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The incorporation of artificial intelligence (Al) into neuroscience has the potential
to significantly enhance our comprehension of brain function and facilitate
more effective diagnosis and treatment of neurological disorders. Artificial
intelligence (Al) techniques, particularly deep learning and machine learning,
offer transformative solutions by improving the analysis of complex neural data,
facilitating early diagnosis, and enabling personalized treatment approaches. A
bibliometric analysis is a method that employs quantitative techniques for the
examination of scientific literature, with the objective of identifying trends in
research, evaluating the impact of influential studies, and mapping the networks
of collaboration. In light of the accelerated growth and interdisciplinary scope
of Al applications in neuroscience, a bibliometric analysis is vital for mapping
the landscape, identifying pivotal contributions, and underscoring emerging
areas of interest. This study aims to address this need by examining 1,208
studies published between 1983 and 2024 from the Web of Science database.
The analysis reveals a notable surge in publications since the mid-2010s, with
substantial advancements in neurological imaging, brain-computer interfaces
(BCI), and the diagnosis and treatment of neurological diseases. The analysis
underscores the pioneering role of countries such as the United States, China,
and the United Kingdom in this field and highlights the prevalence of international
collaboration. This study offers a comprehensive overview of the current state
and future directions of Al applications in neuroscience, as well as an examination
of the transformative potential of Al in advancing neurological research and
healthcare. It is recommended that future research address the ethical issues,
data privacy concerns, and interpretability of Al models in order to fully capitalize
on the benefits of Al in neuroscience.
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1 Introduction

The fields of artificial intelligence (AI) and neuroscience have become two important
and complementary disciplines that have developed rapidly in recent years. Artificial
intelligence, particularly with the application of deep learning and machine learning
techniques, offers transformative solutions in the comprehension of brain functions and
in the diagnosis and treatment of neurological diseases (1).

A bibliometric analysis provides a quantitative assessment of scientific literature using
various metrics and is an important tool for identifying trends, key topics, and influential
studies in a particular research area (2). A bibliometric analysis of studies in neuroscience
and Al can reveal research trends and potential future research areas at the intersection of
these two disciplines.
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Furthermore, the role of AI in the diagnosis and treatment
of neurological diseases is also becoming more prominent. In
the early diagnosis of neurological disorders such as Alzheimer’s
disease, Parkinson’s disease, and epilepsy, AI has demonstrated
promising results with high accuracy rates (3). Furthermore, the
utilization of Al in the formulation of bespoke treatment plans for
the management of these conditions is on the rise (4).

Interdisciplinary studies integrating two critical disciplines,
neuroscience and artificial intelligence, have elucidated solutions
to numerous significant problems at both theoretical and applied
levels. These studies have yielded a plethora of innovative
solutions, ranging from a more profound comprehension of brain
mechanisms to the development of artificial intelligence models.
However, given the nascent state of the field, it is evident that
further comprehensive and in-depth research is imperative, with
a focus on the synergies between neuroscience and artificial
intelligence. It is imperative to underscore that this research is not
merely a desirable objective, but rather an urgent necessity, given
the rapid advancements in technology.

The present study will conduct a comprehensive bibliometric
analysis of the literature on the applications of artificial intelligence
(AI) in neuroscience. Additionally, it will examine research trends
at the intersection of these two disciplines in great detail.

This article presents a bibliometric analysis of artificial
intelligence studies in neuroscience. By presenting a comprehensive
analysis of the scientific literature published in this field,

e publication trends,
e publication-citation-author relations,
e country-institution collaborations have been revealed.

Using bibliometric analysis techniques,

e shed light on the current state of research in the field of
artificial intelligence in neuroscience,

e Identified key areas to focus on,

e sub-field trends in their work in this field over the years.

The remainder of the paper is structured as follows: the Section
2 presents a review of related studies in the literature and outlines
the methodology employed in the present study. The Section 3
presents and elucidates the results of the bibliometric analysis.
The Section 4 elucidates the significance of the study, analyzes
the findings, and reinterprets them in the context of the research
question. The Section 5 presents the conclusions and implications
of the study.

2 Literature review and methodology

2.1 Literature review

Bibliometric analyses in the fields of neuroscience and artificial
intelligence (AI) have made significant contributions to the
identification of research trends and key topics at the intersection
of these disciplines. This section will examine similar studies
in the literature on the application of artificial intelligence
in neuroscience.
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In a study published in 2023, Cui et al. (5) investigated the
development of artificial intelligence in radiomics toward nervous
system diseases. The study demonstrated that Al is a significant
contributor to the analysis and interpretation of nervous system
diseases with a notable increase in the number of publications in
this field.

Esteva et al. (1) conducted a comprehensive analysis of the
application of AI in the diagnosis of neurological diseases. The
study demonstrated that AI achieved high accuracy rates in the
early diagnosis of disorders such as Alzheimer’s disease, Parkinson’s
disease, and epilepsy.

Xia et al. (6) conducted a bibliometric study in neuroscience,
with a particular focus on ophthalmology. The objective of this
study is to conduct a comprehensive bibliometric analysis within
the field of neuroscience, with a particular focus on research related
to ophthalmology. The aim is to facilitate the dissemination of
knowledge within the scientific community, enabling researchers,
practitioners, and policymakers to gain insight into the current
state and future potential of neuroscience research focused
on ophthalmology.

In a recent study, Lin et al. (7) investigated the trends of
neuroscience in major information systems journals. The objective
of the study is to conduct a comprehensive bibliometric analysis
of neuroscience research published in major information systems
journals. The objective of the research is to map the evolution
and development of the interdisciplinary field that combines
neuroscience and information systems, identify influential works,
and ascertain emerging areas of interest.

In a study published in 2022, Wang et al. (8) investigated
the potential applications of neuroscience tools in the field of
building construction. The objective of the study is to investigate
the potential applications of neuroscience tools and methods in the
field of building construction. The study aims to provide guidance
for future research by identifying promising avenues for further
investigation and collaboration between the fields of neuroscience
and building construction.

In a study published in 2022, Ali et al. (9) investigated
the efficacy of machine learning algorithms in the diagnosis of
epilepsy. The study demonstrated that AT exhibits high accuracy in
predicting and classifying epileptic seizures. In a related vein, Chen
et al. (10) conducted a bibliometric analysis of AI applications in
neurology. The study underscores the growing significance of Al in
neurological research and the considerable surge in the volume of
publications in this domain.

In a study conducted by Yeung et al. (11), the objective of
the study is to conduct a comprehensive bibliometric analysis
of neuroscience research conducted between the years 2006 and
2015. The objective of the research is to identify the key trends
and patterns in neuroscience research that have emerged over the
specified period, thereby providing insights into the evolution of
the field. The objective of the study is to evaluate the evolution of
the focus of neuroscience research over time, identifying emerging
areas of interest and changes in research priorities.

In a study published in 2024, Reddy et al. (3) investigated
the potential applications of artificial intelligence (AI) in the
treatment of Parkinson’s disease. The study demonstrated that
AT plays a pivotal role in disease monitoring and treatment plan
personalization. In a similar vein, Duda et al. (12) examined the
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effectiveness of neural network models in the diagnosis of autism
spectrum disorder. The study demonstrated that Al is a valuable
tool for early diagnosis and intervention.

Aslam et al. (13) conducted an analysis of the utilization of Al
in the field of multiple sclerosis research. The study demonstrated
that AT exhibits high accuracy in predicting disease progression and
identifying disease subtypes. In a study published in 2017, Litjens
et al. (14) explored the potential of deep learning techniques in the
diagnosis of neurodegenerative diseases. Their findings indicated
that AT demonstrated considerable promise in the early detection
of such diseases.

Despite the numerous studies that have investigated the
intersection of neuroscience and artificial intelligence (AI),
this research offers a distinctive contribution by providing a
comprehensive bibliometric analysis of studies specifically focused
on Al applications in neuroscience. In contrast to previous studies,
which frequently emphasize specific subfields or applications, our
research provides a more comprehensive overview of the broader
landscape by identifying trends, influential works, and emerging
research areas in this interdisciplinary field.

