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Expression of syntactic complexity in sentence comprehension: A
comparison between dyslexic and regular readers
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Abstract. The present study was designed to investigate the influence of syntactic
complexity on sentence comprehension in Hebrew. Participants were 40 native
Hebrew-speaking 5th grade dyslexic and normally reading children aged 10-11 years.
Children’s syntactic abilities were tested by three experimental measures: syntactic
judgment, a sentence-picture matching task, and a sentence correction task. Each task
consisted of sentences composed of five syntactic constructions varying in the level of
syntactic complexity (active, passive, conjoined, object-subject relative, and subject-
object relative). The length of sentences and the number of propositions in the sen-
tences were controlled. In addition, a wide range of the children’s reading and general
abilities (e.g., reading comprehension, phonological awareness, and working memory)
was examined. The results indicated that dyslexic readers were less accurate and
slower than good readers in all reading tasks and in the tasks on sentence comprehen-
sion. The findings suggest that the factor of syntactic complexity seems to be a rela-
tively independent aspect of sentence comprehension. This aspect of sentence
comprehension is probably not affected in dyslexic readers. Rather, processing deficit
related to phonological and memory impairments of dyslexic children and their abil-
ity to process syntactic information is responsible for the difficulties in sentence com-
prehension.
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It is now generally accepted that processing of written text is a lan-
guage-based activity and depends on a variety of factors, which include
not only phonological and orthographic processes but also refer to
semantic and syntactic sources of information (Ferstl & Flores d’Arcais,
1999; Perfetti, 1999). Such a view suggests, among other things, regard-
ing reading disabilities first of all as development language disorders
(e.g., Kamhi & Catts, 1989), which may be characterized by lower order
(primarily, phonological) processing impairment as well as higher order
(e.g., semantic and syntactic) processing deficit. However, the relation-
ships between specific skills required for two levels of language process-
ing on the one hand, and for lexical and supra-lexical processes in
reading on the other, seem to be different (Share & Leikin, 2004).
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Semantic/syntactic deficits are only weakly related, if at all, to the char-
acteristically modular word recognition processes involved in reading
isolated words and pseudowords. At the same times, these language
deficiencies are significantly associated with processes operating beyond
the level of individual words when readers are required to read and
understand connected text (Gough & Tunmer, 1986; Hoover & Gough,
1990).

The role of syntactic abilities in dyslexia has been extensively dis-
cussed in the last decade (e.g., Badian, Duffy, Als & McAnulty, 1991;
Gottardo, Stanovich & Siegel, 1997; Tunmer & Hoover, 1992). This
research has yielded considerable evidence of a link between syntactic
processing and reading skills (Bentin, Deutsch, & Liberman, 1990;
Bowey, 1986; Deutsch & Bentin, 1996; Tunmer & Hoover, 1992; Wil-
lows & Ryan, 1986). Compared with good readers, poor and dyslexic
readers differ on a number of syntactic processing tasks: sentence cor-
rection, grammatical acceptability, sentence judgment, etc. (Badian
et al., 1991; Bentin et al., 1990; Gottardo et al., 1997; Tunmer & Hoo-
ver, 1992). Weakness in the different syntactic areas has been found in
a wide range of ages (starting from the infancy) in various syntactic
tasks (e.g., judgment, matching, correction), and regarding different
syntactic categories (e.g., relative clause and word order) (Deutsh &
Bentin, 1996; Nation & Snowling, 2000; Scarborough, 1991; Smith,
Shankweiler & Mann, 1984). Moreover, a certain linkage between spo-
ken language competencies and reading ability has been confirmed
empirically in numerous studies, which report significant correlations
between various language abilities (including syntactic) at or before
school entry and reading achievement in the early grades (for reviews
see Scarborough, 1998; Snow, Burns & Griffin, 1998).

However, if the presence of some semantic-syntactic deficiencies in
many diagnosed dyslexics and other with established reading problems
is not in dispute, the interpretation of these data is controversial. One
view is that children with reading difficulties lack basic syntactic abili-
ties due to delayed development of language skills (Byrne, 1981;
Fletcher, Satz & Scholes, 1981) or due to structural deficiencies in the
language system (Badian et al., 1991; Stein, Cairns & Zurif, 1984). This
view was also supported by several studies in which correlations
between poor reading comprehension and weakness in syntactic aware-
ness skills were found (e.g., Nation & Snowling, 2000; Perfetti, 1994).
Particularly, it was suggested that deficient syntactic awareness that
reflected general difficulties in language processing (mostly grammatical
and semantic impairments) exceeds the difficulties in reading compre-
hension (Nation & Snowling, 2000).
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An alternative view was formulated by Perfetti and Lesgold (1977),
who hypothesized that low understanding resulted in dyslexia, mainly
from working memory limitations. Indeed, more than one group of
researchers have argued that the association between general language
abilities and reading is an epiphenomenon of mediating factors such as
phonological abilities, 1Q or social background (Gottardo et al., 1997;
Shankweiler, Crain, Brady & Macaruso, 1992; Shankweiler et al.,
1995). For example, syntactic deficiency was indicated as not character-
istic of reading disability and the deficient syntactic ability observed in
reading-disabled children reflected a limitation of short-term memory
(or working memory) caused by a basic difficulty in generating phono-
logical codes (Fowler, 1988; Shankweiler et al., 1992). Shankweiler
et al. (1995), in their study in which good and disabled readers (aged 7—
9) performed tasks on judgment of complex syntactic structures and
sentence—picture matching, found that under the condition of decreased
requirements from working memory poor readers did not differ from
good readers in the tasks on syntactic knowledge. Accordingly, it was
suggested that reading-disabled children know the relevant grammatical
structures, and status of syntactic abilities alone cannot distinguish
these children from controls.

