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The concept of safety culture is characterised by complexity. On the one hand, the concept is challenging
content-wise, and on the other hand, is it a multi-dimensional and cross-disciplinary research domain. In this
paper, bibliometric analysis has been applied to the field of safety culture to identify fundamental influences and
to obtain a structured overview of the characteristics and the developments in this research domain. In total,
1789 publications published between 1900 and 2015 related to safety culture were identified in Web of Science.
The 1789 publications cover 4591 authors, 775 journals, 76 countries or territories, and 1866 institutions. Two
main research areas can be distinguished in the domain of safety culture: (1) organisational safety culture and
(2) health-care and patient safety culture. The latter research area stands in a dominant position in safety culture
research nowadays. Key publications are from Guldenmund (2000) and Sexton et al. (2006). Furthermore,
‘Safety Science’ is the key journal publishing on safety culture research, and the USA, England and China are the
countries that dominate the publication production. It can be concluded that there is much collaborative re-
search in the safety culture domain as multi-authored publications make up about three quarters of all pub-
lications. Also, safety culture research is characterised by a wide variety of research themes and multi-
disciplinarity. Geographical inequality in the publication output is identified as a point of concern. A movement
away from technical aspects towards more human aspects could be detected as a noteworthy change in research

focus.

1. Introduction

The amount of scientific literature available on a specific research
discipline or research topic is often overwhelming, which makes it
challenging for researchers and practitioners to have a structured
overview of relevant information (Rodrigues et al., 2014; Zhou et al.,
2015). Bibliometric analysis is a technique which makes it possible to
provide a macroscopic overview of large amounts of academic litera-
ture. Through a quantitative analysis of information on the publication
history, the characteristics and the development of scientific output
within a specific field of research can be mapped (Jia et al., 2014; Li
and Hale, 2016). Bibliometric methods can be used to assess the per-
formance and research patterns of authors, journals, countries and in-
stitutes, and can be used to identify and quantify cooperation patterns
between them (Li and Zhao, 2015). Influential authors and

publications, and core journals, countries and institutions publishing on
a specific topic can be identified. The number of different journals
publishing on a specific topic and the subject categories allocated to
publications can give an indication on the variety of research themes,
and the multidisciplinary character of a research domain. Bibliometrics
can reveal the latest advances, research directions and leading topics in
a particular field of research (Wang et al., 2014). Bibliometric analysis
also allows identification of current gaps in a certain research dis-
cipline, both content-wise as well as geographically (Gall et al., 2015).
Furthermore, bibliometrics can play a crucial role in the decision-
making process related to science. It is widely used to rank applications
for academic positions, and to evaluate the performance of journals,
countries and institutions. Bibliometric results can also be considered to
support policy makers and funding agencies to allocate research
funding (Ugolini et al., 2015).
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In this paper, bibliometric analysis has been applied to the field of
safety culture research. The research topic of safety culture is a relative
new one in terms of academic research. The concept was first used in
1986 in response to the Chernobyl disaster (EU-OSHA, 2011). From
then on, an increased attention in the research area of safety culture can
be observed. This increase is driven by the fact that, despite improve-
ments over the years, disasters, accidents and incidents continue to
persist in organisations, at home, and at all other levels of society. This
has led to a continuously growing publication rate regarding safety
culture, which makes it difficult to obtain a comprehensive overview on
the topic.

This difficulty is enhanced by the complexity of the concept of
safety culture. First of all, safety culture is a complicated topic based on
its content. Many efforts have been devoted to develop and test models
and theories to frame the concept. However, until today, little con-
sensus has been reached on the definition, the cause and the con-
sequences of safety culture (Guldenmund, 2000). Secondly, safety cul-
ture is a multidimensional research topic. As previously mentioned, the
concept was first used in the nuclear organisational sector. However,
the concept of safety culture is not only explored in the context of or-
ganisational safety, but is adopted for a wide variety of purposes. In
health-care, for instance, safety culture is associated with patient safety,
the quality of care and the occurrence of adverse events (Sammer et al.,
2010; Weaver et al., 2013). Other contexts in which the concept of
safety culture is used are, for example, railway traffic, aviation, road
traffic, transportation, food industry, education, and home injuries.
Thirdly, the complexity of safety culture is strengthened by the large
variety of research disciplines engaging in safety culture research. The
concept of safety culture has been studied by, amongst others, en-
gineers, psychologists, sociologists, and anthropologists (Guldenmund,
2000; EU-OSHA, 2011). This cross-disciplinary focus has resulted in
very different approaches for exploring and assessing safety culture
(EU-OSHA, 2011). The complexity of safety culture and the con-
tinuously growing publication rate makes it an optimal topic for bib-
liometric analysis.

