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Keywords: Objective: The aim is to compare the top 100 research related to machine learning
Bibliometric (ML) and deep learning (DL) during 2002-2021 wusing bibliometric
Deep Learning analysis. Method: The data were obtained from Scopus. The data taken in this
Machine Learning research were selected from 100 articles with the highest citation in the range from
Technology 2002 to 2021. Bibliometric analysis is used in this research. Data from Scopus is
Trend Research exported in the form of .csv form which is processed using Ms. Excel and form of .ris

which is processed using VOSviewer. Results: The results showed that the trend of
ML and DL increased every year. The most widely published document types in ML
are articles, while DL is in the form of conference papers. The highest year-wise
distribution of publishing ML and DL occurred in 2017. ML advantages are in terms
of requires less data and take less time to train, while the DL advantages in terms of
higher accuracy than ML, available to tuned in various different ways. Novelty: This
research being able to provide an overview for future researchers regarding the trend of
ML and DL topics so that the resulting paper can provide various benefits for the
coming year. In addition, it can provide broader knowledge about ML and DL itself.
Further research can be carried out more intensively using data based on the Web of
Science, in addition to the Scopus database.

INTRODUCTION

The development of education in the world year by year is always changing. Learning
in higher education has experienced a steady increase in the last decade (NCES, 2020;
Zhang et al., 2021). In the education, we will find its own challenges, both external and
deep physical problems (Conde et al., 2020; Hung et al., 2014; Rastegarmoghadam &
Ziarati, 2017). Identification in each element is a very important factor and it becomes
one of the main challenges in education (Zuo et al., 2022). By knowing how important
education is, the US government provides grants for the development of a better
education process (Sabirova et al., 2020).

The education system is not only problem-oriented but also project-oriented. In
general, education is less effective because the available resources are limited, the skills
of natural teachers in designing learning models are also lacking (Alberts, 2022; Liu,
2020; Licardo & Leite, 2022). However, with the times, an alternative method has been
found, namely using machine learning (ML) with phase transitions until the system
uses sequence parameters that cannot be doubted (Alghamdi, 2020; El Guabassi et al.,
2021). On the other hand, there is also deep learning (DL) which can create patterns for
decision-making purposes during the education process (Shorten & Khoshgoftaar, 2019;
Wang et al., 2022).

https://ijoerar.net/index.php/ijoerar 000003 - 1


https://ijoerar.net/index.php/ijoerar
https://issn.brin.go.id/terbit/detail/20230801411954724
https://portal.issn.org/resource/ISSN/3021-8950
https://ijoerar.net/index.php/ijoerar
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

IJOERAR : International Journal of Emerging Research and Review IJOERAR, Vol. 1, No. 1, March 2023
Homepage : https://ijoerar.net/index.php/ijoerar © 2023 [JOERAR :
p_ISSN : 3024-8825; e-ISSN : 3021-8950 International Journal of Emerging Research and Review

Good learning is learning that can make a positive contribution to students, teachers
and the education system. Machine learning (ML) based techniques are an effective way
to either study or predict physical properties (Bottou et al., 2018; Chen & Tong, 2019;
Ouatik et al., 2021; Zahour et al., 2020). Deep learning (DL) based techniques are a very
effective way to solve problems with a high level of difficulty (Lakin & Wai, 2022;
Levine et al., 2018; Zhao et al., 2019). Based on research conducted by Belmonte et al.
(2020) there is still limited access to find out which learning topics have the greatest
impact.

The limited access out there to find out which articles have a big impact on education
can be minimized using bibliometric analysis. Several papers published in journals can
show the growth of literature in scientific disciplines so that this can be an in-depth
study of the discipline as a whole (Bharvi et al., 2003; Mukherjee, 2009). The most
appropriate analysis to compare learning systems is to use bibliometrics that have been
tried at various country levels (Das, 2013; Garg & Singh, 2022; Kevin et al., 2009; Patil &
Lihitkar, 2018). Previous research by Pande & Mulay (2020) stated that bibliometrics in
machine learning has not been discussed more broadly. Strengthened by previous
research by Li et al. (2020) has suggested that bibliometric research needs to be done
again to find out the development of research on deep learning every year.

With the explanation of the limitations above, this research was conducted with the
aim is to compare the top 100 research related to machine learning and deep learning in
the last twenty years using bibliometric analysis. The research questions (RQ) that arise
include :

RQ1 : What is the trend research of machine learning and deep learning articles
from 2002 to 20217

RQ2 : How is the document types of publishing machine learning and deep learning
articles from 2002 to 20217

RQ3 : How is the year-wise distribution of publishing machine learning and deep
learning articles from 2002 to 2021?

