Journal of Asian Architecture and Building Engineering

ISSN: 1346-7581 (Print) 1347-2852 (Online) Journal homepage: www.tandfonline.com/journals/tabe20

©

Taylor & Francis

Taylor & Francis Group

A bibliometric study on technology usage for
occupational safety and health risk assessment in
construction industry

Xiaosheng Su, Ka Yin Chau, GTS Ho, Ho Tung Yip & Yuk Ming Tang

To cite this article: Xiaosheng Su, Ka Yin Chau, GTS Ho, Ho Tung Yip & Yuk Ming Tang (13
May 2025): A bibliometric study on technology usage for occupational safety and health risk
assessment in construction industry, Journal of Asian Architecture and Building Engineering,
DOI: 10.1080/13467581.2025.2499727

To link to this article: https://doi.org/10.1080/13467581.2025.2499727

8 © 2025 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group on behalf of the Architectural
Institute of Japan, Architectural Institute of
Korea and Architectural Society of China.

ﬁ Published online: 13 May 2025.

\g
CJ/ Submit your article to this journal &

||I| Article views: 673

A
h View related articles &'

@ View Crossmark data &'

@ Citing articles: 1 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tabe20


https://www.tandfonline.com/journals/tabe20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13467581.2025.2499727
https://doi.org/10.1080/13467581.2025.2499727
https://www.tandfonline.com/action/authorSubmission?journalCode=tabe20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tabe20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13467581.2025.2499727?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13467581.2025.2499727?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/13467581.2025.2499727&domain=pdf&date_stamp=13%20May%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/13467581.2025.2499727&domain=pdf&date_stamp=13%20May%202025
https://www.tandfonline.com/doi/citedby/10.1080/13467581.2025.2499727?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/13467581.2025.2499727?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=tabe20

JOURNAL OF ASIAN ARCHITECTURE AND BUILDING ENGINEERING
https://doi.org/10.1080/13467581.2025.2499727

Taylor & Francis
Taylor & Francis Group
8 OPEN ACCESS | ™ check forupdstes

A bibliometric study on technology usage for occupational safety and health
risk assessment in construction industry

ab GTS Ho

CONSTRUCTION MANAGEMENT

Xiaosheng Su?, Ka Yin Chau ¢, Ho Tung Yip® and Yuk Ming Tang(®°f

aDepartment of Human Resources, Chongging Industry Polytechnic College, Chongging, China; ®Centre for Quality Standard &
Management, The Hang Seng University of Hong Kong, Hong Kong, China; “Department of Supply Chain and Information Management,
The Hang Seng University of Hong Kong, Shatin, Hong Kong, China; “The Jockey Club School of Public Health and Primary Care, The
Chinese University of Hong Kong, Hong Kong, China; ¢Department of Industrial and Systems Engineering, The Hong Kong Polytechnic
University, Hong Kong, China; fFaculty of Business, City University of Macau, Macau, China

ABSTRACT

The recent research efforts in the use of visual imaging techniques such as artificial intelligence
(Al), virtual reality (VR), and the Internet of Things (IoT) provide the opportunity to enhance risk
assessment methods. However, our understanding of enabling technologies to enhance con-
struction occupational safety and health is still insufficient. This paper uses bibliometric
approaches to comprehensively review construction occupational safety and health hazards.
The bibliometric data of the publication titles, abstracts, keywords, citation counts, and impact
factors were thoroughly examined to understand the literature landscape and identify the
predominant research themes for possible future research trends in construction risk assess-
ment. Different risk analysis and assessment (RAA) models adopt different approaches tailored
to identify and evaluate risk exposures, including the Analytic Hierarchy Process (AHP) model
and the Building Information Management (BIM) system. The adoption of technologies in
construction safety and health risk assessment has significantly increased over the past decade,
particularly between 2020 and February 2025, highlighting its interdisciplinary applications
and focus on safety training methods. Future research should focus on enhancing safety
management by integrating VR and wearable sensors, while expanding data sources and
interdisciplinary approaches, especially in response to COVID-19 challenges.
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1. Introduction

Risk management has emerged as a crucial aspect of  such as adverse weather on windy or rainy days, add

overall sustainability management and social respon-
sibility (Chellappa et al. 2021). Corporations face var-
ious risks, broadly categorized into business, non-
business, and financial risks. Among these, operational
risk, a subset of business risks, is often regarded as
more frequent and serious. This is particularly true in
high-risk industries such as oil and refinery plants,
chemical manufacturing, and construction. In these
sectors, there is a heightened concern regarding expo-
sure to the operational environment, including poten-
tial damage to equipment and the risk of human injury
(Goerlandt and Li 2022). Shafique and Rafiq (Shafique
and Rafiq 2019) have highlighted that the construction
industry is inherently hazardous. Both non-fatal and
fatal occupational injuries are prevalent due to their
specific nature. The industry is characterized by
hazards, complications, and unpredictable work activ-
ities. Unlike industrial settings that often follow
a matrix-based manpower deployment, construction
sites are dynamic as working conditions change daily.
Furthermore, uncontrollable environmental factors,

to the risks. The industry faces potential dangers from
ongoing changes, diverse resource usage, and challen-
ging working environments, including exposure to
vibration, noise, and weather fluctuations.
Additionally, Sudrez Sadnchez et al. (2017) have empha-
sized that site conditions, construction materials,
dimensions, and building designs vary significantly,
necessitating a learning curve and adaptation for
workers transitioning from one site to another.
Despite efforts by industrial practitioners and aca-
demic researchers to reduce the number of construc-
tion accidents, the construction industry remains one
of the most dangerous industries globally (Suarez
Sanchez et al. 2017). According to the International
Labour Organization (ILO), the construction industry
accounts for 35% of all workplace fatalities, with
approximately 60,000 fatal accidents occurring
annually at construction sites worldwide (Chetty et al.
2024). Additionally, 30% of construction workers suffer
from musculoskeletal diseases or back pain (Zhang
et al. 2020). Achieving the goal of “zero injuries or
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accidents” in the construction industry is a significant
challenge (Chellappa et al. 2021; Zhou et al. 2015).
There is an urgent need for research on construction
occupational safety and health risk assessment by the
research community and industrial practitioners.

