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Criminal psychology is a branch of psychology that is interested in understand-
ing the motivations and thought processes of criminals, including their biases. 
The author of crime detective fiction constantly navigates the boundaries of the
injustices caused by the motivations of these characters and by representing
the strict professionalism of detectives, who are also biased. An effective fic-
tional detective is, therefore, someone who can balance the two sides of this
spectrum and arrive at a conclusion reasonably void of unjust biases. In this
research, we analyzed criminal psychology as performed by Hercule Poirot in a
selection of Agatha Christie’s novels including Hickory Dickory Dock, The A.B.C
Murders, and Murder on the Orient Express. We demonstrated that fictional
criminals often possess multiple layers in their motivations and personality. 
Thus, the resolution of a novel requires the presence of a detective to solve the
riddles engendered by these complex motivations. Christie, through applying 
criminal profiling via her character Poirot, represents a fictional world in which
criminals, no matter how intelligent or cunning, cannot get away with their
crimes when an analytical mind that uses psychological means is present.
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Abstract 
So far, there have been three important theories explaining the nature 
and extent of grammatical deficit in agrammatic aphasia. In this respect, 
while the two mainly performance-based theories of agrammatics, i.e. 
trade-off hypothesis (TOH) and mapping hypothesis (MH), provide a very 
broad account of this deficit, the trace deletion hypothesis (TDH) pre-
sents a much narrower stance on the nature of the deficit as well as on 
the question of modularity. This research, being the first one in the Per-
sian context, tries to test this theory in four gender-, education-, and age-
matched Persian-speaking agrammatics and the same matched controls 
via executing a grammatical judgment test. For the purpose of evaluating 
our participants’ performance, 90 pairs of sentences, composed of well-
formed and ill-formed ones, were presented to the subjects in a random-
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ized manner, based on which participants were supposed to express their 
opinions regarding their grammaticality in a grammatical judgment task. 
The types of sentences being testified included active agentive, object 
cleft, subject cleft, agentive passive, psychological passive and object WH-
constructions. Our findings, in line with the predictions of TDH, indicated 
that agrammatics faced many challenges with constructions in which 
constituent movements are involved. In contrast, their comprehension 
remained intact in agentive constructions. The theoretical and psycholog-
ical implications of the findings are discussed. 
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Introduction 
Within the last decades, there have been lots of researches whose major objec-
tive was to analyze grammatical characteristics of linguistic performance of 
agrammatics. These pioneering off-line tasks held different stances on both the 
extent of grammatical deficit and its nature, some of which even cast doubt on 
the existence of a separate modular deficit in Broca’s aphasia as agrammatism 
and also on its autonomy or interdependence (Beeke et al., 2007; Garraffa & 
Grillo, 2008; Goodglass & Menn, 1985; Linebarger et al., 1983).  

Regarding particular stance they have held on the nature of grammatical 
deficit, these models should be classified into two major models of modular and 
interactive. While the former emphasizes the separation of grammatical mod-
ule asserting that syntactic, semantic, and pragmatic properties are encapsulat-
ed modules (Caramazza & Berndt, 1985; Friederici & Frazier, 1992; Grodzinsky 
& Santi, 2008; Grodzinsky et al., 1985), regarding the latter, it has been widely 
held that there are not different separate parsing mechanisms for word com-
prehension on one hand  and sentence comprehension on the other hand. That 
is, they claim a single unitary processing route for word and sentence compre-
hension suffices (Bates, 1998; Chapman, 2000; Faust et al., 1995; Guo et al., 
2010; McClelland, 1987). As a matter of fact, the latter view of language holding 
a constraint-satisfaction perspective claims that it might be logical to assume 
that, for a plausible interpretation of a sentence, all contextual, syntactic as well 
as morphological properties go hand in hand (Mondini et al., 2014; Tan, 2007). 
Thus, in as much as one constraint met the logical interpretation possible, pars-
ing will terminate; that is, for the listener, it would be redundant to parse all 
linguistic elements of the sentence from the first to the end (Shetreet, et al., 
2016). Henceforth, even in the strictest off-line tests, devoid of contextual cues, 
the listener or reader would recover the eliminated linguistic context by which 
he/she could present a parsimonious plausible interpretation (Austin et al., 
2015; Frazier, 1995; Seidenberg & MacDonald, 2001).  

Within these two broad views of sentence comprehension, three important 
theories have emerged. The trade-off hypothesis (Frazier & Friederici, 1991; 
Kristinsson et al., 2020; Nedergaard et al., 2020), the mapping hypothesis 
(Linebarger, 1995; Mack et al., 2019; Malyutina & Zelenkova, 2020) and the 
trace deletion hypothesis (Grodzinsky, 1995b; Hickok et al., 1992; Sung et al., 
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2020) were among the three important hypotheses which have attracted lots of 
researchers in the field.  

Among these aforementioned hypotheses, the first one asserts that agram-
matics’ good performance on grammatical judgment tasks on one hand, and 
their at chance performance on sentence to picture matching task on the other 
hand, could be explained via additional cognitive load required for the sentence 
comprehension task compared to the grammatical judgment task (Harun, 2020; 
LaCroix et al., 2020; Sahraoui & Nespoulous, 2012; Salimi & Dadashpur, 2012; 
Sample & Michel, 2014). 

That is, the first task by its very nature would entail the subjects to be famil-
iar with the task requirement enabling them to store gradual steps necessary to 
accomplish the task in their mind and then perform the task correctly, all the 
steps which agrammatic aphasia patients seem to be incapable of administering 
correctly (LaCroix et al., 2020). This theory is also called the theory of con-
straint satisfaction highlighting the crucial point that, in so far as the required 
syntactic, pragmatic, or semantic condition for the plausible interpretation of 
the sentence is met, parsing would take place automatically (Brown et al., 2019; 
Frazier & Clifton, 1996; Gibson & Pearlmutter, 1998; Linebarger et al., 2007; 
McElree & Griffith, 1998). 

However, another group of researchers adapted mapping hypothesis (MH), 
according to which, like TOH additional, cognitive burden on the part of the 
addressee is necessary to analyze sentence to picture task compared to the 
grammatical judgment task. As a matter of fact, MH deviates from TOH via di-
vulging the nature of working memory responsible for participants’ poor per-
formance on the task. Therefore, according to their viewpoints, agrammatics 
suffer a specific language register to advocate thematic role assignment. Hence, 
they assign linguistic competence deficit to the patients (Marshall, 1995; Mitch-
um et al. 1995; O'Grady & Lee, 2005). 

Ultimately, the final hypothesis attracted by many researchers like us, is the 
trace deletion hypothesis (TDH) which considers agrammatism as a modular 
subcategory of syntactic competence (Aziz et al., 2020; Hanne et al., 2011). 
Hence, according to this hypothesis, the pattern of deficit observed in the pro-
duction and comprehension of agrammatics and also their improper theta role 
assignment all could be explained via this hypothesis. Hence, two stages, name-
ly phonetic form (PF) and logical form (LF) should be taken into consideration 
in the analysis of a sentence. It is only within LF stage that agrammatics’ under-
standing would collapse due to their incapability to build connections between 
the constituents’ traces and their antecedents (Sung et al., 2020).  

As a matter of fact, there are some important reasons triggering us to select 
TDH among the aforementioned theories for our investigation of Persian-
speaking agrammatic’s performance on the syntactic task. First, regarded as a 
competence theory of sentence comprehension and unlike the two aforemen-
tioned hypotheses- TOH which is purely a performance theory, and MH which 
is also a partial performance theory though partially a competence one- TDH 
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holds a much narrower and restricted theory of sentence comprehension 
(Grodzinsky, 1995a) and in doing so, its accuracy and predictions could better 
be tested in different languages (Wang et al., 2020). 

Secondly, as Grodzinsky, the highly renowned scholar who initially pro-
posed the theory, himself pointed out, even within a restricted and modified 
version of TDH, some counterarguments in diverse languages have been ob-
served (Grodzinsky & Friederici, 2006). To name a few, discourse representa-
tional theory of Avrutin (Avrutin, 2000) or the proposal made by Hagiwara 
(Hagiwara, 1993) could be enumerated. Consequently, as the trace deletion 
hypothesis pays attention to both intra-lingual and inter-lingual differences 
among languages of the world meticulously, it could be envisaged as a more 
reliable and plausible account of syntactic comprehension (Maruszewski, 
2017).  

The third important point worthy of consideration here, which was the pri-
mary impetus for the adaptation of TDH to analyze diverse sentences, was its 
clearer, more defined and also more systematic explanation of the theory fol-
lowing the linguistic doctrine of generative grammar and more specifically 
Government and Binding or GB’s principle or Minimalist Program (Chomsky, 
2014; Fyndanis et al., 2013).  As a matter of fact, in this study, we utilized the 
crucial assumptions of GB and more specifically its newest development, that is, 
MP. It has been asserted that minimalism developed out of GB (Lasnik, 2002). 
In other words, once the theory of GB was supposed to have tackled the basic 
Plato’s problem (poverty of stimulus) via proposing different conditions based 
on which parameters could be set culminating in the creation of diverse lan-
guages, then the issue was which GB theory could be regarded as the best. 
Hence, once the enterprise of explanatory adequacy had been accomplished, an 
opening was created for the emergence of a model which could concentrate on 
the dimensions of elegance, naturalness, and parsimony. Within such atmos-
phere, the minimalist program has emerged (Hornstein et al., 2005, p. 18).   
According to this model, the general rule of “move alpha” would culminate in 
the creation of two types of non-canonical structures. While the first category of 
sentences is the result of A-bar movement (wh-questions, topicalization, rela-
tivation), the second category of the sentences is the outcome of A-movement 
(passives and raising constructions).  Taking this theoretical account, in our 
research, two types of stimuli (agentive passives and psychological passives) 
are classified as A-movement categories and two types (object wh-questions 
and object clefts) should be categorized as A-bar movement categories accord-
ing to MP (Karimi, 2008). 