Finally, Deutsch and Bentin (1996) summarized primary findings
and proposed that the two opposing views could be approximated by
the assumption that the apparent syntactic weakness of reading-dis-
abled children did not reflect the absence of basic syntactic knowledge,
but a poor ability to use this knowledge proficiently (cf. the processing
deficit hypothesis of Crain and Shankweiler, 1988). Thus, the research-
ers are not agreed upon the character of syntactic ability in dyslexia, its
role in comprehension of oral and written modalities of language, and
the origin of syntactic weakness (if any) in reading-disabled children.

Note, however, that the ‘syntactic issue’ is closely associated with
complex character of syntactic knowledge (and syntactic ability) and
with cognitive complexity of sentence processing (Clifton & Duffy,
2001; Friederici, 1999; Hagoort, Brown & Osterhout, 1999). In this con-
text, two points of interest may be singled out: syntactic complexity
and task dependence in syntactic comprehension.

Regarding syntactic complexity, it was found that dyslexic readers
articulate less complex syntactic structures (e.g., subject-relative and
object-relative constructions) and produce less complex and shorter sen-
tences in their speech as compared with normal readers (Kontiola,
Laaksonen, Solkava & Erkingontti, 1990; King & Just, 1991; Smith
et al., 1984; Vogel, 1974). Generally, syntactic complexity is measured
by number of verbs, number of thematic rules, sentence length (number
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of words), and type of syntactic construction (Caplan, 1993). In this
case, the number of verbs corresponds with the number of propositions,
which is not exactly characteristic of syntactic complexity but is thought
significantly to affect sentence comprehension (Norman, Kemper &
Kynette, 1992; Rochon, Waters & Caplan, 1994). Increase in the num-
ber of propositions demands growth of resources of working memory
in use (Caplan & Waters, 1999) and, conversely, weakness of working
memory causes significant difficulties in sentence comprehension (Leikin
& Aharon-Peretz, 1998; Norman et al., 1992; Rochon et al., 1994).
Likewise, sentence length is also a significant variable influencing sen-
tence processing due to increased demands short-term memory. How-
ever, also this sentence measure cannot be counted as primarily
syntactic. Thus, only the number of thematic rules and the type of syn-
tactic construction seem to be the most promising variables in the study
of syntactic ability (Caplan, 1993; Kemper & Rash, 1988).

The task variable also appears to be significant for sentence compre-
hension (see Rochon et al., 1994 for review). The tasks on sentence
comprehension (e.g., sentence-picture matching, syntactic judgment,
sentence correction) are different from the viewpoint of non-language
cognitive abilities (e.g., memory and attention abilities) that are
required for successful performance. At least, they differ in the degree
of involvement of these abilities in sentence processing (Fowler, 1988;
Just & Carpenter, 1992; Smith et al., 1984). The differences between the
tasks are also evident in the level of participants’ activity (e.g., identifi-
cation of incorrect sentence in Syntactic judgment task — low-level, and
‘production’ in Sentence correction task — high level of activity) that is
demanded in each specific case (Rochon et al., 1994).

In turn, weakness or impairments in some of the noted non-linguistic
abilities (e.g., working memory) is known to be characteristic of dys-
lexia (Stanovich, 1988). Accordingly, the factor of the task seems to
impose additional restrictions on the examination of syntactic weakness
in dyslexia.

A further remark is appropriate regarding the language factor. To
date, the syntactic ability issue has mostly been studied in English or
other European languages. Yet specific features (not only syntactic) of
different languages may considerably affect the concrete expression of
syntactic complexity in different languages (e.g., Hebrew) as well as the
importance of this factor in sentence comprehension. Evidently, if this
is the case it will have significant influence on the performance of dys-
lexic readers in comprehension of sentences with different syntactic
structures. Conversely, if the role of syntactic complexity has a univer-
sal character it will allow generalization of findings obtained in one lan-
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guage to other languages. However, the role of syntax in general and of
syntactic complexity in particular, in Hebrew language comprehension
has hardly been studied even in normal readers. So far, few studies
have examined the relationships between syntactic abilities and dyslexia
in Hebrew (Bentin et al., 1990; Deutsh & Bentin, 1996).