Operational risk management is a framework for
identifying, evaluating, and prioritizing risks, followed
by a risk control process to reduce and manage unfor-
eseeable damages (Saisandhiya 2020). To quantify risk
levels, there are three major types of Risk Analysis and
Assessment (RAA) models: hybrid, qualitative, and
quantitative approaches. Qualitative approaches rely
on the personal judgment of engineers or safety man-
agers, while quantitative techniques use actual acci-
dent data for mathematical model calculations. Hybrid
methods combine elements of the dynamic environ-
ment and complex scenarios present in the construc-
tion industry (Hill et al. (2019)). Recently, key objectives
in construction risk assessment have focused on
enhancing project safety management practices
(Sanni-Anibire et al. 2020). Typically, construction man-
agement relies on the professional judgment of pro-
ject teams to evaluate the expected level of work
hazards (Mufoz-La Rivera et al. 2021). To estimate risk
levels, qualitative and quantity risk analysis methodol-
ogies such as Checklists, HAZOP, What-if Analysis, and
Fault Tree Analysis (FTA) diagrams can be employed. In
contrast, mixed approaches may include techniques
like Fuzzy ABC classification (Yung et al. 2021) and
Analytic Hierarchy Process (AHP).

In addition to knowledge-based risk assessment
studies, visualizing construction site activities is also
important. Two-dimensional (2D) drawings provide
limited information for risk identification due to their
static visual information at one specific phase of the
project life span (Zou et al. 2019). Building information
modelling (BIM) has been shown to significantly
enhance construction risk recognition and minimiza-
tion (Fargnoli and Lombardi 2020; Karaz et al. 2020).
BIM enables more proactive and effective construction
safety and risk management (Sami Ur Rehman et al.
2022), offering a dynamic graphical representation of
the construction site that efficiently incorporates occu-
pational safety and health data. The semantic retrieval
feature reflects the continual change of related safety
data of a specific object at each stage of a project (Du
et al. 2018).

Many research efforts have applied sensing technol-
ogies such as Al and loT for innovative product design
to decrease the workforce relevant to construction
safety supervision (Tang et al. 2023; Yung et al. 2021).
However, numerous barriers exist in using such tech-
nologies in on-site safety supervision, including identi-
fication and registration of possible hazards,
simultaneous identification of unsafe events, and
tracking and reporting sensors. BIM technology could
address these challenges by recognizing risk factors or

hazards at the design stage, visualizing them as the
project progresses, and adding wearables or sensors
for real-time detection of risk status when an accident
happens (Toh et al. 2023). Combining wearable and
mobile devices with BIM may foster the acceptance of
VR systems and immersive technology for risk assess-
ment and training (Leong et al. 2022; Tang et al. 2023).
Piroozfar et al. (Piroozfar et al. 2019) highlighted that
the use of VR or augmented reality (AR) on risk assess-
ment and risk bi-directional communication could help
front-line staff “see” or “visualize” risks or hazards in
a dynamic construction site at different project stages.

The past review studies in the construction industry
focus on research including particulate matter pollu-
tion (Cheriyan and Choi 2020), traditional and fuzzy
occupational risk assessment approach (Gul et al.
2021), supply chain management (Wu et al. 2019), the
effect of construction safety on organizational or
group features (Suarez Sanchez et al. 2017), and deep
learning application (Akinosho et al. 2020). Despite the
adoption of various technologies and the application
of different health risk assessment methodologies for
occupational safety in the construction industry, there
are still few reviews that systematically investigate the
technologies and methods used for occupational and
health risk assessment. Akinlolu et al. (Akinosho et al.
2020) also indicated that many past studies on the
construction industry concentrated on specific digital
technologies, such as real-time and sensor-based tech-
nologies and BIM for construction safety and health
management. Zhou et al. (Zhou et al. 2015) and
Sanchez et al. (Suarez Sanchez et al. 2017) criticized
that various past research papers only provided the
groundwork for the construction safety management
process and incident/accident data rather than
a systematic and comprehensive approach for under-
standing the technology used and assessment meth-
ods. Thus, this highlights a significant research gap in
this field. A systematic analysis is essential for key
stakeholders to understand future technology trends
(Tang et al. 2024) and research directions (Geda et al.
2024), particularly in construction occupation safety
and health risk assessment. Such an analysis would
help identify emerging trends and share cutting-
edge, state-of-the-art findings that are likely to shape
future efforts in occupational safety and health risk
assessment.

Among various systematic review approaches,
bibliometrics facilitates quantitative analysis of key
findings related to the development and character-
istics of a specific research area (Li et al. 2023).
Generally, bibliometrics is a multidimensional
research discipline encompassing various areas,
including fundamental, predictive, adaptive, and
analytical scientometrics. It also includes methods
such as co-citation analysis, citation analysis, co-
word analysis using keywords, and bibliographic



coupling based on citations (Li et al. 2023).
Therefore, this study aims to conduct a systematic
review of the existing literature to comprehensively
examine the evolution of the subject. It employs an
extensive bibliometric approach to investigate scho-
larly developments and emerging research trends,
focusing on the application of state-of-the-art tech-
nological approaches for occupational safety and
health risk assessment in the construction industry.
In summary, this article addresses three key
research questions through bibliometric analysis.

RQ1: What are the emerging research trends in
subject areas and regions regarding the future
application of technological risk assessment in
construction?

RQ2: What are the performance and relationship
among academia in the current construction occupa-
tional safety and health risk assessment research
output?

RQ3: What are the key technologies and assessment
models adopted for construction occupational safety
and health risk assessment?

