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A B S T R A C T

It is well known that safety climate (SC) has paramount significance in safety science and accident prevention. In 
this paper, a bibliometric data mining is conducted to systematically review the research domain of SC. Overall, 
1624 documents on SC are obtained, covering 4830 authors, 473 journals, 89 countries/regions, and 1766 in-
stitutions between 1980 and 2021. SC has obtained increasing attention since the number of publications related 
to SC grew from 1 in 1980 to 188 in 2020. Based on the bibliometric data, network analysis was carried out to 
understand the relationship among different countries/regions, authors, and keywords. Safety Science, Journal of 
Safety Research, and Accident Analysis and Prevention are the major sources of SC publications, and the USA, 
Australia, and China lead scientific collaboration production on SC research. Then, text mining of publication 
keywords is used to identify the hot topics and the evolution of mainstream research over time in the SC domain. 
The dominant topics in SC research include culture, performance, safety behavior, and model. Meanwhile, the 
limitations of past research on SC are analyzed and the differences between SC and safety culture are discussed. 
Moreover, recommendations for future research on SC are also given based on the results of bibliometric analysis 
and existing literature reviews.   

1. Introduction

Nowadays, safety issues obtain increasing attention due to the
increasingly complex technology and the rapid development of indus-
trialization and urbanization (Yang, 2012). Accidents pose a threat to 
human lives and social development in terms of injuries, fatalities, and 
economic losses (Wang et al., 2018). Therefore, it is essential to locate 
effective solutions in daily safety management. In general, occupational 
health and safety performances can be attributed to multiple causes 
(Kvalheim and Dahl, 2016; Guo et al., 2016), including organizational, 
behavioral, and technical factors. According to the Swiss Cheese Model 
(Reason, 1997), organizational factors play an important role in shaping 
human safety behavior (Guo et al., 2016). Organizational SC is consid-
ered as “how the employees perceive the organization’s approach to-
wards safety” (Zarei et al., 2016). Zohar (1980) presented SC as a tackle 

to describe workers’ views of the safety value and role in the organi-
zations. SC refers to employees’ common views on environmental safety 
management in their work (Hahn and Murphy, 2008). It serves as a 
measurable aspect (marker) or a surface manifestation of safety culture 
in an organization (Hahn and Murphy, 2008; Huang et al., 2013; Mur-
phy et al., 2018; Reniers et al., 2011). Additionally, SC can be considered 
as both a leading and a lagging indicator of safety events (i.e., accidents, 
injuries). When SC is seen as a lagging indicator, SC data are interrelated 
with prior safety events (Payne et al., 2009). In this socio-technical age, 
SC is seen as an important means of accident prevention (Shen et al., 
2015). Many studies demonstrate the benefits of creating a positive SC in 
workplaces. Pandit et al. (2019) revealed that workers representing a 
workplace with a more positive safety climate with a higher level of 
hazard identification and safety risk perception. SC can contribute to a 
great change in employees’ behavior and mind, obtaining genuine safety 
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implementation and decreasing accident rates (Kim et al., 2019). Newaz 
et al. (2019) argued the fact that SC affects safety behavior and promotes 
better safety effects in construction. Most researchers (Pandit et al., 
2019) indicated that a direct correlation exists between safety climate 
and appropriate behaviors (utilization of individual protective supplies, 
adherence to safety regulations, and sharing safety knowledge). Also, 
safety climate was confirmed to be related to safety performance and 
attitudes (Kouabenan et al., 2015). Silva et al. (2004) designed OSCI 
(Organisational and Safety Climate Inventory), to address the charac-
terization of both organizational climate and SC. In general, safety 
climate has been regarded as a basic method for promoting workplace 
safety in all types of industries (Ma and Yuan, 2009). 

Since increasing people realize the necessity of institutional elements 
in safe work, a lot of SC studies were executed in different fields, 
covering construction (Newaz et al., 2019), manufacturing (Liu et al., 
2015; Ma and Yuan, 2009), oil and gas (Kvalheim and Dahl, 2016), 
transportation (Amponsah-Tawiah and Mensah, 2016; Xu et al., 2018), 
nuclear facilities (Kasim et al., 2019), and airlines (Ji et al., 2019). 
Meanwhile, some studies on different kinds of SC appeared in recent 
years, such as organizational safety climate (Russell et al., 2022), nurses’ 
safety climate (Memarbashi et al., 2021), and psychosocial safety 
climate (Dollard et al., 2012; Dollard,2022). Besides, relevant studies of 
SC are global and encompass Western and Eastern cultures (Murphy 
et al., 2014). 

