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ABSTRACT

This study explores the online education preferences and learning characteristics of deaf
and hard-of-hearing adults based on a survey of 51 participants. Findings show that most
participants prefer using smartphones to access online resources, while tablets and PCs are
less favored. Respondents engage frequently with social media and news websites but use
educational platforms, online banking, and government services less often. Key preferences
include the use of visual components—such as sign language videos, graphics, and illustrative
examples—highlighting the importance of visual learning. Additionally, clear module struc-
tures with pre- and post-lesson exercises are valued for improving comprehension. The study
concludes that adaptive, mobile-friendly online courses with short, visually focused modules
are essential for effective learning among individuals with hearing impairments.
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1  INTRODUCTION

The urgency of addressing the socialization challenges faced by deaf and hard-
of-hearing individuals necessitates close attention, contingent on the level of socie-
tal cultural development [1]. Research indicates that the transition from education to
employment presents significant challenges for deaf people, particularly for those who
lack access to higher education [2]. Despite an increase in the number of deaf students
attending universities and colleges in Kazakhstan, obstacles continue to impede their
access to higher education [3]. Factors such as anxiety, poor study habits, a general
lack of interest in college, and negative attitudes toward education have been identi-
fied as primary contributors to college dropout among deaf students [4]. Furthermore,
deaf adults may experience reduced autonomy and self-confidence if they do not pos-
sess the essential skills for independent living, such as managing household tasks [5].
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Kazakhstan’s primary educational policy [6] advocates for the inclusion of pupils
with exceptional educational needs to facilitate employment opportunities for
persons with special needs. Recent institutional reforms in Kazakhstan’s special edu-
cation have directly impacted the education of deaf children. When special educa-
tion teachers or other specialist professionals are available, deaf pupils are welcome
in regular schools. Nevertheless, a more comprehensive understanding of inclusion
isneeded to improve educational outcomes for deaf students [7]. This approach goes
beyond simply placing impaired students in regular classrooms [8]. One of the most
important safeguards against the social marginalization of deaf adults is lifelong
learning. To develop a cutting-edge and user-friendly online education system that
fully meets the educational requirements of the target group and addresses exist-
ing gaps in social, educational, and technological domains, we investigate and ana-
lyze the learning methods of deaf adults, their cognitive characteristics, and how
information—especially educational content—should be presented to them.

2 MATERIALS AND METHODS
2.1 Literature review

Variations in Cognitive Abilities of Hearing and Deaf People. When designing an
efficient online learning platform for the deaf, it is essential to consider the target
group’s learning profile and unique educational needs. Investigating the primary dis-
tinctions in mental abilities between hearing and deaf individuals is therefore crucial.

Research indicates that the average IQ of deaf individuals is similar to that of
hearing people and tends to increase over time [9]. However, deaf individuals differ
from their hearing counterparts in memory, problem-solving abilities, and academic
performance [10]. Cognitive differences are also evident in the visual communica-
tion skills of deaf persons, particularly in the processing of visual language.

Reports suggest that sensitivity to visual contrast is comparable between deaf and
hearing individuals [11]. Key factors influencing language comprehension include
linguistic quality and precision, general storage capacity, the level of explicit process-
ing, and the accessibility of long-term memory [12]. In addition, evidence shows that
deaf children may struggle with fine motor sequencing, even though their visual
cognitive abilities are on par with those of their hearing peers [13].

While hearing loss can hinder the identification of peripheral visual cues, atten-
tional skills remain essential for daily tasks [14]. Notably, hearing loss does not predict
attentional deficiencies; deaf individuals often perform similarly—and sometimes
even better—than their hearing peers in tasks requiring sustained attention [15].
Nonetheless, significant differences in visual attention, particularly in peripheral
attention, have been documented [16]. For example, Mann et al. [17] found that
deaf individuals are less disrupted by primary distractions but are more affected by
peripheral ones compared to hearing individuals.

