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Abstract

Objective: This study employs bibliometric analysis to examine the current state,
popular topics, and trends in the application of the Behavior Change Wheel
(BCW) within the medical field, aiming to provide a reference framework for
further research endeavors in this domain. Methods: The Web of Science core
collection database was searched, and relevant literature was collected from
March 29, 2024, according to the inclusion and exclusion criteria. CiteSpace
was applied for visual analysis. Results: A total of 1000 articles were finally in-
cluded, and the number of articles showed an upward trend year by year, reach-
ing a peak in 2023. England, Australia, and the United States and their research
institutions had the largest number of publications, but the overall cooperation
between countries, institutions, and authors was relatively sparse. Behavior
change, health promotion, digital health, mobile health, mental health, and
qualitative research were the research hotspots, frontiers, and future directions.
Conclusion: Current research on the application of the Behavior Change Wheel
(BCW) in the medical field lacks empirical evidence tailored to China’s unique
national context. It is recommended that future studies integrate China-spe-
cific realities, designing intervention strategies that cater to the distinct char-
acteristics of different population groups, thereby facilitating health behavior
change and enhancing individual capacity for self-health management. Such
efforts are poised to bolster the implementation of the “Healthy China” initia-
tive.
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1. Introduction

The “Healthy China Action (2019-2030)” explicitly states that “each individual is
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the primary responsible entity for their own health” (The State Council of the
People’s Republic of China, 2019), highlighting the crucial role of personal behav-
ioral alterations in reducing the burden of chronic diseases and enhancing the health
level of the nation. Nevertheless, the transformation of health behaviors is influ-
enced by a multiplicity of factors, encompassing personal (Reid et al., 2022) and
environmental aspects (Mather et al., 2022). Hence, it is of paramount importance
to develop behavioral intervention models guided by theoretical frameworks (Cane
et al., 2012).

The Behavior Change Wheel (BCW), put forward by Michie in 2011, is an in-
tervention model that consolidates 19 related theories of behavior change (Michie
et al., 2011). Its core lies in the Capability, Opportunity, Motivation-Behavior
(COM-B) model, which analyzes the factors influencing patients’ health behaviors
to guide the formulation of intervention measures (Cai et al., 2019). It aims to
transform individual health behaviors, enhance self-management capabilities, and
facilitate the improvement of health conditions (Liu et al., 2021). The BCW has
significant applications in the medical field, including medication adherence man-
agement (Chiang et al., 2018), smoking cessation (Gould et al., 2017), the inter-
vention of unhealthy lifestyles (Cavalheri et al., 2016), and chronic disease man-
agement (Yin et al., 2020; Martin-Payo et al., 2021; Stanton-Fay et al., 2021). It has
emerged as an international research hotspot in recent years and merits in-depth
exploration.

However, the BCW fails to incorporate specific factors and technical contents
for behavior change, and due to individual differences and the disconnection be-
tween theory and practice, the maintenance of research subjects’ behaviors is not
optimistic (Madigan et al., 2021). Additionally, most related research is concen-
trated abroad, with insufficient localization. Before better integrating it with the
actual situation in China and developing more scientific, operational, and scalable
specific behavior change intervention plans, it is necessary to have a comprehen-
sive understanding of the international research status.

To this end, this study is the first in China to adopt bibliometric methods, uti-
lizing CiteSpace software to conduct a visual analysis of BCW -related literature in
the medical field from the Web of Science Core Collection database. The objective
is to uncover the international research status, hotspots, and trends through bib-
liometric indicators such as the annual distribution, international cooperation
networks, and keyword clustering. This is expected to offer reference experience
for Chinese scholars to explore more deeply and to provide practical guidance for

health professionals in promoting patient behavior change at the grassroots level.

2. Materials and Methods
2.1. Materials

This study utilizes the Web of Science Core Collection database from the Institute

for Scientific Information (ISI) as the primary source for literature retrieval. The

search period spans from the inception of the database to March 29, 2024. Em-
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ploying a subject-based search strategy, the search query included the following
terms: “behavior change wheel” OR “Behavior Change Wheel” OR “BCW” OR “Ca-
pacity Opportunity Motivation-Behaviour” OR “capacity opportunity motivation-
behaviour” OR “COM-B”. The citation index selected was “All”, resulting in a

total of 3919 documents retrieved for the study.

