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Do children with developmental
dyslexia have syntactic
awareness problems once
phonological processing and
memory are controlled?
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Introduction: Syntactic awareness is the ability to monitor and manipulate word
order within sentences. It is unclear whether childrenwith dyslexia have syntactic
awareness problems, as there are mixed results in the literature. Dyslexia is
typically classified with very poor word and nonword reading and phonological
processing problems are often observed in this population. It is conceivable
that a phonological deficit could strain memory when performing oral syntactic
awareness tasks. Here we examine if syntactic awareness problems are observed
in children with dyslexia once phonological processing and memory skills are
controlled.

Methods: Real and nonword reading e�ciency tests determined reading level.
Children with dyslexia (n = 25) were compared to typically developing children
(n = 24) matched for age (M = 8;8) and nonverbal abilities. Syntactic awareness
wasmeasured with an oral word order correction task (e.g., Is baking Lisa and her
son in his room sleeps). Tests of phonological awareness, phonological memory,
and verbal working memory were also administered and served as controls.

Results: The dyslexic group performed worse than typically developing readers
on syntactic awareness and this group di�erence persisted once phonological
memory and verbal workingmemorywere controlled. However, after controlling
for phonological awareness skills, there were no group di�erences on the
syntactic awareness test.

Discussion: The results suggest that phonological awareness problems in
particular might be responsible for syntactic awareness di�culties in dyslexia and
future studies should control for this. The results are discussed within theoretical
frameworks on the nature of oral language deficits in dyslexia.

KEYWORDS

dyslexia, syntactic awareness, phonological awareness, phonological memory, verbal

working memory

1 Introduction

Syntactic awareness is the ability to reflect on and manipulate word order within

sentences (Tunmer et al., 1987). The relation between syntactic awareness and reading

comprehension is well-established on both a theoretical (e.g., Perfetti and Stafura, 2014)

and empirical level (e.g., Tong et al., 2024). And yet the relevance of syntactic awareness to

word reading is less clear, with a mixed set of empirical evidence to date (e.g., Tunmer et al.,

1988; Tunmer, 1989; Rego, 1997; Cain, 2007; Deacon and Kieffer, 2018). This question
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has particular relevance to children with developmental dyslexia,

who experience the most entrenched difficulties in word reading.

Developmental dyslexia is typically classified by very poor real

word and nonword reading skills. While it is a written language

disorder, phonological processing is considered the core deficit

underlying these difficulties, at least in alphabetic orthographies

(Melby-Lervåg et al., 2012; Snowling and Hulme, 2012). It has

been argued that nonphonological oral language skills, such as

syntactic awareness, are classically intact in children with dyslexia

(see Bishop and Snowling, 2004). And yet, whether children with

dyslexia in fact have challenges with syntactic awareness is far

from clear, with many studies revealing deficits in comparison

to age-matched peers (e.g., Abu-Rabia et al., 2003; Rispens and

Been, 2007; Casalis et al., 2013; Robertson and Gallant, 2019)

while others do not (e.g., Smith et al., 1989; Shankweiler et al.,

1995). We contribute to this discussion by examining first whether

English-speaking children with dyslexia experience problems with

syntactic awareness relative to age-matched controls and then

whether they can be explained by other factors that could affect

performance on this task: phonological processing and working

memory. We do so because it is conceivable that phonological

processing difficulties could strain memory while processing orally

delivered sentences, a common method for syntactic awareness

tasks (Smith et al., 1989; Shankweiler et al., 1995). Examining

whether phonological processing or memory challenges explain

differences between children with dyslexia and typical readers could

clarify the mixed results and inform theories of developmental

reading disorders.

1.1 Word reading and syntactic awareness
in typically developing children

Before considering dyslexia, it is worth noting that the literature

on the relation between syntactic awareness and word reading

in typically developing children has received mixed results. Cain

(2007) examined predictors of word reading accuracy in 7-to-

10-year-olds and found that syntactic awareness was a significant

predictor even after grammatical knowledge, verbal working

memory, and vocabulary were controlled. A similar pattern

was revealed by Willows and Ryan (1986) who found syntactic

awareness predicted word reading accuracy in 6-to-8-year-old

children after controlling for nonverbal IQ, vocabulary, and verbal

working memory. However, phonological processing was not

controlled in these two studies. Given the strong relationship

between phonological processing and word reading (e.g., Hulme

et al., 2012), it would be important to examine whether syntactic

awareness remained a significant predictor of word reading

once phonological processing was controlled. Unlike the other

studies, Gottardo et al. (1996) found that syntactic awareness

was not a significant predictor of word reading in 8-year-old

children after controlling for phonological processing and verbal

working memory.

Plaza and Cohen (2003) also controlled for phonological

processing when examining the relationship between syntactic

awareness and reading. Syntactic awareness was a significant

predictor of 6-year-old French speaking children’s reading skills

even after controlling for phonological processing, memory, and

naming speed. However, reading skill was conceptualized as a broad

written language composite variable which included word reading,

spelling, and reading comprehension. It is unclear if syntactic

awareness was a significant predictor of word reading in particular

or written language skills in general. Overall, the majority of the

papers conducted with typically developing children show there is a

connection between syntactic awareness and word reading, but the

role of phonological processing as a potential explanation for this

relationship needs further investigation. We turn next to studies on

dyslexia which have investigated syntactic awareness problems in

children with very poor word wording skills that often co-exist with

phonological processing problems.