Early exposure to sign language appears to benefit the cognitive development
and visual perspective abilities of deaf children [18]. However, there is evidence
that deaf and hearing individuals differ in tasks involving working memory, partly
because sign language requires more spatial coding than spoken language [19].
Given that sign languages are visuospatial and time-consuming to produce, they
may adversely impact short-term memory [20].

Deaf individuals often exhibit lower reading proficiency than hearing readers
due to their unique method of word recognition [21]. Research suggests that pho-
nological coding, awareness abilities, and overall linguistic proficiency are closely
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associated with reading skills in deaf individuals [22]. Moreover, the observed
correlation between reading motivation and text comprehension indicates that
engaging with challenging texts could enhance their reading abilities [23]. In 2021,
research by Earlham College et al. [24] on the reading strategies of deaf adults
revealed that most participants employed a keyword technique to comprehend
material, which aligns with observations that deaf individuals possess an extensive
orthographical lexicon [25]. Furthermore, significant challenges with text produc-
tion have been noted, likely due to difficulties in differentiating stimuli in working
memory and the absence of auditory input [26].

In the age of modern technology, electronic learning—often referred to as
distance learning—has become an increasingly popular and innovative teach-
ing strategy [27]. It has served as a valuable educational tool for people around
the globe. The strength of the Internet, and consequently online learning, lies in
its universality [28]. Regardless of an individual’s skills or limitations, the Internet
is designed to serve everyone. Therefore, it must be accessible to individuals with
diverse hearing, vision, mobility, and cognitive abilities.

The Internet’s potential to break down social and communication barriers in the
physical world has transformed how disability is perceived. This underscores the
importance of providing opportunities for individuals with disabilities by ensuring
that online services—especially online education—are accessible in a manner that
respects and addresses their unique needs. Beyond securing equal human rights, it
is essential that people with disabilities, particularly those who are deaf or hard-of-
hearing, fully benefit from this technology and its numerous advantages.

However, in developing online educational systems, the unique needs of individ-
uals with disabilities—such as deafness and partial hearing impairment—are often
overlooked [29]. Designing user-friendly and accessible interfaces for these users
can be challenging [30]. This may be partly because the term “deaf persons” does not
imply a uniform set of characteristics and needs; rather, these vary widely among
individuals [31].

Variations in the degree and type of deafness, along with the age at which hearing
loss occurs, can significantly affect an individual’s language, literacy, and overall
reading and writing abilities. These differences create challenges in designing online
educational interfaces [32] and developing effective instructional prototypes. It is
essential for system designers to recognize and address the unique cognitive and
communication needs of these users [33]. By incorporating interactive learning envi-
ronments and diverse representations of learning processes, multimedia ICT tools
and online education platforms can better meet these specialized requirements [34].

Deaf individuals primarily use sign language—a unique language that relies
on hand movements, gestures, and lip movements rather than sound [35, 36].
Consequently, online education platforms for deaf and hearing-impaired users
should present all audio content in a visual format using text, captions, images,
and sign language videos. Additionally, it is crucial to design a clear and intuitive
graphical user interface that delivers lessons in a way that resonates with these
users [37]. However, given that some deaf and hearing-impaired individuals may
struggle with extensive written text, minimizing text usage is advisable.

Research indicates that deaf individuals who use sign language process images
more rapidly and efficiently than text [38]. Consequently, designers and developers
must adhere to established online accessibility standards when creating educational
systems for deaf and hard-of-hearing learners. This commitment ensures that the
resulting e-learning tools are both effective and engaging for this user group.

Currentresearch suggests that effective online education strategies include the use of
illustrative exercises and timely feedback [39], along with concise and comprehensive
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micro-modules [40]. E. Brito and G. P. Dias developed a learning management system
(LMS) that emphasizes the importance of accommodating diverse individual needs
and ensuring that all uploaded content is accessible to students with disabilities [41].

