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Abstract Bibliometric analysis aims to identify research trends, spot research centers, and
find research gaps. We conducted a bibliometric analysis of the Capsule Network method
from 2018 to 2023. The research flow began with data collection from Google Trends, Open
Knowledge Maps and Scopus. Google Trends was used to get a rough idea of interest over time
and the most popular countries. Open Knowledge Maps analysis helped identify intersections
between papers related to Capsule Network. The primary data was obtained from Scopus,
which was analyzed using ScienceDirect to determine the subject area and Publish or Perish
to obtain metadata. The metadata was then analyzed using VOSviewer to identify keyword
associations and understand annual trends, the number of articles, and most citations. We
also searched for research gaps connected to the Connected Paper website to identify topics
that could be developed in the future. The analysis showed a decline in interest in the Capsule
Network method. We obtained 170 papers identified in Scopus with the highest publication in
2019 with 50 papers, then decreased by 86% in the following years. Most publications are in
IEEE Access with the dominant subject area being Computer Science. The research gap that
we can propose is related to quantum computation. We suggest further research on quantum
computing which has excellent potential for the future development of the Capsule Network
method.
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1 Introduction

In the scientific research world, bibliometric analysis has become an essential tool to
evaluate and understand the dynamics of a research development. This analysis uses
statistical and quantitative methods to measure the production and impact of scientific
literature. Researchers can identify research trends, evaluate scientific collaborations,
and determine the influence and relevance of specific scholarly works [1,2]. This bib-
liometric analysis not only helps in measuring the productivity and quality of research
but also enables the identification of research gaps that can form the basis for future re-
search. One crucial aspect of bibliometric analysis is its ability to provide insights into
the geographical distribution of research, patterns of collaboration between researchers
and institutions, and identifying leading journals in a particular field. For example,
citation analysis can reveal highly influential works, while co-authorship analysis can
show relationships and networks between researchers [3]. Hence, bibliometric analysis
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provides not only a retrospective overview of research development but also a potential
projection of future research directions.

One of the latest bibliometric analyses is Windarto’s research [4], which focuses on
deep learning techniques for image segmentation by analyzing a dataset of research
publications extracted from the Scopus database. The research focuses on the period
from 2018 to 2022 when image segmentation becomes increasingly popular. Another
example in [5], they conducted a comprehensive analysis of deep learning publications
from 2007 to 2019. This analysis covers the complete publication structure, including
the methods used, such as Capsule Network.

Capsule Network is an image classification method introduced by Geoffrey Hinton
in 2017, which is one of the significant innovations in deep learning and computer
vision [6]. This method offers a solution to some of the weaknesses of Convolutional
Neural Networks (CNN), especially when handling the rotation and transformation
of objects in the image. The statement that the Capsule Network method is better
than CNN has been the main idea of [7-9|. However, according to [10], the CapsNet
method has limitations, such as computational cost, sensitive to small variations, and
limited real-world applications. In fact, [11] shows that the CapsNet method is not
overpowered. There are a lot of possibilities to develop and become better. Hence,
bibliometric analysis on the topic of Capsule Network is essential to understand the
extent to which the method has been researched and developed and identify future
research directions and potential.

In this paper, we perform a bibliometric analysis of the Capsule Network method.
We use several publicly available sources and tools in a way that is easy for the reader
to understand. Until now, no paper has specifically performed a bibliometric analysis
of the method. Therefore, this paper can also be used as a major contribution to
enriching the research on Capsule Network.

2 Methods

Our paper aims to conduct a bibliometric analysis of the Capsule Network method
after it was first publicized in 2017. Our research spans from 2018 to 2023, six years
since the Capsule Network method emerged. Some of the sources and tools we use are
media that people can access for free (e.g., no Scopus login required), so they can be
managed by readers more generally. The flow of our work follows the block diagram
presented in Fig. 1. In the flow, there are several steps, which are explained in detail
below.