Hebrew in general is closer to languages with pragmatic word order,
in contrast to English in which the syntactic order of the sentence compo-
nents is usually constant (Berman, 1985). The most characteristically
Semitic feature of Hebrew is its derivational morphology (Ephratt, 1985).
Most content words can be further broken down into two basic compo-
nents: root and pattern. The root, being the semantic core of a word, is an
ordered sequence of consonants (usually three), while the pattern is a
sequence of vowels, or vowels and consonants (e.g., GiBoR, ‘hero’).

The pattern of Hebrew verbs differs from the patterns of other con-
tent words. Verbs are formed according to seven patterns (binyanim,
‘conjugations’) while nouns and adjectives may occur in any of several
dozen different patterns (mishkalim, ‘declensions’). The verb patterns
denote such predicate-argument relations as transitivity, voice, causa-
tiveness, reflectiveness, etc. The noun patterns specify lexical classes, for
example, action nouns, agents and instruments. Usually the verb is
inflected by tense, gender, number and (in all but present tense) person.
The verb in Hebrew thus provides some information about the subject
that may be critical from the grammatical point of view; hence a great
deal of information that proves to be essential for sentence understand-
ing. Nouns and adjectives are also inflected by number, and for a few
other specific cases (e.g., for possession). In Hebrew, then recognition
of the lexical-morphological characteristics of the words seems to make
available important syntactic information.

The gender and number agreement rules in Hebrew have no effect
on semantic processing, but they reflect the syntactic relation of the sen-
tence constituents (Shanon, 1973). In addition, since the agreement
rules are at the level of inflectional morphology, their violation does
not cause changes in word class (Deutsch & Bentin, 1996). For exam-
ple, in the sentence Yeled (subject) yafeh (attribute) kotev (predicate)
(‘A nice boy is writing’), the morphological unit yeled (‘boy’) contains
information about gender and number (singular). Simple and essential
agreement rules in Hebrew grammar are acquired at a very early age
(Deutsch & Bentin, 1996). Finally, types of syntactic constructions (e.g.,
active, passive, conjunct) in Hebrew seem to be the same as in English
(Rosen, 1977).

Starting from the above-mentioned considerations, we set out to
examine the contribution of syntactic complexity to sentence compre-
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hension in Hebrew-speaking dyslexic and normal readers. To this end,
we proposed applying three types of tasks that are widely used in differ-
ent studies. They are sentence-picture matching (e.g., Shankweiler et al.,
1995), syntactic judgment (e.g., Shankweiler et al., 1995; Smith et al.,
1984), and sentence correction (e.g., Deutsh & Bentin, 1996; Nation &
Snowling, 2000). These tasks are not confounded by factors of sentence
length and number of propositions. We anticipated that controlling the
latter two variables would allow examination of syntactic ability of dys-
lexic children. However, considering that the selected tasks are different
from the viewpoint of activity level (production vs. identification) or
level of cognitive complexity, we expected to find pronounced differ-
ences in performance of these tasks (especially, in the dyslexic readers).

In this case, we suggested that dyslexic readers will demonstrate evi-
dent weakness in the auditory sentence comprehension. We hypothe-
sized also that results in sentence comprehension would be closely
associated with ability to process syntactic information. At the same
time, it was predicted that syntactic complexity would appear as a rela-
tively independent variable, which significantly contributed to processes
of sentence comprehension. In addition, it was proposed that the pro-
cessing deficits related to phonological and memory impairments of
dyslexic children and their ability to process syntactic information
would appear to be responsible for difficulties of dyslexic children in
sentence comprehension.

Finally, we suggested that employment of additional cognitive and
reading tasks (e.g., working memory and word recognition tasks) would
enable us to test potential influence of non-syntactic factors on sentence
processing.

Method
Participants

Participants in the study were 40 5th graders aged from 10 toll years
(M=10.5, SD=0.3), from middle class families: 20 dyslexic children
and 20 chronologically-age matched normally reading children. The
two groups of children were also matched on nonverbal IQ scores
(Raven Standard Progressive Matrices, Raven & Court, 1976) and gen-
der (see Table 1).

The dyslexic readers were drawn from an urban center for learning
disabilities in Haifa, and were diagnosed as having reading disability.
The regular 5th grade readers were drawn from regular mainstream
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Table 1. Performance of dyslexic and regular readers on the cognitive and reading
tasks, and syntactic comprehension task (M and SD).