1.2 Syntactic awareness problems in
children with dyslexia

A large set of studies have now demonstrated that children

with dyslexia show poor performance on syntactic awareness

tasks in comparison to age-matched controls (e.g., Bentin et al.,

1990; Abu-Rabia et al., 2003; Leikin and Assayag-Bouskila, 2004;

Rispens et al., 2004; Rispens and Been, 2007; Casalis et al., 2013;

Chung et al., 2013; Yeung et al., 2014; Delage and Durrleman,

2018; Antón-Méndez et al., 2019; Robertson and Gallant, 2019;

but see Smith et al., 1989; Shankweiler et al., 1995; Robertson

and Joanisse, 2010). For instance, poor performance on spoken

sentence comprehension tests has emerged in studies of Hebrew-

speaking and French-speaking children with dyslexia (Leikin and

Assayag-Bouskila, 2004; Casalis et al., 2013, respectively). Studies

employing oral cloze tasks have also revealed challenges with syntax

in Arabic and Chinese-speaking dyslexic children (Abu-Rabia et al.,

2003; Yeung et al., 2014, respectively). Hebrew and Dutch-speaking

children with dyslexia showed grammaticality judgment difficulties

in studies conducted by Leikin and Assayag-Bouskila (2004)

and Rispens and Been (2007) respectively. Bentin et al. (1990)

found English speaking children with severe reading disabilities

performed worse than peers on a grammaticality judgment and

correction test. While in other cases, syntactic awareness difficulties

in children with dyslexia have been more subtle (Robertson and

Joanisse, 2010) or nonexistent (e.g., Smith et al., 1989; Shankweiler

et al., 1995) the majority of the studies that examined syntactic

awareness in children with dyslexia have indeed revealed problems

compared to age-matched controls.

1.3 Can phonological processing explain
syntactic awareness problems in children
with dyslexia?

The bigger question though lies in what poorer performance

of children with dyslexia on syntactic awareness tasks reflects. One

debate has been whether these are true syntax deficits or whether

they stem from known deficits in phonological processing (e.g.,

Smith et al., 1989; Shankweiler et al., 1995), which are widely

established to be a causal factor in the word reading difficulties that

English-speaking dyslexic readers experience (e.g., Melby-Lervåg

Frontiers in Language Sciences 02 frontiersin.org

https://doi.org/10.3389/flang.2024.1388964
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org


Robertson et al. 10.3389/flang.2024.1388964

et al., 2012; Snowling and Hulme, 2012). Answering this question

would inform treatment for dyslexia.

According to the Phonological Deficit Hypothesis, originally

coined the Processing Limitation Hypothesis (see Smith et al.,

1989), when oral syntactic awareness problems are found in

children with dyslexia, they can be explained by a core phonological

processing deficit which strains memory (Smith et al., 1989;

Shankweiler et al., 1995).

And yet, empirical evidence that tests whether syntactic

awareness problems in children with dyslexia stem from

phonological deficits is limited. Many studies that found syntactic

awareness problems in children with dyslexia reported concurrent

phonological processing deficits (Abu-Rabia et al., 2003; Rispens

and Been, 2007; Yeung et al., 2014; Robertson and Gallant, 2019).

However, to our knowledge, few studies examined the relationship

between phonological processing, syntactic awareness, and word

reading in children with dyslexia. Yeung et al. (2014) conducted a

longitudinal study with Chinese-speaking children. The dyslexic

group performed more poorly than the control group on syntactic

awareness in the first grade and these group differences persisted 3

years later. Syntactic awareness in the first grade was a significant

predictor of word reading 3 years later even after phonological

processing skills were controlled. This finding is not in line with

what the Phonological Deficit Hypothesis would predict. However,

it is important to consider cross-linguistic differences between

alphabetic and morphosyllabic languages. In Yeung et al.’s study,

children with dyslexia did not differ from the same-age control

group on phonological processing, and phonological processing

was not a significant predictor of word reading. Instead, rapid

naming, which is characteristically impaired in Chinese-speaking

children with dyslexia (Ho, 2004) was poorer in the dyslexic group

and was a significant predictor of word reading (Yeung et al., 2014).

The pattern might differ in dyslexic children learning to read in

alphabetic languages, such as English, given strong connection

between phonological processing and reading in these languages

(e.g., Melby-Lervåg et al., 2012; Snowling and Hulme, 2012).

Antón-Méndez et al. (2019) examined morphophonological

processing in the context of a syntactic awareness task in Spanish-

speaking children with dyslexia. Children had to complete a

sentence that adhered to subject-verb agreement (e.g., the key to

the cabinets___). Performance of the dyslexic group was poor

overall compared to the same-age control group, but it was not

explained by the presence or absence of morphophonological

number marking plural nouns. The authors concluded that the

lower scores in the dyslexic group were driven by problems

with syntactic processing that is independent of phonological

processing. Yet, in the context of alphabetic languages, no study

has explored syntactic awareness in children with dyslexia while

controlling for phonological processing with a separate measure

(e.g., as Yeung et al., 2014, did in Chinese).

1.4 Can verbal working memory explain
syntactic awareness problems in children
with dyslexia?

The role of verbal working memory in sentence processing has

received a good deal of theoretical (e.g., Baddeley, 1992; Just and

Carpenter, 1992; Baddeley et al., 2021) and empirical interest (e.g.,

Gottardo et al., 1996; Montgomery, 2008; Pham and Archibald,

2022). Models of working memory differ with respect to how

storage and manipulation of material are organized, but it is

clear that verbal working memory involves short-term storage and

manipulation of verbal material (e.g., see Baddeley, 1992; Just and

Carpenter, 1992; Baddeley et al., 2021). Since syntactic awareness

involves the perception and manipulation of, and reflection on

word order within sentences, verbal working memory is likely to

be engaged in performing a standard syntactic awareness task. For

example, in an orally administered word order correction task,

children need to briefly store the words in order tomanipulate them

to arrive at the correct word order. According to the Phonological

Deficit Hypothesis, sentence tasks with higher working memory

loads should be especially difficult for children with dyslexia since

their core phonological processing deficit would strainmemory and

affect performance (Smith et al., 1989; Shankweiler et al., 1995).

However, if task demands minimize memory loads, no syntax

problems should be observed (Smith et al., 1989; Shankweiler

et al., 1995). The existing literature which examines this hypothesis

comes from studies that examined verbal workingmemory through

task demands (Smith et al., 1989; Shankweiler et al., 1995;

Robertson and Joanisse, 2010; Antón-Méndez et al., 2019).

