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This study presents a bibliometric analysis of Artificial Neural Networks 
in Risk Management. The study considered articles from the I.S.I. Web 
of Knowledge and Scopus databases, Identification of publishers, coun-
tries, periodicals and the keywords most frequently cited. We used the 
CiteSpace® software to analyze this material, which provides a set of fea-
tures to support bibliometrics, including the reference maps. This study 
provides data collection on Artificial Neural Networks applied to risk 
management. The number of works identified in this study is significant, 
and in the last ten years, the number of citations has increased. We did not 
identify the increase in paper count within the same period.
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1. Introduction

Risk management (RM) is a process that deals with 
risk identification, as well as analysis, response, monitor-
ing, and control of these events [23]. RM aims to increase 
the probability and impact of positive events and reduce 
the likelihood and impact of adverse events [23].

The qualitative analysis aims to rank the identified 
risks, which considers their probability and impact. The 
quantitative analysis aims to provide detailed informa-
tion for risks that require further investigation. The most 
common tools for performing quantitative analysis are the 

Monte Carlo simulation technique and Decision Tree [23].
However, the application of Artificial Neural Networks 

as quantitative risk analysis can bring benefits, such as min-
imizing the effects of dependence on experts and the possi-
bility of performing an agile and efficient risk assessment [7].

This paper offers a review of the academic publications 
on the subject of Artificial Neural Networks in RM and 
discuss the key characteristics identified in the bibliomet-
ric analysis. We carried out this research through biblio-
metrics, which analyzes the creation of a science field to 
determine its characteristics [36]. There are five sections to 
this article. The first section presents the study subject, 
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and the second section presents the concepts of RM and 
Artificial Neural Networks. The third section provides the 
method of research used in this paper, while the fourth 
section describes the findings of the bibliometric analysis. 
The Fifth section finally shows the conclusions.

2. Related Work

2.1 Risk Management

RM is the field with the most considerable lack of man-
agement awareness. After this report, the question about 
RM increased [15]. However, few organizations applied 
widely to RM [24]. RM’s goals are to increase the likeli-
hood and impact of positive events and to minimize these 
factors in adverse events [23]. The RM cycle consists of all 
the activities required to identify risks that could poten-
tially affect the project [31]. Whatever its scope, RM is one 
of Project Management’s neglected areas [15,24]. The RM 
methods are still not commonly used by firms [24], and their 
use is below expectations [11].

RM has several strategies, of which it is worth empha-
sizing the PMBOK (Project Management Body of Knowl-
edge) [23], CMMI (Capability Maturity Model Integration) 
[28] and the S.E.I. (Software Engineering Institute) [13]. 
There are several RM strategies, but there is unity among 
the principal activities that make up this phase [19].

Evaluation and rating of threats are critical, determin-
ing the likelihood of their occurrence and effect on the 
project [14]. Notwithstanding this suggestion, few tools 
exist to support project managers in identifying and cate-
gorizing risk factors [35].

2.2 Artificial Networks

Artificial Neural Networks ( ANN) are computational 
structures inspired by living beings nervous system and 
offer a mathematical model based on the natural process-
ing of neurons [29]. They are made up of several processing 
units which are easy to operate [12].

Among the features supporting the use of Artificial 
Neural Networks in complex applications can be men-
tioned: the ability to adapt over experience, the ability to 
learn, the ability to generalize, the organization of data, 
the tolerance to faults and the ease of prototyping [29].

There are many applications where artificial neural net-
works can be used, for example in process control, in which, 
through the mapping relationship between the input and out-
put variables of a particular control system, a network can be 
created which can generalize such a relationship [1].

The use of Artificial Neural Networks to enhance RM 
processes can be found in several studies [7,8,9,21]. One of 
RM’s weaknesses is its failure to assess the risks identi-

fied for closed project performance [27]. The authors sug-
gest using Artificial Neural Networks in RM to predict the 
probability of present risks using historical bases [27]. The 
use of Artificial Neural Networks also allows the authors 
to answer the following questions concerning RM: I what 
is the probability of project success? How to determine 
whether the threats affecting the project targets?

3. Research Method

Bibliometric research is a quantitative analysis tech-
nique developed at the end of the 1960s by Pritchard [30]. It 
is a field of information science research that plays a vital 
role in the study of scientific production [10,17].