2.2 Contents

In order to assess the current state of cognitive functioning and online education
systems for deaf individuals, the first step of the research involved a comprehensive
review of the literature. Following this, an online survey was developed. A ques-
tionnaire for deaf and hard-of-hearing adults was created (see Appendix A) based
on the most recent research on the subject, and it was subsequently uploaded to an
electronic survey platform (Google Forms). The survey consisted of thirteen ques-
tions divided into four sections:

e Demographic Characteristics

e Information and Communication Technology (ICT) Accessibility
e Learning Approaches

e Specifications of Modules and Online Learning Platforms

The questionnaire comprised five multiple-choice questions, four Likert scale
questions, two dichotomous questions, one open-ended question, and one check-
box question.

2.3 Technique

This study aimed to explore the learning processes of deaf and hard-of-hearing
individuals and to identify the most effective methods for delivering information
and instructional materials to optimize learning outcomes. Specifically, the research
focused on investigating the ICT access of deaf individuals and understanding their
perceptions regarding the module specifications and instructional approaches used
by online education platforms.

The study process began with a comprehensive literature review that docu-
mented the current state of knowledge regarding deaf and hard-of-hearing students.
Building on the insights from this review, an online survey was developed and
widely distributed through the Kazakh Society of the Deaf across 17 districts in the
country. Data were collected using Google Forms and subsequently analyzed using
statistical methods.

2.4 Respondents

The online survey was available for two weeks after being distributed via several
Kazakhstan Societies of the Deaf. A total of 51 responses were collected from deaf
or hard-of-hearing individuals (refer to Table 1), including 27 males (52.9%) and
24 females (47.1%). The smallest age group consisted of participants aged 55 and
above, while the largest group (43.1%) was between 26 and 35 years old. Of the
respondents, 32 had varying degrees of hearing loss and were classified as hard of
hearing, while the remaining participants were deaf. Additionally, 16 participants
(31.4%) were born with hearing loss, and 35 (68.6%) acquired it later in life.

Regarding educational backgrounds, 15 participants attended special schools, and
9 were in correctional classes during secondary school. Only one participant (2%)

International Journal of Online and Biomedical Engineering (iJOE) 25


https://online-journals.org/index.php/i-joe

Yessengaliyev et al.

completed elementary school, while the majority (52.9%) were graduates of higher
education institutions (refer to Table 2). In terms of employment, 36 participants were
employed in the public or private sector, seven were unemployed, and three were retired.

Table 1. Participant demographic information (n = 51)

Frequency Percentage

Age Distribution
18-25 14 27.5%
26-35 22 43.1%
3645 7 13.7%
46-55 5 9.8%
55 above 3 5.9%
Sex Distribution
Men 27 52.9%
Women 24 47.1%
Deafness Type
Mild hearing loss 32 62.7%
Average hearing loss 4 7.8%
Severe hearing loss 4 7.8%
Complete hearing loss 11 21.6%
Reasons for Deafness
Congenital 16 31.4%
Acquired 35 68.6%
Table 2. Status of participants’ education and occupation (n = 51)
Category Frequency Percentage
Education Type
Special school 15 29.4%
Correctional classes 4 7.8%
of secondary school
Parallel support 5 9.8%
None of the above 27 52.9%
Education Level
Primary education 2 3.9%
Secondary education 14 27.5%
Technical education 7 13.7%
Higher education 27 52.9%
None of the above 1 2%
Occupational Status
[ am working 30 58.7%
In search of a job 3 5.9%
Student 5 9.8%
(Continued)
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Table 2. Status of participants’ education and occupation (n = 51) (Continued)

Category Frequency Percentage
Self-employed 6 11.8%
Retired 3 5.9%
Housewife 1 2%
Unemployed 3 5.9%

3  USED AITOOLS

During the preparation of this manuscript, [03-mini, ChatGPT] was used for
English language proofreading. All results obtained with the tool were further
reviewed and verified by the authors, who take full responsibility for the content of
the paper.

4  RESULTS

We computed Cronbach’s alpha coefficients to assess the questionnaire’s
internal consistency. The questions related to participants’ familiarization with ICTs
yielded a Cronbach’s alpha of 0.866; those addressing attitudes toward the learn-
ing approach produced an alpha of 0.966; and the questions concerning the online
platform’s modules resulted in an alpha of 0.962. These high values support the
validity of the questionnaire. Furthermore, we calculated Pearson’s correlation coef-
ficients between the questionnaire items to evaluate its structural validity (refer to
Tables 3-5). Most of the coefficients were either high or moderate, indicating that the
questionnaire is a sound and legitimate instrument for data collection.

