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ABSTRACT

Personal protective equipment (PPE) is a fundamental component of occupational health and safety; however,
its effectiveness is strongly influenced by worker behaviour, organisational context, and human factors. Despite the
long-standing use of PPE, research in this field remains fragmented and rapidly expanding, making it difficult to
develop a comprehensive understanding of how worker behaviour influences PPE effectiveness over time. This
bibliometric review addresses this gap by systematically analysing scientific publications from 1970 to 2026 to
identify publication trends, influential studies, leading contributing countries, dominant research themes, and patterns
of international collaboration. Data were retrieved from Scopus and Web of Science, resulting in a final dataset of
1,236 peer-reviewed journal articles. Scopus Analyzer, OpenRefine, and VOSviewer were employed for descriptive,
bibliometric, and network analyses. The findings reveal a prolonged formative phase followed by substantial
publication growth after 2019, largely driven by increasing global attention to occupational safety and the COVID-19
pandemic. Research output remains concentrated in several high-income countries, while contributions from
developing regions remain limited. Keyword analysis demonstrates a shift from technical PPE performance to
behavioural dimensions, including compliance, risk perception, safety culture, usability, and organisational influence.
International collaboration networks reveal major research hubs and global disparities in research integration.
Overall, this study highlights the increasing importance of behavioural and socio-technical perspectives in PPE
research and provides a foundation for future interdisciplinary studies, evidence-based safety policies, workplace
intervention strategies, and sustainable occupational health practices aimed at improving long-term worker safety
outcomes.
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INTRODUCTION has gradually transformed the occupational safety research
paradigm from a technical, control-oriented approach to a
more holistic one that includes behavioural and psychosocial
factors (Ayu et al. 2018; Kibirige et al. 2024; Santos et al.
2025; Yaghoti et al. 2021).

The persistence of poor PPE adherence, even in high-
risk workplaces, highlights the importance of understanding
the behavioural determinants of PPE use. Empirical
evidence shows that leadership style, safety climate, peer
influence, and feelings of comfort and fit significantly affect
the consistency and accuracy of PPE use. Furthermore, the
gap between the theoretical protection offered by PPE and
its practical implementation is often linked to a lack of
compliance, improper use, and design constraints that do
not account for user diversity. This review seeks to clarify

Personal protective equipment (PPE) is a key aspect of
occupational health and safety, serving as a primary defence
between employees and various occupational hazards.
However, regardless of technological advancement and
regulatory recommendations, the effectiveness of PPE in
preventing occupational injuries and diseases does not
depend solely on its design or material characteristics.
There is a growing body of literature on the importance of
worker behaviour in the real-life protective performance
of PPE. Factors such as knowledge, attitudes, risk
perception, and organisational safety culture interact in
complex ways that influence how PPE is worn, maintained,
and integrated into daily work activities. This perspective
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the complex relationship between worker behaviour and
PPE use by integrating empirical data and theoretical
perspectives to establish a basis for targeted interventions
and future research directions (Ayu et al. 2018; Kibirige et
al. 2024; Santos et al. 2025; Yaghoti et al. 2021).

LITERATURE REVIEW

The factors affecting workers’ compliance with the use of
PPE have been widely studied, and the results indicate an
interaction of individual, organisational, and situational
factors. Knowledge and supervisory practices of workers
are consistently reported as crucial predictors of PPE
compliance, and it has been shown that a lack of training
and lax enforcement contribute to non-compliant behaviour
(Ayu et al. 2018; Kibirige et al. 2024). Specifically,
transformational and transactional leadership approaches
have been shown to positively influence motivation and
foster a more safety-oriented culture, while a robust safety
management system and a supportive social environment
further encourage the use of PPE (Akbarzadeh et al. 2025;
Khoshakhlagh et al. 2024; Ratu et al. 2019). Age and gender
have also been identified as individual traits influencing
compliance patterns, with female and older workers tending
to exhibit higher rates of compliance. Nonetheless, they
are usually influenced by the broader workplace culture
and the availability of well-fitting and comfortable
equipment (Bentum et al. 2022; Kibirige et al. 2024).
Widely reported barriers to the use of PPE, such as
discomfort, poor fit, thermal burden, and perceived
interference with work activities, highlight the importance
of ergonomics and user-centred design in the selection and
application of PPE (Lombardi et al. 2009; Sharma et al.
2022).

Field-based testing across various industries indicates
a consistent gap between the theoretical performance of
PPE tested in the laboratory and its actual performance in
real working environments. Studies conducted in
healthcare, manufacturing, and construction contexts show
that the protective benefits achieved in practice are often
less than those claimed by manufacturers. Much of this is
attributed to the poor fit, discomfort, and inconsistent
usage. Prolong use of PPE, especially in healthcare settings,
has been associated with negative physical and cognitive
effects, such as skin problems, headaches, fatigue, and
communication difficulties, which can also contribute to
reduced compliance and performance of duties (Brisbine
et al. 2022; Bukhtiyarov et al. 2023). Meta-analytical
research indicates that PPE use is associated with some of
the lowest injury risks; however, only about half of workers
reportedly wear it consistently, with lack of availability,

lack of training, and time cited as the most common factors
(Santos et al. 2025). In general, these findings indicate the
need to develop more robust evaluation procedures, more
efficient training methods, and design enhancements to
optimise protective efficacy and usability. This aligns with
previous studies that highlight limitations in traditional
training evaluation models, particularly in capturing
complex and real-world outcomes (Giangreco et al. 2010;
Kirwan 2025). Furthermore, earlier research on PPE
effectiveness emphasises the importance of usability,
training, and real-world application in determining
protective performance (Mayer & Korhonen 1999). Recent
studies have also highlighted the increasing influence of
behavioural compliance, safety awareness, ergonomic
suitability, and workplace training in improving PPE
effectiveness across occupational settings (Hoernke et al.
2021; Khorsandi et al. 2025; Ong et al. 2020; Tabah et al.
2020).