Smith et al. (1989) implemented a syntactic awareness task

that had minimal working memory loads. In the sentence-picture

matching task, children listened to a sentence and selected one of

two pictures that matched the sentence. Since children were able

to view the pictures while listening, the working memory load was

considered minimal. The dyslexic group only showed marginally

lower scores than the control group on a sentence-picture matching

task. Shankweiler et al. (1995) minimized memory loads even

further by designing a task whereby children listened to a

sentence while viewing one picture and then decided whether the

sentence matched the picture. There were no differences across

the dyslexic and control groups in this study. Smith et al. (1989)

and Shankweiler et al. (1995) interpret these findings to indicate

that children with dyslexia only show syntactic awareness problems

if memory processing loads are high. However, neither study

compared performance of dyslexic children under high versus

low memory loads; the memory load was held constant and

considered minimal.

A somewhat similar pattern was found in a dyslexia study that

manipulated different verbal working memory loads through task

demands (Robertson and Joanisse, 2010). A standard sentence-

picture matching task was employed whereby children listened

to a sentence while viewing four alternative picture displays

and selected the picture that matched the sentence. Working

memory was manipulated by varying the delay between the

spoken sentence and picture displays. In the low working memory

load condition, children heard the sentence and viewed the

pictures simultaneously, similar to the low working memory load

employed in the Smith et al. (1989) study. No group differences

across dyslexic and control groups were found under the low

working memory load. Working memory load was increased by

presenting the sentence first, followed by a three-second delay

before presenting the four picture choices. While performance

in both groups declined under the high working memory load,

no group differences were found across the dyslexic and control

groups. However, under the high working memory load the
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dyslexic group showed a syntactic complexity effect and performed

more poorly on complex versus simple sentences. However, the

control group performed equally well across simpler and complex

sentences. In summary, no direct differences were found across

dyslexic and control groups and the subtle differences in processing

complex versus simple sentences in the dyslexic group was only

evident under the high memory load.

A follow-up study by Robertson and Gallant (2019)

implemented eye tracking to record fixations during online

processing of oral sentences in a sentence-picture-matching task.

The task itself was similar to the low working memory load

employed by Robertson and Joanisse (2010). Like the earlier study,

no group differences were found across dyslexia and same-age

control groups on accuracy. However, the eye tracking data

revealed group differences in online processing. The control group

looked longer than the dyslexic group at the target picture while

listening to the sentence. In contrast, the dyslexic group looked

longer than the control group at the syntactic distractor, likely

reflecting a confusion between the object and subject. These eye

tracking data show that even under low memory loads the dyslexic

group showed subtle syntactic awareness difficulties compared to

the control group during online processing. This finding questions

the Phonological Deficit Hypothesis as an explanation for syntax

problems in children with dyslexia. In summary, when the role of

working memory on syntactic awareness in children with dyslexia

is measured through task demands, there is no clear pattern;

sometimes problems are found even under minimal working

memory loads (e.g., Robertson and Gallant, 2019).

The potential effects of working memory on syntactic

awareness in children with dyslexia were examined differently in

a study by Antón-Méndez et al. (2019). Working memory was

manipulated by examining different processing loads in a subject-

verb agreement sentence completion task. One way working

memory load was manipulated was by modality: both oral and

written tasks were administered, and it was argued that the written

task would present a higher processing load for children with

dyslexia. Secondly, performance was compared across sentences

with high and low frequency nouns. Lower frequency nouns may

involve a higher processing load while processing subject-verb

agreement. However, neither of the syntax task-related working

memory load conditions explained the poorer performance in

the dyslexic group. To summarize the current literature on the

role of phonological processing and working memory on syntactic

awareness problems in dyslexia, manipulating task demands alone

makes it unclear whether phonological processing or memory or

both are related to performance on syntactic awareness tests.

1.5 The current study

As reviewed above, it is not clear if children with dyslexia

have difficulties on syntactic awareness tasks and if they do, it

is unknown if these are accounted for by challenges with either

phonological processing or working memory. While phonological

processing deficits are characteristic in this population, very few

studies have examined potential relations among phonological

processing and syntactic awareness in children with dyslexia

(see Yeung et al., 2014) and none have examined whether

syntactic awareness problems in dyslexia might be explained by

phonological processing. And given the limited number of studies

that manipulated working memory demands and the mixed results

on whether this is related to syntactic awareness in children with

dyslexia (e.g., Robertson and Joanisse, 2010; Robertson andGallant,

2019) we take another approach to answering this question by

controlling for individual differences in working memory to see if

they are related to any observed syntactic awareness problems in

children with dyslexia.

The Phonological Deficit Hypothesis (Smith et al., 1989;

Shankweiler et al., 1995) speaks to phonological processing deficits

that could strain memory. This hypothesis encapsulates multiple

processes that are related to syntactic awareness. For instance,

phonological awareness is one type of phonological processing; it is

the ability to perceive and manipulate phonemes within words and

has been well established as an underlying deficit in children with

dyslexia, at least in alphabetic languages like English (Melby-Lervåg

et al., 2012; Snowling and Hulme, 2012). We examine here whether

phonological awareness is responsible for any observed deficits in

syntactic awareness, given its status as another metalinguistic skill

that involves manipulation of linguistic units. Another aspect of

phonological processing is phonological memory, which involves

the short-term storage of phonological material (Torgesen, 1996).

This skill might also be relevant in the context of syntactic

awareness. For instance, the ability to temporarily store words while

listening to the sentence unfold over time might be related to

performance on a syntactic awareness task (e.g., van Witteloostuijn

et al., 2021). Finally, verbal working memory involves both storage

and manipulation of verbal material and there is speculation as to

its role in syntactic awareness (e.g., Gottardo et al., 1996; Pham and

Archibald, 2022). Within studies on syntactic awareness in children

with dyslexia, working memory has only been examined through

task demands. It would be useful to measure verbal working

memory skills outside the context of syntax tests and control for

its potential effect on syntactic awareness.

Taking these ideas together, it is conceivable that poor

performance on syntactic awareness could result from a

problem with phonological awareness, phonological memory,

or verbal working memory. By measuring children’s phonological

awareness, phonological memory, and verbal working memory

skills separately and controlling for themwhen examining syntactic

awareness, we can determine whether any of these are contributing

to any syntactic awareness problems that are found in children

with dyslexia. None of the studies to date have measured and

controlled for all three skills when examining syntactic awareness

in children with dyslexia.