The goal of this descriptive paper is to provide a macroscopic
overview on the main characteristics of safety culture publications
based on a bibliometric analysis. The information presented in this
paper provides a clear picture on the research progress achieved in the
domain of safety culture research, and it can assist researchers and
practitioners in identifying fundamental influences from authors,
journals, countries, institutions, references and research topics.

2. Data and methods

The data for this study were retrieved from Web of Science on
December 30, 2015. Web of Science was chosen as search engine be-
cause it is the most widely accepted and frequently used database for
analysis of scientific publications (Yang et al., 2013). The term “safety
culture” was used as search topic. This topic search means that the term
“safety culture” is identified in the title, the abstract and/or in the
keywords of the publications. Quotation marks have been included in
the search term. This tighter condition ensures the robustness of the
search results (Liu et al., 2013). The time span was set from 1900 to
2015 included. In Fig. 1, the search method can be found. As can be
seen at the bottom of Fig. 1, the date on which the Web of Science
database was last updated on the date of the search (i.e. December 30,
2015) was December 28, 2015. If the exact same search strategy is
performed on a different date, it can be possible that the results slightly
differ. These differences are due to the fact that Web of Science is
continuously updated — also retrospective — which can lead to minor
changes over time (Liu et al., 2013).

In total, 1789 publications related to safety culture were identified.

All types of publications were included in the search. Looking at the
document types, the majority is article (n = 1128) and proceedings
paper (n = 344). The other document types, such as meeting abstracts
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and editorial material, are limited in numbers (all less than hundred).

Every publication in Web of Science contains many details, in-
cluding publication year, authors, addresses of the authors, title, ab-
stract, source journal, subject categories and references. These data of
the 1789 publications stored in Web of Science were exported to Excel.
Both Excel and IBM SPSS Statistics 23 were used to analyse the fol-
lowing topics: (1) publication output and growth trend, (2) authors and
their cooperation, (3) journals publishing on safety culture, (4) geo-
graphical and institutional distribution and cooperation, (5) cited
analysis, (6) citing and co-citation analysis, (7) subject categories, and
(8) terms.

The freely available software program VOSviewer (www.vosviewer.
com) (van Eck and Waltman, 2010) was used to analyse and visualise
relationships between authors, countries, co-citations and terms. The
VOS (Visualization Of Similarities) mapping method was used to cal-
culate and locate each topic in a two-dimensional map in such a way
that the distance between two items reflects the similarity or related-
ness of the items as accurately as possible. The VOS clustering method
was applied to cluster topics into different groups, where each cluster is
marked with a different colour (van Eck et al., 2010; Waltman et al.,
2010). The interpretation of the visualisations is explained in detail in
the results section. In general, the interpretation is as follows: the size of
the circles and the font of the label represents the number of occur-
rence, the colours represent clusters, and the distance between two
circles reveals the relatedness and similarity between them (Rizzi et al.,
2014; Khalil and Gotway Crawford, 2015). The x-axis and y-axis have
no special meaning; the maps may be freely rotated and flipped (Khalil
and Gotway Crawford, 2015).

3. Results and discussion
3.1. Publication output and growth trend

The number of peer-reviewed publications is an important indicator
to measure the development trend of a scientific research discipline or
subject. As displayed in Fig. 2, the number of safety culture publications
increased since 1990. There were only eight publications on safety
culture in 1991. Until 2005, the publications on the topic remained
limited (less than fifty publications each year). From 2006, an in-
creasing number of publications could be observed every year, with
exceptions in 2008 and 2010, where a decline could be observed. A
peak of publications is reached in 2013 (n = 225), after which a de-
clining trend occurs (n = 191 in 2014 and n = 173 in 2015). The
question remains if this declining trend will continue during the fol-
lowing years. A possible explanation for the decline in the number of
publications is not straightforward. An explanation can be found in
Price’s law which evaluates the overall growth of scientific publications
in a specific research domain (Price, 1963). According to this law, the
growth of a research domain goes through four phases: (1) a precursors’
phase, where a small body of scientists begins to publish on a new field,
(2) the proper exponential growth, where an increasing number of
scientists is attracted by the many aspects of the subject that still have
to be explored, (3) a consolidation of the body of knowledge and (4) a
decrease in the number of publications (Dabi et al., 2016). This last
phase reflects the inflection point of maturity where the research do-
mains is saturated, resulting in a significant reduction of publications
(Dabi et al., 2016). It is however questionable that this maturity point
has already been reached in the domain of safety culture research. After
all, this domain is, up to now, characterised by a lack of consensus on
the definition, content and consequences of the concept of safety cul-
ture.

