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Abstract: Over time, the cost-benefit analysis has become a method that helps to clarify the pros
and cons in many areas of human activity where both investment and non-investment projects are
implemented. In researching for this article, we aimed to map the current state of publishing activities
in the field of cost-benefit analysis and in order to accomplish this, four research questions had to be
determined. For this purpose, the outputs indexed in the database Web of Science Clarivate Analytics
were examined and the method of bibliometric analysis within the VOSviewer software was used.
It was ascertained that almost six hundred outputs had been published: almost all of them were
published in English and generated by more than sixty percent of authors from English-speaking
countries. Cost-benefit analysis was most often used in the areas of healthcare, environment and
ecology, and economics and social sciences. In terms of co-authorship, it was found that there
had been a shift from collaboration among authors from Israel and English-speaking countries to
cooperation between mostly Chinese authors and authors from Northern Europe. In the case of
co-occurrence, three clusters were identified: the most frequent was the area of terms related to
economic financial analysis, the second area was related to health issues, and the third was related to
the process of cost-benefit analysis” application.

Keywords: cost-benefit analysis; bibliometric analysis; co-occurrence; co-authorship; visualization

1. Introduction

Albeit the theory of cost-benefit analysis (hereinafter CBA) dates back to the nineteenth
century, Hammond (1966) claims that the use of CBA goes back to the early twentieth
century (1902, US Rivers and Harbor Act)—more precisely, from the time of its amend-
ment in 1920, which explicitly mandated it. Nevertheless, Pearce (1971) states that the
first practical use was in the USA as a part of a national appraisal mechanism for dam
construction in 1936; within the Flood Control Act, the most systematic use of this method
occurred in 1960s (Nas 2016). Sweden also started using CBA in the 1960s, similarly for the
evaluation of national road investment projects (Hultkrantz and Svensson 2012). Ellig and
McLaughlin (2012) showed that since 1974, all US presidents have issued executive orders
requiring regulatory agencies to analyze the anticipated results and economic effects of
proposed regulations. In 1975, the World Bank adopted the Trade Policy Approach (as one
method of CBA), while in 1990, this institution shifted to the second approach—the Public
Finance Method (Ward 2019).

From a theoretical point of view, the traditional approach to the theory of CBA pre-
vailed in 1940s, which defined costs and benefits according to the effect of the projects. On
the other hand, the 1970s saw a new, so-called “social” approach come into the force, which
made use of social valuation (Ray 1990). According to Torriti and Ikpe (2014), in the 1950s,
economists tried to provide a rigorous, consistent set of methods for measuring benefits and
costs and for deciding whether a project is worthwhile. In the late 1960s, Musgrave (1969)
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wrote about CBA, declaring that “a new approach (to the theory of public finance) has
emerged ... ”. In 1987, Dreze and Stern (1987) presented a general theory of CBA by using
the theory of shadow prices and the theory of reform. Layard and Glaister (1994) claimed
that many studies on the cost-benefit analysis use the Hicks—Kaldor criterion, which asserts
that a project can be supported provided the gainers could, in principle, compensate the
losers even if they do not. A detailed list of contributions to the theory and practice of CBA
by various researchers was also described by Ray (1990).

According to Persky (2001), cost-benefit analysis offers the dominant economic ap-
proach by which economists communicate with each other, with government bureaucrats,
and with the general public about the desirability of public programs and investment
projects. For example, in the European Union, CBA is explicitly required as a basis for
decision-making on the co-financing of major projects included in the operational programs
of the European Funds. This is an analytical tool used to appraise investment decisions in
order to assess the welfare outcomes attributable to such investments and their contribution
to EU cohesion policy objectives (European Commission 2014). Brent (2006), Giordano
etal. (2012), or Noe and Graham (2020) stated that CBA is a necessary practical guide to
social decision making. Abelson (2020) confirmed this by performing reviews of seven
contemporary official guidelines to CBA. Ture¢kova and Nevima (2020) add that CBA is
based on the analysis of all implicit as well as explicit costs and benefits, which quantifies
the investments” impact on society. In general, this kind of analysis is based on economic
fundamentals, i.e., a cost-benefit comparison with variables such as net present value
(Pearce and Moran 1994 or Hansjiirgens 2004), producer and consumer surplus (Hanley
and Spash 1993 or Hanley and Barbier 2009), shadow wage rate (Ray 1990), willingness to
pay (Weatherly et al. 2014), internal rate of return or cost ratio (Florio et al. 2016), social
discount rate (Abelson 2020), or externalities (Ramos et al. 2020a).

The CBA method is thus applicable to almost all areas of human life, and it is also used
in the international research project that this paper is a part of. It was naturally selected
as the most suitable tool for determining the effectiveness of using smart technologies in
various areas of human life (health, social work, transport, ICT, etc.). Since reviews are often
required by research funders to establish the state of existing knowledge (Clarke 2011), we
started our quest to determine how and where CBA has been used; we found that there
was no publication that gave an overview of the global use of this method in practice. Only
ten studies in individual areas have analyzed CBA issues by bibliometric analysis—their
overview (including topic and results) is given in the Appendix A (Table A1). Thus, there is
no all-encompassing output related to the interrelationships of this method in terms of who,
in what area, in which country, which language, co-authorship, and which topic used CBA.
In our opinion, the handing over and dissemination of experiences, attitudes, and solutions,
possibly their critical analysis, is all very important for the deeper development of cost-
benefit approaches, both on the theoretical and practical levels. Researchers, scientists, and
policy decision-makers can benefit from the existing general analysis and description of the
current developments and applications of the CBA. Performing the missing analysis on the
current state of research in this area (through the research questions below) and identifying
the gaps and major issues in this field that may be addressed in the future were the main
motivations for writing this article.

The aim of this paper is based on the motivation mentioned above, which is to
ascertain the current state of publishing activities on the field of cost-benefit analysis
in today’s academic world. To do this, it was necessary to select a method, database,
and then software, through which the detected data would be processed. We decided
that a bibliometric analysis was the most appropriate method, for two reasons. Firstly,
this method is used for research evaluation in multiple fields (as shown in Appendix B,
Table A2). Secondly, based on Ellegaard and Wallin (2015), in the context of a widespread
wish among decision-makers to qualify or quantify the research performed, the bibliometric
analysis offers itself naturally as an instrument.
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The database Web of Science Clarivate Analytics (WoS) was chosen as our data source.
After selecting the database, we proceeded as follows: Firstly, we used advanced search to
find documents with all variations of the terms cost-benefit analysis (cost-benefit, benefit-
cost, cost benefit, benefit cost) in the title, abstract, or keywords. Secondly, we considered
the time period—the occurrences of the abovementioned terms have been determined
within the last thirty years, namely in the period from 1990 to 2020. Thirdly, we selected the
obtained data according to the country, type of outputs, category, language, and affiliated
institutions. These obtained datasets were processed using VOSviewer software, which
creates a graphical representation of data outputs from databases in clusters.

