrammatism [14] all report-
ed different outcomesMoreover, although the present
study found a significant relationship between sentence
comprehension and production indices, the significant
effect of aphasia severity on these variables suggests
variability in participant performance. This highlights
the need for caution in interpreting the results. One im-
portant aspect of this discussion is the clinical applica-
tion of the relationship between sentence comprehension
and production, which has also been addressed in some
previous studies. In fact, examining this relationship
in individuals with agrammatism can provide valuable
information for clinical decision-making. Specifically,
research investigating uni-modal treatments—i.e. thera-
pies focused solely on comprehension or production—
and cross-modal generalization following comprehen-
sion- or production-based therapy has shown a one-way
relationship from comprehension to production [46-48].
That is, sentence comprehension deficits do not appear
to improve following production-based interventions,
as there is no evidence of skill generalization from pro-
duction to comprehension. However, when sentence
production deficits are present, it is recommended to
first assess comprehension. If comprehension is also
impaired, therapy should begin with or include compre-
hension training, as this may increase the likelihood of
generalization from comprehension to production.

The question of whether shared syntactic representa-
tions underlie agrammatic deficits in both comprehen-
sion and production remains an open area for future
research. Overall, the scarcity of empirical studies and
scientific resources on agrammatism in Persian limits
the ability to use previous studies as a reliable baseline
for comparison. Future research employing structured
protocols for assessing and analyzing syntactic com-
prehension and production can strengthen the scientific
foundation in this area and contribute to a deeper un-
derstanding of agrammatism in Persian-speaking indi-
viduals. It is essential that upcoming studies focus on
developing standardized discourse assessment tools to
enhance cross-study comparability and improve clinical
applicability in Persian-speaking populations.

Conclusion

The findings of this study demonstrated that sentence
comprehension skills in individuals with agrammatism
were significantly lower than those of the NBD control
group. The results revealed marked difficulty in process-
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ing complex and noncanonical sentences, particularly
those involving altered word order—namely, object-
cleft and object-topicalized structures—in PSWA. Ac-
cordingly, these findings support the DOP-H, which
posits that sentences involving syntactic movement of
noun phrases and derived word orders require more
complex processing—an issue clearly reflected in the
performance of the PSWA group in this study.

Additionally, the results showed a significant relation-
ship between production measures and comprehen-
sion performance in individuals with agrammatism.
Sentence comprehension, particularly for object-cleft
structures, as well as the production indices of MLU and
MLS, varied according to aphasia severity. These varia-
tions have direct implications for the design of rehabili-
tation programs. Therefore, it is recommended that thor-
ough assessments of syntactic comprehension deficits
be conducted with consideration of aphasia severity in
order to enhance rehabilitation services for individuals
with agrammatism. These findings may offer valuable
guidance for clinicians and researchers seeking to refine
assessment strategies and implement individualized,
evidence-based interventions.
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29, Discourse Sample
30. Descriptive speech
31. Narrative speech
32. Story retelling
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24. Western Aphasia Battery (WAB)
25. Bilingual Aphasia Battery

26. Standard

27. Non-standard

28. Subject cleft
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40. Independent t-test

41. Within-group

42, Wilcoxon

43. Paired T-Test

44, Linear Mixed Model Effects
45. Random

46. Months Post Onset (MPO)
47. Aphasia Quotient

43. Fixed

49, Covariate

50. Pearson correlation

51. Point to point agreement
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33. Best Practice Guidelines for Reporting Spoken Discourse in
Aphasia and Neurogenic Communication Disorders

34, Orthographically

35. Transcription

36. Fillers

37. False starts

38. Simple responses

39. Frequent stereotypes
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52. intraclass Correlation Coefficient (ICC)
53. Independent Samples t-test
54. Chi-squared
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55. Flexible word order
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