We implement this approach here. Our first research question

addresses whether children with dyslexia have syntactic awareness

problems in comparison to age-matched peers. Secondly, we

examine if any observed syntactic awareness problems remain once

phonological memory and verbal working memory are controlled.

Both of these skills involve short-term storage of verbal material,

and a second research question will address the extent to which

memory plays a role in syntactic awareness skills of children with

dyslexia. An assumption of The Phonological Deficit Hypothesis

is that phonological processing strains memory (Smith et al.,
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1989; Shankweiler et al., 1995). It is worthwhile to first examine

whether memory skills on their own change syntactic awareness

in dyslexia. Finally, if syntactic awareness problems persist once

both phonological and verbal working memory are controlled, we

will examine whether they persist after controlling for phonological

awareness in our final research question. In answering these

questions, we employ an oral word order correction test to

measure syntactic awareness. This is a widely used task that is

developmentally appropriate for this age range (e.g., Deacon and

Kieffer, 2018) and the use of an oral task avoids confounding

performance with word-level reading difficulties (e.g., see Casalis

et al., 2013).

2 Methods

2.1 Participants

The data that we report on comes from a larger study of

reading development. A total of 49 participants from the third

and fourth grades were recruited from elementary schools in

Atlantic Canada. All participants were native speakers of English,

and none had hearing difficulties, attention deficit hyperactivity

disorder (ADHD), or neurological impairments based on parental

report. Mean test scores and standard deviations for the two groups

described below are reported in Table 1.

2.1.1 Dyslexic group
We identified a total of 25 children (15 female; 10 male) for this

group. We identified children as part of the dyslexic group based

on a mean percentile rank below 20 across the word and nonword

reading efficiency measures and a score at the 40th percentile rank

or higher on the nonverbal cognition measure described below

(Torgesen et al., 2012; Kaufman and Kaufman, 2004; respectively).

The mean age was 8 years, 8 months. Seventeen children were in

third grade and eight were in fourth grade.

2.1.2 Typically developing (TD) group
We identified a total of 24 children (11 female; 13 male) for

this group. We identified children for this group based on a mean

percentile rank between 40 and 70 on word and nonword reading

efficiency and a score at the 40th percentile rank or higher on

nonverbal cognition (Torgesen et al., 2012; Kaufman and Kaufman,

2004, respectively). We selected children with these scores who

were matched on age and nonverbal cognition to the dyslexic

group. The mean age was 8 years, 8 months. Eighteen were in third

grade and six were in fourth grade.

2.2 Measures

2.2.1 Reading measures
Word reading efficiency: Form A of the Sight Word Efficiency

subtest from the Test of Word Reading Efficiency, 2nd edition

(TOWRE-2) was administered to measure word reading efficiency

TABLE 1 Group mean scores (and standard deviations) on classification

measures, covariates, and the syntactic awareness test.

Measure
(maximum raw
score)

Dyslexic
group
(n = 25)

Typically
developing

group (n = 24)

Age in years; months 8;8 (7 months) 8;8 (6 months)

Word reading (108) 45.12 (8.12) 63.00 (5.40)

Word reading

percentile rank

13.44 (9.02) 54.17 (11.98)

Nonword reading (66) 13.32 (6.09) 31.75 (6.14)

Nonword

reading percentile rank

8.12 (5.90) 53.50 (14.10)

Nonverbal cognition (46) 28.96 (2.70) 29.00 (2.80)

Nonverbal cognition

percentile rank

68.20 (14.37) 68.38 (14.95)

Phonological awareness (20) 9.72 (4.47) 13.88 (4.50)

Phonological awareness

percentile rank

32.64 (28.01) 59.04 (28.79)

Phonological memory (18) 7.72 (2.61) 8.88 (2.59)

Phonological memory

percentile rank

24.64 (18.74) 31.54 (20.93)

Verbal working memory (14) 4.40 (1.78) 5.50 (1.47)

Syntactic awareness: total

score (15)

3.88 (2.39) 6.25 (3.12)

Syntactic violations (8) 2.36 (1.44) 3.71 (1.94)

Morphosyntactic violations

(7)

1.52 (1.36) 2.54 (1.44)

(Torgesen et al., 2012). The subtest included 108 words presented

in columns and children were asked to read aloud as many words as

they could in 45 seconds. The test-retest reliability reported in the

manual is 0.91.

Nonword reading efficiency: Form A of the Phonemic

Decoding Efficiency subtest from the TOWRE-2 was given to

measure nonword reading efficiency (Torgesen et al., 2012). The

subtest included 66 nonwords presented in columns and children

were asked to read aloud as many nonwords as they could in

45 seconds. The test-retest reliability reported in the manual

is 0.90.

2.2.2 Nonverbal cognition
The Matrices subtest from the Kaufman Brief Intelligence Test,

2nd edition (KBIT-2) was given to measure nonverbal cognition

(Kaufman and Kaufman, 2004). Children viewed an array of

images and had to pick a target picture that fit with the pattern.

The internal reliability reported in the manual for this measure

is 0.88.

2.2.3 Covariate measures
Phonological awareness: The Elision subtest from the

Comprehensive Test of Phonological Processing was given to
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measure phonological awareness (Wagner et al., 1999). Children

were asked to listen to one word at a time, repeat the word, and

then delete a phoneme from the word. There were 20 items. The

internal reliability reported in the manual for this measure is 0.89.

Phonological memory: The Nonword Repetition subtest from

the Comprehensive Test of Phonological Processing was given to

measure phonological memory (Wagner et al., 1999). Children

listened to one pre-recorded nonword at a time and were asked to

repeat it. There were 18 items, which increased in syllable length

over the test. The internal reliability reported in the manual for this

measure is 0.78.

Verbal working memory: Verbal working memory was

measured with a backward digit span test. The research assistant

dictated a string of digits and asked the child to repeat them in the

reverse order. Children completed two practice trials with feedback.

The test trials began with two-digit sequences and gradually

increased to sequences of eight digits over 14 trials. All trials were

administered and there was no stop rule. The child’s number of

correct responses out of 14 trials was used as their verbal working

memory score. Cronbach’s alpha for our sample was 0.55.