Behavioural frameworks have helped to understand
the mechanisms that influence PPE-related behaviour and
to make inferences about how to develop interventions.
Social cognitive theory (SCT), health belief model (HBM),
and the capability, opportunity, motivation-behaviour
(COM-B) framework have been extensively used to explain
and predict PPE compliance, focusing on the roles of self-
efficacy, perceived susceptibility, and supportive
environmental factors (Seah et al. 2025; Tessema & Sema
2022; Yaghoti et al. 2021). The theoretical domains
framework (TDF) and the behaviour change wheel have
been particularly useful for systematically identifying
behavioural barriers and their links to specific intervention
strategies, including leadership communication,
environmental change, and peer role modelling (Curtis et
al. 2022; Olson et al. 2009). It is also acknowledged that
social learning processes and normative pressures are
particularly strong in maintaining PPE use, and empirical
data show that compliance improves when workers observe
other workers and supervisors consistently using PPE
correctly (Lu et al. 2015; Olson et al. 2009). These
observations support the concept of multi-level interventions
focused simultaneously on individual beliefs, social
interactions, and organisational systems. Recent studies
also emphasise that behavioural compliance and sustained
PPE use are strongly influenced by organisational safety
culture, peer behaviour, and continuous workplace
supervision, particularly in high-risk occupational
environments (Kibirige et al. 2024; Seah et al. 2025).

Despite these developments, significant knowledge
gaps remain regarding the behavioural aspects of PPE
effectiveness. There is some evidence of compensatory
risk-taking behaviour, where people take riskier actions
while wearing protective equipment, but this is not well
understood, particularly regarding the roles of personality



traits and work context (Braun & Fouts 1998; DellaValle
et al. 2012). Moreover, the physical and psychological
effects of prolonged PPE use, such as ergonomic stress and
impacts on mental health, have not been thoroughly
examined. Small and medium-sized enterprises (SMEs)
face unique challenges, including less developed regulatory
control and formal safety training, which are also not
reflected in the literature (Akbarzadeh et al. 2025; Lee et
al.2021). An even greater limitation to the external validity
of the current studies is methodological constraints,
including a heavy reliance on self-reported compliance
measures and the absence of an external test of real-world
performance (Bentum et al. 2022; Denisov et al. 2013). To
address these gaps, interdisciplinary interventions
combining behavioural science, ergonomics, and
organisational policy, along with the development of
adaptive PPE solutions and real-time feedback systems,
will be necessary to support sustained compliance and
worker well-being (Lee et al. 2021). Recent studies have
highlighted the increasing importance of adaptive safety
systems, ergonomic interventions, and integrated
workplace monitoring in improving long-term PPE
compliance and occupational well-being (Khoshakhlagh
et al. 2024; Seah et al. 2025).

Overall, the literature consistently demonstrates that
worker behaviour plays a decisive role in determining the
real-world protective value of PPE. Although advancements
in PPE technology remain essential, they are insufficient
without concurrent efforts to address behavioural,
organisational, and contextual influences on compliance.

The application of behavioural theory to intervention
design, supported by empirical assessments of safety
outcomes and user experience, offers a viable approach to
enhancing occupational safety performance. However,
persistent research gaps, particularly regarding
compensatory behaviours, prolonged PPE use, and the
concerns of diverse workforce groups, highlight the need
for ongoing targeted research and innovation in this
important area of occupational health studies.

RESEARCH QUESTIONS

RQI1. What are the temporal publication trends in research
on worker behaviour and PPE effectiveness over time?

RQ2. Which publications are the most influential in this
research domain based on citation analysis?

2915

RQ3. Which countries are the leading contributors to the
literature on worker behaviour and PPE effectiveness in
terms of publication output and citation impact?

RQ4. What are the most frequently occurring and
thematically significant keywords, and how do they reflect
the intellectual structure of research on worker behaviour
and PPE effectiveness?

RQS5. What are the patterns of international co-authorship
and collaboration among countries in research on worker
behaviour and PPE effectiveness?

METHODOLOGY

Bibliometric analysis involves the structured acquisition,
classification, and evaluation of bibliographic information
from scholarly publications (Al-Khoury et al. 2022; Alves
etal. 2021; Assyakur & Rosa 2022). Beyond conventional
descriptive measures, such as sources of publication,
annual output patterns, and leading contributors, Wu and
Wu (2017) noted that bibliometric methods also include
more advanced techniques, such as document co-citation
analysis, to demonstrate intellectual connections within
the literature. A rigorous bibliometric review is a complex
and systematic process, involving the careful formulation
of search terms, thorough database searches, and
meticulous data processing. This methodological rigour
supports the development of a comprehensive
bibliographical dataset and ensures the reliability and
repeatability of research findings (Fahimnia et al. 2015).

Following this strategy, the current research included
high-impact academic literature, as these publications are
important sources of critical information on the theoretical
foundations and knowledge framework of the research area
of interest. The Scopus database was selected as the
primary source for literature retrieval to ensure accuracy
and consistency of data (Al-Khoury et al. 2022; Di Stefano
et al. 2010; Khiste & Paithankar 2017). To maintain
academic excellence, only peer-reviewed journal articles
were analysed, excluding books and instructional materials
(Guetal. 2019). Using the Scopus platform from Elsevier,
which provides multidisciplinary coverage, relevant
publications from 1970 to 2026 were systematically
collected and subsequently subjected to bibliometric
analysis.

