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ABSTRACT

In the recent years, Data science discipline took an
effective role in various fields due the tremendous increase
in the amount of structured and unstructured data produced
daily. In this research, researchers studied Data science
research trends. Researchers conducted a systematic
Literature review (SLR) depending on Kitchen ham and
Charters’ proposed methodology. We reviewed journals’
articles in IEEE Database. 67Articles were identified and
reviewed throughout the Period from 2008 to 2018. By
using inclusion and exclusion criteria 50 papers were
selected for reviewing to answer the four research questions
by conducting a comprehensive analysis on Index terms
(Keywords), Countries and Affiliations, Citations, Usage
and Number of researches. An increase in researches
interest in Data science discipline was concluded,
especially in the researches that describe the applications of
Data science that handle both business needs to fulfil
people and organizations requirements and Industrial and
agricultural applications needs.
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Due to the increasing volume of recorded data by human race throughout many
decades, Data Science discipline has emerged as a new discipline to handle
tremendous amounts of data collected about everything at any time, and at

anywhere. (Hilbert & Lopez, 2011)

Data science uses processes, methodologies and algorithms to extract knowledge
from structured and unstructured data (Dhar, 2013). The main role of Data science
is to interpret phenomena and introduce an analysis for it, using data analysis
techniques, machine learning and other related methods. (Hayashi et al., 2015).

The main goal of Data science is to manipulate different data sources to figure

out answers for the inquires listed below: (Aalst, 2014)
- What occurred?
- The reason why did it occur?
- The result of what happened?

-What is the recommended scenarios?
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Due to the huge amounts of data emerging tremendously in various knowledge
areas covering science fields from social sciences to healthcare, which led to
computational resources overhead to process these gigantic amounts of data. Data
science can be used to handle these situations as it focuses on problems emerging
from huge amounts of data and its processing. (Simperl, 2017)

Data Science sub disciplines in literature review

Data is tremendously increasing in complexity in addition to being created,
accessed and analyzed in real time. Data science extends the opportunity of
implementing new approaches to ideas that contribute in providing more flexible
methodologies. (Simperl, 2017)

Data Science combines techniques from statistics, databases, ethics, machine
learning, data mining, high performance computing and visualization. This build
Data science discipline relation to a large number of related disciplines including
Process science. (Aalst, 2014)

Data science is based on statistics, assisted by Machine learning and Artificial
intelligence techniques. (Mattmann, 2013).

Methodology and Scope

A systematic Literature review (SLR) was conducted with respect to the
methodology introduced by Kitchen ham and Charters (Champiri et al., 2015). All
(SLR) phases (planning, conducting, and reporting) were applied as shown in the
next sections.

3.1. Phase 1: planning the review

In this phase, the main aim of the review was defined, and the following
activities were performed.

3.1.1. Identification the need for review

In Phase 1, researchers identified that there was no clear evidence of availability
of SLR in the discipline of Data science research trends in IEEE database. Due to
the huge increase in number of studies describing the application of Data science in
various humanity and applied fields, it is evident that applying this method in a
different context could be considered a critical issue. So, determining the main
research areas and trends of Data science would be an added value in directing
future researches. Hence, researchers determined the necessity to perform a SLR
according to the results of the previous studies.
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3.1.2 Identifying Research Questions:

The main objective of this research is to explore and analyze research articles
published in the period of 2008 to 2018 in IEEE database related to Data science.
In order to achieve a more detailed and comprehensive view of this topic, the main
objective was divided into next research questions.

RQ1- What are data Science Sub disciplines?

RQ2- What are the applications of Data science in various fields?

RQ3- What are the research trends in Data science in the period from 2008 to
20182

RQ4- What are the leading countries in Data Science researches?

3.1. 3 Database Selection

According to research questions, IEEE database was selected to apply the
research criteria using the IEEE Xplore digital library. (SDL, 2019)

3.2. Phase 2: Conducting the review

The research community and sample were identified through the following five
steps:

First step, an advanced search on “Data Science” in IEEE Database was hold
using IEEE Xplore according to the following criteria to retrieve full information:

- Search: Search in Meta data only.

- Searched item location in researches: Search with “Data Science” in
document titles.

- Filters Applied: Journals & Magazines, Conferences, Early Access Articles.