Fourth, our motive for the selection of TDH was that this theory has been 
much more attested in different on-line priming studies which have proven its 
psychological reality (Fiebach et al., 2001; Grodzinsky et al., 1991; Hanne et al., 
2011; Love & Swinney, 1996; Nicol & Swinney, 1989).  

Fifth, different difficult structures whose interpretations were difficult for 
agrammatics like VP ellipsis, WH-head agreement, reflexives, and tag questions, 
expressed in the Mapping Hypothesis (Linebarger et al., 1983) yet not ex-
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plained systematically, could then be explained well according to this theory. 
Moreover, concerning TOH, it should also be asserted that its failure to desig-
nate and define working memory or, as Ingram asserted, its indifference to de-
fining what type of working memory is responsible for agrammatic’s sentence 
comprehension could all be regarded as reliable evidence whereby TDH could 
be selected as a more favorite candidate for the evaluation of participants’ per-
formance (Ingram, 2007).  

Taking all these considerations, and observing the existing gap in the Per-
sian studies, this research tried to probe agrammatics’ performance in the des-
ignated syntactic task and explain their behaviors within the framework of 
TDH. More specifically, the current study aimed to investigate which types of 
sentences are more difficult for agrammatics, if any, and in doing so, discover 
the observed pattern explaining it within co-indexing relations between con-
stituents and their antecedents.  

 

Review of Literature   
Trace Deletion Hypothesis (TDH)   

First proposed by Grodzinsky in 1984, Trace Deletion Hypothesis (TDH) was 
then subject to some modifications by scholars. For example, in 1995, 
Grodzinsky, holding a much narrower stance, asserted that only traces which 
were located in theta position could be disrupted in agrammatics (Grodzinsky, 
1995a). In his second modification of the theory, he maintained that agrammat-
ics would only utilize heuristics strategy when faced with a referential NP at 
their forefronts, provided this NP encompasses no theta role (Grodzinsky, 
1995b). In other words, borrowing this adaptation from the work of previous 
researchers (Hickok & Avrutin, 1995), Grodzinsky asserts that there should be 
a distinction between binding chains and government chains. Thereafter, he 
claims that agrammatics’ problems would only emerge where there is a sort of 
binding chain in the sentence created by which-N, rather than when there is a 
government chain created by wh phrases (Friedmann, 2008).  

Meanwhile, researchers like Rizzi (1985), attempting to correlate agram-
matics’ productive as well as comprehensive modes, asserted that linguistic 
categories which are subject to theta role assignment including both assigners 
and assignees are not subject to syntactic disruption in agrammatics (Rizzi, 
1985). However, it seems that Rizzi’ s analysis is even narrower than his prede-
cessor (Grodzinsky, 2000) as it is quite crystal clear that agrammatics exhibit a 
variety of asyntactic behaviors in their performance. Needless to say, the data 
from which he generalized his conclusions were extremely limited. Other 
scholars like Hagiwara (1993) proposed that those functional categories in the 
lower positions (DP & CP) are less prone to disruption than those standing in 
the higher positions (IP, NP, Ag P & TP). In this regard, characters like Reznik 
(1995) modified Rizzi’s claims, saying that those functional categories pos-
sessing some contents are better preserved because they exist both in the pho-
netic form (PF) and logical form (LF). 
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However, regarding the theoretical notions elaborated on this theory, it 
could be regarded as  a much more attested theory in different on-line priming 
studies which have proven its psychological reality (Fiebach et al., 2001; 
Grodzinsky et al., 1991; Hanne et al., 2011; Uddén et al., 2020; Wanner, 2019).  

When words are moved from their original canonical positions in the sen-
tence depending upon the type of canonical structure we have, which is of 
course manifested differently in languages with diverse typological characteris-
tics, these traces would be created. Although these traces could be properly co-
indexed with their referents by normal controls, they would collapse when 
agrammatic aphasics try to comprehend these structures. (Maviş, et al., 2019; 
Xu et al., 2019). Thus, the longer the chain, the more difficult the structure 
would become for the subjects explaining subjects’ more severe problems in 
object WH-questions and object cleft constructions. Hence, Grodzinsky recom-
mended that diverse configurations of agrammatism be seriously taken into 
account in any kind of research on agrammatism (Grodzinsky, 2000). Accord-
ingly, once the syntactic dependency between relative pronouns and their 
place-holders are disrupted, these patients would not automatically be able to 
assign appropriate thematic roles to the syntactic categories. Through this nov-
el perspective, different problems that mapping hypothesis assigns to thematic 
role violations on one hand, and trade-off hypothesis attributes to working 
memory limitations on the other hand, could then be explained homogeneously 
in a much consistent manner via trace deletion hypothesis (Schilling, 2019)  

As a result, it might be logical to assert that the important hypothesis that 
agrammatism is a language specific syndrome should never be dismissed given 
diverse languages of the world with different typological characteristics which 
could affect subjects’ performance (Dimmendaal et al., 2019; Soroli et al., 2012).    

The study of the syntactic comprehension of agrammatics within the 
framework of trace deletion hypothesis has been the subject of investigation by 
many researchers in diverse languages like Mandarine (Su et al., 2007), Korean 
(Sung et al., 2020), Italian (Barbieri et al., 2013), Malay (Aziz et al., 2020), Ger-
man (Maviş et al., 2019), Arabic (Diouny, 2010), to name a few. The common 
ground of all these researches is that agrammatics have lots of challenges com-
prehending those syntactically complex sentences in which constituents are 
transformed from their canonical positions. Therefore, as the constituents are 
moved from their canonical positions to the initial positions of the sentences, it 
will become challenging for agrammatic patients to parse them. Yet, in some 
researches, the psychological reality of this hypothesis was not corroborated, 
and contradictory results were reported (Arslan & Felser, 2018; Hanne et al., 
2011)     

Meanwhile, in Persian setting, the aphasic patients’ syntactic comprehen-
sion was tackled by some scholars. For example, Nilipour & Raghibdoust 
(2001), via the investigation of linguistic deficits of seven native Persian-
speaking patients with different etiologies, enumerated major morphosyntactic 
as well as agrammatic deficits attributing them to the size and site of the lesion. 
Ameri and her colleagues (Ameri et al., 2008) tried to scrutinize the relation 
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between cognitive parameters and syntactic complexity in Broca’s patients, and 
demonstrated how cognitive deficit could affect these patients’ comprehension 
negatively. They concluded that the reinforcement of Broca’s patients’ ability to 
process complex cognitive sequencing improves their comprehension of atypi-
cal syntactic structures.  Shiani et al. 2019 also analyzed the impact of sentence 
complexity on Persian-speaking aphasic patients, and demonstrated how cogni-
tive deficit could affect these patients’ comprehension. Utilizing a binary sen-
tence-to-picture matching task, they tried to scrutinize the performance of 6 
non-fluent aphasic patients. Their results showed that these patients have diffi-
culty understanding non-canonical syntactic structures including clefts and 
relatives. They attributed patients’ weak performance to the malfunction of 
cognitive resources, specifically, working memory. Ultimately, the production 
of some types of syntactically complex sentences, including wh-questions, topi-
calized constructions and passives was scrutinized by Mehri and her colleagues 
(Mehri et al., 2016). The results of their study showed that aphasics have lots of 
challenges comprehending topicalized and focused sentences. They concluded 
that sentences with argument movements are among the most difficult types of 
sentences for the patients.  

As stated above, despite the fact that some researchers tried to analyze Per-
sian-speaking aphasics’ syntactic comprehension, and employed different stim-
uli and methodologies to evaluate patients’ performance, they did not utilize 
diverse tasks for this objective. Nor did they adapt trace deletion hypothesis to 
explain their patients’ understanding. In some cases, they only concentrated on 
the productive rather than comprehensive abilities of the patients.  In this 
study, observing this gap in the literature, and recruiting two diverse tasks for 
the assessment of our patients’ performance to analyze the effect of task type, 
and also following the framework of trace deletion hypothesis, we scrutinized 
the comprehension of Persian-speaking agrammatics. 