RQ4 : What is the most used keyword of the top 100 cited machine learning and
deep learning publications in the last 20 years?

RQ5 : Which country and author had the highest publication on machine learning
and deep learning in the last 20 years?

RQ6 : How do the comparison of machine learning and deep learning in terms of
similarities and differences; advantages and disadvantages?

RESEARCH METHOD

This study is quantitative research using literature review from Scopus database. The
data collection process was carried out on March 6, 2022. The data taken in this study
were selected from 100 articles with the highest citation in the range from 2002 to 2021.
Bibliometric analysis is used in this study because it focuses on citations from previous
research documents (Chhapola et al.,, 2018, McNicholas et al., 2022). Bibliometrics
consists of describing the relationship between documents, authors, disciplines, and
domains (Small, 1999).
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Data from Scopus is exported in the form of .csv form which is processed using Ms.
Excel (Hashim et al., 2018) and form of .ris which is processed using VOSviewer in
order to get bibliometrics map conduct frequency of co-occurrence and collaboration
between authors across countries (Mustapha et al.,, 20210. VOSviewer has proven
effective for analyzing recent studies with the Scopus index (Parmar et al., 2020). With
publications looking for trends with bibliometric analysis, this can describe the
movement of the scientific world to date (Calabuig-Moreno et al., 2020; Shubina &
Plakhotnik, 2021). Flowchart from this reseach can be seen in Figure 1 and Figure 2.

[ Determine Keywords H Filtering H Data Analysis }:{)[ Conclusion ]

Figure 1. Flowchart for the research

Filtering Collect data Sorted from 2002 to 2021 by Data
Process through keywords ':> highest cited Analysis

Title (machine 78.864 document results Through
AND learning) Bibliometric
Title (deep 61.774 document results

AND learning)

Figure 2. Flowchart for the keyword filtering

RESULTS AND DISCUSSION
Publication Trend
The results of the trend of article publications can be seen in Figure 3a and Figure 3b.
Overall the two graphs appear to be rising consistently, this shows that machine
learning (ML) and deep learning (DL) are topics of interest for ongoing research. These
results are reinforced by previous studies by Sobral (2021) and Zhang et al. (2021) that
the rating of enthusiasts for publications regarding ML and DL continues to increase.
Thus, it can be predicted that the trend of ML and DL publications will increase in the
next years.

Machine Learning Publication Trends

[
o
20000 g
2o
=R
20000 o —
P B O e R o R — [
o (o RENEadome g
I:I ||
[ T T A LY O (o o . O e R o L (L Y T DO o R . A o
L T s s R o s e O T T e s s e e T T T e B
o R o I O e T e Y e Y Y Y s Y s Y s Y Y o Y s Y Y Y O o N o Y o
L0 B e B S e N S O e Y D e Y e D S Y S Y M Y W D e D Mt Y e O e O N B N B
@ Total Publications

Figure 3a. Machine learning publication trends.

Publications with the topic of ML from 2002 to 2021 have increased every year. The
highest increase in the number of publications occurred in 2021 as many as 5981
publications. The lowest increase in the number of publications occurred in 2003 with a
difference of 21 publications compared to 2002.
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Deep Learning Publication Trends
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Figure 3b. Deep learning publication trends
Publications with the topic of DL from 2004 to 2021 have increased every year. There
was a decline publications in 2003 as many as 4 publications. However, the decrease did
not have a significant impact because in the following years the topic of DL is increasing
every years. The highest increase in the number of publications occurred in 2019 as
many as 5739 publications.

Document Type
Frequency of Document Type
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Review 206
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Book 4 3
Article 46
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Figure 4. Frequency of Document Type

Based on Figure 4, the comparison of publications between ML and DL according to
the top 100 document types of the highest citations. In ML it has a short survey
document type while DL does not and vice versa DL has an editorial document type
while ML does not. For ML, the highest document type is articles (n=46), while for DL
the highest document type is conference paper (n=48).

Table 1. Document type from the top 100 publications with the highest citations of

machine learning (ML) and deep learning (DL).