- Period: Available period on IEEE database from the beginning of 1967 till
the 15™ of March.

Second step, narrowing the results obtained from the first step was applied on
research criteria to identify the research community as follows:

- Filters Applied: Journals & Magazines

- Period: Available period on IEEE database from the beginning of 1967 till
15™ of March 2018.

Third step, narrowing the results obtained from the second step was applied on
research criteria to identify the research sample:
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- Period: The period from the first of January 2008 till the end of December

2018.

Fourth step, a two levels analysis was conducted to measure the sample
representing percent of the community.

Level 1: A comparison based on publishing media in IEEE Database showed
70.53% percent representing as shown in table 1 and fig. 1.

Table 1. Publishing media in IEEE Database in the periods 1967-2019 and 2008- 2019

Publishing media in IEEE 1967-2019 2008-2018 Percentage
Database
Conferences 485 387 79.79%
Journals & Magazines 95 67 70.53%
Early Access Articles 5 2 40%
Books 12 10 83.33%
m1967-2019 = 2008-2018
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Fig. 1. Publishing media in IEEE Database in the periods 1967-2019 and 2008- 2019

Level 2. A comparison based on variables of Authors, Affiliations, Publication
title, Publishers and Index terms (Keywords) showed true representing of the
sample to the community as detailed in table 2 and fig. 2.
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Table 2. Number of researches produced in the field of Data Science in the periods 1967-
2019 and 2008- 2019

S Item 1967-2019 2008-2018 Percentage
1 Authors 43 42 97.67%
2 Affiliation 35 31 88.57%
3 Publication Title 84 60 71.43%
4 Publisher 95 67 70.53%
5 Index terms (keywords) 133 94 70.7%

m1967-2019 2008-2018

150

100

50

Authors Affiliation Publication Title Publisher Index Terms

Fig 2. Number of researches produced in the field of Data Science in the periods 1967-2019 and 2008- 2019

Fifth step, a review was conducted on the resulted 67 researches contained in the
research sample. Researchers reviewed the abstract, introduction, conclusion and
keywords of the resulted papers. We selected those that:

- Articles introducing Data science as a discipline.
- Articles introducing Data science sub disciplines.
- Articles introducing Data science related disciplines.
- Articles introducing Data science application fields.
Furthermore, researchers determined some exclusion criteria as follows:

- Articles that contained the words “Data” & “Science” separated in researches’
document titles, and didn’t show relation to research scope (11 Articles).

- Articles introducing calls for papers (4 articles).

- Articles introducing Conference reports (2 articles).
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As a result of the above review, the approved research sample consisted of 50
relevant articles (Appendix A) located in 27 journals (Appendix B).

Sixth step, in order to collect pertinent data from the selected articles, a data
extraction method was applied to answer the previously listed study questions.

In order to find answers to research questions, researchers applied different
strategies on the extracted data. Totally a narrative synthesis method was used, in
addition to visualization methods like tables and charts based on research
questions.

Results and Discussion

In this section, SLR phase 3 “reporting the review” is thoroughly discussed. The
research sample is analyzed based on research questions mentioned in the research
methodology according to the following variables:

4.1 Keywords

IEEE Database identifies three types of keywords as follows: (IEEE Xplore,
2019)

- Author Keywords
- 1EEE Terms
- Index Terms:
o INSPEC Controlled Terms
o INSPEC Non-controlled Terms
In the research sample, researchers proceeded as follows:
First, the keywords were gathered from the research articles sample.

Second, an elicitation procedure was performed to eliminate duplicated and
meaningless keywords.

Third, the keywords were classified according to “UNESCO Thesaurus”.
(UNESCO Thesaurus, 2019)

Forth, the used Keywords (shown in table 3) were categorized to research and
vocational areas in computing adopted by IEEE computer society. (IEEE
computer society, 2019)

Fifth, a comprehensive analysis was performed on the keywords of the research
sample based on the previous steps, and showed the following (full details
described in Appendix C):
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Table 3. Total count and percentage of keywords research areas

Research area Count of keywords Percentage
Software Applications 336 37.21%
Information Technology 327 36.21%
Software Engineering 61 6.76%
Operating Systems and Networks 55 6.09%
Computer Theory 43 4.76%
Artificial Intelligence 37 4.10%
Computer Architecture 35 3.88%
Computer Design and Engineering 9 1.00%
Total 903 100%
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Fig 3. Total count of keywords research areas