In summary, our study distinguishes itself by providing the first
large-scale bibliometric analysis of Al research in neuroscience,
covering various subfields, analyzing historical and emerging
trends, and identifying critical areas for future research. This
comprehensive approach not only fills gaps in the existing literature
but also serves as a roadmap for researchers, practitioners, and
policymakers in this rapidly evolving field.

These studies offer a comprehensive overview of research in
both neuroscience and Al, elucidating significant findings at the
nexus of these two disciplines. Bibliometric analyses offer insights
that are invaluable for identifying research trends and shaping
future research directions.

2.2 Methodology

A systematic literature review was conducted using the Web
of Science (WoS) database to gain insight into AI studies in
neuroscience, to reveal the evolution of the fields of study over
the years, and to identify trends in the field. In order to generate
a comprehensive list of AI studies in neuroscience, as illustrated
in Figure 1, the search topic field was first entered with the terms
“TOPIC” = “neuroscience” AND (“Artificial Intelligence” OR
“AI”). The resulting list was then subjected to analysis in order to
ascertain the evolution of the fields of study over the years and to
identify trends within the field.

Consequently, all studies on AI in neuroscience have been
cataloged, resulting in a dataset comprising 1,208 studies. The
dataset was created on July 3, 2024, and thus, publications
published subsequent to this date were not included. The
aforementioned dataset was subsequently exported to Web of
Science and analyzed with the Bibliometrix and VOSviewer tools.
Bibliometrix and VOSviewer are two software programs that are
frequently utilized in the realm of bibliometric analysis.

Bibliometrix was developed as an open-source R package,
enabling comprehensive analysis of scientific publications. Despite
its lack of a user-friendly interface, Bibliometrix is a highly flexible
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and powerful tool for researchers proficient in R programming.
Bibliometrix facilitates analyses such as the examination of
annual trends, geographical distributions, keyword networks,
and author collaborations within scientific publications. It also
offers extensive functionality for advanced bibliometric analyses,
such as trend analyses, clustering techniques, and conceptual
mapping (2).

VOSviewer is a specialized software that focuses on network
visualization and mapping. When used in conjunction with
a user-friendly interface, it provides a visual representation
of scientific publications, citations, keywords, and relationships
between institutions. The software’s ability to process large data
sets and identify links between thematic clusters is noteworthy. It
is particularly well-suited for the creation of conceptual maps, the
analysis of author collaboration networks, and the evaluation of
journal co-attribution analysis (15).

A notable strength of VOSviewer is its complementarity
to other tools, offering features that address the limitations
of standalone applications. Bibliometrix provides a robust
infrastructure for conducting statistical analyses and metric
calculations, while VOSviewer enhances the visualization and
interpretability of data. Consequently, many researchers opt to
utilize both tools in tandem to comprehensively address the
quantitative and visual dimensions of bibliometric analysis.

3 Data analysis and results

3.1 Overview

After the creation of the dataset of artificial intelligence
applications in neuroscience, the analysis of the data began. An
overview of the information contained in the dataset is presented
in Figure 2.

The
intelligence in neuroscience for the period 1983-2024 shows

bibliometric analysis of applications of artificial
that research activities in this field are continuously increasing. A
total of 1,208 documents from 744 sources were analyzed, with an
annual growth rate of 12.32%. This rate reveals a rapidly growing
interest in the integration of Al and neuroscience. Among the 4,076
authors participating in the studies, the number of single-authored
documents was 305 and the international co-authorship rate was
26.32%. The fact that the number of co-authors per document is
3.96 shows that research in this field is generally carried out in
teams. The fact that the number of keywords used by the authors
is 3,745 indicates that the research topics cover a wide range.
There are a total of 44,773 references in the documents analyzed,
reflecting the breadth and depth of the literature. The average
number of citations per document is 21.85 and the average age
of the documents is 5.43 years, indicating that the studies are
both current and influential. These findings underscore that the
integration of neuroscience and artificial intelligence is a rapidly
evolving, collaborative, and wide-ranging area of research.

Figure 3 shows the distribution of studies on artificial
intelligence applications in neuroscience by year.

From 1983 onwards, research activities in this field started
at a very low level and increased minimally until the 1990s.
Toward the end of the 1990s (especially in 1999 and 2001)
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FIGURE 1
Dataset selection process.

Timespan

1983:2024

Authors of single-authored docs

163

Author's Keywords (DE)

1516

Annual Growth Rate

10.27 %

Documents

International Co-Authorship

26.4 %

Co-Authors per Doc

3.89

Document Average Age

5.3

Average citations per doc

15.59

FIGURE 2
An overview of dataset.

there was a significant increase, with eight papers published in
each of these years. This is probably due to the acceleration
of technological developments in the fields of neuroscience and
artificial intelligence, and the increased interest of researchers in
combining these two disciplines.

In the early 2000s (2000-2007), the number of documents
published annually varied between 1 and 14. Between 2008 and
2011, this number continued to increase, reaching between 11 and
17 documents. From 2012 onwards, a significant upward trend
can be observed. Between 2012 and 2015, the annual number of
documents stabilized between 23 and 24, and doubled to 45 in 2016
and 2017.

Since 2018, research on artificial intelligence applications
in neuroscience has continued to increase rapidly, reaching 94
documents in 2019, 127 in 2020, 142 in 2021, 156 in 2022 and 176
in 2023. For 2024, 117 documents have been published with the
available data, and it is estimated that this number may increase
further by the end of the year.

Frontiersin Neurology

The integration of neuroscience and artificial intelligence
has garnered significant attention in recent years, with a marked
increase in research endeavors focused on this intersection.
The substantial increase in research output can be attributed
to several pivotal factors, including technological and clinical
elements. Technological advances, including the development
of high-performance computing systems, machine learning
algorithms, and deep neural networks, have led to substantial
increases in the capacity to analyze and interpret large-scale,
complex neuroscience datasets. Furthermore, advancements
in neuroimaging technologies, such as functional magnetic
resonance imaging (fMRI), electroencephalography (EEG), and
other brain mapping tools, have facilitated unparalleled access
to comprehensive brain data, thereby creating a conducive
environment for AI applications.

This field has gained significant momentum since the mid-
2010s and has now become a major research focus. This trend is
expected to continue, driven by the integration of innovative and
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FIGURE 3
Counts of documents by publication years.
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TABLE 1 Most relevant sources (top 10).

Sources Articles  Q Index
Frontiers in Neuroscience 24 Q2
Frontiers in Computational Neuroscience 19 Q2
Neuron 14 Q1
Cognitive Computation 13 Q2
Neural Networks 12 Q1
Cognitive Systems Research 11 Q3
Nature Communications 11 Q1
Neurocomputing 11 Q1
Brain Sciences 10 Q3
Frontiers in Human Neuroscience 10 Q3

effective Al applications in neuroscience, leading to both theoretical
advances and practical outcomes. A comprehensive understanding
of the technological and clinical dynamics underpinning this
growth is imperative to shape the future trajectory of this
interdisciplinary field and fully actualize its potential.

3.2 Source analysis

There are many sources for publishing AI research in
neuroscience, but some of them are more relevant to the field
of cybersecurity and attract the attention of their readers with
publications in this field. Table 1 provides a bibliometric analysis
of the top sources publishing AT articles in neuroscience, including
the number of articles and the quartile (Q) index, which measures
the impact of the journal.

The analysis of the journals with the highest number of
publications in the field of AI applications in neuroscience

Frontiersin Neurology

shows that this interdisciplinary work is addressed in a broad
spectrum. The journal Frontiers in Neuroscience stands out
with 24 articles and is in the Q2 category, indicating that it is
followed by a broad academic community. Similarly, Frontiers in
Computational Neuroscience ranks second with 19 articles and is
in the Q2 category, highlighting the prevalence of computational
neuroscience research.

In third place, in the Q1 category, is the highly influential
journal Neuron, with 14 articles. The prestige of this journal
shows the scientific importance of Al applications in neuroscience
and that research in this area is being discussed on high-quality
platforms. Cognitive Computation is in the Q2 category with 13
articles, demonstrating the importance of studies that combine
neuroscience and artificial intelligence.

