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Abstract: Hearing loss is a significant barrier to academic achievement, with hearing-impaired (HI) individuals often facing
challenges in speech recognition, language development, and social interactions. Lip-reading, a crucial skill for HI individuals,
is essential for effective communication and learning. However, the COVID-19 pandemic has exacerbated the challenges
faced by HI individuals, with the face masks hindering lip-reading. This literature review explores the relationship between
hearing loss and academic achievement, highlighting the importance of lip-reading and the potential of artificial intelligence
(AI) techniques in mitigating these challenges. The introduction of Voice-to-Text (VtT) technology, which provides real-
time text captions, can significantly improve speech recognition and academic performance for HI students. AI models, such
as Hidden Markov models and Transformer models, can enhance the accuracy and robustness of VtT technology in diverse
educational settings. Furthermore, VtT technology can facilitate better teacher-student interactions, provide transcripts of
lectures and classroom discussions, and bridge the gap in standardized testing performance between HI and hearing students.
While challenges and limitations exist, the successful implementation of VtT technology can promote inclusive education and
enhance academic achievement. Future research directions include popularizing VtT technology, addressing technological
barriers, and customizing VtT systems to cater to individual needs.
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1. Introduction

Hearing-impaired (HI) individuals have a hard time surviving the global epidemic. During COVID-19, people
wore masks to prevent being infected. Wearing a mask is a mundane act for most individuals, but for the HI,
wearing a mask can interfere with their speech recognition "', Much of the prior research on HI focuses on three
areas: the relationship between hearing loss and academic achievement, the relationship between lip-reading and
speech recognition, and artificial intelligence (Al) techniques for solving lip-reading difficulties. However, one

aspect that remains unclear is how technology designed to assist with lip-reading difficulties impacts the academic
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achievement of the HI. In 2014, Sundqvist ef a/. demonstrated a delay in the development of Theory of Mind
(ToM) in the community of hearing-challenged people, and weakness of ToM also leads to a decline in academic
performance . Voice-to-text (VtT) technology can enhance the ToM of hearing-impaired awareness thereby
enhancing the academic level of the HI. However, there is a lack of literature in this research area. This paper can
promote the use of VtT technology in listening sessions and help improve the ToM of people with hearing loss,
which improves their academic achievement. Adding to this, recent studies have shown that the cognitive load on
HI individuals increases significantly when they are unable to lip-read, leading to fatigue and decreased academic
performance . By reducing this cognitive load through VtT technology, students can allocate more mental
resources to understanding and engaging with the learning material.

2. The relationship between hearing loss and academic achievement

The academic achievement of people with hearing loss has been a major topic of research. Children with hearing
impairment whose language age matched that of the comparison group were anticipated to perform equally
well on ToM tasks, similar to typical children. The current investigation, however, revealed that the two groups’
performance on the ToM tasks varied. Despite the fact that some of them were older than youngsters with normal
hearing, children with hearing impairment fared worse. Weakness of ToM of the hearing impaired leads to the
decline of their academic achievement. A variety of factors affect the academic performance of people with hearing
loss. There are only a handful of studies on the academic status of students with hearing loss. The academic
achievement gap between the HI and general students is large, it is because they lack opportunities to learn and
also have language training delays . Besides, in 2003, the research done by Kelly et al. indicated that HI students
are not fully engaged in cognitively challenging word problem situations. In general, the teachers focused more on
practicing than on actually solving the problem situation. They also emphasized the characteristics of the problems,
which may be related to students’ language and reading skills, rather than analytical and thinking strategies.
Recent research has also highlighted that HI students are less likely to participate in classroom discussions
and group work, which are critical for developing higher-order thinking skills and collaborative abilities *. This
lack of engagement further exacerbates the academic achievement gap. The introduction of VtT technology
can facilitate better participation by providing real-time text captions, thus making classroom interactions more
accessible to HI students . Moreover, hearing loss has been associated with delayed language development,
which directly impacts academic achievement. Studies have shown that children with HI often have a smaller
vocabulary and poorer grammar skills compared to their hearing peers ", This language delay can hinder their

ability to understand and engage with curriculum content, leading to lower academic performance "*.