The research makes a significant contribution by
applying bibliometric studies to the field of con-
struction safety. Unlike earlier studies, which often
focused on fragmented or narrow aspects of con-
struction safety, this research offers
a comprehensive and systematic bibliometric ana-
lysis. This approach enables a clearer understand-
ing of current trends, influential works, and key
technologies, as well as assessment models within
the domain. Moreover, the study goes beyond tra-
ditional approaches by integrating advanced bib-
liometric tools and techniques to examine the
interconnections between risk factors, assessment
models, and safety interventions. These methodo-
logical advancements enhance the study’s impact
by providing a more robust framework for under-
standing and mitigating risks in construction pro-
jects. As a result, this research serves as a critical
resource for researchers, policymakers, and practi-
tioners striving to improve construction safety
standards and practices.

This paper is divided into five main sections. In
Section 1, we provide the research background,
settings, and objectives. Section 2 discusses quali-
tative and quantitative risk assessment models in
construction, BIM technology for risk assessment,
and wearable devices. Section 3 presents the data
sources, search strategies, and data analysis. Based
on the research methodology, key findings and
results are provided in Section 4. Finally, the con-
cluding remarks are presented in Section 5.
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2. Literature review
2.1. Risk assessment models in construction

The analytic hierarchy process (AHP) has been widely
utilized as a decision-making tool for construction risk
assessment by prioritizing and evaluating risk factors.
Kwok and Tang (Kwok and Tang 2023) used AHP to
assess participant preferences, leveraging scores and
weights to evaluate the rating and impact of risk items.
However, AHP has been criticized for its simplicity in
estimating impact and probability, as well as its reli-
ance on subjective judgments. Limited academic
efforts have been made to expand on the model’s
conceptualization of risk, probability, and impact. To
address these limitations, researchers have extended
AHP by integrating additional parameters relevant to
construction, such as project cost, duration, quality,
and claims. For instance, Dey et al. (1994) combined
AHP with probability-impact (P-I) analysis to incorpo-
rate both objective and subjective risk assessments.
Similarly, Riggs et al. (Riggs et al. 1994) used AHP to
assign probabilities to decision trees, enabling the
evaluation of cost, schedule, and technical risks
through utility functions.

Several studies have explored the application of
AHP beyond individual risk items to project-based
risk exposures. Hamidah et al. (Hamidah et al. 2022)
adopted AHP within a multi-criteria decision-making
(MCDM) framework to estimate total project risk by
aggregating threat scores based on the probability
and impact of each risk. This approach allows for the
comparison of relative risks among projects. Similarly,
Shash et al. (Shash et al. 2021) integrated AHP with
Utility Theory to develop a contingency model that
recommends optimal cost contingency values for con-
struction projects in Saudi Arabia.

In addition, fuzzy-based decision-making methods
have been employed to enhance AHP’s ability to
address uncertainty and subjectivity in construction
risks. For example, Abdelgawad and Fayek
(Abdelgawad and Fayek 2010) highlighted the use of
fuzzy AHP, Failure Mode and Effects Analysis (FMEA),
and Fuzzy Inference Systems (FIS) for risk management
in the construction industry. Khosravi et al. (Khosravi
et al. 2020) combined AHP with fuzzy logic to prioritize
risk elements and evaluate risks in complex construc-
tion projects. Other applications include using trape-
zoidal fuzzy numbers in AHP to address data
inaccuracies in workplace safety assessments under
wet and hot conditions (Zheng et al. 2012) and loga-
rithmic fuzzy preference programming to examine risk
elements in coal mine operations (Wang, Wang et al.
2016).

Despite its widespread application and extensions,
AHP has received criticism for its data dependency and
inability to reflect actual “risk costs.” This limitation can
hinder its practical utility in areas such as project
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budgeting and progress monitoring. For instance,
while AHP can help prioritize mitigation strategies for
delays caused by adverse weather conditions (Hossen
et al. 2015), its effectiveness diminishes when applied
to cases with insufficient or non-representative data.

2.2. Risk assessment models with quantitative
metrics

To overcome AHP’s limitations, researchers have
developed models that link risk assessment impacts
to monetary values, providing more actionable
insights for project stakeholders. For example,
Kumar et al. (Kumar et al. 2021) proposed a Claim-
Based Risk Assessment Model (C-RAM) to compute
the cost implications of risks using project data.
C-RAM evaluates risk incidents based on three cri-
teria: the number of projects affected, the methods
through which risks occur, and the claims resulting
from those risks. This approach is useful in asses-
sing financial risks, such as those arising from
design flaws, by leveraging historical data to esti-
mate the likelihood and financial impact of poten-
tial claims. By incorporating such models, project
managers can allocate contingency funds more
effectively.

However, the performance of these models can
vary significantly across different project sizes. Large-
scale projects, such as infrastructure or industrial
developments (Korytarovd and Hromadka 2021),
often benefit from the detailed data inputs and com-
putational resources required by models like C-RAM.
These projects tend to have robust historical data
and dedicated risk management teams, which enable
the effective application of advanced quantitative
metrics (Yazdi et al. 2024). In contrast, small-scale
projects may struggle to implement these models
due to limited budgets, reduced data availability,
and a lack of specialized expertise. Simplified ver-
sions of C-RAM or AHP-based models may be more
suitable for smaller projects, but this could lead to
reduced accuracy and comprehensiveness in risk cost
estimation. Small-scale projects often require adapta-
tions or simplified frameworks to balance implemen-
tation costs with practical utility. The trade-offs
between complexity, accuracy, and resource con-
straints suggest the need for further development
of models that are scalable and adaptable to smaller
projects (Aladayleh and Aladaileh 2024).

Furthermore, extensions of AHP have aimed to
incorporate quantitative metrics to address real-world
construction challenges across various project scales.
For example, llbahar et al. (Ilbahar et al. 2018) adopted
the AHP framework to identify performance indices for
evaluating occupational health and safety systems.

Wang et al. (Wang et al. 2016) applied nonlinear
vague AHP to examine managerial, environmental,
and functional risks. While these enhancements
attempt to bridge the gap between theoretical risk
assessment methods and practical applications, the
effectiveness of these models across different project
sizes remains an important area for future research.