2.2. Methods

Bibliometric analysis is a quantitative research method that maps the structural
characteristics, evolutionary trends, and knowledge landscape of a specific research
field by analyzing bibliographic data such as publication output, citations, and
keywords.

2.2.1. Inclusion and Exclusion Criteria for Literature

Inclusion criteria for literature: 1) The type of literature is research articles; 2) The
research topic pertains to the application of the BCW and COM-B in the medical
field. Exclusion criteria for literature: 1) The type of literature is reviews; 2) The
research topic has low relevance to BCW and COM-B, or is related to BCW and
COM-B but not within the medical field; 3) Duplicate literature.

2.2.2. Literature Screening Process

To ensure the scientific and effective nature of the sample literature, a screening
process was conducted based on the inclusion and exclusion criteria, as follows:
1) A search was performed in the Web of Science Core Collection database using
the search query, yielding a total of 3919 documents; 2) The documents were im-
ported into the Endnote software and duplicates were removed, excluding 3 du-
plicate documents; 3) Based on the relevant criteria, a total of 2856 documents
were excluded (180 of which were reviews, and 2676 were unrelated or of low rel-
evance to the research topic), with a preliminary inclusion of 1060 documents; 4)
The documents were sorted by citation frequency from high to low, and ulti-
mately, the top 1000 highly cited documents were included. Selecting the top 1000
highly cited articles was intended to focus the analysis on the most influential and
impactful literature in the field. Highly cited papers typically represent seminal
works, core theories, or pivotal empirical studies that have shaped the develop-
ment of BCW applications in medicine, thereby enhancing the validity and sig-

nificance of the bibliometric findings.

2.2.3. Research Method

This study employs CiteSpace, a research tool developed in 2004 by Professor
Chaomei Chen of Drexel University using the Java language (Chen et al., 2015),
to identify and visually present high-frequency keywords, popular literature, re-
search hotspots, trends, and frontiers in a scientific field (Ding & Chen, 2014).
First, the EndNote database records were exported in plain text format, with the
output style set as RefMan (RIS) Export. After data conversion, they were im-
ported into CiteSpace 6.3.R1 software, and then a bibliometric method was used
to conduct a visual analysis of the research status, hotspots, and trends of the ap-
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plication of the Behavior Change Wheel in the medical field for the final 1000
included documents. Parameter settings: Time range from 2008 to 2024, with a
time slice of 2 years, using g-index, K = 15. Although the foundational BCW paper
by Michie et al. (2011) was published in 2011, the time range was set to start in
2008 to capture early literature on precursor behavior change theories (e.g., social
cognitive theory, transtheoretical model) and preliminary studies that laid the
groundwork for the development and application of BCW, ensuring a compre-

hensive understanding of the field’s evolutionary context.

3. Results

3.1. Visualization Analysis of Research Status

3.1.1. Annual Distribution of Literature

The number of published papers in a certain period can visually show the research
status (Gong et al., 2021) and research topic popularity (Li et al., 2022), and also
reveal the characteristics of the development trend of the research field (Zhou et
al., 2020). As shown in Figure 1, the number of documents on the behavior change
wheel in the medical field shows an overall upward trend year by year, with a sig-
nificant increase starting in 2015, a slight decline in 2017, a significant increase again
in 2018, and reaching 246 in 2023, indicating that with the deepening of research,

it has received continuous attention.
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Figure 1. Annual distribution of literature.

3.1.2. National Cooperation Network Analysis

The circle formed by the nodes of the national cooperation network represents
the number of published papers from the corresponding country. The larger the
area, the more published papers, and the connection between nodes represents
the cooperative relationship. The thicker the connection, the closer the coopera-
tion between countries, and strengthening mutual cooperation is conducive to
continuously improving the level of scientific research and influence (National

Natural Science Foundation of China, 2021). Figure 2 shows that there are 82
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countries and 159 instances of cooperation, and the cooperation between coun-
tries is relatively loose (network density = 0.0123). Notably, this sparse collabora-
tion is consistent with characteristics of emerging interdisciplinary fields like
BCW application in medicine, which integrates behavioral science, public health,
and clinical medicine. Cross-disciplinary collaboration often faces barriers such
as divergent research paradigms, communication gaps, and uneven resource allo-
cation across regions—factors that hinder the formation of stable large-scale co-
operation networks.

