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Abstract

This study aimed to validate a multisensory educational package and examine
its effectiveness on phonological awareness and reading skills among students
aged 7-11 with specific learning disorder with impairment in reading. A
quasi-experimental design with pretest—posttest, control group, and follow-up
phases was used. Thirty children diagnosed with reading disorder were
selected through convenience sampling and randomly assigned to an
experimental group (n=15) and a control group (n=15). The Nama Reading
Test, including word reading, nonword reading, and word-chain reading
subtests, served as the assessment tool. The experimental group received a
12-session multisensory intervention using color cubes and structured
flashcards, while the control group received no intervention. Data analyses
were conducted using repeated-measures ANOVA and Bonferroni post-hoc
tests. Repeated-measures ANOVA demonstrated significant improvements in
word reading, nonword reading, and word-chain reading among the
experimental group, with significant group X time interaction effects across
all components. Bonferroni comparisons confirmed significant differences
between pretest and posttest and between pretest and follow-up, indicating
that gains were sustained at three- and six-month follow-ups. The
experimental group consistently outperformed the control group across all
inferential indicators. The multisensory Color Cubes educational package
effectively and sustainably improved reading skills in children with specific
learning disorder with reading impairment, supporting its use as a practical
and evidence-based intervention in educational and therapeutic settings.

Keywords: Specific Learning Disorder; Phonological Awareness;
Multisensory Educational Package; Reading Disorder; Nama Test; Color
Cubes
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EXTENDED ABSTRACT

Introduction

Specific Learning Disorder with impairment in reading is widely recognized as one of the most persistent
neurodevelopmental disorders affecting school-age children, characterized by deficits in phonological
processing, decoding, reading fluency, and the integration of linguistic information. These difficulties often
occur despite normal intelligence and adequate educational opportunity, and they interfere significantly with
academic achievement. Global and regional research consistently emphasizes that phonological awareness
deficits are central to the etiology of developmental dyslexia, and these deficits often manifest as an inability
to segment, blend, or manipulate phonemes effectively (Okey-Kalu, 2025). Research has also documented
that children with developmental dyslexia frequently experience co-occurring weaknesses in working memory,
auditory sequencing, and executive functions, which intensify reading challenges (Mosafar & Sadati
Firouzabadi, 2025). These multidimensional impairments underscore the importance of adopting
comprehensive and multilevel interventions targeting core linguistic, cognitive, and sensory domains.

In recent years, the accumulation of scientific evidence has reinforced the importance of phonological
awareness, morphological processing, and syntactic awareness in literacy development. Several studies
indicate that even when phonological and memory factors are statistically controlled, many children with
dyslexia continue to exhibit deficits in syntactic processing and oral language organization (Robertson et al.,
2024). This suggests that dyslexia is not confined solely to the phonological level but involves broader
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linguistic processing difficulties. Furthermore, research has highlighted that phonological awareness mediates
a substantial portion of reading outcomes across languages, including orthographies with varying levels of
transparency (Flanagan et al., 2025). Thus, early intervention framed around phonological and linguistic
enhancement is considered a crucial pathway for supporting children with reading disorders.

The multisensory approach has gained increasing prominence as a research-based methodology for addressing
reading impairments. Multisensory interventions activate visual, auditory, kinesthetic, and tactile modalities
simultaneously to facilitate deeper neural encoding, enhanced memory consolidation, and improved learning
outcomes (Rahmonovna, 2025). Findings from several studies demonstrate that multisensory literacy
programs are effective in improving foundational reading subskills such as phonemic discrimination, decoding,
and fluency—especially among young learners and children with dyslexia (Putri & Hendriani, 2024).
Additionally, need-assessment studies indicate that the lack of culturally adapted multisensory media is a major
barrier to implementing effective interventions in educational systems, especially in contexts where linguistic
features differ from Western orthographies (Sarajar & Pratiwi, 2024). This has strengthened the momentum
toward developing localized and evidence-based multisensory instructional packages aligned with the
linguistic structure of specific languages.

Neuroscientific research also supports the integration of multisensory practices. Studies have shown that
exposure to multisensory literacy tasks improves phonemic awareness in children at risk for dyslexia and helps
normalize neural patterns in early readers (Bertoni etal., 2024). Moreover, developmental studies in cognitive
psychology and educational neuroscience demonstrate that tasks involving visual search, rapid automatized
naming, and temporal processing significantly influence reading fluency and comprehension (Meng et al.,
2024). Accordingly, combining phonological, visual, and motor cues within a structured curriculum enhances
information processing speed and reduces cognitive load during reading acquisition.