2.3. BIM technology for risk assessment

The increasing use of BIM technology as a visual tool
for identifying risk exposures has shown significant
potential in improving construction safety. Rodrigues
(Analysis 2021) developed a 3D building model within
the BIM environment, using the Revit application pro-
gram, to mitigate occupational risks in construction.
This plugin prototype integrates qualitative safety
examination methods, including the adoption of safe
objects, checklists, and job hazard analysis (JHA). These
tools enable the identification of fall risks and facilitate
the integration of correlated safety systems. However,
the study lacks a critical analysis of potential chal-
lenges, such as BIM data compatibility issues and the
scalability of the proposed plugin.

Similarly, Xu and Wang 2020 introduced a safety
pre-warning instrument that combines a pre-warning
safety system with a comprehensive risk assessment
model. Their approach integrates AHP and expert
knowledge with BIM safety simulations to extract
safety information through computer perception. The
system aims to dynamically analyze risks, provide
actionable recommendations to risk owners, and clas-
sify risks into five levels (Analysis 2021). While this
approach highlights the potential of BIM in proactive
safety management, it does not address key technical
limitations, such as data interoperability, the reliability
of the classification process, or the practical challenges
of implementing dynamic risk analysis in real-time
construction environments.

2.4. Wearable devices

The use of wearables or sensors has increasingly
gained attention for various purposes. The common
purposes for wearables or sensors are to provide alerts
or alarms to the workers at the site to avoid accidents
and to identify the real-time location for inspections.

2.4.1. Real-time location monitoring

Kang et al. (Kang et al. 2021) developed a real-time
monitoring system called “Monitoring for Noise,
Vibration, and Dust (MONVID)” to calculate hazardous
environmental emissions in real time. Gheisari et al.
(Gheisari and Esmaeili 2019) explained how unmanned
aerial systems (UAS) can be applied in various settings



to enhance safety performance. UAS can react more
quickly than humans in remote, dangerous areas of job
sites. Multiple sensors are used to support on-site
safety control and transmit useful data to safety man-
agers. The study indicated that using new technology
such as UASs could generally improve safety perfor-
mance. However, challenges such as adverse weather
conditions, spatial limitations, and the need for
advanced technical skills among operators can hinder
the broader implementation of UAS technology in real-
world construction settings (Albeaino and Gheisari
2021).

2.4.2. Alert and sensing

Panuwatwanich et al. (Panuwatwanich et al. 2020)
examined how an uncomplicated ambient intelligence
(Aml) system improved safety awareness among on-
site construction workers to reduce fall accidents in
high-rise buildings in Thailand. The design includes
microwave sensors, an audio alarm, a light-emitting
diode (LED), and a microcontroller. Despite its effec-
tiveness, challenges such as workers’ resistance to
wearing the devices due to privacy concerns and hard-
ware deployment difficulties have been noted (Bimpas
et al. 2024).

Beyond occupational safety risks, Hashiguchi et al.
(2020) concluded that biosensors could predict occu-
pational health risk factors with an accuracy level of
89.2%. Akanmu (Akanmu 2020) highlighted that car-
pentry workers were highly at risk of musculoskeletal
disorders. The risk exposures were evaluated employ-
ing the Postural Ergonomic Risk Assessment categor-
ization, which is based on jobs including non-static
postures and recurrent subtasks. A biosensor is mainly
used in collecting construction workers’ data to mea-
sure human stress factors as illustrated in (Jebelli et al.
2019) study. The construction industry is one of the
most demanding sectors, and the authors proposed
a theoretical framework for “non-invasive and non-
subjective measurement” through wearable biosen-
sors, allowing data collection without disrupting work-
ers’ tasks. However, challenges persist in integrating
these technologies into everyday workflows.

2.4.3. Challenges in adoption

Despite the potential benefits, several major chal-
lenges hinder the widespread adoption of wearable
technologies in construction. Initially, the substantial
investment required for implementing these technol-
ogies and ongoing maintenance costs can create sig-
nificant barriers for many construction firms (Ahn et al.
2019). Additionally, the expenses associated with tech-
nology, research, and development are often per-
ceived as excessive, further discouraging investment.
Moreover, the practicality of these technologies in real-
world settings is often questioned. Workers may find
devices cumbersome or intrusive, leading to resistance
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to wearing them. Privacy concerns and the perceived
usefulness of the technologies play crucial roles in
influencing worker acceptance (Jebelli et al. 2019).
Effective communication and education about the
benefits of wearables are essential to overcoming this
resistance, but they require time and resources that
many firms may not have.

Additionally, integrating wearables into existing
safety protocols is complex. Compatibility with current
systems and the need for adequate training to ensure
workers use these devices effectively pose additional
challenges (Patel et al. 2022). The transition from pilot
studies to real-time project implementation often
reveals usability gaps, as devices may not perform as
expected in dynamic construction environments. To
differentiate from the existing body of knowledge,
future research could explore strategies for addressing
these barriers, such as developing cost-effective solu-
tions, enhancing the user-centered design of wear-
ables, and fostering a culture of safety that
encourages adoption. By addressing these practical
challenges, the construction industry can better lever-
age wearable technologies to enhance safety and
health outcomes.