Neural Networks, in the QI category, highlights the critical
role of neural networks and artificial intelligence algorithms in
neuroscience with 12 articles. Cognitive Systems Research, in the
Q3 category with 11 articles, hosts more niche and specialized
studies on cognitive systems. Nature Communications, also in the
QI category, provides a high-impact platform in this area with
11 articles.

The journal Neurocomputing is also in the QI category
with 11 articles, highlighting the importance of studies in
artificial intelligence and computational neuroscience. The journal
Brain Sciences, in the Q3 category, covers various studies in
neuroscience with 10 articles, showing that research in this field
is of interest to a wide scientific audience. Finally, Frontiers in
Human Neuroscience is also in the Q3 category with 10 articles,
highlighting the importance of artificial intelligence applications in
human neuroscience.

These findings suggest that the integration of neuroscience and
artificial intelligence has been widely explored across different sub-
disciplines and at different levels of influence, and that research in
this area has met with increasing interest.

Figure 4 shows the number of publications over time in the Top
5 journals on AT in neuroscience.
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FIGURE 4
Sources production over time (top 5).

2019

2020 2021 2022 2023 2024

==@==F'rontiers in Computational Neuroscience

«=@= Cognitive Computation

A quantitative analysis of the annual publication output of
the five journals with the highest number of publications on AI
applications in neuroscience reveals a marked increase in research
activities in this field in recent years. Since 2015, the change in the
annual number of publications in each journal can be summarized
as follows.

Frontiers in Neuroscience did not publish any articles on
artificial intelligence in neuroscience until 2018, and then entered
this field with one article in 2018. This number increased to four
articles in 2019, seven articles in 2020, 13 articles in 2021, 17 articles
in 2022, 23 articles in 2023 and 24 articles in 2024, showing a
significant increase.

The
published a single article in 2015, but this increased to two articles
in 2016. In 2017 and 2018, the number of articles published
increased to four, but remained stable in 2019. In 2020, the number

Frontiers in Computational Neuroscience journal

of published articles increased significantly, reaching nine. This
upward trend continued in 2021, with the publication of 10 articles,
and in 2022, 2023, and 2024, with the publication of 14, 16, and 19
articles, respectively.

Prior to 2016, the Neuron journal did not publish any articles
in this field. In 2016, one article was published, followed by two in
2017, three in 2018, and four in 2019. In 2020, the journal published
seven articles, nine in 2021, and a further nine in 2022. In 2023,
the number of articles published increased to 12, and in 2024, this
figure rose again to 14.

The journal Cognitive Computation published two articles in
2015, three in 2016, and four in 2017. In 2018 and 2019, the
journal demonstrated consistent output with four articles each, and
maintained this level of output in 2020. In 2021, four articles were
published, and this number increased to six in 2022, 12 in 2023, and
13 in 2024.

The number of articles published in the Neural Networks
journal increased from five in 2015 to six in each of the subsequent
4 years, namely 2016, 2017, 2018, and 2019. In 2020, the number of
published articles remained at six, but in 2021, there was a notable

Frontiersin Neurology

increase to nine. In 2022, the journal published 12 articles, and in
both 2023 and 2024, it maintained a consistent output of 12 articles
per year.

The journals Frontiers in Neuroscience and Frontiers in
Computational Neuroscience have made substantial contributions
to the development of the field, as evidenced by the substantial
number of publications and the quality of their content. These
journals have also demonstrated a high level of impact. These
journals serve as conduits for diverse and high-quality research,
catalyzing scientific advancement through the promotion of
innovative methodologies and interdisciplinary collaborations.
Furthermore, the studies disseminated through these journals
serve as a catalyst for both the academic community and applied
sciences, fostering an increase in international collaborations
These
position these journals as prominent publications within the

among  researchers. distinguishing  characteristics
domains of neuroscience and computational neuroscience,

offering substantial contributions to the advancement of
scientific knowledge.

The analysis demonstrates a notable surge in publications on
artificial intelligence (AI) applications in neuroscience, particularly
since 2018, accompanied by a discernible intensification of research
activity in this domain in recent years. Each journal has made
a distinct contribution to this field, with an increasing level of
activity over time. This increasing trend demonstrates that the
integration of neuroscience and artificial intelligence is becoming
an increasingly significant area of scientific inquiry, attracting

considerable interest from researchers.

3.3 Country and affiliation analysis

This the
universities/institutes to which the author is affiliated.

section  analyses authors, countries and

Table 2 presents the top 10 authors and their publication
information in the field of artificial intelligence applications in
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TABLE 2 Most relevant authors (top 10).

Articles Articles
Fractionalized

Wang Y 13 3.09 University of
Technology Sydney

Wang X 10 2.10 University of Alberta

Zhang Y 8 1.37 Beijing Jiaotong
University

Botvinick M 7 1.21 Hunan University

Chen J 7 1.20 North Carolina State
University

Chen X 7 1.14 University of
Michigan

LiJ 7 1.56 Fujian University of
Technology

LiY 7 2.78 Fujian University of
Technology

Liu X 7 0.58 Southeast University

Wang J 7 2.07 Central University of
Finance and
Economics

neuroscience. Authors’ contributions in this field are evaluated
by taking into account their names, total number of publications,
fractionalized number of articles and affiliated institutions.

The author with the highest number of publications is Wang Y,
from the University of Technology Sydney, who has published 13
papers and has a fractionalized paper count of 3.09. This evidence
demonstrates that Wang Y has made a substantial contribution
to this field of study. Wang X, from the University of Alberta, is
in second place with a total of 10 papers and a fractionalized
paper count of 2.10, which indicates a significant level
of contribution.

Zhang Y, a researcher from Beijing Jiaotong University, has
published eight papers, with an average fractionalized number of
1.37. Botvinick M, from Hunan University, has made a notable
impact with seven published papers and a fractionalized paper
count of 1.21. Chen J, from North Carolina State University, has
published the same number of articles, with a fractionalized article
count of 1.20. Chen X, from the University of Michigan, has
published the same number of articles and has a fractionalized
article count of 1.14.

LiJand Li Y are affiliated with Fujian University of Technology
and have both published a total of seven papers. However,
Li J's fractionalized number of articles is 1.56, while Li Y’s
fractionalized number of articles is 2.78. This discrepancy suggests
that Li Y’s impact in this domain is more extensive. Liu X, from
Southeast University, published the same number of articles but
demonstrated the lowest level of contribution, with a fractionalized
article count of 0.58. Ultimately, Wang J, from Central University
of Finance and Economics, published seven articles, resulting in a
fractionalized number of articles of 2.07.

The universities with which these authors are affiliated
also provide information about the academic environments and
research infrastructures in which they operate. Notably, Fujian
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University of Technology has made a substantial impact in this
domain, with two authors contributing extensively to the field. The
table illustrates that research in the domain of artificial intelligence
applications in neuroscience is conducted across a diverse range
of disciplines, with select universities demonstrating a particular
prominence in this field.

Figure 5 is a network map that reveals the co-authorship
relationships between authors.

The size of each node represents the authors centrality
within the network, as well as the intensity of their collaborative
activity. For example, the image illustrates that Maria Laura
Filippetti has a large node and a large network of connections,
indicating her close collaboration with other authors. The lines
indicate the existence of a co-authorship relationship between the
authors, while the thickness and density of the lines represent the
strength of the collaboration. The analysis depicted in the image
illustrates that specific groups of authors engage in more frequent
and robust collaboration with one another, thereby forming a
cohesive network of connections within their respective groups.
Nevertheless, certain authors, such as Hani Hagras, seem to act
as conduits between disparate groups, thereby facilitating the
growth of the collaborative network. The mapping of scientific
collaborations enables the visualization of the social dynamics
within the field, the identification of central researchers, and the
identification of potential opportunities for collaboration.

Table 3 presents a ranking of the ten universities with the
highest number of publications in the field of artificial intelligence
applications in neuroscience, indicating the countries of origin and
the number of articles published by each institution. The data
illustrate the research contributions and academic activities of these
universities in this field.

