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Abstract

Introduction and Aim: Dyslexia is a multifactorial learning disorder characterized by
deficits in phonological processing, working memory, and attention, all of which directly
and indirectly influence reading ability. The present study aimed to model the structural
relationships between working memory, phonological awareness, and attention as
predictors of reading progress in students with dyslexia.

Methodology: This correlational study employed structural equation modeling. The
statistical population consisted of students with dyslexia in Tehran during the 2024
academic year, from which 120 participants were selected through convenience sampling.
Data were collected using standardized instruments, including working memory subtests
of the Wechsler scale, a phonological awareness test, a continuous performance test for
attention, and a reading progress test. Data were analyzed using SPSS-27 and AMOS, and
model fit was evaluated using standard fit indices.

Findings: The results indicated that the proposed model demonstrated good fit.
Phonological awareness had the strongest direct effect on reading progress, while working
memory showed both direct and significant indirect effects through phonological
awareness and attention. Attention also had a significant direct effect on reading progress,
and working memory significantly predicted both phonological awareness and attention.

Conclusion: The findings highlight the multifactorial nature of reading progress in
students with dyslexia and suggest that effective interventions should simultaneously
target phonological awareness, working memory, and attention.
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Extended Abstract

Introduction and Aim

Developmental dyslexia is one of the most prevalent
specific learning disorders, characterized by persistent
difficulties in accurate and/or fluent word recognition,
decoding, and spelling. Contemporary research has
moved beyond single-deficit explanations and
increasingly conceptualizes dyslexia as a multifactorial
condition resulting from the interaction of cognitive,
linguistic, and neurobiological factors (Dimitra, 2023;
Helland, 2022). Among the most robust predictors of
reading development identified in the literature are
phonological awareness, working memory, and
attentional processes, each contributing uniquely and
interactively to reading acquisition and performance.

Phonological awareness, defined as the ability to
recognize and manipulate the sound structure of
language, has consistently been identified as a
foundational skill for reading development. Deficits in
phonological processing are widely recognized as a
core feature of dyslexia and have been shown to
significantly impair the ability to map graphemes to
phonemes, a process essential for decoding written
language (Adel & Saleh, 2022; Snowling & Hulme, 2020).
Empirical studies have demonstrated that children with
dyslexia perform poorly on phonological tasks such as
phoneme deletion, blending, and segmentation, which
directly impacts their reading fluency and
comprehension (Jena, 2022; Silva et al., 2020).

In parallel, working memory plays a crucial role in
reading by enabling the temporary storage and
manipulation of information necessary for integrating
phonological, lexical, and syntactic elements during
text processing. Deficits in working memory have been
linked to difficulties in sentence comprehension and
the maintenance of information across reading tasks
(Kizilaslan & TunagUR, 2021; Mather & Schneider, 2023).
Furthermore, working memory is not an isolated
construct but interacts with other cognitive processes,
including phonological awareness and attention, to
influence reading outcomes (Miciak & Fletcher, 2023;
Pasqualotto & Venuti, 2020).

Attention, particularly sustained and selective
attention, is another critical factor influencing reading
performance. It allows individuals to focus on relevant
stimuli, inhibit distractions, and maintain engagement
with reading tasks. Evidence suggests a significant
overlap between dyslexia and attentional difficulties,
including comorbidity with attention-
deficit/hyperactivity disorder (ADHD), highlighting
the importance of attentional control in reading

development (Cardoso-Pereira et al., 2024; Zuanetti et al.,
2023). Neurocognitive studies further indicate that
attentional networks are closely linked with language
processing systems, reinforcing their role in reading
proficiency (Premeti et al., 2022).

Recent theoretical and empirical advances advocate for
integrated models that simultaneously consider
multiple predictors of reading ability. Structural
equation modeling (SEM) offers a powerful analytical
framework to examine both direct and indirect
relationships among variables, allowing for a more
comprehensive understanding of the underlying
mechanisms of dyslexia (Xia et al., 2024; Zabkar et al.,
2023). Studies have shown that combining cognitive
and linguistic predictors enhances the explanatory
power of models of reading difficulties (Pasqualotto &
Venuti, 2024). Additionally, longitudinal research
highlights the dynamic interplay among these factors
over time, emphasizing the need for multidimensional
approaches to assessment and intervention (Lohvansuu
etal., 2021).

