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Abstract. In this paper we have analyzed scientific data regarding Decision Support Systems
and Business Intelligence available on an online platform, namely Web of Science
(apps.webofknowledge.com), in the Core Collection database. Starting from individual blocks
consisting in concatenations of abstracts, titles and keywords, we extracted related concepts
and corresponding importance scores using IBM Watson and a custom API. The results
highlight the common points of the two topics being analyzed. They also reveal a much longer
history of Business Intelligence, whose beginnings are usually placed almost 15 years later
(e.g. Howard Dresner, 1989). Next we have plans to find the publication frequency considering
both sets of related concepts and using the same Web of Science Core Collection database, and
further perform analyzes of the resulting multiple time series using Data Mining tools.
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1. Introduction

There are many article studying the origins and use of Information Systems for managers such
as DSS and BI. The literature from this specific field is also full of definitions and
classifications but, with few exceptions, most of them are not able to provide consistent views
not even for related concepts when considering a larger basis. There are also many
contradictions such as the one regarding the theoretical and practical origins of the Bl
buzz-word. In the literature, there are many articles trying to synthetize the evolution of BI [1],
[2], [3] and DSS [4], [5], [6]. In this article, our goal is to clarify the evolution of high quality
publications in the field of DSS and Bl and identify strong common points.
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2. Data and main methods

We have used data from the WOS Core Collection database. We extracted it in mid-March,
current year (2019), under the form of almost 1100 full records for Bl and approximately 7800
for DSS after filtering on relevance (only Science Citation Index Expanded - SCIE and Social
Sciences Citation Index - SSCI in terms of WOS Index and articles, book chapters, proceedings
papers published as articles in journals, and reviews in terms of Publication Type). This data
as individual blocks consisting in title, abstracts and keywords were sent for analysis to IBM
Watson using a custom Node JS API aiming for the extraction of maximum eight related
concepts and corresponding scores per block in a way similar to the behavior of the IBM’s
Natural Language Processing demo. We first implemented a customized crawler because web
crawling technologies help collecting and extracting large amounts of data from a lot of online
sources. They are critical in web traffic analysis, cyber security, and in any area where data
needs to be collected from multiple sources and analyzed in real time. The solution provided
by us contains an automatic crawling mechanism, a human-user behavior emulation, and an
automatic filling/check of ‘refine results’ forms from WOS with convenient controls for end
users. User-generated content is the core element of concepts analysis in IBM Watson and this
type of information could be easily acquired by deploying multiple web crawlers programmed
to crawl data from different sources.

3. Primary results and discussions

The retrieval of primary scientific data after searching on both expressions indicated in the title
of this paper can be done directly using the WOS platform, considering exports of maximum
500 records at a time.

Some abstracts were first cleaned of some expressions such as “Copyright” and the associated
year that would have wrongly generated misleading concepts. To do that we have used some
spreadsheet functions such as logical ones (IFERROR) and text-oriented ones (SEARCH,
LEFT, MID, and LEN).

Next we involved the custom API developed in Node JS to retrieve concepts and corresponding
importance scores from IBM Watson (Figure 1).

Ibm-watson-NaturalLanguageUnderstanding_CSVjs — Untith

0 tson-NaturalLanguageUnderstanding_CSVjs %

fs = require('fs')

csv = require( )
NaturallLanguageUnderstandingVl = require(
)

naturallanguagelnderstanding = NaturallLanguageUnderstandingVl({
version: )
iam_apikey: '
8 url:

H
list = []

= fs
\createReadStream(
.pipelcsv())

DEBUG CONSOLE

Read finished aturallanguagelnderstanding CSV. js:21
Line 1: Psychology,Scientific method,Data analysis,Emotion,Mental disorder,Childbirth,Psychiatry,Data - aturallanguageUnderstanding CSV. js:50

Figure 1. Customized API to retrieve related concepts and corresponding scores
from IBM Watson
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After following these previous design and implementation steps, we applied the TRIM
spreadsheet function to clean the items starting or ending in spaces. Then we divided the results
into eight separate columns (Figure 2) for concepts and corresponding weights. Right after that
split we sorted by the level 1 concept in order to eliminate the blank lines if existing.