A total of 48 papers have been published by Stanford University,
USA, representing the highest number of publications among all
institutions included in this study. This evidence indicates that
Stanford is a preeminent institution in the field of research at
the nexus of neuroscience and AI. The University of Oxford
in the United Kingdom occupies the second position with 44
papers, thereby demonstrating a robust research contribution in
this domain.

Tsinghua University from China is in third place with 35 papers,
representing a significant contribution to the field from one of
China’s leading academic institutions. Similarly, Fudan University
is another notable contributor from China with 33 papers. Harvard
University from the US is in fourth place with the same number
of papers (33), which serves to illustrate the university’s robust
presence in neuroscience and Al research.

The University of Minnesota, USA, has made a noteworthy
contribution with 32 articles. McGill University, located in Canada,
is a significant research institution in this field, contributing
31 articles to the body of literature. The University of Chinese
Academy of Sciences from China is included in this list with 30
articles, which serves to illustrate the extensive research capacity
that China has in this field.

The University of Pennsylvania in the United States of America
is a significant contributor to this field, with 28 papers published
on the topic. With an identical number of publications (28), the
University of Zurich in Switzerland is a notable research hub in
this field.
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TABLE 3 Most relevant affiliations (top 10).

Affiliation Country Articles
Stanford University US.A. 48
University of Oxford United Kingdom 44
Tsinghua University China 35
Fudan University China 33
Harvard University US.A. 33
University of Minnesota US.A. 32
McGill University Canada 31
University of Chinese Academy of Sciences China 30
University of Pennsylvania US.A. 28
University of Zurich Switzerland 28

Figure 6 illustrates the total number of publications by year for
the five universities with the highest number of publications in the
field of artificial intelligence applications in neuroscience. In light
of the observed annual growth rates, the following interpretation of
the table is warranted:

The number of articles published by Stanford University
has demonstrated a consistent upward trajectory, beginning with
two articles in 2015 and culminating in 48 articles in 2024. In
particular, there was a notable surge in the number of articles
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published between 2018 and 2019, with an increase from 12 to 25.
Subsequently, there was a gradual increase in the number of articles
published, reaching a total of 48 articles by 2024. This evidence
demonstrates that Stanford’s research capacity and contribution in
this domain are expanding at a rapid rate.

The University of Oxford commenced with two articles in 2015
and subsequently augmented its output to 44 articles by 2024. The
rise in the number of Oxford articles is particularly notable since
2018. The number of articles published by the University of Oxford
has exhibited a consistent upward trajectory, beginning with 10
articles in 2018 and reaching 15 articles in 2019, 18 articles in 2020,
and 44 articles in 2024.

Tsinghua University did not publish any articles between 2015
and 2017. However, there has been a notable surge in output since
2018. The number of articles published by Tsinghua University
increased rapidly from 2018 to 2024. In 2018, the university
published no articles. In 2019, it reached a total of seven articles,
in 2020, it published 12 articles, and in 2024, it published a
total of 35 articles. This demonstrates that, despite commencing
its involvement in this field at a relatively late stage, Tsinghua
University has begun to make a significant contribution at a
rapid pace.

Fudan University commenced with four articles in 2015 and
concluded with 33 articles in 2024. Fudan demonstrated a relatively
consistent growth between 2015 and 2018, but a more pronounced
expansion in the number of articles was observed from 2019
onwards. The number of articles published by Fudan University

frontiersin.org


https://doi.org/10.3389/fneur.2025.1474484
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Tekin and Dener

10.3389/fneur.2025.1474484

60

50

40

30

2015 2016 2017

==@==T'udan University

FIGURE 6
Most relevant affiliations production over time (top 5).

2018 2019

=@=Stanford University «==@==University of Oxford ==@==Tsinghua University
==@==arvard University

2020 2021 2022 2023 2024

increased significantly over the course of the study period. In 2019,
the university published seven articles, in 2020 it published ten, and
in 2024 it published 33.

Harvard University began with seven articles in 2015 and
reached a total of 33 articles by 2024. Harvard has consistently
produced a relatively high number of articles from its inception and
has demonstrated a pattern of steady growth in this output. The
upward trajectory commenced with 11 articles in 2018, 12 articles
in 2019, 14 articles in 2020, and culminated in 33 articles in 2024,
indicative of a sustained expansion.

In general, these five universities are making notable
contributions to the field of artificial intelligence (AI) applications
in neuroscience. The annual rates of increase in the number of
articles in each of the aforementioned institutions demonstrate
a clear upward trajectory in research activities and scientific
outputs within this field. Notably, Stanford University and the
University of Oxford are at the vanguard of this field, exhibiting
particularly rapid and sustained growth. Despite its relatively recent
involvement in the field, Tsinghua University has demonstrated
a notable increase in activity. Additionally, Fudan University
and Harvard University merit mention for their consistent and
incremental growth. The presented data demonstrate that research
in neuroscience and artificial intelligence is expanding at a rapid
pace on a global scale, and that these universities are consolidating
their leading roles in this field.

Figure 7 illustrates the network of co-authorship between
organizations. The size of each node represents the link density of
the corresponding organization in the co-authorship network. The
lines represent collaborations between institutions, while the colors
indicate different time intervals.

The Massachusetts Institute of Technology (MIT) occupies
a pivotal role within the network, having established robust
collaborative relationships with numerous other academic
institutions. Notably, it has established close affiliations with
Harvard University, New York University (NYU), and the
University of California, Berkeley (UCB). This illustrates MIT’s
preeminent position within the scientific collaboration network.

Frontiersin Neurology

Similarly, the Chinese Academy of Sciences occupies a central role
in scientific collaborations within East Asia and has a substantial
network of global partnerships. University College London
(UCL) represents another noteworthy hub within the European
co-authorship network, with connections to institutions such as
the University of Oxford and DeepMind.

The image also serves to illustrate the geographical diversity
and the cooperative relationships that have developed over time.
For example, the links in lighter colors demonstrate the increasing
intensity of collaborations in recent years. By mapping the
scientific interactions between institutions, this analysis provides
an important tool for understanding the global distribution and
impact of research collaborations.

Table 4 presents a ranking of the 10 countries with the highest
number of publications in the field of artificial intelligence (AI)
applications in neuroscience, along with their respective total
number of articles. The data enables an evaluation of the research
contributions and scientific activity of the respective countries in
this field.

The United States of America (USA) has by far the largest
number of publications in this field, with a total of 1,213 papers.
This shows that the US is a leader in research at the intersection
of neuroscience and artificial intelligence and accounts for the
majority of scientific activity in this field. The US has an extensive
research network and many leading universities and research
centers in this field, which is one of the main reasons for this high
number of papers.

China ranks second with 714 papers, representing one of
its major contributions in this field. Chinas large investments
in scientific research in recent years and its rapidly increasing
research activities in neuroscience and artificial intelligence explain
this high number of articles. China’s rapid rise in this field
is remarkable.

The United Kingdom occupies the third position with a total
of 439 articles, thereby illustrating its substantial contribution
to research in this domain. The United Kingdom is home to
numerous universities and research centers engaged in significant

frontiersin.org


https://doi.org/10.3389/fneur.2025.1474484
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Tekin and Dener

10.3389/fneur.2025.1474484

megilluniv imperial coll london
univ califiberkeley
stanford univ
b harvag univ
univ cambridge
bostep univ
= |
cold spring harbor lab
chme’ca?scl
deepmind univ t@bingen =
univ califigan diego e
macquarie univ
zhejiang univ
aix marg@ite univ
ucl radboud univ nijmegen
univiexford
univEydney
univ calif irvine
yorkiuniv

|
A vOsviewer I
v 2018 2019 2020 2021 2022

FIGURE 7
Co-authorship of organizations.

TABLE 4 Most relevant country (top 10).

Country Articles

USA 1,213
China 714
United Kingdom 439
Germany 308
Canada 261
Ttaly 221
France 205
Spain 185
Japan 148
India 127

neuroscience and artificial intelligence studies, occupying a leading
position in this field.

