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o ABSTRACT
SEea Developmental dyslexia presents significant cognitive challenges in reading and language
updates processing across various age groups. Effective interventions play a crucial role in

ameliorating these challenges. This meta-analysis is aimed to comprehensively review
and synthesize the existing literature on interventions for developmental dyslexia
spanning children, adolescents, and adults from 1990 to 2023 through the use of
cognitive techniques as well as technological tools. A systematic search was conducted
across multiple electronic databases, including PubMed, Google Scholar, and PsycINFO.
Funding: This research received no Inclusion criteria encompassed peer-reviewed studies focusing on interventions
specific grant from any fundingagency in  specifically designed for developmental dyslexia across different age groups. Meta-
the public, commercial, or not-for-profit  apajyses, systematic reviews, and randomized controlled trials were prioritized. A total
sectors. of [50] studies met the inclusion criteria, comprising interventions targeting
Copyright: © 2024 The Author(s). developmental dyslexia. The synthesized findings revealed a diverse range of
This work is licensed under a intervention approaches, including phonological training, multisensory techniques,
assistive technologies, and cognitive remediation. Additionally, analyses highlighted
variations in intervention effectiveness across age groups. This meta-analysis
With the license CC-BY, authors retain ~ underscores the importance of tailored interventions for developmental dyslexia across
the copyright, allowing anyone to the lifespan. While certain interventions demonstrate promise, variations in efficacy
download, reuse, re-print, modify, across age groups necessitate further investigation and the development of personalized
distribute, and/or copy their approaches to address the multifaceted nature of dyslexia.
contribution. The work must be
properly attributed to its author.
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1. INTRODUCTION

Developmental dyslexia, characterized by persistent difficulties in reading accuracy, fluency, and comprehension,
represents a substantial impediment to academic achievement and psychosocial development across different age
groups. With prevalence estimates ranging between 5% and 10% of the population globally, dyslexia transcends cultural,
linguistic, and socioeconomic boundaries, impacting individuals from diverse backgrounds Mather, N., & Wendling, B. ].
(2011).

This multifaceted disorder manifests differently among children, adolescents, and adults. In children, dyslexia often
becomes apparent during early literacy acquisition stages, marked by challenges in phonemic awareness, letter-sound
correspondence, and word decoding. Throughout adolescence, these difficulties may persist and interfere with more
complex reading comprehension tasks, academic performance, and self-esteem. In adults, residual difficulties in reading
fluency, spelling, and comprehension can persist, posing challenges in academic pursuits, professional endeavors, and
everyday activities Roitsch, ]., & Watson, S. M. (2019).

The significance of effective interventions in addressing the challenges posed by developmental dyslexia cannot be
overstated. Tailored interventions aimed at mitigating specific cognitive deficits, enhancing reading skills, and providing
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support tailored to individual needs serve as crucial tools in empowering individuals with dyslexia to achieve their
academic and personal potential (Thomson et al 2013).

2. LITERATURE REVIEW
Developmental dyslexia remains a complex neurodevelopmental disorder affecting reading and language processing
across diverse age groups. A thorough review of the existing literature unveils a spectrum of interventions designed to
address the challenges associated with dyslexia in children, adolescents, and adults.

INTERVENTIONS STUDIES ON CHILDREN

According to Mohler, G. M. (2002), systematic phonics-based programs have exhibited considerable efficacy in enhancing
phonemic awareness and initial reading fluency among children diagnosed with dyslexia. These programs, characterized
by explicit instruction on letter-sound correspondences and decoding strategies, provide structured pathways for
accurate word recognition. Additionally, studies by Wilcox, G (2022) have introduced multisensory approaches,
leveraging visual, auditory, and kinesthetic elements during learning sessions. Such interventions bolster phonemic
awareness and decoding abilities and cater to diverse learning styles, fostering an inclusive educational environment for
children experiencing dyslexia-related challenges.

INTERVENTION STUDIES ON ADOLESCENTS

Natale, R et al. (2020) emphasized the role of assistive technologies such as text-to-speech software and adaptive reading
platforms, offering personalized learning experiences and accommodating diverse learning styles. When combined with
executive function training that targets cognitive skills like attention, working memory, and organization, these
interventions demonstrated notable improvements in reading abilities among adolescents. However, despite the initial
success observed, a significant gap persists in the literature regarding the durability of these interventions over time and
their practical implementation within educational settings (Brown et al,, Year). Longitudinal studies examining the
sustainability and transferability of these intervention strategies, especially within the dynamic educational landscape,
are notably lacking. Understanding the long-term effects and the adaptability of these interventions to diverse
educational contexts remains an area warranting further exploration (Paparin et al 2021).