Looking at the cumulative number of publications in Fig. 2, it can be
stated that the importance of safety culture research has increased. It
took approximately twenty years (from 1991 until 2011 inclusive) to
reach a total of 1000 publications on the topic of safety culture. The
following four years (from 2012 until 2015 inclusive), this number
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Fig. 1. Search method in Web of Science.

increased to a total of almost 1800 publications. The article from Li and
Hale (2016) allows us to compare this increase pattern of safety culture
publications with other safety related publications. Fig. 3 shows the
cumulative number of safety related publications in six core safety
journals from 1991 to 2013 (for more information on these six journals,
the reader is referred to the original article from Li and Hale, 2016).
Based on the comparison of the cumulative number of safety culture
publications (Fig. 2) with the cumulative number of other safety related
publications (Fig. 3), it can be stated that the publication output of
safety culture research follows an exponential growth, where other
safety related publications follow a more linear growth.

3.2. Authors and their cooperation

The 1789 publications were written by a total of 4591 different
authors. The largest proportion of the authors (83.6%; n = 3,838/
4591) is only credited in one publication on the topic of safety culture.
6.0% (n = 274/4591) is credited in at least three publications, and
0.2% (n = 9/4591) is credited in ten or more publications. It is
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Table 1
Top-5 of most productive authors publishing on safety culture.

No. Author Country of Number of Average Number of
name author publications citations per  publications as
publication first author
1 E.J. USA 18 31.2 1
Thomas
2 J.B. USA 15 62.8 4
Sexton
2 R. Flin Scotland 15 51.3 2
4 K. Scotland 14 31.2 6
Mearns
5 C. The 13 9.5 1
Wagner  Netherlands
5 T. Finland 13 6.9 10
Reiman

* Equally productive authors have the same ranking number.

consistent with observations in other fields (Liu et al., 2012), that only a
small group of productive authors contributes to a significant share of
publications on a specific topic.

Table 1 shows the top-5 of most productive authors publishing on
the topic of safety culture. The ranking is based on the author’s total
number of publications and not on authorship order. Thomas is the
most productive author on the topic of safety culture with eighteen
publications, followed by Sexton and Flin with both fifteen publica-
tions. For the top-5 authors, a wide range can be seen regarding the
average number of citations per publication (ranging from 62.8 to 6.9),
and the number of publications as first author (one publication as first
author for the firstly ranked author and ten publications as first author
for one of the fifthly ranked authors).

The average number of authors per publication was 3.3. 23.6%
(n = 422/1789) of the publications had single authorship, 22.3%
(n = 399/1789) of the publications had two authors, 18.9% (n = 339/
1789) had three authors, and 35.2% (n = 629,/1789) had four or more
authors (with a maximum of 21 authors). It can be concluded that there
is much collaborative research in the safety culture domain, as multi-
authored publications make up about three quarters of all publications.
A high number of co-authored publications indicates a closer relation-
ship among the authors within the same domain and a greater oppor-
tunity for future collaboration (Wang et al., 2014).

The cooperation pattern (i.e. co-authorship) of the authors pub-
lishing on safety culture was analysed with VOSviewer. The authors in
the network published at least two papers on the topic. Authors who are
not connected with other authors in the network are not included. The
result of this authors cooperation network is presented in Fig. 4. The
size of the circles represents the amount of publications, and the line
between two authors represents the cooperation between them. The
colours represent the collaboration clusters. In the cooperation net-
work, nine major cluster of authors can be distinguished. The main
researchers in the network are Pronovost, Sexton, and Thomas. Other
researchers are linked to one of these main researchers.

Regarding the authorship, a possible bias should be noted. Authors
with the same name could not be distinguished from each other. Also,
authors using different names in their publications, e.g. due to marital
changes, could not be merged. As recommended by others (e.g. Chiu
and Ho, 2007), a mandatory allocation of a unique digital identity
number when publishing the first paper asa researcher (such as
ORCID), could provide a solution for this problem.