2.2.4 Syntactic awareness test
An oral word order correction task was designed to measure

syntactic awareness (see Appendix A in Supplementary material

for the full list of items). This task was based on prior sentence

correction tasks widely used in the literature (Bowey, 1986;Willows

and Ryan, 1986; Siegel and Ryan, 1988; Deacon and Kieffer, 2018).

As in these earlier tasks, children listened to pre-recorded sentences

with words in a jumbled order and their task was to put the words in

the right order. Responses were coded as either correct or incorrect.

To receive a correct response, all words had to be put in the right

order without changing, adding, or removing any words. As shown

in Appendix A in Supplementary material, multiple versions of

correct sentences were accepted for each trial as long as the word

order and the subject-verb agreement were intact. All sentences

consisted of two clauses: one subject-verb clause and one subject-

verb-object clause. All words were familiar to children as they were

taken from the Children’s Printed Word Database (http://www.

essex.ac.uk/psychology/cpwd).

Each sentence had either a syntactic or morphosyntactic

violation. Syntactic violations had two clauses with an incorrect

word order. For example, in the sentence “Is baking Lisa and her

son in his room sleeps,” the first clause has an incorrect verb-

subject structure, and the second clause has an incorrect subject-

object-verb structure. To fix this sentence, children needed to

rearrange the words to form the proper subject-verb and subject-

verb-object word order by saying, “Lisa is baking and her son sleeps

in his room.”

Sentences with morphosyntactic violations had both syntactic

and morphological violations. The syntactic violations were the

same in nature as the ones described above. The subject-verb and

subject-verb-object word order were violated in the two clauses. In

addition to the syntactic violation, there was also a morphological

violation because the two clauses also had subject-verb agreement

errors. For example, in the sentence “Sing Ryan and dances the

girls on stage,” the singular subject “Ryan” does not agree with the

verb “sing” and the plural subject “girls” does not agree with the

verb “dances.” To fix the morphological violation, children needed

to exchange the nouns or verbs across the two clauses. Children

would fix the syntactic violation by correcting the incorrect verb-

subject and verb-subject-object orders to form the proper subject-

verb and subject-verb-object order.When correcting both syntactic

and morphosyntactic violations, children would say “Ryan dances

and the girls sing on stage.”

Originally there were 16 sentences in total and each violation

type had eight trials (all different sentences). However, one of the

morphosyntactic violation sentences had to be removed from the

analyses due to a design error, leaving a total of 15 sentences.

All sentences had multiple correct versions and children were

given a point for any of the correct versions. The violation types

were distributed in a random order but the order of sentences

across children was fixed. Practice trials included one example

of each violation type and children were given feedback on

these before moving on to the test items. The child listened

to the prerecorded sentences with headphones. Cronbach’s alpha

was 0.70.

2.3 Procedure

All procedures were approved by the university and school

board ethics. Information letters and consent forms were

distributed to children’s parents/caregivers and children who

returned the forms with signed consent from a parent/caregiver

were invited to participate at a time that was convenient with

the teacher. Children gave oral consent before starting the tasks.

The tests were administered to each child individually and

spanned two separate half-hour sessions. The time between the

two sessions was approximately 3 months. Children were given

a small token of appreciation (e.g., pencil, sticker) at the end of

each session.

3 Results

Table 1 summarizes group means and standard deviations on

classification measures, covariates, and the syntactic awareness

test. Variables were checked for normality and all had acceptable

skewness levels below 1.0. Kurtosis was a bit high for raw

phonological awareness scores (−1.53) but improved after a square

root transformation (−0.99). The analyses below were run with raw

and transformed phonological awareness scores and the outcomes

were consistent. All analyses reported below are therefore based on

raw scores.

To summarize the raw score group differences on classification

measures, as expected, the dyslexic group had lower reading

efficiency scores than the TD group on both word and nonword

reading tests, t(47) = 9.04, p < 0.001; t(47) = 10.55, p < 0.001,

respectively. However, the two groups were similar on nonverbal

cognition and age, t(47) = 0.05, p = 0.96; t(47) = 0.33, p =

0.74, respectively. As discussed in the Introduction, phonological

awareness, phonological memory, and verbal working memory

were treated as covariates since they may influence syntactic

awareness. The dyslexic group had lower score than the TD
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group on phonological awareness and verbal working memory,

but there were no group differences on phonological memory,

t(47) = 3.24, p < 0.01; t(47) = 2.35, p < 0.05; t(47) = 1.56, p =

0.13, respectively.

A correlation matrix reporting bivariate Pearson correlation

coefficients for the total score (out of 15) on the syntactic

awareness task and the other measures is reported in Table 2.

A visual inspection of scatterplots indicated the shape of

the bivariate correlations were all linear (see Appendix

B in Supplementary material). These show that syntactic

awareness was significantly correlated with both word and

nonword reading (p < 0.01 for both). Syntactic awareness

was also correlated with phonological awareness (p <

0.01), phonological memory (p < 0.01), and verbal working

memory (p < 0.05), demonstrating the value of these variables

as controls.

3.1 Analysis plan

We conducted three main analyses to examine our three

research questions. Research Question 1 asked whether children

with dyslexia have syntactic awareness problems and a univariate

ANOVA was conducted to examine it. Following a significant

group difference for Research Question 1, a second analysis

was conducted. Research Question 2a asked if group differences

persisted once the phonological memory and verbal working

memory were controlled. This was addressed with a univariate

ANCOVA. Finally, following a significant group difference on

Research Question 2a, a final analysis was conducted to address

whether group differences remained when phonological awareness

was controlled. Research Question 2b was addressed with a final

univariate ANCOVA.

3.2 Research Question 1: Do children with
dyslexia have syntactic awareness
problems?

To address this question, a univariate ANOVA was conducted

with scores for the syntactic awareness task. Levene’s test of equality

of variance across groups was not significant, F(1,47) = 2.74, p =

0.11. There was a significant main effect of Group, F(1,47) = 9.20, p

< 0.01, partial η2
= 0.16. The dyslexic group had lower scores than

the TD group on the syntactic awareness test. The means from each

group are noted in Table 1.