3. The role of lip-reading in speech recognition

Hearing impairment or deafness is a type of disability. HI individuals are those who have lost all or half of their
hearing and require special educational services despite the use of hearing aids, making it difficult for them to
communicate verbally .

3.1. The importance of lip reading

HI students can receive information by reading the lips of the speaker """ On the contrary, if HI students do not pay
attention to the speaker or cannot see their lips when interpreting the material, they cannot understand the material
presented. Lip reading is the task of decoding and understanding speech through the movement of the speaker’s
mouth. This is highly beneficial for helping HI people to listen in noisy environments or to “listen” to people who
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do not understand sign language """. Lip-reading not only aids in speech recognition but also in understanding the
emotional tone and intent behind the spoken words "%, This is crucial for effective communication and learning, as
it helps HI individuals grasp the full context of what is being said. The ability to lip-read can significantly reduce

. . . . . 1
misunderstandings and improve classroom interactions .

3.2. Challenges during the COVID-19 pandemic

During the epidemic, the marginalization of hearing-impaired people increased, accompanied by a total
breakdown in socialization, physical health, and mental health "*. Face masks make it difficult for the HI
to understand speech ''*. In 2022, Poon and Jenstad investigated 656 HI people, and the results of the study
indicated that 80% of them felt that wearing a mask had an impact on their understanding of speech and that
the level of difficulty increased with the level of hearing loss '*. Moreover, the use of face masks has been
linked to increased anxiety and social isolation among HI individuals, as they find it more challenging to
engage in everyday conversations and social interactions """, This social isolation can have a detrimental impact
on their emotional well-being and academic motivation, further hindering their educational progress '*. The
pandemic has also highlighted the significant barriers faced by HI individuals in accessing critical information. Public
announcements, classroom instructions, and even casual conversations became more challenging to follow due to the
absence of visual speech cues ", This not only affects academic performance but also the overall quality of life and
mental health of HI individuals *”.

4. Al techniques for solving lip-reading difficulties

Persons with disabilities have been accepted into regular schools and universities with the start of the inclusive
education system as stipulated in Ministerial Regulation No. 70 of 2009. Inclusive education is an educational
service that requires all children with disabilities (visually impaired, hearing impaired, physically impaired,
autistic, etc.) to attend regular classes in neighborhood schools with regular students *". Therefore, emphasis
should be placed on school modifications and technological adaptations in the learning process to serve all
students in the appropriate learning process “*. VtT technology is an appropriate solution to the problem of failed
lip-reading among the HI that affects academic achievement. Al developments boost educational tools for the HI.

4.1. Hidden Markov models (HMMys)

One of the important parts of VtT technology is the Hidden Markov models (HMMs). HMMs provide a simple
and effective framework for modeling time-varying spectral vector sequences. Thus, HMMs are the basis for the
vast majority of large vocabulary continuous speech recognition (LVCSR) systems **. Speech is a non-smooth
signal. When we speak, our articulatory organs regulate air pressure and airflow to produce a range of audible
sounds. Although the spectral content of any given sound may include frequencies up to several kilohertz, our
articulatory structures typically do not experience dramatic changes more than 10 times per second. Thus, speech
modeling involves two aspects: (1) short-time spectral characterization of individual sounds at 10 millisecond
intervals; and (2) characterization of the long-time development of sound sequences due to changes in articulatory
structure at 100 millisecond intervals Y. HMMs have a consistent statistical framework that is flexible and
versatile, which is beneficial for the VtT. HMMs in 1991 had a recognition rate of 95%, with vocabulary on the
order of 1000 words, and it continues to improve. Furthermore, advancements in deep learning algorithms, such
as Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs), have significantly enhanced
the accuracy of speech-to-text systems . These models are capable of learning complex patterns in speech data,

thereby improving the robustness and reliability of VtT technology in diverse educational settings *°.
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4.2. Other models that could be utilized in VtT

In addition to HMMs, other Al techniques such as Transformer models have shown great promise in speech
recognition tasks *’. These models can handle long-range dependencies in speech data more effectively, resulting
in higher accuracy and better performance in noisy environments. The integration of such models into VtT

technology can further enhance its utility in educational settings **.