Germany is in fourth place with a total of 308 articles and is
one of the major research centers in Europe. Germany places a
high value on scientific research, as evidenced by its significant
output in this field. Canada ranks fifth with 261 articles and makes
notable contributions in neuroscience and artificial intelligence.
Universities and research institutions in Canada are engaged
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in active research in this field, resulting in the production of
scientific publications.

Italy occupies the sixth position with a total of 221 articles and is
characterized by an active research environment in this field. Italy’s
engagement with and impact on the fields of neuroscience and AI
are reflected in the number of articles published.

France occupies the seventh position with a total of 205 articles
and is engaged in significant research activities in the domains of
neuroscience and artificial intelligence. France’s commitment to
scientific research is evidenced by the number of publications in
this field.

Spain occupies the eighth position with a total of 185
articles and an active research environment in this field. Spain’s
contribution to scientific research is evidenced by the number of
articles published.

Japan occupies the ninth position with a total of 148 articles
and is engaged in substantial research activities in the domains
of neuroscience and artificial intelligence. Japan’s commitment to
scientific research is evidenced by its significant contributions to
this field.

India is in tenth position with a total of 127 articles,
which suggests an increase in research activity in this field.
India’s contributions to the fields of neuroscience and artificial
intelligence are evidenced by the number of scientific publications
in these areas.

The evidence presented in this table demonstrates that there is
a considerable scope for research activity in the domain of artificial
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intelligence (AI) applications in neuroscience on a global scale.
While the United States and China are the foremost countries in
this field, numerous countries in Europe and Asia are also making
substantial contributions. This illustrates that neuroscience and
artificial intelligence research is of global significance and is being
actively pursued in numerous countries.

Figure 8 shows the total number of publications by year for the
five countries with the highest number of publications in the field
of AI applications in neuroscience. This data allows us to assess
the growth of research contributions and scientific activity of the
respective countries in this field over time.

The United States commenced with 162 articles in 2015 and
has demonstrated a consistent growth trajectory, culminating in
1,213 articles in 2024. In particular, there was a significant increase
in the number of articles published between 2018 and 2019, with
a rise from 351 to 487. This exponential growth demonstrates
a significant expansion in the capacity and contribution of US
research in this domain. From 2015 to 2024, the number of articles
published annually exhibited a consistent upward trajectory.

China has demonstrated a noteworthy expansion in its research
output, with an initial output of 17 articles in 2015 and a substantial
increase to 714 articles in 2024. In particular, there has been a
notable surge in the number of articles published subsequent to
2019. The number of articles increased from 112 to 180 between
2019 and 2020 and from 180 to 320 between 2020 and 2021. This
exponential growth is indicative of China’s substantial investment
in scientific research and its burgeoning interest in neuroscience
and artificial intelligence.

The United Kingdom commenced with 64 articles in 2015 and
concluded with 439 articles in 2024. There is a notable surge in
the number of articles published between 2018 and 2019, with an
increase from 121 to 173. This is followed by a consistent rise in the
number of articles published from 2019 onwards. This illustrates
the UK’s robust research output and engagement in this domain.

Germany commenced the period under review with 38 articles
and concluded it with 308 articles. The rise in the number of articles
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from Germany was particularly pronounced between 2018 and
2019, with an increase from 83 to 104. This increase is indicative
of Germany’s significant role and impact on scientific research in
the domains of neuroscience and artificial intelligence.

Canada commenced with 27 articles in 2015 and concluded
with 261 articles in 2024. The rise in the number of articles
published by Canada was particularly pronounced between 2018
and 2019 (from 51 to 76), with a gradual increase observed
from 2019 onwards. This evidence demonstrates that Canada is a
significant contributor to research activities in neuroscience and
artificial intelligence.

The data presented in this table demonstrate that the five
countries with the highest number of publications in the field
of artificial intelligence (AI) applications in neuroscience have
significantly increased their contributions to this field over time.
The United States and China have demonstrated the most rapid and
substantial growth. Additionally, the United Kingdom, Germany,
and Canada are making notable contributions to this field,
exhibiting a consistent and gradual increase. The presented data
demonstrate that research in the field of neuroscience and artificial
intelligence is experiencing a period of rapid growth on a global
scale, with active research being conducted in numerous countries.

Table 5 presents a ranking of the 10 most frequently cited
countries in the field of artificial intelligence (AI) applications in
neuroscience, along with their respective total number of citations
and average number of citations per paper. The data permit an
evaluation of the research impact and scientific activity of the
respective countries in this field.

The United States is the most frequently cited country in this
field, with a total of 10,895 citations, representing an average of
38.90 citations per paper. This evidence demonstrates that research
conducted in the United States in the fields of neuroscience and
artificial intelligence is of a high standard and has a significant
impact. The work of US scientists is frequently cited by their peers.

The United Kingdom occupies the second position with a total
of 3,699 citations and an average of 33.90 citations per paper.
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TABLE 5 Most cited countries (top 10).

Country Total count Average article
citations

USA 10,895 38.90
United Kingdom 3,699 33.90
China 2,261 15.60
Canada 1,911 32.40
Switzerland 1,559 103.90
Germany 1,420 20.30
France 637 13.80
Ttaly 449 8.50
Japan 415 10.40
Spain 391 9.30

Additionally, research conducted in the UK is similarly perceived to
have a considerable impact and is often referenced. This evidence
illustrates the significant role and contribution of the UK in
neuroscience and Al research.

China occupies the third position with a total of 2,261 citations,
with an average of 15.60 citations per article. Although China has
a high total number of citations, its rate of citations per article is
comparatively lower than that of other countries. This indicates
that China has a substantial research network, yet the number of
citations per article is comparatively low.

Canada occupies the fourth position with a total of 1,911
citations and an average of 32.40 citations per paper. The
research conducted in Canada has a notable impact on the
scientific community, as evidenced by its frequent citation by
other researchers. This illustrates the high caliber of scientific
work being conducted in Canada with regard to neuroscience and
artificial intelligence.

Switzerland is in fifth place with a total of 1,559 citations,
with an average of 103.90 citations per paper. This evidence
demonstrates that Switzerland’s research in this field is of the
highest quality and has had a significant impact. Switzerland is
markedly superior in terms of the number of citations per article,
indicating that its research in this field is widely referenced.

Germany occupies the sixth position with a total of 1,420
citations and an average of 20.30 citations per paper. The research
conducted in Germany in the fields of neuroscience and artificial
intelligence is frequently cited by other researchers and has a
significant impact on the wider academic community.

France is in seventh place with a total of 637 citations, with
an average of 13.80 citations per article. France’s research is also
making a significant impact in this field and is frequently cited by
other scientists.

Italy is in eighth place with a total of 449 citations and an
average of 8.50 citations per article. While Italy’s neuroscience
and Al research is less frequently cited by other researchers, it
nevertheless constitutes a significant and valuable contribution to
the field.

Japan occupies the ninth position with a total of 415 citations,
with an average of 10.40 citations per article. Japan’s research in this
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field is frequently cited by other scientists and has a considerable
impact on the field.

Spain is in tenth position with a total of 391 citations and an
average of 9.30 citations per article. The research conducted in
Spain is frequently referenced by other researchers and makes a
notable contribution to the field.

Overall, this table shows the research impact and scientific
in the field of
AT applications in neuroscience. The United States and the

contributions of the most cited countries

United Kingdom lead in the total number of citations, while
Switzerland is the clear leader in the number of citations per paper.
China has an extensive research network and ranks third in total
citations. Canada and Germany also make significant contributions
in this field. These data show that research in neuroscience and
artificial intelligence has a significant impact on a global scale and
is actively referenced in many countries.

Figure 9 shows international collaborations in the field of AI
applications in neuroscience. The lines on the map represent
scientific collaborations between countries, and the density and
thickness of the lines reflect the frequency of collaborations.

The United States occupies a central position on the map and
is the country that engages in the greatest number of cooperative
activities with other countries. The density and thickness of
the lines indicate that the United States has particularly robust
cooperative relationships with European countries and Canada.
The United States has particularly strong cooperative relationships
with the United Kingdom, Germany, Canada, and China.

