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Abstract: Several assistive technologies (ATs) have been manufactured and tested to alleviate the
challenges of deaf or hearing-impaired people (DHI). One such technology is sound detection,
which has the potential to enhance the experiences of DHI individuals and provide them with new
opportunities. However, there is a lack of sufficient research on using sound detection as an assistive
technology, specifically for DHI individuals. This systematic literature review (SLR) aims to shed
light on the application of non-verbal sound detection technology in skill development for DHI
individuals. This SLR encompassed recent, high-quality studies from the prestigious databases of
IEEE, ScienceDirect, Scopus, and Web of Science from 2014 to 2023. Twenty-six articles that met the
eligibility criteria were carefully analyzed and synthesized. The findings of this study underscore the
significance of utilizing sound detection technology to aid DHI individuals in achieving independence,
access to information, and safety. It is recommended that additional studies be conducted to explore
the use of sound detection tools as assistive technology, to enhance DHI individual’s sustainable
quality of life.

Keywords: non-verbal sound detection; quality of life; deaf and hearing-impaired people; assis-
tive technologies

1. Introduction

Globally, hearing loss is an increasing problem that affects the human population
adversely. A report from the World Health Organization showed that there is an estimated
466 million deaf and hearing-impaired (DHI) individuals globally, of which 432 million
are adults and the rest are children [1]. Furthermore, the availability of hearing aids is
still under 10% of worldwide needs [2]. DHI individuals face different problems in their
everyday activities as a result of not being able to communicate effectively. They also have
less interaction with environmental sounds, which may expose them to hazards. Their
ability to perceive the various sources of sound surrounding them is significant, as their
next moves may depend upon the sound detected. Hence, there remains a need for other
ATs that can assist with sound detection. There is a lack of adequate systematic literature
reviews covering the aspect of sound detection. This systematic literature review (SLR)
aims to explore the existing systems and techniques available for DHI individuals regarding
non-verbal sound detection and suggest futuristic visions for DHI's sustainable quality of
life. In addition, to give convenient answers to the research questions (RQs) underneath:

RQ1: What common methods are used to inform deaf and hearing-impaired individu-
als about sound events?

RQ 2: What sustainable quality methods are used to interpret sound events for deaf
and hearing-impaired individuals?

RQ 3: What are the target groups aimed for by the included studies?
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RQ 4: What technologies and tools are used by deaf and hearing-impaired people to
recognize a sound event?

1.1. Difficulties Faced by DHI Individuals

Deafness typically alludes to the serious hearing misfortune that almost no workable
hearing sense exists. The expression “Impaired-of-Hearing” is regularly used to depict
individuals with any level of hearing misfortune, from gentle to significant [3]. Deafness,
as with any disability, has many consequences that affect people in this category. One of the
great challenges confronting deaf people is effective communication with others without
mediators or ATs. Moreover, they might be uninformed of urgent ambient sounds, for
instance, blaze alarms, and vehicle horns, which lead to a late response reaction that could
endanger their lives [4]. Using a mediator may be an effective way to communicate, but it
may violate their privacy [5]. The vast majority of hearing individuals have either no/little
culture or expertise in gesture-based communication [6]. Furthermore, many technologies
are available but are not accessible by deaf people [7,8].

In contrast, impaired-of-hearing individuals face fewer troubles than deaf individuals
do in their regular day, such as frustrated scholastic accomplishment, when compared
with their hearing counterparts [9]. They are also less involved in conversation with
hearing people.

Disabilities like deafness can influence an individual’s quality of life to varying degrees,
and it is critical to investigate their needs to identify evidence-based strategies for helping
them acquire sustainable quality for their everyday lives. Quality of life refers to a person’s
overall well-being, encompassing their health, social engagement, contentment with their
daily functioning, level of independence, and access to resources [10,11].