The first step is data retrieval from several primary sources: Google Trends, Open
Knowledge Maps, and Scopus. Google Trends was used to determine the popularity
and interest in the topic of Capsule Network in various countries and specific periods.
The popularity data obtained from Google Trends is data from the number of people
who search for the keyword “Capsule Network” on the internet. Hence, the data can
be used as an initial benchmark for the research interest being carried out. Open
Knowledge Maps is a tool to visualize and map the literature to identify relationships
and intersections between relevant papers. The results of Open Knowledge Maps can
also be taken as an initial result of linking the Capsule Network method with other
topics. The primary source of bibliometric analysis that we use comes from Scopus.
The metadata from Scopus is very relevant in determining the interest of the Capsule
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Figure 1: Bibliometrix analysis workflow block diagram.

Network method because it provides related scientific literature, including articles,
conferences, and journals from each year.

The next step is data analysis, which starts with Google Trends data. At this
step, the data was analyzed to understand the interest in the Capsule Network method
over time. The data was taken from all countries, spanning the last five years, all
categories, and focused on web searches. This analysis provides an initial overview of
how the popularity of the Capsule Network method is growing globally. In addition,
this data can also be used to identify the countries that are most searched for Capsule
Network topics, thus providing insight into regions with high research activity. The
next data will be analyzed from the Open Knowledge Maps website. The website offers
visualizations that can help to determine the intersection between papers relevant to
the Capsule Network. Mapping the relevant literature is helpful to find out the main
themes that appear in the relevant literature. This visualization makes it easy to
identify patterns and relationships between researchers and aids in understanding the
overall context and development of the topic.

The significant development of the Capsule Network method can be recognized
from the Scopus metadata. We only use one source of metadata, Scopus, to avoid
duplication of information. Scopus metadata was extracted from the Publish or Perish
application, with additional manual checking and data completion to make the results
more accurate. The metadata is then processed and analyzed using the VOSviewer
application to identify the relationship between keywords. This relationship can be
determined from the relevance weight and placement in similar clusters. In addition,
the metadata analysis included the number of articles published per year, the journal
of publication, the most cited articles, etc., providing an in-depth understanding of the
evolution and impact of Capsule Network research. In particular, we retrieved separate
data through ScienceDirect to more easily identify the subject areas most frequently
associated with the Capsule Network and provide an overview of the most relevant
research domains.
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Figure 2: Trends in “Capsule Network” keyword searches over the past five years,
sourced from Google Trends data.
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Figure 3: A world map with a summary of countries that frequently search for the
“Capsule Network” keyword, taken from Google Trends data.

The next step is further exploration of the analysis results to find research gaps. At
this step, we identified topics that are still unexplored and have potential for additional
development. We used Connected Paper to discover the relationships between the
identified topics, allowing to find relationships and interconnections between the various
papers. This analysis is essential for directing future research and identifying areas that
require further exploration.

The last step is the discussion and conclusion. At this step, all the results from
the previous analysis are integrated to get a more comprehensive final result. We
also develop a discussion that includes interpretation of the results, implications of
the findings, and relevance in the context of Capsule Network research. Our conclu-
sions summarize the main findings, identify the research’s limitations, and provide
recommendations for future research. It is hoped that presenting a comprehensive
and systematic bibliometric analysis of Capsule Network research will provide valuable
insights for further development in the future.

3 Results and Analysis

In this section, we explain the results that can be obtained from bibliometric analysis
based on several sources. The sources we use are Google Trends, Open Knowledge
Maps, and Scopus Database. We also analyze Research Gaps that can be taken and
used as input for future research.

3.1 Google Trends Analysis

Google Trends! is one of the features provided by Google to know the popularity of
search topics over a certain period. We used the keyword “Capsule Network” to find

thttps:/ /www.google.com /trends
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the search trend for six years since its first publication (2018-2023). The results are
shown in the graphs in Fig. 2 and Fig. 3. In Fig 2, it can be seen that the interest in
the Capsule Network topic fluctuates significantly. The highest interest was in early
2018, reaching 100 searches a day and the lowest in the last quarter of 2021. The total
searches in 2018-2023 were 904, 642, 566, 433, 483, and 446. There was a decrease in
interest from the beginning of 2018 to the end of 2024 by 50.66%. The data obtained
from Google Trends can change every time, so the accuracy of the data is not very good.
However, the results of this decline in interest can be used as an initial speculation that
interest in the Capsule Network method has begun to decline.