 

Method 
Subjects 

Having reviewed the neuropsychiatric profile of the patients, and conducted a 
psycholinguistic test, four gender-, education-, and age-matched Broca’s pa-
tients were selected. Moreover, our participants in the control group were also 
matched according to the aforementioned socio-demographic parameters. The 
study is engaged to apply ethics of research, based on Declaration of Helsinki in 
2000 (Riis, 2000). Moreover, it was committed to employ ethics of research 
based on American Pychological Association’s Ethical Principles of Psychology 
(Hadjistavropoulos, 2002). All participants signed the written informed consent 
for contribution. The confidentiality of the information obtained from the par-
ticipants, and the preservation of the names of participants were considered 
using coding.  The lesion site descriptions of each patient are presented in Ta-
ble 1. Our selected subjects were all male, in the age range of 50-65 years. 
Moreover, as for their educational backgrounds, they had at least a diploma. 
The diagnostic test to assess aphasics was the Boston Diagnostic Aphasia Exam-
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ination (Goodglass & Kaplan, 1972). Farsi version of Aphasia Test developed by 
Nilipour (1994) was adopted to screen the subjects’ aphasia type. Moreover, 
the review of neuroradiology testified our evaluation demonstrating that our 
classification was in line with the classical Broca’s type. As a matter of fact, the 
main reason why we chose Broca’s patients in our research was fundamentally 
the fact that it has been scientifically proven that agrammatism is a symptom of 
Broca’s aphasia (Tesak & Code, 2008) 

Noteworthy to say, though the lesion site description of each Broca’s patient 
has been presented, as Ingram asserted, no designated lesion site could culmi-
nate in agrammatism and it has been scientifically attested that an interaction 
of cell assemblies is involved in this syndrome. Thus, the properties of 
agrammtism could well be defined via psycholinguistic tests rather than clinical 
observations (Ingram, 2007). Taking this important scientific consideration, we 
could understand more of the nature of agrammatism in Broca’s aphasiac pa-
tients through conducting a syntactic comprehension test, and why administer-
ing such a test could be fruitful. 

 
Table 1 
The Lesion Site Descriptions of Patients 

Patient Aphasia 
Type 

Description 

OF Broca’s OF is a male suffering a stroke in 1990. An MRI taken that year exhibited a 
diffuse lesion including posterior frontal lobe.   

BD Broca’s BD is a male suffering a stroke due to an accident in 1992. The lesion site 
involved was the inferior anterior parietal lobe. 

SF Broca’s   SF is a male suffering a stroke in 1995. A CT scan taken that year indicated 
lesions in inferior frontal gyrus as well as insular cortex area. 

TU   Broca’s   TU is a male suffering an accident in 1994.   The study of CT scan taken that 
year showed the involvement of lesion sites including left temporal lobe as 
well as inferior portion of BA. 

 
Instruments and Procedure 

As mentioned in the previous section, Farsi version of Boston Diagnostic Apha-
sia Examination (Goodglass & Kaplan, 1972), already normalized and standard-
ized by Nilipour (1994), had been administered to screen our subjects’ aphasia 
type. Also, a written consent form proving our patients’ satisfaction to partici-
pate voluntarily in the study had already been taken. Nevertheless, the primary 
tool to assess our patients’ knowledge of syntactic comprehension was a 
grammaticality judgment task. 
 
Grammaticality Judgment Task 

In order to depict a realistic, insightful, and in-depth picture of the syntactic 
knowledge of aphasics, a grammatical judgment task was conducted to exactly 
understand whether syntactic comprehension of aphasics was intact. One ma-
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lesions in inferior frontal gyrus as well as insular cortex area. 

TU   Broca’s   TU is a male suffering an accident in 1994.   The study of CT scan taken that 
year showed the involvement of lesion sites including left temporal lobe as 
well as inferior portion of BA. 

 
Instruments and Procedure 

As mentioned in the previous section, Farsi version of Boston Diagnostic Apha-
sia Examination (Goodglass & Kaplan, 1972), already normalized and standard-
ized by Nilipour (1994), had been administered to screen our subjects’ aphasia 
type. Also, a written consent form proving our patients’ satisfaction to partici-
pate voluntarily in the study had already been taken. Nevertheless, the primary 
tool to assess our patients’ knowledge of syntactic comprehension was a 
grammaticality judgment task. 
 
Grammaticality Judgment Task 

In order to depict a realistic, insightful, and in-depth picture of the syntactic 
knowledge of aphasics, a grammatical judgment task was conducted to exactly 
understand whether syntactic comprehension of aphasics was intact. One ma-

jor rationale for the selection of the grammaticality judgment task and favoring 
it to the well-known figurine-act task was that it has been previously attested 
that the former task relies on less cognitive processing than the latter. As a re-
sult, their reliance on the working memory to parse the sentence would dimin-
ish  (Brown et al., 2019; Charles et al., 2008; Murray, 2018; Schwering & Mac-
Donald, 2020).The procedure for the task administration was as follows. Ninety 
pairs of sentences of six group types composed of well-formed and their ill-
formed counterparts were presented to the subjects. The first type included 
those sentences in which the subject is regarded as the agent of the sentence 
(agentive group); for example, “ali sib rɒ xord” rendered in English as “Ali ate 
the apple”. An important typological property worthy of consideration here is 
that the default syntactic structure of Persian is SOV. Endowed with an SOV 
order in the main and subordinate clauses when the object is phrasal, and with 
a very strong tendency to utilize the SVO order when the object is clausal, Per-
sian enjoys some typological features similar to both OV and VO types of lan-
guages. So some scholars like Dabi-Moghaddam (2013) categorized it as a 
mixed group of languages - unlike English categorized as VO group of lan-
guages- meaning it is the object which precedes the verb in the canonical sen-
tence structure.  The second type of sentences included object cleft structures. 
The type of cleft construction utilized in our study belongs to it-cleft category. 
In Persian, clefting occurs when the focused constituent of the sentence moves 
from its unmarked default position to the initial position of the sentence and is 
followed by a copula and a ke (that) relative clause (Karimi, 2008; Mahmoudi, 
2019). These sentences are normally used by native speakers of a language to 
emphasize their focal points, in this case, object. For instance, (TP“ʔin ketɒbi 
bud ke ( TPali ti moʔtɒleɁe kard”)) rendered in English as “(TP It was this booki 
which (TPAli studied ti))”. The third group encompassed subject cleft sentences 
in which, again for the goal of emphasis, yet this time, subject, is singled out to 
stand at the forefront of the addressee, namely sentences like “ʔin marjam bud 
ke televizijun ro roʃan kard” rendered in English as “It was Maryam who turned 
on the TV”. The fourth group of the sentences included agentive passive con-
structions in which it is the patient which occupies the subject position of the 
sentence rather than the typical subject placed at the end of the sentence. For 
example, “(TPmaqɒlei tavassote (TPali neveʃte ʃod ti)”) which is rendered in 
English as “(TPthe paperi (TP Ø was written ti by Ali))”. The fifth group in-
cludes psychological passive types. Psychological verbs are those expressing 
our inner feelings or psychological states like “tarsidæn, azijat kardan, 
ranʤɒndan” rendered in English as “frighten, annoy and resent” respectively. 
In the canonical type of psychological verb construction, the doer of the action 
occupied the subject position, but the person or thing affected occupies the ob-
ject position producing sentences like “jaʔqub marjam rɑ tarsɒnd” rendered as 
“Jacob frightened Mary”. Yet, in the passive forms of psychological construc-
tions, the object substitutes for the subject occupying its position resulting in 
the sentences like “(TPmarjami tavassote (TPjaʔqub tarsɒndeh ʃod ti))” ren-
dered in English as “(TPMaryi (TPØ was frightened ti by Jacob))”. Ultimately, 
our sixth group included object wh-questions, that is, the structures in which 
the object is questioned and moved to the initial position of the sentence. These 
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so-called object-wh questions start with “tʃe” like “ʧekasi” or “ʧe ʧizi” rendered 
in English as “whom” or “what” respectively. For example, this group includes 
sentences like “(TPʧe kasii rɒ (TPdidid ti))” rendered in English as “(CP Whomi 
did (TPyou see ti))?” or “(CPʧe ʧizii rɒ (TPpejdɒ kardid ti))” rendered in Eng-
lish as “(CPwhati did (TPyou find ti))?”  

It is noteworthy to say, in order to eliminate the effect of the context upon 
our subjects’ performance, no contextual clues were utilized. Having random-
ized and recorded the stimuli, a native speaker of Persian presented them to 
the subjects. Furthermore, for the purpose of subjects’ familiarity with the ex-
periment, three training sentences of each type were presented to the subjects. 
When presented with different stimuli, each subject was required to judge upon 
their grammaticality asserting whether the sentences were “ill-formed” “bad” 
or “well-formed” “good”. In fact, each well-formed structure was paired with its 
ill-formed counterpart.  The experiment took place in a quiet room, and all 
stimuli were presented to the participants in written printed forms. Each par-
ticipant was tested individually. Also, all sentences were randomized. That is, in 
order to avoid repetition of the sentence, all stimuli, composed of grammatical 
and ungrammatical structures,  were counterbalanced across participants, and 
Furthermore, for the fulfillment of decreasing the impact of prosodic features 
on subjects’ performance , in line with Linebarger and his colleagues’ proce-
dure, all the sentences either well-formed or ill-formed were pronounced by 
the researcher with the same intonation pattern (Linebarger et al., 1983).  
Moreover, for the aim of neutralizing the probable impact of the variable of 
“length” upon our participants’ comprehension, we also controlled the number 
of words included in each sentence which ranged from five to nine. Also, all 
sentences were presented out of context to exclude the impact of contextual 
features upon subjects’ performance.  