3. Research methodology
3.1. Data sources and search strategies

The Web of Science (WOS) is a comprehensive scien-
tific search tool in this study. We acknowledge the
existence of other databases, such as IEEE Xplore,
SCOPUS, and ScienceDirect, and it is noted that most
publications from these sources are included in WOS.
This search strategy is also commonly employed in
technology-related systematic reviews (Radianti et al.
2020; Tang 2022, 2025) and can be considered reliable.
The inclusion criteria for searching data sources were
“risk,” “accidents,” “human,” “technologies,” “engineer-
ing,” and “computer,” while the exclusion criteria
included “medical.” The period for the search was
from 2013 to December 2024, with the language set
to English only. The search query, detailed below in
Table 1, was applied in WOS in December 2024. Then,
the secondary qualitative screening was performed to
conduct a detailed full-text review of articles that
passed the initial screening. This screening ensured
alignment with the study’s objectives by assessing
articles for methodological rigor, thematic relevance,
and their ability to address the research questions.
Studies that focused on tangential aspects of construc-
tion safety and risk assessment were excluded. This
process refined the dataset, enabling a more focused
analysis of trends, risk factors, assessment models, and
safety interventions in construction safety research.
After applying all inclusion and exclusion criteria, 66
documents were identified during the database

" ou
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Identification of studies via databases

—
=
-.-; Records identified through
o database searching*:
£ Web of Science (n = 84)
s
Eo
A4
()
Records excluded**
Records screened » | n=18)
(n=84) 1. Full-text not available
2. Review articles
3. Not English articles
4 4. Not within 2013-2024
Reports sought for retrieval
=2 (n =66)
c
=
]
2
e v
Reports assessed for eligibility
(n =66)
—
v
3
= Studies included in the review
S (n=66)
=

Figure 1. PRISMA flow diagram of the methodology and search results.

Table 1. Search query.

Online
database

Search query

No. of
results

Web of Science ALL= (((VR OR virtual reality) OR ((Al OR Artificial Intelligence) AND wearable device)) AND (construction AND safety AND 66
health) AND ((risk OR hazard) AND (assess* OR ident*))) AND PY= (2013-2024) and English (Languages)

search. Figure 1 illustrates the PRISMA diagram of the
methodology and search results.

3.2. Data analysis

Many current review-based studies on construction
safety are conducted in a subjective manner, which
may be prone to bias and subjectivity. To address this
weakness, a visual map approach has been adopted in
this study (Chellappa et al. 2021). In VOS viewer, a visual
map was created based on bibliographic data on the
following aspects including (1) co-authorship, (2) key-
word co-occurrence, (3) citation, and (4) bibliographic
coupling. As such, the keyword co-occurrence was

applied. For the keyword co-occurrence analysis,
a minimum term frequency threshold of 5 was set, mean-
ing that only keywords appearing at least five times were
included. Additionally, similar words with the same
meaning were treated as a thesaurus, so variations like
“virtual reality,” “virtual-reality,” and “virtual reality (vr)”
were summarized into “virtual reality.” In the author co-
authorship analysis, the minimum requirement was one
document per author, while the author co-citation ana-
lysis required a minimum of 50 citations.

Bibliometrics is an interdisciplinary science that
integrates linguistics, mathematics, and statistics.
The bibliometric analysis attempts to calculate
research evolution in various areas and identify



associated trends. This method is usually used to
investigate the current research focal point, predict
coming research directions, and explore the devel-
opment of academic research disciplines.
Bibliometric analysis has received wide attention
from scholars in the last decade. In doing so, the
key objectives of this study are as follows: (1) to
improve scholars by enhancing their understanding
of the setting and scope of research focused on
construction occupational safety and health risk
assessment according to the bibliometric analysis
of published research papers in the WOS Core
Collection database, especially emerging and
understudied research topics, and (2) to create
a groundwork for forthcoming research directions
for professionals in the area of construction occupa-
tional safety and health risk assessment. A co-
citation network gives valuable insight for assessing
academic impact and enriches the number of

12

2013 2014 2015 2016 2017 2018

I Publication

Figure 2. Times cited and publications over time.

w3

6%

7%

19%

Figure 3. Top 10 subject areas included in publications.
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attentions inclined to researchers. The size of the
network nodes indicates the number of authors’
publications, as well as the links reflect the internal
association between them. The key author group
and its collaborative interrelationship in this disci-
pline can be recognised by investigating the struc-
tural features of authors and their collaborative
networks (Chen et al. 2023).

4. Findings and investigation of results

4.1. RQ1: what are the emerging research trends
in subject areas and regions regarding the future
application of technological risk assessment in
construction?

In the past decade, the adoption of VR technology in
construction safety and health risk assessment
research has increased, as evidenced by the number

2019 2020 2021 2022 2023 2024
e Citations
Engineering

m Construction Building Technology

B Computer Science

39%

W Operations Research Management Science
B Public Environmental Occupational Health
M Psychology

M Business Economics

B Education Educational Research

m Environmental Sciences Ecology

1 Science Technology Other Topics
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of publications and citations of articles on the WOS.
Figure 2 illustrates the total number of related publica-
tions and citations from 2013 to Dec 2024. The figure
shows exponential growth in citations from 2020 to
2024, reaching nearly 500 citations in 2024.
Additionally, it highlights that most papers were pub-
lished in 2020, with 12 publications released that year.

Figure 3 shows the 10 most popular subject areas.
Engineering and Construction Building Technology
accounts for the majority of the papers, with 38 and
19 documents, respectively. It is important to note that
some published papers may be interdisciplinary, as
indicated by the fact that many publications cover
multiple topic areas.

The United States has the highest number of pub-
lications, followed by China and England, with 25, 9,
and 6 publications, respectively, as shown in Table 2.
Additionally, the United States leads in citations, fol-
lowed by South Korea and China, with 842, 243, and
120 citations, respectively.

4.2. RQ2: what is the performance and
relationship among academia in the current
construction occupational safety and health risk
assessment research output?

This section presents the findings of a bibliometric
analysis focused on construction safety and health
risk assessment using VR, conducted with VOSviewer.
Out of the 391 keywords analyzed, 14 met the mini-
mum threshold of five occurrences. The analysis, based
on keyword searches, identified three clusters (shown
in red, green, and blue in Table 3) that illustrate the
relationship between the two topics. In Figure 4a, the
size of the circles and letters indicates the frequency of
occurrences; keywords that appear more frequently
are represented by larger letters and circles. It high-
lights the clusters within each topic area, revealing that
14 items meet the threshold across the three clusters.
Notably, “virtual reality” appears in the red circle,

Table 2. Top 10 countries of publications from 2013 to 2024.