The incorporation of parents in literacy interventions has been documented as a powerful factor in improving
outcomes for children with learning disabilities. Systematic reviews demonstrate that parent-mediated
programs increase skill generalization, motivation, and reading confidence, contributing to long-term learning
sustainability (Guo & Keles, 2025). Likewise, research stresses that integrating structured home practice with
school-based interventions significantly improves fluency and phonological awareness performance.
Similarly, the use of self-regulated strategy development and cognitive instructional models has been shown
to enhance reading accuracy and overall literacy performance (Amiri Ahmadi et al., 2024; Fattahi et al.,
2025). Complementary findings confirm that cognitive rehabilitation programs targeting rapid word naming,
working memory, and written language processing can produce measurable improvements in phonological
awareness and vocabulary acquisition (Akbari Far et al., 2024; Eyvazi et al., 2024).

With the increasing prevalence of technology-enhanced learning, digital tools have also been developed to
support dyslexic learners. Assistive technologies such as Al-driven text-to-speech, adaptive learning systems,
and eye-tracking-based intervention platforms have shown promising results for supporting reading acquisition
and cognitive processing (Dostalova et al., 2024; Ward et al., 2024). Parallel to this, metaverse-based
instructional environments and game-based learning approaches have been recognized as effective for
enhancing engagement, motivation, and literacy performance (Nemati et al., 2025; Yenduri et al., 2023). In
addition, remote multisensory interventions have proven feasible in situations requiring virtual instruction,
although practitioner guidance and structured design remain critical (Lorusso et al., 2024). Literature on
language-learning strategies further emphasizes the importance of active learning, multimodal practice, and
continuous exposure for strengthening reading skills (Rojalai et al., 2021).

Given that the Persian language has unique orthographic, phonemic, and morphological properties, culturally
adapted intervention packages are necessary to effectively address the reading challenges faced by Persian-
speaking children. Studies highlight that diagnostic and screening tools for dyslexia, such as the NEMA test,
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are valid and reliable for Persian-speaking populations (Hosseini et al., 2016). However, there remains a
considerable shortage of multisensory instructional packages designed specifically for Persian orthography
and linguistic structure. Therefore, the need for developing a scientifically validated multisensory package
tailored to the linguistic features of Persian—and examining its effectiveness on core reading components—is
both timely and essential.

The current study responds to this gap by designing, validating, and evaluating a multisensory educational
package intended to enhance phonological awareness, decoding accuracy, reading fluency, and word
recognition skills among children with Specific Learning Disorder with impairment in reading.

Methods and Materials

A quasi-experimental design with pretest—posttest, control group, and follow-up assessments was employed.
Thirty children aged 7 to 11 years with a formal diagnosis of Specific Learning Disorder with impairment in
reading were selected through convenience sampling and randomly assigned to experimental and control
groups. The experimental group received a 12-session multisensory intervention using color cubes,
phonological flashcards, visual-motor activities, and structured reading tasks. The control group received no
intervention during the study period. Reading performance was measured using three subtests: word reading,
nonword reading, and word-chain reading. Data were analyzed using repeated-measures ANOVA and
Bonferroni post-hoc tests after verifying all statistical assumptions including normality, homogeneity of
variance, and sphericity.

Findings

The results of repeated-measures ANOVA demonstrated a statistically significant effect of time, group, and
the interaction between time and group for all three reading components. Children in the experimental group
showed substantial gains in word reading, nonword reading, and word-chain reading from pretest to posttest,
and these gains were sustained during both the 3-month and 6-month follow-ups. No significant changes were
observed in the control group across any time point. Post-hoc Bonferroni comparisons revealed significant
differences between pretest and posttest, and between pretest and follow-up in the experimental group, while
the difference between posttest and follow-up was not statistically significant. This pattern indicates that
improvements were maintained over time. Between-group comparisons confirmed that the experimental group
significantly outperformed the control group in all three reading measures at posttest and follow-up. These
results demonstrate that the multisensory educational package produced large and stable improvements in
phonological decoding, accuracy, and reading fluency.

Discussion and Conclusion

The findings of this study confirm the effectiveness of a culturally adapted multisensory educational package
in improving essential reading skills in children with reading impairments. The significant gains observed in
all reading components suggest that integrating visual, auditory, and kinesthetic inputs can strengthen
phonological processing and decoding ability. The stability of improvements over several months further
indicates that the intervention promoted long-term retention and consolidation of reading skills. The program’s
structured design, focus on explicit phonological practice, and emphasis on multimodal engagement likely
contributed to the effectiveness of the intervention. The involvement of parents in daily practice activities also
played a crucial role in reinforcing learning beyond instructional sessions. Overall, the results support the
utility of multisensory interventions as a central approach in literacy remediation for children with reading
disorders. The culturally localized package developed in this study provides a practical and evidence-based
resource for educators, clinicians, and parents seeking to support struggling readers. The findings highlight the
importance of designing interventions that align with the linguistic structure of the learner’s language and
demonstrate that well-designed multisensory programs can produce durable improvements in reading
performance.
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