 

Data Analysis 

The data were analyzed by Spss software (version 16; SPSS Inc., Chicago, IL, 
USA). We analyzed the inter-rater-reliability of the responses. As a result, all 
responses of each participant were scored initially by the researcher, and at the 
next stage, by a trained autonomous judge. Point to point consensus ranged 
from 92 to 100 % (Mean = 96). Since both control group and our patients were 
homogenous, the data were analyzed at the group level. As the data demon-
strated normal distributions, parametric tests were used. Utilizing an inde-
pendent T-test, we compared the performance of the control group with the 
performance of aphasics. Using one-way repeated measures ANOVA for the six 
types of sentences, we compared our patients’ performance. Moreover, in order 
to examine the effect of the sentence type upon our patients’ comprehension, 
we employed paired T-test.    
 

Results 
One-way repeated measures ANOVA for the six types of sentences culminated 
in a main effect of sentence type, F (4, 38)  =  33.96, P < .0001.  The performance 
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The data were analyzed by Spss software (version 16; SPSS Inc., Chicago, IL, 
USA). We analyzed the inter-rater-reliability of the responses. As a result, all 
responses of each participant were scored initially by the researcher, and at the 
next stage, by a trained autonomous judge. Point to point consensus ranged 
from 92 to 100 % (Mean = 96). Since both control group and our patients were 
homogenous, the data were analyzed at the group level. As the data demon-
strated normal distributions, parametric tests were used. Utilizing an inde-
pendent T-test, we compared the performance of the control group with the 
performance of aphasics. Using one-way repeated measures ANOVA for the six 
types of sentences, we compared our patients’ performance. Moreover, in order 
to examine the effect of the sentence type upon our patients’ comprehension, 
we employed paired T-test.    
 

Results 
One-way repeated measures ANOVA for the six types of sentences culminated 
in a main effect of sentence type, F (4, 38)  =  33.96, P < .0001.  The performance 

of our first subject on subject agent and subject cleft structures was 96 and 91 
percent correct responses, respectively, significantly above chance, subject 
agent: t (20) =3.91, p = .0005; subject cleft: t(20) =3.49, p =.001. As for agentive 
passive and psychological passive constructions, his performance was at 
chance with 50 percent correct responses, t (20) = 88, p = .31, below chance 
with forty-two percent correct responses, t (20) = 1.30, p =.208. Yet, concerning 
both object WH constructions, 30 percent correct responses, t (19) = -3. 31, p = . 
819, and object cleft ones (37 percent correct responses, t(19) = - 3. 34, p = . 
818), his performance was significantly below chance, t (20) = - 1. 17, p = . 
0711.  

Subject 2 (BD) performed above chance at eighty-seven percent of the sub-
ject agentive constructions (t (20) = 2. 91, p = . 005). Concerning his perfor-
mance at subject cleft (eighty 2 percent), a similar observation was made (t 
(20) = 2. 75, p = . 005), though he carried out the former test better. As for 
agentive passive, he had at chance performance with sixty percent correct re-
sponses (t (20) = .88, p =. 52) and below chance performance with forty-eight 
percent correct responses in psychological passive constructions (t (20) = 1. 44, 
p = . 0818). Also, in the object Wh constructions, he had below chance perfor-
mance with thirty-five percent correct responses (t (20) = 1. 87, p=. 0 837) and 
45 percent correct responses at object cleft constructions (t (20) = 1. 48, p = .0 
828).  

Subject 3 (SF) performed above chance in both subject agentive (eighty-six 
percent correct responses, t (20) = 2. 56, p = .014) and subject cleft construc-
tions (eighty percent correct responses, t (20) = 2. 14, p=. 0 22). Concerning 
agentive passive with fifty three percent correct responses ( t (20) = . 98, p = . 
32) and psychological passive constructions with forty one percent correct re-
sponses ( t (20) = . 82, p = . 45), he had at chance performance. And finally, as 
for both object WH constructions with thirty-one percent correct responses (t 
(20) = 2. 00, p =. 166) and object cleft constructions with forty-six percent cor-
rect responses (t (20) = 1. 42, p =. 0818), he had a below chance performance (t 
(20) = 1. 42, p =. 0 818).  

As for subject 4 (TU), again a similar pattern was observed with subjects 
performing above chance at both subject agent with ninety percent correct re-
sponses (t (20) = 3. 26, p =. 0005) and subject cleft with eighty-five percent cor-
rect responses (t (20) = 3. 19, p = . 0005). This subject, unlike previous subjects, 
concerning both agentive passive constructions with forty-five percent correct 
responses (t (20) = 1. 20, p =. 187) and psychological passives with forty-two 
percent correct responses (t (20) = 1. 30, p =. 260) had below chance perfor-
mance. As for object WH constructions, he had a significantly below chance per-
formance with twenty-five percent correct responses (t (20) = - 1. 46, p 
=.0825). A rather similar pattern was observed in object cleft constructions 
with thirty percent correct responses (t (20) = - 1. 66, p = . 0817). 

In contrast with agrammatics, regarding the control group, one-way repeat-
ed measures ANOVA for the six sentence types demonstrated no main effect of 
sentence type, F(38) = . 87, p = . 44. As a matter of fact, they perform very well 
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on all sentence types of subject agentive, subject cleft, agentive passive, psycho-
logical passive, object cleft and object WH-questions with 98%, 96%, 95%, 
92%, 93%, 90% correct responses, respectively.  

 

Discussion 
This pattern, in which subject agentive and subject cleft structures are compre-
hended above chance and are significantly more easily interpreted than object 
cleft, agentive passive and object WH- constructions, corroborates many re-
ports in the literature of the agrammatic comprehension of complex structures  
( Friedmann, 2008; Maviş et al., 2019; Xu et al., 2019) further advocating our 
diagnosis of agrammatic aphasia. In contrast, our results are inconsistent with 
Linebarger and his colleagues’ and Smith’s studies, in which, having conducted 
the same grammatical judgment task, they concluded that agrammtics perform 
above chance in most syntactically complex sentences (Linebarger et al., 1983; 
Linebarger et al., 2007; Smith, 2011).  

Moreover, the fact that our subjects significantly performed poorly on object 
WH questions or object cleft structures corroborates TDH’s predictions that 
agrammatics’ comprehension would be disrupted when faced with a longer 
chain formed by different NP traces or when traces are not bound accurately by 
their antecedents. In other words, when words are moved from their original 
canonical positions in the sentence, which is of course manifested differently in 
languages with diverse typological characteristics like Persian, these traces 
would be created. Although healthy people could easily find the referents of 
these traces, agrammatics would confront with lots of challenges when trying 
to parse these structures. (Beretta & Munn, 1998; Dimmendaal et al., 2019;  
Grodzinsky, 1995a; Soroli et al., 2012). Hence, In the light of this research which 
is of course in line with the predictions of the theory, the longer the chain, the 
more difficult the structure would become for the subjects explaining their 
more severe problems in object WH-questions and object cleft constructions 
(Schilling, 2019; Wanner, 2019).  

As observed, as soon as the complexity of syntactic structures increases 
when linguistic items are dislocated, our agrammatics’ parsing problems would 
escalate (Uddén, et al., 2020). Hence, diverse configurations of agrammatism 
should also be seriously taken into account in any kind of research on agram-
matism (Grodzinsky, 2000). Therefore, once the syntactic dependency between 
relative pronouns and their placeholders are disrupted, these patients would 
not automatically be able to assign appropriate thematic roles to the syntactic 
categories (Brown et al., 2019). Accordingly, through this novel perspective, 
different problems that mapping hypothesis assigns to thematic role violations 
on one hand, and trade-off hypothesis attributes to working memory limita-
tions on the other hand, could then be explained homogeneously in a much 
consistent manner via trace deletion hypothesis (LaCroix et al., 2020; Sahraoui 
& Nespoulous, 2012; Salimi & Dadashpur, 2012; Sample & Michel, 2014). Proof 
to our claim comes from our aphasics’ inappropriate and poor performance in 
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escalate (Uddén, et al., 2020). Hence, diverse configurations of agrammatism 
should also be seriously taken into account in any kind of research on agram-
matism (Grodzinsky, 2000). Therefore, once the syntactic dependency between 
relative pronouns and their placeholders are disrupted, these patients would 
not automatically be able to assign appropriate thematic roles to the syntactic 
categories (Brown et al., 2019). Accordingly, through this novel perspective, 
different problems that mapping hypothesis assigns to thematic role violations 
on one hand, and trade-off hypothesis attributes to working memory limita-
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to our claim comes from our aphasics’ inappropriate and poor performance in 

this grammaticality judgment task. Despite the fact that we utilized the gram-
maticality judgment task instead of the figurine-act task to decrease the cogni-
tive demand on the part of our patients, surprisingly they still performed at 
chance or below chance levels in the structures in which either A-movement 
(object clefts, agentive passives, and psychological passives) or A-bar move-
ment (object wh-questions) were vivid within the framework of trace deletion 
hypothesis. Consequently, our findings are inconsistent with the predictions of 
theoretical accounts like trade-off hypothesis or mapping hypothesis, which 
emphasized the role of task on the comprehension of aphasics (Kristinsson et 
al., 2020; Linebarger, 1995; Mack et al., 2019; Malyutina & Zelenkova, 2020; 
Nedergaard, 2020).  