The table 3 and fig. 3 shows the interest direction in Data science researches
towards both Software applications (336 Keywords) which works to solve
problems outside the computer field and Information technology (327 keywords)
which serves business sector.
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Fig 4. Count of keywords in research areas distributed among research sample duration (2008 - 2018)

Fig. 4 Show the pattern of change in research area as follows:
(details in appendix C)

- Atrtificial Intelligence: the pattern shows a regular increase in the years 2009
and 2013, followed by a stability period from year 2015 to 2016, then a wide
jump in the years 2017 and 2018. The pattern shows a pick every 4 years,
this can be can be explained by the normal development duration for new
trends in Al.

- Computer Design and Engineering: the pattern shows a weak appearance of
Keywords starting from the year 2013, followed by a stability period from
year 2015 to 2017, this can be explained by the indirect relation between
research area scope and Data science.

- Computer Architecture: The pattern shows picks in the years 2009, 2013,
2015 and 2018. The average change pattern shows positive indication
towards research interest, yet this interest doesn’t show significant effect
compared to other research areas.
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Information Technology: The pattern shows picks in the years 2013, 2015,
2017 and 2018. And Shows normal increase in years 2008, 2012 and 2016.
The pattern identifies two change periods. The first period from 2008 to 2012
which show average start followed by high decrease till 2011 than a recovery
in 2012. The second period from 2013 to 2018 show high records with
narrow differences up and down except the year 2014 which showed low
record. The pattern analysis shows an increasing interest in this research area.
Software Engineering: the pattern shows a weak appearance of Keywords in
general, the highest recorded keywords were in the year 2017. The remaining
years shows near records. This can be explained by the indirect relation
between research area scope and Data science.

Computer Theory: the pattern shows a weak appearance of Keywords in
general, It also shows a decrease in change period from 3 years to 2 years
with conservation of the average keywords recorded. The interest in research
area is normal due to its nature.

Operating Systems and Networks: the pattern shows a weak appearance of
Keywords in general, the highest recorded keywords were in the year 2015
and 2009. It shows pattern change increasing and decreasing on annual basis.
This can be explained by the indirect relation between research area scope
and Data science.

Software Applications: The pattern shows picks in the years 2008, 2012,
2015, 2017 and 2018. And Shows normal increase in years 2013 and 2016.
The pattern identifies four change periods. The first period from 2008 to
2012 which show high start followed by decrease till 2011 then a recovery in
2012.

The second period from 2013 to 2015 showed a graduated decrease till 2014,
then a recovery in 2015. The third period represented by year 2016 showed a
significant decrease. The fourth period started with a recovery in 2017
followed by a non-remarkable decrease in the year 2018. The pattern analysis
shows an increasing interest in this research area.

From the previous analysis of the research sample keywords variable,
researchers can conclude the presence of two main categories of research
areas in relation with Data science in the sample as follows:

- Research area with high interest: including Software Applications with
37.21% presence in the research sample and Information Technology with
36.21% presence in the research sample as shown in table 3. Fig. 5
emphasizes this result representing keywords density distributed among
research areas.

86



The International Journal of Informatics, Media and Communication Technology

- Research area with normal or low interest: including Software
Engineering 6.76%, Operating Systems and Networks 6.09%, Computer
Theory 4.76%, Artificial Intelligence 4.10%, Computer Architecture
3.88% and Finally Computer Science & Engineering 1%.
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== Artificial Intelligence Computer Design and Engineering
=#= Computer Architecture —&=nformation Technology

Software Engineering Software Applications
== Computer science === (perating Systems and Networks

Fig 5. keywords density distributed among research areas

A through comparison was conducted between Software Applications and
Information Technology to define the time line pattern for research interest in these
two areas represented in fig. 6.
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Fig 6. Top research areas distributed among research sample duration (2008 - 2018)

Fig. 6 shows great similarity in pattern development between the top two
research areas, which indicates the direct relation between them within Data
science research scope, as they both utilize Data Science; Information Technology
to support business and organization and Software Applications to solve problems
in various fields outside computer science.