The Scopus database was selected as the primary data
source because of its extensive historical coverage and
comprehensive indexing across multiple disciplines,
enabling long-term analysis from 1970 to 2026. This
extended timeframe enables the identification of
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longitudinal trends and the evolution of research on worker
behaviour and PPE effectiveness. In addition, Web of
Science was included as a supplementary database to
enhance data robustness and reduce potential database bias.
The inclusion of Web of Science aimed to capture recent
research developments and validate publication trends
identified in the Scopus dataset. This approach ensures
both historical depth and contemporary relevance in the
analysis.

The data retrieval process was conducted in April 2026
using the Scopus and Web of Science databases. Retrieved
records were exported in plaintext format and screened
according to predefined inclusion and exclusion criteria.
The inclusion criteria comprised peer-reviewed journal
articles published in English within the selected subject
areas: medical, engineering, social science, environmental
science, and public environmental occupational safety and
health. Non-English publications, books, conference
papers, editorials, and publications outside the selected
subject areas were excluded. The bibliographic records
were then cleaned, standardised, and harmonised using
OpenRefine before being analysed with Scopus Analyzer
and VOSviewer.

DATA SEARCH STRATEGY

A total of 4,049 peer-reviewed journal articles were
retrieved from the Scopus database using the search string
presented in Table 1: TITLE-ABS-KEY ((worker* OR
“workforce” OR “employee” OR “staff” OR “labour”)
AND (behaviour* OR “behavioural” OR “conduct” OR
“actions” OR “practices”) AND (“personal protective
equipment” OR PPE OR “safety gear” OR “protective
gear” OR “safety equipment”)). The retrieved publications
covered multiple disciplinary domains, including
environmental sciences, social sciences, engineering, and
medical sciences, reflecting the interdisciplinary and
evolving nature of research on worker behaviour and the
effectiveness of personal protective equipment (PPE) from
1970 to 2026.

In addition, a supplementary search was conducted
using the Web of Science database to enhance the
robustness of the data collection process and minimise
potential database bias. Consistent filtering criteria,
including document type, subject category, and language,
were applied during the search process, resulting in 135,654
relevant records. However, most of these records were
excluded during the screening and eligibility stages because

the broad multidisciplinary indexing of Web of Science
included many studies beyond the specific behavioural and
PPE-related scope of this study. Differences in the number
of records retrieved compared to Scopus may be due to
variations in database indexing coverage and search
structures. The greater number of records retrieved from
Web of Science may result from its broader multidisciplinary
indexing and wider keyword coverage. Nevertheless,
Scopus was retained as the primary database because of
its extensive historical coverage, multidisciplinary
indexing, and suitability for long-term bibliometric trend
analysis. Web of Science was therefore used as a
complementary database to enhance data robustness and
validate the consistency of the findings.

The temporal distribution of publications indicates a
gradual development of scholarly interest in PPE-related
behavioural issues during the early decades, followed by
a marked increase from the late 1990s onwards. This
expansion can be attributed to increasing global attention
to occupational health and safety, the development of
regulatory frameworks, and the recognition that technical
measures alone are insufficient to prevent workplace
injuries. The most significant increase in publication
output, especially since 2020, is likely driven by global
health crises such as the COVID-19 pandemic, which
intensified research on PPE usage, compliance, and human
factors in both healthcare and non-healthcare settings.

The thematic framework of the literature, based on
keyword constraints such as PPE, human, accident
prevention, workplace, and attitude to health, demonstrates
a clear evolution in research focus, as shown in Table 1.
Table 1 also outlines the structured search strategy and
keyword selection, highlighting how both technical and
behavioural dimensions of PPE research are systematically
captured. Earlier studies primarily focused on hazard
control and equipment performance, while more recent
research increasingly emphasises behavioural perspectives.
This shift highlights the increasing importance of worker
knowledge, risk perception, attitudes, and organisational
safety culture as key determinants of PPE effectiveness.

The dominance of behavioural and psychosocial
keywords indicates that PPE effectiveness in real-world
settings is strongly mediated by human decision-making
and the social environment, rather than solely dependent
on technical specifications. This observation reinforces the
importance of integrating behavioural and organisational
factors with technical measures to improve the effectiveness
of PPE, particularly in practical occupational contexts.
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TABLE 1. The search string

Database  Search string

Scopus TITLE-ABS-KEY ( ( worker* OR “workforce” OR “employee” OR “staff” OR “labor” ) AND ( behaviour*
OR “behavioral” OR “conduct” OR “actions” OR “practices” ) AND ( “personal protective equipment” OR
PPE OR “safety gear” OR “protective gear” OR “safety equipment™ ) )
Date of Access: April 2026

Web Of  Results for TS=((“worker behavior” OR “worker behaviour” OR “employee behavior” OR “employee

Science  behaviour” OR “workplace behavior” OR “workplace behaviour” OR “occupational behavior” OR

“occupational behaviour” OR “safety behavior” OR “safety behaviour” OR “protective behavior” OR
“protective behaviour” OR “worker compliance” OR “safety compliance” OR behavio?r* OR attitude* OR
perception* OR awareness OR knowledge OR practice* OR compliance OR adherence ) AND ( “personal
protective equipment” OR PPE OR “protective equipment” OR “protective gear” OR “protective clothing”
OR “safety equipment” OR respirator® OR glove* OR helmet* OR mask* OR goggles OR “face shield*” OR

“safety boot*” OR “protective device*” ))
Date of Access: April 2026

Table 2 shows that the inclusion of multiple subject
areas underscores the interdisciplinary nature of this
research field. Contributions in engineering and
environmental science have traditionally focused on the
design of PPE, material behaviour, and exposure control,
while the social sciences and medical research are now
beginning to address compliance, ergonomics, cognitive
workload, and the health effects of prolonged PPE use.
This intersection of fields indicates a broader paradigm
shift in the study of occupational safety towards more
integrated human-technology systems and socio-technical
risk-control strategies.