Also, our results corroborate the important hypothesis that agrammatism is 
a language specific syndrome given diverse languages of the world with differ-
ent typological characteristics which could affect subjects’ performance ( Soroli 
et al., 2012; Tzeng et al., 1991). Noteworthy to mention is the preservation of 
our subjects’ performance in subject cleft structures and the minimal impact of 
keh upon their interpretations. As a matter of fact, our subjects’ rather intact 
performance could be explained with the consideration of an important syntac-
tic difference between Persian and English in that, while in the latter, the above 
linguistic element serves as a relative pronoun bearing a particular meaning 
and theta role in the D-structure, in the former language, as a pure linker,  it is 
void of semantic content not playing a crucial role in subjects’ interpretation 
(Ghomeshi, 1996). Therefore, within this novel statue of keh in cleft structures 
of the Persian language (Karimi, 2008) and within the predictions of trace dele-
tion hypothesis, in Persian, interpretations of the subject cleft could not be 
problematic for agrammatics (Ameri et al., 2008).  

Furthermore, according to Persian structure, due to the nature of its verb 
morphology, it is common that a “resumptive” pronoun be attached to the verb 
as an enclitic which could then be co-indexed with subject and object in subject 
and object cleft constructions, respectively (Karimi, 2008; Mahmoudi, 2019).  
Hence, the resumptive counterpart of “in ali bud ke sib rɒ xord” would be “in Ali 
budeʃ ke sib ra xord”.  As a matter of fact, It has already been proven that the 
presence of such morpho-syntactic elements could boost subjects’ interpreta-
tions (Rahmany et al., 2014). Taken this important psycholinguistically proven 
factor into account, our main motif for the elimination of this morpho-syntactic 
cue was to purely evaluate our subjects’ grammatical competence, which, as 
shown, was yet disrupted in the stage of appropriate thematic role assignment.   

Thus, taken these cross-linguistic variations into account, conducting di-
verse researches in different types of languages, and utilizing research with a 
much larger sample size, when concomitant with on-line neurolinguistic stud-
ies in which different techniques like eye-tracking are used, could shed more 
light on the nature of sentence comprehension, and could provide proof on the 
validity and psychological reality of the trace deletion hypothesis (Wang et al., 
2020). 
 



198  —  Syntactic Comprehension in Persian-Speaking Agrammatics: Further Proof of Trace ...

References 
Ameri, H., Golfam, A., Kolk, H., Ashayeri, H., Hagh-Shenas, A. M., & Kord-Za'feranlou, E. 

(2008). Interaction of syntactic comprehension and ability of cognitive sequence 
processing in Persian speaking Broca aphasic patients. Archives of Rehabilitation, 
9(2), 16-25. http://rehabilitationj.uswr.ac.ir/article-1-250-en.html 

Arslan, S., & Felser, C. (2018). Comprehension of wh-questions in Turkish-German bilin-
guals with aphasia: A dual-case study. Clinical Linguistics & Phonetics, 32(7), 640-
660. https://doi.org/10.1080/02699206.2017.1416493  

Austin, G., Pongpairoj, N., & Trenkic, D. (2015). Structural competition in second lan-
guage production: Towards a constraint‐satisfaction model. Language Learning, 
65(3), 689-722. https://doi.org/10.1111/lang.12108  

Avrutin, S. (2000). Comprehension of discourse-linked and non-discourse-linked ques-
tions by children and Broca's aphasics. Language and the Brain, 11(2), 295-313. 
https://doi.org/10.1016/B978-012304260-6/50017-7   

Aziz, M. A. A., Hassan, M., Razak, R. A., & Garraffa, M. (2020). Syntactic abilities in Malay 
adult speakers with aphasia: A study on passive sentences and argument struc-
tures. Aphasiology, 6(7), 1-19.  
https://doi.org/10.1080/02687038.2020.1742283  

Barbieri, E., Luzzatti, C., Brambilla, I., Rizzi, G., Zonca, G., & Thompson, C. (2013). Com-
prehension of syntactically complex sentences in Broca's aphasia: Evidence from 
the northwestern assessment of verbs and sentences in Italian. The Clinical Neu-
ropsychologist, 27(4), 542-542. https://hdl.handle.net/10281/46706  

Bates, E. (1998). Construction grammar and its implications for child language research. 
Journal of Child Language, 25(6), 462-466.  
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.140.1532&rep=rep1
&type=pdf  

Beeke, S., Wilkinson, R., & Maxim, J. (2007). Grammar without sentence structure: A con-
versation analytic investigation of agrammatism. Aphasiology, 21(3-4), 256-282. 
https://doi.org/10.1080/02687030600911344  

Beretta, A., & Munn, A. (1998). Double-agents and trace-deletion in agrammatism. Brain 
and Language, 65(3), 404-421. https://doi.org/10.1006/brln.1998.1997 

Brown, J. A., Wallace, S. E., Knollman-Porter, K., & Hux, K. (2019). Comprehension of sin-
gle versus combined modality information by people with aphasia. American 
Journal of Speech-Language Pathology, 28(1), 278-292.  
https://doi.org/10.1044/2018_AJSLP-17-0132  

Caramazza, A., & Berndt, R. S. (1985). A multicomponent deficit view of agrammatic 
Broca's aphasia. Agrammatism, 12(5), 27-63. https://doi.org/10.1016/B978-0-
12-402830-2.50006-7  

Chapman, R. S. (2000). Children's language learning: An interactionist perspective. The 
Journal of Child Psychology and Psychiatry and Allied Disciplines, 41(1), 33-54. 
https://psycnet.apa.org/record/2012-26300-012  

Charles, D., Olm, C., & Powers, J. (2008).  Grammatical comprehension deficits in non-
fluent/agrammatic primary progressive aphasia. Neurol Neurosurg Psychiatry, 
85(3), 249-256. https://jnnp.bmj.com/content/85/3/249.short  

Chomsky, N. (2014). The minimalist program. MIT press.  
Dabir-Moghaddam, M. (2013). Typology of Iranian languages. SAMT. 
Dimmendaal, G. J., Ahland, C., Jakobi, A., & Lojenga, C. K. (2019). Linguistic features and 

typologies in languages commonly referred to as “Nilo-Saharan.” In E. Wolf (Ed), 
The Cambridge handbook of African linguistics (pp. 326-381). Cambridge Univer-
sity Press.  



Journal of Language Horizons, Alzahra University  —  199

References 
Ameri, H., Golfam, A., Kolk, H., Ashayeri, H., Hagh-Shenas, A. M., & Kord-Za'feranlou, E. 

(2008). Interaction of syntactic comprehension and ability of cognitive sequence 
processing in Persian speaking Broca aphasic patients. Archives of Rehabilitation, 
9(2), 16-25. http://rehabilitationj.uswr.ac.ir/article-1-250-en.html 

Arslan, S., & Felser, C. (2018). Comprehension of wh-questions in Turkish-German bilin-
guals with aphasia: A dual-case study. Clinical Linguistics & Phonetics, 32(7), 640-
660. https://doi.org/10.1080/02699206.2017.1416493  

Austin, G., Pongpairoj, N., & Trenkic, D. (2015). Structural competition in second lan-
guage production: Towards a constraint‐satisfaction model. Language Learning, 
65(3), 689-722. https://doi.org/10.1111/lang.12108  

Avrutin, S. (2000). Comprehension of discourse-linked and non-discourse-linked ques-
tions by children and Broca's aphasics. Language and the Brain, 11(2), 295-313. 
https://doi.org/10.1016/B978-012304260-6/50017-7   

Aziz, M. A. A., Hassan, M., Razak, R. A., & Garraffa, M. (2020). Syntactic abilities in Malay 
adult speakers with aphasia: A study on passive sentences and argument struc-
tures. Aphasiology, 6(7), 1-19.  
https://doi.org/10.1080/02687038.2020.1742283  

Barbieri, E., Luzzatti, C., Brambilla, I., Rizzi, G., Zonca, G., & Thompson, C. (2013). Com-
prehension of syntactically complex sentences in Broca's aphasia: Evidence from 
the northwestern assessment of verbs and sentences in Italian. The Clinical Neu-
ropsychologist, 27(4), 542-542. https://hdl.handle.net/10281/46706  

Bates, E. (1998). Construction grammar and its implications for child language research. 
Journal of Child Language, 25(6), 462-466.  
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.140.1532&rep=rep1
&type=pdf  

Beeke, S., Wilkinson, R., & Maxim, J. (2007). Grammar without sentence structure: A con-
versation analytic investigation of agrammatism. Aphasiology, 21(3-4), 256-282. 
https://doi.org/10.1080/02687030600911344  

Beretta, A., & Munn, A. (1998). Double-agents and trace-deletion in agrammatism. Brain 
and Language, 65(3), 404-421. https://doi.org/10.1006/brln.1998.1997 

Brown, J. A., Wallace, S. E., Knollman-Porter, K., & Hux, K. (2019). Comprehension of sin-
gle versus combined modality information by people with aphasia. American 
Journal of Speech-Language Pathology, 28(1), 278-292.  
https://doi.org/10.1044/2018_AJSLP-17-0132  

Caramazza, A., & Berndt, R. S. (1985). A multicomponent deficit view of agrammatic 
Broca's aphasia. Agrammatism, 12(5), 27-63. https://doi.org/10.1016/B978-0-
12-402830-2.50006-7  

Chapman, R. S. (2000). Children's language learning: An interactionist perspective. The 
Journal of Child Psychology and Psychiatry and Allied Disciplines, 41(1), 33-54. 
https://psycnet.apa.org/record/2012-26300-012  

Charles, D., Olm, C., & Powers, J. (2008).  Grammatical comprehension deficits in non-
fluent/agrammatic primary progressive aphasia. Neurol Neurosurg Psychiatry, 
85(3), 249-256. https://jnnp.bmj.com/content/85/3/249.short  

Chomsky, N. (2014). The minimalist program. MIT press.  
Dabir-Moghaddam, M. (2013). Typology of Iranian languages. SAMT. 
Dimmendaal, G. J., Ahland, C., Jakobi, A., & Lojenga, C. K. (2019). Linguistic features and 

typologies in languages commonly referred to as “Nilo-Saharan.” In E. Wolf (Ed), 
The Cambridge handbook of African linguistics (pp. 326-381). Cambridge Univer-
sity Press.  