Table 4. Keywords count in top 10 Research topics

Top 10 Research Topics Kce:)(/)\:]v:])trsds Research Area
Data science 139 Information Technology
Data processing 95 Information Technology
Medical 66 Software Applications
Computer Network 55 Operating Systems and Networks
Earth Science 43 Software Applications
Mathematics and Statistics 34 Computer Theory
Engineering 30 Software Applications
Information systems 28 Information Technology
Cloud Computing 28 Computer Architecture
General science 27 Software Applications
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Table 4 shows the leading of “Data science” topic followed by “Data
processing” topic that belong information technology area. In the third place came
the “Medical” topic which belongs to Software Application area. In general 4
topics of the top 10 belong to Software Application research area, 3 topics belong
to Information Technology, and the remaining 3 topics are distributed over other
research areas. Researchers can conclude that research topics and research areas
results have the same indication.

Table 5. Top ranked Keywords count among the research sample

Top ranked Keywords Keywords Counts Research Topics Research Area
. . Information
Data analysis 19 Data processing Technology
Data Science 17 Data science Information
Technology
Big data 15 Big data Information
g g Technology
Scientific computing 12 Scientific computing | Software Applications
. . Information
Data handling 11 Data processing Technology
Data minin 11 Data Minin Information
g g Technology
Data models 9 Data science Information
Technology
. Operating Systems
Remote sensing 9 Computer Network and Networks
Cloud Computing 8 Cloud Computing Computer Architecture
Information retrieval 5 Information systems Information
Technology
Meteorology 5 Meteorology Software Applications
Geophysics computing 5 Geoscience Software Applications
Data visualization 5 Data processing Information
Technology

Table 5 shows the leading of “Data analysis”, “Data Science” and “Big
data” Keywords which belong to information technology area. In the fourth place
came “Scientific computing” which belongs to Software Application area. In
general, 8 Keywords belong to Information technology research area, 3 Keywords
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belong to Software applications, and the remaining 2 Keywords are distributed on
other research areas. The results confirm the leading of Information Technology
and Software Applications research areas.

Fig. 7 illustrates the keywords development pattern throughout the research
period. The years 2008, 2012, 2015 and 2017 showed an ascending count of
keywords. As a result of Keywords Analysis throughout the research sample
period, researchers noticed four years of pick keywords count which agreed with

the results of keywords analysis in relation with research areas.
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Fig 7. Keywords count throughout the research sample period (2008 - 2018)

By Analyzing keywords, researchers answered the following research
Questions:

RQ1- What are data Science Sub disciplines?

RQ2- What are the applications of Data science in various fields?

RQ3- What are the research trends in Data science in the period from 2008
to 2018?

4.2 Countries and Affiliations

Institutional affiliation of authors listed in documents (university,
government agency, corporation) (IEEE Xplore, 2019). According to IEEE Xplore
statistics, which identified top 25 afflictions that produced Articles in Data science
in our selected research sample. Researchers analyzed these affiliations to identify
their home countries in order to obtain an indicator of the countries interest in data
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science researches in our sample. The statistics of the sample results showed that
USA is the first country in producing Data science researches with 65.3%,
followed by China and Italy in the second place with 7.69% each, in the third place
came Swiss, Japan, Korea, Brazil and UK with 3.85% each. Results are represented
in fig. 8.

3.85 3.85 /_3.85

3.85
\ MUSA  mChina

Mitaly W Swiss

3.85
7.69

M Japan Korea

Brazil UK

Fig 8. Countries that produced articles in Data Science in the period of 2008- 2019 within the research sample.

The Wide gap recorded in the research sample between USA and other
countries especially China in articles number is due allowing publishing in English
language only in IEEE database.

The results above answer the RQ4: What are the leading countries in Data
Science researches?

4.3 Citations

The articles in the research sample were cited by 267 articles as described
in table 6.

Table 6. Numbers and percentages of cited by researches for the research sample
in the period from 2008 to 2018

S Year Cited by Percent
1 2008 68 25.47%
2 2009 25 9.36%
3 2010 0 0%

4 2011 14 5.24 %
5 2012 15 5.62%
6 2013 46 17.23%
7 2014 10 3.75%
8 2015 24 8.99%
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9 2016 36 13.48%
10 2017 25 9.36%
11 2018 4 1.5%

Total 267 100%

- The highest number of cited in papers were registered in the year 2008 with
a total of 68 and 25.47% of the total number of cited in papers during the

research time interval.

