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Abstract: The purpose of the work was to analyse publications in the area of Business
Intelligence. Only bibliometric data was used in the analysis. The analysis was performed using
the R programming language. An attempt was made to determine whether by analysing
bibliometric data, it is possible to obtain information on Business Intelligence systems. Aiming
at achieving the adopted goal, in the second point of the work, selected information on Business
Intelligence systems was presented. The third point presents the manner of collecting data.
Further stages of the analysis were also presented. The fourth point contains the results of the
conducted research. Among others, the number of publications in individual years and the most
common words in titles, abstracts and keywords were presented. Using two topic modelling
algorithms, topics were generated that can also be used to identify information related to
Business Intelligence systems.
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1. Introduction

The growing amount of data in the economic environment means that the demand for
solutions that support decision-making processes by providing necessary information is
constantly increasing (Shahid et al., 2016). This enables, among others, the concept of Business
Intelligence focused on extracting information and discovering knowledge from data. Providing
useful information and knowledge allows employees to make better decisions (Diaz, & Caralt,
2011).

The number of academic publications is also growing rapidly, which makes it increasingly
difficult to read all publications on a given topic. This is due to, among others, the pressure to
constantly provide new research results, which further contributes to conducting a lot of
fragmented research (Briner, & Denyer, 2012).
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One method of assessing the current state of knowledge in a given area is bibliometrics.
This is a technique for the quantitative analysis of literature using mathematical and statistical
methods. It enables the assessment of scientific creativity and the dissemination of knowledge
on a given topic (Araujo, 2006). Bibliometrics is a statistical and quantitative analysis of
academic results. It may include, among others, quantitative analysis of the content of articles,
citations, impact factor, place of publication, keywords and cooperation between countries,
authors and institutions (Ellegaard, & Wallin, 2015). Bibliometric analysis can be performed
using various tools. One of them is the Bibliometrix package (Aria, & Cuccurullo, 2017).
It is a package for the R language that enables the import of bibliographic data from Scopus
and Web of Science. This package is widely used to evaluate scientific literature in the areas of
healthcare, public administration, business and others (Addor, & Melsen, 2019; Aria,
Cuccurullo, & Sarto, 2015; Cuccurullo, Aria, & Sarto, 2016).

The purpose of the work was to analyse the selected bibliometric data of publications from
the area of Business Intelligence using the R programming language. The performed analysis
was to provide answers to the following questions:

— How many publications were published in each year?

— Which issues were most often raised?

— Can text mining analysis of selected bibliometric data provide new information in the

area of “Business Intelligence”.

2. Business Intelligence

Literature on the topic lacks one universal definition of the term “Business Intelligence”.
This term was first proposed by Luhn in 1958 to describe an automated system designed to
disseminate information and support decision making (Luhn, 1958).

Business Intelligence (BI) consists of systems combining data collection and storage,
as well as knowledge management (Negash, & Gray, 2008). It is a broad concept covering the
processes of collecting, integrating, analysing and visualising data performed to support and
improve the decision-making process in the organisation (Fink, Yogev, & Even, 2017).
Hannula and Pirttimdki define BI as organised and systematic processes used by enterprises to
acquire, analyse and disseminate information relevant to their business operations.
The information and knowledge obtained is used to support operational and strategic decisions
(Hannula, & Pirttimédki, 2003).

Wixom and Watson write that BI “is a broad category of technologies, applications and
processes for gathering, storing, accessing and analysing data to help its users make better
decisions” (Wixom, & Watson, 2010). Yoon and others treat BI as “innovative tools for data

analysis, query and reporting that [...] enables interactive access and manipulation of data in
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order to gain valuable insights and to support the management decision-making process across
a broad range of business activities” (Yoon, Ghosh, & Jeong, 2014).

BI is usually not a single application but consists of different components. According to
Kimball and Ross, the overall architecture of Business Intelligence systems includes the
following elements (Kimball, & Ross, 2013):

— Data sources: Internal and external data repositories supplying data warehouses.
Data may originate from, among others, databases, Enterprise Resource Planning (ERP)
systems, Customer Relationship Management (CRM), Supply Chain Management
(SCM) and Online Transaction Processing (OLTP), as well as from text files,
spreadsheets, sensors, etc.

