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Abstract: Artificial intelligence (AI) has recently become the focus of academia and practitioners,
reflecting the substantial evolution of scientific production in this area, particularly during the
COVID-19 era. However, there is no known academic work exploring the major trends and the
extant and emerging themes of scientific research production of AI leading journals. To this end,
this study is to specify the research progress on AI among the top-tier journals by highlighting the
development of its trends, topics, and key themes. This article employs an integrated bibliometric
analysis using evaluative and relational metrics to analyze, map, and outline the key trends and
themes of articles published in the leading AI academic journals, based on the latest CiteScore of
Scopus-indexed journals between 2020 and 2021. The findings depict the major trends, conceptual and
social structures, and key themes of AI leading journals’ publications during the given period. This
paper represents valuable implications for concerned scholars, research centers, higher education
institutions, and various organizations within different domains. Limitations and directions for
further research are outlined.

Keywords: artificial intelligence (AI); COVID-19; AI leading journals; bibliometric analysis;
visualization; Scopus

1. Introduction

In present times, the digital era relies heavily on the use of Artificial Intelligence (AI),
which plays a significant role in various research areas. AI is a discipline that focuses on
how to make computers simulate people’s thinking and intelligent behavior by training
models on huge amounts of data using machine and deep learning techniques [1]. The
intensive adoption of artificial intelligence techniques in most fields is explained by the fact
that it improves their efficiencies and enhances human capabilities. Recent studies have
shown that the deployment of artificial intelligence in many areas was fruitful and led to
great success. These sectors include healthcare, education (Natural Language Processing),
self-driving drones and vehicles, E-commerce, AI home-driven applications, finance, and
so on [2].

During the last two years, the globe witnessed the emergence of a contagious and
dangerous disease called COVID-19 which causes 18.2 million deaths across the world
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between 2020 and 2021 [3]. This pandemic has disturbed and paralyzed all the activities of
our daily life including education, transportation, travel, health care, and so on [4]. This
is a novel virus and researchers in this field could not confront it and stop the spread of
the pandemic because they did not have enough knowledge of its characteristics and its
behavior [5].

This critical situation urged researchers to mobilize to investigate various aspects of
the virus such as how it evolved, its effects, its vaccinations, and so on. This mobilization is
characterized by the intensive focus of research work on Artificial intelligence, which is
adopted by industries as a weapon to combat the COVID-19 pandemic [6]. Indeed, AI is
one of the technologies that played a crucial role in alleviating the intensity of the pandemic.
This technology provides plenty of useful techniques for the detection, diagnosis, screening,
classification, prediction, and forecast of the virus [7,8]. Furthermore, these techniques are
very helpful to limit the spread of the disease by tracing contact, monitoring quarantine,
the analysis of trends, the analysis and reporting the COVID-19 symptoms, estimating the
severity of the symptoms, modeling intelligently the spread of the disease, and so on [2].

Consequently, this triggered researchers throughout the world to study the applica-
tions of AI to healthcare and other sectors, the impact and efficiency of AI-based solutions,
and how these solutions contribute to the alleviation of pandemic consequences. This led to
the rise of scientific publications in AI journals. For example, Guo et al. looked at AI in the
Health Care context by using bibliometric analysis [9]. They retrieved AI English articles
published up to December 2019 with the use of HistCite software to identify the main
health problems that can be investigated through the development of AI studies (i.e., cancer,
heart failure, and depression). Similarly, Romero-Riaño et al. adopted the bibliometric
analysis to investigate the AI theory trends and development during two different periods,
2010–2014 and 2015–2019, and reported that AI is considered an active field of research
that is growing rapidly in recent years [10]. Other studies utilized bibliometric analysis
to look at AI in government and policymaking studies with the use of NVivo 12 Plus and
VOSviewer [11], AI in e-Learning using VOSviewer through WOS data [12], and AI in
Education to highlight major trends such as machine learning and intelligent tutoring
systems [13].

In this context, our study aims to identify the major AI trends and themes that are
covered in most of the research works, analyze the findings using a bibliometric approach,
and provide a clear overview of the major role AI has played in many sectors during
the pandemic time. In other words, the main objective of this work is to find out the
major trends and key themes of AI leading journals between 2020 and 2021. First, we
conducted a systematic search for the literature that is related to COVID-19 and the efficient
AI applications that fight against the pandemic. We explored only the relevant research
works that are published in AI journals. Then, a bibliometric analysis of the literature was
conducted on the explored studies to find out the research trends and themes, prominent
topics, and the overall collaboration in the area of AI on COVID-19. Such analysis is very
helpful in monitoring the patterns and the trends of the literature in many areas including
healthcare and education. It explores many important indicators, which include annual
productions, leading contributors (author’s institutions, countries), the most productive
journals, the most cited articles, co-authorship, co-citation and co-occurrence analysis, and
the key research topics and themes [14].

Such work is very challenging and important. Its importance can be explained by the
fact that this is the first work that provides a clear picture of the major AI-based efforts
throughout the globe that target COVID-19. In addition, it provides a quantitative analysis
concerning the applications of AI techniques in most sectors to mitigate the crisis caused by
the pandemic. One more reason that explains the importance of this study is its originality.
Indeed, it comes to filling a gap related to the absence in the literature review of a deep
and extensive bibliometric analysis that aims to explore the significant trends as well as the
major emerging avenues of the scientific publication of the leading AI journals. Therefore,
this research work would be beneficial for the scientific research that focuses on AI and
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COVID-19 by contributing to giving a comprehensive direction for future research works
in this field.

The organization of the rest of the paper is as follows. Section 2 presents the rel-
evant literature review that focuses on AI and COVID-19. Section 3 discusses research
methods and strategies for search and screening. Section 4 introduces the bibliometric
analysis and summarizes the major results. In Section 5, the findings of the analysis will
be discussed. Section 6 will be devoted to the discussion of the theoretical and practical
implications. Finally, the limitations of this work along with the future research avenues
will be highlighted.

2. Literature Review

AI is a computer engineering field that tends to make intelligent machines, notably,
intelligent software. It provides advanced techniques that leverage machines and com-
puters to mimic the human mind in terms of solving problems. Consequently, AI allows
the creation of smart computer programs able to handle a lot of tasks such as analyzing
astronomically huge datasets to retrieve useful insights, recommending a suitable video
from a large dataset of videos, controlling traffic, etc. AI-based technologies achieved great
success and have become an essential part of our personal and public decision-making [15].

Therefore, the applications of AI in many sectors has been increased rapidly to mainly
reveal hidden knowledge from big data and enhance the decision-making process. Among
the fields that witness growth and effectiveness after the application of AI techniques, we
can mention e-learning (Intelligent Tutoring System), manufacturing and factory automa-
tion, cybersecurity and digital forensics, human resource management, AI-driven home
automation, hazardous environments, military application, finance, AI-based healthcare
applications, robotics, and so on [15]. The research work of Thakur et al., showed also the
significance of applying AI in sentiment analysis by extracting insight from 12,028 tweets
about the Omicron variant [16].

The great potential of AI has been demonstrated especially during the crisis of the
COVID-19 pandemic that hit the globe over the last two years [17]. This pandemic has
dramatically disrupted our lives by forcing a lot of restrictions. These restrictions include
the closure of cities and borders, changes in working hours, and operating procedures
in most companies and organizations. All sectors have been affected badly including
transportation, business, education, healthcare, and travel. In such a situation, AI has been
adopted rapidly to combat the pandemic [5]. In this context, several research works have
covered the role of AI to alleviate the impact of the COVID-19 crisis in many sectors.

