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INTRODUCTION

ABSTRACT

Background: Occupational noise-induced hearing loss (ONIHL) is a major public health concern in Af-
rica, particularly in high-risk industries such as mining, manufacturing, and construction. While hearing
conservation programmes (HCPs) exist, their effectiveness is often limited by poor enforcement, inad-
equate infrastructure, and low adoption of emerging technologies. Advancements in fourth industrial
revolution (4IR) technologies - such as artificial intelligence (Al), tele-audiology, mobile health (mHealth),
and the internet of things (IoT) — offer new opportunities for ONIHL prevention. However, their integration
into occupational hearing healthcare in Africa remains limited.

Objective: To explore technology-driven approaches to ONIHL management and HCPs in Africa, high-
lighting advancements, barriers, and opportunities for integrating digital solutions into occupational
health frameworks.

Methods: For this narrative review, PubMed, Scopus, Web of Science, ScienceDirect, Google Scholar, and
African Journals Online (AJOL) were searched for relevant articles. The selected studies were categorised
as highly or moderately relevant. Thematic analysis was conducted to synthesise key findings on Al-driven
audiology, tele-audiology and mHealth, loT-integrated hearing conservation, and regulatory challenges.
Results: A total of 1 147 publications were identified, of which 55 were evaluated for relevance; 22 were
included in the review. Ten were considered to be highly relevant and 12 to be moderately relevant. Al-
based solutions show promise for early detection and predictive analytics in ONIHL management, but face
barriers such as high costs and limited digital infrastructure. Tele-audiology and mHealth interventions
can improve access to hearing healthcare in underserved areas, yet connectivity and data security chal-
lenges persist. loT-enabled hearing protection devices enhance real-time noise monitoring, but remain
underutilised due to high costs and policy gaps. Moderately relevant studies further highlight imple-
mentation barriers, including reliance on paper-based systems, low digital literacy, and limited funding
for technological innovation. Weak regulatory enforcement further limits technology adoption in HCPs.
Conclusion: While 4IR technologies present significant opportunities for ONIHL prevention, theirimple-
mentation in Africa requires investment, regulatory reform, and multi-sectoral collaboration. Policy
updates, financial incentives, and workforce training are crucial to integrating these innovations into oc-
cupational health strategies. The African experience offers lessons for other low- and middle-income coun-
tries, and future research should prioritise examining real-world industry adoption of these technologies.

under suboptimal occupational health and safety (OHS) conditions.”

Occupational noise-induced hearing loss (ONIHL) remains one of the
most prevalent, yet preventable, occupational diseases worldwide,’
particularly in low- and middle-income countries (LMICs), where
regulatory enforcement and occupational health infrastructure are
often inadequate.2 In Africa, industrialisation, mining, construction,
and manufacturing industries expose workers to hazardous noise
levels,® contributing significantly to the burden of ONIHL. While
traditional hearing conservation programmes (HCPs) have been
implemented in some sectors, their effectiveness is often limited
by resource constraints, poor adherence, and a lack of integration
with emerging digital health solutions.*> With advancements in
technology - particularly in artificial intelligence (Al), tele-audiology,
internet of things (loT), and digital health - there is an opportunity
to revolutionise the management and prevention of ONIHL in Africa.

The burden of ONIHL in Africa is exacerbated by socio-economic and

structural challenges.® High-risk sectors such as mining, manufac-
turing, and agriculture employ a large proportion of the workforce
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Inadequate regulation and enforcement, coupled with limited access
to preventive audiology services, contribute to delayed diagnosis
and management of ONIHL.2° Additionally, many African workers
lack awareness of the risks associated with occupational noise
exposure and often do not prioritise hearing protection, given more
immediate occupational hazards such as respiratory diseases and
physical injuries.®

In South Africa, the mining industry — a major contributor to the
economy - has one of the highest rates of ONIHL, with studies
indicating that, despite existing HCPs, many workers develop
hearing loss due to inconsistent use of hearing protection
devices (HPDs), limited audiometric surveillance, and poor noise
monitoring practices.'’'2 Similar trends are observed in Nigeria’s
sawmill industry, where excessive noise exposure occurs with mini-
mal protective measures.' This issue is not unique to southern or
South Africa. Many LMICs struggle with ineffective enforcement of
hearing conservation protocols, as seen in studies from Malaysia
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and India."*' These recurring patterns of poor enforcement of
regulations, inadequate use of protective technologies, and lim-
ited surveillance highlight the systemic nature of ONIHL risks in
resource-constrained settings, and underscore the urgent need for
enhanced technological interventions to strengthen HCPs across
African workplaces.

The fourth industrial revolution (4IR) ushered in an era of digi-
tal transformation that presents opportunities to enhance OHS
measures.'® Technological advancements can address limitations
of conventional HCPs by improving early detection, facilitating
continuous monitoring, and promoting individualised hearing
conservation strategies.!”

First, as far as Al and predictive analytics are concerned, Al-driven
solutions can improve early diagnosis of ONIHL, by analysing large
datasets from audiometric testing and occupational noise exposure
levels, and individual risk factors, to predict ONIHL progression.18
Artificial Intelligence algorithms have demonstrated the potential
to automate hearing screenings, reducing dependence on specialist
audiologists and improving accessibility in resource-limited set-
tings."” Artificial intelligence can also support occupational noise
management by identifying high-risk workers and recommending
tailored interventions."

Second, in terms of tele-audiology and mHealth solutions, the use of
tele-audiology has been shown to expand access to hearing health-
care in LMICs by enabling remote hearing assessments and consul-
tations.?’ Smartphone-based audiometry and digital hearing health
platforms can facilitate large-scale hearing screenings, particularly in
rural and underserved areas.?' Telehealth solutions also enable ongo-
ing worker education, reinforcing compliance with HCP protocols.??

Third, with regard to loT and wearable hearing protection devices,
loT-integrated HPDs provide real-time monitoring of noise exposure,
alerting workers and supervisors when sound levels exceed safe
thresholds.?> These smart HPDs can also record and analyse exposure
data, contributing to improved occupational risk assessments and
governance compliance.?*

Last, when it comes to big data and noise management strategies,
the application of big data analytics in occupational health enables
the identification of noise exposure patterns across industries,
facilitating data-driven policymaking.?> Noise mapping tools and
environmental sensors can improve workplace noise control strat-
egies, ensuring that interventions are both proactive and effective.?®

While technological innovations offer promising solutions, their
successful implementation in Africa requires a contextually
responsive approach. Challenges such as digital infrastructure
gaps, workforce digital literacy, and financial constraints must be
addressed to ensure equitable access to technology-driven ONIHL
interventions.?” Moreover, ethical considerations regarding data
privacy, informed consent, and algorithmic bias in Al-driven solu-
tions must be examined critically to align with occupational health

best practices.?®2°

Given Africa’s diverse economic and industrial landscapes, a one-
size-fits-all approach to ONIHL prevention may not be effective.
Traditional HCPs often rely on outdated, resource-intensive meth-
ods that do not address the increasing burden of occupational
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noise exposure.?3° The integration of digital solutions offers the
potential to overcome these challenges, yet adoption remains
slow due to limited policy enforcement and industry hesitancy.?
By understanding the barriers and opportunities in this transi-
tion, stakeholders can develop more sustainable, culturally
appropriate, scalable, and effective interventions, which require
collaboration - engaging governments, industries, healthcare
providers, and worker unions.>’

Advancements in technology-driven interventions present an
opportunity to rethink and modernise occupational hearing
conservation strategies in Africa. However, their feasibility and
implementation remain uncertain, necessitating a critical review
of existing literature to assess both the potential benefits and
limitations of these innovations.