1.2. Sound Detection

The detection of sound and its translation into understandable forms for DHI people,
such as sign language and text, positively affects the DHI individuals’ lives, empowering
them to communicate effectively, access information, and engage fully in all facets of
society. Sound detection and recognition mechanisms are deemed the foundation stone
for numerous systems that are built on observation and safety [12]. These systems can
be utilized to apprise people who are DHI about natural sounds, cautioning signals, and
important sounds, which can improve the quality of life for deaf and hearing-impaired
individuals in their daily activities. Sound detection passes through a few steps involving
sound capture, location detection, analysis, and sound classification [13].

1.3. The Challenges and Missing Points Faced by Sound Detection

Noise is a significant factor affecting the sound quality in an outdoor environment [14],
because the process of isolating a specific sound from multiple sounds presents a major
difficulty [15,16]. Sound classification faces a challenge regarding the storage of large
collections of sound samples, a task that cannot be accomplished on an individual level.
Furthermore, the same sound has many similar shapes. In addition, sound localization is
still insufficient if performed under unfavorable conditions [17,18].

2. Methodology

This SLR has been undertaken with consideration of the guidelines for preferred
reporting items for systematic reviews and meta-analyses (PRISMA, see Supplementary
Materials) [19].

2.1. Search Strategy

The SLR covered a period between 2014 and 2023. Four research databases, including
IEEE, ScienceDirect, Scopus, and Web of Science, were used to retrieve journal papers
relevant to the current study. Figure 1 depicts the SLR selection procedure. Figure 2
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illustrates the ratings of the included papers based on their year of publication, with 2018
having the highest number of papers and 2015 having no papers.
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Figure 2. The distribution of publications by year.
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2.2. Search Query

To retrieve studies that are relevant to the current study, the following nine keywords

77 V77

have been picked: “sound detection”, “sound uncover”, “sound reveal”, “sound alert”,
“sound alarm”, “deaf”, “hard of hearing”,” impaired of hearing”, and “hearing loss”. To
obtain the final formula of the query, in the beginning, appropriate keywords have been set

up and linked using “AND”, for instance, “sound detection” AND “deaf”.

2.3. Inclusion and Exclusion Criteria

Inclusion and exclusion concepts were carefully used to filter out studies that did not
meet the necessary criteria and remove any overlap from the desired results [20]. Following
the application of inclusion and exclusion concepts, the results were carefully examined
to filter out studies that did not meet the necessary criteria. The inclusion and exclusion
criteria are presented in Table 1.

Table 1. The inclusion and exclusion criteria of the studies included in the present SLR.

Criteria for Inclusion Criteria for Exclusion

e  Articles with the research topic (detection Articles covering subjects unrelated to the

of non-speech sound). main idea of the study.

Articles written exclusively in English. o  The article is authored in a different
The full text is available online. language.

Research that was published between o  The full text was not open access.

2014 and 2023. e  Duplicated between the databases.
Only journal articles. e Books, book chapters, review paper and
Keywords in the abstract. posters.

Keywords are not in the abstract.
Causes of deafness.

Deaf animals.

Ear anatomy.

Causes of deafness.

No notification is provided.
Deaf and blind individuals.
Unilateral hearing loss.

Out of timeline.

2.4. Selection Procedure

Through the database search, the retrieved studies were 4186; after discarding
1113 duplicated studies, 3073 studies qualified for the screening. A total of 1915 studies
did not correspond to our inclusion criteria listed in Table 1. An aggregate of 158 studies
were included to be assessed for eligibility, after discarding off-topic studies that did not
answer resource questions of the study. In total, 132 studies were eliminated according to
the predefined reasons. Finally, 26 journal articles were included in the definitive review.

3. Results

Table 2 shows the retrieved papers depending on an examination. Twenty-six included
studies were analyzed carefully to answer research questions.



Sustainability 2024, 16, 8976

50f 15

Table 2. General description of the included studies.