Considering our motivation and research objectives (and to meet them), we established
four research questions. The answers to the first two questions were found and examined
based on the outputs taken from the WoS database. Questions three and four were answered
based on a bibliometric analysis performed on the VOSviewer software.

The studies mentioned in Appendix A (Table A1) show that the main interests of
specific research were focused on ecology/environment (n = 4), healthcare (n = 3), economic
issues (n = 2), and information technologies (n = 1). We believed that it might be interesting
to find out whether the categorization results of this small group would be similar or
different to the results of the overall analysis below. Based on this, the first research
question was identified:

Q1. In which area/research category is CBA most used—can economic dominance be
assumed?

The desire for the multinational spread of knowledge associated with the growing
importance of citations has resulted in the use of English as lingua franca for academic and
research publications (Di Bitetti and Ferreras 2017). Currently, publication in international
journals (with high IF and mainly in English) is the main criteria used by most evaluation
agencies to assess research productivity and performance (Lopez-Navarro et al. 2015).
Flowerdew and Li (2009) give three levels of factors in connection with the choice of lan-
guage for publication: (i) the macro-sociolinguistic level (institutional constraints, network
contacts, community expectations); (ii) the individual level (skills, feelings, ideologies);
and (iii) the micro-sociolinguistic level (language management, resources, setting role of
relationships, domains and modes of discourse). Nevertheless, researchers still publish
their articles in their native language; as Stockemer and Wigginton (2019) state, a third of
the articles are published in languages other than English. Based on these, we identified
another question:

Q2. Do English outputs also significantly predominate in the area we are researching
on and are they mainly written by authors from English-speaking countries?

The use of English as the main academic writing language as well as using citations
are indeed important; additionally, collaboration among authors is also desirable. The
reason for this is the improved effectiveness, innovativeness, or productivity of researchers
(Wuchty et al. 2007). On the other hand, there is the requirement of achieving socio-
economic impacts as returns from publicly-funded research (Guston 2000). According to
Adams (2012), the advantages of collaboration are access to resources, including funding,
facilities, and ideas; it is therefore crucial to have international teams supported by major
facilities and rich data in order to encourage the rapid spread of knowledge. The observed
thirty-year period thus raises another question in this regard:

Q3. Has there been a change in co-authorship in terms of the structure and develop-
ment of international cooperation among the researchers?

Each area of research focuses on a specific topic and uses corresponding terms. Their
identification is important, not only in terms of understanding the current state, but also
finding possible gaps for future research. These reasons led us to the last, but certainly not
the least question:

Q4. Which terms are the main research topics of interest and have these co-occurrences
undergone any changes over time?
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The remainder of this paper is organized as follows: the data and methodology are
introduced in the second section. The results of the empirical estimation, discussion, and
comparison of results are reported in the third section. Finally, the conclusion and summary
of the main findings are described in the last section.

2. Methodology

For the purpose of obtaining answers for the set questions above, the database Web
of Science Clarivate Analytics (WoS) was chosen as our data source. The obtained dataset
was processed using the VOSviewer software. The decision to use this combination was
inspired by Mongeon and Paul-Hus (2016), who noted that most bibliometric analyses
emerge from the same data sources. WoS had been the sole tool for citation analysis
until the creation of Scopus and Google Scholar in 2004. When deciding which of the
above databases to use, we accepted the opinion of Chadegani et al. (2013) that Web
of Science had a strong coverage, which goes back to 1960 (in some disciplines, up to
1900), and de Castro e Silva de Castro e Silva Neto et al. (2016), who preferred the Web
of Science database because of its comprehensiveness, organized structure, and scientific
robustness. Marsilio et al. (2011) claimed that WoS was the most commonly used and
generally accepted source for bibliometric studies. Likewise, Jacso (2005) agreed that WoS
as a search source guaranteed the quality of the literature and provided a solid basis for the
bibliometric analysis. Our choice was also validated by the opinion of Zhao et al. (2019),
who stated that the WoS data, compared with Scopus, was better suited to VOSviewer.

Firstly, data collection and file type selection were performed—the advanced search
was used according to the topic, in all languages, and all document types. Because the
authors used various combinations of words concerning this kind of analysis, the dataset
consisted of documents with an occurrence of the terms “cost-benefit analysis” and “benefit-
cost analysis” and “cost benefit analysis” and “benefit cost analysis” in the title, abstract, or
keywords. Secondly, the period of the dataset was determined; the years from 1990 to 2020
were selected since 1990 was the first year an output was indexed in the database.

Almost six hundred publications were found and distinguished in all research
categories—WOoS categories, countries, document type, source title, number of publica-
tions in every year of the monitored period, type of outputs, geographical origin, share of
countries in all outputs, research areas, and affiliations. In addition, we synthesized the
individual output categories to see if they differed from the detailed categories provided
by WoS, as shown in Table 1. This table also presents the most used journals, their impact
factors (IF) in the last five years, and the h-index to illustrate the fact that research in this
area is valuable not only in terms of quantity but also in terms of quality.

Table 1. Top ten categories and journals.

No. WoS Category Source Title 5-Year IF h-Index
1. Economics Journal of Benefit Cost Analysis Emerging SCI 8
2. Environmental Sciences Vaccine 3.192 37
3. Public Environmental Occupation Health Ecological Economics 5.236 202
4. Environmental Studies Preventive Veterinary Medicine 2.469 95
5. Transportation Risk Analysis 3.294 130
6. Water Resources American Journal of Preventive Medicine 5.443 216
7. Energy Fuels Energy Policy 5.693 217
8. Engineering Civil Evaluation and Program Planning 1.504 62
9. Health Care Sciences Services Land Use Policy 4.151 115
10. Veterinary Sciences Pharmacoeconomics 4.571 100

A graphical expression of data is possible through knowledge maps. According to
Zhao et al. (2019), these maps, as a kind of graphical tool, can show the relationship
between the development process and the structure of scientific knowledge, and have thus
become more powerful as methods of data visualization. Similarly, Scott (2004) claimed
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that the visualization of data is a fundamental task in modern statistical practice. Many
tools for producing scientific-knowledge maps exist such as BibExcel, CoPalRed, Network
Workbench, CiteSpace, or VOSviewer (Cobo et al. 2011).