Additionally, the United Kingdom plays a pivotal role
in the map, exhibiting robust collaboration with Germany,
the United States, Spain, and Australia. Additionally, the
United Kingdom maintains robust connections with other nations
within the European region.

Germany is noteworthy for its robust collaboration with the
United States and the United Kingdom. Additionally, it maintains
significant connections with other European nations.

Canada is especially noteworthy for its robust ties with the
United States. Furthermore, it engages in collaborative efforts with
the United Kingdom.

It has established significant cooperative relationships with
the United States and engages in some degree of collaboration
with other countries. Australias robust collaboration with the
United Kingdom is a notable feature of the regional landscape.
Furthermore, it maintains connections with other nations.

The map illustrates that neuroscience and Al research have
a vast network of international collaborations, with a notable
concentration between the United States and European countries.
This illustrates that scientific research is a global undertaking, and
that collaborations between countries facilitate advancements in
this field. Table 6 shows the 10 country pairs that collaborate most
frequently in the field of AT applications in neuroscience and the
frequency of these collaborations.

The United States and the United Kingdom have the highest
frequency of collaboration, with 43 instances. Additionally, the
United States has collaborated with Germany (35 times), Canada
(26 times), and China (20 times), which are also noteworthy.
The United Kingdom engages in frequent collaborative endeavors
with Germany (19), Spain (14), and Australia (12). Additionally,
it is notable that the United States has established significant
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collaborative relationships with Italy (15), Spain (13), and Canada
(12). The data demonstrate that neuroscience and AI research
is predominantly concentrated in the United States and the
United Kingdom, and that these countries have fostered robust
scientific relationships with numerous other nations. These
international collaborations play an instrumental role in global
developments, facilitating accelerated knowledge sharing and
scientific progress.

3.4 Document analysis

Table 7 presents the top ten most cited publications in the
field of artificial intelligence applications in neuroscience, detailing
their sources, total citation counts (TC), average citations per year
(TCPY), and references.

“Perceptions of perceptual symbols,” published in Behavioral
and Brain Sciences, stands out with a remarkable total of 3,980
citations, averaging 153.08 citations per year, highlighting its
profound impact and seminal contribution to the field. Another
highly influential paper, “Emotional expressions reconsidered:
challenges to inferring emotion from human facial movements,’
published in Psychological Science in the Public Interest, averages
123.00 citations per year, underscoring the critical challenges in
understanding emotional expressions from facial movements.

Noteworthy contributions include “The Social Neuroscience of
Empathy” from Annals of the New York Academy of Sciences,
with 946 citations and an annual average of 59.13, illustrating the
significant interest in the neural underpinnings of empathy. “Using
goal-driven deep learning models to understand sensory cortex”
from Nature Neuroscience garners 740 citations with an annual
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TABLE 6 Countries collaboration frequency.

From To Frequency
USA United Kingdom 43
USA Germany 35
USA Canada 26
USA China 20
United Kingdom Germany 19
USA Italy 15
United Kingdom Spain 14
USA Spain 13
United Kingdom Australia 12
United Kingdom Canada 12

average of 82.22, demonstrating the value of deep learning models
in understanding sensory processing. Similarly, “Neuroscience-
Inspired Artificial Intelligence” in Neuron, with 715 citations
and an average of 89.38 citations per year, bridges the fields of
neuroscience and Al, indicating its critical role in advancing Al
technologies inspired by brain mechanisms.

The publication “An Introduction to Deep Reinforcement
Learning” in Foundations and Trends in Machine Learning has
accumulated 622 citations, averaging 88.86 per year, reflecting its
foundational impact on the integration of reinforcement learning
in neuroscience. “A transdisciplinary review of deep learning
research and its relevance for water resources scientists,” published
in Water Resources Research, with 527 citations and a yearly
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TABLE 7 Most cited documents (top 10).

10.3389/fneur.2025.1474484

Paper Source TC TCPY References
Perceptions of perceptual symbols Behavioral and Brain Sciences 3,980 153.08 (16)
The social neuroscience of empathy Annals of the New York Academy of Sciences 946 59.13 (18)
Using goal-driven deep learning models to understand sensory cortex Nature Neuroscience 740 82.22 (17)
Emotional expressions reconsidered: challenges to inferring emotion Psychological Science in the Public Interest 738 123.00 (19)
from human facial movements

Neuroscience-inspired artificial intelligence Neuron 715 89.38 (20)
An introduction to deep reinforcement learning Foundations and Trends in Machine Learning 622 88.86 (21)
A transdisciplinary review of deep learning research and its relevance Water Resources Research 527 75.29 (22)
for water resources scientists

Deep neural networks: a new framework for modeling biological vision | Annual Review of Vision Science 524 52.40 (23)
and brain information processing

Bridging biological and artificial neural networks with emerging Advanced Materials 429 71.50 (24)
neuromorphic devices: fundamentals, progress, and Challenges

A deep learning framework for neuroscience Nature Neuroscience 401 66.83 (25)

TC, total count; TCPY, total count per year; Ref, reference.

average of 75.29, signifies the interdisciplinary reach of deep
learning methodologies. “Deep neural networks: a new framework
for modeling biological vision and brain information processing” in
Annual Review of Vision Science, with 524 citations and an annual
average of 52.40, provides a crucial framework for understanding
biological vision through neural networks.

Additionally, “Bridging biological and artificial neural networks
with emerging neuromorphic devices: fundamentals, progress, and
challenges,” published in Advanced Materials, with 429 citations
and a yearly average of 71.50, addresses the integration of
neuromorphic devices in bridging biological and artificial neural
networks. Lastly, “A deep learning framework for neuroscience” in
Nature Neuroscience, accumulating 401 citations with an average
of 66.83 per year, underscores the importance of deep learning
frameworks in advancing neuroscientific research. Collectively,
these highly cited publications underscore the interdisciplinary and
transformative impact of artificial intelligence and deep learning in
the field of neuroscience.

A review of the most frequently cited studies indicates
that, over time, the evolution of the integration between
neuroscience and Al has been shaped by three main trends. First,
the pioneering of basic research is noteworthy. Early studies,
particularly those found in works such as Barsalou (16), focused
on the foundational conceptual and theoretical underpinnings
of neuroscience, contributing to a substantial augmentation in
scientific knowledge over time. These foundational studies laid the
critical groundwork for a profound and long-term understanding
of the relationship between AI and neuroscience, and their long-
term impact on the field has been significant.

Secondly, the integration of technology and theory has
accelerated, a trend that has gained particular momentum
since the mid-2010s. The advent of artificial intelligence has
profoundly impacted data analysis and modeling processes within
the neuroscience field, particularly through the development of
techniques such as deep learning and neural networks. For
instance, Yamins and DiCarlo (17) expound on the utilization
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of deep learning models in elucidating the sensory cortex,
underscoring the transformative role of Al as a potent instrument
for comprehending biological processes. These developments have
enabled neuroscience and Al to advance in a complementary and
integrated manner.

The growth of interdisciplinary collaboration has gained
significant momentum in recent years. The convergence of
neuroscience and artificial intelligence has not only led to
technological innovation but also intersected with various
disciplines, including the social sciences, ethics, and law, thereby
expanding the scope of research. For instance, studies by Singer
and Lamn (18) and Barret et al. (19) have integrated neuroscientific
perspectives with social and psychological phenomena, addressing
topics such as empathy and emotional expressions. Such
interdisciplinary approaches have enabled neuroscience research to
become more comprehensive, applied, and community-oriented.

The integration of neuroscience and AI will likely explore more
areas of innovation, collaboration, and application in the coming
years. This diversification of research, ranging from fundamental
to applied, aims to maximize the potential of both fields.

3.5 Keyword analysis

Table 8 presents the 10 most frequently utilized keywords and
their respective frequencies of occurrence within the domain of
artificial intelligence (AI) applications in neuroscience.