The top 10 countries in the number of published papers on the behavior change
wheel in the medical field from 2008 to 2024 are England, Australia, the USA,
Canada, the People’s Republic of China, the Netherlands, Ireland, Germany, Den-
mark, and Wales (or Belgium). Among them, the UK has the largest number of
published papers, reaching 371, and China ranks fifth, with a total of 98. Wales or
Belgium has the lowest number of published papers. The UK, Australia, the US,
and Canada are developed countries with a high level of economic development
and occupy an important position, which may further widen collaboration gaps

due to unequal access to research funding and international partnerships.
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Figure 2. National cooperation network.

3.1.3. Research Institution Cooperation Network Analysis

A visual analysis was performed with the node type set as “Organization”, and the
results are shown in Figure 3. Among them, universities are the main research
institutions, and the top 5 institutions with the highest number of published pa-
pers are University College London (99), University of Sydney (60), Monash Uni-
versity (46), University of Manchester (37), and University of Queensland (29). It
can be seen that research institutions in the UK and Australia are in a leading
position, which is consistent with the results of the national cooperation network
analysis, but because the density is 0.0151, it represents relatively few institutional

collaborations.
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Figure 3. Research institution cooperation network.

3.1.4. Research Author Cooperation Network Analysis

After performing a visual analysis with the node type set as “Author”, a total of
182 authors and 231 collaborations were found. The overall connection between
research authors is not close, but because S = 0.9014, it indicates a good clustering
effect, and there is a significant local aggregation phenomenon in the collabora-
tion network, forming a small group of close collaborations in the local area, such
as Fisher A. and Burton A., Michie S. and Atkins L., Armitage C. J., Chater A. M.,
Courtenay M., McNulty C. A. M, etc. in Figure 4.
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Figure 4. Research author cooperation network.

3.2. Visualization Analysis of Research Hotspots

3.2.1. Keyword Cluster Analysis
Keywords are a high-level summary and overview of the full text, reflecting the
central idea of a document (Wang & Guo, 2021). By performing clustering oper-
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ations, statistically significant keywords with high centrality and frequency can
help researchers understand the research hotspots that are generally of concern in
the corresponding academic field, grasp the trend of the discipline, and guide fu-
ture research directions (Ren & Liao, 2021). The results found that there were 253
nodes and 392 connections, the network density was 0.0123, the Q value was 0.7258
(&gt; 0.3), and the S value was 0.7285 (&gt; 0.4), indicating that the connection
between nodes was relatively sparse, but with significant modular characteristics
and a good clustering effect.

Figure 5 shows 14 major clustering results, namely “behavior change”, “theo-
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ication adherence”, “depression”, “quality in health care”, “sedentary behavior”,

“opportunity and motivation” and “mobile phone”.
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Figure 5. Keyword cluster analysis.

3.2.2. Keyword Co-Occurrence Analysis

Keyword co-occurrence is a keyword that appears simultaneously in a document.
Through analysis, the relevance and theme distribution between different keywords
can be revealed. The nodes in the keyword co-occurrence analysis diagram repre-
sent keywords, and the larger the node, the higher the frequency of the keyword
in the document, indicating greater academic attention (Ni, 2020). Two hundred
fifty-three nodes and 392 connections were obtained; the network density was
0.0123, and the larger the node, the greater the research hotspot.

Classifying high-frequency keywords, it can be found that 1) research fields:
“physical activity” (physical activity), “health” (health), “obesity” (obesity), “care”
(care), “behavior change” (behavior change), “smoking cessation” (smoking ces-
sation), etc.; 2) Key research directions: “interventions” (interventions), “barriers”
(barriers), etc.; 3) Research methods: “qualitative research” (qualitative research),

“theoretical domains framework” (theoretical framework), “meta-analysis” (meta-
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analysis); 4) Research groups include “adults” (adults), “children” (children),
“women” (women), “patients” (patients), “older adults” (elderly); 5) Health policies:
“primary care” (primary care), “prevention” (prevention), “mental health” (men-
tal health), “health care” (health services), “public health” (public health), “health

promotion” (health promotion), etc. (See Figure 6)
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Figure 6. Keyword co-occurrence analysis.