In previous research, scholars highlighted the role AI has played in combating the
pandemic in the healthcare sector [18]. They mentioned that several AI-based technologies
have been invented during this crisis to assist in many tasks. These tasks include the early
detection and diagnosis of the virus, the analysis of the trends, and the mitigation of the
overall situation in the healthcare sector. AI-based programs can enhance the forecasting
precision and thus additional help can be provided to the people who are vulnerable along
with the proper treatment that can be provided regularly. As a result, the mortality rate
has been reduced. In addition to that, AI showed its efficacy in the health sector during
the COVID-19 era as it limits the spread of the pandemic. Scholars concisely listed the
contributions of AI in the healthcare sector as follows: early detection and diagnosis of
infection, monitoring treatments, tracing the contact of individuals, projection of cases and
mortality, development of drugs and vaccines, reducing the workload of healthcare workers,
and prevention of the disease. The tools of AI were also involved in the development of
drugs, the forecast of the disease’s spread, and the surveillance of the population. Further,
the authors discussed the challenges researchers may face when they apply AI to datasets
in terms of the privacy and security of data. Pantelimon et al. recent study underlined
the impact of the COVID-19 pandemic on the education sector [19]. The educational
system has been changed from face-to-face to fully online because the pandemic caused
the closure of educational institutions to avoid the spread of the virus. Furthermore, they
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emphasized the importance of online learning in such conditions. This study demonstrates
the crucial role of AI in enhancing e-learning and adapting it to the need of the sector.
The application of AI in the E-learning system gives birth to adaptive learning systems
that can fit the individual needs of teachers and students. In addition, they stressed the
efficacy of AI-driven E-learning platforms to transcend the crisis in the educational field.
In Piccialli et al. recent study, the vital role AI played in the dramatic acceleration of
digital transformation in many sectors to tackle the challenges imposed by the COVID-19
pandemic was confirmed [20]. The authors focused mainly on the AI-based technologies
that give support to healthcare, society, and research. These technologies include advanced
models for the diagnosis of pneumonia, the detection of whether people wear masks or
not, the recognition of environments, the control of people’s movement and analysis of
their displacement, the automation of disinfection robots, the recognition of cough sound,
protein folding, reviewing the literature review of the COVID-19 using text mining, finding
out associations and the prediction of the interaction between drug and disease and thus
invent antiviral drugs. The success of these technologies in facing the crisis explains the
strength of the two AI methods which are Machine learning (ML) and Deep Learning
(DL). Moreover, Mhlanga discussed the dramatic impact of the pandemic on the economies
of the world and the health sector [21]. This work assessed the role of AI in machine
learning in fighting against the pandemic. After conducting qualitative content analysis,
the author stressed the vital role AI and machine learning played in finding solutions
for most of the challenges the pandemic imposes. These solutions contributed mainly to
controlling the spread of the virus, speeding up research on COVID-19 trends. Further,
the author raised a call to governments to build trust in AI and machine learning and
develop AI-based technologies to guarantee the achievement of the goals related to the
sustainable development of health and wellbeing. Additionally, Rahman et al., study
provided a comprehensive exploration of the major AI approaches and the aspects of
AI-based technologies, and their implications for mitigating the catastrophic effects of
the COVID-19 crisis on the healthcare sector and society [22]. The major AI applications
that are highlighted in this study include the diagnosis and the detection of the virus, the
analysis of data and procedures of treatments, the development of drugs, control of society
and its services along with the prediction of the pandemic’s progress.

Few studies employed bibliometric analysis while reviewing the publications that
cover AI during the COVID-19 pandemic. Islam et al., provided a comprehensive overview
of the publications that were related to the applications of AI during the COVID-19 pan-
demic [23]. They conducted a longitudinal bibliometric analysis on 729 research papers that
are published between 2020 and 2021 on the web of science. This is a quantitative analysis
of the retrieved literature to find out the trends and relevant patterns based on the following
parameters: country, research area, source, author, institutions, citations, co-citations, and
keywords. The major findings of this analysis consist of citing the main applications of
AI during the pandemic which include the diagnosis and detection of COVID-19, the
trends of the epidemic, classification and repurposing of drugs, patients screening, and
early treatments. Furthermore, it was found that researchers from the USA, China, Italy,
and Spain conducted the highest number of publications related to AI and COVID-19.
The authors of [24] conducted a bibliometric study on 105 research works obtained from
the MEDLINE database to assess the current trends and outstanding research domains
related to the use of AI amid the COVID-19 outbreak. The main finding of this analysis
indicated that USA and China are the leaders in terms of research publications in this
field. Furthermore, the outcome of the study highlights the major topics covered in these
publications. These topics include control and prevention, epidemiological characteristics,
diagnostics, therapeutics, psychological conditions, and several data sciences fields that are
related to COVID-19. Moreover, this work stressed the importance of considering several
aspects while developing AI-powered technologies. These aspects include health dispari-
ties, socio-legal issues, vaccine development, and applied public health. Tasdelen and Ugur
conducted a bibliometric analysis of the AI literature during COVID-19 to help researchers
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in this field easily find the latest avenues regarding AI research and its contributions during
the pandemic [25]. This analysis was conducted based on some indicators, which include
the authors’ h-index and the impact factors of the publications.

Overall, bibliometric analysis works of the literature that covers AI and COVID-19
are few. Even the abovementioned bibliometric studies do not give a comprehensive
examination of the actual AI and COVID-19 literature because the number of articles
they covered is limited to 700 papers and they conducted the analysis based on a few
indicators [18]. To fill this gap, the main objective of our work is to conduct a deep
bibliometric analysis using a lot of comprehensive parameters on a huge number of articles
to find out all the trends, themes, and research avenues of the scientific publications in
leading AI journals amid the pandemic.

3. Research Methods
3.1. Approach and Procedures

According to Koseoglu et al., bibliometric studies could be classified into three meth-
ods, including (a) evaluative techniques, (b) relational measures, and (c) review studies [26].
The approaches of evaluative and relational measures [27] were employed in this work.
Evaluative methods consist of three prime metrics; namely productivity, impact, and hybrid
metrics [28]. The present work employed productivity and impact measures to provide a
broad picture and in-depth overview of the evolution and major trends associated with the
AI leading journals during the given period. These involve some metrics such as annual
production, most productive scholars, countries and institutions, the greatest cited docu-
ments, etc. Moreover, these measures were analyzed using the Scopus Tools Analysis, along
with some interventions by the authors using Microsoft Excel. It should be considered that
these metrics are widely used by researchers in different settings (e.g., [21,29,30]) including
academic journals belonging to different areas [31–33].

In addition, the present work utilizes relational-related techniques to visually map the
academic production of high-rank AI journals. These include co-authorship analysis and
co-word analysis (see [25]). Co-author analysis is employed to evaluate the social structure,
whereas co-word analysis is utilized to establish the conceptual structure of the big data
produced by AI leading academic journals during the COVID-19 era (2020–2021). The
software of VOSviewer [34] was used to conduct relational-associated techniques, which
are employed in several past studies within different contexts (see, e.g., [27]).

3.2. Data Collection

Based on the latest Scopus CiteScore-2020 announced in the mid of 2021, this research
concentrates on the top-tier ten journals in the “Artificial Intelligence” category, belonging
under the area of “Computer Science”. Table 1 shows the leading AI journals according to
Scopus-CiteScore-2020.