We processed the obtained data through the software VOSviewer, which is able to
graphically depict large bibliometric maps with functions such as zooming and multidi-
mensional scaling, and with a qualitative interpretation of the closed connected clusters
in the drawn maps (Van Eck and Waltman 2009). Furthermore, this software has a good
manual for constructing and visualizing bibliometric maps of any kind of co-authorship,
co-occurrence, or co-citation data.

Therefore, to obtain answers for the third and fourth research questions, we will ana-
lyze co-authorship and co-occurrence through network visualization, overlay visualization,
and density visualization. In network visualization, the displayed items (names or words)
are represented by the size of the bubble—the larger the bubble, the higher the weight of
the item. The items are multicolored—the colors of visualization express mutual belonging
and form different clusters. The distance between two bubbles indicates the cooperation of
the authors or the occurrence of terms as well as lines. Overlay visualization expresses the
development of the publication by using the words in the monitored years (from 1990 to
2020). The blue color represents the beginning of the period—the closer the year to the end
of the reference period, the lighter (yellow) the color is. Density visualization is an effective
technique for depicting the scalar field distribution in 2D space (Feng et al. 2020). The more
pronounced the color, the higher the number and weight of the items, and vice versa.

In the case of co-authorship, maps based on bibliographic data were created. Related-
ness of items was determined based on the number of co-authorships in documents, and
the same weight for each co-authorship was set. The evaluation of co-authorship started
with more than two thousand authors (n = 2059), with at least one output per author. We
omitted the network visualization because we did not examine the clustering of authorship
by individual outputs; we were more interested in their changes over time. For this reason,
we only used the overlay and density visualization.

With regard to co-occurrence, each word’s occurrence within another word is analyzed,
along with its frequency (Okubo 1997). This method is used to describe the role of a term
(in our case CBA) and to consolidate and transform a network in some research areas.
In addition to density and overlay visualization, we also used network visualization to
analyze the merging of individual concepts into clusters. The methodology of binary
counting was used, which means that only the presence or the absence of a term matters
(the number of co-occurrences of a term in a document is not taken into account, as in the
case of full counting). For the purpose of our paper, the links in which the terms appeared
more than 10 times were examined. Almost fifteen thousand terms (n = 14,933) were
found, more than three hundred (n = 308) met the threshold, and 60%, which represents
the number of outputs (n = 185) as the most relevant terms were selected. The more times
the search terms co-occur, the greater their impact and the larger their bubble. The distance
between different terms on the map indicates the degree of connection—the shorter it is,
the stronger the association between these expressions. Clustered term mapping identifies
cluster themes with highly related concepts. Narrow-based clusters indicate a near-field
relationship. The thickness of a link between two bubbles indicates the likelihood that they
co-occur in the same publication.

3. Results

To obtain the answers to our research questions, we needed to process and analyze
data from the WoS database and map the co-authorship and occurrence of terms in relation
to the cost-benefit analysis. The results of these activities are presented below.

3.1. Results Based on Web of Science Data

Regarding the number of publications in the monitored period, a significant increase
in the output of publications was recorded between 2010 and 2019, with an average of
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20 outputs per year (see Figure 1). The development in the first part (from the left line until
the year 2009), which can be described as the “starting” phase, is characterized by a slow
increase in outputs involving CBA and is somewhere between 1 and 20. The increase in
the second period or the “boom” phase, which began in 2010, is much more progressive
and more than twice in comparison with the previous sub-period. In 2020, it is possible
to observe a decrease to the level of 2016. The causes of this decline can be different and
difficult to estimate. It was thought that not all outputs had been indexed yet; the decrease
could also have been caused by different research orientations, which might have focused
more on other issues such as those related to the COVID-19 pandemic.
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Figure 1. Development of the number of publications. (lines: blue color-development of publications,
orange color-breakthrough year, green color-left one: starting phase, right one: boom phase).

As for the kind of outputs, the vast majority of publications are articles (520), which
make up 87% of the total outputs, followed by proceedings papers (12%, which represents
73 papers), and reviews (4.5%, or a total of 27 reviews), as shown in Figure 2. The fact
that outputs in the form of articles significantly predominate simultaneously proves the
predominance of publication quality over quantity.

others
[

review .
proceedings paper -

T

Figure 2. Types of outputs (others: early access, book chapter, data paper, editorial material, etc.).
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The number of outputs according to the country of origin is graphically displayed on
a map (Figure 3). The number of outputs on the map is differentiated according to the color
scale, from light to dark blue. The richer the color, the higher the number of publications
in a given country (see legend). This shows the clear dominance of the USA, followed by
Australia, England, and China.

Publications
221
12

Figure 3. Geographical origin of articles.

Out of a total of almost six hundred outputs, over 220 were created in the USA and
“only” 49 in Australia, the country in second place in terms of total outputs. The difference
between the first and second place is 172 outputs, while there are seven publications
between the second and the third place, and between the third and fourth place, the
difference is nine outputs. The share of the USA among all countries is 37%, while a ratio
of nearly ten percent was reported by authors from Australia (8%) and England (7%).

As can be seen from the map above, the leadership of the USA is irrefutable. If
we analyze only the first ten countries where the outputs originated, the share of the
USA will increase further. In the “top ten”, shown in Figure 4, the leading position of
American publications is even more pronounced, accounting for almost half of all outputs;
the difference between the first and second best is 36 percent.

= USA

= Australia

= England
China

= Canada

= [taly

R
&

= Germany
= Netherlands
m India

® South Korea

Figure 4. The share of the first ten countries in outputs.
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The high share of the first three economies, which accounts for a total of 65% of
outputs, is also partly related to the language used in the monitored publications—English
was used in 580 outputs (97.5%), Spanish in six publications (1%), and the rest of the
languages (Afrikaans, French, Korean, Hungarian, German) together make up one and
a half percent. Undoubtedly, the use of English as an academic and scientific language
plays a significant role here, but on the other hand, it does not automatically mean that the
authors come from English-speaking countries.