3.3. Visualization Analysis of Research Frontiers and Trends

3.3.1. Keyword Cluster Timeline Analysis

To more clearly show the research frontiers and topics of the application of the
behavior change wheel in the medical field, based on the co-line of keywords, a
view for analyzing the evolution of different clusters over time is constructed with
the publication year as the x-axis, and the frequency or importance of the clusters
is ranked to form a cluster number. Based on this, a timeline analysis is performed,
which can help researchers capture the trend characteristics of keywords over
time. The results showed that 14 clusters appeared, and the smaller the number,
the more documents in the cluster. It was found that the earliest keywords were
Behaviour Change, and they repeatedly appeared in multiple clusters with key-
words such as Health Promotion, Digital Health, Mental Health, qualitative study,
and Mobile Health, indicating that it is not only currently at the research frontier
but is also likely to continue to be a trend in future research and development.

(See Figure 7)

3.3.2. Keyword Burst Analysis

Burst words can reflect the research hotspots and frontiers of a discipline in vari-
ous periods and reflect the research trends (Li & Chen, 2016). Figure 8 shows that
implementation, strategy, and the theoretical domains framework have high burst
intensities, reaching 5.34, 5.04, and 5.05 respectively, indicating that their fre-

quency and importance of citation in the corresponding year are relatively high,
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suggesting that they are the research hotspots and trends in the field of behavior
change wheels in medical application research in the next period and have re-
ceived significant attention. Mobile health, depression, the United States, and ther-
apy are the latest keywords from 2022 to 2014, and research has begun to explore
the application of behavior change wheels in topics such as mobile health, depres-

sion, and treatment.
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Figure 7. Keyword cluster timeline analysis.

Top 25 Keywords with the Strongest Citation Bursts
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Figure 8. Keyword burst analysis.
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4. Discussion

4.1. Research Status and Evolutionary Path

The application of the Behavior Change Wheel (BCW) in the medical field can be
divided into three stages, revealing the evolution from initial exploration to rapid
growth. The initial germination phase (2008-2014) saw an average annual publi-
cation of 8 articles, marking the gestation period of the BCW theory. During this
phase, Professor MICHIE officially proposed the BCW model in 2011 (Michie et
al,, 2011), laying the theoretical foundation.

The subsequent preliminary development phase (2015-2017) saw an accelera-
tion of research activities, with the annual number of publications jumping from
18 to 72, indicating a significant increase in academic interest and attention to the
application of BCW in the medical field. During this period, domestic research
was relatively lagging, and it was not until 2017 that Li Fuxia and colleagues (Li,
2017) applied the BCW theory for the first time in the domestic nursing field, mark-
ing the initial exposure of China’s attention and practice to this theory.

Since 2018, BCW research has entered a rapidly developing mature phase, reach-
ing a peak annual publication volume of 246 articles in 2023, with a total of 859
articles published during this period, at an average annual rate of about 143 arti-
cles. The growth momentum during this phase stems not only from the wide-
spread international demand for behavior change strategies but also reflects the
global emphasis on promoting healthy behaviors, reducing the burden of chronic
diseases, and improving public health levels. The prosperity of research during
this period is closely related to the widespread international attention to health
behavior science and the application of BCW in various medical practice fields.

However, from the analysis of the cooperation network, the network density
at the national, research institution, and author levels is relatively low (national:
0.0123; institutional: 0.0151), indicating that although the research enthusiasm
has increased, the cooperation mode in the field is still relatively dispersed, lacking
stable and close international or inter-institutional collaboration. This pattern is
not uncommon for emerging interdisciplinary fields: BCW research requires ex-
pertise in both behavioral theory and clinical practice, and aligning research goals
across different disciplines and institutions often requires significant coordina-
tion. Additionally, the local cooperation aggregation observed in the author net-
work (e.g., Fisher A. & Burton A., Michie S. & Atkins L.) suggests that small-scale
collaborative clusters may serve as building blocks for future large-scale net-
works—for example, by expanding existing clusters through international joint
projects.