3.3. Journals publishing on safety culture

In total, the 1789 publications were published in 775 different
journals. This high number indicates a wide variety of research themes,
and the multidisciplinary character of safety culture research. Of the
775 journals, 503 journals (64.9%) published only one publication, and
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113 journals (14.6%) published only two publications on the topic of
safety culture. 27 journals (3.5%) published ten publications or more on
the topic.

Table 2 gives information of the top-10 most active journals pub-
lishing on safety culture research. These ten journals (or 1.3% of all
journals publishing on safety culture) have published more than one
fifth of all safety culture publications (22.6%; n = 405/1789). Key
journals in the field are ‘Safety Science’ and ‘BMJ Quality & Safety’, with
132 and 54 publications on the topic, respectively. The subject category
‘Health care sciences & services’ appears five times in the top-10 of most
active journals. Most likely, publications on health-care and patient
safety culture will be situated in these journals. Publications on orga-
nisational safety are more scattered in several subject categories of
journals, ranging from ‘engineering’ to ‘social sciences’ (see Section 3.8
for more information on the division of safety culture publications in (a)
organisational safety culture and (b) health-care and patient safety
culture).

3.4. Geographical and institutional distribution and cooperation

Each publication was assigned to a country or territory, and to an
institution based on the address(es) of the author(s) as listed in the Web
of Science data. There were 86 publications without country or territory
information and 95 publications without information on the institution.
Hence, of all publications, 95.2% could be assigned to a country or
territory and 94.7% could be assigned to an institution.

3.4.1. Countries and territories

Safety culture publications originate from 76 different countries or
territories. Out of those 76, 32 are located in Europe, 23 in Asia, 7 in
North America, 7 in South America, 5 in Africa, and 2 in Oceania. Fig. 5
shows the worldwide distribution of the contributing countries and
territories. 46 countries or territories (60.5%) produced 10 or less
publications, 21 countries or territories (27.6%) have produced be-
tween 11 and 50 publications, and 9 countries or territories (11.8%)
have produced more than 50 publications on the topic of safety culture.
The USA produced the most publications (n = 522), followed by Eng-
land (n = 190) and China (n = 130). Fig. 6 shows the top-10 of most
productive countries and territories on safety culture research. Eco-
nomic development seems to contribute to scientific and academic in-
vestment, as all of the 7 major industrialised countries of the world (G7:
USA, Japan, Italy, Germany, UK, Canada and France) were ranked in
the top-14 of most productive countries publishing on safety culture
research. The pattern of domination of the G7 has occurred in most
scientific fields, reflecting the high economy activity and academic
level of these countries (Liu et al., 2012; Yang et al., 2013).

The total count of countries and territories belonging to the 1703
publications with country or territory information was 1997 (one au-
thor can be affiliated to more than one country or territory, or a pub-
lication can be written by several authors from different countries or
territories). In the extension of the information on countries and terri-
tories, a geographical inequality can also be seen when looking at the
continents. Europe was assigned to 45.4% of the publications
(n = 907/1997), North America to 30.4% (n = 606/1997), Asia to
15.9% (n = 318/1997), Oceania to 5.5% (n = 109/1997), South
America to 1.9% (n = 39/1997), and Africa to 0.9% (n = 18/1997).

The cooperation network (i.e. co-authorship) between countries and
territories publishing on safety culture was analysed with VOSviewer.
The countries and territories in the network published at least ten
publications on the topic. Countries or territories that are not connected
with other countries or territories in the network are not included. The
result of the cooperation network between countries and territories is
presented in Fig. 7. The size of the circles represents the amount of
publications, and the thickness of links represents the strength of col-
laborations. The colours represent the collaboration clusters. Two
major clusters can be distinguished: one gathering around England
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Fig. 4. Authors cooperation network in safety culture research.

Table 2
Top-10 of most active journals publishing on safety culture.

No. Journal title Number of publications Impact factor Subject category of the journal
1 Safety Science 132 1.831 — Engineering, industrial
— Operations research & management science
2 BMJ Quality & Safety 54 3.988 — Health care sciences & services
3 Quality & Safety in Health Care 37 2.160 — Health care sciences & services
4 Process Safety Progress 35 0.464 — Engineering, chemical
5 BMC Health Services Research 33 1.712 — Health care sciences & services
6 Journal of Safety Research 29 1.870 — Ergonomics
— Public, environmental & occupational health
— Social sciences, interdisciplinary
— Transportation
7 Journal of Loss Prevention in the Process Industries 22 1.406 — Engineering, chemical
7 International Journal for Quality in Health Care 22 1.756 — Health care sciences & services
9 Journal of Patient Safety 21 1.492 — Health care sciences & services
10 Accident Analysis and Prevention 20 2.070 — Ergonomics

— Public, environmental & occupational health
— Social sciences, interdisciplinary
— Transportation

* Equally active journals have the same ranking number.