Variables Dyslexic readers Regular readers P
(n = 20) (n = 20)

Gender 9/11* 10/10% 0.759

Age 10.5 (0.3) 10.6 (0.3) 0.863

Raven 41.8 (3.9) 39.6 (4.4) 0.267

Working memory —-0.2 (0.8) 0.2 (0.6) 0.006

Short-term memory 443 (2.9) 47.0 (2.3) 0.002

Text reading

Rate (words in min) 29.9 (7.1) 70.0 (13.7) 0.001

Accuracy 70.0 (19.7) 6.8 (2.8) 0.001

Reading comprehension 5.5(1.9) 7.7 (0.9) 0.001

Isolated word reading

Rate (in s) 109.3 (51.8) 52.4 (17.5) 0.001

Accuracy 11.9 (3.3) 28.8 (1.5) 0.001

Pseudoword reading

Rate (in s) 0.9 (0.4) 0.6 (0.2) 0.012

Accuracy —-1.44 (0.4) 1.4 (0.3) 0.001
“Male/female.

class placements at schools in the city of Haifa in northern Israel. All
participants had cognitive scores within the normal range, had received
adequate opportunities for reading instruction, had no history of lan-
guage impairment, hearing loss, or neurological findings, and were
monolingual native Hebrew speakers. All the subjects participated vol-
untarily and parental permission was obtained.

Measures

Experimental tasks
Three tests on sentence comprehension were used:

1. Sentence-picture matching task. This task contained 26 sentences.
Internal consistency (coefficient «) was .61. Sentences were illus-
trated by drawings of four sets of characters. For each sentence,
four pictures were presented: a picture was provided to illustrate
the right activity in the clause and three pictures were presented to
illustrate the possible interpretations of the clause. The children
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were instructed to listen to the sentence and to identify one picture
that was apt for the sentence.

2. Syntactic judgment task. This task consisted of 30 sentences
(x=0.68) which were divided into two categories: 10 syntactically
correct sentences and 20 syntactically incorrect sentences. Four
types of grammatical (syntactic/morphological) violations were
used: 1. Violations of the gender agreement between subject and
predicate. 2. Violations of the number agreement between subject
and predicate. 3. Violations of both gender and number agreement
between subject and predicate. 4. Violations of time/tense agree-
ment between subject and predicate.

In this task the participants were asked to judge and say ‘“‘correct” if
the spoken sentence was syntactically correct and ‘“‘incorrect” if it was
syntactically incorrect (included grammatical violation).

3. Sentence correction task. This task consisted of 30 sentences which
were divided into two categories identically to the division in the
syntactic judgment task. Internal consistency (x) was 0.72. Some
of the sentences were correct (n=10) and some were incorrect
(n=20) and contained one or two grammatical (syntactic/morpho-
logic) violations. The target written sentence was presented to the
subject, and in parallel it was also spoken to the child (to prevent
a burden on working memory). The children were instructed to
find and correct orally the violation or violations (syntactic/mor-
phological) in the written and spoken sentence if it was incorrect.
Alternatively, if the written and spoken sentence was correct (with-
out grammatical violation), the children were instructed to say
“correct”. After subject’s answer, the examiner lowered the paper
one line down to the next target sentence.

Each task included sentences that composed of five syntactic structures
varying in the level of syntactic complexity (active, passive, conjoined,
object-subject relative, subject-object relative). All the sentences included
two propositions only and sentence length (number of words) was from
five to ten words (M =7.68).

The majority of the sentences were composed of three semantic cate-
gories, which are simple and frequent in the language: 1. human beings
(mother, father, baby, sister, man, woman etc.), 2. jobs (policeman,
wetter, doctor, teacher etc.), 3. animals (cat, dog, mouse, cow, snake,
horse etc.).

Sentence order in each task was scrambled randomly. Responses to
the sentences were scored as correct or incorrect. The number of correct
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and incorrect responses of each sentence type was calculated along with
the reaction time.

A composite measure of Sentence comprehension was also created by
averaging standardized scores for all three sentence comprehension
tasks: sentence-picture matching, syntactic judgment, and sentence cor-
rection. As expected, the first principal component also explained most
of the variance in this set (80%), with similar weights for each of the
individual variables (0.856, 0.887, 0.938, respectively). Internal consis-
tency (o) was 0.87.

Additional measures
I. Three measures of basic abilities were used:

1. 1Q. General ability was assessed by the Raven Standard Progres-
sive Matrices (Raven & Court, 1976), a nonverbal test to measure
the 1Qs, in which the stimuli are 60 black-and-white patterns, with
one section missing. Participants were required to select the miss-
ing section from a series of six options.

2. Working memory. In the test on Sequence repetition on ant-
onyms (Shany & Ben Dror, 1998; Shany, Zayber & Ben-Dror,
1997), the participants were asked to listen to series of words of
increasing length and then to repeat the opposite words in the
same order (i.e., “white, fat” — “black, thin’). No repetitions
were allowed.