The purpose of bibliometrics is to quantify the perfor-
mance of scientific research through statistical analysis 
in the form of papers, documents, references, patents, 
among other indicators so that scientists, institutions and 
countries can be assessed [20]. Using quantitative methods 
to analyze scientific literature using bibliometric measures 
systematically is the central point of bibliometrics [2,4].

The bibliometric analysis offers an understanding of 
the past and current situation of the research field. It offers 
opportunities for researchers and others interested in the 
subject to enrich the discussion of potential paths taken by 
science and scientific developments [36].

4. Data Collection

We scanned papers on 10/10/2019 for the conduction of 
bibliometric analysis, and we only found papers published 
between 2009 and 2019. Another filtering criteria were to 
find only papers with particular keywords in the field. For 
each of the indexes, we carried out three searches accord-
ing to the following keywords:

(1) Risk Management;
(2) Artificial Neural Networks;
(3) Artificial Neural Networks Risk Management.
We carried out the study’s production in two stages:
(1) Data collection: the related data was obtained from 

the I.S.I. Web of Knowledge and Scopus.
(2) Bibliometric study: analysis of data obtained 

through the use of database tools and bibliometrics assis-
tance using the CiteSpace® software.

A valuable tool for the diagnosis of scientific output is 
the I.S.I Web of Knowledge database since it is consid-
ered to be the most extensive and multidisciplinary criti-
cal bibliographic data for scientific information [32,34]. The 
I.S.I Web of Knowledge has a limited number of scientific 
journals that set strict standards for those magazines that 
are included in the index. Scopus is a website supported 
by Elsevier that covers journals and academic conferenc-
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es [34]. Scopus has more indexed journals and has greater 
coverage of open access journals than the I.S.I. Web of 
Knowledge [3]. For bibliometric review, this research uti-
lizes the I.S.I. Web of Information and Scopus databases. 
The use of the I.S.I. Web of Knowledge and Scopus to-
gether is more beneficial than using just one because it 
facilitates the recognition of specific references [18].

In addition to the CiteSpace ® software, we used 
the statistical features and illustrations of I.S.I. Web of 
Knowledge and Scopus databases to help bibliometric 
analysis, which helps to examine the relations between 
writers, organizations, nations, keywords, publishing 
sources or references in the scientific literature [5,25]. Many 
software tools support bibliometrics, but one of the best is 
CiteSpace® [6,25].

5. Results
In the first search of the I.S.I. Web of Knowledge and 

Scopus databases, which collected 19,509 and 55,845 papers, 
we used the word “Risk Management”.  The results obtained 
over the past ten years are presented in Figure 1. The number 
of documents listed in Scopus is more significant than those 
found in the database of the I.S.I. Web of Knowledge.

Figure 1. Number of papers per year of Risk Management

We looked in the repositories also for the word Artifi-
cial Neural Networks. We identified 20,462 papers from 
the I.S.I. Web of Knowledge and 60,429 from Scopus 
Database. Figure 2 presents the results collected in both 
repositories from this search over the last ten years. There 
is a higher number of items found at Scopus.

Figure 2. Number of papers per year of Artificial Neural 
Networks

Based on these observations, the sheer volume of 
publications relating to the terms: Risk Management and 
Artificial Neural Networks. This research, however, aims 
to perform a bibliometric study of the two terms together, 
considering only risk management papers from Artificial 
Neural Networks.

Therefore we conducted a search in these libraries for 
these two terms combined. The results obtained using 
concepts, risk management and artificial neural networks 
are presented in Figure 3. This search concentrated, like 
the previous search, on finding papers published in the 
last 10 years and 43 papers were found at the I.S.I. We of 
Knowledge and 183 at Scopus, for a total of 226 papers. 
The number of papers in both collections is smaller than 
the terms searched separately.

Figure 3. Number of papers per year of Risk Management 
Artificial Neural Networks

To ensure their relation to the application of Artificial 
Neural Networks in Risk Management, we reviewed the 
abstract of the 226 papers. All articles addressed this sub-
ject, and so we used them to do the bibliometric study. 
The following research was carried out: (1) citation anal-
ysis, (2) analysis of relevant references to the publication, 
(3) identification of the critical authors, (4) identification 
of top countries, and (5) citation map formation.

Using the database citation analysis function, over the 
years, we defined the quote as shown in Figure 4. In the 
last ten years, there has been an improvement in both da-
tasets.