Table 1. The leading AI academic journals based on Scopus-CiteScore-2020.

R * Journal Title JTA * CiteScore

1 IEEE Transactions on Pattern Analysis and Machine Intelligence IEEE-TPAMI 44.2
2 Foundations and Trends in Machine Learning FTML 37.8
3 Science Robotics SR 25.7
4 Physics of Life Reviews PLR 21.5
5 IEEE Transactions on Neural Networks and Learning Systems IEEE-TNNLS 19.8
6 IEEE Transactions on Fuzzy Systems IEEE-TFS 18.3
7 International Journal of Information Management IJIM 18.1
8 IEEE Computational Intelligence Magazine IEEE-CIM 16.5
9 Pattern Recognition PR 15.7
10 International Journal of Computer Vision IJCV 15.0

Note: * R = Rank; JTA = Journal Title Abbreviation to be used throughout the whole manuscript.
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A total of 5890 documents (all English publication types) of the top-tier 10 AI academic
journals (Table 2) were gathered over two years, between 2020 and 2021. However, data
collection for the current study was finalized on 17 February 2022. According to [35],
scholars have recently debated the extent to which open-access journals (OA) are influ-
encing the number of citations for certain papers since they are available for free on the
web. Furthermore, citation metrics are doubtful to scholars such as in Aksnes et al. and
Alperin et al. [36,37] as they claim that it may not be accurate in evaluating journal impacts
since most citations in Canadian and US universities are found to be received from post-
graduate students. Nevertheless, citation metrics reflect the extent to which the academic
world is using the study while OA journals are allowing for broader opportunities and
access for academics and practitioners to read recent articles [35].

Table 2. Scientific production of the leading AI academic journals during 2020 and 2021.

Journal
Number of Documents

2020 2021 Total

IEEE-TPAMI 300 796 1096
FTML 4 5 9

SR 87 121 208
PLR 65 72 137

IEEE-TNNLS 530 1325 1855
IEEE-TFS 330 525 855

IJIM 218 167 385
IEEE-CIM 43 44 87

PR 412 519 931
IJCV 158 169 327
Total 2147 3743 5890

In the current study, the top leading journal based on Scopus-CiteScore-2020 is the
IEEE Transactions on Pattern Analysis and Machine Intelligence, which is an OA journal that
received the highest cite score. Similarly, the second and third journals in the list are
OA journals with a cite score of 37.8 and 25.7. However, the fourth journal (i.e., Physics
of Life Reviews) offers authors two options; first, the Gold open access where the paper
will be available online after paying the publication fees; and second, the subscription
for certain universities or waiving partial or full fees for authors affiliated to developing
countries universities [38], which is giving a chance to a variety of authors in many regions
in the world to have OA publication opportunities. Further, the AI topic is receiving
much attention from scholars and therefore fast publication in OA journals would help to
improve the existing AI body of knowledge and improve AI understanding. Hence we
believe that the leading AI academic journals based on Scopus-CiteScore-2020 are a good
base for looking at the AI topic in the current study. Figure 1 summarizes the process of
data collection.
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Figure 1. Data collection process.

4. Findings

This section presents the results of the descriptive analysis or productivity analysis
(i.e., annual production, most productive authors, countries, and organizations) and the
biometric/network analysis (i.e., citation analysis, social structure (co-authorship analysis)
and conceptual structure (i.e., co-occurrence/key-words analysis)) of the leading AI journals
are all presented.

4.1. Productivity Analysis

Table 2 reveals the number of scientific publications in the top-tier AI journals in the
two selected years (2020 and 2021). It can be clearly seen that the number of all publication
types of the highest rank journals of AI has witnessed a remarkable growth in the year 2021
compared to the year 2020. In addition, the peak value of publications is recorded in the
journal IEEE-TNNLS (1855 documents). This is followed by the journals IEEE-TPAMI and
PR; producing 1096 and 931 documents, respectively. The lowest figures of publications
during the two chosen years are recorded amongst the journals IEEE-CIM and FTML with
87 and nine documents accordingly.

Regarding the most productive authors, Table 3 shows that Li X. published the highest
number of documents (148) in the leading AI journals during 2020 and 2021. Both Wang Y. and
Zhang Y. published a considerable number of documents at 144 and 143 documents, respectively.

Table 4 shows the most productive nations in the top-tier AI journals during the
COVID-19 era (2020 and 2021). China has recorded the peak value (2874 documents)
followed by the US, the UK, and Australia, which produced 895, 430, and 426 documents,
respectively. Hong Kong and Canada produced 242 and 218 publications accordingly.
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Table 3. Most productive authors in the leading AI journals during (2020 and 2021).

R Author Documents

1 Li X. 148
2 Wang Y. 144
3 Zhang Y. 143
4 Wang Z. 139
5 Liu Y. 133
6 Wang J. 131
7 Li Y. 128
8 Zhang H. 118
9 Li J. 111
10 Wang X. 107

Table 4. Most productive countries in the leading AI journals during (2020 and 2021).

R Country Documents

1 China 2874
2 United States 895
3 United Kingdom 430
4 Australia 426
5 Hong Kong 242
6 Canada 218
7 France 182
8 Germany 181
9 South Korea 169
10 Singapore 164

Table 5 points out the contributions of institutions to the highest-ranked AI journals
in the COVID-19 era in 2020 and 2021. Inception Institute of Artificial Intelligence, Abu
Dhabi, UAE produced 25 documents, School of Artificial Intelligence, University of Chinese
Academy of Sciences, Beijing, China has 20 documents, while the University of Chinese
Academy of Sciences, Beijing, China produced 19 publications.

Table 5. Most productive organizations in the leading AI journals during (2020 and 2021).

R Organization Documents

1 Inception Institute of Artificial Intelligence, Abu Dhabi, UAE 25
2 School of Artificial Intelligence, University of Chinese Academy of Sciences, Beijing, 100049, China 20
3 University of Chinese Academy of Sciences, Beijing, 100049, China 19

4 School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing,
210094, China 16

5 University of Chinese Academy of Sciences, Beijing, China 14
6 College of Information Science and Engineering, Northeastern University, Shenyang, 110819, China” 14
7 National Tsing Hua University, Taiwan” 14
8 Navigation College, Dalian Maritime University, Dalian, 116026, China 14
9 School of Data and Computer Science, Sun Yat-Sen University, Guangzhou, 510006, China 13

10 School of Electrical and Information Engineering, Tianjin University, Tianjin, 300072, China 13

4.2. Citation Analysis

Table 6 presents the most-cited documents in the leading journals of AI during the
years 2020 and 2021. Overall, it can be seen that the most-cited document types are all
articles. In addition, the top 10 most-cited articles in the leading AI journal have been
published in the journal IEEE-TPAMI (five articles).
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Table 6. Most cited documents in the leading AI journals during (2020 and 2021).