3. Short-term working memory. This ability was assessed by the
Recalling Sentences (RS) Woodcock Johnson III (Woodcock,
McGrew, Mather & Schrank, 2001). The test required verbatim
repetition of sentences of increasing length and linguistic complex-
ity. No repetitions by the examiner were allowed.

II. Three measures of reading abilities were used:

1. Pseudoword reading. The Decoding Skills Test (DST) (Deutsch,
1994) provides information about the subject’s ability to apply
phonic and structural analysis skills for the decoding of printed
pseudowords, which were structured to comply with the Hebrew
morpho-phonemic rules. This test contained a set of 24 meaning-
less three or four letter strings presented with vowel marks. The
DST score represents the total number of accurately read pseudo-
words (n=24).

2. Isolated word recognition. Word recognition was assessed by the
Real Words Reading Test (Breznitz, 1997, second list). Each child
was asked to read aloud a list of 32 words as accurately as they
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could. The test score represented the total number of accurately
read real monosyllabic and polysyllabic words (7= 32).

3. Reading accuracy, rate, and comprehension of connected text. In the
Reading Comprehension Test of Ministry of Education (Breznitz,
1997), children read a short passage (228 words) aloud and were
then asked questions to assess literal and inferential understanding.
Each child received an overall reading rate score, an accuracy
score, and a reading comprehension score.

Results

Table 1 presents the background bio-social characteristics for the dys-
lexic and regular readers and their performance on the cognitive and
reading tasks. The dyslectic group is seen to have been well matched
with the control group on such background characteristics as gender,
age and 1Q.

At the same time, dyslexic readers differed significantly from regular
readers in all reading measures and in working memory and short-term
memory tasks. They were less accurate and slower than regular readers
in pseudoword and isolated word reading, as well as in text reading
(accuracy, rate, and comprehension). These findings confirm the appli-
cability of groups’ designation.

Results of two groups of participants in sentence comprehension
tasks are presented in Table 2. Compared with regular readers, the dys-
lexic readers made significantly more mistakes in all tasks on sentence
comprehension and were significantly slower in the performance of
these tasks (besides sentence—picture matching task). That is, the results
in Table 2 show that the dyslexic readers experience significant difficul-
ties in auditory comprehension of sentences with different syntactic
structure in different experimental tasks.

In order to examine the significance of the difference between two
groups of participants in experimental tasks, a repeated measures analy-
sis of variance (GLM) with group variable (dyslexic readers vs. con-
trols) as between-subject factor and task type (three task types) variable
as within-subject factor was carried out. Results of analysis revealed a
significant group effect in experimental measures for performance accu-
racy (F(1,0)=60.65, P<0.001) but not for performance time (F(1,
0)=0.64, P=0.429). That is, only performance accuracy factor was
found to distinguish between dyslexic and regular readers in sentence
comprehension tasks. At the same time the task effects both for perfor-



SYNTACTIC COMPLEXITY AND DYSLEXIA 811

Table 2. Raw score (M and SD) differences between dyslexic and regular readers in
syntactic comprehension tasks (accuracy and reaction time®).

Variables Dyslexic readers Regular readers P (2-tailed)
(n = 20) (n = 20)
Sentence—picture matching 20.2 (3.1) 24.5(2.2) 0.001
(production)®
Reaction time 2.3(0.7) 1.9 (0.6) 0.073
Syntactic judgment (identification)® 23.8 (2.6) 27.4 (1.8) 0.001
Reaction time 0.4 (0.3) 0.2 (0.07) 0.025
Sentence correction (production)®  18.5 (1.6) 23.8 (1.8) 0.001
Reaction time 1.1 (0.6) 0.6 (0.5) 0.005
Production (total) 19.3 (2.0) 24.1 (1.8) 0.001
Reaction time 1.7 (0.4) 1.3 (0.5) 0.003
Sentence comprehension (total) 20.8 (2.0) 25.2 (1.6) 0.001
Reaction time 1.3 (0.4) 0.9 (0.3) 0.002

“Per sentence.
°In parentheses, the type (level) of participants’ activity in performance of sentence com-
prehension tasks is depicted.

mance accuracy (F(2,0)=116.96, P<0.001) and for performance time
(F(2,0)=228.55, P=0.429) were revealed. In addition, a repeated mea-
sures ANOVA revealed significant group by task type interactions both
for performance accuracy (F(2,0)=4.77, P<0.01) and performance time
(F(2,0)=5.36, P<0.009).

Thus, the results showed that sentence comprehension of the partici-
pants was significantly affected by the task type variable. In this case,
significant differences between dyslexic and regular readers were found
too (see also Table 2).