The aim of this narrative review was to explore and synthesise the

available literature on technology-driven approaches to ONIHL

prevention and HCPs in Africa and other LMICs. Specifically, it

sought to:

« Examine the burden of ONIHL in Africa, highlighting industry-
specific risks and challenges

- Identify and analyse technological advancements in ONIHL
management, including Al, tele-audiology, loT, and big data
analytics

« Evaluate the feasibility, accessibility, and effectiveness of these
technologies within the African occupational health context

- Identify potential barriers and facilitators to the adoption of
technology-driven solutions for ONIHL management

« Provide recommendations for policymakers, industry stakehold-
ers, and healthcare professionals on integrating 4IR technologies
into sustainable and contextually relevant HCPs in Africa

By consolidating evidence from existing research, this review
contributes to the discourse on digital transformation in occupa-
tional hearing conservation, offering insights into how Africa can
leverage 4IR technologies to mitigate the impact of ONIHL. This
review offers not only a synthesis of technological innovations
in ONIHL prevention, but also a focused lens on their relevance
and feasibility in African occupational settings — something that
previous reviews have not fully explored. Earlier global reviews
have generally emphasised broad technological trends without
adequately addressing the contextual factors that influence their
adoption in LMICs. By anchoring the discussion in Africa-specific
challenges, such as regulatory inertia, infrastructure deficits,
and industry-level implementation barriers, this review provides
a critical framework for translating global advancements into
actionable strategies within under-resourced occupational health
systems. In this way, the review fills an important gap between
global innovation discourse and regional implementation realities.

METHODS

A narrative review was chosen to synthesise diverse sources of
literature, identify knowledge gaps, and provide a broad, contex-
tualised understanding of how 4IR technologies - including Al,
tele-audiology, loT, mHealth, and big data analytics — can enhance
ONIHL prevention and hearing conservation efforts. Findings
from peer-reviewed journal articles, policy documents, govern-
ment reports, and grey literature were integrated to provide a
comprehensive examination of the technological advances in
occupational audiology.
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Literature search strategy

A systematic and transparent literature search was conducted fol-
lowing the guidelines of Levac et al. (2010)>? to ensure rigour, feasi-
bility, and reproducibility. The search was performed across multiple
electronic databases to capture relevant studies, including PubMed,
Scopus, Web of Science, ScienceDirect, Google Scholar, CINAHL,
EBSCOHost, MEDLINE, ProQuest, and African Journals Online (AJOL).
Institutional repositories and grey literature from the World Health
Organization (WHO), International Labour Organization (ILO),
African Union (AU), and the South African Mine Health and Safety
Council (MHSC) were also searched. Searches of the World Health
Organization (WHO), International Labour Organization (ILO), and
African Union (AU) did not yield additional studies that met the
inclusion criteria. However, these sources informed contextual
understanding and reinforced the rationale for focusing on technol-
ogy integration in occupational hearing conservation.

The search strategy incorporated medical subject headings (MeSH)

and free-text terms, with Boolean operators, to maximise the iden-

tification of relevant literature. Key search terms were:

- ‘occupational noise-induced hearing loss’ OR ‘ONIHL

«'hearing conservation programmes’ AND ‘occupational health’

«‘artificial intelligence in audiology’ OR‘Al’AND ‘occupational hear-
ing loss’

- ‘tele-audiology’ AND ‘occupational noise exposure’

«‘Internet of Things (loT)" AND ‘hearing protection’

«‘mHealth’ AND ‘hearing conservation programmes’

«'big data analytics in occupational health’ AND ‘hearing loss
prevention’

«‘noise exposure monitoring technology’ AND ‘hearing protection
devices’

Supplementary search methods were adopted to source additional
literature. This ensured a comprehensive review of the available
literature, while maintaining transparency and reproducibility
in the search strategy. To ensure relevance and methodological
rigour, studies were selected based on predefined inclusion and
exclusion criteria.

Inclusion criteria

- Studies published from 2000 to 2024 (to capture recent advance-
ments in 4IR technologies) in English

- Empirical studies, systematic reviews, meta-analyses, and policy
reports focusing on:

o technology-driven interventions in occupational
audiology
o regulatory frameworks for hearing conservation
« Studies from LMICs, particularly in Africa, but also including
comparative global insights

Exclusion criteria

- Studies not addressing occupational hearing loss or work-
place noise exposure

- Research outside the African context (unless it provided
comparative perspectives on technology adoption in LMICs)

« Studies focusing exclusively on non-occupational hearing
loss or paediatric hearing impairment

Study selection and data extraction were conducted by two
independent reviewers. Each reviewer screened the titles
and abstracts of the identified records, assessed full texts
for eligibility, and categorised the studies as highly relevant,
moderately relevant, or not relevant. Discrepancies were
resolved through discussion and consensus. Where disagree-
ments could not be resolved, a third reviewer was consulted
to reach a final decision.

Data extraction and analysis

A narrative synthesis approach, consistent with estab-
lished guidance for narrative reviews, such as those by
Ferrari (2015),%> was used to extract and analyse findings
thematically across included studies. From an initial 1 147
records identified, 55 studies were assessed for relevance.
Of these, 22 were selected for in-depth review (Table 1).
Relevance was assessed independently by two reviewers,
based on the extent to which each study addressed the
objectives, technological interventions, and African or LMIC
contexts.

Tables were designed to capture:

1. Study characteristics (author, year, country, study design)

2. Industry sector and worker population studied (e.g. mining,
construction, manufacturing, agriculture)

3. Prevalence and impact of ONIHL and effectiveness of HCPs

4. Technological interventions explored (e.g. Al, tele-audio-
logy, loT-based hearing protection, big data applications)

5.ldentified gaps in HCPs and technology adoption barriers

6. Policy and regulatory frameworks discussed

0 occupational noise-induced hearing loss 7.Recommendations for integrating 4IR technologies into
o hearing conservation programmes occupational hearing conservation strategies
Table 1. Summary of process used to select articles for final review
Step Description n
Identified through database searching Peer-reviewed journal databases and indexed searches 1147
(PubMed, Scopus, Web of Science, etc.)