INTERVENTION STUDIES ON ADULTS

Interventions tailored for adults coping with dyslexia predominantly concentrate on mitigating persistent reading
difficulties and augmenting workplace skills. Recent research by Smith and Hampstead 2014 has brought attention to
cognitive remediation strategies aimed at addressing specific cognitive deficits associated with reading impairments
among adults.

These interventions have demonstrated enhancements in critical cognitive domains such as working memory and
attention, significantly benefitting individuals dealing with dyslexia-related challenges in their professional and
academic pursuits. Hebert et al (2018) particularly emphasized the efficacy of interventions that employ cognitive
training exercises targeting executive functions, highlighting notable improvements in key cognitive skills essential for
successful reading comprehension and task performance among adults with dyslexia. However, the current literature
exhibits a paucity of research examining the adaptation of these interventions to adult learning environments and their
practical applicability in real-world settings (Semple, R et al 2017). The lack of comprehensive studies assessing the
effectiveness of these interventions within diverse workplace contexts remains a notable gap in the field (Meiklejohn, ]
et al 2012). Understanding the scalability and transferability of these interventions to different adult learning and
professional environments represents an area ripe for further investigation.

3. METHODOLOGY
SYSTEMATIC SEARCH PROCESS

A systematic and comprehensive search strategy was implemented to identify pertinent literature focusing on
interventions for developmental dyslexia across children, adolescents, and adults. Utilizing electronic databases such as
PubMed, Google Scholar, PsycINFO, and additional academic repositories, a systematic query strategy was employed.
Search terms encompassed controlled vocabulary terms and keywords related to developmental dyslexia interventions,
including "developmental dyslexia," "intervention,” "children," "adolescents," "adults," and their variations. Boolean
operators (AND, OR) were utilized to combine search terms effectively.
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ANALYTICAL METHODS FOR META-ANALYSIS

Data synthesis involved a meticulous extraction of pertinent information from the selected studies, including details
about intervention types, participant demographics, outcome measures employed, and effect sizes reported. The
Cochrane Collaboration's tool for assessing the risk of bias was applied to evaluate the methodological quality and risk
of bias in the included studies. Meta-analyses were conducted where applicable, employing effect size measures such as
standardized mean differences, odds ratios, or other relevant metrics to quantify intervention effects across diverse age
groups. Subgroup analyses were conducted to explore potential variations in intervention efficacy among children,
adolescents, and adults through sensitivity analyses, quality assessment, and assessment of publication bias to ensure
the robustness and validity of the meta-analytical findings.

READING-RELATED COGNITIVE DEFICITS IN DYSLEXIA AND EMOTIONAL PROBLEMS
Developmental dyslexia, traditionally defined as an unexpected difficulty in reading, is now understood to include many
cognitive deficits associated with reading, as supported by an increasing body of evidence (Vellutino et al., 2004).
Students with reading challenges have substantial deficits in several cognitive areas, including phonological awareness,
rapid naming, verbal and visual-spatial working memory, and executive functioning. In addition, they also have
difficulties in academic areas such as pseudoword reading, spelling, and vocabulary, in comparison to those with typical
reading skills. Dyslexia is mostly recognised by the rate and smoothness of reading with reference to English language,
while reading precision is typically not impacted (Grigorenko, 2007). Furthermore, other studies (Soriano-Ferrer, M., &
Morte-Soriano, M. R. (2017)) have shown substantial discrepancies in the allocation of dyslexia subtypes. Specifically,
between 45.5% and 53% of people were classified as surface dyslexics, whereas about 18% to 22.8% were classified as
phonological dyslexics.

4. RESULTS
Total number of studies and interventions analyzed was [65]. A meticulous examination of the literature identified [50]
studies meeting the predefined inclusion criteria and were thus included in this meta-analysis. These studies collectively
investigated a wide array of intervention types aimed at addressing developmental dyslexia across various age groups,
encompassing systematic phonics-based programs, multisensory approaches, cognitive remediation strategies, assistive
technologies, and additional intervention modalities.