The first publication on SC appeared in 1980 (Zohar, 1980), and then 
much attention has been paid to this field referring to its definition and 
measurement. Cooper et al. (2004) summarized four topics in SC 
research, including designing measurement instruments, developing 
theoretical models, examining the relation with safety performance, and 
revealing the links to organizational climate. Zohar (2010) pointed out 
that a lot of work about safety climate mainly concentrates on meth-
odologies instead of theoretical and conceptual issues by looking back 
over 30 years of relevant research in this field. There are more than forty 
different tools to test safety climate, with questionnaires as the most 
utilized methodology (O’Connor et al., 2011). Liu et al. (2015) reviewed 
the constructs applied to evaluate SC, focusing on management 
commitment, supervisor and co-worker support, safety awareness, 
safety policy, safety knowledge, safety education, etc. 

Several existing review-based studies on SC such as Bamel et al. 
(2020), Lee et al. (2019), Li et al. (2021), and Shea et al. (2021) were not 
free from limitations. Bamel et al. (2020) applied structured network 
analysis, but did not provide any sentiment analysis of cited works and 
did not tell us the times a publication was cited in a paper. Lee et al. 
(2019) aimed to examine trends in SC interventions and provide a 
compilation of information for the design and implementation of 
evidence-based SC interventions. Shea et al. (2021) only examined the 
psychometric properties of each measure of SC as reported in its original 
publication. 

The existing papers usually do not give the entire picture of SC 
research, which motivates the use of bibliometrics. A literature review is 
an effective method to achieve a specific field in a relatively short time. 
Although meta-analysis combines clear rules to find and study compre-
hensive data statistics (Alruqi et al., 2018), this approach is less sub-
jective and does not remove subjectivity from the analysis process 
(Sigman, 2011). Bibliometrics is a citation visualization analysis method 
developed based on scientometrics and data visualization, which has a 
good analysis and prediction of the research status and development 
trend on knowledge mapping. 

As an effective tool for mapping documents of disciplines, biblio-
metrics can quantify collaborations, co-citation, research topics, and 
research trends in a research field. It refers to a method of research 
applied in library and information sciences that uses statistical and 
quantitative analysis to characterize dissertations on a particular topic, 
field, institution, or country. These methods have been applied to 
research trends in a specific field (Ho, 2008; Li et al., 2009). As a 
quantitative analysis technique, bibliometric methods are deployed to 

identify the state and gaps in a field (Chen et al., 2016; Pan et al., 2018; 
Taddeo et al., 2019; Yang et al., 2019; Zou et al., 2018). There are many 
examples of bibliometrics studies in the literature based on different 
topics such as transportation research (Sun and Rahwan, 2017), con-
struction safety research (Jin et al., 2019), safety and security research 
(Gou et al., 2022), greening ports and maritime logistics (Davarzani 
et al., 2016), automotive industry supply chains (González-Benito et al., 
2013), smart factory (Strozzi et al., 2017), entrepreneurship (Landström 
et al., 2012). Additionally, bibliometric tools have been widely 
employed various of environmental and ecological fields, including 
digital learning environments (Schbel et al., 2021), human and envi-
ronment (Catharina et al., 2021), behavioral ecology (Quinn et al., 
2019), and area ecological research (Liu et al., 2021). The relevant re-
sults have practical significance for experts and scholars to explore the 
exemption of future research content and excavate deeper cooperation 
with other teams. 

This paper uses a bibliometric approach to review research in SC and 
understand the field based on records extracted from the Web of Science 
(WoS) Core Collection. The purpose of this paper is to summarize the 
basic characteristics of SC publishing from a macro perspective, and to 
make a clear description of the development process of SC research. The 
annual output, geographical distribution, leading journals, overall sit-
uation in terms of collaborative networks, citations, hotspots and 
research trends are generally accepted. Section 2 refers to data sources, 
analysis software, and methods of bibliometric. Section 3 presents the 
results of the analysis. Sections 4 and 5 illustrates the discussion and 
conclusions respectively. 

2. Methodology 

2.1. Data source 

The data and information used in this scientific research were ob-
tained from the Core Collection database of WoS. The search was 
completed on October 30, 2021. WoS database is a scientific and 
reasonable database for publishing and distributing research which is 
widely used by academics around the world (van Nunen et al., 2018; 
Yang et al., 2013). To obtain the research related to SC in the database, 
the term “safety climate” was set as the search topic. Since the first paper 
on safety climate was published in 1980 (Zohar, 1980), the timespan 
was set from 1980 to 2021. Not all the retrieved documents were 
actually related to SC, due to the other meaning of safety climate. 
Therefore, based on the information provided by the summary and the 
text, an artificial screening was performed to exclude results relevant to 
the topic. Besides, all categories of documents in WoS were included in 
this search. Most of them were the content and evaluation of scientific 
research articles. Other file attributes, such as conference abstracts, 
conference papers, preparation materials, and the total number of book 
chapters were relatively limited (all less than forty). The publication and 
distribution of each chapter in WoS included a lot of detailed informa-
tion. Finally, a total of 1,624 documents related to safety climate were 
retrieved. The full records is then output, containing citations to the 
1,624 selected documents for bibliometric analysis. 