- The fourth quarter of 2008 registered the highest number of cited in papers
(59) during the research time interval.
Software Tool for Time-Series Generation of MODIS Data Utilizing the
Quality Assessment Science Data Set” gained the Whole cited by researches.
This shows the trend direction of researches interest towards the applications
of Data science. This answers RQ2- What are the applications of Data science
in various fields?

The research “TiSeG: A Flexible

Fig. 9 describes the pattern of increase and decrease of cited by researches, the
pattern showed logical increase of number of cited by researches in the year 2008.
The pattern also shows an average of 2 years change period both in increasing or
decreasing direction of cited by researches.
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Fig 9. Cited by researches pattern in research sample in the period from 2008 to 2018
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4.4 Usage

Usage gives an indicator of users’ interest about Data science. The articles in the
research sample showed a total number of 31785 Usage as described in table 7.

Table 7. Usage count and percentages for the research sample in the period from 2008 to 2018

S Year Usage Percent
1 2008 1030 3.24%
2 2009 498 1.57%
3 2010 0 0%
4 2011 1016 3.2%
5 2012 2601 8.18%
6 2013 3369 10.16%
7 2014 2815 8.86%
8 2015 4673 14.70%
9 2016 8192 25.77%
10 2017 5617 17.67%
11 2018 1974 6.21%
Total 31785 100%

- The highest Usage was registered in the year 2016 with a total of 8192, and
25.77% of the total usage for papers during the research time interval.

- The third quarter of 2016 registered the highest usage (6704) during the
research time interval. In this quarter, the research “Tell Me What You Eat,
and | Will Tell You Where You Come From: A Data Science Approach for
Global Recipe Data on the Web” gained the highest number of views (3586).
This Show high interest in the applications of Data science that fulfil users’
needs and interests. This answers RQ2- What are the applications of Data
science in various fields?

Fig. 10 describes the pattern of increase and decrease in Usage during research sample
period, the pattern showed logical increase in number of usage in the year 2016. The
pattern also shows an average of 2 years change period in increasing or decreasing
direction of usage. According to the pattern researchers could predict a new increase in
users’ interests reaches its pick in 2020.
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Fig 10. Researches usage pattern in research sample in the period from 2008 to 2018

4.5 Number of researches

The research sample contained 50 researches related to Data science discipline
distributed among research period as shown in table 8.

Table 8. Researches count in the research sample in the period from 2008 to 2018

S Year Number of researches Percent
1 2008 3 6%
2 2009 1 2%
3 2010 0 0%
4 2011 1 2%
5 2012 6 12%
6 2013 4 8%
7 2014 2 4%
8 2015 9 18%
9 2016 7 14%
10 2017 9 18%
11 2018 8 16%
Total 50 100%

- The highest number of researches produced throughout the research period
was registered in the years 2015 and 2017 with a count of 9 researches and
18% each.

Fig. 11 describes the pattern of increase and decrease of researches production
during research sample period, the pattern shows increase in number of
produced researches in the years 2015 and 2017. The pattern also shows an
average of 2 years change period until 2014 in increasing or decreasing
direction, starting from 2015 the average changed to 1 year instead of 2 years.
According to the pattern researchers could predict a new increase in research
production in 2019 and a slight decrease in 2020.
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Fig 11. Researches production pattern in research sample in the period from 2008 to 2018

Conclusion

This systematic literature review (SLR) of Data Science Researches on
IEEE Database has covered 67 papers published in 27 academic journals
throughout the Period from 2008 to 2018. After using inclusion and exclusion
criteria 50 paper were selected for the review to answer 4 research questions (RQ1
— RQ4) by conducting a comprehensive analysis on Index terms (Keywords),
Countries and Affiliations, Citations, Usage and Number of researches.

As a result of “Keywords” analysis, researchers noticed the presence of two
main categories of research areas in relation with Data science in the research
sample that recorded high research interest, “Software Applications” with 37.2%
and “Information Technology” with 36.2%. Research areas with normal or low
interest included Software Engineering 6.8%, Operating Systems and Networks
6.1%, Computer Theory 4.8%, Artificial Intelligence 4.1%, Computer Architecture
with 3.9% and Finally Computer Science & Engineering with 1%.