R Authors Title Year Source Title Citation Type

1 Lin T.-Y., et al. Focal Loss for Dense Object Detection 2020 IEEE-TPAMI 1069 Article
2 Hu J., et al. Squeeze-and-Excitation Networks 2020 IEEE-TPAMI 776 Article
3 He K., et al. Mask R-CNN 2020 IEEE-TPAMI 659 Article

4 Selvaraju R.R.,
et al.

Grad-CAM: Visual Explanations from Deep
Networks via Gradient-based Localization 2020 IJCV 560 Article

5 Liu L., et al. Deep Learning for Generic Object Detection:
A Survey 2020 IJCV 555 Article

6 Cao Z., et al. OpenPose: Realtime Multi-Person 2D Pose
Estimation Using Part Affinity Fields 2021 IEEE-TPAMI 440 Article

7 Wu Z., et al. A Comprehensive Survey on Graph Neural
Networks 2021 IEEE-TNNLS 432 Article

8 Dwivedi Y.K.,
et al.

Artificial Intelligence (AI): Multidisciplinary
perspectives on emerging challenges,

opportunities, and agenda for research,
practice and policy

2021 IJIM 273 Article

9 Gao S.-H., et al. Res2Net: A New Multi-Scale Backbone
Architecture 2021 IEEE-TPAMI 220 Article

10 Dwivedi Y.K.
et al.

Impact of COVID-19 pandemic on
information management research and
practice: Transforming education, work

and life

2020 IJIM 186 Article

According to Table 6, four articles have been published in the journals of IJCV and
IJIM (two articles for each one). While one article has been published in the IEEE-TNNLS
journal. The article of Lin T.-Y., et al. in 2020 recorded the greatest number of citations
(1069) until the date of search and data collection.

4.3. Co-Authorship Analysis

Co-authorship analysis is widely utilized to highlight the patterns of scientific col-
laboration through figures called “co-authorship networks” where nodes are countries,
organizations, or authors. Connections among nodes refer to the shared authorship of a
certain paper (Figure 2).
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Using the VOSviewer network visualization and analysis platforms, Figure 2 shows
the co-authorship network of authors, publishing a minimum of 30 co-authored documents
with at least 300 citations in 2020 and 2021 (total of 62). The color of the nodes represents
the clusters (modularity class) of the AI leading journal authors. Within the network, the
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size of the nodes represents the extent to which an author is prominent, and the strength of
arrows represents co-authorships. A total of seven clusters were identified. Chen J. and
Chen X. affiliated with Beijing Institute of Technology and Shenzhen Guangdong, China,
respectively, represent the strongest co-authorship cluster, with other thirteen co-authors in
multiple publications in the leading AI journals. They are followed by Chen, H. National
Tsing Hua University, Hsinchu, Taiwan and Li, Y., Li, Y., Tsinghua University, Beijing, China
who contributed with eight more co-authors in a publication in the AI leading outlets. For
instance, topics explored by Chen X. and team looked at the extent to which differentiable
architecture search (DARTS) would enable effective neural architecture search (NAS) by
adopting the novel approach of Partially-Connected DARTS (PC-DARTS). While adopting
the gradient descent, they reported that previous trials of using the DARTs would lead to
negative sides such as computational costs and high memory [39]. Another example from
the second cluster [40] includes a number of articles that explored topics such as proposing
a systematic solution for RGB-D salient object detection in which they highlighted the
benefits of the proposed multi-modal fusion pattern in fusing and selecting cross-modal
complements [40]. In addition, themes such as social interactions and their relationship
with personal and professional life through adopting the deep Classification-Regression
Network (CR-Net) to further analyze the Big Five personality challenges were explored [41].

4.4. Co-Word Analysis

Co-word or co-occurrence analysis employs text-mining methods to the articles’ key-
words, abstracts, and titles [34]. It is conducted to highlight the authors’ keywords which
mostly reflect the articles’ content [42]. The co-occurrence of keywords occurs in articles
when a couple of keywords are repeated together, which consequently reflects the extent
to which the two concepts are related [34]. Co-occurrence is mostly used to extend knowl-
edge, outline innovation, and assess performance, within the management and strategy
contexts [43,44].

Figure 3 presents the co-occurrence analysis of the most frequent themes discussed at least
30 times in the leading AI journal publications during the COVID-19 pandemic (2020–2021).
Word combinations such as “task analysis–training”, “deep learning–convolutional neural
networks”, “learning systems–optimization”, “neural networks–adaptive control system”,
“human-algorithm”, and “artificial intelligence-machine learning” exhibit stronger links with
more frequent co-occurrence in the leading AI journal publications (2020–2021).
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Such co-occurrence of author-specified keywords reflects various AI themes. For ex-
ample, task analysis and training-related themes are discussed through the understanding
of the adaptive ConvNet via mutual learning from different model configurations [45].
Authors proposed a novel method (i.e., MutualNet) to train a single network that can
run at a diverse set of resource constraints and can possess various input resolutions
and network widths. Furthermore, scholars who studied artificial intelligence along with
machine learning looked at general novel frameworks for automatic distributed active
learning (AutoDAL) during the COVID-19 pandemic [46]. They aimed to address the
various problems and challenges in active learning (i.e., imbalanced datasets and lim-
ited labeled data) to enhance the optimization efficiency and handling of big data. Other
keywords such as deep learning–convolutional neural networks were utilized in studies
that investigated the emerging research of dynamic neural networks, which has been
recently attracting deep learning scholars’ attention [47]. A study by Han et al. looked
at the extent to which a dynamic network can adapt its parameters to various inputs to
achieve accuracy, adaptiveness, and computational efficiency. In addition, they examined
the decision-making schemes, applications, and optimization techniques that can be used
to resolve AI-challenging problems and hence, enhance future research directions.

5. Discussion of Findings

The COVID-19 pandemic has been imposing new challenges that can be tackled by
employing a range of digital technologies, particularly AI [48]. The bibliometric analysis in
the current study is used to uniquely conclude the process of current and previous research
citation analyses so academics can learn about the directions for future research [49].
Specifically, the study is considered an attempt to strengthen the research field of “AI” by
using bibliometric analysis. The key trends and themes of AI research during the time
of the COVID-19 pandemic (2020/2021) are reported. Leading AI scientific journals in
the Scopus database were scanned for AI articles (a total of 5890 documents) to provide
insights into the current knowledge on AI and report on the key authors and publications
to show how the topic has been evolving during the pandemic. The results extend previous
literature, promote transparency, and offer an opportunity for future academics who are
willing to advance the current body of knowledge on AI and also guide them on the leading
AI journals and key themes.

The descriptive analysis or productivity analysis (i.e., annual production, most pro-
ductive authors, countries, and organizations) and the network analysis (i.e., citation
analysis, besides, social structure (co-authorship analysis) and conceptual structure (i.e., co-
occurrence/key-words analysis)) of the leading AI journals are all presented. Descriptive
analysis shows that IEEE-TNNLS and IEEE-TPAMI are the top AI journals publishing the
highest numbers of articles, particularly in 2021; a year after the start of the pandemic.

The current study results are shown that the journal IEEE-TNNLS and the journal
IEEE-TPAMI have published the highest number of articles. While the journal IEEE-TPAMI
is the second regarding the number of published articles, it is the outlet for the top three
most cited articles within the AI leading journals. Nevertheless, the journal IJCV and the
journal IJIM can be considered potential outlets for AI future studies. For academics to
influence the AI research community, it is suggested to target the leading AI journals as the
top publication outlets for their future studies.

Interestingly, the descriptive analysis is showing that none of the topmost productive
authors has authored or co-authored any of the top 10 most cited articles within the AI lead-
ing academic journals, both lists include different information which reflects that citation is
geared more towards certain trendy topics in AI and the number of published articles for
each author in this research field does not guarantee a high number of citations. However,
the authors in Tables 3 and 6 are seen to be strongly added and shaped the AI research
field by offering valuable contributions to the theoretical and practical implications during
the COVID-19 pandemic. It is also noted that China is the most productive country in the
leading AI journals during (2020 and 2021) and the home of the top ten productive authors,
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however, the Chinese leading and most productive institutions come after the top of the
list which happens to be a UAE institution (i.e., Inception Institute of Artificial Intelligence,
Abu Dhabi) with 25 published documents. School of Artificial Intelligence, University of
Chinese Academy of Sciences is the top institution in China with 20 published articles
followed by the University of Chinese Academy of Sciences with 19 published articles.