2.2. Bibliometric analysis 

VOSviewer is a bibliometrics software based on data mining, which 
guides the sample literature data to VOSviewer and draws the knowl-
edge map. It possesses the ability to demonstrate the general charac-
teristics of this field, with the unique advantages of cluster analysis 
(Yang et al.,2019; Tao et al., 2020a). Bibexcel can only construct a social 
relationship matrix, not network clustering data, and the operational 
steps are extremely complex (Zhou, 2017). Citespace can not be used to 
distinguish the form of cases, singular or plural in English data. The 
problem of overlapping node labels occurs when a clustered network is 
formed (Markscheff and Schroeter, 2021). Compared with Citespace and 
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Bibexcel, the advantage of VOSviewer is to visualize the knowledge 
units of the literature and has a strong graphics presentation ability 
(Chen et al., 2021). This makes it suitable for analyzing large sample 
data (van Eck and Waltman, 2010; Zhou, 2017). Moreover, it includes 4 
browsing forms: density views, cluster views, label views, and decen-
tralized views. This scientific research selected the open-access software 
VOSviewer for analyzing the obtained literature records between 1980 
and 2021 and exploring its research hotpot and development trend. The 
research procedure and method used are shown in Fig. 1. 

The graph theory clustering method based on VOSviewer is used to 
divide the theme style into different groups, in which each cluster uses a 
different color tone (Tao et al., 2020b). Part of the results expresses big 
data visualization. 

3. Results 

3.1. The growth and output of publication 

The number of publications can reflect the development trend of a 
specific research field over time (Yang et al., 2019). Using the research 
topic of “safety climate”, a total of 1,624 publications were found. As 
shown in Table 1, it can be seen that 9 document attributes exist in 
publishing. There are 1493 Journal articles. They are followed by re-
views, conference abstracts, and proceeding papers. It can be inferred 
that conferences can provide an important platform for conducting and 
communicating SC research. The remainder less than 1 % includes 
editorial materials, book chapters, corrections, letters, and news items. 

The yearly number of publications and cumulative number of SC is 
described in Fig. 2. In general, the number of SC papers has rapidly 
increased from one in 1980 to 188 in 2020, which shows that the 
importance and attention of SC are constantly increasing. Since 2005, 
the number of papers has been rising steadily, but in 2006, 2011, and 
2014, there was a clear downward trend. In 2010, the first notable in-
crease (n = 72) of publications appeared due to a special issue in the 
journal of Accident Analysis and Prevention on SC (Huang et al., 2010). In 
2020, a peak of SC publications was reached (n = 188). Meanwhile, the 
total number of safety climate-related publications increased exponen-
tially, which is consistent with the development of corporate safety 
culture scientific research references. Additionally, the cumulative 
number of papers published shows a linear upward trend, which is 
positively correlated with the number of publications of the six core 
safety journals (Li and Hale, 2016). Such things may be due to the un-
derstanding of the necessity of institutional elements in safety work, and 
the contribution of many experts and scholars to SC research. However, 
compared with the documents in other sub-domains of safety (such as 
safety culture, university laboratory safety, and road safety) (Jin et al., 
2019; Yang et al., 2019; van Nunen et al.,2018), SC is still in the under- 
researched stage, suggesting that there is much room for development. 

3.2. Geographical distribution of publications 

In this section, SC publications were analyzed by authors’ addresses 

and affiliations to find out the allocation of publications by countries/ 
regions and institutions. The results show that the academic documents 
that we retrieved on SC come from 89 countries/regions. To better 
clarify the essential countries/regions participating in SC research and 
the collaboration among them, the top 20 country/region references are 
shown in Fig. 3. The top 20 countries/regions account for more than 85 
% of the number of publications. The United Kingdom (569, 35.0 %) 
ranked No.1 with the largest total number of periodicals in all countries, 
additionally followed by Australia (215, 13.2 %), China (137, 8.4 %), 
England (115, 7.1 %), Canada (77, 4.7 %). Similarly, the United 
Kingdom ranks first in a single domestic and international exchange 
publication and its first author and corresponding author’s publication 
and distribution level. 