Beyond core cognitive variables, additional factors
such as visual processing, oral language skills, and
genetic influences have also been implicated in
dyslexia, further supporting its multifaceted nature
(Kristjdnsson & Sigurdardottir, 2022; Unger et al., 2021).
Intervention research has demonstrated that programs
targeting multiple domains—such as phonological
training combined with attentional and executive
function enhancement—yield more effective outcomes
than single-focus interventions (Cancer & Antonietti,
2022; Harrar-Eskinazi et al., 2022). Technological
advancements, including digital and multisensory
learning tools, have also shown promise in supporting
reading development among students with dyslexia
(Flanagan et al., 2024; Knight et al., 2024).

Therefore, the present study aimed to model the
structural relationships among working memory,
phonological awareness, and attention as predictors of
reading progress in students with dyslexia.

Methodology

This study employed a correlational design using
structural equation modeling to examine the
relationships among working memory, phonological
awareness, attention, and reading progress in students
with dyslexia. The statistical population consisted of
elementary school students diagnosed with dyslexia in
Tehran during the 2024 academic year. A total of 120
students were selected through convenience sampling
based on inclusion criteria such as a formal diagnosis




of dyslexia, normal intelligence range, and absence of
severe comorbid neurological disorders.

Data were collected using standardized instruments
assessing working memory, phonological awareness,
attention, and reading progress. Working memory was
measured through subtests of a widely used cognitive
assessment tool focusing on memory span and
sequencing abilities. Phonological awareness was
assessed using a structured test comprising tasks such
as phoneme deletion, blending, and rhyme detection.
Attention was measured using a computerized
continuous performance task evaluating sustained
attention, response inhibition, and reaction time.
Reading progress was assessed through a standardized
reading achievement test including components such
as reading accuracy, fluency, and comprehension.

Data analysis was conducted using SPSS-27 for
descriptive statistics and correlation analysis, and
AMOS software for structural equation modeling.
Preliminary analyses included checking assumptions
such as normality and linearity. The structural model
was evaluated using multiple fit indices, including chi-
square to degrees of freedom ratio, comparative fit
index, goodness-of-fit index, adjusted goodness-of-fit
index, and root mean square error of approximation.

Findings

Descriptive statistics indicated moderate levels of
working memory, phonological awareness, attention,
and reading progress among the participants, with
sufficient variability to support inferential analysis.
Pearson correlation analysis revealed significant
positive relationships among all variables, with
phonological awareness showing the strongest
correlation with reading progress, followed by working
memory and attention.

The structural equation model demonstrated good fit to
the data, as indicated by acceptable values across all fit
indices. The results of path analysis showed that
phonological awareness had the strongest direct effect
on reading progress. Working memory also had a
significant direct effect on reading progress and
exerted additional indirect effects through
phonological awareness and attention. Attention was
found to have a significant but comparatively smaller
direct effect on reading progress.

Furthermore, working memory significantly predicted
both phonological awareness and attention, suggesting
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its foundational role in supporting other cognitive
processes involved in reading. The model accounted
for a substantial proportion of variance in reading
progress, indicating that the combination of these
cognitive variables provides a robust explanation for
differences in reading performance among students
with dyslexia.

Discussion and Conclusion

The findings of this study support the multifactorial
perspective of dyslexia, demonstrating that reading
progress is influenced by an interconnected system of
cognitive processes rather than a single deficit. The
prominent role of phonological awareness underscores
its critical importance in reading acquisition and
highlights the need for targeted phonological
interventions. The significant contribution of working
memory suggests that enhancing memory-related
processes may improve students’ ability to integrate
and retain linguistic information during reading tasks.
Additionally, the role of attention emphasizes the
importance of cognitive control mechanisms in
sustaining engagement and reducing errors during
reading.

The identification of both direct and indirect effects
among variables provides valuable insights into the
underlying mechanisms of reading difficulties.
Specifically, the mediating roles of phonological
awareness and attention in the relationship between
working memory and reading progress suggest that
interventions should adopt a comprehensive approach
addressing multiple domains simultaneously. This
integrated perspective aligns with contemporary
theoretical frameworks that conceptualize dyslexia as
a complex interaction of cognitive and linguistic
processes.

In conclusion, the present study contributes to the
growing body of literature by providing an empirically
validated structural model of reading progress in
students with dyslexia. The results have important
implications for educational practice, suggesting that
effective  intervention  programs  should  be
multidimensional, targeting phonological skills,
working memory, and attentional control concurrently.
Such approaches may enhance the effectiveness of
educational strategies and support improved reading
outcomes for students with dyslexia.
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