From the total number of categories that were listed in the WoS outputs in which the
CBA method was most often used (these are not the first ten WoS categories shown in
Table 1, but all categories that occurred in the database), ten groups of related categories
were created by synthesis. As shown in Figure 5, the largest category was the field of
healthcare, while the second was environment and ecology. Over 100 outputs taken from
the monitored period were in the economics and social sciences category. The difference
between the first and third categories was less than 70 outputs, while the difference between
the first and tenth categories, was 170 outputs.

Health

Environment, ecology

Engineering civil
Transportation

Energy fuels and geosciences
Water resources

Veterinary sciences
Multidisciplinary

Pharmacology

Figure 5. The synthesized categories of outputs.

Interestingly, the outputs in the research area do not fully correspond to the outputs
in the WoS category. Areas in which more than 15 outputs have been published are shown
by the tree map in Figure 6. The number of outputs in each category is made evident by
the size of the displayed area. It can be seen that the general categories are divided in
more detail, with the highest number of publications coming from the field of Business
Economics (101), followed by Ecology (97), Engineering (84), and Public Health (61). Other
areas range from 46 to 15 outputs.

Looking at the institutional affiliation of the outputs above, the vast majority is
associated with universities or colleges (nearly 97%) from the USA, Australia, Canada,
Spain, UK, Denmark, or South Korea. However, from the point of view of individual
institutions, the US national institution for public health—Centers for Disease Control and
Prevention—has the highest share, making up a total of 2%. The second non-educational
institution—the Ministry of Health (of various countries)—represents 1.3% of output cases.
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Business Economics

Transportation Agriculture Water Resources

General Internal
Veterinary Sciences Medicine

Engineering

Energy fuels

Computer
Science

Health Care Sciences Science

Environmental Sciences Ecology Services Technology

Figure 6. The research areas of outputs.

3.2. Results Based on Bibliometric Analysis

As already mentioned, the method of bibliometric analysis was applied using the
software VOSviewer. Therefore, to obtain answers for the third and fourth research
questions, we analyzed co-authorship and co-occurrence through network visualization,
overlay visualization, and density visualization.

As Ponomariov and Boardman (2016) claimed, research collaboration has been the
object of interest for academics and evaluators for decades. Although co-authorship does
not necessarily entail research collaboration, most outputs use co-authorship data as a
proxy for research collaboration (Bordons and Gomez 2000; Yoshikane and Kageura 2004;
Adams et al. 2005; Ponomariov and Boardman 2010). To explore the collaboration roots
of disciplines, the bibliometrics analysis is examined using the co-occurrence analysis,
including the co-authorship and co-word analyses (Leydesdorff and Vaughan 2006; Otte
and Rousseau 2002; Owen-Smith et al. 2002). According to Gldnzel and Schubert (2004),
co-authorship is one of the most tangible and well-documented forms of scientific collabo-
ration.

In our paper, using the above-mentioned software, the evaluation of co-authorship
started with 2059 authors, with at least one output per author. Only the authors that
were connected with each other were selected—from a total of 21 authors (Figure 7) to 46
(Figure 8). Network visualization was omitted because we did not examine the clustering
of authorship in individual outputs; we were more interested in their structure and changes
over time. For this purpose, we used only the overlay and density visualization.



Economies 2021, 9, 110 10 of 29

shani, s

slater, p
ley, b
shouval, d
sprigger, ¢ yougv. j
ginsberg, g
koluggpos, a gagl kerggn. e
abramov, |
silveriprg, d
goldfarb, a greengirga abelig@ch; d kergn, b
filon, d
rachmilevitz, e ks e blag h
tulchinsky., t
é’}g, VOSviewer I
1994 1995 1996 1997 1998
Figure 7. Co-authorship in the first part of the monitored period.
wiljb
wang m yau
i wafig, ¢
e %)
i heg m
L wang y h, x o<
V7 loda
jiang h
bl zhou, j
peng. f wiip. |
ma,g b "
zhang |
wen, j
ke,q
zhalig, w KokS- € ¢ ussalini. p
diazloaiza, a
ward, pj
zhang. m
aun@in, k
gao, | dy, s
"/ huapg. x aents, jh
mesghes dofg. 2 3 %
waglg. s xigpx e
alneiwh
bergr. | ligx
g&vo'wmwm [
2005 010 2015 2020

Figure 8. Co-authorship in the second part of the monitored period.

The change in the shape of the both visualizations is obvious at first glance. This
confirms the shift in co-authorship over time—in terms of the dominance of author/s,
countries, or research areas.

What changes can be read from both visualizations? The first change led to a kind
of “dominance” of certain authors, based on the size of the bubbles. Here, we can trace
the shift from the dominance of one co-author: Ginsberg (Ginsberg 1990; Ginsberg and
Tulchinsky 1990; Ginsberg et al. 1992; Ginsberg et al. 1998a or Ginsberg et al. 1998b) to



Economies 2021, 9, 110 11 of 29

non-dominant co-authorship in the new millennium (see also Figure 9). However, another
dominance prevails here—in the first part of the observed period, there were co-authors
from (predominant) Israel and (individually) the USA, Germany, and the United Kingdom;
after 2000, China dominated, with co-authors from Norway and the Netherlands at the
same level of dominance. There has also been a shift in research areas—according to outputs
of the co-authors, the field of health predominated in the first phase of co-authorship, while
the second phase was dominated by researchers in the environmental field and ICT.

ginsberg, g

chen, m

~ jiang,q cherfil

ks, e
scussolini, p
diaz-loaiz:

ward, pj
zhang, m

erts, jcjh

(b)

Figure 9. Density visualization of co-authorship in the monitored periods; (a) first period, (b) second period.
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& VOSviewer

In addition to the evaluative bibliometric methods above, the relation techniques,
including co-occurrence, are categorized to ascertain the conceptual structure of the disci-
pline/s (Zupic and Cater 2015). This method is used to describe the role of a term (in our
case CBA) and to consolidate and transform a network in some research areas.