Objective Methodology Target Group Technology/Tool Alert Type Environment of Test Results Ref.
Translation services apd Mixed-methods Smartphone and Vibration and Internal environment and ~ The results demonstrate its ease
alerts about surrounding DHI . . .- [4]
sounds. research. Google glass (GG) visual external environment of use and utility.
Monitoring infants by . Hearing Smartphone and an Vibration and . Successfu.l r eal.-tlme monitoring
o . Applied research. . . . . Internal environment and notification of abnormal [21]
hearing impaired parents. impaired Arduino board visual o
conditions.
The impact of noise on the . . . .. . The accuracy of the térget
. Mixed-design Hearing A digital audiometer . . compared to frequencies of
precision of target sound . . . Auditory Internal environment [22]
detection experimental study. impaired and laptop 125 and 1000 Hz, there was less
' sound detected at 6000 Hz.
. Deep 'learmng—based Hearing Computer and deep . Internal environment and ~ 91% accuracy was reached in the
The siren system detector. siren sound . . . Visual . [23]
e impaired learning external environment real world.
Identification.
Deaf assistance
Enable the deaf to User-centric Deaf digital system Vibration and Internal environment and More than 90% accurac [24]
distinguish alarm sounds. development. (DADS) and neural visual external environment ’ ¥
networks
Mixt £ .
Improve the quality of life of exper;;:;ia(l) and Hearing Internal environment and It has been rated for its
L . . . . . Wearable device Vibration . usefulness at 97% and its clarity [25]
the hearing impaired. field-testing impaired external environment at 90°%
approaches. o
Quantitative The results showed that younger
Decc.>de s.ounds through experimental DHI Wearable device Vibration Internal environment participants tended to perform [26]
vibration patterns.
methodology. better.
The accuracy of detecting large
Alert system for deaf User-centered Deaf Wearable device Vibration External environment vehicles was 85%, and small [27]
pedestrians. approach. . o
vehicles were 92.5%.
Mixed-methods Deaf Wearable device Vibration Internal environment The time estimated to track the [28]
sound was 2.8 s.

Estimating sound direction.

research.
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Table 2. Cont.
Objective Methodology Target Group Technology/Tool Alert Type Environment of Test Results Ref.
. S Mixed-methods Hearing . . The results. highlighted that
Creating a synthetic signal . . Smartphone Auditory External environment target-detection performance by [29]
research. impaired
app users was robust.
Estimating sound direction. User—ce.ntered DHI Wearable device V1bra.t10n and Internal env1r9nment and The best success rate was 98%. [30]
design. visual external environment
Augmented realit The outcomes demonstrated that
Identify sounds occurring in User-centered & oy Vibration and Internal environment and household areas can be made
a1 . DHI (AR) and machine . . [31]
daily life. design. . visual external environment more comfortable for
learning (ML) ..
everyday living.
Recognize Hearin Vibration and Offline mode achieved an
& . Applied research. . e Wearable device . External environment accuracy of 97.1% and in online [32]
emergency vehicle. impaired visual o
mode, an accuracy of 95.2%.
Investigated how many Comparative Hearing- . . . Internal environment and The results showed that echo
. . . . . Hearing aids Auditory . . - o [33]
simultaneous sound sources.  experimental design. impaired external environment impairs this ability.
Hearing aids,
Recognizing alarms in N . smartphone, and . The results show the practical use
; . Quantitative Hearing- . . Internal environment and . .
different noisy . . : . convolutional Auditory . and effectiveness of the system in [34]
. experimental design. impaired external environment : :
environments. recurrent neural real, noisy scenarios.
network (CRNN)
The study revealed that the
How various hearing aid number of simultaneous sound
dlrectlc?nal processing Quantltatwe . Heagng- Hearing aids Auditory External environment sources s1gn1,f1ca.n.tly affected.the [35]
settings impact experimental design. impaired participants’ ability to perceive
spatial awareness. spatial information, but no effect
in different hearing aid settings.
ox Sﬁgﬂ:;t lcjl/:si The results provide a foundation
Potential methods to P Sigh Hearing- L . Internal environment and for enhancing the spatially
. . with comparative . . Hearing aids Auditory - . s . [36]
improve spatial awareness. impaired external environment dynamic sound detectability with

and perceptual
testing elements.