With the object to examine the hypothesis about the different levels
of activity required for performance of different tasks on sentence com-
prehension (Fowler, 1988; Just & Carpenter, 1992; Rochon et al., 1994;
Smith et al., 1984), the new variable dichotomy — production (high level
of activity: sentence—picture matching and sentence correction tasks) vs.
identification (low-level of activity: syntactic judgment task) — was cre-
ated (see Table 2). In examination of differences between groups of par-
ticipants with respect to level of activity required for task performance
(identification vs. production), level of activity was found to influence
on performance accuracy (F(1,0)=213.01, P<0.001) and performance
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time (F(1,0)=238.76, P<0.001). Inspection of Table 2 show that dys-
lexic readers were less accurate and slower in the tasks (sentence—pic-
ture matching and correction tasks) required more complex level of
performance activity (production) than in the sentence judgment task
(identification). Production/identification contrast was also found to be
the factor that enables to distinguish between dyslexic and control
groups with very significant group effect (F(1,0)=60.65, P<0.001). In
addition, a repeated measures ANOVA revealed significant interactions
of group effect with effect of level of performance activity (production
vs. identification) both for performance accuracy (F(1,0)=26.82,
P<0.001) and performance time (F(1,0)=12.91, P<0.001). This may
also be well illustrated by the data from Table 2. The higher the activity
level was, the stronger were the differences between dyslexic and regular
readers.

The groups’ performance in the tasks on sentence comprehension in
accordance with syntactic construction type is presented in Table 3.
Results showed that differences between two groups in comprehension
of sentences of all five syntactic types were highly significant. Also, syn-
tactic constructions almost uniformly varied in respect of relative diffi-
culties for comprehension in both groups of participants (Figure 1).

A repeated measures ANOVA (GLM) revealed a significant main
effect of syntactic complexity (type of syntactic constructions) in accu-

Table 3. Raw score (M and SD) differences between dyslexic and regular readers in
comprehension (accuracy and reaction time®) of different syntactic constructions.

Syntactic structures Dyslexic readers Regular readers F

(n = 20) (n = 20)
Active 0.8 (0.1) 0.9 (0.1) 26.796*
Reaction time 2.4. (1.0) 1.5(0.4) 19.451*
Passive 0.7 (0.1) 0.8 (0.1) 21.346*
Reaction time 2.3 (0.5) 1.9 (0.9) 9.130%*
Conjunct 0.7 (0.1) 0.9 (0.1) 15917*
Reaction time 3.8 (1.3) 2.76 (0.9) 7.855%*
Object relative 0.6 (0.1) 0.8 (0.1) 44 .916*
Reaction time 2.8 (0.8) 2.4 (1.0) 3.705 n.s.
Subject relative 0.6 (0.1) 0.8 (0.1) 24.919*
Reaction time 3.1 (1.4 2.4 (1.0) 4.465%**

* PPPaPer sentence.
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Figure 1. Variations of difficulties of different syntactic construction in two groups of
participants.

racy (F(4,0)0=21.96, P<0.001) and reaction time (F(4,0)=24.85,
P<0.001) measures of performance. In this case, a significant group
effects in performance accuracy (F(1,0)=61.92, P<0.001) and reaction
time (F(1,0)=9.68, P<0.003) were also yielded. That is, the factor of
syntactic complexity appears to influence significantly on participants’
performance, and results of performance in the presence of syntactic
complexity factor may distinguish between dyslexic and control groups.
At the same time, no significant interaction of syntactic complexity (five
types of syntactic constructions) with group (dyslexics vs. controls) was
revealed for accuracy (F(4, 0)=1.16, P<0.440) and reaction time (F(4,
0)=1.09, P<0.370). In other words, the patterns of participants’ per-
formance in accordance with type of syntactic construction were not
significantly different in the two groups.

Since the size of our sample did not enable us to perform a 5x 3
(5 sentence types x 3 task types) repeated measures ANOVA, the syn-
tactic complexity variable was compared with task type variable (for
accuracy measure only) using Friedman’s (nonparametric) test for K
related samples. The results of Friedman’s test on the task and syntactic
complexity effects revealed only partial interactions of these two effects
(see Table 4). Syntactic complexity effect was significant on the picture
matching and Correction tasks but not on the judgment task. The inter-
nal order of the syntactic construction within each task was not consis-
tent. For example, subject relative was the highest on correction tasks
and the lowest on sentence—picture matching task (Figure 2). Note that
this model was relatively consistent in both groups of participants.
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Table 4. Results of Friedman’s test on the task and syntactic complexity effects.

Tasks Mean ranks of syntactic constructions® P daf P

A P C Or Sr

Matching  4.16 3.49 2.71 2.79 1.85 57.721 4 0.000
Judgment  3.17 2.67 3.40 3.01 2.74 8.076 4 0.089
Correction  3.58 2.17 3.58 2.06 3.61 46.473 4 0.000

A — Active, P — passive, C — conjunct, Or — object relative, Sr — subject relative.