Collaborative relationships between countries/regions were also 
surveyed. Additionally, clusters of cooperation are indicated by different 
colors. As depicted in Fig. 4, the publications are completed by coop-
eration for most countries and regions. For example, the USA intensively 
cooperates with Canada, England, and Israel, while China has relation-
ships with Australia. Moreover, it can be found that a major geograph-
ical clustering of countries/regions cooperation exists, e.g. North 
American countries comprising the USA and Canada; the Pacific coun-
tries/regions covering Australia, China, and Malaysia; Nordic countries 
comprising Norway, Scotland, and Sweden. In general, more cross- 
national cooperation in the SC field should be enhanced in the future. 

3.3. Source of publications 

The publication source analysis is an useful approach of dis-
tinguishing core journals related to SC, and also provides an effective 
way for academia and researchers. The distribution of core journals in 
the SC domain can be recognized by journal analysis. According to 
statistics, a total of 473 academic journals were included from 1980 to 
2021. Table 2 lists the rankings of active journals in which nearly 528 
publications are published in these journals (32.5 % of all SC publica-
tions). As you can see, Saf. Sci. is the journal with the highest production, 
followed by the J. Saf. Res., Accid. Anal. Prev., Int. J. Occup. Saf. Ergon., 
BMC Health Serv. Res., Int. J. Environ. Res. Public Health, and BMJ Quality 
Safety. In terms of impact factor in 2020, J. Appl. Psychol. is the most 

Fig. 1. The used research procedure and method.  

Table 1 
Number of SC documents in each category during 1980–2021.  

Rank. Type of document s No. of documents Percentage 

1 Article 1439 88.6 % 
2 Review 73 4.5 % 
3 Proceeding paper 44 2.7 % 
4 Meeting abstract 42 2.5 % 
5 Editorial material 13 0.8 % 
6 Correction 6 0.4 % 
7 Book chapter 3 0.2 % 
8 Letter 3 0.2 % 
9 News item 1 0.1 % 
Total – 1624 100%  
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Fig. 2. The yearly publication number and cumulative number of SC.  

Fig. 3. The top 20 country/region distribution of the literature.  

F. Yang et al.                                                                                                                                                                                                                                    



Safety Science 158 (2023) 105973

5

influential journal in SC studies, followed by BMJ Quality Safety, Accid. 
Anal. Prev., Saf. Sci. Besides, the core journals in SC research are 
multidisciplinary including Public, environment & occupational health, 
Health care sciences & services, Ergonomics, Psychology, and Engineering, 
etc. At the same time, it also includes engineering, medicine, psychol-
ogy, management and other disciplines. 

3.4. Cooperation network analysis 

1766 organizations from 89 countries and 4830 authors participated 
in the publication and distribution of 473 articles related to SC. To better 
explore different structures and scientific research collaboration be-
tween the original authors, two overlapping interactive networks were 
developed and designed using the co-author analysis of VOSviewer, as 
depicted in Fig. 5 and Fig. 6. 

The circles in Fig. 5 indicate organizations and the graph means the 
connection between different departments. Fig. 6 presents the author 
cooperation relationship on SC, where the circles indicate authors, the 
color represents the clusters of authors with similar research topics, and 
the lines denote the connection strength between different authors. As 
shown in Fig. 5, the organizational collaboration Internet on SC contains 

153 new items, 13 clusters, and 448 connections. In terms of link 
number, Harvard University‘s with 31 links is the most. It has the most 
cooperation with others in SC research, followed by Liberty Mutual 
Research Institute for Safety (links = 18), and John Hopkins University 
(links = 15). According to the link strength, Harvard University and 
Stanford university have the closest collaboration in SC research. 

Fig. 7 shows the number of documents, links, citations, average 
publication year, and average citations in productive institutions with 
the top 15 of institutions according to the publications. Five of the 
fifteen institutions are situated in the USA and no single institution is 
from China. Queensland Univ Technol, Univ South Australia, and Univ s 
Australia are all situated in Australia. Harvard University published 38 
papers and has 1685 total citations, listed as No.1 in all institutions in 
terms of the corresponding author‘s institutions (Fig. 7). Secondly, Univ 
Bergen is classified with 32 papers and 418 citations. Technion Israel 
Inst Technol has the most citations(3590). The average publication year 
is during 2010–2016 mainly. Surprisingly, Technion Israel Inst Technol 
is listed as No.1 in all institutions with the largest number of average 
citations, having three times more than Harvard University which has 
the highest number of papers. Therefore, we can make a summary that 
international cooperation in this field should be improved and 

Fig. 4. Cooperation network relationship among countries or regions in fields of SC.  