hearing aids.
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Table 2. Cont.
Objective Methodology Target Group Technology/Tool Alert Type Environment of Test Results Ref.
Assess the pattern of The CI users showed shortfall in
nonverbal auditory Comparative Hearing- . . . the perception of emotions and
. . . . . CI and iPad Auditory Internal environment . . . . [37]
perceptual deficits in ten experimental design. impaired minute deviations in the pitch
cochlear implant (CI) users. change recognition test.
. I Results showed that 90% of them
Detect ambient dangers. Mixed-methods Deaf Smartphone and ML Vlbra‘tlon and Internal environment approved of the perceived utility [38]
research. visual
and ease of use.
Distinguish between the Applied engineering Bracelet and artificial Vibration and . The test showed an efficiency
sounds of an emergency and . Deaf neural networks . Internal environment o [39]
and design. visual of 75%.
an alarm. (ANN)
Convert common daily Quantitative research Bracelet, smartphone, Vibration and Internal environment and  Results showed the classification
sounds into DHI . . . . o [40]
methodology. and deep learning visual external environment rate for mixed sounds was 80%.
Mel-spectrograms.
Effect of hearing impairment Quantitative Hearine- The findings indicate that drivers
on older drivers’ . . . me Hearing aids Auditory External environment who wore hearing aids did not [41]
experimental design. impaired .
performances. outperform those who did not.
. . o DHI people were inspired by
Importance of using AR for Mixed-methods DHI AR Vlbra‘tlon and Internal environment EarVR to utilize VR [42]
DHI people. research. visual
more frequently.
Tested on their auditory The fmdmgs'der'nonstrate that as
. . - . job complexity increased and as
spatial awareness in Quantitative Hearing- Heari . . . .
. ! . . . earing aids Auditory Internal environment competing sound sources [43]
complicated experimental design. impaired . . .
. . increased in the acoustic
listening contexts. .
landscape, performance declined.
Evaluated the effect of The findings suggest that current
hearing aid use on emotional Cgmparatlve' DHI Hearing aids Auditory Internal environment interventions do nqt ameliorate [44]
responses to experimental design. the effects of hearing loss on
nonspeech sounds. emotional responses to sound.
There was no appreciable
Identification of Cross-sectional Hearing- difference in the participants’
safety-relevant comparative . me CI Auditory External environment safety-relevant environmental [45]
. impaired i, .
ambient sound. methodology. sound recognition skills between

CI-E and CI-C.
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3.1. Common Methods Used to Notify DHI Individuals About Sound Events

Notifications mean bringing the DHI individual’s attention to a sound event. Notifying
DHI individuals about sound events can be achieved using vibratory, visual, or touch-based
behavior. Vibration can be used on a wearable device to inform the person about the sound
phenomenon [46]; vibrations have many meanings, especially for a deaf or blind person.
Individuals who are DHI rely on vibration cues as the main available strategy for being
cautioned about calls and short message service (SMS) on a mobile phone as an alternative
to normal ringtones. Also, the vibration has multiple patterns and lengths, which are used
to recognize sound categories by feeling vibrations [26]. In some situations, the vibration is
insufficient for DHI individuals to experience sound; the vision can aid DHI individuals in
debriefing concepts (or assigning meaning) to sound events. Only fifteen out of twenty-six
articles used notification to alert DHI people about sound events. Vibration and visual
notification have been implemented in articles [4,21,24,30-32,38—40,42]. Vibration behavior
has been used in articles [25-28]. Visual notifications were used in article [23].

3.2. Common Methods Used to Interpret Sound Events for DHI Individuals

Interpreting sound events for DHI individuals involves converting auditory informa-
tion into visual, vibrational, or aural information. Often, DHI individuals prefer visual
methods to understand the information of sound, such as sign language, text, spectrograms,
photos, and flashing in different colors. Vibration can also expose the meaning of sound
to the deaf by providing convenient vibration. Moreover, interpreting sound or voice
can be aurally special for hearing-impaired individuals by correcting their hearing senses
by using CIs [47] or by improving their hearing sense with a hearing aid [48]. Figure 3
illustrates the various methods that were employed in each research to interpret sound
events for DHI people. The method of revealing sound events through the ears was used
in 42% of articles [22,29,33-37,41,43-45]. Text form was used in 15% of articles [4,21,32,39].
Vibration was implemented in 15% of articles [25-27,42]. Photos were implemented in 8%
of articles [24,40]. Sign language was applied in 4% of articles to elucidate sound events [38].
Flashing was implemented in 4% of articles [23]. Flashing and vibration were carried out
in 4% of articles [30]. Turn-to-sound direction was used in 4% of articles [28]. Spectrogram
was utilized in 4% of articles [31].