In addition, in order to examine interactions of obtained effects (i.c.,
task type and syntactic complexity effects) with background characteris-
tics and cognitive and reading variables, a repeated measures ANOVA
(GLM) was carried out (for accuracy measures only). Results demon-
strated no significant interaction of syntactic complexity effect with age
(F(4,0)=2.561, P=0.056), gender (F(4, 0)=1.853, P=0.141), working
memory  (F(4,0)=1.800, p=0.151), isolated word reading
(F(4,0)=1.265, P=0.302), and pseudoword reading (F(4, 0)=0.948,
P=0.448). Only two significant interactions were revealed: with general
ability (F(4, 0)=3.483, P=0.017) and slightly with short-term memory
(F(4,0)=2.647, P=0.050). Thus, these findings are in line with above
reported results: a lack of interaction of syntactic complexity effect with
group variable.

Also computation of a repeated measure ANOVA revealed signifi-
cant interaction (for accuracy measures) of task effect with isolated

Mean Rank
N

Matching Judgment Correct

|- A= ACTIVE —{3—PASSIVE —O—CONJUNCT —#l- OBJECT R. —4—SUBJECTR.

Figure 2. Interactions between syntactic complexity and task effects.
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word reading (F(2,0)=6.029, P=0.005) and pseudoword reading
(F(2,0)0=4.493, P=0.018), and no significant interactions with age
(F(2,0)=0.231, P=0.795), gender (F(2,0)=1.371, P=0.266), general
ability (F(2,0)=0.320, P=0.266), working memory (F(2,0)=0.60,
P=0.554), and short-term memory (F(2,0)=0.42, P=0.663). Since,
decoding skills are viewed to be critical for definition of dyslexia (e.g.,
Siegel, 1999; Stanovich, 1988), obtained results confirm the above
reported interaction of task effect with group variable.

Discussion

The focus of the present study was to examine the independent contri-
bution of syntactic complexity to sentence comprehension in dyslexic
and regular 5th grade Hebrew-speaking readers. Actually, an examina-
tion of this central topic suggested considering two different issues: the
status of syntactic abilities in dyslexic readers and the contribution of a
special component of syntactic structure — syntactic complexity — to
sentence comprehension in Hebrew. We expected dyslexic readers to
demonstrate evident weakness not only in reading-related tasks but also
in the auditory sentence comprehension. Also, we suggested that the
level of sentence comprehension would be closely associated with ability
to process syntactic information. Finally, we predicted that syntactic
complexity would appear as a relatively independent variable, which
significantly contributed to processes of sentence comprehension. Over-
all, the results provided considerable support for these three assump-
tions.

Children classified as dyslexic readers and well matched with control
children on age, gender, and non-verbal 1Q experienced notable difficul-
ties in all reading tasks. Compared with controls, they were significantly
less accurate and slower in word and pseudoword reading, contextuali-
zed reading and reading comprehension. Also, the dyslexic children
demonstrated a clear decline in working memory. Thus, the marked
deficiency in decoding and working memory abilities found in this
group confirmed the previous diagnosis of these children as dyslexic
readers ( Siegel, 1999; Stanovich, 1988).

At the same time, the dyslexic children experienced marked difficul-
ties in all tasks on sentence comprehension: they were significantly
slower and less accurate than controls. Sentence comprehension difficul-
ties (or syntactic weakness) in reading impairment has been a subject of
debate in contemporary literature on dyslexia (Badian et al., 1991; Ben-
tin et al., 1990; Gottardo et al., 1997, Tunmer & Hoover, 1992). Previ-
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ous experimental data indicated that poor readers differed from normal
readers on a number of syntactic processing tasks such as sentence cor-
rection (e.g., Bentin et al., 1990; Deutsch & Bentin, 1996), sentence-pic-
ture matching (e.g., Glass & Perna, 1986), and sentence judgment (e.g.,
Bentin et al., 1990), namely the same types of task as in the present
study. Accordingly, differences between dyslexic and regular readers
obtained in the study were fully expected and were in line with existing
data. Note, however, that our findings indicate not only statistically sig-
nificant but also prominently expressed differences. Moreover, these dif-
ferences were robust across three different types of sentence
comprehension tasks and five types of syntactic constructions.

According to the objective of the study, the syntactic abilities of
the participants were measured by their level of competence in syntac-
tic complexity, that is, their ability to handle sentences with different
syntactic construction (to comprehend them). In this case, the dyslexic
children proved considerably weaker than the controls. However, the
very significant main effect of syntactic complexity obtained in the
study did not interact with the group variable. Seemingly, this last
finding may be deemed evidence of the inherent value of syntactic
complexity for sentence comprehension (Caplan, 1993), which does
not depend on the group of participants. This assumption is confirmed
by the absence of any interactions between the syntactic complexity
effect and such variables as short-term and working memory and
decoding skills.