Although the literature expanded greatly in size and
variety, bibliometric data also indicate a continuing lack
of cohesion among fields and research cultures. The
relationship between behavioural theories, principles of
ergonomic design, and organisational safety frameworks
is often explored individually, with little cross-referencing
between technical and behavioural research. This
segregation could be one reason why laboratory-based PPE
performance does not match performance in practical
settings, as empirical studies have found. These results
indicate the need for more integrative research agendas
spanning engineering design, behavioural science, and
occupational health policy.

TABLE 2. The selection criterion is searching

Exclusion
Non—-English
Others

Inclusion
English
Medical
Engineering
Social science,
Environmental
science

Public
environmental
occupational
safety and health

1970-2026

Criterion

Language
Subject

Timeline Before 1970

In general, this bibliometric review indicates that
worker behaviour has become a central topic in studies on
PPE effectiveness, shifting from the margins to the centre
of current occupational safety research. This study
emphasises the maturity of the field and highlights
opportunities for integrating theory and methods by
mapping nearly 56 years of scientific output. In future
studies, examining the origins of interdisciplinary
cooperation, conducting longitudinal behavioural studies,
and including real-world performance data could improve
the applicability of PPE research as a safety intervention
in the workplace.

IDENTIFICATION

To conduct the systematic literature review, a rigorous and
structured review protocol was implemented to ensure the
comprehensive retrieval of relevant scholarly publications.
The review process commenced with the identification and
selection of appropriate keywords, followed by the
expansion of related terminologies through dictionaries,
thesauri, encyclopaedias, and prior empirical studies to
enhance the breadth and sensitivity of the search strategy.
Subsequently, all relevant terms were systematically
integrated into search strings and applied to the Web of
Science and Scopus databases, as presented in Table 1.
This rigorous identification process generated a total of
139,703 publications from both databases, reflecting the
extensive and multidisciplinary nature of research related
to the study domain. The use of multiple databases and
comprehensive search terms strengthened the transparency,
reliability, and methodological robustness of the systematic
review process while minimizing the risk of database
selection bias.
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SCREENING

Following the identification stage, a rigorous screening
process was conducted to enhance the relevance, quality,
and methodological consistency of the retrieved literature.
After applying the predefined inclusion and exclusion
criteria, 1,748 records from Scopus and 9,492 records from
Web of Science were retained, resulting in a total of 11,240
records eligible for further assessment. A substantial
number of records (n = 128,463) were excluded due to
being non-English publications, published before 1970,
conference papers, books, review articles, articles in press,
or studies unrelated to the research scope. These exclusion
criteria were methodologically justified to ensure the
inclusion of peer-reviewed, accessible, and empirically
robust studies aligned with the objectives of the systematic
review. Additionally, 2,739 duplicate records were removed
to avoid data redundancy and publication overlap across
databases. This rigorous screening approach strengthened
the reliability, transparency, and scientific validity of the
review process, ensuring that only high-quality and
contextually relevant studies were retained for subsequent
analysis.

ELIGIBILITY

In the third stage, known as the eligibility phase, a total of
8,501 articles underwent detailed evaluation. During this
process, the titles, abstracts, and main content of each
article were systematically examined to ensure alignment
with the inclusion criteria and the objectives of the present
study. As aresult, 7,265 articles were excluded for reasons
such as irrelevance to the research field, insignificant or
unrelated titles, abstracts that did not address the study
objectives, lack of full-text access, and insufficient
empirical evidence. This rigorous assessment process was
essential to ensure the methodological quality, relevance,
and reliability of the selected literature. After the eligibility
assessment, 1,236 articles were retained for the final review
and analysis.

DATA ABSTRACTION

An integrative analysis approach was employed as a key
assessment strategy in this study to examine and synthesise
evidence from diverse qualitative research designs
systematically. The primary objective of this approach was
to identify significant themes and subthemes related to
worker behaviour and the effectiveness of personal
protective equipment (PPE). The thematic development
process began with a comprehensive data collection stage,
as illustrated in Figure 1, in which the authors meticulously

reviewed and analysed 1,236 selected publications to
identify statements, findings, and evidence relevant to the
study’s scope. Particular emphasis was placed on critically
evaluating contemporary studies addressing worker
behaviour and PPE effectiveness, including their
methodological approaches, analytical frameworks, and
research outcomes. The authors then collaboratively
developed thematic categories based on the empirical
evidence and contextual interpretations emerging from the
reviewed literature. Throughout the analytical process, a
systematic audit trail was maintained to document
analytical reflections, interpretations, emerging patterns,
and conceptual considerations relevant to data interpretation.
To ensure the reliability and consistency of the thematic
development process, the authors continuously compared
and refined the identified themes. Any discrepancies or
disagreements regarding thematic interpretation were
resolved through critical discussion and consensus among
the co-authors, thereby strengthening the methodological
rigour, transparency, and credibility of the study findings.

Record identify through
WOS searching
(n=135,654)

Scopus searching
(n=4049)

\/

Record after screened

‘ Record identify through ‘

Identification

Screcning

Scopus (n=1748)

WOS (n=9492)
Total = (n=11240)

v

Records excluded:
Non-English publications
Publications before 1970
Conference papers, books,

and review articles

Articles in press

Unrelated subject areas
(n=128463)

Duplicate record removed
(n=2739)

l

Article access for cligibility
(n=8501)

Studies included in qualitative No Full text access.
analysis (n="7265)
(n=1236)

Eligibility

Full text excluded.
Due to the out of field
Title not significant
Abstract not related on the
objective of the study
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FIGURE 1. Prisma flow diagram for study selection

FIGURE 1. Prisma flow diagram for study selection

DATA ANALYSIS

VOSviewer is an established bibliometric analysis tool
developed by Nees Jan van Eck and Ludo Waltman of
Leiden University in the Netherlands (Van Eck & Waltman
2017). It is designed for the visualisation and exploration
of scientific literature using network-based visualisations,
clustering algorithms, and density-based mapping
algorithms. Its analytical features allow exploration of
patient co-authorship, co-citation associations, and co-
occurring keywords across research fields, enabling users
to study the structural makeup and intellectual organisation
of their research areas. VOSviewer, with its dynamic



software update system and interactive user interface,
enables efficient handling and interpretation of large
bibliometric datasets. Its control over the generation of
bibliometric measures, customisation of visual objects, and
processing of information from various types of
bibliographic resources has led to its adoption across
numerous academic fields.