Table 3. Pearson correlation coefficients for ICT usage items (n=>51)

-
[P] N . =
= 172 = o0 > 0 3]
S =% S22 =& S8 g £
= & 3 o= g = 2 = =
b= 8 = < 2 =Y == =) &
— (=3 =} ] a S o E S < -
< CZIRT] xR o = = & ) )
£ = 5 73 = = 2
() S |

PC 1

Tablet 0.280* 1

Smartphone 0.321* | -0.047 1

News & Blogs 0.283* 0.166 0.393** 1
Social Networks | 0.108 0.151 0.380** | 0.444** 1

Search 0.266 0.284* 0.242 0.338* 0.574** 1
for Products

Online Shopping | 0.175 0.260 0.250 0.302* | 0.513** | 0.808** 1
Online Banking | 0.419** | 0.236 0.424** | 0.402** | 0.368** | 0.562** | 0.417** 1

Online 0.267 0.244 0.351* 0.208 0.308* 0467* | 0443** | 0.642** 1
Gov. Services

Online Learning | 0.341* 0.313* | 0.272 0474 | 0.400** | 0.399** | 0.414* | 0.618** | 0.388** 1
Entertainment 0.429** | 0.342* | 0.197 0.298* | 0.514* | 0.546** | 0.479** | 0.521* | 0419** | 0.570** 1

Notes: *Indicates significance at the 0.05 level (2-tailed); **Indicates significance at the 0.01 level (2-tailed).

iJOE | Vol. 21 No. 10 (2025) International Journal of Online and Biomedical Engineering (iJOE) 27


https://online-journals.org/index.php/i-joe

Yessengaliyev et al.

Tailored/Self-

Paced Modules

Organized
Clustering Progression

Seamless

Gradual
Unfolding

Table 4. Pearson correlation coefficients for learning strategy iters (n =51)

Practice
Exercises

Interactive
Queries

Tailored/Self-Paced Modules 1

Organized Clustering 0.806™* 1

Seamless Progression 0.879** 0.817** 1

Gradual Unfolding 0.748** 0.884** 0.790** 1

Practice Exercises 0.729** 0.826** 0.736** 0.925%* 1

Interactive Queries 0.779** 0.826** 0.750** 0.747** 0.802** 1
Evaluation 0.763** 0.806** 0.792** 0.785** 0.821** 0.894**

Note: **indicates significance at the 0.01 level (2-tailed).

Table 5. Pearson correlation coefficients for online learning platform module specifications (n = 51)

Concise & Hlustrative = Terminology Visual Educational Sign
Informative Modules  Instances Clarifications Aids Videos Language Videos Sessions
Concise & 1
Informative Modules
Ilustrative Instances 0.818** 1
Terminology 0.746** 0.857** 1
Clarifications
Visual Aids 0.671** 0.833** 0.934** 1
Educational Videos 0.633** 0.751** 0.869** 0.882** 1
Sign Language Videos 0.577** 0.721** 0.796™* 0.835** 0.847** 1
Review Sessions 0.691** 0.770** 0.871** 0.857** 0.810** 0.829**

Note: **indicates significance at the 0.01 level (2-tailed).

Based on responses to questions 9 and 10 (refer to Table 6), smartphones emerged
as the most useful device for adults who are deaf or hard of hearing M = 4.37,
SD =0.98). Personal computers, including laptops and desktops, ranked second (M =
3.33, SD = 1.38), while tablets were rated as the least useful (M = 1.76, SD = 1.09). In
terms of online services, social media (M = 3.78, SD = 1.03) and news/blogs (M = 3.18,
SD = 1.23) were the most frequently used by the participants. In contrast, respon-
dents reported spending less time on online learning (M = 2.73, SD = 1.21), online
government services (M = 2.22, SD = 1.10), entertainment (M = 2.92, SD = 1.29), and
online banking (M = 2.65, SD = 1.38).