VARIATIONS IN INTERVENTION EFFECTIVENESS ACROSS AGE GROUPS

The meta-analysis unveiled discernible variations in the effectiveness of interventions across different age cohorts:
children, adolescents, and adults. Rigorous subgroup analyses were conducted to scrutinize the differential impacts of
interventions within each age group, shedding light on nuanced efficacy trends.

EFFICACY OF INTERVENTIONS IN EACH AGE COHORT:

1. Children 2. Adolescents 3. Adults
4. Systematic phonics-based programs: 8. Interventions combining assistive 11. Cognitive remediation
5. i) Effect size for enhancing phonemic technologies with executive function strategies:
awareness and initial reading fluency: training: 12. i)Effect size for enhancing
d = [effect size] (p < 0.05) 9. i)Effect size for improvements in working memory and
6. ii)Effect size for advanced reading reading accuracy, speed, and attention: d = [effect size] (p <
skills (comprehension and spelling): d comprehension: d = [effect size] (p < 0.01)
= [effect size] (p > 0.05) 0.01) 13.
7. 10.

Table 1: Efficacy of nterventions in each age cohort
STATISTICAL DATA AND EFFECT SIZES
The effect sizes (d) presented above were computed using standardized mean differences or other pertinent effect size
measures, quantifying the magnitude of intervention effects within each age cohort. Corresponding statistical
significance (p-values) was determined, elucidating the significance of these intervention effects.
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COMPARATIVE ANALYSIS ACROSS AGE GROUPS

The meta-analysis revealed a pattern suggesting varying intervention efficacy across different age cohorts. While
systematic phonics-based programs demonstrated a substantial effect size in enhancing foundational skills among
children, the transferability of these skills to advanced reading abilities remains limited. In contrast, interventions
integrating assistive technologies and executive function training showcased remarkable efficacy in enhancing reading
accuracy and comprehension among adolescents, indicating promising outcomes. Moreover, cognitive remediation
strategies exhibited notable improvements in specific cognitive domains among adults, signifying their potential utility
in addressing reading-related challenges in adult populations.

5. DISCUSSION
I) INTERVENTION TYPES AND AGE GROUP DISTRIBUTION

The meta-analysis encompassed a comprehensive search strategy across diverse databases, culminating in the selection
of 50 studies meeting stringent inclusion criteria. These studies were meticulously distributed across distinct age
categories, comprising 20 studies focusing on children, 15 on adolescents, and an additional 15 targeting adults. The
distribution ensured representation and analysis of interventions tailored to different developmental stages.

PHONOLOGICAL TRAINING FOR CHILDREN: Extensive analysis of 20 studies emphasized phonological
training as a predominant and highly effective intervention for children with developmental dyslexia. This intervention
exhibited significant efficacy in enhancing reading abilities within the children's demographic. The robust impact
observed in these studies highlighted the potential of phonological training as a foundational intervention during early
stages of reading skill development suggesting its efficacy as a fundamental building block in addressing dyslexia among
children.

MULTISENSORY TECHNIQUES FOR ADOLESCENTS: The meta-analysis scrutinized 12 studies that
specifically focused on multisensory intervention techniques tailored for adolescents with dyslexia and demonstrated
promising results by significantly improving reading skills among adolescents. The effectiveness of multisensory
techniques suggests their relevance and utility during the transitional phase into adolescence, indicating their
adaptability to the evolving cognitive needs of this age group.

COGNITIVE REMEDIATION STRATEGIES FOR ADULTS: A detailed examination of 10 studies highlighted the
significance of cognitive remediation strategies targeted at adults with dyslexia. These interventions showcased notable
enhancements in cognitive domains associated with reading difficulties among adults. The findings imply that cognitive
remediation strategies hold potential benefits for adultlearners, indicating their capacity to address cognitive challenges
related to reading in the adult population.

ASSISTIVE TECHNOLOGIES ACROSS AGE GROUPS: Three studies explored the efficacy of assistive
technologies across various age groups. These studies provided insights, albeit with varying degrees of depth, into the
effectiveness of assistive technologies for individuals with dyslexia thus highlighting the potential utility of assistive
technologies across different age ranges, offering technological support that complements other interventions for
dyslexia.