Among the key strengths of VOSviewer is its ability
to transform complex bibliometric data into clear,
understandable visual maps that illustrate the associations
among publications, authors, and thematic areas. The
software excels at clustering similar entities, identifying
thematic patterns through keyword co-occurrence analysis,
and generating density visualisations that reflect areas of
intended research activity. It has an intuitive design that
enables access for users with varying levels of bibliometric
knowledge, and its continuous development ensures it
remains aligned with the changing needs of the analytical
process. The versatility of VOSviewer in supporting
various types of bibliometric networks, such as co-
authorship and citation-based networks, demonstrates its
value as a fundamental analytical tool for studying the
development of research domains.

In the present study, bibliographic records including
publication year, article title, author information, journal
source, citation metrics, and author keywords were
exported from the Scopus database in plaintext format,
covering articles published from 1970 to 2026. VOSviewer
1.6.19 was used to process these datasets. Bibliometric
networks were visualised and analysed using visualisation
of similarities, VOS-based clustering, and mapping
methods. VOSviewer, as an alternative to traditional
multidimensional scaling (MDS) techniques, places items
in a low-dimensional space so that the spatial distance
between any two items reflects their relatedness or
similarity (Van Eck & Waltman 2007). In that regard, the
VOS method demonstrates conceptual similarities to MDS
methods (Appio et al. 2014).

In contrast to traditional methods of MDS, which
generally rely on similarity measures such as cosine
similarity or Jaccard indices, the VOS method uses a
specially designed normalisation strategy based on
bibliometric co-occurrence data, also known as association
strength (AS; Van Eck & Waltman 2007). The AS between
items i andj is determined as shown in Equation (1), where
G, denotes the frequency with which items 7 and j co-occur,
while w, and w, represent the total occurrence counts of
items 7 and j, respectively. This indicator reflects the
proportional relationship between the empirically observed
co-occurrence frequency and the expected co-occurrence
frequency under the assumption of statistical independence,
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thereby providing an effective normalisation method for
the construction and visualisation of bibliometric networks
(Van Eck & Waltman 2007).

AS; = —J— (1)
w; X Wj

RESULTS AND DISCUSSION FINDINGS

RQ1: What are the temporal publication trends in research
on worker behaviour and PPE effectiveness over time?

The publication trend for research on worker behaviour
and PPE effectiveness shows a prolonged formative phase,
followed by a marked period of rapid expansion. From
1970 to the early 2000s, scholarly output was sporadic and
limited, with most years recording fewer than five
publications. This low and irregular productivity reflects
the initial approach to PPE as primarily a technical control,
with limited attention to behavioural aspects. Progressive
development has been observed since 2006, when the
importance of human factors, safety culture, and
behavioural science in occupational health research began
to be acknowledged. The number of publications per year
between 2010 and 2018 grew slightly but consistently,
suggesting that the field is becoming more consolidated
and that the importance of worker behaviour for the real-
world efficacy of PPE is increasingly recognised. As shown
in Figure 2, this upward trajectory becomes particularly
evident after 2010, reflecting the increasing consolidation
of research in this field.

The number of publications increased significantly
from 2019, peaking in 2021 at 230 articles, and remained
high through to 2024. This steep rise corresponds with
global occupational safety issues and increased research
interest during and after the COVID-19 pandemic, which
heightened concern about PPE compliance, usability, and
behavioural determinants across various work environments.
Although publication levels are lower after 2021, they
remain much higher than those before 2019, indicating
fairly stable scholarly performance, rather than a sudden
increase. The reduced number in 2026 is probably due to
unfinished indexing rather than a decline in the research
volume. Overall, the trend demonstrates a clear shift from
an emerging niche to a mature, highly active research field,
highlighting the growing centrality of behavioural
perspectives in the development of PPE effectiveness
research. This trend is consistent with previous bibliometric
studies, which reported a gradual shift from technical safety
research to behaviour-oriented approaches. However, the
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magnitude of the increase observed after 2019 in this study safety culture, rather than relying solely on technical
appears more pronounced, suggesting an accelerated  protection measures. This trend is consistent with previous
transformation driven by global health crises such as studies that highlight the increasing importance of
COVID-19. behavioural factors in PPE use and occupational safety,

The observed publication growth also indicates that  particularly regarding compliance, risk perception, and
research on PPE effectiveness has increasingly shifted safety culture (Kibirige et al. 2024; Seah et al. 2025).
towards interdisciplinary and behaviour-oriented However, the magnitude of the increase observed after
perspectives. This trend highlights the growing recognition 2019 in this study appears more pronounced, suggesting
that occupational safety outcomes are strongly influenced an accelerated transformation driven by global health crises
by human factors, organisational practices, and workplace such as COVID-19.
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FIGURE 2. Trend of research in worker behaviour and personal protective equipment effectiveness
RQ2: Which publications are the most influential in this research domain based on citation analysis?