Decoding skills (phonological abilities) along with working memory
capacity are thought to be one of the central characteristics of dyslexia
(Gough & Tunmer, 1986; Siegel, 1999; Stanovich, 1988). However, the
findings demonstrated that these abilities contributed differently to per-
formance on the sentence comprehension tasks. While the decoding vari-
able very significantly interacted with the main effect of the task, there
were no significant interactions with working and short-term memory.
These differences may be due to the relative value of decoding skills and
working memory in dyslexia, and they may also be explained by differ-
ences in the relative difficulty of the tasks used in the study for assessing
decoding and memory abilities. In any event, our results suggest that the
dyslexic children were characterized primarily by a prominent decoding
deficit. At the same time, decoding skills largely reflect a reader’s phono-
logical ability, which is thought to be the source of dyslexics’ difficulties
in syntactic comprehension (Fowler, 1988, Shankweiler et al., 1992).
Likewise, memory abilities (principally short-term memory) are known
as relevant and very important for the sentence comprehension tasks
(Caplan & Waters, 1999). Weakness of short-term memory capacity in
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reading disabilities is noted in the literature ( Perfetti & Lesgold, 1977;
Siegel, 1999; Stanovich, 1988) and was also found in the present study.

However, while statistical analysis identified significant relationships
of performance on the sentence comprehension tasks with at least
decoding ability, neither of decoding and memory variables (nor the
group variable) interacted with the syntactic complexity effect. Seem-
ingly, this fact makes it possible to differentiate two notions: syntactic
comprehension and sentence comprehension (or more exactly syntactic
competence and sentence processing). In this context, it may be sug-
gested that the syntactic competence of dyslexic children does not sig-
nificantly differ from that of regular readers. Accordingly, the origin of
sentence comprehension difficulties may be sought in a processing defi-
cit of reading impaired children, which seems to include sentence pro-
cessing weakness (Breznitz & Leikin, 2000; Deutsch & Bentin, 1996). In
turn, sentence processing is complex and depends on a variety of fac-
tors (Ferstl & Flores d’Arcais, 1999; Perfetti, 1999). These include pho-
nological processing and memory resources. However, dyslexic readers
are characterized by a deficit just in these two fields.

In this context, the relationships of sentence complexity to task type
must be considered too. The results showed that significant differences
between the three tasks on sentence comprehension were evident in the
general sample as well as dyslexic group. These findings are in line with
available literature data that indicate important differences between the
three task types in the specific cognitive abilities required for their per-
formance (e.g., Rochon et al., 1994). In particular, this seems to be
associated with the character of the task performance (i.e., with the
level of participants’ activity during the task performance). For exam-
ple, syntactic judgment task requires only identifying a presence of any
incorrectness in the sentence (low-level of activity), whereas picture
matching and correction task imply carrying out of a few more complex
operations (high level of activity).

The results of our study showed that, compared with controls, the
difficulties of dyslexic children increased more significantly, when pass-
ing from the tasks required a low activity level (identification: syntactic
judgment task) to tasks required a high activity level (production: pic-
ture matching and correction tasks). An interaction of syntactic com-
plexity with task was also found only in production tasks. That is, the
higher was the level of activity required by the task, the highest was the
level of cognitive complexity of the task and the stronger was the influ-
ence of type task effect on the performance.

Dyslexic children were characterized by a deficiency in at least a few
abilities necessary for the performance of production tasks, for exam-
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ple, short-term memory, working memory, and attention (e.g., Fowler,
1988; Just & Carpenter, 1992). Two of these abilities (i.e., short-term
and working memory) were tested in our study and were found to be
significantly impaired in the dyslexic children. These findings may
explain the significant interaction of task and group effects.

At the same time, the main effect of the task interacted only partly
with the main effect of syntactic complexity. That is, the syntactic com-
plexity effect appeared hardly affected by the task effect (except the syn-
tactic judgment task — identification, i.e., low-level of activity).
Accordingly, two suggestions may be put forward. First, the factor of
syntactic complexity seems to be a relatively independent aspect of sen-
tence comprehension. Second, the various tasks in sentence comprehen-
sion differ in cognitive complexity (and the level of required activity) and
may (but do not necessarily) interact with the syntactic complexity effect.

To summarize, the factor of syntactic complexity seems to be a rela-
tively independent aspect of sentence comprehension. This factor signifi-
cantly influences on performance in the tasks on sentence
comprehension and does not correlate significantly with the group of
participants. Probably, this aspect of sentence comprehension is not
affected in dyslexic readers. Rather, the processing deficits related to
phonological and memory impairments of dyslexic children and their
ability to process syntactic information are responsible for their difficul-
ties in sentence comprehension.
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