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This study aimed to examine the effectiveness of an integrated intervention
combining basic reading skills and gamification-based working memory training
on reading performance and academic enthusiasm in students with specific learning
disorder in reading (SLD-R). A quasi-experimental design with pretest-posttest and
control group was employed. The statistical population consisted of students with
SLD-R in Tabriz during the 2023-2024 academic year. Using purposive sampling,
30 participants (15 girls and 15 boys) were selected and randomly assigned to
experimental and control groups. The experimental group received the integrated
intervention (gamified reading and working memory training) across 12 sessions,
while the control group followed the standard curriculum. Assessment tools
included a standardized reading performance test (measuring phonological
awareness, word recognition, fluency, and comprehension) and an academic
enthusiasm questionnaire (assessing behavioral, emotional, and cognitive
dimensions). Multivariate analysis of covariance (MANCOVA) and univariate
ANCOVA were conducted using SPSS-26, controlling for pretest effects. The
integrated intervention significantly improved reading performance across all
components (p<0.01, n1>=0.42) and enhanced academic enthusiasm in behavioral
(d=1.32), emotional (d=1.18), and cognitive domains (d=1.25). Effect sizes
indicated robust practical significance (Cohen's d>1.1 for all measures). The
findings demonstrate that gamified cognitive training simultaneously enhances both
the academic competencies and motivational engagement of students with SLD-R,
suggesting its potential as a dual-focus intervention in special education.
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. Phonological Awareness

. Grapheme-Phoneme Correspondence
. Word Reading

. Reading Fluency

. Reading Comprehension

. Outcome Prediction

. Academic Engagement Questionnaire
. Behavioral Engagement

9. Emotional Engagement

10. Cognitive Engagement
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1. Multivariate Analysis of Covariance (MANCOVA)
2. Univariate Analysis of Covariance (ANCOVA)
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The Effectiveness of Integrated Training in Basic Reading Skills and Gamification-Based
Working Memory on Reading Performance and Academic Enthusiasm of Students with
Specific Learning Disorder in Reading

Introduction

Specific Learning Disorder (SLD), particularly developmental dyslexia, is a neurodevelopmental
condition that significantly impairs reading skills, including decoding, fluency, and comprehension
(American Psychiatric Association, 2022). Students with dyslexia often struggle with phonological
processing, leading to difficulties in word recognition and reading accuracy (Kim, 2021). These
challenges contribute to academic underachievement, reduced self-esteem, and disengagement from
learning (Angito-acro et al., 2024). Traditional instructional methods frequently fail to address these
needs, necessitating alternative approaches such as gamification—the integration of game-like
elements (e.g., rewards, levels, interactive challenges) into educational activities (An et al., 2024).
Research suggests that gamification enhances motivation and engagement, particularly for students
with learning disabilities, by making learning more interactive and enjoyable (Smiderle et al., 2020).

Gamified interventions have shown promise in improving working memory—a critical cognitive
function for reading comprehension and information retention (Chan & Lo, 2024). By incorporating
adaptive feedback, repetition, and multisensory learning, gamification helps reduce cognitive load
and reinforces essential reading skills (Zhang & Huang, 2024). Additionally, gamified environments
promote collaborative learning, allowing students to engage with peers in problem-solving tasks,
which can enhance comprehension and retention (Riar et al., 2020). Studies indicate that students
with dyslexia benefit from structured, game-based learning activities that provide immediate
reinforcement and a sense of achievement (Bolat & Tas, 2023). These approaches not only improve
reading performance but also foster academic resilience by encouraging persistence and a growth
mindset (Samosa et al., 2021).

This study examines the effectiveness of gamification in enhancing reading skills and working memory
among students with SLD. By evaluating gamified interventions, the research aims to identify best
practices for supporting dyslexic learners in educational settings. The findings will contribute to
evidence-based teaching strategies, helping educators design inclusive and engaging learning
experiences. Ultimately, this research underscores the potential of gamification to bridge learning
gaps, improve cognitive functioning, and promote long-term academic success for students with
reading disabilities (Mohkamkar et al., 2024).
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Methodology