We examined the links in which the terms appeared more than 10 times. The maps
were created based on network data, which indicate the number of documents that occurred
at least once. A total of 14,933 terms were found, 308 met the threshold, and the 60% were
selected, which is equivalent to 185 outputs of the most relevant terms. Just as in the case of
the co-authorship, we performed a density analysis for co-occurrence based on document
weights (see Figure 10). Our density map is important for the classification of items and
for judging where links could potentially be formed. In this case, it is possible to identify
the clear dominance of terms such as benefit analysis, cost ratio, benefit cost analysis, and
program. Evidently, these frequently used terms correspond to the researched topic.

dollar
progra

cost ratio

Figure 10. Density visualization of co-occurrence.

After identifying the most used terms, we then ascertained the links between them
through the formation of clusters. For this purpose, the network visualization was created
and is displayed in Figure 11. On the map, we can see that the research directions fall into
three clusters (I-1II) according to the similarities of the items.
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Figure 11. Network visualization of co-occurrence.

Cluster I, represented by the color blue, shows the economic/financial direction and
includes the co-occurrence of terms such as benefit analysis, cost ratio, scenario, return,
net present value, and project. This cluster is dominant in comparison with others; the
terms such as benefit analysis and cost ratio are logically, with respect to the area of focus,
the most common items here. The items found in this research direction occurred the
most frequently in a comparison of all three clusters, with the lines indicating close links
to the other two clusters. However, this cluster consists of the smallest number of terms.
Cluster II in green illustrates the medical direction, with the co-occurrence of terms such as
program, intervention, cost effectiveness, patient, disease, infection, and care. This cluster
is conceptually the most extensive, with most items having closer links to each other, and
especially to cluster one. The connection with cluster three can be traced through the terms
“program” (with “case study” and “benefit cost analysis”), “intervention”, “outcome”,
“cost effectiveness”, “cost benefit”, and “review”, with the single term “article”. Cluster
III is in red and is connected with the practical application of CBA, seen in terms such
as benefit cost analysis, case study, development, application, efficiency, framework, or
article. In this cluster, the terms do not occur in the outputs so often (the bubble size is not
so large), and are mainly associated with cluster I, more often than within the same cluster.

The “movement” of co-occurred terms over the thirty years of the studied period
is displayed in Figure 12. In this image, we can observe the shift from the medical field
(cluster II) at the beginning of the monitored period to more economic and financial fields
(mostly cluster I, accompanied by cluster III, with items such as sector, demand, solution,
infrastructure, or case study) in the last ten years.



Economies 2021, 9, 110

14 of 29

& VOSviewer

cost utilg analysis
recommindation segch
e publiaiheaith ok iy
decisioggmaking "efeeence Qe reipw
reguption
t" fild a'e
framework isgPe  respect author
cOBMIC o1, ighship cost fignefit systematic review
™ ‘U‘a ﬂap‘non
cogpn 2@y
cost eidveness
exafpple @ r*m o
% wtility policygaker evidence v w Indilidual gaug
future context critgum ou"l\e
benefit %alySIS A e
ntees o 4 buggen
int@@est y ‘
’ " on expansion inte@iption
soltiong ;un(qbnn.y‘ prwsqamm n X 3 .
challenge. \
8 scra@ning
0005 L
effig®ac; el cos otal J
- 2 OB Wacy e A benelpcost s previption pagignt dire@cost
casestudy soaacost | : ®ini@on
rgemane BTN yesbpiant it S O e cox
sector N g
aliefgptive 9 » "m | ] cost@vingd
demend’ o b i 17 s@pe S ®
ene ysis . ’ partigioant
contribution 8 A lifegear
water b Z germany 5 g
mat N - ” edugation )
climatechange . % . =
project &, 7 ¢ p disggse
energy =
Lz 3 ° "
S scenario ~ © c 10 7= woman vaggine
land emission s
s ‘ 503 . vaccigption
profiwbiling %" monetary value S
m
prige BRI teal @ spective
discount rate vow Biried
ber income basecase
internal rate ndia
net present value a .
npv mapt
o arm
usd

Figure 12. Overlay visualization of co-occurrence.

4. Discussion

Using the advanced search of the term “cost benefit analysis”, 595 outputs were
generated between the years 1990 and 2020. There has been an increase in outputs in the
last ten years, which indicates a growing interest of experts in this topic. In our opinion,
there are two reasons for this increase—a growing need for an economic evaluation of
(non)investment projects and pressure on experts to publish the valuable and highly rated
results of their research. Most of these outputs were articles, followed by proceedings
papers, and then reviews (the difference between these types was more than 400 outputs).
The quality of the outputs was high, which is also confirmed by the high impact factors of
the journals in which these articles were published. The country where most of the authors
came from was the USA, which produced 30% more outputs during the monitored period
than the second and third countries (Australia and the United Kingdom). If we include
only the “top ten” countries in the statistics, this difference would be as much as six percent
more.

In spite of the fact that we cannot compare the results of the bibliometric analysis
in the field of CBA in terms of co-occurrences due to the absence of similar publication
outputs, we can support some results of previous studies in other research areas in relation
to our other findings.

Firstly, with regard to the trend in research interest involving CBA, we found that
despite the predominance of economically oriented research (in all areas), environmental
issues have come to the fore. This view is also shared by Molinos-Senante et al. (2010)
who argued that the use of CBA has three phases of development: 1. traditional (a clear
economic) approach, 2. socio-economic approach (equitable income distribution), and 3.
environmental approach (environmental externality valuation). This corresponds to both
the results of the articles” analyses published in WoS and the results of the bibliometric
analysis.

Secondly, concerning the leading countries in research, Hou et al. (2015) claimed that
the US was the most productive country in the field of life cycle assessment; Lindhjem
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et al. (2015) found the same results in the field of health intervention. Similarly, Acevedo

Acevedo Prins et al. (2017) or Capobianco-Uriarte et al. (2019) stated that the United States
was the most productive country in terms of scientific papers about competitiveness. In
the field of smart technologies, Fellnhofer (2018) claimed that the USA, Germany, England,
the Netherlands, and Australia were the top five countries in terms of outputs, which is
very similar to our findings.