** Impact factors and subject categories were retrieved from the 2014 Journal Citation Reports®.

(green cluster, upper left), and one around the USA (red cluster, right).
The cluster gathering around England mostly contains countries in
Western- and Southern-Europe. The cluster gathering around the USA
has three other major contributors: China, Australia and Canada. A
third, smaller cluster contains the Scandinavian countries (blue cluster,
bottom left). As found in other scientific research domains, collabora-
tive countries tend to be geographically correlated, and centre around
the most productive countries in terms of publication output (Zheng
et al., 2016).

3.4.2. Institutions
1866 different research institutions participated in the 1694 pub-
lications with institution information (one author can be affiliated to

more than one institution, or a publication can be written by several
authors from different institutions). Of all institutions, 72.9%
(n = 1361) only participated in one publication, and 13.1% (n = 244)
only participated in two publications. 29 organisations (1.5%) pro-
duced at least ten publications on the topic of safety culture. Table 3
gives information on the top-10 of most productive institutions pub-
lishing on safety culture. The five most productive institutions were
located in the USA. The institution which published the most publica-
tions on the topic (n = 32) is the University of Pittsburgh. All of the
top-10 institutions were universities.

It would be interesting to subdivide all 1866 institutions partici-
pating in safety culture research according to following categories:
academic (colleges and universities), private organisation (e.g.
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Table 3
Top-10 of most productive institutions publishing on safety culture.

No.  Institution Country Number of
publications
1 University of Pittsburgh USA 32
2 Harvard University USA 28
3 University of Michigan USA 25
4 Stanford University USA 24
5 Johns Hopkins University USA 23
6 University of Manchester UK 22
6 University of Aberdeen UK 22
8 University of Toronto Canada 18
9 University of California, San USA 16
Francisco
10 Griffith University Australia 15

10 Delft University of Technology  The Netherlands 15

* Equally productive institutions have the same ranking number.

industry, hospital), or governmental organisation (policy makers).
Based on this division, it could be identified if safety culture research is
squarely situated in the world of academia, and it can shed a light on
stakeholder involvement and policy focus (Gall et al., 2015). However,
this division is very time consuming, as this information is not regis-
tered in Web of Science, and it has to be searched one by one manually.

3.5. Cited analysis

Citation is a two way process. Firstly, it covers the knowledge input,
i.e. the citing behaviour in a publication (the references that are used in
the publication), which is called the ‘citing analysis’ (Li and Hale,
2015). This aspect will be covered in the next section. Secondly, it
covers the knowledge output, i.e. the citing of a publication by others
(other publications that use the publication as a reference), which is
called the ‘cited analysis’ (Li and Hale, 2015). This aspect will be cov-
ered in this section.

The cited analysis gives the number of times the publications on
safety culture has been cited by other publications listed in Web of
Science. In total, all 1789 publications were used 14,485 times as a
reference in other publications. The average citation per publication is
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Fig. 8. Co-citation analysis of highly-cited references used in publications on safety culture.

more intermingled with each other, while the red cluster stands more
alone.

Based on the examination of the titles of all individual publications
in the three clusters, an appropriate label could be assigned to each of
them. The red cluster is clearly separated from the two other clusters,
and represents the subfield of health-care safety. Not only patient safety
is included in this cluster (although this is the majority), but also,
amongst others, safety in surgical interventions, intensive care units
and the health-care system in general. The green and blue clusters are
more intermingled, as they both represent publications on organisa-
tional safety. Publications in the green cluster focus on occupational
safety, and more specific on safety climate, attitudes and behaviour.
Publications in the blue cluster focus on disaster prevention and models
of safety culture. The blue cluster is more theoretical, whereas the green
cluster contains more practical-oriented publications.