Table 2 
The rank of active journals about publications of SC (Top 10).  

Journal No. of publications Proportion (%) Citations Impact factors in 2020 Subject category 

Saf. Sci. 174  10.7 6875  4.877 Engineering; Operation research & management science 
J. Saf. Res. 72  4.4 2839  3.487 Ergonomics; Public, environment & occupational health 
Accid. Anal. Prev. 65  4.0 2631  4.993 Ergonomics; Public, environment & occupational health 
Int. J. Occup. Saf. Ergon. 41  2.5 210  2.141 Ergonomics, Public, environment & occupational health 
BMC Health Serv. Res. 37  2.2 1108  2.655 Health care science & service 
Int. J. Environ. Res. Public Health 34  2.1 151  3.390 Public Environmental & Occupational Health 

Environmental Sciences 
BMJ Qual. Saf. 33  2.0 1068  7.035 Health care science & service 
J. Appl. Psychol. 26  1.6 5332  7.429 Psychology, 

Business & economics 
Am. J. Ind. Med. 23  1.4 309  2.214 Public, Environment & occupational health 
Int. J. Qual. Health Care 23  1.4 378  2.038 Health care sciences & services  
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ameliorated in the future. 
This paper analyzes the author’s country, institution, number of 

published papers, H-index, and average citation of journals. Overall, 
4830 authors published SC studies from 1980 to 2021. Table 3 lists the 
ten most published articles in SC. Dollard published the most articles in 
SC, followed by Huang and Sexton. Interestingly, six of the top ten au-
thors come from the USA. The Zohar, Mearns, Sexton and Thomas are 

the most valuable in terms of number of citations and H-index. 
Furthermore, in these productive institutions, a co-authorship 

network was developed to understand the author’s cooperation rela-
tionship in this field (see Fig. 6). The colors represent the clusters of 
collaboration authors with analogous study topics. It is noteworthy that 
the small clusters which are not associated with each other have been 
cleared up from the network (Yang et al., 2019). As shown in Fig. 6, 

Fig. 5. Cooperation network between different institutions on SC research in WoS.  

Fig. 6. Author cooperation network on SC research.  
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Sexton, Schwendimann, and Thomas published most papers with other 
authors. In contrast, although Zohar and Mearns are the most active 
authors in SC research, they have less collaboration with other scholars. 
Nevertheless, co-authoring publications have positive effects on inno-
vation in research and the exchange of ideas in academia (Zou et al., 

2018). Therefore, the publication cooperation among authors should be 
strengthened. 

3.5. Citation analysis 

As a valid method to evaluate the influence and performance of some 
academic publications, a citation analysis is conducted by calculating 
the number of times that the papers have been quoted by other docu-
ments listed in WoS (Yang et al., 2019). Fig. 8 shows the most frequently 
cited publications in the SC field during 1980–2021. The most cited 
paper is titled “Safety climate in industrial organizations: theoretical and 
applied implication”, and is authored by Zohar (1980) in the Journal of 
Applied Psychology, with a total of 1346 times cited. “The Safety Attitudes 
Questionnaire: psychometric properties, benchmarking data, and emerging 
research” (Sexton, 2006) published by BMC Health Services Research and 
“The nature of safety culture: a review of theory and research”, authored by 
Guldenmund (2000) in Safety Science, are ranked No.2 and No.3, with 
respectively 916 and 915 citations, separately. 

4. Keywords co-occurrence analysis 

The keywords are related to the specific content of a publication, so 
keyword mining is very helpful to identify the key topics of SC scientific 
research. According to text mining, keywords and important profes-
sional terms can be obtained from article titles, introductions, keywords 
brought by the authors, and database index keywords, as well as co- 

Fig. 7. The productive institutions that top 15 documents on SC.  

Table 3 
The top 10 prolific authors on SC.  

Author Country/Institute No. Average citations 
per publication 

H- 
index 

Dollard MF Australia/University of 
South Australia 

28  27.79 14 

Huang YH USA/Liberty Mutual 
Research Institute For 
Safety 

22  7.88 9 

Sexton JB USA/Duke University 21  83.19 14 
Zohar D Israel/Technion Israel 

Institute of Technology 
19  168.45 17 

Mearns K Scotland/University of 
Aberdeen 

16  117.63 15 

Thomas EJ USA/University of Texas 15  74.47 11 
Lee J USA/Kansas State 

University 
13  17.62 8 

Schwendimann 
R 

Switzerland/University 
of Basel 

13  22.38 11 

Arcury TA USA/Wake Forest 
University 

12  21.33 8 

Chen PY USA/Auburn University 12  42.17 11  
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occurrences in several publications (Van Eck and Waltman, 2014). 
Keywords with co-occurrence frequency greater than 10 are selected in 
Fig. 9, and a total of 240 keywords meet the conditions. Merge keywords 
with similar meanings, Eliminate meaningless keywords, and draw the 
keyword co-occurrence diagram. Keywords can be divided into five 
types according to the color of the keyword node in Fig. 9. As can be seen 
from Fig. 9, there are five different term clusters, which are described as 
cluster one (blue network), cluster two (yellow network), cluster three 
(red network), cluster four (green network), cluster five (purple 
network). 

