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Abstract: Recent advances in digital learning tools hold significant promise for improving access to education for hearing-impaired
students. However, these opportunities are underutilized in India. This study examines the effects of multimedia learning resources that
include captions and Indian Sign Language (ISL) on the comprehension and engagement of deaf students. Conducted with 38 students
from two specialized schools in Mumbai, the study compares traditional blackboard instruction with digital materials that integrate ISL
and captions. Mathematics lessons were taught using both methods, and students' comprehension levels were assessed before and after
the intervention. Results show an 18.42% improvement in comprehension scores for students using ISL-enriched multimedia compared
to traditional methods. Additionally, 94.73% of students favored captioned content, and 92.1% reported improved understanding with
ISL. These findings support the integration of ISL and captioned materials in educational resources to improve learning outcomes for

students with disabilities, underscoring the need for policy reforms to mandate accessible design in Indian educational materials.
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1. Introduction

Accessibility in education is about more than simply
providing resources; it means ensuring that all students have
the opportunity to learn effectively. For hearing-impaired
students, this involves adapting materials to fit their visual
learning preferences. The shift toward digital education
offers a pathway to more inclusive learning, though in India,
multimedia content with accessibility features like captions
and sign language remains scarce.

Challenges in Indian deaf education include a shortage of
ISL-trained educators, a lack of tailored resources, and
heavy reliance on auditory instruction. As a result, hearing-
impaired students often experience lower academic
engagement and limited comprehension. According to the
2011 Census of India, about 2.2% of the population has a
disability, with hearing impairments representing a
considerable proportion of this group [1].

The cognitive theory of multimedia learning proposed by
Mayer (2005) suggests that combining visuals with text or
audio enhances comprehension and retention [2].
Multimedia that includes ISL and captions provides valuable
visual support, allowing hearing-impaired students to engage
in independent learning and achieve academic levels
comparable to their hearing peers.

2. Rationale
2.1 Educational Disparities

This study is motivated by the need to address educational
disparities experienced by hearing-impaired students in the
Indian education system. In many Indian classrooms,
instruction relies heavily on spoken explanations and
auditory interaction, creating barriers for students who
primarily depend on visual learning methods.

2.2 Policy Implementation

India has made progress toward inclusive education policies,
notably with the Rights of Persons with Disabilities Act,
2016, which mandates accessible educational resources for
students with disabilities. However, implementing these
policies remains inconsistent. Schools frequently lack the
necessary resources and trained educators proficient in
Indian Sign Language (ISL) to provide accessible content.

2.3 Multimedia Integration

Research shows that accessible media, particularly
multimedia enhanced with ISL and captions, holds
significant promise for addressing educational challenges.
Studies indicate that hearing-impaired students benefit
considerably from content that includes sign language and
captions, as it enables them to access information
independently, reducing the need for interpreters or
individual support [3].
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3. Literature Review
3.1 Accessibility in Digital Education

Globally, accessible digital education is increasingly
recognized for its benefits to students with disabilities.
Mayer's cognitive theory of multimedia learning suggests
that students understand and retain information more
effectively when it is presented using both verbal and visual
formats, supporting dual-coding processes in the brain [2].

Studies indicate that multimedia formats with accessible
features like captions and sign language adopt a more
inclusive learning environment, addressing the cognitive
needs of hearing-impaired students [2]. Accessible media
empowers these students to access educational content
independently, decreasing their dependence on additional
support and fostering greater autonomy in learning.

3.2 The Role of Indian Sign Language in Deaf Education

Indian Sign Language (ISL) is fundamental in deaf
education in India, though its implementation is limited due
to a shortage of trained ISL instructors and resources
designed to support ISL in classrooms. Research shows that
for deaf students, sign language serves as more than a
communication tool; it is also a cognitive aid that facilitates
comprehension of complex concepts and engagement with
academic material [3].

Studies demonstrate that students who receive instruction in
ISL exhibit higher comprehension and retention rates than
those who rely solely on written materials [4]. ISL also
promotes social and academic inclusion, as students taught
in their primary language often exhibit greater classroom
participation and self-confidence, nurturing a sense of
belonging [5].

3.3 The Impact of Captioning on Learning

Captions are an essential accessibility tool, providing a text-
based alternative for auditory information. Research from
the National Captioning Institute (NCI) reveals the positive
impact of captions on comprehension and vocabulary
development for hearing-impaired students [6].

Studies show that captions support literacy by exposing
students to new vocabulary in written form, which aids
language acquisition and retention [7]. Additionally,
captions bridge gaps for students encountering unfamiliar
terms, allowing them to process content at a comfortable
pace while reinforcing comprehension through visual cues.