The term “artificial intelligence” is the most frequently used,
occurring 284 times. This illustrates the pivotal role that AI plays in
the field of neuroscience, and the significance of integrating these
two disciplines in research endeavors. The second most common
term was “neuroscience;,” which was used 175 times, underscoring
the profound interconnectivity between this field and AL

The terms “machine learning” (88 times) and “deep learning”
(76 times) are also frequently used, indicating that these techniques
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TABLE 8 Most frequent words (top 10).

Words Occurrences

Artificial intelligence 284
Neuroscience 175
Machine learning 88
Deep learning 76
Learning 61
Intelligence 43
Consciousness 39
Computational neuroscience 36
Artificial 31
Cognition 31

are widely applied in neuroscience research. The term “learning”
is employed on 61 occasions, thereby indicating that the study of
general learning processes constitutes an important research topic.
Moreover, the terms “intelligence” (43 times) and “consciousness”
(39 times) indicate that these two concepts are studied in depth in
the fields of AI and neuroscience.

The term “computational neuroscience” is mentioned 36
times, underscoring the significance of computational techniques
in neuroscience research. The terms “artificial” and “cognition”
are each used 31 times, indicating that artificial systems and
cognitive processes play a significant role in the research
domain. The recurrence of these keywords underscores the
points of convergence between AI and neuroscience and the
interdependence of these fields. In sum, the table demonstrates that
research in this field is primarily focused on artificial intelligence,
learning algorithms, and cognitive processes.

Word cloud is an effective way to visualize the most frequently
used words in a given text. The size of the words indicates how often
they are used in the text, with larger words representing those used
more often and smaller words representing those used less often.
This method helps to quickly identify key themes and concepts in
a text.

The word cloud presented in Figure 10 shows the most
frequently used words in research in neuroscience and
artificial intelligence.

The most prominent word in this image is “artificial
intelligence,” and its large size makes it evident that artificial
intelligence is a central theme in neuroscience studies. Similarly,
the prominent display of the word “neuroscience” underscores the
primary scientific domain that these studies address.

Other noteworthy terms include “machine learning” and
“deep learning,” which refer to techniques commonly utilized in
contemporary neuroscience research. The terms “learning” and
“intelligence” are also prominent, indicating that a significant
portion of the work in this field is dedicated to understanding the
processes of learning and intelligence. The terms “consciousness”
and “computational neuroscience” underscore the significance of
these domains in scientific inquiry.

In addition, the word cloud incorporates terms such as “neural
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networks,” “cognition,” and “empathy;” which illustrate the diverse
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facets and subtopics of neuroscience and Al research. In sum,
this visualization effectively illustrates the breadth of research at
the intersection of neuroscience and Al, as well as the relative
prominence of specific concepts within the field. Such an analysis
can assist researchers in rapidly acquiring an understanding of the
current trends and focal points within the field.

Figure 11 illustrates the “Co-occurrence of Keywords”
analysis, which elucidates the salient research domains in
the interdisciplinary fields of artificial intelligence (AI) and
neuroscience, as well as the interconnections between these two
domains.

The keywords “artificial intelligence” and “neuroscience”
occupy a central position in the map, indicating that these
two disciplines are in close interaction. In particular, the
concepts of “deep learning,” “neural networks,” and “computational
neuroscience” reflect the application of Al in neuroscience research.
Furthermore, brain imaging techniques, including functional
magnetic resonance imaging (fMRI), electroencephalography
(EEG), and neuroimaging, play a significant role in Al-supported
analyses and are directly linked to neuroscience-related concepts
such as cognition, the brain, and decision-making. As indicated by
the color scale representing time distribution, while areas such as
“cognitive science” and “robotics” gained prominence during the
2016-2017 period, more innovative topics such as “deep learning,”
“brain modeling,” and “reinforcement learning” attracted attention
during the 2018-2021 period. Furthermore, the presence of the
keywords “ethics” and “education” in the network indicates that
the ethical and social dimensions of artificial intelligence and
neuroscience occupy a significant position within the research
domain. These findings demonstrate that artificial intelligence
techniques are being increasingly utilized in neuroscience, and
interdisciplinary studies are gaining prominence.

The Thematic Map of Keywords is a visualization of keywords
divided into four quadrants according to their importance and
sophistication. This map shows the prominent themes in a
particular research area and how central and developed these
themes are. Each quadrant represents different thematic areas
and shows the position of specific keywords in these areas.
Figure 12 shows the thematic map of keywords used in AT studies
in neuroscience.

e Niche themes (top left quadrant)

A niche theme can be defined as a topic that is both high
intensity and low centrality, addressing a specific area of expertise.
These themes, which have been the subject of extensive study in
the literature, have yet to achieve a broad impact. They are of
interest to specific research groups. As illustrated in the image,

keywords such as “brain-machine interface;
“free will” are particularly prominent. Brain-machine interfaces

neuroethics,” and

(BMIs) represent a significant area of research at the nexus
of neuroscience and artificial intelligence, as technologies that
facilitate individuals’ ability to control devices through thought. In
contrast, neuroethics addresses the ethical implications of artificial
intelligence technologies on neurological data. The theme of “free
will” indicates the theoretical debates that have emerged as a result
of the intersection of artificial intelligence and brain sciences,
which seek to elucidate the nature of human behavior. The niche
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positioning of these themes indicates that the topics are being
discussed in depth within academic circles, but have not yet formed
a substantial body of literature.

e Motor themes (top right quadrant)

Motor themes represent areas of research that are both central
(high centrality) and advanced (high density) within the existing
academic literature. These themes serve as the primary focus of
existing scientific work, thereby influencing the direction of the
academic literature. As illustrated in the image, the keywords

» <«

“artificial intelligence,” “neuroscience,” and “machine learning” are
particularly prominent among the motor themes. This evidence
demonstrates that artificial intelligence and machine learning are
employed as a foundational tool in neuroscience research. In
particular, machine learning algorithms are known to play a
central role in neuroimaging analysis, modeling neural circuits,
and understanding brain function. Concurrently, the concepts of

»

“learning,” “perception,” and “education” are among these themes,
underscoring the integration of AI-supported learning processes
with neuroscience. These findings demonstrate how artificial
intelligence has transformed our understanding of perception and

learning mechanisms in interdisciplinary studies.
e Emerging or declining themes (lower left quadrant)

These themes are characterized by low centrality and low
density, indicating that they represent topics that are either
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emerging in the literature or have lost interest. The image illustrates
key terms such as “spiking neural networks,” “simulation,” and
“convolutional neural network” (CNN). Spiking neural networks
(SNNs) are a mathematical model of biological neural networks
that more accurately reflects the physiological processes of the
human brain. Despite the fact that these networks are better
able to reflect timing-based information processing than artificial
neural networks, they are still not widely adopted in large-scale
applications. The theme of “simulation” plays a pivotal role in
modeling neurological data and training artificial intelligence
systems, yet it has a relatively limited centrality in the extant
literature. Although convolutional neural networks (CNNs) are
a common technique, particularly in image-based analysis, their
inclusion here suggests that the study of CNNs in neuroscience may
be approaching a saturation point. This may indicate that, in the
future, these fields will adopt more specific or alternative methods.

e Basic themes (lower right quadrant)

Themes of a fundamental nature are of considerable
importance, yet they are not yet fully developed. They represent
research topics that are significant in the existing literature but have
yet to be explored in sufficient depth. These themes encompass
areas of academic inquiry that are of significant interest but have
yet to be sufficiently elaborated. The image features a number of

keywords, including “intelligence,” “artificial,” “cognition,” and
“neuromorphic computing.” The field of neuromorphic computing

emerged from the convergence of neuroscience and artificial
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intelligence with the objective of developing more efficient and
faster computing systems by emulating the architectural principles
of biological nervous systems. This theme is directly linked to
developments in the field of cognitive science. Furthermore, the
positioning of the themes “intelligence” and “cognition” reflects
the efforts of AI systems to comprehend and emulate human
intelligence. The basic themes represent potential areas of research
that will receive greater attention in future literature, reflecting
the ongoing efforts of AI to gain a deeper understanding of
cognitive processes.