— Extraction-Transformation-Load (ETL) process: Before data can be loaded into the data
warehouse, it must first be extracted from the repositories and then processed, cleaned,
filtered and redefined.

— Presentation Area: A place where organised data is stored and made available for user
queries, applications and analytical tools. Usually it is a data warehouse, namely,
a repository with properties such as stability, reliability, consistency and storage of
historical information. It provides a global, shared and integrated view of the data,
regardless of how the data will be used later.

— Blapplications: These are solutions enabling access, analysis and sharing of information
that is collected in a data warehouse. The processing uses, among others, OLAP tools
and data mining tools.

Turban and others state that BI includes issues such as a data warehouse, data acquisition,
data mining, business analytics and visualisation (Turban, Aronson, & Liang, 2005). According
to the definition provided by the Gartner Group in 1996, “Business Intelligence is a series of
technology or application systems which consist of a data warehouse (or data mart), reporting,
data analysis, data mining, data backup and recovery components and which contribute to
a better business decision and finally can help enterprises to keep a leading position in the
competitive market” (Cheng, & Cheng, 2011).

3. Data source and publication analysis process

The study data was downloaded from the Clarivate Analytics Web of Science (WoS)
database on 05.09.2019. From this database, publications were selected that had the phrase
“Business Intelligence” in at least one of the following fields: title, abstract, keywords.
Publication data was exported to files with the “bib” extension. The analysis included the

following steps:
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— Downloading data from the Clarivate Analytics Web of Science (WoS) database.

— Data import into the integrated programming environment of the R language (RStudio
v.1.2.1335).
— Determining the number of documents in individual years, taking into account the type

of documents.

— Data cleansing — among others, removing the so-called stopwords, bringing words to

their basic form, removing all punctuation and digits, etc.

— Creation of keywords based on n-grams.

— Generating charts showing the most frequently used keywords and the most used words

in abstracts and titles.

— Generating abstract topics using topic modelling algorithms.

The R programming language was used in the analysis. Among others, the “Bibliometrix”
package (Aria, & Cuccurullo, 2017), “tm” package (Feinerer, 2008b, 2008a; Feinerer, Hornik,
& Meyer, 2008) and the “topicmodels” package were used (Hornik, & Griin, 2011).

Thanks to the “convert2df” function, the “Bibliometrix” package ensured the conversion of
data from files with the “bib” extension' to a data frame consisting of 42 columns. Each row of
the data frame contained data on one publication. The number of publications was 4,0242.
This amount of publications had the phrase “Business Intelligence” in at least one of the fields,
such as title, abstract, keywords. After removing rows that had no value in one of these fields,
the number of publications was limited to 3,087°. From these publications, a corpus of
documents was created, which was identified by the code “3087 doc”. Using the
“biblioAnalysis” function (Bibliometrix package), an object of the “bibliometrix” class was
created from the data frame. This object, together with the data frame, constituted the data
source for further analysis.

The “tm” package enabled text mining analysis, while the “topicmodels” package enabled
Topic Modelling algorithms.

4. The results of the performed analysis

Table No. 1. presents the number of documents with the phrase “Business Intelligence” in
individual fields (i.e. title, abstract, keywords). It can be read that, among the analysed
documents, 50 of them had the phrase “Business Intelligence” only in the title, and 95 in both

the title and the abstract. The group of documents that had the phrase “Business Intelligence”

! The WoS database allows you to export a maximum of 500 publications at one time.
2 The data frame was 4,024x42 (4,024 rows, 42 columns — 42 variables).
3 The data frame was 3,087x42.
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in all three fields (i.e. in the title, abstract and keywords) amounted to 833 documents. A second
corpus was created from these documents, which was identified by the code “833 doc”.
During the research, other corpora were also analysed, e.g. a corpus made of 500 most
frequently cited documents, a corpus made of documents published in 2016-2018, a corpus only
containing the phrase “Business Intelligence” in the field of keywords, a corpus made of
“proceedings paper” documents, etc. Due to the limited amount of workspace, the results are

only shown for the “3087 doc” and “833 doc” corpora.