Doc Cited Mean Median SD
Type ML DL ML DL ML DL ML DL
Article 80370* 70668 1747 1860 846 1060  4510* 2282
Book 6139 - 2046* - 697 - 19 -

Conferen 48042 134242 2002 2797 895* 1100* 2122 9068*
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Doc Cited Mean Median SD
Type ML DL ML DL ML DL ML DL

ce Paper *

Review 28235 57405 1086  4416* 826 1173 967 8883
short =53 L s - 523 . : :

Survey

Editorial - 937 - 937 - 937 -
Total 163309 262315 7404 9073 3787 3333 7618 20233

*The Highest Number  SD = Standard Deviation

Based on Table 1, the most cited publications on ML topics were in the form of
articles (n=80,370), while the most cited DL publications were in the form of conference
papers (n=134,242). So that the standard deviation of ML and DL is quite high, namely
4,510 in the form of articles and 9,068 in the form of conference papers. Thus, it can be
concluded that researchers tend to be interested in writing ML topics in the form of
articles, while DL in the form of conference papers.
The Distribution of Year-Wise Top 100 Highest Cited Publication

Table 2. The distribution of year-wise from top 100 highest cited publication on
machine learning.

Machine Learning

Year Cited Paper ACPP ACPPY Citable Years
2002 8509 3 2836.3 141.8 20
2003 4186 4 1046.5 55.1 19
2004 5142 3 1714 95.2 18
2005 1844 2 922 54.2 17
2006 11463 4 2865.8 179.1 16
2007 3156 3 1052 70.1 15
2008 2923 3 974.3 69.6 14
2009 3887 4 971.8 74.8 13
2010 8524 8 1065.5 88.8 12
2011 31896* 2 15948* 1449.8 11
2012 14328 10 1432.8 143.2 10
2013 2586 3 862 95.8 9
2014 9182 5 1836.4 229.6 8
2015 16682 11 1516.5 216.6 7
2016 22177 11 2016.1 336* 6
2017 9665 13* 743.4 148.7 5
2018 4040 6 673.3 168.3 4
2019 4185 5 837 279 3
2020 0 0 - - 2
2021 0 0 - - 1
Total 164375 100 21335 615

ACPP= Average Citation Per Paper , ACPPY= Average Citation Per Paper Per Year, *The
Highest Number

https://ijoerar.net/index.php/ijoerar

000003 - 5


https://ijoerar.net/index.php/ijoerar

Comparison of Top 100 Cited Research on Machine Learning and Deep Learning in The Last Twenty
Years

Table 3. The distribution of year-wise from top 100 highest cited publication on deep

learning.
Deep Learning
Year Cited Paper ACPP ACPPY Citable Years
2002 0 0 - 0 20
2003 0 0 - 0 19
2004 0 0 - 0 18
2005 0 0 - 0 17
2006 10521 1 10521* 657.6 16
2007 0 0 - 0 15
2008 3343 1 3343 238.8 14
2009 8053 3 2684.3 206.5 13
2010 6597 3 2199 183.2 12
2011 2993 2 1496.5 136 11
2012 833 1 833 83.3 10
2013 4740 4 1185 131.7 9
2014 10560 7 1508.6 188.6 8
2015 66803 16 4175.2 596.5 7
2016 91036* 20 4551.8 758.6* 6
2017 35308 23* 1535.1 307 5
2018 9440 10 944 236 4
2019 12276 8 1534.5 511.5 3
2020 749 1 749 374.5 2
2021 0 0 - 0 1
Total 263252 100 19774 679
ACPP= Average Citation Per Paper , ACPPY= Average Citation Per Paper Per Year, *The
Highest Number

From the top 100 publications on machine learning (ML) and deep learning (DL), it
can be seen about the highest number of paper publications per year, the year with the
highest citations, the average citations per paper and the average citations per paper per
year. The highest unit for publication of papers regarding ML and DL occurred in 2017
namely ML as many as 13, while DL as many as 23. The highest citations regarding ML
occurred in 2011 as many as 31,896; while DL in 2016 was 91,036. For the total citations
per year the topic of ML was higher than DL with a difference of 98,877.