The discussion of the highest-rated articles shows that the scholarly impact of research on worker behaviour and the
efficacy of PPE consistently depends on articles published during and immediately after major global safety and health
crises, particularly around 2020 - 2021. As summarised in Table 3, the most highly cited articles were predominantly
published between 2020 and 2021 and appeared in high-impact interdisciplinary journals. The most referenced articles
are mainly found in high-impact journals such as Science of the Total Environment, Automation in Construction,
Environmental Pollution, and Headache, which suggests that PPE behavioural research is reflected across the environmental
science, engineering, and medical fields. Widely referenced articles often discuss the use of PPE within a broader system
framework, such as occupational safety management, real-time monitoring technologies, and the health effects of long-
term PPE use. The prevalence of articles published in 2020 highlights the catalytic role of the COVID-19 pandemic,
which sparked scholarly interest in PPE compliance, usability, and worker behaviour in both healthcare and industrial
settings, leading to increased citation activity over a limited period.

Thematically, the most cited articles move beyond the traditional view of PPE as a passive protective barrier, instead
describing its effectiveness as a result of human behaviour, system design, and interactions with the environment. Research
linking PPE use to physical discomfort, cognitive challenges, and adverse health effects, including headaches and fatigue,
has received substantial citations, highlighting increasing concern about the sustainability of long-term PPE use. At the
same time, the most cited articles in the engineering field emphasise the need to integrate behavioural factors into
technological solutions, such as automation, real-time detection, and safety monitoring systems. The citation pattern
indicates that the most significant contributions are those adopting an interdisciplinary approach to bridge human factors,
engineering design, and occupational health. Overall, the dominance of such articles indicates a maturation of the field
towards socio-technical interpretations of PPE effectiveness, in which worker behaviour is recognised as a critical
determinant of safety outcomes rather than a secondary or peripheral factor. This finding is consistent with previous



studies, which show that highly cited publications are often
associated with global health crises and interdisciplinary
research contexts. For example, several influential studies
published during the COVID-19 period (Ong et al. 2020;
Rowan & Laffey 2020; Silva et al. 2020) highlight the
increasing relevance of PPE not only in terms of technical
performance but also in relation to behavioural,
environmental, and health-related challenges. Similarly,
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studies such as Hoernke et al. (2021) and Tabah et al. (2020)
emphasise the practical experiences and safety concerns
of PPE users, reinforcing the importance of human factors
in determining effectiveness. The presence of earlier
foundational work by Foo et al. (2006) and Tomas et al.
(2015) further indicates that current research builds upon
established knowledge while expanding towards more
interdisciplinary and behaviour-focused perspectives.

TABLE 3. Most cited publications

No Authors Title Year Source title Cited
by
1 Silva et al. (2020) Rethinking and optimizing plastic waste 2020 Science of 478
management under the COVID-19 the Total
pandemic: Policy solutions based on Environment
redesign and reduction of single-use
plastics and personal protective equipment
2 Nath et al. (2020) Deep learning for site safety: Real-time 2020 Automation in 406
detection of personal protective equipment Construction
3 Rowan and Laffey (2020) Challenges and solutions for addressing 2020 Science of 369
the critical shortage of supply chain for the Total
personal and protective equipment (PPE) Environment
arising from the Coronavirus disease
(COVID-19) pandemic — Case study from
the Republic of Ireland
4 Ong et al. (2020) Headaches Associated With Personal 2020 Headache 351
Protective Equipment — A Cross-Sectional
Study Among Frontline Healthcare
Workers During COVID-19
5 Ammendolia et al. (2021) An emerging source of plastic pollution: 2021 Environmental 277
Environmental presence of plastic personal Pollution
protective equipment (PPE) debris related
to COVID-19 in a metropolitan city
6 Tomas et al. (2015) Contamination of health care personnel 2015 JAMA Internal 257
during removal of personal protective Medicine
equipment
7 Tabah et al. (2020) Personal protective equipment and 2020 Journal of 249
intensive care unit healthcare worker safety Critical Care
in the COVID-19 era (PPE-SAFE): An
international survey
8 Foo et al. (2006) Adverse skin reactions to personal 2006 Contact 248
protective equipment against severe acute Dermatitis
respiratory syndrome - A descriptive study
in Singapore
9 Singh et al. (2020) Environmentally Sustainable Management 2020 Environmental 216
of Used Personal Protective Equipment Science and
Technology
10 Hoernke et al. (2021) Frontline healthcare workers’ experiences 2021 BMJ Open 215

with personal protective equipment during
the COVID-19 pandemic in the UK: A
rapid qualitative appraisal
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RQ3. Which countries are the leading contributors to the
literature on worker behaviour and PPE effectiveness in
terms of publication output and citation impact?

The country-level distribution of publications on worker
behaviour and PPE effectiveness shows a strong
concentration of research output among a small group of
high-income, industrially advanced nations. As shown in
Figure 3, research productivity is heavily concentrated in
a small number of leading countries, with a clear disparity
between high-output and low-output nations. The United
States leads decisively with 357 publications, reflecting its
extensive research infrastructure, regulatory focus on
occupational safety, and sustained investment in worker
protection studies. The United Kingdom and China are the
next most productive contributors, followed by Australia
and Canada, highlighting the role of well-established
occupational health systems and active academic
communities. The contributions of various European
countries, such as Italy, Germany, Spain, and France, are
also consistent, indicating sustained scholarly interest in
worker behaviour and the effectiveness of PPE across
different industry settings.