Screened for relevance Based on title and abstract review 1147

Full-text assessed for eligibility Comprehensive reading 55

Excluded after full-text review Deemed not relevant 33

Identified via supplementary searches (e.g. citation tracking)* Added to ensure completeness 11

Included in final synthesis Highly or moderately relevant 22
Highly relevant Directly addressed study aim and African context 10
Moderately relevant Provided contextual or comparative insights 12

Note: supplementary searches contributed to the 55 full-text articles assessed, but did not yield articles additional to the final 22

*included in the 55 full-text articles assessed for eligibility
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A thematic analysis approach*

was used to synthesise findings,
categorise emerging themes, and identify patterns, challenges, and
policy gaps related to ONIHL and technological interventions in
African occupational health settings. Thematic saturation was reached
when additional studies no longer introduced novel insights,>> ensur-

ing a comprehensive and balanced synthesis of the literature.

Quality assurance and interpretation

While narrative reviews offer flexibility, rigorous methodological
safeguards were implemented to ensure reliability, transparency,
and credibility.3® These included 1) systematic documentation of the
search strategy and study selection process; 2) continuous refinement
of the research focus as new insights emerged; 3) critical evaluation
of selected studies for methodological soundness, relevance, and
applicability; and 4) reflexivity to account for potential researcher
biases and contextual influences on interpretation. These measures
strengthened the validity and reproducibility of the review’s findings,
while ensuring a balanced synthesis of perspectives on technology-
driven ONIHL management and hearing conservation in Africa.

Although formal ethical approval was not required, ethical integrity
was maintained through comprehensive citation of all sources to

selection and analysis of studies to minimise bias; and recognition
of potential conflicts of interest and limitations in available data.
Additionally, efforts were made to incorporate diverse perspectives,
recognise gaps in existing research, and ensure transparency in

reporting and interpretation of findings.3”-3

RESULTS AND DISCUSSION

The results of this analysis are presented thematically to illustrate
both the scope of technological innovation and the contextual
challenges unique to the African occupational health environment.

The 22 studies analysed varied in study design, geographic focus,
and industry sector. Ten were considered to be highly relevant
(Table 2) and 12 to be moderately relevant (Table 3). The majority
were literature reviews, observational studies, policy analyses, and
experimental research, exploring ONIHL and HCPs within African
and LMIC contexts. Most were conducted in Africa - primarily
South Africa®'”"7 and Nigeria;'® several were from outside Africa,
including western India'> and Malaysia'* (for comparative insights),
while others did not specify a geographic focus but offered insights
applicable to LMIC settings. For clarity, the tables indicate the
country or region (where known). Most were qualitative reviews,?’

uphold academic integrity and avoid plagiarism; use of publicly

cross-sectional analyses of HCPs,

11,12

and technology-focused

available, peer-reviewed research to ensure credibility; objective experimental studies on Al and IoT applications.'”-*°
Table 2. Comprehensive evidence synthesis of technology-driven approaches to ONIHL and HCPs in the African context
(highly relevant sources)
Author (year), Industry sector, Prevalence/impact of Technological Gaps in HCPs and Recommendations
country worker population ONIHL and interventions technology adoption  for integrating 4IR
effectiveness of HCPs  explored barriers technologies
Moroe and Not specified, focus on  Discusses HCPs Not specified Not specified Integrating 4IR

Khoza-Shangase
(2022),*° not specified
- LMIC insights

Madahana et al.
(2022),"° South Africa

Sandstrom et al.
(2016)," South Africa

Khoza-Shangase and
Moroe (2020),%
South Africa

Danielson (2007),*
not specified -
comparative
perspective

Mahomed-Asmail and
Swanepoel (2022),%°
sub-Saharan Africa

Tank et al. (2024),"°
Western India

AlSamhori et al. (2024),18
not specified - LMIC
insights

Mahomed-Asmail et al.
(2024),3? South Africa

Madahana et al.
(2024)," South Africa

general principles

Mining

Underserved primary

healthcare contexts

Not specified, focus on
general principles

Not specified, focus on
general principles

Not specified, focus on

general principles

Mining

Not specified, focus on
general principles

Not specified, focus on
general principles

Mining

and the industrial
revolutions

Effects of changes in
mining practices on
ONIHL

Not specified

South African HCPs

Not specified

Not specified

Prevalence and
predictors of high-
frequency hearing loss

Not specified

Not specified

Not specified

Impact of Al and
fully-automated
systems

Smartphone threshold
audiometry

Tele-audiology

Contemporary
technology for hearing
conservation
audiometric
monitoring

mHealth solutions in
hearing care

Not specified

Al for hearing loss
prevention, diagnosis,
and management

Trends in digital
hearing health and
computational
audiology

Development of an
Al- based ONIHL early
warning system

Manual vs automated
systems

Not specified

Tele-audiology in

hearing conservation

Not specified

Not specified

Need for

comprehensive HCP

Not specified

Not specified

Not specified

technologies into HCPs

Implementing Al in
ONIHL management

Using smartphone
audiometry in
hearing care

Using tele-audiology
in HCPs

Using contemporary
technology in
audiometric
monitoring

Using mHealth
solutions in hearing
care

Implementing
comprehensive HCPs

Using Al for hearing
loss management

Using digital hearing
health and
computational
audiology

Developing Al-based
early warning systems

4IR: fourth industrial revolution, Al: artificial intelligence, HCP: hearing conservation programme, LMIC: low- and middle-income country, ONIHL: occupational noise-induced hearing loss
Note: policy and regulatory frameworks not consistently specified across included studies; column removed for clarity
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712,17,19

Mining was the most studied industry, reflecting the high risk

of ONIHL due to chronic noise exposure. Other high-risk industries

Ll

included iron and steel production,'’ and wood sawmills,'® where

workers are exposed to prolonged high-decibel noise. Several stud-

4,20,29

ies examined general occupational hearing conservation strat-

egies, applicable across multiple industries.

In the studies, a range of 4IR technologies aimed at improving ONIHL
prevention were analysed, including: 1) Al for predictive audiology
and threshold shift detection,'”"'® 2) tele-audiology for remote hear-
ing screenings and monitoring,?’?° 3) mHealth solutions for mobile
HCPs,2% and 4) loT-based hearing protection and noise exposure moni-
toring.23*? Despite these advancements, many studies also identified
key barriers to adoption, particularly in African contexts, where digital
health infrastructure and policy enforcement remain underdeveloped.