Keyword Visualization

Keywords can represent important points in discussing the content of a paper. With the
overlay, it can display the use of keywords based on the year of publication of the paper
(Limaymanta et al., 2021). The overlay results of machine learning (ML) are shown in
Figures 5 and deep learning (DL) topics are shown in Figures 6.
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Figure 5. The overlay visualization of machine learning keywords a.) all machine
learning, b.) data, c.) model d.) Focused machine learning
In the search for machine learning (ML) topic keywords in the 2002-2021 range,
VOSviewer is used. The file format used is .ris with binary counting generated from the
2505 terms, 83 meet the threshold. Thus generated 3 keywords that are dominantly used
by researchers, namely machine learning, data and models. The three keywords are
related to the world of education, one of which is learning algorithms, computers,
information, etc. With such results, researchers who want to use these keywords still
have a good chance for the benefits of their paper. Because the topic of ML has a very

wide range.
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Figure 6. The overlay visualization of deep learning keywords a.) all deep

learning, b.) focused deep learning, c.) network.

In the search for deep learning (DL) topic keywords in the 2002-2021 range using
VOSviewer. The file format used is .ris with binary counting generated from the 2600
terms, 26 meet the threshold. Thus, 2 keywords that are dominantly used by researchers
are generated, namely machine learning, and network. The two keywords are related to
the world of education, one of which is algorithm, computer vision, art, etc. With such
results, researchers who want to use these keywords still have a good chance for the
benefits of their paper. Because the DL topic has a fairly broad range, although not as
wide as the ML topic.

Top Authors Profile and Top Country
Table 4. Top 10 author with highest citation during last 20 years.

Machine Learning (ML) Deep Learning (DL)

Author TD TC Country Author TD TC Country
Pedregosa, United .. United
Fabian 32 37278 States He, Kaiming 72 166226 States
Abadi, Martin 232 25317 onited Lecun, Yann ), ggqq,  United

States Le States
Huang, ) Hinton, "
Guangbin 210 40718 Singapore Geoffrey E. 236  231666* Canada
Cho, United Mnih,
Kyunghyun 150 26028 States Volodymyr 25 14872  Canada
Seba'st%am, 134 12394 Ttaly Schmidhube 312 79903 Switzerl
Fabrizio r, Jurgen U. and
Bahdanau, 14 14688 Canada  Don8io 433* 197157 Canada
Dzmitry Yoshua
Zhou, ) Paszke, United
Hongming 13 5983 Singapore Adam 5 5113 States
) . New Litjens, Netherla
Witten, lan H.  278* 17810 Zealand Geert ] S. 80 10559 nds
. ) Vincent, United
Zhu, Qinyu 8 13091 Singapore Pascal 55 15966 States
Bottou, Leon g7 46594 United Chollet., 5 111 United
* States Francois States

TD = total documents TC = Total Citation *The Highest Number

Based on Table 4. Top 10 authors for ML and DL topics are dominated by researchers
from the United States. Author with the highest citation for the ML topic is Pedregosa,
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while the DL topic is He Kaiming. However, the highest total citations were occupied
by Bottou from United States and Hinton from Canada. In the top author, the topic ML
Witten from New Zealand has the highest total documents. And for the topic DL
Bengio from Canada has the highest total documents.

To find the top author, not only through literature review but also through
bibliometric testing in VOSviewer. Top author mapping can be analyzed with
VOSviewer (Eck & Waltman, 2013; Eck & Waltman, 2017; Ali et al.,, 2021). Cluster
division can show connections between authors. There are 4 clusters for machine
learning top author. Clusters are generated from filtering a maximum of 25 authors per
document and a minimum of 2 documents from an author, resulting in 13 authors
classified into 4 clusters. Cluster with yellow color (n=2), cluster with green color (n=4),
cluster with blue color (n=3) and cluster with red color (n=5). Huang, G-B is the main
author for the ML topic because it has the highest citations and highest connections
compared to other authors.

There are 4 clusters in for deep learning top author. Clusters are generated from
filtering a maximum of 25 authors per document and a minimum of 2 documents from
an author, then 12 authors are generated which are classified into 4 clusters. Cluster
with yellow color (n=2), cluster with green color (n=4), cluster with blue color (n=2) and
cluster with red color (n=4). Chen, y became the main author for the DL topic because it
has the highest citations and highest connections compared to other authors. For top
country described in Figure 7a and 7b.

The number of machine learning publications each country in the top 100
with highest cited
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Figure 7a. The number of machine learning publications each country in the top 100
with highest cited
On the topic of machine learning (ML) the countries that are included in the top 100
highest citations in the 2002-2021 range are 16 countries. The country with the most
paper publications and the highest citations is the United States with 41 papers, 46716
citations.
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The number of deep learning publications each country in the top 100 with
highest cited
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Figure 7b. The number of deep learning publications each country in the top 100 with

highest cited

On the topic of deep learning (DL) the countries that are included in the top 100
highest citations in the 2002-2021 range are 16 countries. The country with the most
paper publications and the highest citations is the United States with 43 papers, 156281

citations.