The strategic map reveals that engine themes (artificial
intelligence, machine learning, and neuroscience) demonstrate a
robust evolution of applications in neuroscience. Niche themes
concentrate on particular subjects, whereas emerging themes are
susceptible to potential transformations in the forthcoming years.
The basic themes indicate that artificial intelligence and cognitive
processes will be critical future research areas. This analysis
facilitates comprehension of contemporary trends in the literature
and delineates strategic domains of inquiry that researchers
may pursue.

4 Discussion and future works

This study presents a comprehensive bibliometric analysis of
the applications of artificial intelligence in neuroscience. This
analysis, which examines a total of 1,208 studies published between
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1983 and 2024, demonstrates that research activities pertaining
to the application of artificial intelligence in neuroscience have
exhibited a gradual yet consistent increase over time. In particular,
there has been a notable surge in research activity in this field
since the mid-2010s. The integration of AI and neuroscience has
resulted in notable advancements in neurological imaging, brain-
computer interfaces (BCI), and the diagnosis and treatment of
neurological diseases.

The findings from the bibliometric analysis of artificial
intelligence (AI) applications in neuroscience elucidate significant
insights into the trends, collaborations, and impact of research in
this interdisciplinary field. This section will present a synthesis of
the key observations derived from the results, integrating the data
presented in the tables and figures.

The analysis shows a remarkable growth in publications related
to Al in neuroscience, with an annual growth rate of 12.32% from
1983 to 2024. This increasing trend reflects the growing interest
and advancements in Al technologies and their applications in
understanding and treating neurological conditions. The surge in
publications, especially in recent years, underscores the importance
of Al in revolutionizing neuroscience research.

The distribution of documents by publication year illustrates
this growth, with a notable increase in the number of studies
from 2015 onwards. This surge in research activity coincides with
significant advances in Al techniques, particularly deep learning,
which have demonstrated substantial potential in domains such as
neuroimaging and disease diagnosis.
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The analysis demonstrates a substantial degree of international
collaboration in the domains of artificial intelligence and
neuroscience, with an international co-authorship rate of 26.32%.
Such collaboration is vital for the advancement of the field, as
it facilitates the integration of diverse expertise and perspectives.
The mean number of co-authors per document, 3.96, provides
further evidence of the collaborative nature of research in
this domain.

The geographic distribution of research outputs indicates that
the United States is the leading nation in terms of the number of
publications, followed by China, the United Kingdom, Germany,
and Canada. This distribution serves to illustrate the global interest
and investment in the integration of AI with neuroscience. Notable
contributors include institutions such as Stanford University, the
University of Oxford, and Tsinghua University, which reflect their
robust research capabilities and resources in this field.

The average number of citations per document is 21.85, which
suggests that research in the fields of artificial intelligence and
neuroscience is not only highly productive but also significantly
influential. The high citation rates are indicative of the relevance
and influence of these studies within the broader scientific
community. Notable publications, including those by Chen et al.
(10) and Litjens et al. (14), have considerably influenced present-
day research trends and methodologies in AI applications for
neurodegenerative diseases and neurological diagnostics.
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The incorporation of Al in neuroscience is positioned to sustain
its accelerated advancement, driven by ongoing technological
innovations and interdisciplinary collaborations. Future research
should prioritize the resolution of challenges associated with AI
applications, including ethical considerations, data privacy, and the
interpretability of AT models. Furthermore, extending the remit of
Al research to encompass underrepresented regions and cultivating
more inclusive collaborations can contribute to the enhancement of
the field.

It is imperative to acknowledge the significance of several
pivotal avenues for future research. First, ethical and privacy
concerns must be accorded a high level of priority in
interdisciplinary research initiatives, particularly those that
intersect with fields such as artificial intelligence and neuroscience.
Of particular importance are the protection of personal data,
the ethical boundaries of data use, and the transparency of Al
models. A comprehensive examination of these issues is necessary
to enhance the credibility of this field.

However, given the complexity and multidimensionality of
these research areas, it is imperative to foster interdisciplinary
collaboration to develop more innovative and practical solutions.
Consequently, it is imperative to convene experts from various
disciplines, including neuroscience, artificial intelligence, ethics,
and law, to cultivate a more comprehensive and integrated
approach to confronting these challenges. In this regard, the
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establishment of collaborative networks and the implementation
of effective communication systems within these networks are of
paramount importance.

The development of effective communication strategies, the
establishment of multidisciplinary project management, and the
cultivation of team building are of paramount importance in
this regard. The heterogeneity of research teams has been
demonstrated to enhance the success rate of interdisciplinary
projects. Nevertheless, meticulous planning of organizational
structures and communication protocols is paramount to ensure
the effective management of such teams and their harmonious
collaboration toward shared objectives.

In conclusion, the bibliometric analysis provides a
comprehensive overview of the current state and future potential
of AI in neuroscience. The significant growth in publications,
collaborative efforts, and impactful research underscore the
transformative role of Al in advancing our understanding of the

brain and improving neurological healthcare.

5 Conclusion

This bibliometric analysis provides a comprehensive evaluation
of the research landscape at the intersection of artificial intelligence
(AI) and neuroscience. By examining a corpus of 1,208 publications
from 1983 to 2024, the study elucidates the significant growth, key
research areas, and collaborative nature of this interdisciplinary
field. The analysis demonstrates a robust annual growth rate of
12.32% in publications, which underscores the growing significance
and practical applications of Al in neuroscience. The data indicates
a significant increase in research output, particularly from 2015
onwards, reflecting advancements in Al technologies and their
applicability in neurological studies. The primary areas of focus
include neuroimaging, brain-computer interfaces (BCls), and the
diagnosis and treatment of neurological diseases. The potential
of AI in these areas is evidenced by its high accuracy in
disease diagnosis and its capacity to personalize treatment plans,
which contribute to improved patient outcomes and a deeper
understanding of neurological conditions.

The field is distinguished by a notable degree of international
collaboration, as evidenced by a 26.32% rate of international co-
authorship. The geographic distribution of research outputs is led
by the United States, followed by China, the United Kingdom,
Germany, and Canada, indicating a global interest and investment
in Al and neuroscience integration. The average citation rate of
21.85 per document serves to illustrate the impact and relevance of
research in this field. Notable studies have significantly influenced
current methodologies and trends, underscoring the importance of
Al in advancing neurological research and healthcare.

The results of this analysis highlight the potential for Al to
transform neuroscience. Nevertheless, a number of challenges and
opportunities demand further investigation in future research.
As artificial intelligence (AI) applications become increasingly
integrated into clinical practice, it is of paramount importance to
address ethical issues and ensure data privacy. It is imperative that
researchers prioritize transparent and ethical practices to maintain
public trust and ensure equitable benefits from AI advancements.
It is imperative that there be a strengthening of interdisciplinary
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collaborations between experts in the field of artificial intelligence,
neuroscientists, and clinicians, in order to ensure the continued
progress and innovation in this field. Collaborative endeavors have
the potential to yield more comprehensive and efficacious solutions
to complex neurological issues. The expansion of research efforts to
include underrepresented regions and populations has the potential
to enrich the field and promote more inclusive advancements in AI
and neuroscience. The encouragement of diverse perspectives and
participation will facilitate a more comprehensive understanding
of neurological conditions and their treatments. The ongoing
advancement of AI technologies, particularly those pertaining to
deep learning and machine learning, will serve to further enhance
the capabilities and applications of AI in neuroscience. It is
recommended that future research efforts be directed toward the
development of more interpretable and robust AT models that can
be integrated seamlessly into clinical workflows.

In conclusion, this bibliometric analysis offers valuable insights
into the dynamic and rapidly evolving field of artificial intelligence
(AI) in neuroscience. The considerable expansion in research
output, substantial international collaborations, and high impact of
published studies underscore the pivotal role of Al in advancing
our understanding and treatment of neurological conditions. As
the field continues to mature, it is imperative to address the ethical,
collaborative, and technological challenges that lie ahead if we are to
realize the full potential of Al in neuroscience. This will ultimately
lead to improved neurological healthcare and patient.
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