Flashing &
vibration
4%

Turn to sound
direction
4%

Spectrogram
4%

Flashing
4% \

Sign language
4%

Sound perception
Photos 42%

8%

Vibration
15%

Text forms
15%

Figure 3. Methods used to interpret sound events for DHI people.
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3.3. The Target Group Aimed by Included Studies

Some individuals may have mild-to-moderate hearing loss, while others may have
severe-to-profound deafness. This variation in deafness severity can have an impact on
the target groups that researchers choose to include in their studies. It is important for
researchers to clearly define their target population and specify the criteria for inclusion
in their studies. The included studies in this review targeted three different groups; 54%
of research papers focused on hearing-impaired individuals [21-23,25,29,32-37,41,43,45],
while 19% of studies focused on deaf [24,27,28,38,39], and 27% of studies targeted DHI
individuals [4,26,30,31,40,42,44].

3.4. Assistive Technologies/Tools Used by DHI People to Recognize the Sound Event

Involving DHI individuals in community daily life activities has become a concern
of Ats, to facilitate immersion in society, meet needs, and maintain privacy. Also, ATs
play a role in enhancing auditory perceptions [49]. ATs comprise a wide scope of assistive,
rehabilitative, and adaptive gadgets for individuals with exceptional needs [50]. Ats’ solu-
tions have multiple forms; the most famous forms are implants, portables, and wearables,
which have gained significant interest recently. These assistive technologies are essential for
sustainable sound detection, by increasing sound detection systems’ accuracy, speeding up
detection and alerting times, and improving user interfaces to make the technology more
approachable and accessible. DHI people can benefit from ATs, each with specific advan-
tages. The ideal option frequently varies depending on the person’s lifestyle, interests, and
degree of hearing loss. Hearing aids, which simply amplify sound and are equipped with a
noise suppression system, are used to treat hearing loss [51]. AR is an interactive technology
that imitates the real world by using digital environmental [52]. Cochlear implants use a
sound processor that sits behind the ear, picks up sounds, and sends sound signals to a
transmitter located deep under the skin. The transmitter sends the sound via a wire that
carries tiny electrodes attached to the inside of the ear [53]. Many included studies relied
on artificial intelligence (Al) tools to provide ATs with intelligent, adaptive, and intuitive
solutions that improve accessibility. Among these tools is ML, which focuses on creating
statistical models and algorithms that let computers carry out tasks without direct human
guidance [54]. ML algorithms gain knowledge from big data and then produce prognoses
or make decisions by applying statistical analysis and leveraging patterns. ML is used
to classify sound by examining data patterns that point to specific circumstances. These
can be created and gathered from a variety of sources, including datasets and recorded
sound. Several algorithms are employed for this, such as unsupervised learning algorithms
that can find patterns in data without the requirement for explicit labels and supervised
learning algorithms that are trained on labeled data. Following model training on the
gathered dataset, the model can be used to predict specific sound events, based on data.
To achieve this prediction, machine-learning researchers apply newly learned patterns to
fresh data and use the output of the models to diagnose conditions. Deep learning is a
branch of machine learning centered on multi-layered neural networks to analyze data and
draw conclusions from large-scale databases that are efficient at tasks like audio processing,
image identification, and natural language processing [55]. Deep learning uses represen-
tations derived from human brain knowledge to learn from unstructured or unlabeled
data [56]. Using a deep learning approach is a big step towards creating automated systems
that can identify hazardous situations, increase public safety, and improve the quality of
life of DHI individuals [57]. Figure 4 demonstrates the different assistive technologies
used in each study. The reviewed articles revealed the use of wearable devices in six
articles [25-28,30,32]. Hearing aids were implemented in six articles [33,35,36,41,43,44].
The examined articles indicated the utilization of smartphones in two studies [29,38]. The
reviewed articles revealed the use of computer and deep learning in one article [23]. The
reviewed articles stated the use of smartphone and GG in one article [4]. One of the in-
cluded studies implemented a smartphone and an Arduino board [21]. The review reported
the utilization of Cls and iPad in one article [37]. AR technology has been used in two
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studies [31,42]. A digital audiometer and laptop were used in one retrieved study [22]. The
review encompassed an article that used DADS [24]. One article among those reviewed
displayed the utilization of hearing aids and smartphone [34]. The reviewed articles indi-
cated the use of a bracelet in one article [39]. One article within the review mentioned the
utilization of bracelets and smartphones [40]. The review reported the utilization of Cls in
one study [45].