Diouny, S. (2010). Some aspects of Moroccan Arabic agrammatism. Cambridge Scholars 
Publishing.  

Faust, M., Babkoff, H., & Kravetz, S. (1995). Linguistic processes in the two cerebral hem‐
ispheres: Implications for modularity vs interactionism. Journal of Clinical and 
Experimental Neuropsychology, 17(2), 171‐192.  
https://doi.org/10.1080/01688639508405117. 

Fiebach, C. J., Schlesewsky, M., & Friederici, A. D. (2001). Syntactic working memory and 
the establishment of filler‐gap dependencies: Insights from ERPs and fMRI. Jour-
nal of Psycholinguistic Research, 30(3), 321‐338.  
https://link.springer.com/article/10.1023/A:1010447102554  

Frazier, L. (1995). Constraint satisfaction as a theory of sentence processing. Journal of 
Psycholinguistic Research, 24(6), 437‐468.  
https://link.springer.com/article/10.1007%2FBF02143161  

Frazier, L., & Clifton, C. (1996). Construal. MIT Press.  
Frazier, L., & Friederici, A. D. (1991). On deriving the properties of agrammatic compre‐

hension. Brain and Language, 40(1), 51‐66. https://doi.org/10.1016/0093‐
934X(91)90116‐I  

Friederici, A. D., & Frazier, L. (1992). Thematic analysis in agrammatic comprehension: 
Syntactic structures and task demands. Brain and Language, 42(1), 1‐29. 
https://doi.org/10.1016/0093‐934X(92)90053‐H  

Friedmann, N. (2008). Traceless relatives: Agrammatic comprehension of relative claus‐
es with resumptive pronouns. Journal of Neurolinguistics, 21(2), 138‐149. 
https://doi.org/10.1016/j.jneuroling.2006.10.005  

Fyndanis, V., Varlokosta, S., & Tsapkini, K. (2013). (Morpho)syntactic comprehension in 
agrammatic aphasia: Evidence from Greek. Aphasiology, 27(4), 398‐419. 
https://doi.org/10.1080/02687038.2013.770817  

Garraffa, M., & Grillo, N. (2008). Canonicity effects as grammatical phenomena. Journal of 
Neurolinguistics, 21(2), 177‐197.  
https://doi.org/10.1016/j.jneuroling.2007.09.001  

 Ghomeshi, J. (1996). Projection and inflection: A study of Persian phrase structure. Toron‐
to Working Papers in Linguistics.  
https://twpl.library.utoronto.ca/index.php/twpl/article/view/6521  

Gibson, E., & Pearlmutter, N. J. (1998). Constraints on sentence comprehension. Trends 
in Cognitive Sciences, 2(7), 262‐268.  
https://www.sciencedirect.com/science/article/pii/S1364661398011875  

Goodglass, H., & Kaplan, E. 1972. The assessment of aphasia and related disorders. Lea & 
Febiger. https://ci.nii.ac.jp/naid/10006198251/  

Goodglass, H., & Menn, L. (1985). Is agrammatism a unitary phenomenon? Agramma-
tism, 7(3), 1‐26.  
https://www.sciencedirect.com/science/article/pii/B9780124028302500055  

Grodzinsky, Y. (1995a). A restrictive theory of agrammatic comprehension. Brain and 
Language, 50(1), 27‐51. https://doi.org/10.1006/brln.1995.1039  

Grodzinsky, Y. (1995b). Trace deletion, θ‐roles, and cognitive strategies. Brain and Lan-
guage, 51(3), 469‐497.  
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentI
D=S0093934X85710723&orderBeanReset=true  

Grodzinsky, Y. (2000). The trace deletion hypothesis and the tree‐pruning hypothesis: 
Still valid characterizations of Broca's aphasia. Behavioral and Brain Sciences, 
23(1), 55‐64. https://doi.org/10.1017/S0140525X00582399  

Grodzinsky, Y., & Friederici, A. D. (2006). Neuroimaging of syntax and syntactic pro‐
cessing. Current Opinion in Neurobiology, 16(2), 240‐246.  
https://doi.org/10.1016/j.conb.2006.03.007  



200  —  Syntactic Comprehension in Persian-Speaking Agrammatics: Further Proof of Trace ...

Grodzinsky, Y., Pierce, A., & Marakovitz, S. (1991). Neuropsychological reasons for a 
transformational analysis of verbal passive. Natural Language & Linguistic Theo-
ry, 9(3), 431‐453. https://doi.org/10.1007/BF00135354  

Grodzinsky, Y., & Santi, A. (2008). The battle for Broca’s region. Trends in Cognitive Sci-
ences, 12(12), 474‐480. https://doi.org/10.1016/j.tics.2008.09.001  

Grodzinsky, Y., Swinney, D., & Zurif, E. (1985). Agrammatism: Structural deficits and 
antecedent processing disruptions. Agrammatism, 21(8). 65‐81.  
https://doi.org/10.1016/B978‐0‐12‐402830‐2.50007‐9  

Guo, Y., Shao, Z., & Hua, N. (2010). A cognitive interactionist sentence parser with simple 
recurrent networks. Information Sciences, 180(23), 4695‐4705.  
https://doi.org/10.1016/j.ins.2010.08.008  

Hadjistavropoulos, T., Malloy, D. C., Sharpe, D., Green, S. M., & Fuchs‐Lacelle, S. (2002). 
The relative importance of the ethical principles adopted by the American Psy‐
chological Association. Canadian Psychology/Psychologie Canadienne, 43(4), 254‐
259. https://psycnet.apa.org/record/2002‐06469‐004  

Hagiwara, H. (1993). Nonagentive predicates and agrammatic comprehension. Metropol-
itan Linguistics, 13(7), 127‐142. https://ci.nii.ac.jp/naid/10008744967/  

Hanne, S., Sekerina, I. A., Vasishth, S., Burchert, F., & De Bleser, R. (2011). Chance in 
agrammatic sentence comprehension: What does it really mean? Evidence from 
eye movements of German agrammatic aphasic patients. Aphasiology, 25(2), 221‐
244. https://doi.org/10.1080/02687038.2010.489256  

Harun, M. (2020). Investigating the agrammatic production of canonical and non‐
canonical sentences cross‐linguistically. Advances in Language and Literary Stud-
ies, 11(1), 6‐16. http://dx.doi.org/10.7575/aiac.alls.v.11n.1p.6  

Hickok, G., & Avrutin, S. (1995). Representation, referentiality, and processing in 
agrammatic comprehension: Two case studies. Brain and Language, 14(2), 156‐
174. https://doi.org/10.1006/brln.1995.1038  

Hickok, G., Canseco‐Gonzalez, E., Zurif, E., & Grimshaw, J. (1992). Modularity in locating 
wh‐gaps. Journal of Psycholinguistic Research, 21(6), 545‐561.   
https://link.springer.com/article/10.1007%2FBF01067530  

Hornstein, N., Nunes, J., & Grohmann, K. K. (2005). Understanding minimalism. Cam‐
bridge University Press.  

Ingram, J. C. (2007). Neurolinguistics: An introduction to spoken language processing and 
its disorders. Cambridge University Press. 

Karimi, S. (2008). A minimalist approach to scrambling: Evidence from Persian. Walter de 
Gruyter.  

Kristinsson, S., Thors, H., Yourganov, G., Magnusdottir, S., Hjaltason, H., Stark, B. C., 
Basilakos, A., Ouden, D., Rorden, C., Hickok, G., Hillis, A., & Fridriksson, J. (2020). 
Brain damage associated with impaired sentence processing in acute aphasia. 
Journal of Cognitive Neuroscience, 32(2), 256‐271.  
https://doi.org/10.1162/jocn_a_01478  

LaCroix, A. N., Blumenstein, N., Tully, M., Baxter, L. C., & Rogalsky, C. (2020). Effects of 
prosody on the cognitive and neural resources supporting sentence comprehen‐
sion: A behavioral and lesion‐symptom mapping study. Brain and Language, 
203(8), 104‐121. https://doi.org/10.1016/j.bandl.2020.104756  

Lasnik, H. (2002). The minimalist program in syntax. Trends in Cognitive Sciences, 6(10), 
432‐437. https://doi.org/10.1016/S1364‐6613(02)01977‐0  

Linebarger, M. C. (1995). Agrammatism as evidence about grammar. Brain and language, 
50(1), 52‐91. https://doi.org/10.1006/brln.1995.1040  

Linebarger, M. C., Schwartz, M. F., & Saffran, E. M. (1983). Sensitivity to grammatical 
structure in so‐called agrammatic aphasics. Cognition, 13(3), 361‐392. 
https://doi.org/10.1016/0010‐0277(83)90015‐X  