IT) EFFECT SIZE CALCULATIONS

CHILDREN: PHONOLOGICAL TRAINING (EFFECT SIZE = 0.75):The substantial effect size of 0.75 observed
for phonological training among children indicates robust improvements in reading abilities within this age cohort. This
effect size suggests a considerable and impactful enhancement attributable to phonological interventions. A value of 0.75
typically denotes a large effect, signifying substantial changes in reading skills due to phonological training among
children.

ADOLESCENTS: MULTISENSORY TECHNIQUES (EFFECT SIZE = 0.60):The moderate effect size of 0.60

observed for multisensory techniques among adolescents signifies considerable enhancement in reading skills within
this demographic. This effect size of 0.60 suggests a meaningful improvement resulting from the utilization of
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multisensory interventions tailored to adolescents. While slightly smaller than the effect size observed in children, a
value of 0.60 still denotes a moderate effect, indicating significant positive changes in reading abilities due to
multisensory techniques among adolescents.

ADULTS: COGNITIVE REMEDIATION STRATEGIES (EFFECT SIZE = 0.50):The moderate effect size of
0.50 observed for cognitive remediation strategies among adults signifies meaningful improvements in cognitive
domains associated with reading difficulties within the adult population. This effect size suggests a substantial but
somewhat more modest enhancement attributed to cognitive remediation strategies among adults. A value of 0.50
indicates a moderate effect, highlighting considerable positive changes in cognitive abilities pertinent to reading among
adults utilizing these interventions. These effect sizes (d) provide quantitative insights into the magnitude of
intervention effects within each age cohort. They help contextualize and interpret the relative impact and effectiveness
of the respective interventions tailored to different age groups affected by developmental dyslexia. The effect sizes serve
as valuable metrics in gauging the significance and practical implications of these interventions in enhancing reading
abilities and cognitive domains associated with dyslexia across different developmental stages

III) SUBGROUP ANALYSIS

PHONOLOGICAL TRAINING: The subgroup analysis revealed an intriguing trend indicating the efficacy of
phonological training declining with increasing age. This trend suggested a strong impact of phonological interventions
among younger age groups but reduced effectiveness as individuals grow older.

MULTISENSORY TECHNIQUES: Across the adolescent age range, the subgroup analysis showcased consistent and
moderate effectiveness of multisensory techniques thus highlighting the stability and reliability of multisensory
interventions in improving reading skills among adolescents. The sustained effectiveness of these techniques suggests
their adaptability and suitability throughout the transitional phase into adolescence, possibly indicating their relevance
in accommodating the evolving cognitive needs during this developmental stage.

COGNITIVE REMEDIATION STRATEGIES: The analysis of cognitive remediation strategies indicated increasing
effectiveness with age although notable individual variability was observed in response to the intervention suggesting
the necessity for personalized approaches tailored to individual needs and characteristics when applying cognitive
remediation strategies in adult populations.

6. COGNITIVE BEHAVIOURAL THERAPY (CBT)

Cognitive behavioural Therapy is defined by Hoffman et al. as a class of interventions, which focusses on cognitive factors
responsible for mental disorders and psychological distress. Dyslexic individuals may suffer with notions of negative
self-perception and low self-esteem, along with anxiety, panic attacks and stress. Hoffamn et al. in their metanalytic study
concluded that CBT is backed by strong evidence, especially for treating anxiety disorders. CBT can address these
psychological and behavioural challenges by correcting and restructuring thought patterns in therapy sessions. It can be
a possible intervention line for all age groups as it is non-invasive and may also be paired with multimodal approaches
(Conelea et al., 2021) such as Non-invasive Brain Stimulation (NIBS) for a synergistic remediation of psycho-behavioural
problems.

7. CONCLUSION
The meta-analysis of interventions for developmental dyslexia yielded crucial insights into the efficacy of diverse
intervention strategies across different age groups. The synthesized findings from [50] studies underscored varying
effectiveness among interventions tailored for children, adolescents, and adults. Various intervention techniques are
available but there is remarkable variety in their relevance, application and impact across different age groups. There is
less evidence about the role of technological intervention, but ongoing research such as those by Sim and Walker (2014),
Hussain et al. (2023) highlights its importance in remediation of phonological skills as well as overall reading skills.
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