The pattern of results was largely similar when the total

syntactic awareness score was broken down by the two violation

types in a 2 (Group) by 2 (Sentence Violation Type)mixedANOVA.

Since the number of sentence types across the two violations was

slightly uneven, we used the percentages on each one rather than

raw scores. In addition to the group effect there was a significant

main effect of sentence violation type such that performance overall

was better on syntactic items compared to morphosyntactic items

F(1,47) = 9.20, p< 0.01, partial η2
= 0.16; F(1,47) = 37.62, p< 0.001,

partial η
2
= 0.45, respectively. However, there was no interaction

between Group and Sentence Violation Type, F(1,47) = 0.48, p =

0.49, partial η2
= 0.01.

3.3 Research Question 2a: Do children with
dyslexia have syntactic awareness
problems after phonological memory and
verbal working memory are controlled?

To address this question, a univariate ANCOVA was

conducted. Phonological memory, and verbal working memory

were entered as covariates to see if the group effect remained

after they were controlled. Levene’s test of equality of variance

across groups was significant, F(1,47) = 4.62, p < 0.05, and results

should be interpreted with caution. Verbal working memory was

not a significant covariate, F(1,45) = 1.41, p = 0.24, partial η
2
=

0.03. However, phonological memory was a significant covariate

F(1,45) = 4.70, p < 0.05, partial η2
= 0.10. Despite the significance

of phonological memory, the group effect remained significant,

and the dyslexic group performed worse than the TD group even

after phonological memory and verbal working memory were

controlled, F(1,45) = 4.47, p < 05, partial η2
= 0.09. The pattern of

results was the same when the total syntactic awareness score was

broken down by the two violation types.

3.4 Research Question 2b: Do children with
dyslexia have syntactic awareness problems
after phonological awareness is controlled?

To address this question, we added phonological awareness

as a third covariate to the univariate ANCOVA described above.

Levene’s test of equality of variance across groups was not

significant, F(1,47) = 1.14, p = 0.29. Neither phonological memory

nor verbal working memory were significant covariates, F(1,44) =

2.68, p= 0.11, partial η2
= 0.06; F(1,44) = 1.06, p= 0.31, partial η2

=

0.02, respectively. However, phonological awareness emerged as a

significant covariate, F(1,44) = 6.66, p< 0.05, partial η2
= 0.13. After

controlling for phonological awareness, the earlier group effect was

no longer significant, F(1,44) = 1.42, p= 0.24, partial η2
= 0.03. The

pattern of results was the same when the total syntactic awareness

score was broken down by the two violation types.

4 Discussion

The goal of the current study was to address mixed results

in the literature on syntactic awareness problems in children

with dyslexia. We first examined whether syntactic awareness

problems were observed across children with dyslexia with

an oral word order correction task. Secondly, we examined

whether such problems persisted once relevant factors that could

contribute to syntactic awareness performance were controlled.

The Phonological Deficit Hypothesis claims that a phonological

processing deficit could strain memory while performing oral

syntactic awareness tasks (Smith et al., 1989; Shankweiler et al.,

1995). Only a handful of studies have addressed this hypothesis
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TABLE 2 Zero-order bivariate Pearson correlation coe�cient matrix of measures of syntactic awareness, reading, and covariates.

1. 2. 3. 4. 5. 6. 7.

1. Syntactic awareness total -

2. Word reading efficiency 0.488∗∗ -

3. Nonword reading efficiency 0.505∗∗ 0.832∗∗ -

4. Phonological memory 0.371∗∗ 0.101 0.238 -

5. Verbal working memory 0.295∗ 0.399∗∗ 0.371∗∗ 0.142 -

6. Phonological awareness 0.518∗∗ 0.463∗∗ 0.619∗∗ 0.305∗ 0.226 -

7. Nonverbal cognition 0.223 0.521 0.551 0.137 0.188 0.170 -

∗p < 0.05; ∗∗p < 0.01.

empirically, and most have done so by examining verbal

working memory through task demands with mixed results to

date (e.g., Shankweiler et al., 1995; Robertson and Joanisse,

2010; Antón-Méndez et al., 2019; Robertson and Gallant, 2019).

The current study aimed to clarify which phonological and

memory processes in particular might be affecting syntactic

awareness in children with dyslexia. Phonological memory, verbal

working memory, and phonological awareness are three unique

constructs that could potentially explain syntactic awareness

problems in children with dyslexia. We took a novel approach

to measure and control for individual differences in these three

skills when comparing syntactic awareness across dyslexic and

control groups.

To summarize the results, children with dyslexia showed

syntactic awareness problems when no variables were controlled.

These results concur with many previous studies that have found

syntactic awareness problems in children with dyslexia that did

not control for relevant variables that could potentially explain

the syntactic awareness problems (Bentin et al., 1990; Abu-

Rabia et al., 2003; Leikin and Assayag-Bouskila, 2004; Rispens

and Been, 2007; Casalis et al., 2013; Chung et al., 2013; Delage

and Durrleman, 2018; Robertson and Gallant, 2019). Our results

showed that syntactic awareness problems in children with dyslexia

remained even when phonological memory and verbal working

memory were controlled. However, we found no group differences

once phonological awareness was controlled. Our results suggest

syntactic awareness problems in children with dyslexia are not

likely explained by phonological memory nor by verbal working

memory, but they may possibly be explained by phonological

awareness problems.

As mentioned in the literature review, there are only two

earlier studies that took the role of phonological processing

into account when examining the relation between syntactic

awareness and word reading in children with dyslexia (Yeung

et al., 2014; Antón-Méndez et al., 2019). Antón-Méndez et al.

(2019) did not measure phonological processing skills in their

sample of children with dyslexia, but they did measure task-related

morphophonological processing in the subject-verb agreement

sentence completion task. Children with dyslexia did not

show particular difficulty with morphophonological number

marking plural nouns but they did show poorer performance

overall compared to the same-age control group. Antón-

Méndez et al. (2019) concluded that children with dyslexia

have syntactic awareness problems that are independent of

phonological processing.

Unlike the Antón-Méndez et al. (2019) paper, the Yeung et al.