Countries/Regions Record Count Citations
United States 25 842
China 9 120
England 6 40
Malaysia 4 45
Spain 4 64
Germany 3 56
Portugal 3 28
South Korea 3 243
Australia 2 24
Denmark 2 68

Table 3. Keywords with number of occurrences.

“construction” in the blue circle, and “health” in the
green circle, each with at least five occurrences in the
Web of Science database.

Furthermore, Table 3 displays the number of occur-
rences in each cluster, with the red cluster having the
highest total at 75 occurrences. Additionally, the key-
words “virtual reality,” “construction safety,” and
"health” are the most frequently occurring, with 36,
13, and 13 occurrences, respectively.

Figure 4.. visualizes the keyword trends over the
years in this study. The terms “risk assessment,” “man-
agement,” and “behavior” have been utilized as search
terms since 2020. Additionally, the terms “construction
safety,” “health,” and “risk” have been frequently used
in the past 3 years.

A cluster density map from the author co-
authorship analysis is presented in Figure 5a, where
authors with close collaborative relationships are
grouped into clusters of the same color. This analysis
includes 258 authors, each with a minimum of one
publication. Gheisari Masoud from the University of
Florida leads with eight publications, followed by Eiris
Ricardo from Arizona State University and Esmaeili
Behzad from Purdue University, each with five. This
visualization illustrates the interconnectedness of
authors, indicating that those within the same cluster
often co-publish. The density of each cluster reflects
the strength of these relationships, with denser areas
signifying a higher frequency of co-authorship.

The author co-citation analysis, illustrated in
Figure 5.., includes 30 authors, each with a minimum
of 50 citations. The visualization reveals distinct groups
of authors, differentiated by color, which indicate the
strength of their co-citation relationships. Notably, the
top three authors, Puro Vuokko, Kannisto Henriikka,
and Lukander Kristian, demonstrate significant inter-
connectedness in the literature. The spatial arrange-
ment of these clusters reflects the proximity of authors
based on shared citations, with authors located closer
together indicating a stronger scholarly relationship.
This analysis provides valuable insights into the colla-
borative dynamics and influence within the field.

4.3. RQ3: what are the key technologies and
assessment models adopted for construction
occupational safety and health risk assessment?

In Table 4, the 10 most-cited sources are arranged by
citation number. Le et al.’s (Le et al. 2015) publication
had 198 citations, making it the most referenced
paper. Meanwhile, the paper by Le et al. (Le et al.

Cluster color

Observable keywords

Number of occurrences

Red Construction safety, hazard identification, safety training, system, virtual reality, visualization technology 75
Green Behavior, health, management, workers 34
Blue Construction, risk, risk assessment, safety 33
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Figure 4. (a) Network visualization showing three clusters in the virtual reality, construction safety, and management. (b) Network

visualization of keywords trend.

risk ass@ssment

visualizatiofiitechnology

safetygraining

hazard. identification

construction safety

safety constgction
virtuWa lity
rigk
workers
managgément
health

beh@vior

system

Figure 4. (Continued).

2015) received the most average citations per year,
with 18 per year.

Table 5 provides a summary of the keywords and
technologies featured in the most-cited publications.
Among these terms, “virtual reality” and “construction
safety” are the most prominent, aligning with the pre-
viously presented network visualization graph. Most
studies focus on safety training using virtual reality

2020 2021 2022 2023 2024 2025

approaches, which include immersive virtual reality
(IVR) and 360-degree panoramas. For instance, 360-
degree panoramas of reality are adopted in safety
training to detect potential risks (Eiris etal. 2020). The
IVR (Le et al. 2015; Nykanen et al. 2020) and 360-degree
panorama (Eiris et al. 2018; Eiris et al. 2020) approaches
are also used for the training in construction sites for
safety prevention. In addition, the research by Teizer
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Table 4. Ten most cited in 2013 to February 2025.

Authors Source Title Publication Year Total Citations Average per Year
Le et al. (2015) Journal of Intelligent & Robotic Systems 2015 198 18
Teizer et al. (2013) Automation in Construction 2013 178 13.69
Eiris et al. (2020) Automation in Construction 2020 100 16.67
Eiris et al. (2018) International Journal of Environmental Research and Public Health 2018 97 12.13
Jeelani et al. (2020) Engineering Construction and Architectural Management 2020 86 14.33
Patel et al. (2022) Advanced Intelligent Systems 2022 85 17
Nykanen et al. (2020) Journal of Safety Research 2020 77 12.83
Jeelani and Gheisari (2021) Safety Science 2021 74 14.8
Eiris et al. (2020) Safety Science 2020 53 8.83

Ahn et al. (2020) Advances in Civil Engineering 2020 47 7.83
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Table 5. Keywords and technologies used in top 10 citation papers.

Author

Keywords

Technologies

Le et al. (2015)

Teizer et al. (2013)

Eiris et al. (2020)
Eiris et al. (2018)

Jeelani et al.

Safety and health, construction accident, social virtual reality,
cooperative learning, inspection game, activity game

Education and training effectiveness, cranes and derricks, data
visualization and virtual reality, location tracking, safety and
health, union ironworker, steel erection

360-degree panoramas, virtual reality, hazard recognition,
construction safety training

360-degree panoramas, augmented panoramas of reality, hazard
recognition, construction safety training, virtual reality

Construction safety, safety training, hazard recognition,

Social/collaborative virtual reality (VR) system framework-based
construction safety education for experiential learning
includes three main modules: Cooperative Distributed Safety
Learning (CDSL), Hazard Inspection and Safety Cognition
(HISC), and Active Safety Game-based Learning (ASGL).