Comparison of Machine Learning (ML) and Deep Learning (DL)
Table 5. Comparison between ML and DL seen from the similarities and

differences.
Comparison Machine Learning Deep Learning
Meaning A branch of computer science The implementation method of

How to solve
the problem

Algorithm
type

Implementati
on

with a focus on developing
systems that are able to learn
on their own without being
explicitly =~ programmed by
humans (Saha et al., 2019).

By going through initial trials,
the problem is solved without
being programmed explicitly.
1. Supervised Learning

2. Unsupervised Learning

3. Semi-Supervised Learning

Useful for helping the
community carry out early
checks assisted by online

medical services or in
education, useful for
improving the ability to

develop teaching aids through

machine learning with the aim of
imitating the workings of the
human brain using an artificial
reasoning network (Saha et al.,
2019).

By determining and digesting
certain characteristics in a data
set.

1. Deep Neural Network (DNN)
2. Artificial Neural Network

(ANN)
3. Convolutional Neural
Network (CNN)
Useful for enhancing the
capabilities of virtual assistants
like  Google  Assistant or

AlphaGo, deep learning can help
classification and also analyze
complex data (Korotcov et al,

2017).
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Comparison Machine Learning Deep Learning
programming (Korotcov et al.,
2017).
Problem ML algorithms are capable of DL algorithms require large
Approach processing smaller amounts of amounts of data and are able to

data. And to solve the problem solve the problem as a whole
it is recommended to break it from beginning to end without
into several parts so that they the need to separate it into
can be solved separately, and several parts.
the solutions are combined to
get a complete result.

Table 6. Comparison between ML and DL seen from the advantages and

disadvantages

Machine Learning (ML) Deep Learning (DL)

1. Requires less data 1. Provides high accuracy
Advantages 2. Trains on CPU 2. Available to tuned in various

3. Take less time to train different ways

1. Give low accuracy 1. Requires large data
Disadvantages 2. Limited tuning 2. Requires GPU to train properly

capabilities Take longer time to train

From the presentation of Table 5 and Table 6, it can be seen that ML and DL are
similar but not the same. Each has advantages and disadvantages so that it can be a
special concern before implementing ML or DL. The process of ML itself begins with
input then feature extraction, followed by classification until output is produced. While
the DL process begins with input and then continues with two processes
simultaneously, namely feature extraction + classification and then output is obtained.
So it can be said that the ML process is separated, while the DL process becomes one in
the process so that it is shorter but complex. ML in the extraction feature process, there
is still human intervention such as (supervised or unsupervised or semi-supervised
learning), while DL relies on Al in its learning. The striking thing about the two is that
ML requires smaller resources than DL, so outside of many say the DL process is more
expensive than ML (illustrated in Figure 8) (Saha et al., 2019).
Machine Learning

P J ¢=E
S e

INPUT FEATURE EXTRACTION CLASSIFICATION OUTPUT

Deep Learning

—> Gl
=l

INPUT FEATURE EXTRACTION + CLASSIFICATION OQUTPUT

Figure 8. Machine Learning vs Deep Learning.

CONCLUSION
Fundamental Finding : From the research that has been done, it can be concluded that
the trend of publishing machine learning (ML) and deep learning (DL) topics has
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consistently increased from 2002 to 2021. The most widely published document types in
ML are articles, while DL is in the form of conference papers. The highest year-wise
distribution of publishing ML and DL occurred in 2017. Author with the highest
citation for the ML topic is Pedregosa, while the DL topic is He Kaiming. Both authors
are from United States. The United States is also the country that has the highest
publication on ML and DL topics in the last 20 years. ML advantages are in terms of
requires less data and take less time to train, while the disadvantages are low accuracy
and limited tuning capabilities. DL advantages in terms of higher accuracy than ML,
available to tuned in various different ways, while the disadvantages are requires large
data and take longer time to train. Implication: The implications of this research
include being able to provide an overview for future researchers regarding the trend of
ML and DL topics so that the resulting paper can provide various benefits for the
coming year. In addition, it can provide broader knowledge about ML and DL itself.
Limitation : The limitations of this research is that it cannot access some of the desired
journals. Future Research : Further research can be carried out more intensively using
data based on the Web of Science, in addition to the Scopus database.
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