In addition, unique findings were heightened through the use of bibliometric/network
analysis. For example, the results of citation analysis are showing that the top-cited articles
were first, “Focal Loss for Dense Object Detection” authored by Lin T.-Y., et al. (2020) which
received 1069 citations. Secondly, “Squeeze-and-Excitation Networks” (Hu J., et al., 2020)
with 776 citations, and thirdly “Mask R-CNN” (He K., et al., 2020) with 659 citations. The
focus of the top-cited articles is on topics related to convolutional neural networks (CNNs),
object detection in images, instance-level recognition, and instance segmentation. Moreover,
the article focusing on “Squeeze-and-Excitation Networks” by Hu J., et al. (2020) [50] is
also at the top of the most-citied articles which is employing repeated terms to the top-cited
article (i.e., convolutional neural networks (CNNs). However, it is expected that the number
of citations for “deep learning” and “artificial intelligence” articles will continue to increase
in the future.

The co-authorship analyses also revealed remarkable results related to the AI articles’
seven co-authorship clusters. Chen J. and Chen X. affiliated with the Beijing Institute of
Technology and Shenzhen Guangdong, China was included in the first and strongest cluster
respectively, along with other thirteen co-authors in multiple publications in the leading AI
journals. They are followed by Chen, H. National Tsing Hua University, Hsinchu, Taiwan
and Li, Y., Li, Y., Tsinghua University, Beijing, China who contributed with eight more
co-authors in a publication in the AI leading outlets. This refers to the strong existence of
Chinese scholars within the top AI journals published in 2020–2021.

Interestingly, some of the keywords of the most cited topic happened to be the key-
words mostly used in the AI leading journals 2020–2021. For example, the frequent oc-
currence of the term ‘task analysis–training”, and “deep learning–convolutional neural
networks,” in the papers, refers to their high domination within AI research. In addition,
the “optimization” and “artificial intelligence” topics have become more important during
the COVID-19 pandemic. Another notable result is related to the occurrence of the term
“learning systems” and the frequent citations of “Focal Loss for Dense Object Detection” [51]
which is considered a relatively new area of research focusing on terms such as “learning
systems”, “neural networks” and “convolutional neural networks (CNNs)”. Such terms in
tuns showed a high co-occurrence within the study scope of the AI leading journals.

Moreover, other certain topics in the leading AI journals during the COVID-19 pan-
demic were also identified. Articles focused on “deep networks and visual explana-
tions” [52] have been frequently cited followed by articles on “deep Learning for generic
object detection” [53]. Therefore, the two topics are considered more influential within
the AI leading journals. In contrast, articles on “Artificial Intelligence (AI) challenges and
opportunities” [54], “Multi-Scale Backbone Architecture” [55], and “Impact of COVID-19
pandemic on information management research and practice” [56] have received a lower
number of citations, perhaps due to they are just recently published. However, it is be-
lieved that the trendy topic of “responsible AI development” [57,58]. and “augmented
processes” [59] could be receiving a high number of citations due to its recent popularity.
Interestingly, articles related to “information management and” “learning systems” [18]
seem to be more neutral rather than specific.

6. Implications

The present review article holds several beneficial theoretical and practical impli-
cations. Concerning the theoretical contribution, this paper adds to the existing body
of knowledge associated with AI within different contexts and settings by highlighting
and outlining the essential trends and thematic evolution of AI research produced by the
leading AI journals over the two recent years. In addition, the current study provides an
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in-depth understanding of the conceptual structure as well as the social structure of the
publications of the highest rank journals belonging to the subject area of AI amidst the
COVID-19 era, particularly in the years 2020 and 2021. The results of the current work
revealed that there is a substantial number of publications on AI (e.g., articles, review
studies, editorials, conference papers, etc.) during the last two years among the selected
journals. Having said that, this could reflect the considerable attention that has been paid
by scholars and researchers from many countries all over the world to this area of research.
This could also lead to increased attention by authors around the world to AI and its
linked issues among various sectors in the future. Moreover, the findings of this paper
represent informative details and outstanding contributions to concerned stakeholders (e.g.,
authors, research-related centers, higher education institutions, and others) by conducting a
comprehensive bibliometric approach consisting of a multi-method technique (i.e., produc-
tivity analysis, citation analysis, co-authorship analysis, keywords analysis, etc.) to deeply
analyze and map the scientific production of the leading AI academic journals indexed in
Scopus database. Our research findings provide obvious overviews of the most prolific
scholars, countries, and institutions that contributed to the top 10 journals in the AI area.
Another theoretical contribution of this research is connected to research methods. In other
words, employing an integrated bibliometric analysis involving evaluative measures (i.e.,
annual production, most productive authors, nations and organizations, and most cited doc-
uments) and relational techniques (i.e., co-authorship analysis, keywords or co-occurrence
analysis) adds to the extant literature on bibliometric studies within different areas and
domains. In this vein, this paper, to the best of the authors’ knowledge, is considered the
first attempt to employ a comprehensive bibliometric analysis of the leading AI academic
journals indexed in the Scopus database, one of the biggest abstract and citation databases
of peer-reviewed literature.

Regarding the practical implications, the current scientific research produces a variety
of contributions for policymakers, managers, and relevant stakeholders in connection with
the AI area. To be more specific, the results of the current paper do assist policymakers
and managers of different relevant organizations in formulating and developing timely
strategies and procedures related to AI and its applications among various industries and
sectors. In other words, it is evident that AI-associated studies are industry-based and
could offer policymakers and managers of industry and related sectors benefits in terms
of forming and deploying efficient strategies of AI and bringing proper solutions for its
opportunities and challenges.

7. Limitations

Like any academic work, this study has potential limitations that have to be high-
lighted and considered in future research. The first limitation is related to the target journals.
As previously discussed, this research did target only the top 10 academic journals of AI,
depending on the most recent CiteScore metric produced by Scopus Elsevier. The second
limitation is linked to research methods. As mentioned, this study used some bibliometric
techniques involving evaluative metrics (e.g., productivity and citation analysis) and rela-
tional methods (e.g., co-authorship analysis and co-occurrence/keywords analysis). The
third limitation is related to the given period (2020 and 2021) that was considered while
gathering the data from the targeted AI journals. At last, the study analysis suggests the
development of four key shifts in the leading AI journals during the COVID-19 pandemic.
Such shifts are geared toward themes such as “deep learning” and “optimization”, “artifi-
cial intelligence”, and “clustering algorithm”, which revealed the multifaceted nature of
AI topics.