Conversely, the wider distribution has a long tail of
countries with relatively low publication outputs,
highlighting the continued global disparities in research
capacity. The increasing participation of emerging
economies such as India, Indonesia, Iran, Brazil, and South

Number of publication

Africa is associated with the rapid industrialisation and
growing interest in workplace safety outcomes. However,
many low- and lower-middle-income countries currently
do not contribute a significant number of studies, which
may indicate limited resources in funding, research
infrastructure, and data accessibility. This imbalanced trend
indicates that the existing evidence base is largely
influenced by the views of developed economies, which
justifies increased international cooperation and capacity-
building to produce more context-dependent information
on worker behaviour and PPE efficiency globally. This
pattern is consistent with global research inequality trends
reported in the bibliometric literature, where high-income
countries dominate knowledge production because of
stronger research infrastructure and greater funding
availability. This pattern is consistent with previous studies
conducted in global and international contexts, where
developed countries largely drive research and policy
discussions on PPE (Rowan & Laffey 2020; Silva et al.
2020; Tabah et al. 2020). These studies highlight how
differences in resources, infrastructure, and international
collaboration influence the distribution of research output
and knowledge production among countries. The
concentration of research activity in developed countries
may also influence the global direction of PPE policies,
research priorities, and occupational safety frameworks,
potentially limiting the representation of workplace
challenges experienced in lower-resource settings.

RUSSIA

Crealad with mapcharl.net

FIGURE 3. Countries are the leading contributors in terms of publications



RQ4. What are the most frequently occurring and
thematically significant keywords, and how do they reflect
the intellectual structure of research on worker behaviour
and PPE effectiveness?

CONCEPT OF KEYWORD CO-OCCURRENCE IN
VOSVIEWER

Co-occurrence by keywords in VOSviewer refers to the
number of times two or more keywords appear together in
the same publication. In this method, co-occurring
keywords are expected to be conceptually related and to
reflect common or interconnected research themes. The
study of these connections allows VOSviewer to build a
network in which each keyword is depicted as a node, and
the connections between them indicate the intensity of their
co-occurrence. The total link strength indicates the intensity
of a keyword’s relationship with others in the dataset. At
the same time, the size of the node is usually proportional
to the frequency of the keyword’s appearance in the
documents. To discuss worker behaviour and PPE
effectiveness, the selected method helps display prevailing
ideas, thematic groups, and the intellectual organisation of
behavioural aspects and PPE-related terms in the literature.
These findings can also be interpreted through established
behavioural theories such as social cognitive theory (SCT),
the health belief model (HBM), and the COM-B
framework, which emphasise the role of individual beliefs,
perceived risk, and environmental influences in shaping
behaviour. This interpretation is consistent with previous
studies that highlight the importance of human factors and
user experiences in PPE effectiveness, particularly
regarding compliance, safety practices, and physical or
cognitive challenges (Hoernke et al. 2021; Ong et al. 2020;
Tabah et al. 2020). Earlier studies, such as Tomas et al.
(2015), further support the role of proper PPE use and
handling in determining real-world effectiveness,
reinforcing the relevance of behavioural constructs
identified in the keyword analysis. The keyword structure
shown in the co-occurrence network further indicates a
significant conceptual transition within PPE research,
where behavioural and organisational factors are
increasingly integrated with technical and engineering
perspectives. The strong association between keywords
related to compliance, safety culture, risk perception, and
human factors suggests that worker behaviour is no longer
seen as a secondary issue, but rather as a central determinant
of PPE effectiveness in real-world occupational settings.
The identified keyword clusters further demonstrate the
increasing relevance of behavioural theories in explaining
PPE effectiveness. Keywords related to compliance, risk
perception, and safety behaviour correspond closely with
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key constructs of the health belief model (HBM),
particularly perceived susceptibility and perceived barriers
that influence protective actions. Similarly, the prominence
of safety culture, communication, and organisational
practices aligns with social cognitive theory (SCT), which
emphasises observational learning, environmental
influence, and behavioural reinforcement. In addition, the
presence of motivation-, opportunity-, and capability-
related concepts within the keyword network supports the
applicability of the COM-B framework for understanding
sustained PPE use across occupational settings. Collectively,
these patterns suggest that effective occupational safety
strategies depend not only on protective technologies but
also on organisational practices, safety communication,
and human-centred interventions that encourage long-term
adherence and risk reduction.

SETTINGS USED TO GENERATE THE CO-
OCCURRENCE MAP

The network visualisation was generated using the full-
counting method, meaning that each occurrence of a
keyword within a document was counted equally,
regardless of how many other keywords appeared in the
same publication. A minimum occurrence threshold of five
was applied to ensure analytical robustness and to exclude
infrequently used or highly idiosyncratic keywords that
may not meaningfully contribute to the overall structure
of the research field. The threshold was selected to improve
the clarity and interpretability of the visualisation by
focusing on recurrent and conceptually significant
keywords within the dataset. As a result, 121 keywords
met the threshold from a total of 2,392 identified keywords.
This filtering process enables the map to focus on the most
influential and recurrent concepts, producing a clearer and
more interpretable visualisation of the core research themes
and their interconnections within the field. Figure 4 shows
the keyword co-occurrence network generated using
VOSviewer, highlighting the major thematic clusters and
their interrelationships.

CONTRIBUTION OF THE FINDINGS TO THE BODY
OF KNOWLEDGE

The resulting co-occurrence network contributes to the
body of knowledge by systematically mapping how worker
behaviour, PPE usage, safety compliance, and effectiveness-
related concepts are interconnected in existing research.
High total link strength values indicate keywords that serve
as conceptual hubs, suggesting areas where behavioural
science and PPE effectiveness are most strongly integrated.
This highlights dominant research directions, such as
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behavioural compliance, risk perception, and safety culture,
while also revealing underexplored or weakly connected
themes that may represent gaps for future investigation.
Overall, the findings provide an evidence-based overview
of the intellectual structure of research on worker behaviour
and PPE effectiveness, supporting more targeted research
design, theory development, and evidence-informed
occupational safety interventions. The keyword clustering
patterns further suggest that contemporary PPE research
is increasingly moving towards worker-centred and
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behaviour-oriented approaches rather than focusing solely
on equipment performance and hazard control. The
prominence of behaviour-related keywords indicates that
organisational culture, communication practices, worker
perceptions, and behavioural compliance in real
occupational environments strongly influence PPE
effectiveness. This development highlights the growing
importance of integrating behavioural science, ergonomics,
and occupational safety management into PPE research
and intervention strategies.
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FIGURE 4. Network visualisation map of keyword co-occurrence

RQS5. What are the patterns of international co-authorship
and collaboration among countries in research on worker
behaviour and PPE effectiveness?