As aresult of “Countries and Affiliations” analysis, USA is the first country
in producing Data science researches with 65.3%, followed by China and Italy in
the second place with 7.69% each, In the third place came Swiss, Japan, Korea,
Brazil and UK with 3.85% each. The Wide gape recorded in the research sample
between USA and other countries especially China in articles number is due
allowing publishing in English language only in IEEE database.

As a result of “Citations” analysis, the pattern of increase and decrease of
cited by researches showed logical increase in number of cited by researches in the
year 2008. The pattern also showed an average of 2 years change period both in
increasing or decreasing direction.
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As a result of “Usage” analysis, the articles in the research sample Showed
a total number of 31785 usage, the pattern showed logical increase of number
usage in the year 2016. It also showed an average of 2 years change period in
increasing or decreasing direction of usage. According to the pattern researchers
could predict a new increase in users’ interests reaches its pick in 2020. The
researches sample analysis showed high interest in the applications of Data science
that fulfil users’ needs and interests.

As a result of “Number of researches” analysis, the highest number of
researches produced throughout the research period in 2015 & 2017 with a count of
9 researches and 18% each. The pattern also showed an average of 2 years change
period until 2014, starting from 2015 the average changed to 1 year. According to
the pattern researchers could predict a new increase in research production in 2019
and a slight decrease in 2020.

Finally, researchers concluded an increase in researches interest in Data
science discipline, especially in the researches that describe the applications of
Data science that handle both business needs to fulfil people and organizations
requirements and Industrial and agricultural applications needs.
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Appendices
Appendix A. Articles list in IEEE Database

Articles list

Processes Meet Big Data: Connecting Data Science with Process Science

Opportunities for Data Science in the Pharmaceutical Industry: The Use of Data to Find Efficiencies
in Drug Development Can?t Come Too Soon

The Role of Data Science in Web Science

Data-Intensive Science

A Guide to Earth Science Data: Summary and Research Challenges

Big Data: Next-Generation Machines for Big Science

Noise-assisted data processing in measurement science: Part two

Data Science Data Governance

Data Treasure Hunters: Science Expanding to New Frontiers [In the Spotlight]

Big Data Analytics, Data Science and the CIS [President's Message]

Data Science: Nature and Pitfalls

Geographic Data Science

Science Data Management: Maximizing the Yield [Guest editors' introduction]

Guest Editorial Special Section on Fuzzy Systems in Data Science

Multimedia for Data Science

Analytical Intelligence in Processes: Data Science for Business

A Proposed Earth Science Collaboratory for Remote Sensing Data Analysis

Uncertainty-Aware Organ Classification for Surgical Data Science Applications in Laparoscopy

BlockPy: An Open Access Data-Science Environment for Introductory Programmers

Evolution of Information Management at the GSFC Earth Sciences (GES) Data and Information
Services Center (DISC): 2006—2007

Data-Intensive Science in the US DOE: Case Studies and Future Challenges

Component- and Factor-Based Models for Data Fusion in the Behavioral Sciences

High-Accuracy Tidal Flat Digital Elevation Model Construction Using TanDEM-X Science Phase
Data

Recent Activities in Earth Data Science [Technical Committees]

Applications of Computational Science: Data-Intensive Computing for Student Projects

Grand Challenge: Applying Requlatory Science and Big Data to Improve Medical Device
Innovation

A Simple but Powerful Heuristic Method for Accelerating k -Means Clustering of Large-Scale Data
in Life Science
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Atmospheric Correction at AERONET Locations: A New Science and Validation Data Set

Dengue Epidemics Prediction: A Survey of the State-of-the-Art Based on Data Science Processes

Citizen Science with Hubble Space Telescope Data

Visualization of Citizen Science Volunteers' Behaviors with Data from Usage Logs

Data mining as a foundation for science-enabling autonomy

Pervasive Data Science

ADON: Application-Driven Overlay Network-as-a-Service for Data-Intensive Science

Big Data Challenges in Climate Science: Improving the next-generation cyberinfrastructure

Towards Data and Sensor Planning Service for Coupling Earth Science Models and Earth
Observations

Cloud Paradigms and Practices for Computational and Data-Enabled Science and Engineering

