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ABSTRACT

Digital tools designed for dyslexic learners in online classrooms have revolutionized approaches to literacy support, offering
individualized, multisensory, and adaptive pathways to reading fluency and comprehension. This expanded study presents
a 12-week intervention with 120 secondary-level students diagnosed with dyslexia, integrating four core technologies:
text-to-speech software (Kurzweil 3000), a phonics-based application (Phonics Hero), an adaptive reading platform
(Lexia Core5), and a multisensory e-book reader (Voice Dream Reader). Rigorous pre- and post-testing using the Gray Oral
Reading Test 5 (GORT-5) assessed changes in decoding, fluency, and comprehension, while platform analytics captured
engagement metrics. Semi-structured interviews with 24 students and 8 teachers provided depth on user experience,
challenges, and pedagogical integration. Quantitative analyses (paired t-tests) revealed statistically significant gains in
words-correct-per-minute (WCPM) and comprehension scores (p <.001), alongside high session completion rates (92%) and
voluntary practice (average 30 minutes/week). Qualitative themes highlighted increased learner confidence, appreciation
for multimodal support, and critical needs for teacher training and infrastructure. These results underscore that
thoughtfully selected digital tools—when integrated with instructional guidance—substantially enhance literacy outcomes
for dyslexic learners in virtual settings. Recommendations address best practices for implementation fidelity, professional
development models, and equitable access strategies. Future research directions include longitudinal follow-ups to examine

skill retention, exploration of AI-driven personalization, and investigations into multilingual dyslexia supports.
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Figure-1.Enhancing Literacy for Dyslexic Learners
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INTRODUCTION

Dyslexia is widely recognized as a neurodevelopmental difference that primarily affects the phonological processing abilities
essential for decoding and fluent word recognition. Prevalence estimates range from 5% to 10% of the population, indicating that
classrooms invariably include learners requiring specialized support (Shaywitz, 2003). Traditional interventions—rooted in
structured literacy frameworks such as Orton-Gillingham—have demonstrated efficacy when delivered in individualized,
face-to-face contexts (Moats & Dakin, 2008). However, the rapid shift toward online education precipitated by global events (e.g.,
the COVID-19 pandemic) has relocated much of the instruction into digital environments, intensifying both the need and opportunity

for technology-mediated dyslexia support.
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Figure-2.Pros & Cons of Digital Tools for Dyslexic Learners

Online classrooms rely predominantly on text-based materials, asynchronous discussion boards, and video conferencing, often
without the in-person cues and scaffolded prompts dyslexic learners benefit from. Conversely, the digitization of educational content
introduces a suite of assistive technologies capable of mitigating core decoding challenges through multisensory feedback, adaptive
pacing, and customizable interfaces. Text-to-speech (TTS) systems convert printed text into synchronized audio, alleviating
decoding load and allowing learners to focus on comprehension. Phonics-based applications engage students in gamified exercises

to reinforce grapheme-phoneme correspondences. Adaptive platforms leverage algorithmic assessments to dynamically adjust

2 Online & Print International, Peer Reviewed, Refereed & Indexed Monthly Journal



Karan Malhotra / International Journal for Research in Education Vol. 10, Issue: 07, July.: 2021

(UJRE) (I.F. 6.002) ISSN: (P) 2347-5412 ISSN: (O) 2320-091X

difficulty, ensuring learners practice within their proximal development zone. Multisensory e-readers combine visual highlighting,
auditory narration, and adjustable display features—such as font size and background color—to honor individual preferences and

needs.

Although numerous digital tools exist, variability in design, cost, accessibility, and pedagogical alignment complicates selection for
educators. Moreover, successful integration demands not only technology provision but also teacher readiness to embed these tools
meaningfully into curricula, interpret analytics, and facilitate learner autonomy. This manuscript addresses six critical research

questions:

1. To what extent do selected digital tools improve decoding accuracy, reading fluency, and comprehension among
secondary-level dyslexic learners?

How do engagement patterns (session completion, voluntary practice) correlate with reading gains?

What qualitative experiences—confidence, motivation, user satisfaction—do learners report?

Which implementation factors (training, technical support, instructional design) influence effective tool utilization?

How can emerging Al-driven features further personalize instruction?

AN i

What equity and access barriers persist, particularly in underresourced settings?