Thirdly, the predominance of English, as the lingua franca of science is due to the fact
that it is the language most able to transcend national boundaries and enhance research
impact. Moreover, English publications in mainstream impact journals have the additional
value of fulfilling one of the most important requirements for research assessment.
Stockemer and Wigginton (2019) stated that those researchers who agree with the statement
that publishing in English increases the reputation of their work submit 63% of their articles
in English. Ramirez-Castafeda (2020) mentioned an even higher share—she claimed that
98% of scientific publications are written in English. We found the same result: 98% of
CBA-related publications have been published in English. This means that one percent of
ENR produced 1.5 percent of the articles on average, in comparison with non-ENR who
have written only 0.07% outputs per one percent of persons during the monitored period.
These results confirm our assumption set in Q2 and show the publishing gap among
ENR and non-ENR. Closing this gap is a challenge, and the reasons are clear—publishing
in a prestigious and international range of journals is connected with increasing one’s
professional reputation or with institutional requirements for funding.

Fourthly, the issue of co-authorship, which is closely linked to the use of English.
With respect to this, we have the same opinion as Perianes-Rodriguez et al. (2010) who
claimed that the resulting groups showed not only individual relationships, but rather
how these relationships were able to draw authors together in larger structures. We also
corroborated the result of Acedo et al. (2006) about the growing tendency of co-authored
papers. Adams (2012) claimed that collaborative papers tended to get cited more often
because the authors were more likely to be doing excellent research—for example, research
papers published jointly by UK and US authors are cited, on average, more often than those
published by either nation domestically. The results of our bibliometric analysis support
the opinion of Flowerdew and Li (2009) that Chinese scientists are taking an increasingly
large share of the total science publications, which is accompanied by co-authorships. In
this respect, more intensive cooperation in larger teams is positive, which also brings with
it a relevant transfer of information. On the other hand, this brings about some negative
aspects—gaps. The first gap is the limited diversification of these teams—at best, it is an
entirely bilateral cooperation, with the multinational character missing, the benefits of
which were mentioned in the previous section. The second gap is the insufficient level
of cooperation between ENR and non-ENR. Most of the outputs are written by ENR, but
they have not been among the co-authors in recent papers (they publish mainly separately).
There is the possibility, or even the need, for closer cooperation between these two groups
of authors in order to increase international cooperation and the amount of quality outputs.
Moreover, our findings are similar to the result of Adams (2013), which stated that growth
in collaboration has come from bilateral partnerships, and that multinational programs
are still marginal (as drivers of performance). In the case of CBA, in the first part of
the monitored period (1990-2000), there was cooperation between Israeli and English or
American authors. In the second phase (2001-2020), Chinese authors collaborated with
either Norwegian or Dutch authors. The share of non-dominant authors is the same in both
cases—it is at around 20%. Another claim of Adams (2013) was that 75% of the research
output of China has remained entirely domestic, differing slightly from our result, which
shows 67% of domestic publications (four of the six co-authorship clusters created are
purely Chinese).

Fifthly, the issue of co-occurrence yielded three clusters. Although all were logically
connected by a term related to cost-benefit issues, each of them had its own specifics.
The first cluster was spatially smaller, but the terms had closer ties and their occurrence
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was more frequent than in the other two clusters. The second cluster was spatially and
conceptually the most extensive, without a significant dominance of any of the concepts
and with a narrower time range (at the beginning of the observed period). The third
cluster was characterized by the predominance of ties with other clusters rather than
within itself. In terms of time, the dynamics of published research areas was evident: at the
beginning of the monitored period, medical topics were in the center of attention; over the
time, there was an increase in the use of economic and financial terms. This development
followed the development of publications in individual research areas—from health issues
to environmental issues. This issue of co-occurrence has certain limitations that would
be useful to fill or eliminate in future research. It is interesting that there are some items
that did not co-occur in any cluster, or that occurred to a very small extent, which in our
opinion is very closely related to the issue of CBA. Specifically, there were the expressions
of “externality”—which had no co-occurrence, and “profitability”—which had very low co-
occurrence in cluster one. Both of these items are necessary for the correct quantification of
the cost-benefit analysis; therefore, they should be given due attention, and from the point
of view of bibliometric analysis, their occurrence should be more frequent and dominant.

5. Conclusions

In order to more thoroughly describe the current state of using cost-benefit analysis in
the scientific literature, and at the same time fill the gap that was found in this direction,
data from the Web of Science database were selected and a bibliometric analysis with
three kinds of visualizations from the VOSviewer software was used. To meet the above-
described objectives, four questions were set.

During of our study we obtained results that helped us to answer these questions.
It was first examined whether the economic area of research was most frequented field
of CBA outputs (Q1). The answer is ambiguous, depending on the input data; if we
analyze the categories and areas in detail, we can answer in the affirmative. However, if
we synthesize the categories into larger branch groups, the economic area falls into third
place, behind the environmental and health issues. This corresponds to the results of the
studies mentioned in the introduction (Appendix A, Table A1). The second question (Q2)
concerned to dominance of the English language and English native researchers (ENR) in
the area we observed. The results show that almost 98% of outputs published in English
are generated by 65% of authors from English-speaking countries.

Based on visualization maps, we can answer another question concerning a change
in cooperation between the authors of publications in the monitored period (Q3). There
was a change in three directions—geographical, subject of research, and dominance of
the authors. In terms of territorial designation, in the sense of shifting from an East-West
cooperation (between Israel and English-speaking countries such as the UK and the USA)
to a collaboration among non-ENR researchers, such as that between Chinese and North
European authors (Norway and Netherlands). A second change was observed in the
field of the research topic, which shifted from healthcare to environmental and ICT. This
corresponds with the current trend—increasingly more attention is paid to environmental
issues, which also brings forth the need for an economic evaluation of related projects
that are to be financed with public funds. The last and third change concerns the level
of dominance. While the beginning of the observed period is characterized by the model
of the predominance, or a central author in collaboration with non-dominant co-authors,
the second phase is characterized by the chaining of co-authors without a significant
dominance.

The last question (Q4) concerned the similarity and statics of co-occurrence over
time. For this purpose, three clusters were created: the most frequent was the cluster
connected to the field of the economic financial analysis (with items such as benefit analysis,
cost ratio, or net present value). The second cluster had fewer common co-occurred

/a7

terms related to health issues (with items such as “program”, “intervention”, and “cost
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benefit/effectiveness”). The third one was related to the application process of CBA, with
terms such as “benefit cost analysis”, “case study”, “article”, or “development”.