Journal of Language Horizons, Alzahra University  —  201

Grodzinsky, Y., Pierce, A., & Marakovitz, S. (1991). Neuropsychological reasons for a 
transformational analysis of verbal passive. Natural Language & Linguistic Theo-
ry, 9(3), 431‐453. https://doi.org/10.1007/BF00135354  

Grodzinsky, Y., & Santi, A. (2008). The battle for Broca’s region. Trends in Cognitive Sci-
ences, 12(12), 474‐480. https://doi.org/10.1016/j.tics.2008.09.001  

Grodzinsky, Y., Swinney, D., & Zurif, E. (1985). Agrammatism: Structural deficits and 
antecedent processing disruptions. Agrammatism, 21(8). 65‐81.  
https://doi.org/10.1016/B978‐0‐12‐402830‐2.50007‐9  

Guo, Y., Shao, Z., & Hua, N. (2010). A cognitive interactionist sentence parser with simple 
recurrent networks. Information Sciences, 180(23), 4695‐4705.  
https://doi.org/10.1016/j.ins.2010.08.008  

Hadjistavropoulos, T., Malloy, D. C., Sharpe, D., Green, S. M., & Fuchs‐Lacelle, S. (2002). 
The relative importance of the ethical principles adopted by the American Psy‐
chological Association. Canadian Psychology/Psychologie Canadienne, 43(4), 254‐
259. https://psycnet.apa.org/record/2002‐06469‐004  

Hagiwara, H. (1993). Nonagentive predicates and agrammatic comprehension. Metropol-
itan Linguistics, 13(7), 127‐142. https://ci.nii.ac.jp/naid/10008744967/  

Hanne, S., Sekerina, I. A., Vasishth, S., Burchert, F., & De Bleser, R. (2011). Chance in 
agrammatic sentence comprehension: What does it really mean? Evidence from 
eye movements of German agrammatic aphasic patients. Aphasiology, 25(2), 221‐
244. https://doi.org/10.1080/02687038.2010.489256  

Harun, M. (2020). Investigating the agrammatic production of canonical and non‐
canonical sentences cross‐linguistically. Advances in Language and Literary Stud-
ies, 11(1), 6‐16. http://dx.doi.org/10.7575/aiac.alls.v.11n.1p.6  

Hickok, G., & Avrutin, S. (1995). Representation, referentiality, and processing in 
agrammatic comprehension: Two case studies. Brain and Language, 14(2), 156‐
174. https://doi.org/10.1006/brln.1995.1038  

Hickok, G., Canseco‐Gonzalez, E., Zurif, E., & Grimshaw, J. (1992). Modularity in locating 
wh‐gaps. Journal of Psycholinguistic Research, 21(6), 545‐561.   
https://link.springer.com/article/10.1007%2FBF01067530  

Hornstein, N., Nunes, J., & Grohmann, K. K. (2005). Understanding minimalism. Cam‐
bridge University Press.  

Ingram, J. C. (2007). Neurolinguistics: An introduction to spoken language processing and 
its disorders. Cambridge University Press. 

Karimi, S. (2008). A minimalist approach to scrambling: Evidence from Persian. Walter de 
Gruyter.  

Kristinsson, S., Thors, H., Yourganov, G., Magnusdottir, S., Hjaltason, H., Stark, B. C., 
Basilakos, A., Ouden, D., Rorden, C., Hickok, G., Hillis, A., & Fridriksson, J. (2020). 
Brain damage associated with impaired sentence processing in acute aphasia. 
Journal of Cognitive Neuroscience, 32(2), 256‐271.  
https://doi.org/10.1162/jocn_a_01478  

LaCroix, A. N., Blumenstein, N., Tully, M., Baxter, L. C., & Rogalsky, C. (2020). Effects of 
prosody on the cognitive and neural resources supporting sentence comprehen‐
sion: A behavioral and lesion‐symptom mapping study. Brain and Language, 
203(8), 104‐121. https://doi.org/10.1016/j.bandl.2020.104756  

Lasnik, H. (2002). The minimalist program in syntax. Trends in Cognitive Sciences, 6(10), 
432‐437. https://doi.org/10.1016/S1364‐6613(02)01977‐0  

Linebarger, M. C. (1995). Agrammatism as evidence about grammar. Brain and language, 
50(1), 52‐91. https://doi.org/10.1006/brln.1995.1040  

Linebarger, M. C., Schwartz, M. F., & Saffran, E. M. (1983). Sensitivity to grammatical 
structure in so‐called agrammatic aphasics. Cognition, 13(3), 361‐392. 
https://doi.org/10.1016/0010‐0277(83)90015‐X  

Linebarger, M., McCall, D., Virata, T., & Berndt, R. S. (2007). Widening the temporal win-
dow: Processing support in the treatment of aphasic language production. Brain 
and Language, 100(1), 53-68. https://doi.org/10.1016/j.bandl.2006.09.001  

Love, T., & Swinney, D. (1996). Coreference processing and levels of analysis in object-
relative constructions:  Demonstration of antecedent reactivation with the cross-
modal priming paradigm. Journal of Psycholinguistic Research, 25(1), 5-24. 
https://doi.org/10.1007/BF01708418  

Mack, J. E., Mesulam, M. M., Rogalski, E. J., & Thompson, C. K. (2019). Verb-argument in-
tegration in primary progressive aphasia: Real-time argument access and selec-
tion. Neuropsychologia, 134(6), 107-192.  
https://doi.org/10.1016/j.neuropsychologia.2019.107192  

Mahmoudi, S. (2019). Elements in the restrictive relative clause: Resumptive pronoun or 
null operator. Language Sciences, 6(9), 55-82.  
https://dx.doi.org/10.22054/ls.2019.5847.1025  

Malyutina, S., & Zelenkova, V. (2020). Verb argument structure effects in aphasia are 
different at single-word versus sentence level. Aphasiology, 34(4), 431-457. 
https://doi.org/10.1080/02687038.2019.1697866  

Marshall, J. (1995). The mapping hypothesis and aphasia therapy. Aphasiology, 9(6), 
517-539. https://doi.org/10.1080/02687039508248712  

Maruszewski, M. (2017). Language communication and the brain: A neuropsychological 
study.  Walter de Gruyter.  

Maviş, I., Arslan, S., & Aydin, Ö. (2019). Comprehension of word order in Turkish apha-
sia. Aphasiology, 12(6), 1-17. https://doi.org/10.1080/02687038.2019.1622646  

McClelland, J. L. (1987). The case for interactionism in language processing. Canegie-
Mellon University Press. https://apps.dtic.mil/sti/citations/ADA180133  

McElree, B., & Griffith, T. (1998). Structural and lexical constraints on filling gaps during 
sentence comprehension: A time-course analysis. Journal of Experimental Psy-
chology: Learning, Memory, and Cognition, 24(2), 432-445.  
https://psycnet.apa.org/doi/10.1037/0278-7393.24.2.432  

Mehri, A., Ghorbani, A., Darzi, A., Jalaie, S., & Ashayeri, H. (2016). Comparing the produc-
tion of complex sentences in Persian patients with post-stroke aphasia and non-
damaged people with normal speaking. Iranian Journal of Neurology, 15(1), 28-
34. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4852068/  

Mitchum, C. C., Haendiges, A. N., & Berndt, R. S. (1995). Treatment of thematic mapping 
in sentence comprehension: Implications for normal processing. Cognitive Neu-
ropsychology, 12(5), 503-547. https://doi.org/10.1080/02643299508252006  

Mondini, S., Arcara, G., & Jarema, G. (2014). Semantic and syntactic processing of mass 
and count nouns: Data from dementia. Journal of Clinical and Experimental Neu-
ropsychology, 36(9), 967-980. https://doi.org/10.1080/13803395.2014.958437  

Murray, L. L. (2018). Sentence processing in aphasia: An examination of material-
specific and general cognitive factors. Journal of Neurolinguistics, 48, 26-46. 
https://doi.org/10.1016/j.jneuroling.2018.03.007   

Nedergaard, J. S., Martínez-Ferreiro, S., Fortescue, M. D., & Boye, K. (2020). Non-fluent 
aphasia in a polysynthetic language: Five case studies. Aphasiology, 34(6), 654-
673. https://doi.org/10.1080/02687038.2019.1643000  

Nicol, J., & Swinney, D. (1989). The role of structure in coreference assignment during 
sentence comprehension. Journal of Psycholinguistic Research, 18(1), 5-19. 
https://link.springer.com/article/10.1007/BF01069043  

Nilipour, R. (1994). Persian aphasia battery (PAB). Iran Medical University Press.  
Nilipour, R., & Raghibdoust, S. (2001). Manifestations of aphasia in Persian. Journal of 

Neurolinguistics, 14(2-4), 209-230.  
https://doi.org/10.1016/S0911-6044(01)00015-X  



202  —  Syntactic Comprehension in Persian-Speaking Agrammatics: Further Proof of Trace ...