4.3. Potential of VtT technology in educational settings

V1T could recognize what teachers teach in class, and turn speech into text versions for HI students to read. This
technology could solve the problem of failed lip reading. A study had students with hearing loss take a pre-test
before the semester, and subsequently integrated VtT technology after the middle of the semester learning. A post-
test at the end of the semester showed that students with hearing loss showed a significant increase in performance
after using VtT technology. Besides, VtT technology could boost HI students’ learning motivation *”. In addition,
VtT technology can provide HI students with transcripts of lectures and classroom discussions, which can be
reviewed and studied at their own pace. This not only helps in reinforcing learning but also ensures that HI students
do not miss any critical information due to momentary lapses in attention or comprehension " Moreover, VtT
can facilitate better teacher-student interactions by enabling HI students to ask questions and participate actively
in real time, thereby fostering a more inclusive and engaging learning environment °". Furthermore, the use of
VT technology can help bridge the gap in standardized testing performance between HI and hearing students. By
providing real-time text captions during tests, HI students can better understand the questions and instructions,

. . 32
leading to more accurate responses and fairer assessments .

5. Challenges and future research

Given what was found in the literature review, the following are important issues to address in future related
studies. First, VtT technology needs to be popularized at various levels, not only in special schools but also in
general schools from primary to university level. VtT technology should become a necessity in schools, increasing
its awareness. Besides, more research is needed on the impact of VtT technology on student learning in different
linguistic and cultural backgrounds. Finally, research needs to focus on how to put VtT to better use. On one
hand, more combinations of technologies can be considered. For example, by combining VtT with engineering,
VtT can be designed to be more compatible with human habits, resulting in better human-computer interaction.
On the other hand, more dialects and language habits can be included. Teachers in different schools often come
from various regions and may speak with different dialects and linguistic habits. By accounting for these regional
variations, VtT technology can increase its accuracy and better support hearing-impaired students.

Moreover, there is a need to address the technological barriers such as the availability of reliable internet
connections and the cost of implementing VtT systems in resource-limited settings "*'. Future research should also
explore the integration of VtT with other assistive technologies, such as hearing aids and cochlear implants, to
provide a more comprehensive support system for HI students **. Additionally, longitudinal studies are required to
assess the long-term impact of VtT technology on the academic and socio-emotional development of HI students .

Another critical area for future research is the customization of VtT systems to cater to individual needs.
Personalization of VtT technology can enhance its effectiveness by adapting to the unique speech patterns and
preferences of each user. This can be achieved through machine learning algorithms that continuously learn and

. o . 36
improve from user interactions Bo,
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6. Conclusion

Based on the literature review, this paper explores only the impact of VtT on the academic achievement of hard-of-
hearing and deaf individuals when they are unable to lip-read, without the consideration of other levels of hearing
impairment. With regard to other levels of hearing loss, the effects of VtT are also limited to hard of hearing and
total deafness. However, individuals with milder degrees of hearing loss also need VtT technology. Although they
may hear more, they often struggle to ensure the accuracy of the information they receive. Without the ability to
lip-read, they cannot verify what they hear, making VtT a crucial substitute for lip-reading. The impact of VtT on
their ability to accurately comprehend and engage with information should not be underestimated.

While VtT technology holds significant promise in mitigating the educational challenges faced by HI
students, its successful implementation requires a multi-faceted approach involving technological innovation,
educational policy reforms, and increased awareness among educators and policymakers. By addressing these
challenges, we can ensure that VtT technology serves as an effective tool in promoting inclusive education and

enhancing the academic achievement of HI students "
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