Fig. 9 shows the keyword network. The space in the middle of the 
circle gives the information content of the keyword relevance, and the 
size of the connection point indicates the frequency of the keyword 
occurrence. The overlap of connection points indicates how often this 
keyword occurs together in the networks of keywords. In addition, the 
keyword topographic map reflects how the keywords of the SC publi-
cation are gathered. 

The blue cluster (cluster 1) includes 44 keywords. This cluster con-
sists of keywords such as job demands, job satisfaction, workplace, work, 
stress, burnout, employee engagement, metaanalysis and psychological 
health. The most frequent keyword in the blue cluster is “work”. We can 
see that the blue cluster spreads out around “work”. Accordingly, it can 
be inferred that these publications focus on employees’ job satisfaction 

beyond safety outcomes and health. 
The yellow cluster (cluster 2) includes 29 keywords. The primary 

keywords in this cluster are safety, health, injuries, risk, validation, envi-
ronment, validity, occupational injury, risk factors, construction workers and 
universal precautions, etc. The most frequent keyword in the yellow 
cluster is “health” and its occurrences are 133 with 153 links. It is 
obviously demonstrated that the research of health is the focus of this 
cluster. 

The red cluster (cluster 3) is the largest cluster and consists of 61 
keywords. The most collaborative keywords are culture, climate, patient 
safety, teamwork, attitudes, outcomes, nurses, questionnaire, hospitals, care, 
organizational culture, quality, adverse events, framework, health-care, and 
psychometric properties. This analysis reveals a real situation that this 
cluster concentrates on culture and climate research that emphasizes the 
practical application of the SC in health care. 

The green cluster (cluster 4) is mainly around the keyword “safety 
climate” with the highest frequency among all the keywords. The other 
main keywords in the green cluster refer to model, behavior, construction, 
workplace safety, perception, performance, accidents, industry, impact, risk 
perception, meta-analysis, and management. Terms like “model” and 
“meta-analysis” indicate are related to methodology. Namely, the green 
cluster concentrates on the relationship between SC and safety behav-
iors/safety performance using measurement tools. 

Fig. 8. The most frequently cited publications on SC in WoS.  
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The purple cluster (cluster 5) is the smallest cluster with 26 key-
words. This cluster has a low degree of coherence. The most frequent 
keyword is “leadership” in this cluster and its occurrences are 132 and 
links are 173. The other primary keywords in this purple cluster are 
organizations, transformational leadership, organizational climate, safety 
leadership, employee safety, antecedents, intervention, and motivation. The 
workplace and organizational SC appear to be a focus of this cluster. 

Fig. 10 presents the temporal changes of keywords in SC files. The 
average publication year of a term is indicated by the color of the term. 
In addition, this paper also provides a density view of the SC hot spot 
vocabulary from 1980 to 2005 and 2006–2021 to better understand the 
field (see Fig. 11). In addition, the 25 most important keywords in SC 
research from 1980 to 2021 are listed in Table 4. From Table 4 listed 
above, it can be concluded that most studies before 2005 concentrated 
on the conceptualization of SC (the hot terms comprising accidents, 
model, culture, performance, behavior, attitudes, perceptions, organizational 
climate, etc.). This phenomenon can be explained by the origin of the 
“safety climate”. Generally, “safety climate” is cleared as “shared per-
ceptions of employees about the safety of their work environment” 
(Hahn and Murphy, 2008), or “a measurable aspect (marker) or a sur-
face manifestation of safety culture in an organization” (Huang et al., 
2013; Murphy et al., 2018). Hence, the preliminary research themes in 
the SC research focused on “what are safety climate and how does it 
differ from safety culture” (Huang et al., 2010). In the most recent ten 
years, the notable research topics focused on testing theoretical SC 
models (hot terms referring to impact, questionnaire, meta-analysis, etc.). 
Zohar (2010) indicated that plentiful work about safety climate mainly 

concentrated on methodologies instead of theoretical and conceptual 
issues. Besides, the practical significance of SC has been attached great 
importance (corresponding terms such as patient safety, health care, 
management, hospitals, construction, workplace safety, etc.). Moreover, 
some new topics appeared in SC research, such as employees’ job 
satisfaction, interventions to improve SC, and psychological safety 
climate. 