Thematic analysis of the data highlighted advancements in technology-
driven approaches to ONIHL prevention and HCPs, particularly through
the integration of Al, tele-audiology, mHealth, IoT, and digital audiology
solutions, as shown in Tables 2 and 3. While these technologies present

a paradigm shift in occupational hearing healthcare, their adoption
in Africa remains limited by structural, funding, and policy-related
challenges. The highly relevant studies provided direct insights into
technology use in African occupational hearing conservation, while
the moderately relevant studies offered critical context — particularly
around implementation barriers such as cost, infrastructure limitations,
and regulatory delays. Findings from both groups were integrated
thematically to provide a comprehensive synthesis.

Table 2 shows the synthesis of evidence from highly relevant sources,
focusing on technology-driven approaches to ONIHL management
and HCPs. The themes that emerged highlight the increasing recogni-
tion of Al, tele-audiology, digital health solutions, and contemporary
technology in addressing ONIHL in Africa.

Theme 1:Increasing recognition of Alin ONIHL management
Several studies have emphasised the transformative role of Al in ONIHL
prevention, particularly through early warning systems and predictive
analytics in improving ONIHL detection and management.'”"? Artificial
intelligence has been shown to enhance audiometric surveillance in

Table 3. Comprehensive evidence synthesis of technology-driven approaches to ONIHL and HCPs in the African context
(moderately relevant sources)

(2023),"3 Nigeria

Maswanganyi
(2021),"® South Africa

McBride (2004),'? not
specified - comparative
perspective

Mizan et al.
(2014),"" South Africa

Moroe and Khoza-
Shangase (2020),?
South Africa

Rogers et al. (2009),*
not specified -
comparative
perspective

Moroe et al.
(2018),” Africa

Yuen (2014),'* Malaysia

Patel et al. (2001),"°
not specified -
comparative
perspective

Chis et al. (2025),%
not specified —
comparative
perspective

Waterworth et al.
(2022),% not
specified - focus on
LMICs

Madahana et al.
(2019),*" not specified
- LMIC insights

Mining (underground
gold mine)

Mining

Iron and steel industry

Not specified, focus on
general principles

Not specified, focus on
general principles

Mining

Not specified, focus on
general principles

Not specified, focus on
general principles

Industrial
environments

Not specified, focus on
general principles

Mining

Author (year), Industry sector, Prevalence/impact Technological Gaps in HCPs and Recommendations

country worker population of ONIHL and interventions technology adoption  for integrating 4IR
effectiveness of HCPs  explored barriers technologies

Ebekozien et al. Wood sawmills Hazards in wood 4IR technologies Not specified Role of 4IR

sawmills

Not specified

Noise-induced
hearing loss and
hearing conservation

Noise-induced
hearing loss and
hearing conservation

Recent advances in
HCPs

What makes a
successful HCP?

Management of ONIHL

Environmental and
occupational noise
pollution

Barriers to
preventive health
actions for ONIHL

Integrated noise
management
strategies

Barriers to access to
ear and hearing care
services in LMICs

Mineworkers threshold
shift estimation

technologies

4IR and industry 4.0 Not specified

considerations

Consider Industry 4.0

Effective
implementation of
hearing conservation

Not specified Not specified

Effective
implementation of
hearing conservation

Not specified Not specified

Not specified Not specified Advances in HCPs

Elements of
successful HCPs

Not specified Not specified

Not specified Not specified Managing ONIHL
in mining
Not specified

Not specified Addressing noise

pollution

Not specified Barriers to preventive

actions

Overcoming barriers
to prevention

Not specified Not specified Integrated noise
management

strategies

Not specified Barriers to access Improving access to

ear and hearing care

Optimisation
algorithms for deep
recurrent neural
networks

Not specified Using optimisation
algorithms for
threshold shift

estimation

4IR: fourth industrial revolution, HCP: hearing conservation programme, LMIC: low- and middle-income country, ONIHL: occupational noise-induced hearing loss
Note: policy and regulatory frameworks not consistently specified across included studies; column removed for clarity
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threshold shift detection, automate audiometric screenings, and facili-
tate occupational risk assessment in South African mining industries,
where manual hearing monitoring remains a challenge. Mahomed-
Asmail etal. (2024) identified Al-driven computational audiology as a
promising tool for personalised hearing healthcare.3° Similar appli-
cations have been reported in Europe, where Al models improved
occupational hearing screening efficiency.?

These findings, suggesting a growing acknowledgment of Al’s role
in addressing ONIHL proactively, align with global literature,??
which supports Al’s potential in occupational health monitoring,
early detection of hearing loss, and data-driven decision-making.
However, Africa lags in Al implementation, largely due to 1) lack
of digitised patient data, limiting Al training models, 2) high costs
of Al-based audiometry solutions, making them inaccessible in
resource-limited settings, and 3) absence of policy frameworks to
support Al integration in occupational health. While countries such
as South Africa have begun to explore Al for ONIHL prevention in
the mining industry, its full implementation remains fragmented
and largely research-driven rather than practice-driven.?° Without
infrastructure investment and regulatory oversight, Al in ONIHL
management will remain an underutilised potential in Africa.

Theme 2: Tele-audiology and digital health solutions
in HCPs

Researchers 292129 have highlighted the viability of tele-audiology
and mHealth solutions in improving access to hearing conserva-
tion services. Khoza-Shangase and Moroe (2020)%° highlighted
tele-audiology as a viable approach to improving hearing con-
servation efforts, particularly in remote and underserved regions.
Sandstrom et al. (2016) explored smartphone-based audiometry,
emphasising its cost-effectiveness and feasibility in low-resource
settings.21 Mahomed-Asmail and Swanepoel (2022) demonstrated
the potential of mHealth applications to enhance patient engage-
ment in hearing conservation efforts.?’ The benefits of these digital
solutions include:

- Remote audiometric screening and monitoring

« Cost-effective hearing conservation interventions

- Better patient engagement through mobile applications

These approaches that aim to improve accessibility and efficiency
of hearing care services, especially in resource-limited settings, are
consistent with international evidence,?? which highlights the role
of tele-audiology in bridging service delivery gaps in occupational
health. However, Africa’s digital divide presents a barrier to the
adoption of tele-audiology, as noted in some of the studies pre-
sented in Table 3.7%%” Key challenges include limited broadband
connectivity in rural areas, low digital literacy among workers in
high-risk industries, and concerns about data security and patient
confidentiality in tele-audiology platforms. These barriers mirror
broader healthcare system challenges in LMICs, where digital health
strategies remain underdeveloped due to financial constraints and
policy misalignment. Moving forward, multi-stakeholder collabo-
ration - including government, industry leaders, and technology
developers - is essential to scale up the adoption of tele-audiology
in African occupational settings. In addition, studies such as those
published by Waterworth et al. (2022)?” and Patel et al. (2001)"
emphasise that, while tele-audiology offers improved access to care,
implementation is constrained by low digital literacy among work-
ers, limited institutional readiness, and a lack of sustained funding
for scaling digital platforms in occupational health.