The highly-cited references used in publications on safety culture
can be divided in two groups: (1) a group of references that is a part of
the 1789 safety culture publications and (2) a group of references that
belongs to another main research domain than safety culture, but of
course has an interrelatedness with the concept. Looking at the second
group of references, important influences in safety culture research can
be identified. In the cluster of health-care safety, ‘Measuring patient
safety climate: a review of surveys’ from Colla et al. (2005) can be seen as
an important influence that does not belong to the main domain of
safety culture, but belongs to the main domain of safety climate. The
most influential publication in the cluster of occupational safety is
‘Safety climate in industrial organisations: Theoretical and applied im-
plications’ from Zohar (1980), also belonging to the main domain of
safety climate research. Important influences in the cluster of disaster
prevention and models of safety culture are two books from Reason:
‘Human error’ (1990) and ‘Managing the Risks of Organisational Acci-
dents’ (1997).

3.7. Subject categories

Every journal covered by Web of Science is assigned to at least one
subject category. The subject categories reflect a particular field of re-
search. Web of Science comprises approximately 250 subject categories.
All articles published within a journal will inherit the journal’s subject
categories designation.

The total count of the subject categories belonging to the 1789
publications on safety culture was 3094. A great diversity in subject
categories can be seen, as there were 153 different Web of Science

subject categories related to the research of safety culture. Just like the
high number of different journals publishing on safety culture, the high
number of subject categories indicates a wide variety of research
themes, and the multidisciplinary character of safety culture research.
Out of these 153 subject categories, 28 subject categories (18.3%)
contained only one publication, and 19 subject categories (12.4%)
contained only two publications. 56 subject categories (36.6%) con-
tained at least ten publications.

Fig. 9 shows the top-10 of most frequently assigned Web of Science
subject categories to the safety culture publications and the division
over time. The legend gives the names of the top-10 subject categories,
along with the total number of safety culture publications belonging to
these categories. The subject category containing the most publications
on the topic of safety culture was ‘Health Care Sciences & Services’ with
252 publications, followed by ‘Public, Environmental & Occupational
Health’ with 243 publications.

The division of safety culture research in two main clusters (see
Section 3.8) — (a) organisational safety culture and (b) health-care and
patient safety culture - is also represented in the subject categories
belonging to the publications. For example, the categories ‘Health Care
Sciences & Services’ and ‘Health Policy & Services’ can be clearly assigned
to the cluster ‘health-care and patient safety culture’, and the categories
‘Engineering, Industrial’ and ‘Engineering, Chemical’ can be clearly as-
signed to the cluster ‘organisational safety culture’.

The distribution of the subject categories over 5-year intervals
(Fig. 9) helps us to see the level of research that is spent during a given
period on a given subject, and it can uncover subjects that gained more
attention over time. For example, during the last five years, a doubling
of publications on safety culture could be observed in the subject ca-
tegories ‘Transportation’ and ‘Ergonomics’. The category ‘Nuclear Sci-
ence & Technology’ even counted a fourfold increase of safety culture
publications the last 5 years. The nuclear disaster in Fukushima in 2011
can provide an explanation on this matter.

3.8. Terms analysis

An analysis of the terms that are used in the titles and abstracts of
safety culture publications can provide insight in main topics and re-
search trends in the domain of safety culture.

VOSviewer was used to analyse and visualise the terms. First, all
noun phrases were extracted from the titles and abstracts of the 1789
safety culture publications. Terms with a general meaning, such as
‘article’ and ‘conclusion’, were not included. Terms with a different
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spelling, such as ‘safety behavior’ and ‘safety behaviour’, were merged.
Only terms that occur in at least ten publications were considered. 493
terms met this threshold.

The result of the terms analysis is presented in Fig. 10. The size of
the circles represents the occurrence of a term, i.e. the higher the size,
the higher the occurrence of a term in the abstracts and titles of the
safety culture publications. The overall distance between terms pro-
vides information on their relatedness. The shorter the distance be-
tween terms, the stronger their relation. The relatedness of terms is
determined by counting the number of times that terms occur together
in the titles and abstracts (Rodrigues et al., 2014). The colours are used
to distinguish different clusters.

The terms map shows how the terms of the safety culture publica-
tions cluster together, and clearly illustrates two distinct clusters: a red
cluster (left) and a green cluster (right). The most common keywords in
the red cluster are: risk, accident, industry, concept, and company. The
most common keywords in the green cluster are: patient safety, hos-
pital, survey, patient safety culture, and questionnaire. The red cluster
seems to entail publications on organisational safety. Terms such as

‘concept’ and ‘framework’ suggest a more theoretical focus. The green
cluster seems to entail the health-care and patient safety culture pub-
lications with a more practical-oriented emphasis. Terms such as
‘survey’ and ‘questionnaire’ strengthen the latter presumption.