Real-time location tracking data and visualization using ultra
wideband (UWB) devices

Hazard identification training platforms using a 360-degree
panorama

Using augmented 360-degree panoramas of reality (PARS) for
safety training to enhance hazard identification skills

Stereo-panoramic environments using real construction scenes

(2020) personalized training, VR

Patel et al. (2022)

total worker health
Nykanen et al.
(2020)
Jeelani and
Gheisari (2021)
Eiris et al. (2020)

safety locus of control, safety motivation
interaction, risks of UAVs

virtual reality

Ahn et al. (2020)  Health, management, behavior, workers

Virtual reality, human factors safety training, safety self-efficacy,
Construction safety, UAVs in construction, drones, human-robot

Immersive storytelling, 360-degree panorama, safety training,

to evaluate trainees’ performance; develop a virtual
construction site for instructional training

Artificial intelligence, connected health, occupational health and Wearable devices for health monitoring, connected worker
safety, occupational risks and hazards, predictive analytics,

solutions for real-time data, and predictive analytics for risk
assessment

Immersive virtual reality (VR)-based safety training program, and
apply the holistic human factors perspective in safety training

Unmanned aerial vehicles (UAVs) for aerial mapping and site
monitoring in construction workplaces

360-degree panorama virtual environments to improve hazard
recognition and risk perception

3D building information modeling (BIM) simulation to reflect the
hazard condition of the actual site

et al. (2013) used ultra-wideband technology for real-
time position monitoring.

Regarding the assessment models, several studies
highlight innovative approaches to enhance safety
training in construction. Le et al. (2015) present an
online social VR system consisting of three modules:
Cooperative Distributed Safety Learning (CDSL) for
understanding accidents, Hazard Inspection and
Safety Cognition (HISC) for applying safety theories,
and Active Safety Game-based Learning (ASGL) for
practical skill development. The prototype was evalu-
ated using real safety scenarios, demonstrating its
effectiveness in improving safety awareness and
engagement while identifying both benefits and
limitations.

Teizer et al. (2013) ntegrate real-time location track-
ing and 3D data visualization into construction worker
training for steel-erection tasks. Their assessment
model analyzes training session data to enhance safety
and productivity for trainers and apprentices, visualiz-
ing unsafe practices and indirectly measuring training
effectiveness, while also considering return on invest-
ment and user feedback.

Eiris et al. (2020) compare VR and 360-degree panor-
ama training platforms for hazard identification, eval-
uating participants’ perceptions of realism and hazard-
identification skills. The study found that while stu-
dents rated the panorama as more realistic, profes-
sionals reported no significant difference. However,
VR conditions yielded higher Hazard Identification
Index (HII) scores, indicating an inverse relationship
between perceived presence and Hll scores. In another
study, Eiris et al. (2018) evaluate an augmented 360-
degree panorama training platform aimed at

enhancing workers’ hazard-identification skills.
A usability test involving 30 participants showed that
trainees found the platform beneficial for learning,
suggesting its potential to improve safety training
and engage workers effectively in hazard recognition.

Jeelani et al. (2020) propose a personalized safety
training protocol utilizing stereo-panoramic and virtual
environments to boost hazard recognition and man-
agement skills. Tested with 53 participants, results
indicated a 39% improvement in hazard recognition
and a 44% improvement in hazard management,
employing realistic scenarios for effective performance
assessment and feedback.

Patel et al. (Patel et al. 2022) review emerging smart
hardware and software tools that enhance workplace
safety, health, and productivity through real-time mon-
itoring and management of occupational risks. Their
assessment model discusses various wearable devices
for safe lifting, ergonomics, and fatigue management,
alongside connected worker platforms that provide
contextual decision support, emphasizing the role of
predictive analytics in improving safety compliance
and resource allocation.

Nykdnen et al. (2020) evaluate immersive VR safety
training against traditional lecture-based methods and
participatory human factor safety training among 119
construction workers. Their findings reveal that VR
training significantly enhances safety motivation, self-
efficacy, and self-reported safety performance at a one-
month follow-up, underscoring VR's potential to
improve safety competencies.

Jeelani and Gheisari (2021) examine the health and
safety impacts of unmanned aerial vehicles (UAVs) in
construction, categorizing potential risks into physical,
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attentional, and psychological effects on workers. They
propose a two-branch research roadmap for empiri-
cally evaluating UAV-related risks and developing reg-
ulatory interventions to ensure safe UAV operation
alongside human workers.

Eiris et al. (2020) evaluate the effectiveness of
immersive storytelling within 360-degree panorama
virtual environments for hazard recognition in con-
struction. A pilot study with 40 participants compared
this method to traditional OSHA training, finding simi-
lar HII scores but significant time savings in training
duration, alongside a high sense of presence reported
by participants.

Ahn et al. 2020 compare conventional lecture-based
safety training with innovative 3D building information
modelling (BIM) simulation training at a construction
site. Their experiment assessed trainees’ understand-
ing, revealing that BIM simulation led to higher com-
prehension levels. A survey of safety managers further
supported the conclusion that virtual reality-based
training is more effective than traditional methods,
highlighting its lifelike quality, active learning compo-
nents, and overall enjoyment.

5. Discussion

Construction projects have traditionally relied on stan-
dardized safety management methodologies, such as
job hazard analysis, pre-task safety planning, and
inspection checklists. While these methods have been
effective, they often depend heavily on the individual
practitioner’'s ability to identify and respond to
hazards, which can be compromised by human factors
such as cognitive overload, attentional lapses, and dis-
tractions. This review shifts focus from identifying
workers who may struggle with hazard management
to exploring the benefits and barriers of adopting
advanced technologies, particularly wearable sensors
and virtual reality (VR), in construction safety and
health assessment.

One notable finding of this study is the significant
increase in research and development of advanced
safety technology post-COVID-19 (Bortolé et al. 2023).
The pandemic led to a decline in construction activities
globally, creating opportunities to expand research
into technologies that mitigate infection risks and
enhance the industry’s preparedness for future disrup-
tions. This shift has been echoed in numerous influen-
tial studies advocating for the integration of innovative
technologies in safety management. For instance, VR
has shown to enhance training effectiveness by simu-
lating hazardous scenarios, preparing workers for real-
life situations (Eiris et al. 2018, 2020, 2020). Such find-
ings can inform the development of tailored VR train-
ing modules that address specific construction safety
challenges.