Notably, the United Kingdom, Australia, and their related research institutions
and authors have a significant lead in the number of publications in the BCW
field, which is closely related to the economic strength and scientific research in-
vestment of these countries, and also implies the positive impact of economic con-

ditions on promoting BCW research.
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4.2. Research Hotspots

High-frequency keywords show a wide range of research content, including vari-
ous subjects such as “adults”, “children”, “women”, “patients”, and “elderly”; var-
ious fields such as “physical activity”, “behavior change”, and “smoking cessa-
tion”; and various methods such as “qualitative research” and “theoretical domain
framework”, reflecting the high representativeness, comprehensiveness, and cov-
erage of the included literature in this study.

Cluster analysis can further clarify hot research topics. These include 1) Health
Behavior Intervention: Intervention strategies are the core of BCW-related strate-
gies applied in the medical field. Multiple studies have shown the use of BCW and
COM-B to promote the formation of healthy behavior changes in reducing seden-
tary behavior (Hall et al., 2020), helping to quit smoking (Gould et al., 2017), and
changing diet (McEvoy et al., 2018; Johnson et al., 2018); 2) Lifelong and Disease
Population Management: It is used for life cycle groups such as children (Creaser
et al., 2023), healthy adults (Kaur et al., 2022), pregnant women (Saarikko et al.,
2021), and the elderly (Kwok et al., 2021), as well as for health management of dis-
ease populations such as cardiovascular disease (Yin et al., 2020), stroke (Hall et
al., 2020), and diabetes (Stanton-Fay et al., 2021), promoting behavior change,
stimulating patients to actively and consciously manage health issues, and enhanc-
ing self-management capabilities, reflecting the broad application potential of
BCW in different populations and health states; 3) Innovation and Diversification
of Research Methods: The differences in methodology between domestic and in-
ternational research highlight the diversification of research methods. Compared
with the domestic research mainly focused on interventional research, the methods
used in international research are more diverse (Qin, 2022), including systematic
reviews (Paton et al., 2021), qualitative research (Leenen et al., 2022), and in-depth
analysis of the core components of BCW—COM-B using the theoretical domain
framework (Kourouche et al., 2019), enriching the application of BCW in the med-
ical field and promoting the design of more refined behavior intervention plans,

providing new perspectives and tools for future research.

4.3. Research Frontier Trends

Keyword clustering timeline analysis and burst word analysis provide a unique
perspective for understanding the research frontier trends of the Behavior Change
Wheel in the medical field. Timeline analysis reveals that “Behavior Change” as a
core concept is closely related to keywords such as “Health Promotion”, “Digital
Health”, “Mental Health”, “Qualitative Study”, and “Mobile Health”, confirming
the foundational status of behavior change strategies, health promotion, digital
health technology, mental health research, and qualitative methods, and indicat-
ing that these fields will continue to lead the mainstream direction of future re-
search. These findings emphasize the importance of interdisciplinary integration,
especially in technology-driven health behavior interventions and the deepening

of mental health research.
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Burst word analysis further points out the new direction of research. “Imple-
mentation”, “Strategy”, and “Theoretical Domains Framework” have high muta-
tion intensity, indicating that future research will focus more on the implementa-
tion effects of behavior change strategies, the scientific rigor of strategy formula-
tion, and in-depth analysis of theoretical frameworks. In particular, the emergence
of “Mobile Health”, “Depression”, “United States”, and “Therapy” marks that the
application of mobile health technology in depression treatment, mental health
intervention, and even broader medical fields has become an emerging research
frontier. This not only highlights the broad application potential of the BCW in
the field of mobile health but also reflects the deepening global attention to mental
health issues, especially depression, and the significant leadership role of the United
States in this research field.