Fig. 11 shows the terms analysis of the safety culture publications,
but with time information. The colour of a term indicates the term’s
average publication year. The average publication year of a term is
calculated by taking the average of the publication years of all pub-
lications that have the term in their title or abstract. Terms that are used
more towards 2015 are shown in red (the right of Fig. 11), while terms
that are used more towards 2006 are shown in blue (the lift side of
Fig. 11).

Looking at the time periods, most research around 2006 was con-
ducted in the content area of nuclear safety (corresponding terms such
as nuclear power plant, reactor, nuclear technology). Most research
around 2008 focussed on organisational safety, and more specific on
the technical and organisational aspects (corresponding terms such as
risk, accident, industry, technology, safety management, safety man-
agement system). Around 2010, a lot of safety culture research focussed
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Fig. 10. Terms analysis of safety culture publications.



K. van Nunen et al.

Safety Science xxx (XxXxX) XXX—-XXX

surgical safety checklist
r,
chegklist™ 88

family mortality ~adherence
critical incident woman intensive care unit
medicine uality improvement bed caregiver
1mportan(as(pject publigation plﬁo( sn?:iy 1= be )
ecade documentation h . significant improvement
— P potential arm patient bas@ine s
roposa opic ;
s il Osaiips  OUSe doiin @ adverse event patient outcome
e cooperation™ connection safety attitudes questionnaire
cost di - g .
- by establishment 0S| ging TN Careé o atient care job satisfaction
v 'expe i—e Id lov root cause analysis pokicynake: il
past  fiel severif land doctor hysician
reagior e 7 cade challenge progress L4 . ](;nr;ganr phy:
security. prog €sS) . teaching hospital
nuclear WEr plant d instance atient safe
. fact Yactivity pUeG utility p ty
o @ world e cource miss error - staff member
[ nearimiss :
o plapt: & wregulation focus fststep  qUality hospital
i consequence task teJ;m recentyear study design  hospital setting patient safety aulture questio
P lesson sametime health care J :
regulator B size unit score emergency.department
operation’ & integration, description Variation .
d“‘:“_’”’q scenario,) hagard . base_ means pecne Wi e  patient safety culture
eficiert y
safe opgration @ actor.cQncept risk & urvey subscale percentage  handoff
-
5 . : staffin;
humagerror accident industry framework difference  perceptions week ks
» v y . key factor - rating R healthcare research
sbafetxleQel view indings further study test

pidea

safety outcome

response rate hospital survey

situation” ““ safety performance a demographic questionnaire b .
airline 3 survey data hr SOpsC
safety management system . v 9
y g Ys e benay @ driver hypothesis safaegy climate pregictor - dimension
safety management ocelipational safety traffic safety culture variable g Lot
installation o managementcommitment comparison instrument
china oil cohmict variance taiwan alpha

reflection structural equation modeling P inteiral disistenc

e reliability validity Y
vesel factoranalysis exploratory factc: |

& vosviewer

2006 2008 2010 2012

2014

Fig. 11. Terms analysis of safety culture publications with time information.

on safety climate and perceptions. Finally, the map shows an increasing
trend in publications related to health-care and patient safety, as the
corresponding terms (patient safety, nurse, hospital, patient safety
culture, care, etcetera) are mostly used in recent years.

To summarise, the time map of terms shows a movement away from
organisational safety culture in general, and a movement away from
more technical factors in particular. Along with the development of
safety culture, human aspects such as perceptions, safety climate,
workload, and job satisfaction, were given greater importance than
technology. The movement away from the more technical factors could
reflect the more classically dominant division between the human
(social science and medicine) and technical worlds (Li and Hale, 2015).
Publications on health-care and patient safety stand in a dominant
position in safety culture research nowadays. It should be noted that
this does not mean that lesser attention is being paid to organisational
culture — a lot of research on this topic is still being performed, and
needed - but that publications on health-care and patient safety culture
gain the upper hand.

4. Conclusions

In this paper, an evaluation on the global research trends in safety
culture publications from 1900 to 2015 is given. The topic of safety
culture has been a field of extensive research during the last ten years
and its publication output is characterised by an exponential growth.
Nevertheless, latest trends suggest a saturation of scientific output in
this field. The next few years will enlighten if this declining trend in
publication output will remain. The study includes 1789 publications
on safety culture covering 4591 authors, 775 journals, 76 countries or
territories, and 1866 institutions.