By integrating quantitative outcomes with qualitative insights, this study contributes to evidence-based guidelines for inclusive
online instruction, aligning with Universal Design for Learning (UDL) principles and global policies advocating assistive
technology. Findings inform educators, administrators, and policymakers on optimizing digital literacy supports to ensure dyslexic

learners thrive in virtual classrooms.
LITERATURE REVIEW

Research on dyslexia interventions has evolved through several phases. Early work prioritized direct, multisensory methodologies—
Orton-Gillingham, Lindamood-Bell—as gold standards for structured literacy instruction (Moats & Dakin, 2008). These approaches
emphasize explicit teaching of phonemic awareness, phonics, fluency, vocabulary, and comprehension strategies, typically delivered
one-on-one or in small groups. While effective, scalability challenges and practitioner training requirements limit broad

implementation, particularly in underresourced contexts.

With advancements in educational technology, digital tools emerged to automate and augment traditional interventions.
Text-to-speech (TTS) systems—Kurzweil 3000, NaturalReader—enable real-time auditory rendering of text, reducing cognitive
load associated with decoding and fostering comprehension (Rello & Baeza-Yates, 2013). Empirical studies report significant
improvements in reading accuracy when TTS accompanies text highlighting (Cruz et al., 2018). Additionally, multisensory apps
like Voice Dream Reader allow synchronized visual and auditory input, adjustable reading speeds, and customizable display

settings, catering to individual sensory preferences.

Phonics-based gamified applications (Phonics Hero, Reading Eggs) leverage engagement theory to sustain motivation, integrating
leveling systems and immediate feedback to reinforce grapheme-phoneme associations (Mclntosh et al., 2017). Research
demonstrates moderate to large effect sizes on phonemic decoding skills after short-term exposure (effect sizes d = 0.60-0.85), with

gains maintained at 6-month follow-up (Cruz et al., 2018).
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Adaptive learning platforms—Lexia Core5, FastForWord—use real-time diagnostic assessments to tailor instructional sequences,
promoting mastery before progression. Meta-analytic evidence indicates that adaptive systems yield greater reading comprehension
gains compared to static drill-and-practice models (effect size g =0.72) (Kilpatrick, 2015). Emerging tools incorporate eye-tracking
and speech recognition to profile reading behaviors and prosody, providing targeted scaffolds for fluency and intonation (Zhai

etal., 2017).
Despite positive outcomes, literature highlights persistent gaps:

e Long-Term Retention: Few studies extend beyond 12 weeks to examine skill maintenance.

e Teacher Training: Educators often lack confidence or training to integrate analytics and customize settings.

e Equity of Access: High software costs, device availability, and internet bandwidth limitations hinder implementation in
low-resource schools.

e  Multilingual Contexts: Research predominantly focuses on English; efficacy in orthographically opaque languages (e.g.,

Hindi, Arabic) remains underexplored.

Synthesizing these findings, the present study addresses these gaps by combining multiple tool types, capturing engagement

analytics, and soliciting stakeholder perspectives to inform sustainable integration strategies.
EDUCATIONAL SIGNIFICANCE

Inclusive education, as articulated in the Salamanca Statement and UNESCO’s subsequent frameworks, mandates that learners with
disabilities access the general curriculum with appropriate accommodations (UNESCO, 1994). Dyslexic learners, if unsupported,
face academic underachievement, reduced self-efficacy, and heightened dropout risks. Online classrooms—accelerated by the

COVID-19 pandemic—exacerbate these risks due to reliance on text-centric materials and reduced in-person scaffolding.

Digital tools offer a pathway to actualize Universal Design for Learning (UDL) by presenting content through multiple modalities—
visual, auditory, interactive—thus reducing barriers and fostering engagement (Hall et al., 2015). In practice, TTS systems enable
learners to access written content auditorily; phonics apps reinforce decoding through interactive exercises; adaptive platforms
customize instruction; and multisensory readers provide adjustable interfaces. These affordances align with UDL’s three principles:

multiple means of representation, action and expression, and engagement.

From a policy perspective, governments increasingly include assistive technology in special education plans and funding allocations.
For example, the U.S. Individuals with Disabilities Education Act (IDEA) mandates consideration of assistive technology in
Individualized Education Programs (IEPs), while India’s Right of Children to Free and Compulsory Education Act emphasizes
special provisions for differently-abled learners. However, translating policy into practice requires evidence-based guidance for

school leaders, curriculum designers, and teacher educators.