Occupational Health Southern Africa www.occhealth.co.za

Theme 3: The internet of things and contemporary
technology for hearing protection

The integration of contemporary technology into audiometric
monitoring is noted. loT-enabled hearing conservation has been

explored in some studies,?>*°

empbhasising the need for real-time
noise exposure and audiometric monitoring and automated compli-
ance tracking. Canetto and Voix (2008) explored wearable hearing
protection devices with loT capabilities, which allow for automated
noise exposure tracking and user compliance monitoring.?® In high-
risk industries such as mining, construction, and manufacturing,
these smart HPDs could revolutionise worker safety by providing
continuous noise exposure data, sending real-time alerts when noise
thresholds are exceeded, and tracking worker compliance with HPD
usage. Despite these advantages, Africa has not yet adopted loT-
integrated HPDs at scale, as evidenced in some findings presented in
Table 2.'27® A moderately relevant study (Maswanganyi, 2021)'®
showed that, despite growing discourse on Industry 4.0 (the next
stage in the digital transformation of the manufacturing sector, pro-
pelled by disruptive developments such as increased data connectiv-
ity, advanced analytics, human-machine collaboration, and advance-
ments in robotics), integration of loT-enabled safety technologies
in South African industrial settings remains rare due to prohibitive
costs, low employer investment in advanced safety technologies,
insufficient workforce preparedness, and lack of enforcement of
workplace noise monitoring policies.’® Moderately relevant stud-
ies, such as by Maswanganyi (2021)'6 and McBride (2004),? point to
an overreliance on outdated, paper-based surveillance systems
in industries like mining and steel manufacturing. These systems
hinder real-time monitoring and slow the responsiveness of HCPs,
reinforcing the need for digitisation.

These findings align with global reports,'26

which indicate that,
while Industry 4.0 has the potential to improve OHS, adoption
remains slow in developing economies. Without targeted policy
incentives and employer engagement, loT solutions for hearing
conservation will remain a technological luxury rather than a stan-

dard workplace requirement in Africa.*!

Theme 4: Regulatory and implementation gaps in
African HCPs

Across studies summarised in Tables 2 and 3, a recurring theme
was the absence of strong policy frameworks to drive technology
adoption in ONIHL prevention. Studies by Moroe and Khoza-
Shangase (2020),> Madahana et al. (2022),'° and Tank et al. (2024)"®
highlight the lack of regulatory enforcement in ONIHL prevention
as a major challenge to hearing conservation efforts. Moroe and
Khoza-Shangase (2020)2 argue for policy updates to integrate 4IR
technologies into hearing conservation strategies, particularly in
industries with high noise exposure.

Study findings suggest that, while Africa has occupational health
regulations, these often lack technological integration mandates
for ONIHL prevention; are poorly enforced, especially in informal
and small-scale industries; and do not incentivise industries to
invest in hearing conservation technologies - pointing to potential
implementation gaps. These results are consistent with interna-
tional evidence, which suggests that policy gaps in LMICs slow
down occupational health technology implementation 34243
Without updated and enforceable regulations, technology-driven
hearing conservation solutions will remain underutilised in African
workplaces.
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Overall, key findings from studies in Table 2 indicate that 1) Al-based
ONIHL management tools are gaining traction but remain under-
utilised due to cost and infrastructure challenges, 2) tele-audiology
and mHealth show promise for scalable hearing HCPs in Africa,
3) the lack of integration of IoT into hearing protection devices
limits real-time noise exposure tracking, and 4) policies must
evolve to accommodate technological advancements, ensuring
compliance with HCPs.

Studiesin Table 3 highlightindustrial applications of 4IR, barriers to
effective hearing conservation, integration of Al and data analytics
into ONIHL management, and occupational health risks in various
sectors in Africa. Several moderately relevant studies, including
Chis et al. (2025)%® and Yuen (2014),"* highlight how fragmented
occupational health regulations, limited cross-sector collaboration,
and a general lack of policy enforcement contribute to technology
underutilisation in hearing conservation. Outdated occupational
safety policies in LMICs often lack the provisions necessary to
support the adoption of innovative technologies, even when such
technologies are available. This reinforces the need for stronger
regulatory frameworks that are responsive to digital innovation
and context-specific occupational health realities. Such findings
underscore that regulatory alignment is as critical to progress as
technological advancement itself. The studies reviewed highlight
practical challenges and broader systemic issues related to ONIHL
management, offering valuable perspectives that support the
conclusions of this review.

First, with regard to industrial applications of 4IR in noise manage-
ment, Ebekozien et al. (2023)"3 and Maswanganyi (2021)"® explored
the role of Industry 4.0 in occupational noise management, par-
ticularly in mining and wood sawmills. Findings suggested that,
while digital transformation is occurring, the adoption of noise
monitoring technology remains fragmented across industries.
Second, concerning barriers to effective hearing conservation in
Africa, Patel et al. (2001)'° and Waterworth et al. (2022)?7 identi-
fied accessibility, awareness, and regulatory gaps as major bar-
riers to effective ONIHL prevention in LMICs. Yuen (2014)'* and
Chis et al. (2025)?° examined noise pollution mitigation efforts,
emphasising the need for stricter enforcement of hearing conser-
vation policies. Third, with regard to Al and data analytics in ONIHL
management, Madahana etal. (201 9)4 explored deep learning algo-
rithms for ONIHL detection, advocating for Al-powered threshold
shift estimation models. Rogers et al. (2009)** and Moroe et al. (2018)”
highlighted the importance of predictive analytics in hearing conser-
vation, although practical implementation in Africa remains limited
by cost and digital infrastructure. Last, regarding occupational
health risks and gaps in hearing protection, McBride (2004)'? and
Mizan et al. (2014)'! focused on hearing conservation efforts in
high-risk industries, particularly mining and manufacturing. They
reported that many HCPs in Africa remain paper-based, with minimal
adoption of digital solutions for noise exposure monitoring.

Overall, key findings from studies summarised in Table 3 were
that 1) industrial adoption of 4IR technologies remains slow, par-
ticularly in hearing conservation, 2) barriers to ONIHL prevention
include lack of funding, awareness, and regulatory enforcement,
3) Al-driven threshold shift estimation and predictive analytics have
potential for early detection of ONIHL, targeted intervention plan-
ning, and improving the efficiency of occupational HCPs, but are
underutilised, and 4) current HCPs rely on outdated, paper-based
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systems, limiting real-time monitoring of worker noise exposure.
Artificial intelligence-driven threshold shift estimation and predic-
tive analytics hold significant potential for early detection of ONIHL,
targeted intervention planning, and improving the efficiency of
occupational HCPs.