Table 1.
Number of documents with the phrase “Business Intelligence” in specific fields

Title Abstract Keywords Number of documents

yes yes yes 833
no no yes 585
no yes no 982
yes no no 50
no yes yes 459
yes yes no 95
yes no yes 83

Sum 3,087

Sources: own elaboration

Table 2 presents the number of publications analysed by document type. The most common
document type for both the “3087 doc” and “833 doc” corpora was the so-called “proceedings

paper”’.

Table 2.
Number and type of documents analysed
Document type 3087 doc 833 doc
article 1045 270
article, book chapter 39 10
article, early access 1 0
article, proceedings paper 38 5
editorial material 6 0
editorial material, book chapter 2 0
proceedings paper 1,922 537
reprint 1 0
review 32 11
review, book chapter 1 0
Sum 3,087 833

Sources: own elaboration

Figure 1 and Table 3 show the number of publications in individual years. Taking into
account the “3087 doc” corpus, most documents appeared in 2016 — 392 documents.
In 2017, the number of publications dropped to 363, and in 2018, down to 292.
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Figure 1. Number of documents analysed in individual years. Sources: own elaboration.
Table 3.
Number of documents analysed in individual years
Year 3087 doc 833 doc
1999 1 0
2000 3 0
2001 9 1
2002 15 2
2003 11 2
2004 23 5
2005 41 6
2006 43 8
2007 76 20
2008 130 36
2009 180 46
2010 155 40
2011 181 48
2012 204 59
2013 245 65
2014 258 80
2015 352 100
2016 392 109
2017 363 102
2018 292 83
2019 110 21
Sum 3,084 833

Sources: own elaboration.

Figure 2 shows the most common keywords. The keyword most often used by the authors
was the phrase “Business Intelligence”. This was intentionally removed from the charts
presented in Figure 2. In the “3087_doc” corpus, the phrase “Business Intelligence” appeared
1,842 times, and in the “833 doc” corpus, 763 times. Looking through the keywords, it can be
seen that among them appear the names of solutions used to build BI systems, e.g. CRM,
data warehouse, OLAP, ETL. Among them, there are also areas in which BI systems are used,
e.g. knowledge management, decision support, decision making. There are also technologies
and solutions that have been trending in recent years, e.g. cloud computing, big data analytics,

machine learning, social media.
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Figure 2. Most common keywords. Sources: own elaboration.

Analysing keywords, it was noticed that they also include phrases composed of several
words, e.g. “data mining”, “big data”, “data warehouse”, “enterprise resource planning”,
i.e. the so-called n-grams. By performing text mining analysis of abstracts and publication titles,
it was decided to create n-grams based on keywords. In the charts representing the number of
words most often used by the authors (fig. 3, fig. 4), one can notice the occurrence of n-grams.
N-grams are also found in the word clouds presented in Figure 5. For example, 2-gram
data mining created from the words “data” and “mining”, visible in Figure 3, appeared in the
titles of the analysed documents 108 times among documents from the “3087 _doc” corpus, and
24 times for documents from the “833 doc” corpus.

The creation of n-grams allowed us to obtain additional information. Thanks to this, it was
possible to calculate the occurrence of a specific phrase without breaking it into separate words.
Failure to create n-grams would result in obtaining different results. For example, in the chart
to the right of Figure 3, the word “data” would be a different value. The value of 26 would be
increased by, among others, the value of 24 — the number of times “data” appeared in the
2-gram “data_mining”.

Figure 3 shows the most common words in the document titles. The most common phrase
“Business Intelligence” was intentionally removed from the charts. Among the documents from
the “3087 doc” corpus, the phrase “Business Intelligence” appeared in titles 917 times.

For documents from the “833 doc” corpus, this phrase occurred 718 times.
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Figure 3. Most common words occurring in document titles. Sources: own elaboration.