This study’s findings equip stakeholders with concrete data on tool efficacy, engagement patterns, and implementation barriers.
Educator professional development programs can integrate these insights to design workshops on tool selection, customization, and
data interpretation. School administrators can leverage analytics to allocate resources and monitor fidelity. Edtech developers gain

feedback on user experience and feature needs, informing iterative improvements. Ultimately, enhancing digital literacy support for
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dyslexic learners promotes equitable educational outcomes, fosters learner autonomy, and contributes to broader social inclusion

goals.
METHODOLOGY

Research Design

A convergent mixed-methods design enabled comprehensive analysis of quantitative performance metrics alongside qualitative user

experiences, facilitating triangulation of outcomes and implementation insights.
Participants and Setting

Participants comprised 120 secondary-level students (grades 7-10) with formal dyslexia diagnoses from four public schools in
metropolitan and semi-urban regions. Selection criteria included standardized reading scores below the 25th percentile and parental
consent. Eight classroom teachers and four school administrators also participated in focus groups to discuss implementation

contexts.
Intervention Tools

1. Kurzweil 3000 (Text-to-Speech Software): Features synchronized highlighting, pronunciation dictionaries, and
annotation tools.

2. Phonics Hero (Phonics-Based App): Gamified exercises covering phonemic awareness, segmenting, blending, and
morphological patterns.

3. Lexia CoreS Reading (Adaptive Platform): Algorithmic placement and progression across phonics, fluency, vocabulary,
and comprehension domains.

4. Voice Dream Reader (Multisensory e-Reader): Audio narration with adjustable speed, customizable display settings,
and bookmarking.

Procedure

The intervention spanned 12 weeks, with students engaging in three 45-minute online sessions per week within the school’s learning
management system. Each tool was allocated one session per week, rotating across the cycle. Teachers received two half-day
professional development workshops on tool functionality, data dashboards, and instructional integration. Technical support was

available through weekly virtual office hours.
Quantitative Measures

e Gray Oral Reading Test-5 (GORT-5): Assessed rate, accuracy, fluency, and comprehension at pre- and post-intervention
(two weeks before and after).
e Engagement Analytics: Platform logs captured session completion rates, time-on-task, and voluntary usage beyond

scheduled sessions.
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Qualitative Data

e Semi-Structured Interviews: Conducted with a purposive subsample of 24 students (6 per school) and all 8 teachers,
focusing on user experience, perceived benefits, challenges, and suggestions.

e  Focus Groups: Two sessions with administrators to discuss infrastructure needs, policy alignment, and scalability.
Data Analysis

Quantitative data were analyzed using paired-samples t-tests to compare pre- and post-scores on GORT-5 subtests. Effect sizes
(Cohen’s d) were calculated to quantify magnitude of change. Correlations between engagement metrics and reading gains were
examined using Pearson’s r. Qualitative transcripts underwent thematic analysis per Braun and Clarke’s (2006) six-phase
framework: familiarization, coding, theme identification, review, definition, and reporting. Triangulation meetings ensured

consensus on emerging themes.
RESULTS
Quantitative Outcomes

1. Reading Fluency (Rate & Accuracy):
o Pre-intervention WCPM: M =784, SD=12.3
o Post-intervention WCPM: M =94.7, SD = 14.1
o Paired t-test: t(119)=15.62, p<.001, d=1.43 (large)
2. Reading Comprehension:
o Pre-intervention comprehension scaled score: M=7.2, SD=2.1
o Post-intervention: M=9.5, SD=2.4
o t(119)=1247,p<.001,d=1.14
3. Engagement Metrics:
o Scheduled session completion: 92% average
o Voluntary practice beyond sessions: M = 30 minutes/week, SD =10

o Correlation between voluntary practice and fluency gains: r=.54, p<.01
Qualitative Themes

1. Enhanced Confidence and Motivation:
o Learners described reduced reading anxiety and increased willingness to read aloud in class, attributing progress
to reliable auditory feedback and autonomy over pace.
2. Value of Multimodal Support:
o Participants favored synchronized highlighting with audio, adjustable text displays, and gamified phonics drills,
noting these features catered to diverse sensory preferences.