In Fig. 3, the interest of countries with searches for Capsule Network topics is
shown, marked by color and frequency. The country with the highest interest is China,
which has the highest search frequency of 100. This number indicates that Capsule
Network topics are relatively more frequently searched in China. The level of popularity
of the Capsule Network method in each country can be seen from the density of the
color, the more intense the color, the higher the search frequency. Based on the data
we obtained, not many countries have researched the Capsule Network method, so it
can be concluded that the opportunity to develop research is still wide open in every
country.

3.2 Open Knowledge Maps Analysis Analysis

Open Knowledge Maps? is one of the search engines that uses artificial intelligence to
discover scientific knowledge and current research. We used this search engine to map
the relevant literature in such a way that we could see the interconnections between
papers and the main topics that emerged. In simple terms, we can see the intersection
of research according to the keywords in each paper. We used the BASE option to
search for research using the keyword “Capsule Network”. The results we obtained are
shown in Fig. 4.

The data we obtained from Open Knowledge Maps shows that the Capsule Network
method is interrelated with other topics. As shown in Fig. 4, there is the largest circle
that includes Deep capsule networks, Hyperspectral image classification, and Residual
networks, meaning that these topics are highly related to most research topics among
the issues in the other circles. The contents of the overlapping circles can be the
same or different. For example, for one of the circles shown in Fig. 4, there are many
researches covering the Capsule Network method with their respective problems. Open
Knowledge Maps can summarize related papers and direct them to relevant sources.
Hence, the data obtained from the search engine can also be used as initial reference
material that has intersections between them.

The data obtained from Open Knowledge Maps cannot be altered manually so that
the resulting graph may include more general topics than the specific keywords given.
For example, one of the circles in Fig. 4 has the main topics of Human lens capsule,
Accommodation, and Collagen. These topics are research related to bioinformatics, but
they can be detected because they contain the words “capsule". Therefore, we must
be wiser in selecting data when using the help of Open Knowledge Maps, especially in
finding research gaps.

2https://openknowledgemaps.org/
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Figure 4: A graph of research overviews with the keyword “Capsule Network”, taken
from Open Knowledge Maps data.
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Figure 5: A summary of the extracted metadata, taken from the Scopus database.

3.3 Scopus Database Analysis

Metadata Analysis. Scopus® is one of the databases that has met the standards
and reputation of international journals. As explained in the methods section, we used
the Publish or Perish application and the ScienceDirect website to extract the Scopus
database. Publish or Perish? is one of the most helpful software for retrieving and
analyzing current research. We used the search for titles related to “Capsule Network"
registered in the database in 2018-2023. We also manually sorted the retrieved meta-
data to get more accurate results. We collected a total of 170 papers and the details
are shown in Fig. 5.

Fig. 5 shows a summary of the metadata obtained, which is the number of publica-
tions per year and the percentage of publication types. In the Google Trends results,
the highest search was in 2018. However, in the Scopus database, Capsule Network
method research was most published in 2019, as shown in Fig. 5a. This result is quite
logical, considering that people were searching and researching in 2018, and the results
were published in the following year. The graph also shows an increase in publications
from 2018 by 194.12%, but a monotonous decline after 2019. As of 2023, the decline is

3https://www.scopus.com/
“4https:/ /harzing.com /resources /publish-or-perish
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86%, meaning that interest in the Capsule Network method is starting to decline and
is directly proportional to the Google Trends results.

Based on the 170 papers obtained, there are three publication types: Articles, Con-
ferences, and Reviews. In Fig. 5b, it can be seen that the Article type has the most
significant percentage of 69% and the lowest is the Review paper. In detail, Articles,
Conferences, and Reviews have a total number of publications of 117, 50 and 3 pa-
pers, respectively. In terms of popularity, the Capsule Network method is still less
competitive with other classification methods when compared to the Scopus database.
We have observed several researches on the Capsule Network method and the reasons
behind its decreasing interest. One of the main reasons is the high computational cost
and the lack of availability of pre-trained models [10]. The complex construction of
dynamic routing algorithms is certainly a challenge for the reason why this method is
unpopular. Although the resulting accuracy is quite impressive in several cases [12-14],
the computational speed is still less competitive with the pre-trained model [15] and
in some cases the Capsule Network method is not better [16]. In addition, Capsule
Network has a relative weakness in extracting local features. Hence, continuous devel-
opment is made both from optimizing the network architecture [17-19] and improving
the dynamic routing algorithm [20-22]. These facts are one of the reasons for the
contribution of our bibliometric analysis paper to increase the frequency of research
related to the topic of Capsule Network.