(2014) study examined the role of phonological processing by

measuring phonological skills outside the context of syntactic

awareness tests. They revealed poor syntactic awareness in the

dyslexic group compared to the control group in the first grade

and these problems persisted 3 years later. The design of the

Yeung study was different from ours in that it was longitudinal

and sought to reveal whether early syntactic awareness skills could

predict later word reading levels in dyslexia. Even when both

phonological awareness and phonological memory were controlled,

syntactic awareness in the first grade was still a significant

predictor of fourth grade word reading skills in Chinese-speaking

children with dyslexia (Yeung et al., 2014). The results from the

Yeung study do not suggest that syntactic awareness problems

in dyslexia are explained by phonological processing. Noting the

differences in design, the current study found a different pattern

that suggests phonological awareness is an important control when

testing syntactic awareness in children with dyslexia. The cross-

linguistic differences may explain the mixed results. Chinese has a

morphosyllabic orthography and problems that Chinese-speaking

children with dyslexia experience are more commonly associated

with orthographic processing and rapid naming compared to

phonological awareness (Ho, 2004). In alphabetic languages like

English, the role of phonological awareness in word reading and

word reading difficulties has been well established (e.g., Snowling

and Hulme, 2012; Melby-Lervåg et al., 2012). The results of the

current study suggest that phonological awareness cannot be ruled

out as a potential explanation for syntactic awareness problems, at

least in English-speaking children.

On a conceptual level both phonological awareness and

phonological memory are considered part of the broad construct

of phonological processing and yet they are unique skills (e.g.,

Wagner et al., 1999). Phonological memory was treated as an

additional control in the current study because it is reasonable to

think that temporary storage of phonological material would be

relevant when storing and manipulating verbal material during

a syntactic awareness task. In the literature reviewed, only the

Yeung et al. (2014) study controlled for phonological memory

when examining whether syntactic awareness was a significant

predictor of word reading in children with dyslexia. The earlier

study did not detect differences across the dyslexic and control
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groups on phonological memory and phonological memory was

not a significant predictor of syntactic awareness. In the current

study, a somewhat similar pattern was found for phonological

memory. There were no group differences on this measure. When

entered along with verbal working memory, phonological memory

was a significant covariate, but group differences on syntactic

awareness remained. But when phonological awareness was entered

as covariate phonological memory was no longer significant. With

respect to the two forms of phonological processing examined,

the current results suggest that it is phonological awareness in

particular that is likely to be the source of syntactic awareness

problems in children with dyslexia.

In the current study, phonological memory was treated

as a separate control from verbal working memory. While

both constructs involve storage, verbal working memory carries

additional processing demands involving manipulating verbal

material. We built on the limited number of earlier studies that

examined whether verbal working memory could explain syntactic

awareness problems in children with dyslexia (Smith et al., 1989;

Shankweiler et al., 1995; Robertson and Joanisse, 2010; Antón-

Méndez et al., 2019). Rather than relying on processing demands

of syntax tests to examine verbal working memory, the current

used a different approach. Individual verbal working memory

skills were measured outside the context of a syntactic awareness

test and controlled. An earlier study conducted by Delage and

Durrleman (2018) found no group differences between the dyslexic

and control group on the forward/backward digit span test of verbal

working memory. The current study employed only the backward

digit span test without testing forward digit span and found the

dyslexic group performed more poorly than the TD group. The

current study’s verbal working memory test also had no stop rule

unlike the test employed in the earlier study and this may explain

why a difference was observed in the current study. However,

despite the group differences on verbal working memory in the

current study, even when verbal working memory was controlled

it did not emerge as a significant covariate and group differences

on the syntactic awareness test remained when verbal working

memory and phonological memory were controlled. There is no

evidence from the current study’s results that working memory

or phonological memory explain syntactic awareness problems

in children with dyslexia. Even though verbal working memory

was measured differently in the Antón-Méndez et al. (2019) study

through task demands on the syntax test, their results also suggest

that that syntactic awareness problems in dyslexia are not likely

explained by limitations in working memory.

With that said, there are some limitations when interpreting the

phonological memory and verbal working memory results. First,

the equality of variance assumption across groups was violated in

the analysis that only involved the two memory covariates. This

limits the interpretation of the significant group differences on

the syntactic awareness measure. This was not a concern in the

final analysis that included all three covariates; the assumption of

equal variance across groups was not violated. In this final analysis

the memory covariates yielded null effects; only phonological

awareness was a significant covariate. Finally, while there were

significant group differences on the verbal working memory

test, there was no significant group effect on the phonological

memory test. The dyslexic group had numerically lower scores

but performance of the TD group on this particular measure

was lower than expected and significant group differences were

not detected.

A further limitation is that the nonsignificant effects of the

verbal working memory and phonological memory covariates

cannot be interpreted, but some of these limitations might be

addressed in future studies by considering different measures.

Verbal working memory tests vary widely (e.g., Daneman and

Carpenter, 1980; Willows and Ryan, 1986). The backward digit

span test was chosen to provide a measure of working memory that

tests fundamental skills that are not reliant on sentence processing.

Willows and Ryan (1986) employed the forward and backward digit

span test in a study on syntactic awareness in typically developing

readers. The current study took a similar approach, but we only

used the backward digit span in order to capture both storage

and manipulation of verbal material. The manipulation of digits is

different from other working memory tests that involve sentence

processing (e.g., Daneman and Carpenter, 1980; Gottardo et al.,

1996). For example, Gottardo et al. (1996) modified the classic

(Daneman and Carpenter, 1980) working memory task in a study

with typically developing children. Oral sentences were presented,

and children had to answer a yes/no question about each sentence

while simultaneously storing the last word in each sentence for

later recall. On one hand it may seem appealing to select a working

memory test that involves sentences when controlling for working

memory during syntactic awareness. However, this type of test was

avoided because it could present a confound. The complexity of

the linguistic material to process in this type of working memory

test might overlap too much with the processing involved in the

syntactic awareness measure. It then becomes difficult to dissociate

verbal working memory from sentence processing. For this reason,

we chose to measure verbal working memory outside the context of

sentence processing to have a cleaner measure of the fundamental

processing involved in working memory. With that said, it would

be interesting to examine whether the pattern of results would

change if a working memory test involving sentences was used in

a future study.