8. Conclusions and Future Scope of Work

To conclude, this paper has highlighted the major trends, conceptual and social struc-
tures, and key themes of AI leading journals’ publications during the period 2020–2021.
It has also generated several promising research directions that are important but under-
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explored in current research. First, future work is suggested to review, analyze, and map
the scientific production of the rest of the journals belonging to the subject area of AI
such as first-quartile AI journals; second-quartile AI journals; third-quartile AL journals;
and/or fourth-quartile AI journals. This could assist in producing a deeper and noteworthy
understanding and overviews concerning the big data of AI journals. In addition, review
studies of AI big data are recommended for future work to provide an in-depth systematic
review of publications in AI-associated academic journals. In addition, future research
could conduct a bibliometric analysis of the research methods, data analysis techniques,
and procedures of the publications of the leading AI journals. Next, future research could
go beyond the two-year period (2021–2022) and collect data from top-tier AI journals
for several years (e.g., one decade, two decades, etc.). This will help in bringing a full
illustration and solid background on the scientific production of these journals over the last
years. Fourth, recent publications may show top AI authors who may have changed their
affiliations after moving to a new position, this may influence the order of the most produc-
tive organizations in the leading AI journals. Moreover, future research could be focusing
on identifying a more generalizable theoretical framework that may capture the complexity
of “learning systems” and advance the academic understanding of “clustering algorithm”
in the context of “visual attention modeling” so experimental results could potentially
enhance performance in time cost and accuracy. It is suggested that “Computation theory”
could be advanced concerning its three main branches; namely computability theory, au-
tomata theory and formal languages, and computational complexity theory, to provide
more insights into the limitations and fundamental capabilities of computers. “Graph”
theory could also present a potential theoretical framework that covers concepts that can
develop the mathematical structures used for modeling objects’ pairwise relations, which
is a crucial principle of discrete mathematics studies. Indeed, the AI domain is too broad
and includes various disciplines. Thus, future research could focus on specific domains
such as CV, NLP, etc. This could help in presenting more precise and solid findings.

Author Contributions: M.S. contributed to the research design, data collection, methodology, theoret-
ical and managerial implications, and project administration. T.F. contributed to the introduction and
literature review. I.E. contributed to data analysis, results, and discussion of findings. R.F. contributed
to the abstract, limitations, and future research. All authors contributed to editing, reviewing, and
improving the paper. All authors have read and agreed to the published version of the manuscript.

Funding: This paper is financed by National Funds awarded by the FCT—Portuguese Foundation
for Science and Technology to the project “UIDB/04928/2020”.

Conflicts of Interest: The authors have no competing interests to declare that are relevant to the
content of this article.

References
1. Shi, Y.; Yang, K.; Yang, Z.; Zhou, Y. Motivations and Organization. In Mobile Edge Artificial Intelligence; Academic Press: Cambridge,

MA, USA, 2022; pp. 3–5. [CrossRef]
2. Adadi, A.; Lahmer, M.; Nasiri, S. Artificial Intelligence and COVID-19: A Systematic Umbrella Review and Roads Ahead. J. King

Saud Univ. Comput. Inf. Sci. 2021, 34, 5898–5920. [CrossRef]
3. Wang, H.; Paulson, K.R.; Pease, S.A.; Watson, S.; Comfort, H.; Zheng, P.; Aravkin, A.Y.; Bisignano, C.; Barber, R.M.; Alam, T.; et al.

Estimating Excess Mortality Due to the COVID-19 Pandemic: A Systematic Analysis of COVID-19-Related Mortality, 2020–21.
Lancet 2022, 399, 1513–1536. [CrossRef]

4. Zhou, M.; Kan, M.-Y. The Varying Impacts of COVID-19 and Its Related Measures in the UK: A Year in Review. PLoS ONE 2021,
16, e0257286. [CrossRef]

5. Abd-Alrazaq, A.; Schneider, J.; Mifsud, B.; Alam, T.; Househ, M.; Hamdi, M.; Shah, Z. A Comprehensive Overview of the
COVID-19 Literature: A Machine Learning-Based Bibliometric Analysis. J. Med. Internet Res. 2020, 23, e23703. [CrossRef]

6. Naudé, W. Artificial Intelligence against COVID-19: An Early Review. SSRN Electron. J. 2020, 13110. [CrossRef]
7. Rostami, M.; Oussalah, M. A Novel Explainable COVID-19 Diagnosis Method by Integration of Feature Selection with Random

Forest. Inform. Med. Unlocked 2022, 30, 100941. [CrossRef]
8. Pradhan, A.; Prabhu, S.; Chadaga, K.; Sengupta, S.; Nath, G. Supervised Learning Models for the Preliminary Detection of

COVID-19 in Patients Using Demographic and Epidemiological Parameters. Information 2022, 13, 330. [CrossRef]

http://doi.org/10.1016/b978-0-12-823817-2.00010-3
http://doi.org/10.1016/j.jksuci.2021.07.010
http://doi.org/10.1016/S0140-6736(21)02796-3
http://doi.org/10.1371/journal.pone.0257286
http://doi.org/10.2196/23703
http://doi.org/10.2139/ssrn.3568314
http://doi.org/10.1016/j.imu.2022.100941
http://doi.org/10.3390/info13070330


Big Data Cogn. Comput. 2023, 7, 12 15 of 16

9. Guo, Y.; Hao, Z.; Zhao, S.; Gong, J.; Yang, F. Artificial Intelligence in Health Care: Bibliometric Analysis. J. Med. Internet Res. 2020,
22, e18228. [CrossRef]

10. Romero-Riaño, E.; Rico-Bautista, D.; Martinez-Toro, M.; Medina-Cárdenas, Y.; Rico-Bautista, N. Artificial intelligence theory: A
bibliometric analysis. J. Phys. Conf. Ser. 2021, 2046, 012078. [CrossRef]

11. Djen, R.A.M.; Nurmandi, A.; Muallidin, I.; Kurniawan, D.; Loilatu, M.J. Artificial Intelligence: Bibliometric Analysis in Govern-
ment Studies. In Proceedings of the Seventh International Congress on Information and Communication Technology, Lecture
Notes in Networks and Systems; Yang, X.S., Sherratt, S., Dey, N., Joshi, A., Eds.; Springer: Singapore, 2022; Volume 465. [CrossRef]

12. Jia, K.; Wang, P.; Li, Y.; Chen, Z.; Jiang, X.; Lin Ch Chin, T. Research Landscape of Artificial Intelligence and e-Learning: A
Bibliometric Research. Front. Psychol. 2022, 13, 795039. [CrossRef]

13. Talan, T. Artificial intelligence in education: A bibliometric study. Int. J. Res. Educ. Sci. (IJRES) 2021, 7, 822–837. [CrossRef]
14. José de Oliveira, O.; Francisco da Silva, F.; Juliani, F.; César Ferreira Motta Barbosa, L.; Vieira Nunhes, T. Bibliometric Method for

Mapping the State-of-the-Art and Identifying Research Gaps and Trends in Literature: An Essential Instrument to Support the
Development of Scientific Projects. In Scientometrics Recent Advances; IntechOpen: London, UK, 2019. [CrossRef]

15. Smeaton, C.P. Book Review: Artificial Intelligence: Its Scope and Limits. Comput. Control Eng. J. 1990, 1, 239. [CrossRef]
16. Thakur, N.; Han, C.Y. An Exploratory Study of Tweets about the SARS-CoV-2 Omicron Variant: Insights from Sentiment Analysis,

Language Interpretation, Source Tracking, Type Classification, and Embedded URL Detection. COVID 2022, 2, 1026–1049.
[CrossRef]

17. Wang, L.; Zhang, Y.; Wang, D.; Tong, X.; Liu, T.; Zhang, S.; Huang, J.; Zhang, L.; Chen, L.; Fan, H.; et al. Artificial Intelligence for
COVID-19: A Systematic Review. Front. Med. 2021, 8, 704256. [CrossRef] [PubMed]