We further analyzed the metadata retrieved from the Scopus database. We first
ranked the popularity of the research based on the number of citations, then examined
the frequency of publication places of the published research. Finally, we wanted to
know the author who made the most contributions. Tab. 1 shows the five most cited
papers grouped by type. The most citations are in H.H. Nguyen’s research [28|, which
uses the Capsule Network method to detect fake images and videos. The citation value
per year (CPH) of the research is 80.60, meaning that each year, at least 80 papers cite
the research. Furthermore, there are researches related to Hyperspectral Imagery by
M.E. Paoletti [23] in the Articel type and MRI image-based COVID-19 identification
by [33] in the Review type with a total citation of 291 and 335 respectively. Exciting
results are shown in the research [33], which has a higher CPH value than [28], even
though the year of publication is more recent, this result is supported because, in
that year, there was a COVID-19 virus pandemic that raised the popularity of related
papers. Overall, the average number of citations from 2018-2023 is 93.65, 83.12, 63.60,
40.32, 40.60, and 35.29, respectively. This average is already excellent because, at least
in two months, there are two reference papers related to Capsule Network.

All papers were sourced from 30 conferences and 73 journals based on the data we
collected. Tab. 2 summarizes the top ten sources of each type. The table shows that
the journal with the most publications is IEEE Access. However, IEEE in other fields
and conferences are also relatively numerous compared to other sources. This data
shows that IEEE is a popular source that can be used as a publication destination.
Another exciting piece of information is that various general journals, such as Neu-
rocomputing, Scientific Reports, and Knowledge-Based Systems, accept the Capsule
Network method. It opens up opportunities for new researchers who want to develop
the Capsule Network method without paying particular attention to the intended jour-
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Table 1: Top 5 most cited papers published, taken from the Scopus database.

Type Cites Authors Title Year CPY

Article 291 M.E. Paoletti  Capsule Networks for Hyperspectral 2019  58.20
Image Classification [23]

284 Z. 7Zhu A convolutional neural network 2019  56.80

based on a capsule network with
strong generalization for bearing
fault diagnosis [24|
262 S. Toraman Convolutional capsnet: A novel arti- 2020  65.50
ficial neural network approach to de-
tect COVID-19 disease from X-ray
images using capsule networks [25]

188 C. Xiang MS-CapsNet: A Novel Multi-Scale 2018  31.33
Capsule Network [26]
135 Y. Liu Multi-channel EEG-based emotion 2020 33.75

recognition via a multi-level features
guided capsule network [27]
Conference 403 H.H. Nguyen  Capsule-forensics: Using Capsule 2019  80.60
Networks to Detect Forged Images
and Videos [28]

352 P. Afshar Brain Tumor Type Classification via 2018  58.67
Capsule Networks [29]

264 Y. Zhao 3D point capsule networks [30] 2019  52.80

225 P. Afshar Capsule Networks for Brain Tumor 2019  45.00

Classification Based on MRI Images
and Coarse Tumor Boundaries [31]

204 W. Zhao Investigating capsule networks with 2018  34.00
dynamic routing for text classifica-
tion [32]
Review 335 P. Afshar COVID-CAPS: A capsule network- 2020 83.75

based framework for identification of

COVID-19 cases from X-ray images

[33]
131 M. Kwabena  Capsule Networks 8 A survey [34] 2022  65.50
40 A.A. Akinyelu Brain Tumor Diagnosis Using Ma- 2022  20.00

chine Learning, Convolutional Neu-

ral Networks, Capsule Neural Net-

works and Vision Transformers, Ap-

plied to MRI: A Survey [35]

nal because the main focus is the method, so the journals covered can be pretty broad
following their respective domain knowledge. In addition to the source of publication,
an exciting thing that can be studied is the authors who often contribute.

Our database has 149 different authors contributing to Capsule Network research.
We sorted the author data based on the frequency of the name appearing frequently
and the total number of citations obtained, resulting in the top five researchers. The
data is shown in Tab. 3. The author with the most contributions is P.Afshar, who has
six papers with a total citation of 1043. Of the six papers, there is one with the most
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Table 2: Top 10 sources with the highest number of publications from Scopus database.