Figure 4. Number of citations per year

The I.S.I. Web of Knowledge and Scopus repositories also 
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have a feature to identify written sources, including articles, 
conferences, books, among other references. We identified 
the primary publication sources that discussed this issue. Ta-
ble 1 presents the sources in each of the repositories, which 
received the most significant number of publications.

Table 1. Major publication sources

I.S.I. Web of Knowledge

Source publication Publications

Advances in Neural Networks - Lecture Notes 
in Computer Science 3

Scopus

Source publication Publications

Neurocomputing 3

The journal Advances in Neural Networks - Lecture 
Notes in Computer Science does not have Impact Factor 
(IF) by J.C.R. (Journal Citation Reports) [33]. However, the 
Neurocomputing journal has 2,083 IF the J.C.R. [33].

We used a feature provided by the repositories to 
classify the principal authors of the 226 articles. Table 2 
provides the author with the most significant number of 
publications in the two databases studied.

Table 2. Main authors in I.S.I. Web of Knowledge and 
Scopus databases

I.S.I. Web of Knowledge

Author Publications

Norman R. Swanson 3

Scopus

Authors Publications

Adnan Khashman, Kinkeung Lai, Xiaohua Jin, 
Hiroyuki Mori 3

The repositories have provided a resource for identi-
fying countries that discuss the topic more and track it 
more. Country-by-country review of publications helps 
you to discover if the conduct of sources depends on 
the internationality of the work and understand whether 
different knowledge and actions might be available to 
writers of different nationalities [22]. As shown in Figure 
5, the United States is the leading country on the I.S.I. 
Web of Knowledge website for the number of publica-
tions.
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Figure 5. Countries with a more significant number of 
works on the I.S.I. Web of Knowledge

The countries with the largest number of publications 
at Scopus are shown in figure 6. China is the country with 
the most publications.
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Figure 6. Countries with a higher number of papers pub-
lished at Scopus

The last research that we conducted using the I.S.I. 
Web of Knowledge and Scopus services was the creation 
of the list with quotations. A quote map is a tool used to 
align the articles with their respective cited papers, and the 
most cited paper appears at the center of the map. Based 
on the data in Figure 4, I.S.I. Web of Knowledge Data-
base paper with the largest number of citations is Drought 
forecasting artificial neural using networks and time series 
of drought indices, by the authors Saeid Morid Vladimir 
Smakhtin and K. Bagherzadeh. The authors published this 
in 2007 at the International Journal of Climatology journal 
and received 39 citations in the I.S.I. Web of Knowledge.

In the Scopus database, the article with the largest 
number of citations is Neural networks for credit risk 
evaluation: Investigation of different neural models and 
learning schemes, by the author Adnan Khashman, pub-
lished in 2010 in the Expert Systems with Applications 
journal. This paper received 51 citations in Scopus and is 
the second most cited in the I.S.I. Web of Knowledge with 
30 citations.

The CiteSpace ® software citations map tool allows to 
view and examine trends and patterns in a research field 
or domain within a specified period [16]. We built the chart 
to classify the writers who are most cited. Figure 7 shows 
the authors listed in at least four of the analyzed studies at 
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I.S.I. Web of Knowledge.

Figure 7. Citation map of the papers from I.S.I. Web of 
Knowledge

Table 3 presents the authors and their total number of 
citations, considering only the papers identified by this 
research.

Table 3. Main authors at I.S.I. Web of Knowledge

Total
Citations from papers of this research

Authors

1.226 9 Haykin, S.

872 4 Nefeslioglu, H. A.

586 4 Dai, F. C.

371 4 Yesilnacar, E.

346 4 Ermini, L.

323 5 Carrara, A.

298 5 Lee, S.

225 4 Min, J. H.

180 4 Szkuta, B. R.

5 4 Nogales, F. J.

4 4 Guzzetti, F.

Also, we developed the Scopus database citation map. 
Figure 8 presents the authors cited by at least five of the 
studies analyzed from this database.

Figure 8. Citation map of the papers from Scopus

Table 4 presents the authors and their number of cita-
tions. The author Loft A. Zadeh has the highest number 
of citations at Scopus. Simon S. Haykin has, however, 
more citations from papers identified in this study, taking 
a leading position in both databases examined.

Table 4. Main authors at Scopus

Total Citations from papers of this 
research Authors

29.694 10 Zadeh, L A.

20.800 6 Hornik, K.

19.777 7 Bollerslev, T.