Bracelet & CL1
mobile, 1

Bracelet, 1

Wearable

Hearing aids & devices, 6

smartphone, 1

DADS, 1

A digital
audiometer &
laptop , 1

AR, 2

CIs & iPad, 1
s a Hearing aids , 6

Smartphone &
Arduino board ,

Smartphone &
GG, 1

Computgr & Smartphone , 2
deep learning , 1

Figure 4. Assistive technologies and tools used in included studies.

4. Discussion

People who are DHI have greatly benefited from the advancement and application
of sound detection technologies, which have increased communication [4], safety [32],
independence, and accessibility [38], leading to sustainability in their quality of life. Most
of the included studies relied on vibration and visual. DHI individuals frequently rely
more on other senses—for instance, vision and touch—to perceive sound and overstep
these limitations in their auditory system [58]. Therefore, a multimodal approach that
integrates multiple sensory channels may provide a more sustainable and effective means
of communication and alertness for DHI individuals. Vibration may have limitations in
conveying certain auditory information through different patterns of vibration, but it is
very accurate in emulating the sound’s direction [18]. Visual notification can complement
auditory input [59], particularly in situations where auditory information is limited or
absent. Vision is considered the most important way to understand the information of
sound, and it is also the first way to learn sign language, which is the primary language for
deaf people [60]. Visual forms can include sign language, text, spectrogram, photos, and
flashing to give an accurate meaning of sound.

Most research utilized sound perception to interpret sound for DHI individuals. This
is because the essential goal of assistive hearing devices is to improve sustainable auditory
perception, especially for those who are hard of hearing. Text forms aid DHI people in
extracting the meaning of sound; however, text forms such as captioning require language
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competency for comprehension and recognizing meaning, which is limited to literate deaf
people [61]. Therefore, text forms are especially important to the deaf, as they enable
them to communicate with hearing people [62]. Detecting sound and translating it to sign
language on deaf-assistive devices has significantly benefited deaf people in their daily
lives. Although some deaf individuals know different communication modalities, such
as spoken and written, they prefer sign language [63]. Vibration can interpret the sound
for the deaf, but it is limited. For example, it alerts the deaf about the sound’s loudness
by providing different intensities of vibration [30]; or different levels and magnitudes of
vibration have been given for every sound [26].

Most of the included studies focused on individuals with hearing impairments, poten-
tially indicating a larger global population of hearing-impaired individuals than those who
are deaf [1]. Deaf individuals usually confront more considerable barriers and challenges
in communication, social integration, and education compared to those who are hearing
impaired, which may lead to a greater need for research and interventions specifically
tailored to the needs of the deaf community. Particularly few ATs developed in a research
setting can help deaf people [2].