Next we imported the resulting two spreadsheets with data in Access as two different tables
(for both DSS and BI) and applied three types of SQL queries (listing 1): eight intermediate
ones for computing the scores for distinct level i concepts, an aggregation one as a gross union
with concept duplicates because of different levels involved and a final query to get the final
ranking (Figure 3) considering all maximum eight levels (Figure 2) and distinct overall
concepts.
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Figure 2. Further processed tabular data as distinct columns
with concepts and scores / weights
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Listing 1. SQL queries

SELECT s.cl AS C, Sum(s.sl) AS T score

FROM s

WHERE (s.cl)<>"Business Intelligence" And (s.cl)<>"Business" And
(s.cl)<>"Intelligence" And (s.cl)<>""

GROUP BY s.cl

ORDER BY Sum([s].sl) DESC;

SELECT * INTO T score_overall

FROM

(SELECT * FROM Dcl_T_score UNION
SELECT * FROM Dc2 T score UNION
SELECT * FROM Dc3 T score UNION
SELECT * FROM Dc4_T score UNION
SELECT * FROM Dc5_T score UNION
SELECT * FROM Dc6_T score UNION
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SELECT * FROM Dc7_T score UNION
SELECT * FROM Dc8 T score) AS [%$##@_Alias]
ORDER BY T_score DESC;

SELECT C AS Concept, Val(Format(Sum([T_score]),"0.00")) AS All score
FROM T_score_overall

GROUP BY C

ORDER BY Sum([T_score]) DESC;

s(DESLacedb (fwecess 2007 - 2013 file format) - Access
=5 Distinct_T_score_overall_plus_score

s(Bhaccdb (Sccess 2007 - 2013 file format) - &ccess
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Figure 3. Top 30 most important concepts related to DSS and BI
and resulting from the final aggregation

Cognition,

4. Limitations and further ideas and approaches

The main limitation of our study is due to considering only abstracts together with the titles
and keywords and not the full papers which causes possible biases when deriving the most
important related concepts using the IBM Watson NLP tool. Some other limitations must be
associated with the tool itself.

102

Al _score -
230.92
176,34
143,83
11e.88
115.66

763
7267
F2.19
69 66
6561
53.04
45,06
44,43
43,23
40,45
39,38
39,29
3618
33,83
30,38
30,01
29,33
28,97
2871

28,7

8.6

25,3
24,74
24,68
24,25

As observed in the figure above (Figure 3), DSS and Bl have so many related concepts in
common even when considering a restrictive TOP 30 for both. In this case, such common
concepts are: Management, Scientific Method, Data Warehouse, Decision Making, Decision
Risk, Machine Learning, Algorithm, and Decision
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Figure 4. Interactive online representation of the evolution of high quality publications
in the field of DSS and Bl (1975-2018)

Actually, until now, we built just two time-series corresponding to both starting concepts in
this article, namely DSS and BI. In order to create them, we searched again on ISI WOS after
those two corresponding exact expressions in extenso, using the same relevance filtering on
WOS categories and types of publications and considering only the period between 1975 and
2018. The results were represented in Figure 4 using a cloud-based online interactive plotting
tool [7] called GiPlot (sites.google.com/site/supp4giplot/try-it), inspired by an earlier
contribution belonging to two of the authors [8]. Both time-series (left of Figure 4 -
tinyurl.com/y2h7xu4l) show a solid increase in frequency considering the aforementioned
period. The correlation diagram (right of Figure 4 - tinyurl.com/y6clxucw) shows at least a
cubic if not an exponential interdependence between the evolution of the frequency of
publishing high quality papers on the Bl topic and the one afferent to the frequency of
publishing on the DSS topic.

And that suggests a positive influence exerted by the frequency of high-quality publications
related to the more mature field (DSS - also assumed as older) on the one corresponding to the
less mature one (BI - also assumed as newer). Anyway, the biggest surprise in figure 4 is not
this aforementioned interdependence pattern but it comes when analyzing the starting points of
both series (DSS and BI, 1975 and 1976) in the filtered data grids showing that technically
speaking BI is the older brother of the two when considering just the 1975-2018 period.
Anyway, this additional finding of our paper is enough to contradict the idea [9] [10] [11] [12]
that the BI term would have emerged in 1989, being proposed by Howard Dresner.

Next we plan to extract frequency-based time series corresponding to a certain top of those two
sets of resulting related concepts to additionally search for as topics (exact expressions) by
following the same relevance filters (SCIE, SSCI and the aforementioned publication types)
and find more interdependence patterns using forecast options in Data Mining tools.

5. Conclusions

Besides discovering hidden patterns behind some topics of interest considered in this article,
namely Decision Support Systems and Business Intelligence, the importance of the study is
mainly due to the possibility of extending the approach described within to many other
interesting topics. We only remind Cloud Computing, Quantum Computing, Internet of Things,
Machine Learning, Deep Learning, Big Data and Mobile Applications, easy to search for as
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exact expression on platforms such as Web of Science and objectively conclude about the
strongest related concepts as basic support for definitions, classifications, delimitations and
further theoretical and practical researches. Some ideas regarding additional derivation of
multiple time-series based on the frequency of publications considering related concepts and
further analyzes by applying Data Mining tools were also provided.
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