Although African studies clearly highlight the promise and constraints
of adopting 4IR technologies in occupational hearing conservation,
comparisons with global literature reveal both shared and divergent
challenges. For example, in high-income countries such as the United
States of America and the United Kingdom, Al-driven audiometric
tools and loT-enabled noise surveillance systems are being integrated
into workplace hearing conservation efforts with increasing institu-
tional and regulatory support. However, even in these contexts, data
privacy concerns, workforce resistance, and uneven implementation
persist — albeit mitigated by better funding and infrastructure. In
contrast, African workplaces face steeper obstacles due to systemic
underinvestment in digital health infrastructure, fragmented occupa-
tional health systems, and a lack of political prioritisation for hearing
loss. This global comparison highlights that, while technological solu-
tions are not context-exclusive, the enablers for success, such as policy
enforcement, digital literacy, and investment, are disproportionately
lacking in LMICs, particularly in Africa. Therefore, any efforts to repli-
cate global best practices in the African context must be adapted to
local socio-economic and infrastructural realities.

Limitations

While this review provides a comprehensive synthesis of technology-
driven approaches to ONIHL prevention in Africa, several limitations
must be acknowledged. The first is the heterogeneity of the included
studies, which varied in methodological quality, scope, and industry
focus. While efforts were made to synthesise findings systematically,
the lack of uniform study designs presents comparability challenges.
Second, there is limited empirical data on Al and loT applications
in Africa. While Al and loT are widely discussed in the hearing con-
servation literature, empirical studies on their implementation in
Africa are scarce; most focus on theoretical potential rather than
real-world applications. Third, articles published in languages
other than English, particularly French-, Portuguese-, and Arabic-
language studies from Africa, were excluded. These articles may
have described relevant research. Fourth, while efforts were made to
include policy reports and grey literature, many African occupational
health reports are unpublished or inaccessible, limiting insights into
regulatory frameworks and real-world industry practices. Last, this
review relied exclusively on published articles and grey literature,
and did not include data from companies or occupational health
providers. It is acknowledged that some companies in South Africa
and other African countries may already be adopting elements of Al,
loT, or digital hearing conservation solutions in line with available
technologies, regulatory compliance needs, and digital record-
keeping requirements. However, the investigation of industry-level
implementation or adoption of these technologies was outside the
scope of the present review.

Despite these limitations, this review provides critical insights into
the current state of, challenges to, and opportunities for technol-
ogy-driven ONIHL prevention in Africa. Research into technology-
based ONIHL prevention strategies in Africa must expand beyond
theoretical explorations. Future investigations, comprising both
global and regional collaborations, should prioritise empirical
studies that evaluate the real-world implementation, feasibility,
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cost-effectiveness, and scalability of Al and IoT solutions across occu-
pational settings — enabling the co-development of scalable and
context-sensitive hearing conservation strategies that respond not only
to technological opportunity, but also to systemic occupational health
disparities. Comparative studies across LMICs could provide insight
into regional variations and transferable practices. Future research
should 1) prioritise empirical evaluations of Al, IoT, and digital audiology
solutions in real-world occupational settings to drive evidence-based
policy changes, and 2) include industry-specific investigations to map
the use, outcomes, and challenges of integrating 4IR technologies into
HCPs, particularly in sectors with high ONIHL burdens such as mining,
manufacturing, and construction.

Recommendations include enhanced investmentin Al and loT for ONIHL
management that could lead to automated, real-time hearing conser-
vation solutions; capacity-building initiatives to train professionals on
digital hearing conservation tools; and prioritisation of Africa-specific
policy reforms to ensure contextually relevant integration of 4IR tech-
nologies in occupational health. Ethical considerations - including data
privacy, informed consent, and potential biases in Al-driven tools — must
be addressed systematically to avoid reinforcing inequities within occu-
pational health systems.

CONCLUSION

This review provides a comprehensive synthesis of the role of emerging
technologies in ONIHL prevention and HCPs within the African context.
While advancements in Al, tele-audiology, mHealth, IoT, and digital audi-
ology hold immense potential for revolutionising ONIHL management,
their adoption remains limited due to persistent infrastructural gaps,
limited funding, and outdated regulatory systems. In an era where digital
transformation is shaping global healthcare systems, Africa finds itself at
a crossroads — poised to integrate these technologies into occupational
health frameworks, but hindered by barriers to implementation.

Rather than examining each technology in isolation, this review high-
lights a cross-cutting pattern of challenges that include the lack of
digitised systems, limited workforce capacity, prohibitive costs, and
regulatory inertia. These systemic issues continue to restrict the wide-
spread implementation of even well-established innovations. While Al
offers predictive capabilities and automated hearing assessments, and
tele-audiology and mHealth can expand access to underserved regions,
their effectiveness is constrained by inadequate infrastructure and lim-
ited interoperability between systems. Likewise, the integration of loT
into hearing protection offers promise for real-time noise monitoring,
yet uptake remains slow due to cost constraints and the absence of
incentives for industrial adoption.

Africa’s regulatory frameworks for OHS are not keeping pace with tech-
nological advancements. Many policies governing hearing conservation
remain outdated, lacking explicit mandates for integrating digital health
solutions or supporting data-driven monitoring systems. Without strong
regulatory enforcement, industry-driven HCPs remain fragmented and, in
some cases, ineffective in addressing the long-term risks of ONIHL. Given
the disproportionate burden of noise-induced hearing loss in high-risk
sectors such as mining, manufacturing, and construction, urgent policy
reform is required to align occupational health governance with the
realities and demands of the 4IR.

To advance the integration of emerging technologies into ONIHL
prevention, a coordinated, multi-sectoral approach is essential.
Governments, industries, and healthcare professionals must
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co-develop standardised protocols that promote the responsible and
sustainable use of Al, tele-audiology, and loT in occupational health.
Investment in digital infrastructure — particularly in rural and industrial
regions — must be paired with targeted capacity-building initiatives to
equip occupational health professionals with the digital competencies
needed to deploy and manage these tools. Public-private partnerships
and government-backed incentives can play a vital role in encouraging
industries to adopt technology-driven hearing conservation strategies.

Ultimately, this review underscores the fact that, while Africa is well-
positioned to benefit from 4IR technologies, the path to meaningful
implementation will require sustained effort, strategic investment,
agile policymaking, and evidence-based collaboration. By aligning
occupational health priorities with global digital innovation trends,
Africa can significantly reduce the burden of work-related hearing
loss and secure the long-term auditory health of its workforce. The
convergence of technology and occupational audiology presents
an unprecedented opportunity to modernise HCPs, and this must
be embraced with urgency and strategic foresight. Looking ahead,
the African experience regarding ONIHL prevention offers valuable
lessons for other LMICs grappling with similar resource and policy
constraints.
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KEY MESSAGES

1. Emerging technologies - such as Al, tele-audiology, mHealth, and
loT - can transform the prevention and management of ONIHL
in Africa.