Table 6. Availability of devices and services (Total, n=51)

Devices Mean SD
PC 3.33 1.38
Tablet 1.76 1.09
Smartphone 4.37 0.98

(Continued)
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Table 6. Availability of devices and services (Total, n = 51) (Continued)

Services Mean SD
News and blogs 3.18 1.23
Social networks 3.78 1.03
Search for products 2.76 1.30
Online shopping 2.88 1.24
Online banking 2.65 1.38
Online government services 222 110
Online learning 2.73 1.21
Entertainment 292 1.29

A one-way analysis of variance (ANOVA) was conducted to explore potential dif-
ferences among groups regarding participant access to devices and ICT services, as
well as their opinions on the instructional mode and specific online platform mod-
ules. The analysis revealed no statistically significant differences in preferences for
using tablets for online learning (F(4, 46) = 1.969, p = 0.115, n? = 0.146), electronic
mail services (F(4, 46) = 0.817, p = 0.521, n? = 0.066), or Internet banking (F(6, 44) =
1.655, p = 0.155, n? = 0.184). Although moderate effect sizes were observed—such
as for Internet banking (n? = 0.184)—these differences did not achieve statistical
significance.

The analysis indicated that differences in preference for using smartphones
for online learning were not statistically significant (F(1, 49) = 0.765, p = 0.386,
n? = 0.015). Similarly, the preference for practical exercises in online learning did
not reach statistical significance (F(3, 47) = 2.310, p = 0.088, n? = 0.128). Regarding
the use of online government services, although the differences were not statisti-
cally significant, a moderate effect size was observed (F(1, 49) = 3.267, p = 0.077,
n%=0.063).

Participants were given the opportunity to select the learning strategy they pre-
ferred for an online course in question 11 (refer to Table 7). Data analysis revealed
that participants highly valued interactive components within the educational
modules. For example, exercises following lessons received a high rating (M = 3.47,
SD =1.50), as did questions during instruction (M = 3.53, SD = 1.43), underscoring the
importance of practical engagement and active participation.

Conversely, lower ratings were observed for the organization of module clus-
ters (M = 3.04, SD = 1.47) and continuity between modules (M = 3.02, SD = 1.35),
indicating a need for improved structural coherence and a more logical pro-
gression of the curriculum. Additionally, the gradual disclosure of content (M =
3.14, SD = 1.53) and the provision of assessments after each lesson (M = 3.47,
SD = 1.48) were evaluated favorably, highlighting the necessity for clarity and
timely feedback.

Collectively, these findings suggest that enhancing the effectiveness of edu-
cational programs requires a focus on participant feedback—specifically,
strengthening the connections between modules and emphasizing practical
learning elements.
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Table 7. Descriptive analysis of attitudes towards learning techniques (N =51)

Learning Technique W\ Mean SD
Tailored or self-paced learning modules 51 312 1.46
Organized clustering of related modules 51 3.04 147
Seamless progression throughout the modules 51 3.02 1.35
Gradual unfolding of the module content 51 3.14 1.53
Practice exercises following each session 51 347 1.50
Interactive queries during the sessions 51 353 1.43
Evaluation following each session 51 347 148

Table 7 presents the descriptive analysis of participants’ attitudes towards var-
ious learning techniques for an online course. The data indicate that interactive
components—such as interactive queries during sessions (M = 3.53) and practice
exercises (M = 3.47)—were rated more favorably, highlighting the importance of
active engagement and immediate feedback. In contrast, the structural aspects of the
course, including tailored or self-paced modules, organized clustering, and seamless
progression, received slightly lower ratings, suggesting room for improvement in
these areas to enhance the overall learning experience.