O'Grady, W., & Lee, M. (2005). A mapping theory of agrammatic comprehension deficits. 
Brain and Language, 92(1), 91-100.  
https://doi.org/10.1016/j.bandl.2004.05.009    

Rahmany, R., Marefat, H., & Kidd, E. (2014). Resumptive elements aid comprehension of 
object relative clauses: Evidence from Persian. Journal of Child Language, 41(4), 
937-948. doi:10.1017/S0305000913000147  

Reznik, M. (1995). Functional categories in agrammatism. Brain and Language, 50(1), 
117-133. https://doi.org/10.1006/brln.1995.1042  

Riis, P. (2000). Perspectives on the fifth revision of the declaration of Helsinki. Jama, 
284(23), 3045-3046. https://doi.org/10.1001/jama.284.23.3045  

Rizzi, L. (1985). Two notes on the linguistic interpretation of Broca's aphasia. Agramma-
tism, 23(6), 153-164. https://doi.org/10.1016/B978-0-12-402830-2.50010-9  

Sahraoui, H., & Nespoulous, J. L. (2012). Across-task variability in agrammatic perfor-
mance. Aphasiology, 26(6), 785-810.  
https://doi.org/10.1080/02687038.2011.650625  

Salimi, A., & Dadashpour, S. (2012). Task complexity and language production dilemmas 
(Robinson's cognition hypothesis vs. Skehan's trade-off model). Procedia-Social 
and Behavioral Sciences, 46(3), 643-652.  
https://doi.org/10.1016/j.sbspro.2012.05.177  

Sample, E., & Michel, M. (2014). An exploratory study into trade-off effects of complexity, 
accuracy, and fluency on young learners’ oral task repetition. TESL Canada Jour-
nal, 43(8), 23-34. https://doi.org/10.18806/tesl.v31i0.1185  

Schilling, S. (2019). Linguistic theories about agrammatism: The trace deletion hypothesis 
and the tree pruning hypothesis. GRIN Verlag.  

Schwering, S. C., & MacDonald, M. C. (2020). Verbal working memory as emergent from 
language comprehension and production. Frontiers in Human Neuroscience, 
14(6), 235-248. https://doi.org/10.3389/fnhum.2020.00068  

Seidenberg, M. S., & MacDonald, M. C. (2001). Constraint satisfaction in language acquisi-
tion and processing. Connectionist Psycholinguistics, 12(9), 281-318.  

Shetreet, E., Linzen, T., & Friedmann, N. (2016). Against all odds: Exhaustive activation in 
lexical access of verb complementation options. Language, Cognition and Neuro-
science, 31(9), 1206-1214. https://doi.org/10.1080/23273798.2016.1205203  

Shiani, A., Joghataei, M. T., Ashayeri, H., Kamali, M., Razavi, M. R., & Yadegari, F. (2019). 
Comprehension of complex sentences in the Persian-speaking patients with 
aphasia. Basic and Clinical Neuroscience, 10(3), 199- 218.  
https://dx.doi.org/10.32598%2Fbcn.9.10.185  

Soroli, E., Sahraoui, H., & Sacchett, C. (2012). Linguistic encoding of motion events in 
English and French: Typological constraints on second language acquisition and 
agrammatic aphasia. Language, Interaction and Acquisition, 3(2), 261-287. 
https://www.jbe-platform.com/content/journals/10.1075/lia.3.2.05sor  

Su, Y. C., Lee, S. E., & Chung, Y. M. (2007). Asyntactic thematic role assignment by Manda-
rin aphasics: A test of the trace-deletion hypothesis and the double dependency 
hypothesis. Brain and Language, 101(1), 1-18.  
https://doi.org/10.1016/j.bandl.2006.12.001  

Sung, J. E., Choi, S., Eom, B., Yoo, J. K., & Jeong, J. H. (2020). Syntactic complexity as a lin-
guistic marker to differentiate mild cognitive impairment from normal aging. 
Journal of Speech, Language, and Hearing Research, 63(5), 1416-1429. 
https://pubs.asha.org/doi/abs/10.1044/2020_JSLHR-19-00335  

Tan, U. (2007). The psychomotor theory of human mind. International Journal of Neuro-
science, 117(8), 1109-1148. https://doi.org/10.1080/00207450600934556  

Tesak, J., & Code, C. (2008). Milestones in the history of aphasia: Theories and protago-
nists. Psychology Press.  



Journal of Language Horizons, Alzahra University  —  203

O'Grady, W., & Lee, M. (2005). A mapping theory of agrammatic comprehension deficits. 
Brain and Language, 92(1), 91-100.  
https://doi.org/10.1016/j.bandl.2004.05.009    

Rahmany, R., Marefat, H., & Kidd, E. (2014). Resumptive elements aid comprehension of 
object relative clauses: Evidence from Persian. Journal of Child Language, 41(4), 
937-948. doi:10.1017/S0305000913000147  

Reznik, M. (1995). Functional categories in agrammatism. Brain and Language, 50(1), 
117-133. https://doi.org/10.1006/brln.1995.1042  

Riis, P. (2000). Perspectives on the fifth revision of the declaration of Helsinki. Jama, 
284(23), 3045-3046. https://doi.org/10.1001/jama.284.23.3045  

Rizzi, L. (1985). Two notes on the linguistic interpretation of Broca's aphasia. Agramma-
tism, 23(6), 153-164. https://doi.org/10.1016/B978-0-12-402830-2.50010-9  

Sahraoui, H., & Nespoulous, J. L. (2012). Across-task variability in agrammatic perfor-
mance. Aphasiology, 26(6), 785-810.  
https://doi.org/10.1080/02687038.2011.650625  

Salimi, A., & Dadashpour, S. (2012). Task complexity and language production dilemmas 
(Robinson's cognition hypothesis vs. Skehan's trade-off model). Procedia-Social 
and Behavioral Sciences, 46(3), 643-652.  
https://doi.org/10.1016/j.sbspro.2012.05.177  

Sample, E., & Michel, M. (2014). An exploratory study into trade-off effects of complexity, 
accuracy, and fluency on young learners’ oral task repetition. TESL Canada Jour-
nal, 43(8), 23-34. https://doi.org/10.18806/tesl.v31i0.1185  

Schilling, S. (2019). Linguistic theories about agrammatism: The trace deletion hypothesis 
and the tree pruning hypothesis. GRIN Verlag.  

Schwering, S. C., & MacDonald, M. C. (2020). Verbal working memory as emergent from 
language comprehension and production. Frontiers in Human Neuroscience, 
14(6), 235-248. https://doi.org/10.3389/fnhum.2020.00068  

Seidenberg, M. S., & MacDonald, M. C. (2001). Constraint satisfaction in language acquisi-
tion and processing. Connectionist Psycholinguistics, 12(9), 281-318.  

Shetreet, E., Linzen, T., & Friedmann, N. (2016). Against all odds: Exhaustive activation in 
lexical access of verb complementation options. Language, Cognition and Neuro-
science, 31(9), 1206-1214. https://doi.org/10.1080/23273798.2016.1205203  

Shiani, A., Joghataei, M. T., Ashayeri, H., Kamali, M., Razavi, M. R., & Yadegari, F. (2019). 
Comprehension of complex sentences in the Persian-speaking patients with 
aphasia. Basic and Clinical Neuroscience, 10(3), 199- 218.  
https://dx.doi.org/10.32598%2Fbcn.9.10.185  

Soroli, E., Sahraoui, H., & Sacchett, C. (2012). Linguistic encoding of motion events in 
English and French: Typological constraints on second language acquisition and 
agrammatic aphasia. Language, Interaction and Acquisition, 3(2), 261-287. 
https://www.jbe-platform.com/content/journals/10.1075/lia.3.2.05sor  

Su, Y. C., Lee, S. E., & Chung, Y. M. (2007). Asyntactic thematic role assignment by Manda-
rin aphasics: A test of the trace-deletion hypothesis and the double dependency 
hypothesis. Brain and Language, 101(1), 1-18.  
https://doi.org/10.1016/j.bandl.2006.12.001  

Sung, J. E., Choi, S., Eom, B., Yoo, J. K., & Jeong, J. H. (2020). Syntactic complexity as a lin-
guistic marker to differentiate mild cognitive impairment from normal aging. 
Journal of Speech, Language, and Hearing Research, 63(5), 1416-1429. 
https://pubs.asha.org/doi/abs/10.1044/2020_JSLHR-19-00335  

Tan, U. (2007). The psychomotor theory of human mind. International Journal of Neuro-
science, 117(8), 1109-1148. https://doi.org/10.1080/00207450600934556  

Tesak, J., & Code, C. (2008). Milestones in the history of aphasia: Theories and protago-
nists. Psychology Press.  

Tzeng, O. J., Chen, S., & Hung, D. L. (1991). The classifier problem in Chinese aphasia. 
Brain and Language, 41(2), 184-202.  
https://doi.org/10.1016/0093-934X(91)90152-Q  

Uddén, J., de Jesus Dias Martins, M., Zuidema, W., & Tecumseh Fitch, W. (2020). Hierar-
chical structure in sequence processing: How to measure it and determine its 
neural implementation. Topics in Cognitive Science, 12(3), 910-924. 
https://doi.org/10.1111/tops.12442  

Wang, X., Hui, B., & Chen, S. (2020). Language selective or non-selective in bilingual lexi-
cal access? It depends on lexical tones! PloS One, 15(3), 230-242.  
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0230412   

Wanner, E. (2019). On remembering, forgetting, and understanding sentences: A study of 
the deep structure hypothesis. Walter de Gruyter.  

Xu, K., Duann, J. R., Hung, D. L., & Wu, D. H. (2019). Preference for object relative clauses 
in Chinese sentence comprehension: Evidence from online self-paced reading 
time. Frontiers in Psychology, 10(4), 221-234.  
https://www.frontiersin.org/articles/10.3389/fpsyg.2019.02210/full 

 
 