3087_doc 833 _doc
data 4619] | business_intelligence 1388]
business_intelligence 2953 data 964
system 2912] system 905]
information 2257 information 635
model 2182 business 576
base 1963 decision 556
business 1848 model 501
proces 1669 organisation 501
research 1567 research 488
analysis 1481 proces 434
decision 1428 base 413
approach 1407 company 394
propose 1406 analysis 376
application 1330 technology 339
organisation 1285 application 333
technology 1228 support 331
present 1219 propose 328
company 1200 make 319
management 1125 tool 319
support 1123 present 316
user 1106 develop 311
method 1098 management 296
tool 1088 solution 288
knowledge 1022 framework 282
develop 960 approach 272

Figure 4. Most common words occurring in document abstracts. Sources: own elaboration.
Analysis of the frequency of words in the titles of the analysed documents also provides

information about the research interests of the authors and about the BI systems themselves.

For example, the words “model”, “case study”, “implementation

e Y

impact” and “role” appear.

3

On their basis, one can try to determine what the authors did, e.g. they examined the impact and

role of BI systems and analysed selected case studies.
Figure 4 presents the most common words occurring in document abstracts in the form of

charts. By analysing these words, one can also try to determine what is an important element of

BI systems, as well as in what area and for what purpose are they used.
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Figure 5. Word cloud of the most common words in document abstracts. Sources: own elaboration.

The most common words in abstracts are also presented in the form of a word cloud
(Figure 5). In each of them, there were 125 words most frequently used by the authors.
As can be seen, the most commonly used word in the abstracts of documents from the
“3087 _doc” corpus was the word “data”, and for the “833 doc” corpus, it was the phrase

“Business Intelligence”.

Table 4.
CTM Model

Item Topics
information business business_intelligence method application
data information analysis tool decision
business_intelligence system research process information
data business_intelligence system information user
business_intelligence organisation information framework research
model approach base business analysis
system business analysis propose organisation
data system base business_intelligence decision
model base research company method

10 | data system process business application
Sources: own elaboration.

R Q|| N[ ||| —
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Using two topic modelling algorithms, abstract topics were generated describing the
abstracts of the analysed documents. Topic models try to discover the hidden semantic
structures represented by abstract topics within a collection of documents. The topic modelling
algorithm assumes that each document is represented by a topic breakdown and that each topic
is represented as a word breakdown. To generate the topics, the LDA algorithm (Latent
Dirichlet Allocation) (Blei, Ng, & Jordan, 2003) and the CTM algorithm (Correlated Topic
Model) were used (Blei, & Lafferty, 2005). Due to the volume of the work, only topics
generated for documents from the “3087 doc” corpus were presented. The number of topics
was predetermined at 10 and the number of words at 5. The topics may include n-grams treated

as one word. Identified topics can also be used to identify information about Business
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Intelligence systems. For example, from the words presented in the fourth topic (Table 5)
generated by the LDA model, one can form the following sentence: “The analysed data from

the database constitutes the source for the data warehouse”.

Table 5.
LDA Model

Item | Topic

1 | system management process tool implementation
model approach framework design propose
knowledge research development activity field

data database source analysis data warehouse
research business_intelligence factor impact quality
time performance problem improve solution
information company customer market analyse
application service technology enterprise base
business decision organisation business _intelligence make
user method base technique web

Sources: own elaboration.

O[O0 (AN |W|N

—

5. Conclusion

Analysing the number of publications issued in individual years, related to “Business
Intelligence” systems, it can be concluded that this is still a current and trending topic.

Another conclusion arises after analysing the data from Table 1 showing the number of
publications that had/did not have the phrase “Business Intelligence” in the fields:
title, keywords, abstract. Before constructing a query to a database storing bibliometric data,
it is worth considering whether we are interested in publications that have a given phrase in
only one specific field, in any one of them or maybe in all of them at the same time.

Determining the most frequently used keywords and the most frequently used words in
abstracts and article titles can be used to identify areas of research interest of authors and to

determine the technologies and solutions that accompany Business Intelligence systems.
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