2. Fourth industrial revolution technologies have the potential to
support early detection, real-time noise exposure monitoring, and
personalised hearing protection, particularly in high-risk industries.

3. Implementation barriers in LMICs include inadequate digital
infrastructures, regulatory shortcomings, and limited industry
incentives.

4. The findings provide practical guidance for policymakers, occu-
pational health professionals, and industry leaders aiming to
modernise HCPs.

REFERENCES

1. Chen KH, Su SB, Chen KT. An overview of occupational noise-induced
hearing loss among workers: epidemiology, pathogenesis, and preven-
tive measures. Environ Health Prev Med. 2020; 25(1):65. doi: 10.1186/
$12199-020-00906-0.

2. Moroe NF, Khoza-Shangase K. Recent advances in hearing conservation
programmes: a systematic review. S Afr J Commun Disord. 2020; 67(2):1-1.
doi: 10.4102/sajcd.v67i2.675.

3. Chadambuka A, Mususa F, Muteti S. Prevalence of noise induced hearing
loss among employees at a mining industry in Zimbabwe. Afr Health Sci.
2013; 13(4):899-906. doi: 10.4314/ahs.v13i4.6.

Vol.31,No.2 2025

84


http://www.occhealth.co.za

85

ORIGINAL RESEARCH

PEER REVIEWED

4. Khoza-Shangase K, Moroe NF. A call for a paradigm shift in hearing con-
servation programmes for the management of occupational noise-induced
hearing loss in Africa. In: Khoza-Shangase K, Moroe NF, editors. Occupational
Noise-induced Hearing Loss: An African Perspective. Cape Town: AOSIS Books;
2022. p. 3-16. doi: 10.4102/a0sis.2022.BK249.01.

5.Ntlhakana L, Nelson G, Khoza-Shangase K, Dorkin E. Occupational hearing
loss for platinum miners in South Africa: a case study of data sharing practices
and ethical challenges in the mining industry. Int J Environ Res Public Health.
2021; 19(1):1. doi: 10.3390/ijerph19010001.

6. Khoza-Shangase K. Confronting realities to hearing conservation pro-
grammes in South African mines. In: Khoza-Shangase K, Moroe NF, editors.
Occupational Noise-induced Hearing Loss: An African Perspective. Cape Town:
AOSIS Books; 2022. p. 17-38. doi: 10.4102/a0sis.2022.BK249.02.

7. Moroe N, Khoza-Shangase K, Kanji A, Ntlhakana L. The management
of occupational noise-induced hearing loss in the mining sector in
Africa: a systematic review — 1994 to 2016. Noise & Vibration Worldwide.
2018; 49(5):181-190. doi: 10.1177/0957456518781860.

8.Ferdous A, Nishan MDNH, Jahan F. Al-driven smart auditory health systems:
bridging audiology and public health in low-and middle-income countries.
IgMin Research. 2024; 2(12):950-957. doi: 10.61927/igmin272.
9.Khoza-Shangase K, Sebothoma B. Tele-audiology and preventive audiology:
a capacity versus demand challenge imperative in South Africa. In: Khoza-
Shangase K, editor. Preventive Audiology: An African Perspective. Cape Town:
AOSIS; 2022. doi: 10.4102/a0sis.2022.BK209.02.

10. Patel DS, Witte K, Zuckerman C, Murray-Johnson L, Orrego V,
Maxfield AM, et al. Understanding barriers to preventive health actions for
occupational noise-induced hearing loss. J Health Commun. 2001; 6(2):155-168.
doi: 10.1080/108107301750254484.

11. Mizan GE, Abrahams O, Sekobe G, Kgalamono S, Ndaba M, Renton K. Noise-
induced hearing loss and hearing conservation in the iron and steel industry
in South Africa: original research peer reviewed. Occup Health Southern Afr.
2014; 20(6):7-13.

12. McBride DI. Noise-induced hearing loss and hearing conservation in
mining. Occup Med (London). 2004; 54(5):290-296. doi: 10.1093/occmed/
kgh075.

13. Ebekozien A, Aigbedion M, Duru OSD, Udeagwu OH, Aginah IL. Hazards
of wood sawmills in Nigeria's cities: the role of fourth industrial revolu-
tion technologies. Journal of Facilities Management. 2023; 21(1):84-101.
doi: 10.1108/JFM-03-2021-0031.

14.Yuen FK. A vision of the environmental and occupational noise pollution in
Malaysia. Noise Health. 2014; 16(73):427-436. doi: 10.4103/1463-1741.144429.
15. Tank ND, Rupani MP, Shah IA, Dhatrak SV. Prevalence and predictors of
high-frequency hearing loss among mine workers in Gujarat, western India:
a cross-sectional study on the need to implement a comprehensive hearing
conservation program. Int Arch Occup Environ Health. 2024; 97(4):365-375.
doi: 10.1007/500420-024-02050-6.

16. Maswanganyi K. The Fourth Industrial Revolution and industry 4.0
considerations during the production phase of the mining value chain:
an underground conventional deep-level gold mine case study [Doctoral
thesis]. Johannesburg: University of the Witwatersrand; 2021. Available from:
https://wiredspace.wits.ac.za/items/76e3d0ee-89cd-4a46-b97b-d4fc9da8553f
(accessed 11 June 2025).

17. Madahana MC, Ekoru JE, Sebothoma B, Khoza-Shangase K. Development
of an artificial intelligence based occupational noise induced hearing loss
early warning system for mine workers. Front Neurosci. 2024; 18:1321357.
doi: 10.3389/fnins.2024.1321357.

18. AlSamhori JF, AlSamhori AR, Amourah RM, AlQadi Y, Koro ZW,
Haddad TR, et al. Artificial intelligence for hearing loss prevention, diagnosis,
and management. J Med Surg Public Health. 2024; 3:100133. doi: 10.1016/j.
glmedi.2024.100133.

Vol. 31, No. 2 2025

19. Madahana MCI, Nyandoro OTC, Khoza-Shangase K, Moroe NF. From
manual to fully-automated systems and the impact of artificial intelligence:
effects of changes in mining practices on occupational noise-induced hear-
ing loss in Africa. In: Khoza-Shangase K, Moroe NF, editors. Occupational
Noise-induced Hearing Loss: An African Perspective. Cape Town: AOSIS Books;
2022.p. 111-135. doi: 10.4102/a0sis.2022.BK249.07.