This paper s contribution to the theory has two dimensions—originality and utility.
The originality of the paper lies in the fact that it presents a collection of publishing activities
in the field of cost-benefit analysis in last three decades by using different visualizations of
the issue. The utility of our paper could be represented as follows: The findings, including
recommendations, can be used as a basis for the outputs of other authors, especially
from the perspective of the state of current knowledge, filling the gaps as well as the
controversies found. The collaboration of authors from various countries can improve the
knowledge on this topic and spread it faster to other researchers and scientists. Similarly,
from the perspective of governments and policy makers, the identification of research
topics and the support for research teams can be important, not only in terms of finding
effective types of publicly funded projects, but also in terms of competitiveness. Increasing
competitiveness through R&D, with a focus on multinational projects, and the support
of excellent researchers in order to speed up the dissemination of knowledge and skills
should be given priority by all policy makers in this field. The findings and results also
have practical implications, which are relevant to the content and required results of
the project within which this article was created, and in which CBA is the main method
used for evaluating the impact of smart technologies in various areas of life and on its
quality. Our findings can be used in the pedagogical practice for describing theoretical
and practical approaches to cost-benefit analysis, within courses that are focused on the
economic evaluation of projects, business plans, or public procurement.

We are aware of the limitations associated with this article, especially with the use
of a single source database, one kind of counting in bibliometric analysis, or the use of
(only) the CBA. As this is the first mapping of this topic, we will try to perform a deeper
analysis in terms of using other source databases (Scopus, grey literature databases) or
software in the near future. It may be interesting to compare two methods of bibliometric
analyses—while we used binary counting in the case of co-occurrence, subsequent research
may be based on the clustering of terms through the method of full counting, which can
produce different outputs. We believe that we can find interesting results published by
non-ENR and those non-indexed in the Clarivate Analytics database. We would also like
to extend our findings to co-citation analysis and compare the related methods such as cost
utility or cost effectiveness analysis with CBA, as they can also reveal interesting results or
gaps.

Although Barfod and Salling (2015) argued that CBA is inadequate to incorporate
and assess multiple and often conflicting objectives, criteria, and attributes, we object
to it. Based on a search of the available literature and its use in practice, this method is
especially beneficial for determining costs and (social) benefits as well as necessary for
the decision-making processes of project implementation. We can thus support the idea
of Sen (2000) that although the CBA is a general discipline with foundational principles,
which are not altogether controversial, it is nevertheless considered plausible.
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Appendix A
Table A1l. Studies using Cost-Benefit Analysis in bibliometric analysis.
Authors Topic Results Pagels
Preserving forest biodiversity and Social benefits outweigh costs of the
Lindhjem et al. (2015) ecosystem services three conservation plans by a large 202
margin.
A total of 2844 papers were
. Economic evaluations of health reviewed between 2012 and
Pittetal. (2016) interventions 2014—5% used CBA for the 19
economic evaluation.
Olawumi et al. (2017) Building Information Modelling CBA was used in more than 10% of 1067
(BIM) processes BIM processes.
Economic evaluation of the papers 372 WoS papers were selected and
Tran et al. (2019) and citations on HIV /AIDS 12 of them used the cost-benefit 1
analyses.
42 articles (2001-2020) with items
Ayodele and Mustapa (2020) Articles publiished with the subject CBA, .electric Vehicl.es, charging 6
area in (eco)energy batteries, cost-effectiveness, and
cost analysis.
Literature review, citation and In the monitored period 2013-2019,
Luo et al. (2020) co-citation analysis of agricultural  the studies focused on cost-benefit 10
co-operatives issues.
Ecosystem services-related CBA is one of frequently used
Chen et al. (2020) literature with economic evaluation methods of evaluétion in ecosystem 23,509, 23,510
services.
Health economic evaluation in 134 articles evaluated in 1998-2017 99

and 5.2% of them used CBA.
A review of 756 articles published
from 2014 to 2019; CBA belongs to 12
the top ten frequent co-occurrences.
CBA is the principal method used
to analyze the economic aspects of 11
waste management systems.

Rezapour et al. (2020) Iranian journals

Ramos et al. (2020b) Review the hterature. on logistics
and supply chain costs
Economic aspects of municipal
solid waste management systems

Medina-Mijangos and
Segui-Amortegui (2020)

Appendix B
Table A2. Existing studies using Cost-Benefit Analysis.
. Author/s Country of Title of Authors Type of Study
Field of Study  Type of Good/s (h-index) Origin Publication (year) and Source
Multi- . . Journal article
Economic eneration Multigeneration ublished in
& (31) Sohn, So Y. diffusion model P .
develop- technology and (1) ByungJ.  South Korea for economic Sohn and Technological
ment;Technological  diffusion; yung J. Ahn (2003) Forecasting and
Ahn assessment of .
change Technology new technolo Social Change. 70:
evaluation &Y 251-264.
(12) Heradio,
Ruben, (11) de la
Torre Luis, .(5) Virtual and Journal article
Education; Galan, Daniel, remote labs in blished in
. ucation; Virtual and (28) Cabrerizo, . €mo e. S Heradio et al. publishe
Science and - Spain education: A Computers &
. . remote labs Francisco J., (88) 1 . (2016) .
Engineering . bibliometric Education. 98:
Herrera-Viedma analvsis 14-38
Enrique and (35) ysis: '
Sebastian