We chose to measure syntactic awareness with a word order

correction test because it requires the manipulation of word order

within sentences. Children needed to rearrange the presented

words to produce an intact sentence. Word order correction tasks

by nature involve a substantive verbal working memory load

because children store, manipulate and produce the sentences.

Despite the verbal working memory demands that were involved

in our syntactic awareness test, verbal working memory skills

measured through backward digit span did not explain the group

differences between the dyslexic and TD groups. Our syntactic

awareness word order correction task involved production of one

word at a time and words within the clause need to follow a correct

order. In a review paper, Majerus and Cowan (2016) noted studies

observed serial order processing problems in dyslexia across a range

of stimuli including syllables and words, but none had examined

the effects of serial positioning in sentences. The current study did

not aim to tease apart serial processing problems from syntactic

processing, but this is an interesting area to be investigated in

future studies.
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Another interesting avenue to pursue in future studies is

morphological awareness, the ability to reflect on and manipulate

morphemes (Carlisle, 2000) and its relation to syntactic awareness

and word reading. Morphological awareness skills outside the

context of the syntactic awareness task were not measured in our

study, though significant relationships have been found between

morphological awareness and word reading (e.g., Kirby and

Bowers, 2018; Berthiaume, 2019; Levesque et al., 2021; Rastle,

2022). Future studies could consider adding a morphological

awareness test that falls outside the context of sentence processing

as a control when examining syntactic awareness in children

with dyslexia.

Despite the limitations, the two groups were well defined.

Rather than running the risk of inflating potential group differences

by employing no upper limit on reading levels in the control group,

our control group had normal ranging reading scores. With this in

mind, it may be expected that the group differences on syntactic

awareness and covariate measures might be less pronounced than

they would be in studies with no upper limits on reading levels

of control groups. Our groups were also matched on nonverbal

cognition and age. We detected group differences on phonological

awareness and phonological awareness was a significant covariate

in the syntactic awareness group comparisons. Many previous

studies revealed syntactic awareness deficits in children with

dyslexia, but ours is the first to show that phonological awareness

may be driving these problems in English-speaking children. These

results suggest that future studies should control for phonological

awareness when investigating syntactic awareness in children

with dyslexia.

Our study included one control group of same-aged children,

but our findings are consistent with the few other studies to

implement a reading-level match (Casalis et al., 2013; Chung et al.,

2013). As it is well-established, group comparisons of dyslexic to

same-age groups means that any differences might be explained by

reading skill or learning that occur as a result of reading experience

(e.g., Bryant and Goswami, 1986; Goswami and Bryant, 1989).

Indeed, in one of the few studies to implement this approach,

no group differences in syntactic awareness emerged (e.g., Chung

et al., 2013). This was a study of Chinese-speaking adolescents

with dyslexia. A similar pattern emerged in a study of French-

speaking children with dyslexia when the syntactic task was orally

administered (Casalis et al., 2013). We note, however, that this

study also identified that the dyslexic group performedmore poorly

than the reading-level control group on a syntactic task that was

given in written format, suggesting that this reading level matching

might not eliminate all effects of reading experience. Taken

together, there could be advantages to implementing both age-

and reading-level matches, along with controls for phonological

processing and aspects of memory.

Our results are in line with what the Phonological Deficit

Hypothesis would predict (Smith et al., 1989; Shankweiler et al.,

1995). When phonological awareness was controlled, the observed

syntactic awareness problems in the dyslexia group were no longer

significant. It is possible that syntactic awareness problems in

children with dyslexia can be explained by phonological awareness.

With respect to oral language deficits in children with dyslexia,

a theoretical categorical distinction between phonological and

nonphonological skills has been put forward. A two-dimensional

model of phonological and nonphonological language skills

(including syntax) was proposed by Bishop and Snowling (2004)

to explain the language profiles of developmental dyslexia and

specific language impairment (now called developmental language

disorder, see Bishop, 2017). According to this model, children with

dyslexia classically perform poorly on the phonological dimension

but within normal ranges on the nonphonological dimension, but

children with specific language impairment have deficits on both

dimensions (Bishop and Snowling, 2004). Our results suggest there

is value in taking a closer look at how the phonological dimension

might influence the nonphonological dimension.

While reading comprehension was not the focus of the current

study, results from a meta-analysis conducted by MacKay (2023)

showed that word reading mediated the relationship between

syntactic awareness and reading comprehension. This pattern is

in line with the idea that knowledge of grammatical categories

and word order help place constraints on word recognition when

sounding out novel words (Tunmer, 1989; Rego, 1997). The

results from the current study suggest phonological awareness

likely plays an important role in the relationship between word

reading and syntactic awareness, at least in a population of

children with very low word reading scores. Future studies on

developmental dyslexia can build upon this work by examining

word identification in the setting of syntactic contextual facilitation

and the role of phonological awareness. Since our population of

interest was developmental dyslexia, we specifically focused on

extremely low word and nonword reading and its relation to

syntactic awareness. The Reading Systems Framework addresses

both word reading and reading comprehension (Perfetti and

Stafura, 2014). According to this framework, syntax, phonology,

and morphology are part of the Linguistic Knowledge System

which helps to drive word reading and reading comprehension.

Syntax is also part of the lexicon, which helps to connect word

reading and reading comprehension (Perfetti and Stafura, 2014).

Future longitudinal studies can investigate word reading, reading

comprehension, syntactic awareness, and phonological awareness

over time to expand upon our understanding of the role of syntactic

awareness in typical and atypical reading development.

5 Conclusion

Our study contributes to the literature on syntactic awareness

challenges in children with dyslexia. We addressed mixed results

surrounding the presence of syntactic awareness deficits in this

population by taking a novel approach. We not only examined

the existence of syntactic awareness problems; we controlled for

whether such problems might be accounted for by phonological

processing and working memory skills. Our results suggest that

phonological awareness in particular is likely driving syntactic

awareness problems in children with dyslexia and phonological

awareness should be controlled in future studies. We hope our

study provides incentive to further investigate the relationship

between phonological and nonphonological skills in children

with dyslexia to collectively inform theory and provide focus for

intervention programs.
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