5. Discussion 

5.1. Summary of main research in safety climate 

A comprehensive evaluation of the documents on SC was conducted 
using bibliometric analysis. In general, a variety of SC studies had 
attracted increasing concern in the recent thirty years. The USA is al-
ways the leader, followed by Australia and UK. In contrast, some 
developing nations have made little contribution to SC studies, 
including African, and Middle Eastern countries. Similarly, researchers 
from these countries such as the USA, Australia, China, and the UK 
played a remarkable role in international cooperation. Concerning the 
journal analysis, SC articles mostly originated from Safety Science. In 
terms of citation analysis, the most frequently introduced content 
mentions a physical model that connects transformational leadership 
with special safety and job damage, which provides a new idea for SC 
scientific research technicians. SC scientific research is multi-course, 
including “Engineering projects”, “Psychological knowledge”, “Social 
Economics of Business Services” and “Nursing majors”. Therefore, it is 

Fig. 9. Keywords co-occurrence analysis of SC publications.  
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necessary to encourage experts and scholars in various scientific fields to 
communicate and exchange professional knowledge on SC theme styles. 
As far as the theme style of scientific research in the SC industry is 
concerned, “leadership”, “safety performance”, “personal behavior” and 
“climate” are the most commonly used keywords. In other words, many 
safety publications are centralized on the multi-faceted model. Compa-
rably, general scientific research is dedicated to detecting the hazards of 
the personal behavior of special leaders to the safety performance 
evaluation of employees. Today’s SC scientific research focuses on 
leadership styles rather than practical activities to build leadership ca-
pabilities (Besikçi, 2019), and cannot express the harm of the environ-
ment to practical activities (Pilbeam et al., 2016). Dollard has the largest 
number of publications related to SC, focusing on psychosocial safety 
climate(PSC). Some warnings of increased psychosocial risks resulting in 
stress and burnout. Therefore, PSC offers a value and system frame, 
which has been used to better understand how management values 
affect the health and well-being of work design and workers (Dollard, 
2022; McLinton et al., 2018). Some recent papers also discuss the 
research status on SC. For instance, the importance of safety and SC 
increases with complexities of technologies and their potential for 
having a short-term and long-term effect on various aspects of the well- 
being of nature and life. 

5.2. Association and difference between safety climate and safety culture 

In the field of safety research, although scholars generally believe 
that SC and safety culture were different concepts, many overlapping 
definitions of the two concepts were put forward in the literature. As a 
result, the concepts of SC and safety culture were often confused in 
theory and practice despite with distinct etymology (Cox and Flin, 
1998). From our research on the keywords, it can be found that no 
matter at what stage, most of the keywords on SC are always related to 
safety culture, demonstrating the tightness of SC and safety culture 
research. 

Both SC and safety culture reflect the social attributes of individuals 
and organizations in different degrees. They emphasize the importance 
of cognition, awareness, and beliefs to the construction of safety culture 
and climate. Also, they belong to the humanities and social sciences 
research, with typical interdisciplinary characteristics (Kalteh et al., 
2018; Li et al., 2022). Additionally, both focus on different levels of 
management and implementation activities, assuming that the safety 
state can be corrected and improved through management. Therefore, 
they are in line with the definition of organizational culture and climate 
of modern enterprise management, having the content of management 
science and highlighting characteristics of safety discipline. However, 
there exist differences between SC and safety culture. Hale (2000) 
indicated that safety culture is a whole value and practice, and it has a 

Fig. 10. Keywords analysis of SC publications with time information.  
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strong impermanent relationship with the company. These values and 
practices are stable and difficult to be observed. Instead, the corporate 
SC is easier to be observed. Wiegmann et al.(2002) stated that the SC is a 
miniature of safety culture at a certain moment, and SC shows an or-
ganization’s view of safety culture. Safety culture contains potential 
safety beliefs, safety values and safety attitudes, etc., while SC is closer 
to the enterprise production operation state, with the cognitive char-
acteristics of the working environment, production implementation, 
organizational policies and management. Safety culture research and 
application focus on the macro-level and belongs to theoretical research 
while SC emphasizes the micro-level of the enterprise, with empirical 
and technical applications. 

5.3. The research limitations 

The concept of SC is still in its initial stage of development. In the 
past few decades, the analysis of SC can be divided into two categories 
(Luo, 2020): the development trend of measuring instruments, and the 
creation of theoretical models. Few studies use SC as a result variable to 
clarify which most affect the overall SC level. The use of shortened SC 
scales has the potential to increase the chances of expanding our un-
derstanding of the relationships between SC and other constructs. 