The pandemic has also accelerated the adoption of
technologies enabling remote participation, particu-
larly relevant for the labor-intensive construction
industry (Elrefaey et al. 2022). Advanced technologies
not only mitigate infection risks but also prepare the
industry for global disruptions. By enabling workers to
perform dangerous tasks in a simulated environment,
these technologies reduce the likelihood of accidents
and improve overall safety performance.

Furthermore, integrating Engineering and
Construction Building Technology (ECBT) with VR sys-
tems has shown promise in creating risk-free environ-
ments for training and operations. Future research can
explore the long-term impacts of VR training on actual
workplace safety metrics, providing empirical evidence
that can guide the development of standardized train-
ing protocols. The influential work of Le et al. (2015) on
social VR frameworks has further emphasized the
importance of experiential learning, demonstrating
how collaborative environments enhance safety edu-
cation. Additionally, VR has emerged as a major tool for
construction safety, offering immersive training envir-
onments and real-time risk communication capabilities
(Alzarrad 2024). This trend highlights the growing
recognition of VR's potential to address the limitations
of traditional safety methods and foster a safer work
environment.

The integration of the Analytic Hierarchy Process
(AHP) model with objective parameters, such as BIM
risk-related specifications, has further demonstrated
the value of advanced technologies in safety man-
agement (Aminbakhsh et al. 2013). The application of
the AHP model in assessing safety technologies pro-
vides practitioners with a structured approach to
prioritize investments based on specific project
needs. For example, Patel et al. (2022) proposed
a model that integrates AHP with real-time data
from wearable technologies, illustrating how data-
driven insights can inform safety practices. Real-
time data collected through wearable sensors and
VR systems enhances risk communication and
engagement. Augmented reality (AR) allows users
to interact with actual objects in computer-
generated contexts, facilitating task-driven scenarios
or games that enhance user engagement and safety
awareness (Akinlolu et al. 2022).

5.1. Limitations and future research

This study has several limitations that provide valuable
direction for future research. First, the data sources
were limited to journal articles, excluding graduation
theses, construction accident reports, and other archi-
val materials. Incorporating these additional sources in
future studies could enhance the generalizability and
depth of the findings, particularly in understanding
real-world  applications of advanced safety
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technologies. Second, the search criteria were
restricted to keywords such as “virtual reality,” “con-
struction,” “safety,” “health,” “risk,” and “hazard,” omit-
ting related terms like “building information
modeling,” “digital technology,” “augmented reality,”
"accident,” and “incident.” Expanding the scope of key-
words in future research could yield new insights and
best practices of the field.

Additionally, the study relied solely on the Web of
Science database, excluding other prominent data-
bases such as IEEE Xplore, Scopus, and ScienceDirect.
Future research should consider incorporating multi-
ple databases for a more robust and inclusive analysis,
informing policy-making and regulatory frameworks in
construction safety. Furthermore, the study focused
exclusively on English-language publications may
overlook valuable research in other languages.
Expanding to include multilingual sources could enrich
the analysis and provide a more global perspective on
construction safety challenges.

While advanced technologies such as VR and
wearable sensors hold great promise for improving
safety in construction, challenges regarding cost,
accessibility, and worker acceptance remain. Future
research should explore strategies to enhance
worker adoption of these technologies, such as com-
prehensive training emphasizing their benefits.
Involving workers in the design and implementation
process can foster a sense of ownership and increase
acceptance.

Emerging collaborations between academia, indus-
try stakeholders, and technology providers can shape
future research directions. Partnerships that bring
together VR developers and construction safety
experts can lead to tailored training solutions that
meet specific industry needs. Financial incentives or
subsidies for adopting safety technologies could
make them more accessible to smaller construction
firms, broadening their implementation.

By addressing these limitations and incorporating
insights from influential works, researchers can deepen
the understanding of construction safety challenges
and foster a culture of safety that prioritizes the well-
being of all stakeholders. Advancing technologies and
cultivating a proactive safety culture are essential for
improving safety outcomes and resilience in the con-
struction industry.

6. Conclusion

This study underscores the transformative potential of
advanced technologies including VR in addressing
safety challenges within the construction industry. By
integrating advanced technologies and immersive
tools, the industry can enhance risk communication,
improve hazard identification, and create safer work

environments. The findings highlight that traditional
safety management methodologies, while founda-
tional, are often limited by their reliance on individual
practitioners’ abilities, making them susceptible to
human error. Advanced technologies offer
a proactive solution by providing real-time data,
immersive training platforms, and interactive risk com-
munication tools that empower workers to mitigate
hazards effectively.

Despite these advancements, the adoption of
advanced technologies in construction safety faces
several challenges. Barriers such as cost, accessibility,
and worker acceptance must be addressed to ensure
widespread implementation. Industry stakeholders
need to collaborate on strategies to overcome these
barriers, such as investing in affordable technologies,
providing training programs, and establishing standar-
dized guidelines for their use. By doing so, the industry
can fully leverage the potential of advanced technolo-
gies to improve safety outcomes and build a more
resilient future.

The findings of this research have significant prac-
tical implications for stakeholders in the construction
industry regarding the implementation of construc-
tion safety and health risk assessment. Construction
companies, safety managers, and policymakers
should prioritize adopting advanced technologies to
enhance safety protocols and training programs. By
investing in wearable sensors, AR/VR systems, and
real-time data collection tools, stakeholders can foster
a culture of safety that prioritizes worker well-being
and reduces the likelihood of accidents. Additionally,
promoting interdisciplinary collaboration between
technology developers and construction profes-
sionals can accelerate the implementation of these
innovations.

This study demonstrates that the future of construc-
tion safety lies in the integration of advanced technol-
ogies. By embracing innovation and fostering
a proactive safety culture, the industry can tackle its
most pressing challenges, improve safety outcomes,
and build a more resilient and sustainable future.
Stakeholders are encouraged to leverage these find-
ings to drive meaningful change and prioritize the
well-being of all construction workers.
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