Global trends such as the integration of mobile health with BCW present unique
opportunities for China’s healthcare context. China has a high penetration rate of
mobile internet (over 1 billion users in 2024) and widespread use of super-appli-
cations (e.g., WeChat, Alipay) that already integrate healthcare services (e.g., ap-
pointment booking, medication reminders). These platforms can be leveraged to
deliver BCW-based mobile health interventions—for example, a WeChat mini-
program that uses the COM-B model to tailor physical activity prompts for elderly
patients with hypertension. Such interventions directly align with the “Healthy
China” initiative’s goal of improving population health literacy and reducing the
chronic disease burden. However, challenges exist in regional disparities in healthcare
access (e.g., limited digital literacy in rural areas) that require localized adaptation,
and data privacy regulations (e.g., China’s Personal Information Protection Law)
must be integrated into intervention design to ensure compliance.

The research frontier of integrating mobile health with BCW has direct practi-
cal implications for both clinical practice and public health policy. For clinical
interventions, mobile tools can bridge gaps in continuous care: wearable devices
(e.g., smartwatches) can track sedentary behavior (a key cluster in Figure 5) and
send real-time BCW-guided feedback (e.g., motivational messages based on the
“opportunity” component of COM-B) to patients with stroke—aligning with stud-
ies on post-stroke behavior change. For public health policy, investing in mobile
health infrastructure can scale BCW interventions to underserved areas: for ex-
ample, training community health workers to assist rural residents in using BCW-
based apps reduces reliance on in-person visits.

The high burst intensity of “implementation” and “strategy” (Figure 8) also
highlights a critical practical need: translating BCW theory into routine practice
requires clear operational guidelines. For China, this could involve developing na-
tional standards for BCW intervention design (e.g., for diabetes self-management)
and integrating BCW training into medical education curricula—ensuring that

healthcare providers have the skills to apply BCW in clinical settings.

5. Conclusion

In summary, this study, with the help of CiteSpace software for visual analysis of
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the Web of Science Core Collection database, not only reveals the research status,
hotspots, and frontier trends of the Behavior Change Wheel in the medical field
but also highlights several key contributions and practical values:

1) Identifying hotspots and trends: Through keyword co-occurrence and burst
analysis, this study reflects the core research hotspots of BCW and COM-B mod-
els, such as innovation in behavior change strategies (e.g., digital health, mobile
health technology), expansion of health promotion activities (e.g., community
participation), intervention in the mental health field, and the rise of qualitative
research methods, providing specific directions for future research; 2) Perspective
on international cooperation patterns: The constructed international cooperation
network map clearly shows the global cooperation ecology of BCW and COM-B
research, providing intuitive guidance for promoting cross-border cooperation;
3) Methodological innovation: This study is the first in China to use bibliometrics
and CiteSpace technology for in-depth analysis of international medical field be-
havior change wheel literature, not only filling the methodological gap but also
providing new tools and research paths for domestic scholars.

However, this study also has several limitations, mainly reflected in the follow-
ing two aspects: 1) Limitations of literature inclusion criteria: Although the top
1000 highly cited articles were selected based on citation frequency ranking to en-
sure the influence of the research, some potentially innovative literature that has
not been fully cited may have been overlooked; 2) Data timeliness: Although the
literature data retrieval was completed by March 29, 2024, recent research results
may not have been included in this analysis.

In light of the above limitations, future research can be deepened and expanded
in the following directions: 1) Expand literature sources and cross-cultural analy-
sis: Integrate Chinese databases such as CNKI and Wanfang Data for cross-lan-
guage and cross-cultural comparative studies to fully understand the application
differences and effects of BCW in different cultural backgrounds around the world;
2) Continuously update data and dynamic monitoring: Establish a regular data
update mechanism to track the latest progress of BCW-related research to ensure
the cutting-edge nature and practicality of research results; 3) Comprehensive as-
sessment of literature quality and impact: Adopt multidimensional literature as-
sessment standards to ensure the comprehensiveness and depth of research, while
exploring innovative studies that have not been fully cited to enrich research per-
spectives; 4) Strengthen practical application and localization strategies: Combine
specific practices in China and the Asian region to design and verify BCW appli-
cation models that fit local characteristics, providing a more solid scientific basis
and practical guidance for achieving the “Healthy China” goal.
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