Total Article Total Conference Paper Review
13 IEEE Access 5 Lecture Notes in Computer Pattern Recog-
Science (including subseries nition Letters
Lecture Notes in Artifi-
cial Intelligence and Lecture
Notes in Bioinformatics)

5 IEEE Transac- 4 ICASSP, IEEE Interna- Journal of
tions on Geo- tional Conference on Acous- King Saud
science and Re- tics, Speech and Signal University -
mote Sensing Processing - Proceedings Computer and

Information
Sciences
4 Neurocomputing 4 Proceedings of the 2018 Journal of
Conference on Empirical Imaging
Methods in Natural Lan-
guage Processing, EMNLP
2018

4 Computers  in 3 Proceedings of the IEEE
Biology and Computer Society Confer-

Medicine ence on Computer Vision
and Pattern Recognition

4 IEEE Geo- 3 ACL 2019 - 57th Annual
science and Meeting of the Association
Remote Sensing for Computational Linguis-

Letters tics, Proceedings of the Con-
ference

3 IEEE Signal 3 Advances in Neural Infor-
Processing mation Processing Systems
Letters

3 IEEE Transac- 3 Conference on Empirical
tions on Instru- Methods in Natural Lan-
mentation and guage Processing and 9th
Measurement International Joint Confer-

ence on Natural Language
Processing, Proceedings of
the Conference

3 Scientific ~ Re- 2 Proceedings of the IEEE In-
ports ternational Conference on

Computer Vision

3 Measurement: 2 International Conference on

Journal of the Computer Graphics, Visu-
International alization, Computer Vision
Measurement and Image Processing 2021
Confederation

3 Knowledge- 1 Proceedings - International

Based Systems

Conference on Image Pro-
cessing, ICIP
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Table 3: Top 5 Authors with the most contributions, taken from Scopus database.

Contribution Most Popular Paper

Total Cites Most Cited Title

P. Afshar 6 1043 352 Brain Tumor Type Classification via Capsule
Networks [29]

R. Huang 3 279 118 Deep Adversarial Capsule Network for Com-
pound Fault Diagnosis of Machinery Toward
Multidomain Generalization Task [36]

M.E. Paoletti 2 319 291 Capsule Networks for Hyperspectral Image
Classification [23]

Y. Liu 2 171 135 Multi-channel EEG-based emotion recogni-
tion via a multi-level features guided capsule
network [27]

B. Zhang 2 109 56 Knowledge Guided Capsule Attention Net-

work for Aspect-Based Sentiment Analysis

[37]

Authors

citations, which is 352. The paper is a research on the classification of brain tumors
that was conferred in 2018. At the same time, other researchers contribute an average
of 1.11, which means that almost all researchers only publish one paper except for the
top few researchers, as in Tab. 3. There is interesting information based on the data
that the author obtained. There is no mention of Sabour or Hinton as the inventors of
the Capsule Network method. This can happen because the research they conducted
didn’t use the editorial "Capsule Network" in the title, so it was not detected using
the Publish or Perish application. Furthermore, we analyzed Scopus data by reviewing
keyword relevance.
Keywords Analysis. Keywords are an essential part of a paper. However, not all
papers include keywords in their documents, so it is necessary to have a manual filter to
find the papers that contain keywords. All the papers we collected have been filtered
with keywords. We use the VOSviewer® application, which is one application that
can be used to find out the keyword connections between papers. Hence, the latest
topic trends and research gaps can be analyzed. The total number of keywords we
obtained from 170 papers was 335, divided into 36 clusters. The relationship between
clusters in terms of density visualization and keywords in the top five clusters is shown
in Fig. 6. The figure shows that the three most frequently used keywords are capsule
network, deep learning, and feature extraction. These three keywords are commonly
used because they cover the method’s name, the type of artificial intelligence, and the
novelty of the Capsule Network method, which lies in the feature extraction process.
In addition, there are several clusters marked with the same color. For example, for
the green color, cluster two, the keywords used are related to its application in the
health field. Hence, the keywords incorporated are cancer, biomedical imaging, blood
vessels, and others.

Keyword relationship analysis can also be obtained from its network visualization.
The keywords used in each paper can be connected so that the network of keywords can
be known to each other. The network visualization of each keyword is shown in Fig. 7.