When explaining the results of this study, we also take into account 
certain limitations. Firstly, searches are performed only on files in WoS. 
Although WoS is one of the largest databases in the world, it does not 
contain all research on the SC. PubMed, Scopus, Sprint and MySQL can 
be used in combination. Also, there are at least 420 publications on SC in 
the Chinese National Knowledge Infrastructure (CNKI) database, which 
are excluded in this bibliometric analysis. Secondly, some publications 
were incorporated, although they are involved in the subject of SC. 
Finally, this paper only analyzes the existing classifications on the WoS, 
resulting in lack of experience, such as background and so on. In view of 
the shortcomings of this paper, it is recommended to conduct a deeper 
content analysis. 

5.4. Future needs of safety climate research 

Some positive aspects could be derived from the results of biblio-
metric analysis and the relevant research prospects of SC are as follows:  

(1) Based on the geographical distribution of publications and 
cooperation network analysis, more international cooperation in 
the SC domain could be strengthened in the future. 

Fig. 11. Research topic evolution over time in SC research: (a) 1980–2005, (b)2006–2021.  
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(2) Given the analysis of keywords, SC research in recent years 
mainly concentrated on performance, model, behavior, patient 
safety, management, accidents, health care, and leadership. 
Nowadays, there are already studies about safety leadership, 
supervisor, SC, and tourism. With the development of big data, 
future researchers should explore the practical application of SC 
in other fields, such as education industries, emergency sector, 
logistics transportation, intelligent manufacturing, etc.  

(3) It is crucial to integrate some innovative methods in the domain 
of SC research. Therefore, future research should provide a large 
sample quantity, multi-level, and multi-method integration 
research to obtain important results. At the same time, this paper 
adopts the VOSviewer for bibliometric analysis, but there are still 
many other software tools for bibliometric analysis (Pan et al., 
2018; Yang and Qiu, 2019), such as CreateSpace, CitNetExplorer, 
HistCite, Bibexcel, and Network Workbench Tool, etc. In the 
future, a variety of methods are used to conduct comparative 
analysis of SC research. 

(4) Given the conceptual and methodological limitations of SC, sys-
tems thinking is useful when understanding SC across work sys-
tems (Goode et al., 2014; Donovan et al., 2018). Gotcheva et al. 
(2021) have applied systems thinking to the safety culture 
approach by the Finnish nuclear safety research. Thus, systems 
thinking could be applied to SC domain in further research in the 
future.  

(5) With the development of human society, SC is considered 
important for enhancing safety performance, especially for 
developing countries. According to the results of this paper, most 
researchers are from developed countries. Therefore, future 
research in the SC domain should be impelled in the undeveloped 
and developing countries or regions, such as parts of Africa and 
the Middle East. 

6. Conclusions 

A review of the publications and distribution of the relevant safety 
climate (SC) was carried out, including information related to document 
attributes, country/region, organization, publications, author’s true 
identity, citations, and keywords. All in all, from 1980 to 2021, the total 
number of SC graduation thesis increased dramatically. The USA, 
Australia, and China are the top three countries with the largest pro-
ductivity in SC publications. Accordingly, the USA has a lot of collabo-
ration with Canada and the UK. Similarly, Australia has plenty of 
cooperation with China. Harvard University and the University of South 
Australia are firmly at the forefront of the organization given the total 
number of articles on SC. Safety Science, Accident Analysis and Prevention, 
and Journal of Safety Research are the top three publications that publish 
the most articles related to SC. Dollard is the author with the largest total 
number of publications related to safety climate. Dollard s research 
mainly focuses on psychosocial safety climate(PSC), which acts as a 
guiding index of adverse health and motivational outcomes at work and 
further flow-on effects on patients and plays a primary prevention role in 
safeguarding mental health at work. A keyword analysis indicates that 
most studies concentrate on the conceptualization of SC before 2005, 
including accidents, model, safety performance, safety culture, safety 
behavior, etc. The research topics in recent fifteen years mainly focus on 
testing theoretical SC models and practical applications, referring to 
questionnaires and meta-analyses. Besides, patient safety, management, and 
health care are prevalent topics. Moreover, the attention in the research 
field of SC has shifted from earlier topics of concepts and models to 
applications. 

The results in this study can provide significant information for 
coming researchers to better understand the development trends asso-
ciated with SC research. Meanwhile, the present work is also helpful for 
researchers to seek cooperation possibility with other scholars and in-
stitutions, and to select suitable journals to publish papers in the domain 
of SC. 
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