The majority of the included papers relied on wearable devices and hearing aids as
assistive technologies for DHI individuals. Wearable devices are widely adopted in the
DHI community for the perception of sound and speech; they enable deaf individuals to
carry out their daily activities independently, without relying on external assistance. In
addition, wearable devices have remarkable potential due to their cost-effectiveness and
light weight [4,64], providing real-time results with high accuracy in detecting speech and
sound [46]. Wearable devices can be composed of a screen, camera, flashlight, microphone
sensor, and vibration motor. Hearing aids are the primary treatment for hearing loss
and are effective in restoring hearing [65], also considered a comparatively inexpensive
solution. Smartphones are widely recognized as mobile assistive tools for DHI people
because they contain valuable features, such as platforms that promote independent living,
communication, social networking, a sense of security, and emergency assistance [66]. The
smartphone has every feature required to construct a basic assistive device, but it lacks the
ability to locate a sound source [67,68]. Also, smartphones have the capability to connect
to other smart gadgets, for instance, smart homes [69]. AR has the potential to overcome
communication barriers and promote inclusivity. AR can offer real-time captioning and en-
vironmental sound alerts [31]. Also, AR can used for sound direction definition [70]. There
are other assistive technologies that have been used, including smart home, Raspberry Pj,
and laptops that provide diverse needs within the DHI community. In addition, combining
two or more assistive technologies in one system such as smartphone and Google glass
enables researchers to perform specific tasks and obtain an efficient outcome.

5. Conclusions

Technologies such as sound detection have been developed to improve the quality
of life for DHI individuals by enabling them to access essential information, greater inde-
pendence, and safety. This SLR presented the detection of non-verbal sound technologies
to improve DHI individuals’ lives by reviewing and examining twenty-six studies that
met research criteria. The findings demonstrated that most of the included studies relied
on vibration and visual alerts as the primary methods to inform DHI people about sound
phenomena. This emphasizes the value of multimodal feedback in helping DHI people,
since tactile and visual signals provide accessible, non-invasive ways to inform them about
sounds. Also, most research utilized sound perception to interpret sound into interpretable
formats for DHI people, which indicates the majority of these technologies targeted the
hearing-impaired groups rather than those with total deafness or DHI. Wearable devices
and hearing aids were the predominant form of assistive technology used in the majority
of included studies, underscoring the convenience of such devices in the daily lives of
DHI people.
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5.1. Limitations

The SLR faced several limitations that should be acknowledged, such as the search pro-
cess being confined to four chosen databases with specific keywords. In addition, the study
was constrained by the articles selected within a given period. Also, the review focused on
the journal articles. The review focused solely on articles available in full text. Additionally,
the review targeted studies published in the English language. Some studies have been
omitted because they lack sufficient information, such as not providing notifications to DHI
people, or no adequate results were provided. The SLR targeted the DHI population which
means deafblind people and unilateral hearing loss were omitted. Also, this SLR omitted
causes of deafness and interventions such as ear anatomy. Furthermore, the SLR omitted
speech recognition, which was deemed correlative to sound detection. These limitations
may have omitted studies that were not included in the search strategy or design of SLR,
which can limit the comprehensiveness of the review or access to certain resources.

5.2. Recommendations and Future Directions

Advances in detecting non-speech sound technologies can significantly influence the
sustainability of quality of life for DHI individuals, as these technologies are essential
to enhancing communication, safety, and overall well-being. After this SLR has been
conducted, the authors recommend conducting more empirical studies and integrating
the use of Al, which is important for ATs manufacturers, software designers, healthcare
providers, and DHI people. For higher quality, ATs should accurately detect any sound
anywhere, and should provide an understandable alert, whether audio-visual or sensory,
for DHI individuals who do not want to miss any alert for any sound detected by ATs [71].
In addition to this, adopting different vibration patterns depends on the importance of
the sound for DHI individuals. Creating a united platform to save all sounds, with con-
sideration of different forms and shapes for each sound, will facilitate the identification
and classification of sounds. Moreover, ATs should be accessible to DHI individuals at a
reasonable price and should be highly accurate in recognizing speech and determining
sound direction. Furthermore, ATs should be socially accepted among DHI people whether
they are elderly, blind, or illiterate people, as well as protecting their privacy. We hope these
recommendations can enlighten researchers, ATs manufacturers, and software developers
to improve the sustainability of quality of life for DHI people.
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