Shttps://www.vosviewer.com/
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Top 5 Clusters
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Figure 6: Cluster density visualization of the keyword relationships, taken from Scopus
database.
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Figure 7: Network visualization of the keyword relationships, taken from Scopus
database.

It can be seen that the three frequently used keywords have a network of almost every
keyword and are by the cluster visualization. In addition, we can conclude that the
keywords in recent research (colored red) are relatively close to the feature extraction
keywords. This means that recent researchers often focus on developing the Capsule
Network method in feature extraction and its modification based on related areas.
Some keywords have no network with others, i.e. quantum computing and quantum
machine learning. Hence, we can conclude that few researches have developed the
Capsule Network method in the quantum area.. Further analysis will focus on areas
often used to create Capsule Network.

Subject Area Analysis. Subject area analysis is an approach to thoroughly evaluate
and understand a particular discipline based on related research areas. The aim is to
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Figure 9: Graph network related to research [38], taken from Connected Papers data.

identify trends and developments in the field. As explained in the metadata analysis
section, the database obtained from Publish or Perish does not contain related fields
of research. Therefore, we used specific sources from ScienceDirect to make it easier
to analyze the data and be accessible to the public. We obtained 326 papers that
contained the keyword “Capsule Network" in the title editor; after further analysis, it
turned out that there were 53 unrelated papers. Hence, the accuracy of the subject
area of research obtained from the ScienceDirect database is about 75.23%. Fig 8 shows
the obtained subject area from ScienceDirect database.

Fig. 8 shows that Computer Science and Engineering fields dominate, which could
be due to the greater focus or popularity of research or applications in these areas.
Medicine and Dentistry are also popular fields, which is in line with the results of
keyword analysis, which states that applications in the bioinformatics area are pretty
frequent. The fields of Mathematics, Chemistry, and Energy have fewer researchers.
Hence, there are still many opportunities that can be developed and applied to these
areas of research.

4 Research Gaps and Discussion

This section explains the exciting information we gathered from the analysis, which
can be used as suggestions for future research. Based on the Scopus database, in 2023,
only two researches that developed the Capsule Network method, i.e. modification
with transformers and quantum-based computing. Transformers are one of the new
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mechanisms that are quite popular and have even become a new image classification
method, which is Vision Transformer [39]. The powerful Vision Transformer integrated
in the Capsule Network method can improve the accuracy up to 2.29% [14]. This type
of merging modification has frequently been performed in deep learning methods and
has relatively good results. At the same time, quantum computing is one of the rising
topics, with its concept incorporated into deep learning methods. There has only
been one quantum-based Capsule Network research so far, which is the research in
the paper [38]|. This follows the results of VOSviewer, which shows that the keyword
quantum computing is not related to other keywords because it is still new. Therefore,
the development of the Capsule Network method is very wide open in the quantum
domain. We try to analyze further [38] research with its reference relationship using
Connected Papers®, which is a visual tool to find out the relationship of a paper with
other papers. The network visualization of the [38] research is shown in Fig. 9. Based
on the figure, it can be seen that the related research is still related to the latest papers.
The top ten papers also reference the research on the graph. All of these papers are
research related to quantum computing. Hence, it can be concluded that the research
gap in the quantum area, especially the Capsule Network method, is still wide open.

5 Conclusion

In conclusion, we have conducted a bibliometric analysis of the data we collected based
on reliable sources and tools. We used Google Trends data to find indications of research
trends, identifying a decline in interest in the Capsule Network method. We also used
Open Knowledge Maps to identify intersections with other topics. The primary data
we used came from Scopus. We get 170 related papers with each percentage of Article,
Conference, and Review types, respectively 69%, 29%, and 2%. The most publications
were in 2019, with as many as 50 papers and a decrease afterward by 86%. The total
citations are 10849, and most publications are in IEEE Access. The most contributing
author is P. Afshar, with a total of 6 related paper contributions. The most dominant
subject area on the ScienceDirect website is computer science, with 104 papers.

At the end of the discussion, we propose a topic that can be developed in the future
according to the research gaps obtained. That topic is the use of quantum computing
in the Capsule Network method. Up to now, there has been no hybrid computing
on the Capsule Network method. Hence, the development in the realm of quantum
computing is still wide open and can be useful in future research.
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