13350 7 Yu, L.

12.588 5 Rumelhart, D. E.

10.339 5 Contreras, J.

8.540 6 Altman, EI.

4.133 5 Hagan, M. T.

3.579 5 Garcia, R. C.

2.180 16 Haykin, S.

312 5 Kohonen, T.

259 8 Szkuta, B. R.

197 5 Li, H.

5 5 Dawson, C. W.

5 5 Fausett, L

The final analysis in this study includes identifying 
the keywords of the papers analyzed via the CiteSpace ® 
software. Keywords are the most essential paper identifi-
ers which allow the identification of the topics that are the 
most discussed in a research area [26]. Identifying the main 
keywords also strengthens the bibliometric study’s search 
strings. Figure 8 shows the keywords discussed in five or 
more articles analyzed at I.S.I. Web of Knowledge. In Fig-
ure 9, the word “neural-networks” stands out because it’s 
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the most listed.

Figure 9. Map of the main keywords cited by the papers 
from I.S.I. Web of Knowledge

This analysis is crucial because it allows us to find that 
other terms may be used in the search for papers related to 
this theme. For example, the terms “neural-networks” and 
“neural networks” showed differences in their use.

Table 5 presents the keywords from Figure 9 and their 
citations. We observed that the term “neural-networks ar-
tificial” was the most cited.

Table 5. Main keywords cited by the papers from I.S.I. 
Web of Knowledge

Number of citations Keywords

17 artificial neural-networks

9 Artificial Neural Networks

7 Prediction

6 risk management

5 Models

5 support vector machines

5 logistic-regression

4 river-basin

4 market

Also, we developed the Scopus database citation map. 
Figure 10 presents the keywords listed in four papers or 
more. The terms “artificial neural-networks” and non-hy-
phen “artificial neural networks” stand out in Figure 10 as 
they are among the most frequently cited keywords.

Figure 10. Map of the main keywords cited by the papers 
from Scopus

Table 6 presents the main keywords with their respec-
tive number of citations.

Table 6. Main keywords cited by the papers from Scopus

Number of citations Keywords

18 artificial neural networks

17 artificial neural network

13 risk assessment

13 risk management

12 neural networks

10 neural network

5 data mining

5 fuzzy logic

4 risk analysis

The term “neural-networks artificial” with the hyphen 
was the most often cited at I.S.I. Web of Knowledge and 
without the hyphen, the most often cited at Scopus.

6. Conclusions

This paper presented a study of scientific publica-
tions on Artificial Neural Networks in RM, and the main 
features of this subject were discussed. The bibliomet-
rics-based research, which helps to examine the creation 
of a science field to identify its features.

Initially, we did two surveys: one on RM; the other on 
Artificial Neural Networks. In these two studied reposito-
ries, we observed a significant number of papers on these 
subjects: the I.S.I. Web of Science and the Scopus. None-
theless, the use of the two topics together in the quest 
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resulted in fewer papers at I.S.I. Web of Knowledge and 
Scopus, 43 and 183, respectively. The search was limited 
to articles from 2009 to 2019.

From the identified papers, we performed a bibliomet-
ric study using the resources of the I.S.I. Web of Knowl-
edge and Scopus. For both repositories, we conducted the 
following analyzes: analysis of publications and referenc-
es, identification of essential sources of reporting, writers 
and countries, creation of quotation maps.

With the help of the CiteSpace ® program, we created 
the citation maps, enabling identification of the primary 
authors mentioned in the papers analyzed, in addition to 
the most common keywords. The author Simon Haykin is 
the most widely cited in the reviewed 226 studies.

This study allows researchers to know the core features 
of Artificial Neural Networks publications in RM. The 
results indicate that there is a significant number of papers 
on the subject, but we have not seen a significant increase 
in the number of papers in the last ten years. However, at 
the same time, there is an increase in the number of cita-
tions.

The countries with the highest number of publications 
on this subject are China and the United States. The study 
also identified some potential sources of publications and 
inquiries that could help state of the art, highlighting the 
journals Advances in Neural Networks - Lecture Notes in 
Computer Science and Neurocomputing.

Finally, this work provides research opportunities and 
contributes to the understanding of the Artificial Neural 
Networks bibliographic context in RM The realization of 
this bibliometric study is crucial as it provides the theo-
retical and practical foundation for the construction of the 
logical thinking built on this topic.
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