This study employed a quasi-experimental pretest-posttest control group design to investigate the
effectiveness of a gamified intervention integrating basic reading skills and working memory training
for students with Specific Learning Disorder in reading (SLD-R). The statistical population
comprised students with SLD-R in Tabriz during the 2023-2024 academic year, from whom 30
participants (15 girls, 15 boys) were purposively selected and randomly assigned to either an
experimental group (rn = 15) receiving a 12-session gamified program or a control group (n = 15)
continuing standard instruction. The intervention, developed based on frameworks by Cattoni (2022)
and Rodriguez et al. (2023), incorporated game elements such as points, levels, challenges, and
multisensory activities to enhance reading skills and working memory. Data collection occurred at
learning disability centers in Tabriz, Iran, between October 2023 and January 2024. Standardized
instruments included the /ndividual Reading Achievement Test (IAA-RT), developed by the Special
Education Organization of Iran (2020), which assesses phonological awareness, grapheme-phoneme
correspondence, word reading, fluency, comprehension, and outcome prediction (28 items, 3-point
Likert scale; o = 0.85), and the Academic Enthusiasm Questionnaire (AEQ), designed by Fredricks
et al. (2004), measuring behavioral (items 1-4), emotional (items 5—10), and cognitive engagement
(items 11-15; 15 items, 5-point Likert scale; o = 0.86). Data were analyzed using SPSS version 26
through multivariate (MANCOVA) and univariate (ANCOVA) analysis of covariance, controlling
for pretest scores.

Findings

Prior to hypothesis testing, the assumptions for MANCOVA were examined. The Kolmogorov-Smirnov
test confirmed normality of data distribution (p > 0.05). Levene's test indicated homogeneity of
variances (p > 0.05). Bartlett's test of sphericity revealed significant correlations for reading
performance (x> = 74.92, p < 0.001) and academic enthusiasm (¥*> = 12.51, p < 0.05). Due to
insufficient non-unit covariance matrices, Box's M test was not computed; thus, Pillai's trace was
used for multivariate analysis.

The MANCOVA results revealed statistically significant improvements in all reading components
(p<0.001) with large effect sizes (m>=0.53-0.86), indicating the intervention's strong impact on
decoding and comprehension skills. Similarly, academic enthusiasm showed substantial
enhancement across all dimensions (p<0.001, 1*=0.50-0.77), demonstrating the program's dual
cognitive-motivational benefits.

Table 1. Comparison of Post-Test Scores Between Experimental and Control Groups

Variable Experimental Control p-value Effect Size
Group (Mean Group m?
+ SD) (Mean +
SD)
Phonological 0.00 +0.00 140+ 1.18 <0.001 0.53
Awareness
Word Reading 0.00 £ 0.00 320+2.62 <0.001 0.64
Reading Fluency  0.27 £0.80 1233 +£6.31 <0.001 0.77
Reading 0.47+£0.83 933+3.46 <0.001 0.86
Comprehension
Behavioral 20.00 = 0.00 12.13+£2.16 <0.001 0.68
Engagement
Emotional 26.07 £1.53 16.87+5.15 <0.001 0.50

Engagement




Cognitive 24.00 £ 1.13 10.27+5.90 <0.001 0.77
Engagement

Discussion

The findings demonstrate that the gamified integrated intervention significantly improved reading skills
(phonemic awareness, decoding, fluency, comprehension) and academic engagement (behavioral,
emotional, cognitive) in students with SLD-R, aligning with prior research (Katoi, 2022; Lee & Chu,
2021; Rodriguez et al., 2023). The intervention’s success stemmed from its dual focus on cognitive
(working memory) and motivational (gamification) factors, creating a synergistic effect that
surpassed traditional approaches (Nazuk et al., 2022). Improvements in decoding accuracy supported
the compensatory hypothesis, while fluency gains reflected automatization (Bratsch-Hines et al.,
2020). Enhanced engagement validated self-determination theory, as game elements addressed
psychological needs for competence and autonomy (Tenn et al., 2021). However, limitations include
a small sample size (grades 2—3) and potential self-report bias in engagement measures. Future
studies should expand to broader age groups, incorporate objective measures (e.g., behavioral
observations), and explore personalized gamification using AI/VR. Practical applications include
teacher training for classroom implementation and family-centered programs. This study advocates
for holistic interventions addressing cognitive, linguistic, and motivational barriers in SLD-R.

Keywords: Academic Enthusiasm, Gamification, Reading Impairment, Reading Performance, Working
Memory
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