The analyses indicate that age, hearing loss, and the educational module do
not have statistically significant effects on participants’ attitudes. Specifically, the
age analysis yielded F(4, 46) = 1.461, p = 0.230, and n? = 0.113, suggesting that age
does not meaningfully influence attitudes. Likewise, the examination of hearing
loss levels produced F(3, 47) = 0.678, p = 0.570, n? = 0.041, indicating that varying
degrees of hearing loss do not significantly impact attitudes. Finally, the analysis of
the educational module resulted in F(4, 46) = 1.424, p = 0.241, and n?=0.110, further
supporting the notion that this variable may not exert a notable effect on attitudes.
Overall, these findings imply that the examined factors are unlikely to significantly
influence participants’ attitudes, which underscores the need for further research to
explore additional variables that may affect educational outcomes.

Table 8. Descriptive analysis of attitudes toward the specifications of online learning
platform modules (N = 51)

Specification N Mean SD
Modules to be concise and informative 51 312 1.56
[lustrative instances 51 3.45 1.43
Clarifications for terminology and concepts 51 343 1.42
Visual aids 51 3.49 1.30
Educational videos 51 3.57 1.61
Videos presented in sign language 51 3.62 1.38
Review sessions following each unit 51 3.52 1.45

The findings from participant responses (see Table 8) underscore the critical role
of various components in enhancing the effectiveness of online learning courses.
Educational videos (M = 3.57, SD = 1.61) and videos presented in sign language
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(M = 3.62, SD = 1.38) received the highest ratings, indicating a strong preference
for visual formats that facilitate comprehension. Similarly, visual aids (M = 3.49,
SD =1.30) and illustrative instances (M = 3.45, SD = 1.43) were well-regarded, high-
lighting the importance of using visual resources to clarify complex concepts.

Participants also valued clarifications for terminology and concepts (M = 3.43,
SD = 1.42) and review sessions following each unit (M = 3.52, SD = 1.45), which
emphasize the need for clear explanations and timely feedback. Conversely, the
specification that modules be concise and informative received the lowest rating
(M = 3.12, SD = 1.56), suggesting that while brevity is appreciated, it may be less
prioritized compared to the interactive and visual elements that directly enhance
understanding.

Overall, these results highlight the necessity of integrating robust visual and
explanatory components within educational modules to maximize accessibility and
learning effectiveness for deaf and hard-of-hearing learners.

The analysis revealed that the cause of deafness did not significantly influence
participants’ attitudes toward the use of videos in sign language (F(1, 49) = 0.434,
p=0.513,7m2=0.009) or the use of graphics (F(1,49)=1.740, p=0.193,1?=0.034). This
indicates that, regardless of whether their deafness is congenital or acquired, partic-
ipants share a similar preference for visual aids in educational settings. Moreover,
there were no significant preferences regarding the necessity for brevity in module
design (F(4,46)=0.623, p=0.648,1>=0.051), suggesting that the length of the modules
is not a critical factor across diverse educational backgrounds. Similarly, attitudes
toward the inclusion of examples (F(4, 46) = 0.870, p = 0.489,n?=0.070) and the pro-
vision of descriptions for definitions and terms (F(4, 46) = 1.192, p=0.327,m%=0.094)
were also non-significant. Finally, the analysis further indicated no significant dif-
ferences across each module specification (F(4, 46) = 0.548, p = 0.702, n? = 0.045).
Overall, these results suggest that the examined factors do not play a pivotal role in
shaping participants’ preferences for visual aids in online educational contexts.

5  DISCUSSION

The current study is an exploratory investigation into the online learning experi-
ences of deaf and hard-of-hearing individuals in the context of modern technology.
Its main objective was to understand their attitudes, cognitive traits, and preferred
learning methods to develop an online learning environment that meets their
specific needs. By integrating findings from a comprehensive literature review with
data from an online survey administered to deaf and hard-of-hearing participants,
the study provides several key insights.

Notably, the results indicate that these individuals favor smartphones over tablets
or PCs for accessing ICTs [42]. When online, they tend to use social media, email, and
frequently read blogs and news articles [43], while showing lower engagement with
online banking, online learning, online government services, and entertainment
platforms.