CONCEPT OF CO-OCCURRENCE BY COUNTRIES
IN VOSVIEWER

In VOSviewer, co-occurrence by countries refers to the
analysis of how countries are linked through co-authorship
relationships within the same publications. When authors
from different countries collaborate on a single document,
those countries are considered to co-occur. The resulting
network visualisation represents countries as nodes, while
links indicate the strength of international research
collaboration. The size of each node reflects the number
of documents attributed to a country, while the total link
strength represents the intensity of its collaborative ties
with other countries. Regarding worker behaviour and PPE
effectiveness, this methodology can show how research

collaboration is organised globally and which nations are
most central to developing this area.

SETTINGS USED TO GENERATE THE COUNTRY
CO-OCCURRENCE MAP

The full-counting method was used to produce the map,
with each country present in a publication receiving full
credit for that document, regardless of the number of
countries contributing. This approach focuses on
participation and visibility rather than proportional
contribution. The inclusion criteria required a minimum
of five documents to ensure that only countries with
relevant research activity were included, eliminating noise
from sporadic or isolated contributions. Consequently, the
initial 101 identified countries were reduced to 48 that met
the inclusion criteria. Filtering by threshold makes the
visualisation clearer, and the network is considered to have
only stable and meaningful international research



connections. Figure 5 shows the international co-authorship
network among countries, highlighting the central hubs
and the strength of collaborative links in this research
domain.

CONTRIBUTION OF THE FINDINGS TO THE BODY
OF KNOWLEDGE

The country co-occurrence network contributes to the body
of knowledge by revealing trends in global collaboration
on the study of worker behaviour and the effectiveness of
PPE. Countries with a high number of publications and
high total link strength become central hubs, indicating
that they assume leadership roles in knowledge production
and cross-border cooperation. Strongly knit clusters imply
regional or thematic collaboration networks, whereas weak
or peripheral links indicate regions where international
cooperation remains limited. The results help put the
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process of scientific knowledge in this field into perspective,
from its global creation to its dissemination, and they guide
policymakers, funding organisations, and researchers on
areas of collaboration and the gaps to address in building
stronger international research collaboration in the
occupational safety and health field. These findings are
consistent with previous studies highlighting the importance
of international collaboration in addressing global PPE
challenges. For example, studies conducted in international
contexts by Rowan and Laffey (2020), Silva et al. (2020)
and Tabah et al. (2020) demonstrate that cross-country
cooperation and shared knowledge are essential for
responding to complex issues such as PPE supply, safety
practices, and crisis management. This supports the present
findings, as countries with stronger collaboration networks
tend to play more central roles in knowledge production
and dissemination.

taiwan

ghana

cI}E}a

switzérland ge‘[&ny unlt teg’ =
" spain framce o iw
israel 3 ;

Gar“gdér indepesia
unite*gdom malaysia @

southkorea

brazil iran ethiopia nigeria
australia southiafrica
new zealand saudifarabia
egypt
Q/%b VOSviewer
FIGURE 5. Network visualization map of citations and countries
CONCLUSION efficacy. The research aimed to answer key questions

This bibliometric analysis was conducted to investigate
the development, contribution, thematisation, and
cooperation trends in studies on worker behaviour and PPE

regarding publication patterns over the years, influential
articles, leading contributing countries, popular keywords,
and international co-authorship relationships. The analysis
used bibliometric mapping and network visualisation
methods to explain the development of this research area



2926

and how knowledge is organised and shared globally.

The results show a significant and sustained increase
in academic research, particularly since the late 2000s,
with a sharp rise from 2019 onwards. This expansion
indicates a growing appreciation that the effectiveness of
PPE is strongly influenced by behavioural, organisational,
and contextual factors and not necessarily by technical
design. Citation analysis reveals that the most influential
articles tend to take an interdisciplinary approach, linking
the use of PPEs to human factors, health outcomes, and
system-wide issues. At the country level, research
production is concentrated in a few high-income countries.
At the same time, keyword co-occurrence mapping
highlights core themes such as compliance, safety culture,
risk perception, and behavioural determinants. The
collaboration analysis also shows the existence of
international research hubs and areas with comparatively
low levels of collaborative integration.

This study contributes to the field by offering a
systematic review of the intellectual landscape concerning
research on worker behaviour and the effectiveness of PPE.
It summarises dispersed knowledge, identifies prevailing
and emerging themes, and highlights gaps in research
participation worldwide. In practical terms, the results
underscore the need to integrate behavioural knowledge
into the design of PPE, training initiatives, and safety
management mechanisms. The findings can guide
practitioners and policymakers to place greater emphasis
on holistic safety strategies that encompass both technical
protection and behavioural or organisational interventions.

Several limitations should be noted. Only English-
language journal articles indexed in Scopus and Web of
Science were included, which may still exclude some
relevant regional, non-English, or non-indexed studies.
Bibliometric analysis focuses more on publication and
citation trends than on research quality or practical impact.
Further studies could expand database coverage, include
longitudinal behavioural evaluations, and use qualitative
or mixed-methods approaches to better represent contextual
and practical aspects of PPE use.

Overall, this bibliometric analysis demonstrates the
value of systematic mapping for understanding the
development and direction of research on worker behaviour
and PPE effectiveness. By revealing trends, gaps, and
collaboration patterns, the study provides a foundation for
more integrated, context-sensitive research and supports
the continued advancement of occupational safety and
health scholarship.
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