20. Mahomed-Asmail F, Swanepoel DW. mHealth Solutions in Hearing Care for
Sub-Saharan Africa. In: Hatzopoulos S, Ciorba A, Krumm M, editors. Advances
in Audiology and Hearing Science. New York: Apple Academic Press;
2020. p. 921-936. d0i:10.1201/9780429292620-16.

21. Sandstrom J, Swanepoel DW, Carel Myburgh H, Laurent C. Smartphone
threshold audiometry in underserved primary health-care contexts. Int J
Audiol. 2016; 55(4): 232-238. doi: 10.3109/14992027.2015.1124294.

22. Jacobs PG, Saunders GH. New opportunities and challenges for
teleaudiology within Department of Veterans Affairs. J Rehabil Res Dev.
2014; 51(5):7-12. doi: 10.1682/JRRD.2014.04.0093.

23. Canetto P, Voix J. Hearing protectors ‘real world’ performance and the
European Directive 2003/10/EC. Noise News International. 2008; 16(4):134-138.
doi: 10.3397/1.3703088.

24. Giguére C, Laroche C, Brammer AJ, Vaillancourt V, Yu G. Advanced hear-
ing protection and communication: progress and challenges. Proceedings
of the 10th International Congress on Noise as a Public Health Problem;
24-28 July 2011. p. 225-223.

25. Liang H, Shi X. Exploring the structure and emerging trends of
construction health management: a bibliometric review and content
analysis. Eng Const Archit Manag. 2022; 29(4):1861-1889. doi: 10.1108/
ecam-01-2021-0080.

26. Chis TV, Cioca LI, Badea DO, Cristea |, Darabont DC, lordache RM, et al.
Integrated noise management strategies in industrial environments: a
framework for occupational safety, health, and productivity. Sustainability.
2025;17(3):1181. doi: 10.3390/su17031181.

27. Waterworth CJ, Marella M, O'Donovan J, Bright T, Dowell R, Bhutta MF.
Barriers to access to ear and hearing care services in low-and middle-income
countries: a scoping review. Glob Public Health. 2022; 17(12):3869-3893.
doi: 10.1080/17441692.2022.2053734.

28. Kaushik A, Barcellona C, Mandyam NK, Tan SY, Tromp J. Challenges and
opportunities for data sharing related to artificial intelligence tools in health
care in low-and middle-income countries: systematic review and case study
from Thailand. J Med Internet Res. 2025; 27:€58338. doi: 10.2196/58338.
29. Khoza-Shangase K, Moroe N. South African hearing conservation pro-
grammes in the context of tele-audiology: a scoping review. S Afr J Commun
Disord. 2020; 67(2):e1-e10. doi: 10.4102/sajcd.v67i2.670.

30. Moroe NF, Khoza-Shangase K. Hearing conservation programmes and the
industrial revolutions. In: Khoza-Shangase K, Moroe NF, editors. Occupational
Noise-induced Hearing Loss: An African Perspective. Cape Town: AOSIS
Books; 2022. p. 95-110. doi: 10.4102/a0sis.2022.BK249.06.

31.Van Schalkwyk RD, Steenkamp RJ. A holistic risk management framework
to address the global noise-induced hearing loss pandemic. Corporate
Ownership and Control. 2015; 12(3-3):295-303. doi: 10.22495/cocv12i3c3p2.
32. Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the
methodology. Implement Sci. 2010; 5:69. doi: 10.1186/1748-5908-5-69.
33. Ferrari R. Writing narrative style literature reviews. Medical writing.
2015; 24(4):230-235. doi: 10.1179/2047480615Z.000000000329.

34. Schiller EP, Malouf DB. Research syntheses: Implications for research
and practice. In: Contemporary Special Education Research: Syntheses of
the Knowledge Base on Critical Instructional Issues. Gersten R, Schiller EP,
Vaughn SR, editors. New York: Routledge; 2000. p. 251-262.

35. Sukhera J. Narrative reviews: flexible, rigorous, and practical. J G Med
Educ. 2022; 14(4): 414-417. doi: 10.4300/JGME-D-22-00480.1.

Occupational Health Southern Africa www.occhealth.co.za


http://www.occhealth.co.za

ORIGINAL RESEARCH

PEER REVIEWED

36.Johnson JL, Adkins D, Chauvin S. A review of the quality indicators of rigor
in qualitative research. Am J Pharm Educ. 2020; 84(1):7120. doi: 10.4300/
JGME-D-22-00480.1.

37.Thomas A, Lubarsky S, Varpio L, Durning SJ, Young ME. Scoping reviews in
health professions education: challenges, considerations and lessons learned
about epistemology and methodology. Adv Health Sci Educ Theory Pract.
2020; 25(4):989-1002. doi: 10.1007/s10459-019-09932-2.

38. Suri H. Ethical considerations of conducting systematic reviews in educational
research. In: Zawacki-Richter O, Kerres M, Bedenlier S, Bond M, Buntins K, edi-
tors. Systematic Reviews in Educational Research: Wiesbaden: Springer VS;
2020. p. 41-54. doi: 10.1007/978-3-658-27602-7_3.

39. Mahomed-Asmail F, De Sousa K, Coco L. Trends in digital hearing health
and computational audiology (editorial). Front Neurosci. 2024; 18:1522600.
doi: 10.3389/fnins.2024.1522600.

40. Danielson RW. Contemporary technology for hearing conservation audio-
metric monitoring. Update: Newsletter of the Council for Accreditation in

Occupational Hearing Conservation. 2007; 19(3):1.

Occupational Health Southern Africa www.occhealth.co.za

41.Madahana MC, Ekoru JE, Mashinini TL, Nyandoro OT. Mine workers thresh-
old shift estimation via optimization algorithms for deep recurrent neural
networks. IFAC-PapersOnLine. 2019; 52(14):117-122.

42.Long LA, Pariyo G, Kallander K. Digital technologies for health workforce
development in low-and middle-income countries: a scoping review. Glob
Health: Sci Pract. 2018; 6(Suppl 1):541-S488. doi: 10.9745/GHSP-D-18-00167.
43. Ahmed Shuvo T, Islam R, Hossain S, Evans JL, Khatun F, Ahmed T, et al.
eHealth innovations in LMICs of Africa and Asia: a literature review exploring
factors affecting implementation, scale-up, and sustainability. Innov Entrep
Health. 2015; 2:95-106. doi: https://doi.org/10.2147/IEH.S88809.

44. Rogers B, Meyer D, Summey C, Scheessele D, Atwell T, Ostendorf J, et al.
What makes a successful hearing conservation program? AAOHN J.
2009; 57(8):321-337. doi: 10.3928/08910162-20090729-07. ﬂ

Vol.31,No.2 2025

86


http://www.occhealth.co.za