4. Methodology
4.1 Research Design

A pre-test/post-test design was employed, allowing

comprehension levels to be measured before and after

exposure to multimedia with accessibility features. Two

groups were formed:

a) Control group: received traditional blackboard-based
instruction

b) Experimental group: engaged with multimedia content
incorporating ISL and captions

Quantitative data from test scores provided an objective
measure of comprehension, while qualitative feedback from
students offered insights into their preferences for captioned
and ISL-supported media.

4.2 Sampling and Participants

The study was conducted at two specialized schools for deaf
students in Mumbai, with a total of 38 participants aged 11
to 21. The selection criteria included students with varying
levels of hearing impairment who typically had limited or no
access to ISL or captioned content in their standard
classroom settings.

Participant demographics were as follows:
a) Primary Level: 20 students (ages 11-14)
b) Secondary Level: 18 students (ages 15-21)

4.3 Intervention and Materials

Educational content focused on basic mathematical

concepts, including geometry and arithmetic. For traditional

teaching, teachers used blackboard instruction with minimal

visual aids beyond hand-drawn diagrams. For the

multimedia intervention, digital content incorporating ISL

and captions was developed to explain the same concepts.

Multimedia materials included:

a) Visual Explanations: Each concept was supplemented
with visuals aligned with ISL signs.

b) Captions: English captions accompanied every spoken
element.

c) ISL Integration: ISL
mathematical instructions.

interpreters  presented

4.4 Data Collection Tools

4.4.1 Assessment Instruments

The following tools were used to measure comprehension

and gather student feedback:

a) Pre- and Post-Test Assessments: A structured
questionnaire, including multiple-choice and short-
answer questions, was administered before and after the
multimedia intervention to evaluate comprehension of
mathematical concepts.

b) Feedback Survey: After the multimedia session,
students completed a survey to capture their preferences
for ISL and captions, ease of understanding, and
engagement levels.

To ensure accuracy, all assessments were administered in

ISL by a trained interpreter.

4.5 Data Analysis

Data were analyzed using SPSS software, focusing on:

a) Descriptive Statistics: Mean scores, standard
deviations, and improvement percentages.

b) Paired t-Test: Statistical validation of comprehension
differences.

c) Qualitative Analysis: Thematic analysis of student
feedback.
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5. Results

5.1 Improvement in Comprehension Scores

The analysis revealed that the multimedia group experienced
an 18.42% increase in comprehension scores, compared to a
9.58% increase in the traditional blackboard group. This
improvement is summarized in Table 1.

Table 1: Comparison of Comprehension Scores in Pre- and

Post-Tests
. Mean Score | Mean Score | Percentage
Teaching Method (Pre-Test) | (Post-Test) | Improvement
Traditional Blackboard 56.3 61.7 9.58%
Accessible Multimedia 56.3 73.1 18.42%

5.2 Student Preferences

Feedback from the survey indicated a strong preference for
accessible features, as shown in Table 2.

Table 2: Preferences for Accessibility Features

Accessibility Feature | Preference (%)
Captions 94.73%

Indian Sign Language 92.10%

5.3 Statistical Analysis

The paired t-test yielded a p-value of <0.05, confirming a
statistically significant difference in comprehension between
traditional and multimedia formats. These findings
underscore the advantages of accessible multimedia for
students with hearing impairments.

6. Discussion
6.1 Insights on ISL and Caption Effectiveness

The findings from this study confirm that accessible digital
media significantly enhances comprehension for hearing-
impaired students. The positive response to ISL and
captioned content highlights their critical role in making
educational material accessible. ISL allows students to
receive information in their primary language, reducing
cognitive load and improving understanding.

6.2 Policy and Practical Implications

The marked improvement in comprehension scores
underscores the need for policy changes requiring accessible
educational media across schools. Integrating accessible
multimedia content into mainstream education could help
achieve the goals of inclusive education outlined in the
Rights of Persons with Disabilities Act, 2016.

6.3 Limitations and Future Research

While the findings are promising, certain limitations should
be acknowledged:

1) Geographic limitation to Mumbai schools

2) Focus solely on mathematics instruction

3) Limited sample size
4) Short-term nature of the study

Future research should:

1) Expand to diverse geographic locations
2) Include various subject areas

3) Conduct longitudinal studies

4) Assess impact on language acquisition

7. Conclusion

This study demonstrates that accessible digital media
significantly improves comprehension and engagement for
hearing-impaired students. The integration of ISL and
captioned multimedia offers a practical solution to address
the shortage of specialized instructors while promoting
inclusive education.

7.1 Key findings include:

1) 18.42% improvement in comprehension with
multimedia

2) Strong student preference for accessible features

3) Statistical validation of effectiveness

4) Support for policy implementation
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