Two main research areas can be distinguished in the domain of
safety culture: (1) organisational safety culture and (2) health-care and
patient safety culture. The research area of organisational safety culture
seems to be a more theoretical, where the research area of health-care
and patient safety culture has a more practical-oriented emphasis. The
research in the subdomain of health-care and patient safety culture
stands in a dominant position in safety culture research nowadays.

The power-law distribution, which has also been discovered by
bibliometric studies in other fields (Li and Zhao, 2015), applies to many
aspects of safety culture publications:

10

— The largest proportion of the authors (83.6%) is only credited in one
publication, and a small group of productive authors contributed to
a significant share of publications in safety culture research (6.0% of
all authors published at least three articles).

— Of all journals publishing on the topic, 79.5% only published one or
two publications. A small proportion of the journals (1.3%) is re-
sponsible for about one fifth of the safety culture publications.

— Of the countries or territories publishing on safety culture, 60.5%
produced ten or less publications. 11.8% of the contributing coun-
tries or territories produced more than fifty publications on the
topic.

— 72.9% of the institutions only participated in one publication, and
1.5% of the contributing institutions produced at least ten publica-
tions on the topic of safety culture. Universities (and not private or
governmental organisations) were the predominant contributors.

— A large proportion of the safety culture publications (42.4%) was
not (yet) cited by others, and only a small proportion of the pub-
lications (3.6%) was cited fifty times or more.

The analyses also provided information on who is standing on the
frontier of this research area:

— Thomas and Sexton are the most productive authors. They are spill
figures in the cooperation network of authors, which means that
other authors are linked (directly or indirectly) to one of them. Both
authors are affiliated to the USA and publish in the research area of
health-care and patient safety culture.

— The most cited paper is from Guldenmund (2000), and the paper
with the highest average citations per year is from Sexton et al.
(2006).

— The journal ‘Safety Science’ is the key journal publishing on safety
culture research.

— The USA, England and China are the countries and territories
dominating the publication production. In the cooperation network,
other countries and territories are linked (directly or indirectly) to
one of these main contributing countries. Europe and North America
are the continents dominating the publication production.

— The leading institution is the University of Pittsburgh (USA). The
top-5 of most productive institutions were located in the USA.

— Important influences from other main research domains on the
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safety culture research come from Colla et al. (2005), Zohar (1980)
and Reason (1990, 1997).

Some positive aspects could be derived from the bibliometric ana-
lysis. Firstly, it can be concluded that there is much collaborative re-
search in the safety culture domain, as multi-authored publications
make up about three quarters of all publications. Secondly, many dif-
ferent journals publish on the topic and a wide range of subject cate-
gories is assigned to the safety culture publications, which indicates a
wide variety of research themes, and the multidisciplinary character of
safety culture research.

Also, some points of concern could be concluded. Firstly, a geo-
graphical inequality, which is related to economic development, can be
seen in safety culture research. The share of Oceania, South America
and especially Africa is very limited. Secondly, regarding organisational
safety culture, it seems that there is a movement away from technical
aspects towards more human aspects. Human aspects are important
when safety culture is addressed, however, it should be acknowledged
that technological aspects remain important. As argued by several au-
thors (e.g. Reiman and Rollenhagen, 2014; van Nunen et al., 2016),
safety culture represents a holistic, comprehensive term that comprises
a totality of technological, organisational and human factors.

Finally, some limitations of this bibliometric study should be ad-
dressed. First of all, the search was limited to publications listed in Web
of Science. Although Web of Science is among the largest global data-
bases, it does of course not contain all publications in the field of safety
culture research. Other international databases such as PubMed or
Scopus could have been used. However, Web of Science is the most
widely accepted and frequently used database for analysis of scientific
publications (Yang et al., 2013). Secondly, bibliometric analysis uses
quantitative methods. Hence, the content or the quality of publications
cannot be interpreted (Dunk and Arbon, 2009). This can imply that
some of the publications were included in the analyses notwithstanding
they address a different topic than safety culture; they can address for
example the topic of safety climate.

Another limitation of bibliometrics is that analysis can only be done
for the existing classifications included in Web of Science. This leads to
the omission of other valuable information, such as the distinction
between theoretical and empirical papers and more details on the
context in case of empirical research (for instance the sectors or the
countries in which the study was conducted). Based on these limitations
characterising bibliometric analysis, a deeper content analysis is re-
commended for further research.
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