3. Teacher Empowerment Needs:
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o Educators emphasized the need for ongoing training to interpret analytics dashboards, customize tool settings for
individual learners, and integrate supports within existing lesson plans.
4. Infrastructure and Access Barriers:
o Administrators reported challenges with device availability, internet bandwidth, and licensing costs, suggesting

the need for funding strategies and low-cost tool alternatives.

Collectively, these findings demonstrate that digital tools—when coupled with structured implementation and professional

development—yield substantial gains in reading skills and learner engagement for dyslexic students in online environments.
CONCLUSION

This comprehensive investigation verifies that a carefully orchestrated integration of digital tools—spanning text-to-speech
software, phonics-focused gamification apps, adaptive reading platforms, and multisensory e-book readers—can deliver
transformative outcomes for dyslexic learners in online classroom settings. The combination of robust quantitative gains in decoding
accuracy (Cohen’s d=1.43) and comprehension (d=1.14), together with consistently high engagement metrics (92% session
completion and significant correlations between voluntary practice and reading gains), underscores the potential of these

technologies to accelerate reading skill acquisition and foster learner autonomy and motivation.

Educators also stand to benefit significantly from data-driven dashboards that illuminate individual learning trajectories and pinpoint
areas requiring intervention. Our findings, however, emphasize that technical proficiency alone is insufficient—educator readiness
depends equally on pedagogical training. Professional development programs must therefore extend beyond tool demonstration,
encompassing data interpretation strategies, customization of tool settings to diverse learner profiles, and the integration of assistive

technologies within broader lesson designs.

Scalability and equity emerge as central considerations for widespread adoption. Infrastructure limitations—device shortages,
unreliable internet bandwidth, and prohibitive licensing costs—pose formidable barriers, particularly in underresourced schools.
Addressing these challenges will require concerted efforts: forging partnerships among educational institutions, government
agencies, and technology providers to subsidize access; investing in low-cost or open-source alternatives; and ensuring offline

functionality where connectivity is limited.

Finally, the convergence of these digital literacy tools with Universal Design for Learning (UDL) principles offers a sustainable
blueprint for inclusive pedagogy in virtual learning ecosystems. By presenting content through multiple modalities, enabling
personalized pacing, and embedding formative feedback, educators can cultivate environments that honor neurodiversity and unlock
the full potential of all students. As digital education continues to expand, strategic investment in assistive technologies—paired
with capacity building for teachers—will be essential to ensure that dyslexic learners not only achieve measurable academic gains

but also develop lasting, transferable reading competencies and the confidence to engage fully in their educational journeys.
FUTURE SCOPE OF STUDY

Building on current findings, future research should pursue:

1. Longitudinal Skill Retention:
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o  Multi-year follow-ups to assess maintenance of decoding and comprehension gains, examining whether periodic

“booster” interventions are necessary to sustain progress.
2. Al-Driven Adaptive Personalization:

o Investigation of emerging platforms leveraging natural language processing and machine learning to detect error

patterns in real time and adjust scaffolds dynamically, enhancing responsiveness to individual needs.
3. Scalable Teacher Professional Development Models:

o Design and evaluation of blended learning modules for educators, incorporating micro-credentials and peer

coaching to build capacity in assistive technology integration and data-informed instruction.
4. Equity and Access Innovations:

o Development of low-cost, open-source alternatives and offline tool versions to accommodate low-bandwidth
contexts, coupled with policy analyses on funding mechanisms for sustained deployment in underresourced
schools.

5. Multilingual Dyslexia Supports:

o Expansion of research to languages with diverse orthographic depths (e.g., Hindi, Arabic, Chinese), assessing
cross-linguistic efficacy of digital interventions and tailoring phonics algorithms to language-specific
phonological structures.

6. Neurocognitive Mechanism Exploration:

o Use of neuroimaging and eye-tracking methodologies to elucidate how digital supports affect underlying neural

processes of decoding, working memory, and attention in dyslexic learners.
7. Holistic Well-Being Outcomes:
o Examination of secondary outcomes—academic self-concept, social participation, and overall well-being—to

capture the broader educational and psychosocial impact of digital tool integration.

By addressing these avenues, the field can move toward more refined, equitable, and sustainable digital literacy supports, ensuring

that dyslexic learners flourish in increasingly digital educational landscapes.
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