SciDB for High-Performance Array-Structured Science Data at NERSC

The Next Grand Challenges: Integrating the Internet of Things and Data Science

Parallel Implementation of the Ensemble Empirical Mode Decomposition and Its Application for
Earth Science Data Analysis

A Case for Data Commons: Toward Data Science as a Service

TiSeG: A Flexible Software Tool for Time-Series Generation of MODIS Data Utilizing the Quality
Assessment Science Data Set

Data Prospecting—A Step Towards Data Intensive Science

Tell Me What You Eat, and | Will Tell You Where You Come From: A Data Science Approach for
Global Recipe Data on the Web

Theory-Guided Data Science: A New Paradigm for Scientific Discovery from Data

Noise-assisted data processing in measurement science: Part one part 40 in a series of tutorials on
instrumentation and measurement

The quest to save genomics: Unless researchers solve the looming data compression problem,
biomedical science could stagnate

A New In-Car Navigation System Based on VV2C2V and Data Science

The Future of Data-Intensive Science

Theory-Guided Data Science for Climate Change
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Appendix B. Publishers in IEEE Database
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Aerospace and Electronic Systems Magazine, IEEE

Computer

Computing in Science & Engineering

IEEE Access

IEEE Cloud Computing

IEEE Computational Intelligence Magazine

IEEE Computer Graphics and Applications

IEEE Geoscience and Remote Sensing Magazine

IEEE Instrumentation & Measurement Magazine

IEEE Intelligent Systems
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IEEE Latin America Transactions
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IEEE Transactions on Fuzzy Systems

IEEE Transactions on Geoscience and Remote Sensing

IEEE Transactions on Knowledge and Data Engineering

IEEE/ACM Transactions on Computational Biology and Bioinformatics

IEEE TRANSACTIONS ON SERVICES COMPUTING

IT Professional

Proceedings of the IEEE

100



The International Journal of Informatics, Media and Communication Technology

Appendix C. Count and percentage of keywords fields distributed among
research areas

Research areas Topics Count Total %
Artificial intelligence 10
Artificial Machine learning 7 37 4.1%
Intelligence Computer vision 11
Image processing 9
Compute_r Desflgn Computer hardware 9 9 1.0%
and Engineering
Cloud Computing 28
Acr:(?r:? tzgiﬁrre Internet of Things 4 3% 3.9%
Computer architecture 3
Management operations 14
Information Management 9
Information Information sys_,tems 28 327 36.2%
Technology Data processing 95
Big data 19
Data science 138
Data mining 24
Software Software applicatio_n 17 61 6.8%
Engineering Computer programming 25
Internet and Web application 19
Computer Theory Comp_uter sciencg . 8 43 4.8%
Mathematics and Statistics 35
Op:nrgtwgtvsvyglt(esms Computer Network 55 55 6.1%
Food Industry 16
Engineering 30
Space Science 12
Astronomy science 10
Geoscience 13
Geography and oceanography 22
Earth Science 43
General science 27
Physics 3
Software Meteorology 7
Applications Environmental degradation 10 336 37.2%
Atmospheric Science 12
Natural sciences 11
Medical 67
Education 19
Social science 4
Behavioral science 6
Citizen science 4
Bioinformatics 8
Scientific computing 12
Total Keywords 903 100%
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Appendix D. Count of keywords categorized by research areas distributed
among research sample duration (2008 - 2018)

Years 200 | 200 | 201 | 201 | 201 | 201 | 201 | 201 | 201 | 201 | 201
Research areas 8 9 0 1 2 3 4 5 6 [ 8
Software Applications | 49 12 0 6 58 | 22 13 | 41 | 20 | 59 | 56
Information 20| 6 | 0| 9 |35 |47 | 15|56 | 37| 40]| 45
Technology
Software Engineering 4 4 0 0 7 6 6 8 5 18 3
Operating Systems and 8 1 0 0 4 5 1 19 3 7 0
Networks
Computer Theory 7 0 0 1 8 1 5 7 0 5 8
Artificial Intelligence 0 2 0 0 1 4 1 3 3 10 13
Computer Architecture 0 5 0 0 2 9 0 9 2 1 7
Computer Design and 0 0 0 0 0 5 0 3 5 5 0

Engineering
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