18. Ho, Y.-S.; Wang, M.-H. A Bibliometric Analysis of Artificial Intelligence Publications from 1991 to 2018. COLLNET J. Scientometr.
Inf. Manag. 2020, 14, 369–392. [CrossRef]

19. Pantelimon, F.-V.; Bologa, R.; Toma, A.; Posedaru, B.-S. The Evolution of AI-Driven Educational Systems during the COVID-19
Pandemic. Sustainability 2021, 13, 13501. [CrossRef]

20. Piccialli, F.; di Cola, V.S.; Giampaolo, F.; Cuomo, S. The Role of Artificial Intelligence in Fighting the COVID-19 Pandemic. Inf.
Syst. Front. 2021, 23, 1467–1497. [CrossRef]

21. Mhlanga, D. The Role of Artificial Intelligence and Machine Learning Amid the COVID-19 Pandemic: What Lessons Are We
Learning on 4IR and the Sustainable Development Goals. Int. J. Environ. Res. Public Health 2022, 19, 1879. [CrossRef]

22. Rahman, M.M.; Khatun, F.; Uzzaman, A.; Sami, S.I.; Bhuiyan, M.A.-A.; Kiong, T.S. A Comprehensive Study of Artificial
Intelligence and Machine Learning Approaches in Confronting the Coronavirus (COVID-19) Pandemic. Int. J. Health Serv. 2021,
51, 446–461. [CrossRef]

23. Islam, M.M.; Poly, T.N.; Alsinglawi, B.; Lin, L.-F.; Chien, S.-C.; Liu, J.-C.; Jian, W.-S. Application of Artificial Intelligence in
COVID-19 Pandemic: Bibliometric Analysis. Healthcare 2021, 9, 441. [CrossRef]

24. Hossain, M.M.; Sarwar, S.A.; McKyer, E.L.J.; Ma, P. Applications of Artificial Intelligence Technologies in COVID-19 Research: A
Bibliometric Study. Preprints 2020, 2020060161. [CrossRef]

25. Tasdelen, A.; Ugur, A.R. Artificial Intelligence Research on COVID-19 Pandemic: A Bibliometric Analysis. In Proceedings of the
2021 5th International Symposium on Multidisciplinary Studies and Innovative Technologies (ISMSIT), Ankara, Turkey, 21–23
October 2021. [CrossRef]

26. Koseoglu, M.A.; Rahimi, R.; Okumus, F.; Liu, J. Bibliometric Studies in Tourism. Ann. Tour. Res. 2016, 61, 180–198. [CrossRef]
27. Benckendorff, P.; Zehrer, A. A Network Analysis of Tourism Research. Ann. Tour. Res. 2013, 43, 121–149. [CrossRef]
28. Michael Hall, C. Publish and Perish? Bibliometric Analysis, Journal Ranking and the Assessment of Research Quality in Tourism.

Tour. Manag. 2011, 32, 16–27. [CrossRef]
29. Au-Yong-Oliveira, M.; Pesqueira, A.; Sousa, M.J.; Dal Mas, F.; Soliman, M. The Potential of Big Data Research in HealthCare for

Medical Doctors’ Learning. J. Med. Syst. 2021, 45, 13. [CrossRef]
30. Cardoso, L.; Soliman, M.; Araújo-Vila, N.; Feijó De Almeida, G. Topic Prominence of Tourism and Hospitality Scientific Research.

Adv. Hosp. Tour. Res. (AHTR) 2020, 9, 179–204. [CrossRef]
31. Bouyssou, D.; Marchant, T. Bibliometric Rankings of Journals Based on Impact Factors: An Axiomatic Approach. J. Informetr.

2011, 5, 75–86. [CrossRef]
32. Merigó, J.M.; Mas-Tur, A.; Roig-Tierno, N.; Ribeiro-Soriano, D. A Bibliometric Overview of the Journal of Business Research

between 1973 and 2014. J. Bus. Res. 2015, 68, 2645–2653. [CrossRef]
33. Soliman, M.; Lyulyov, O.; Shvindina, H.; Figueiredo, R.; Pimonenko, T. Scientific Output of the European Journal of Tourism

Research: A Bibliometric Overview and Visualization. Eur. J. Tour. Res. 2021, 28, 2801. [CrossRef]
34. Van Eck, N.J.; Waltman, J. VOSviewer Manual; Universiteit Leiden: Leiden, The Netherlands, 2022.
35. Langham-Putrow, A.; Bakker, C.; Riegelman, A. Is the open access citation advantage real? A systematic review of the citation of

open access and subscription-based articles. PLoS ONE 2021, 16, e0253129. [CrossRef]
36. Aksnes, D.W.; Langfeldt, L.; Wouters, P. Citations, citation indicators, and research quality: An overview of basic concepts and

theories. Sage Open 2019, 9, 2158244019829575. [CrossRef]
37. Alperin, J.; Nieves, C.; Schimanski, L.; Fischman, G.; Niles, M.; McKiernan, E. How significant are the public dimensions of

faculty work in review, promotion, and tenure documents? elife 2018, 8, e42254. [CrossRef]

http://doi.org/10.2196/18228
http://doi.org/10.1088/1742-6596/2046/1/012078
http://doi.org/10.1007/978-981-19-2397-5_39
http://doi.org/10.3389/fpsyg.2022.795039
http://doi.org/10.46328/ijres.2409
http://doi.org/10.5772/intechopen.85856
http://doi.org/10.1049/cce:19900068
http://doi.org/10.3390/covid2080076
http://doi.org/10.3389/fmed.2021.704256
http://www.ncbi.nlm.nih.gov/pubmed/34660623
http://doi.org/10.1080/09737766.2021.1918032
http://doi.org/10.3390/su132313501
http://doi.org/10.1007/s10796-021-10131-x
http://doi.org/10.3390/ijerph19031879
http://doi.org/10.1177/00207314211017469
http://doi.org/10.3390/healthcare9040441
http://doi.org/10.20944/preprints202006.0161.v1
http://doi.org/10.1109/ismsit52890.2021.9604573
http://doi.org/10.1016/j.annals.2016.10.006
http://doi.org/10.1016/j.annals.2013.04.005
http://doi.org/10.1016/j.tourman.2010.07.001
http://doi.org/10.1007/s10916-020-01691-7
http://doi.org/10.30519/ahtr.773377
http://doi.org/10.1016/j.joi.2010.09.001
http://doi.org/10.1016/j.jbusres.2015.04.006
http://doi.org/10.54055/ejtr.v28i.2069
http://doi.org/10.1371/journal.pone.0253129
http://doi.org/10.1177/2158244019829575
http://doi.org/10.7554/eLife.42254


Big Data Cogn. Comput. 2023, 7, 12 16 of 16

38. Physics of Life Reviews. Open Access Options; Elsevier: Amsterdam, The Netherlands, 2022. Available online: https://www.elsevier.
com/journals/physics-of-life-reviews/1571-0645/open-access-options (accessed on 1 December 2022).