The analysis indicated that gender did not significantly affect the use of devices
and services, including internet access, among deaf and hard-of-hearing individuals.
Similarly, there were no statistically significant differences between those born deaf
and those who lost their hearing later in life. However, age and professional stand-
ing significantly influenced both the choice of online services and the amount of
time spent using them. Additionally, participants’ educational backgrounds mainly
impacted the frequency of email usage.
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The target group considers all aspects of the online learning approach important.
Participants highlighted that maintaining continuity between modules and includ-
ing questions and exercises before, during, and after each module are among
the most crucial elements. In addition, the use of specialized graphics, illustrative
examples, and instructional videos are regarded as key components of the online
learning modules. They also place high importance on clear explanations of defini-
tions and terminology, post-module reviews, the inclusion of sign language videos,
and concise module design.

The use of visual aids and sign language videos in the online learning modules
was significantly affected by the cause of deafness. Additionally, module duration
and participants’ educational backgrounds influenced their preferences; those with
higher education levels preferred shorter modules compared to peers with technical
education. Other factors shaping participant preferences include the inclusion of
illustrative examples, clear definitions and term explanations, and review sessions
at the end of each module.

6  CONCLUSION

The commitment to creating accessible digital environments should be guided
by international frameworks, such as the United Nations Convention on the Rights
of Persons with Disabilities, which underscores the critical need for equal access to
technology for all [44]. This study explored the cognitive profiles, learning require-
ments, and ICT familiarity of individuals who are deaf or hard of hearing. Field
studies indicate that these adults tend to feel more comfortable using smartphones
compared to tablets or desktop computers. Consequently, it is essential for the online
learning platform to be fully responsive, and the development of a dedicated mobile
app should be considered as a supplementary tool.

The literature review reveals that while deaf individuals generally possess strong
attentional abilities, their hearing loss makes them more prone to distractions from
visual stimuli. To mitigate this, online modules should feature simple navigation that
minimizes extraneous visual elements. Additionally, because sign language requires
more space than spoken language, it can strain working memory. As a result, learn-
ing content should be divided into shorter, more manageable modules rather than
longer, text-heavy ones.

Furthermore, deaf individuals often face challenges with reading comprehension
and text composition, likely due to differences in working memory and the absence
of auditory cues. To address this, instructional materials should emphasize key
words and limit text, thereby capturing and maintaining learners’ attention. This
approach aligns with feedback from the target audience, who favored a straight-
forward, step-by-step presentation of content. Based on these findings, the strategy
will involve creating concise learning modules that use minimal text, ultimately
facilitating learning and enhancing student motivation.

Research indicates that deaf and hard-of-hearing learners benefit significantly
from visual content delivery. This includes the use of pictures, captioned videos, and,
importantly, videos in sign language. Since these learners process images and videos
much more quickly than text, the most effective instructional approach is to present
educational content primarily through sign language videos, supplemented by other
visual aids to enhance comprehension.

Deaf adults expressed positive feedback regarding the exercises provided
at the end of an online course to assess their learning needs. Consequently, it is
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recommended that an automatic assessment system—based on predetermined
completion criteria for self-evaluation—be integrated into online learning platforms
for deaf learners. This system would offer immediate feedback and ensure that the
educational content effectively meets their learning requirements.

The results of the online survey indicate that participants had favorable opinions
about the continuity of the online modules. Consequently, it is recommended that
the lessons be kept brief in length, aligning with prior conclusions about the neces-
sity of avoiding excessive text and considering individuals limited working mem-
ory capacity. The learning modules should be designed to function independently
while still being capable of connecting with one another to form a cohesive learning
experience on a specific topic.

Research is currently ongoing, focusing on the creation and use of specialized
software that utilizes supercomputers to recognize sign language using machine
learning. This technology has the potential to further enhance accessibility and
interactivity in online education for the deaf and hard of hearing.

The online poll results indicate that participants appreciated the continuity of
the online modules. In light of these findings and earlier conclusions about avoid-
ing lengthy texts—given the limited working memory capacity of the learners—it is
recommended thatlessons remain brief. Each learning module should be designed to
function independently while also being capable of connecting with other modules
to form a comprehensive unit on a specific topic.
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