Dormido
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Table A2. Cont.
. Author/s Country of Title of Authors Type of Study
Field of Study  Type of Good/s (h-index) Origin Publication (year) and Source
A bibliometric Journal article
(7) Amin, Tanjin analysis of . .
Process system Md., (61) Khan, F 4 Amin et al published in
. . . y ,E process system min et al. o
Engineering failure and . Canada . Engineering
e and (60) Ming J. failure and (2019) ; .
reliability Zuo reliability Failure Analysis.
literature. 106: 104152.
. Journal article
(12) Liu, Donghai, Intelligent published in
compaction
. (1) Wang, Youle, . . Engineering,
Intelligent . . practice and Liu et al. .
. (5) Chen, Junjie China Construction and
compaction and (0) Yalin development: a (2019) Architectural
bibliometric
Zhang analvsis Management. 27:
ysis. 1213-1232.
. Evolution in the Journal article
Building gél)o(t)ﬁawoun(;’) intellectual published in
Information Chan }ll)ar.{iel China, structure of BIM Olawumi Journal of Civil
Modelling WM /a nd (22) Australia research: a etal. (2017) Engineering and
(BIM) ]ohr; K W. Won bibliometric Management. 23:
y R4 vvong analysis. 1060-1081.
(21) Strozzi, Journal article
Fernanda, (14) Literature review published in
Colicchia, on the ‘Smart Strozzi et al International
Smart Factory Claudia, (11) Italy, UK Factory’ concept (2017) ’ Journal of
Creazza, using Production
Alessandro and bibliometric tools. Research. 55:
(6) Carlo Noe 6572-6591.
Conference paper
published in
PICMET
'07—2007 Portland
(4) Rueda, Bibliometrics and International
Guillermo, (5) Social Network Rueda et al Conference on
Nanotechnology =~ Gerdsri, Pisek USA Analysis of the (2007) - Management of
and (15) Dundar Nanotechnology Engineering &
F. Kocaoglu Field. Technology.
Portland, OR,
USA, 5-9 August
2007, pp.
2905-2911
((7201))(%;6“’\‘{/(\: rell’ A bibliometric Journal article
(12) Z}g1;)n & analysis of published in
Environmental Ecosystem Shaozhtio %é) China ecosystem Chen et al. Environmental
Economics services Zhuan M,u fan services (2020) Science and
and (ll%Hen u evaluation from Pollution Research.
ooy & 1997 to 2016. 27: 23503-23513.
(15) Lindhjem, The social Journal article
Forest Henrik, (9) benefits and costs ublished in
.. o Grimsrud, of preserving . . p
biodiversity; Kristine, (30) Norway forest Lindhjem Journal of
Ecosystem Navrud ’Stale biodiversity and et al. (2015) Environmental
services and (6) Stein O. ecosystem E.conomzcs and
. Policy. 4: 202-222.
services.

Kolle
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Table A2. Cont.

. Author/s Country of Title of Authors Type of Study
Field of Study  Type of Good/s (h-index) Origin Publication (year) and Source
Agricultural Journal article
(4) Luo, Jianli, (1) Co-operatives in ublished in
Agricultural Han, Huiying, China. UK the western Luo et al. ]ogrnal of Cleaner
co-operatives (23) Jia, Fu and (1) ’ world: A (2020) 4 i
Hao Dong bibliometric Production. 273;
. 122945.
analysis.
Research Trends
in the Economic
Analysis of .
edina- unicipal Soli . ) ournal article
(2) Medi Municipal Solid Ml“a/[rfd(‘)zznd Journal articl
Municipal solid ~ Mijangos, Rubi Soain Waste B published in
waste and (3) Luis P Management Amé%te i Sustainability.12:
Segui-Amortegui Systems: A & 8509.
o . (2020)
Bibliometric
Analysis from
1980 to 2019.
Scientific
literature analysis
Circular econ- (3) Nobre, on big data a}nd J owna ! artllee
omvInternet of ~ Gustavo C. and Brazil internet of things Nobre and published in
y;Internet o ustavo C. an razi licati T < (2017 Scientometri
Things (5) Elaine Tavares applications on avares ( ) cientometrics.
circular economy: 111: 463492
a bibliometric
study.
(43) Ward, Philip
J., (22) Jongman,
Brenden, (53)
Aerts, Jeroen
C.J.H., (2)Bates,
Paul D., (36) A global
Botzen, Wouter framework for Journal article
. J.W.,, (4) Loaiza, The Nether-  future costs and published in
Chnilre;teacclznge Andres D., lands, UK, benefits of W?ngl]e;) al. Nature Climate
p (43)Hallegatte, USA river-flood Change. 7:
Stephane, protection in 642-646
(6)Kind, Jarl M., urban areas.
(21)Kwadijk, Jaap,
(13)Scussolini,
Paolo and (34)
Hessel C.
Winsemius
(11) Loiseau,
Eleonore, (14)
Saikku, Laura,
(22) Antikainen,
Riina, (10) Droste, Franc
Nils, (20) . & Journal article
L Finland, Green economy . .
Hansjtirgens, German and related Loiseau et al published in
Green economy Bernd, (14) The Nechr— concepts: An (2016) " Journal of Cleaner
Pitkdnen, Kati, lands ovel‘lz/iéw Production. 139:
(26) Leskinen, Denma;k ’ 361-371.
Pekka, (36)
Kuikman, Peter
and (30)
Marianne

Thomsen
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Table A2. Cont.

. Author/s Country of Title of Authors Type of Study
Field of Study  Type of Good/s (h-index) Origin Publication (year) and Source
(2) Zhang, Jing,
(9) Jiang,
. Hongqlang{ (10) Cost—bgneﬁt Journal article
Environmental Zhang, Wei, (7) analysis of . .
.. . . . published in
policies; Ma, Guoxia, (3) China’s Action Zhane et al Frontiers of
National Air Wang, Yanchao, China Plan for Air © 0% 9) ’ Enoineerin
Pollution (10) Lu, Yaling, Pollution Man§ emen tg 6:
Control Plan Hu, Xj, (6) Zhou, Prevention and 52g4_537 T
Jia, (6) Peng, Fei, Control.
(48) Bi, Jun and
(32) Jinnan Wang
(4) Camarasa, en]ejrlffu:;?i?i;)rflc
Clara, (6) Néageli, Y ethielency Journal article
! Sweden, technologies in . .
. . Claudio (11) . published in
Residential Switzer- European Camarasa
a1 Ostermeyer, York, . . Energy and
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Sebastian Botzler .
analysis.
Simulation-Based
Approaches for Journal article
Smart energy Design of Smart ublished in
systems; (16) Kikuchi, & Kikuchi P .

. . Japan Energy System: A Journal of Chemical
Intelligent Yasunori . . (2017) . .
technology Review Applying Engineering of

Bibliometric Japan. 50: 385-396
Analysis.
Conference paper
(15) Becchio, published in
Cristina, (22) Cost-benefit Proceedings of
Bottero, Marta, . . Conference: SBE16
. . analysis and Becchio et al.
Smart Grid (35) Corgnati, Italy mart erid (2016) Towards
Stefano P. and ° ? . gt s Post-Carbon Cities,
(11) Frederico projects. Turin, Italy. 17-19
Dell’Anna February 2016, pp.
278-287
Sustainable
Global Sourcing: Journal article
Sustainable (29) Jia, Fuand (1)  China, UK, A Systematic Jia and Jiang published in
Global Sourcing Yan Jiang Italy Literature Review (2018) Sustainability.
and Bibliometric 10(3), 595
Analysis.
(19) Rezapour, Journal article
Aziz, (1) Health Economic pubhshe‘d n
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