39. Xu, Y.; Xie, L.; Dai, W.; Zhang, X.; Chen, X.; Qi, G.-J.; Xiong, H.; Tian, Q. Partially-Connected Neural Architecture Search for
Reduced Computational Redundancy. IEEE Trans. Pattern Anal. Mach. Intell. 2021, 43, 2953–2970. [CrossRef]

40. Chen, H.; Li, Y.; Deng, Y.; Lin, G. CNN-Based RGB-D Salient Object Detection: Learn, Select, and Fuse. Int. J. Comput. Vis. 2021,
129, 2076–2096. [CrossRef]

41. Li, Y.; Wan, J.; Miao, Q.; Escalera, S.; Fang, H.; Chen, H.; Qi, X.; Guo, G. CR-Net: A Deep Classification-Regression Network for
Multimodal Apparent Personality Analysis. Int. J. Comput. Vis. 2020, 128, 2763–2780. [CrossRef]

42. Comerio, N.; Strozzi, F. Tourism and Its Economic Impact: A Literature Review Using Bibliometric Tools. Tour. Econ. 2018, 25,
109–131. [CrossRef]

43. Castriotta, M.; Loi, M.; Marku, E.; Naitana, L. What’s in a Name? Exploring the Conceptual Structure of Emerging Organizations.
Scientometrics 2018, 118, 407–437. [CrossRef]

44. Wormell, I. Bibliometric Analysis of the Welfare Topic. Scientometrics 2000, 48, 203–236. [CrossRef]
45. Yang, T.; Zhu, S.; Mendieta, M.; Wang, P.; Balakrishnan, R.; Lee, M.; Han, T.; Shah, M.; Chen, C. MutualNet: Adaptive ConvNet

via Mutual Learning from Different Model Configurations. IEEE Trans. Pattern Anal. Mach. Intell. 2021, 45, 811–827. [CrossRef]
46. Chen, X.; Wujek, B. A Unified Framework for Automatic Distributed Active Learning. IEEE Trans. Pattern Anal. Mach. Intell. 2022,

44, 9774–9786. [CrossRef]
47. Han, Y.; Huang, G.; Song, S.; Yang, L.; Wang, H.; Wang, Y. Dynamic Neural Networks: A Survey. IEEE Trans. Pattern Anal. Mach.

Intell. 2022, 44, 7436–7456. [CrossRef] [PubMed]
48. Donthu, N.; Gustafsson, A. Effects of COVID-19 on Business and Research. J. Bus. Res. 2020, 117, 284–289. [CrossRef] [PubMed]
49. Vallaster, C.; Kraus, S.; Merigó Lindahl, J.M.; Nielsen, A. Ethics and Entrepreneurship: A Bibliometric Study and Literature

Review. J. Bus. Res. 2019, 99, 226–237. [CrossRef]
50. Hu, J.; Shen, L.; Sun, G. Squeeze-and-Excitation Networks. In Proceedings of the 2018 IEEE/CVF Conference on Computer Vision

and Pattern Recognition, Salt Lake City, UT, USA, 18–23 June 2018. [CrossRef]
51. Lin, T.-Y.; Goyal, P.; Girshick, R.; He, K.; Dollar, P. Focal Loss for Dense Object Detection. IEEE Trans. Pattern Anal. Mach. Intell.

2018, 42, 318–327. [CrossRef]
52. Selvaraju, R.R.; Cogswell, M.; Das, A.; Vedantam, R.; Parikh, D.; Batra, D. Grad-CAM: Visual Explanations from Deep Networks

via Gradient-Based Localization. In Proceedings of the 2017 IEEE International Conference on Computer Vision (ICCV), Venice,
Italy, 22–29 October 2017. [CrossRef]

53. Liu, L.; Ouyang, W.; Wang, X.; Fieguth, P.; Chen, J.; Liu, X.; Pietikäinen, M. Deep Learning for Generic Object Detection: A Survey.
Int. J. Comput. Vis. 2019, 128, 261–318. [CrossRef]

54. Dwivedi, Y.K.; Hughes, L.; Ismagilova, E.; Aarts, G.; Coombs, C.; Crick, T.; Duan, Y.; Dwivedi, R.; Edwards, J.; Eirug, A.; et al.
Artificial Intelligence (AI): Multidisciplinary Perspectives on Emerging Challenges, Opportunities, and Agenda for Research,
Practice and Policy. Int. J. Inf. Manag. 2019, 57, 101994. [CrossRef]

55. Gao, S.-H.; Cheng, M.-M.; Zhao, K.; Zhang, X.-Y.; Yang, M.-H.; Torr, P. Res2Net: A New Multi-Scale Backbone Architecture. IEEE
Trans. Pattern Anal. Mach. Intell. 2021, 43, 652–662. [CrossRef]

56. Dwivedi, Y.K.; Hughes, D.L.; Coombs, C.; Constantiou, I.; Duan, Y.; Edwards, J.S.; Gupta, B.; Lal, B.; Misra, S.; Prashant, P.; et al.
Impact of COVID-19 Pandemic on Information Management Research and Practice: Transforming Education, Work and Life. Int.
J. Inf. Manag. 2020, 55, 102211. [CrossRef]

57. Siala, H.; Wang, Y. SHIFTing Artificial Intelligence to Be Responsible in Healthcare: A Systematic Review. Soc. Sci. Med. 2022, 296,
114782. [CrossRef]

58. Zhu, L.; Xu, X.; Lu, Q.; Governatori, G.; Whittle, J. AI and Ethics—Operationalizing Responsible AI. In Humanity Driven AI;
Springer: Cham, Switzerland, 2021; pp. 15–33. [CrossRef]

59. Gonzalez, M.F.; Liu, W.; Shirase, L.; Tomczak, D.L.; Lobbe, C.E.; Justenhoven, R.; Martin, N.R. Allying with AI? Reactions toward
Human-Based, AI/ML-Based, and Augmented Hiring Processes. Comput. Hum. Behav. 2022, 130, 107179. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.elsevier.com/journals/physics-of-life-reviews/1571-0645/open-access-options
https://www.elsevier.com/journals/physics-of-life-reviews/1571-0645/open-access-options
http://doi.org/10.1109/TPAMI.2021.3059510
http://doi.org/10.1007/s11263-021-01452-0
http://doi.org/10.1007/s11263-020-01309-y
http://doi.org/10.1177/1354816618793762
http://doi.org/10.1007/s11192-018-2977-2
http://doi.org/10.1023/A:1005696722014
http://doi.org/10.1109/TPAMI.2021.3138389
http://doi.org/10.1109/TPAMI.2021.3129793
http://doi.org/10.1109/TPAMI.2021.3117837
http://www.ncbi.nlm.nih.gov/pubmed/34613907
http://doi.org/10.1016/j.jbusres.2020.06.008
http://www.ncbi.nlm.nih.gov/pubmed/32536736
http://doi.org/10.1016/j.jbusres.2019.02.050
http://doi.org/10.1109/cvpr.2018.00745
http://doi.org/10.1109/TPAMI.2018.2858826
http://doi.org/10.1109/iccv.2017.74
http://doi.org/10.1007/s11263-019-01247-4
http://doi.org/10.1016/j.ijinfomgt.2019.08.002
http://doi.org/10.1109/TPAMI.2019.2938758
http://doi.org/10.1016/j.ijinfomgt.2020.102211
http://doi.org/10.1016/j.socscimed.2022.114782
http://doi.org/10.1007/978-3-030-72188-6_2
http://doi.org/10.1016/j.chb.2022.107179

	Introduction 
	Literature Review 
	Research Methods 
	Approach and Procedures 
	Data Collection 

	Findings 
	Productivity Analysis 
	Citation Analysis 
	Co-Authorship Analysis 
	Co-Word Analysis 

	Discussion of Findings 
	Implications 
	Limitations 
	Conclusions and Future Scope of Work 
	References

