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Abstract

Background: The growing importance of sustainability has led to the current litera-
ture being saturated with studies on the necessity of, and suggested topics for, edu-
cation for sustainable health care (ESH). Even so, ESH implementation has been
hindered by educator unpreparedness and resource scarcity. A potential resolution
lies in virtual education. However, research on the strategies needed for successfully
implementing virtual education in the context of sustainable health care and medical
education is sparse; this study aims to fill the gap.

Methods: Topic modelling, a computational text-mining method for analysing recur-
ring patterns of co-occurring word clusters to reveal key topics prevalent across the
texts, was used to examine how sustainability was addressed in research in medicine,
medical education, and virtual education. A total of 17 631 studies, retrieved from
Web of Science, Scopus and PubMed, were analysed.

Results: Sustainability-related topics within health care, medical education and virtual
education provided systematic implications for Sustainable Virtual Medical Education
(SVME)-ESH via virtual platforms in a sustainable way. Analyses of keywords, phrases,
topics and their associated networks indicate that SVME should address the three pil-
lars of environmental, social and economic sustainability and medical practices to
uphold them; employ different technologies and methods including simulations, virtual
reality (VR), artificial intelligence (Al), cloud computing, distance learning; and implement
strategies for collaborative development, persuasive diffusion and quality assurance.
Conclusions: This research suggests that sustainable strategies in virtual education for
ESH require a systems approach, encompassing components such as learning content
and objectives, evaluation, targeted learners, media, methods and strategies. The
advancement of SVME necessitates that medical educators and researchers play a cen-
tral and bridging role, guiding both the fields of sustainable health care and medical edu-
cation in the development and implementation of SVME. In this way, they can prepare

future physicians to address sustainability issues that impact patient care.
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1 | INTRODUCTION

In the last five decades, sustainability has been widely recognised as
an essential tenet guiding innovation. The seminal 1972 report, The
Limits to Growth,' simulated the interactions between economic and
population growth on the one hand and resource depletion and
environmental degradation on the other hand. Without immediate
and decisive action, the authors argued, the existing trajectory
would lead to global collapse in the near future. In the 30 years that
followed, interest in sustainability grew, but it was not until the
2000s that the discourse moved beyond environmental concerns to
social and economic issues.>™* Now, three accepted dimensions of
sustainable development are as follows: environmental sustainability
(focusing on preserving natural resources, reducing environmental
harm and maintaining biodiversity), social sustainability (focusing on
equitable access to basic needs, protection of human rights, social
equality and responsible community engagement) and economic sus-
tainability (focusing on responsible use of economic resources and
creating a stable and sustainable economy for present and future
generations).?

A growing body of medical research has demonstrated the need
for a paradigm shift towards medical practices and systems that pro-
mote environmental, social and economic sustainability.>™” In recog-
nising the interdependence between human health and the health
of the planet, a holistic planetary health approach can provide guid-
ance at patient, service and system levels by identifying, for exam-
ple, such priorities as empowering patients and addressing social
determinants of health.®? Despite ongoing challenges posed by soci-
etal and cultural attitudes, political obstacles and economic limita-
tions, increasing attention and investment are being directed
towards advocacy, research and education for more sustainable
medical practices.

As an inevitable response to the movement towards sustainable
medicine, organisations have called for education for sustainable
health care (ESH).1®'! The Association for Medical Education in
Europe (AMEE) and the General Medical Council (GMC) have taken
the position that medical school graduates should be equipped to pro-
mote sustainability in health care delivery, thus reducing negative
environmental impacts, and promoting social and economic sustain-
ability. 1271 The UK Medical School Council has identified specific
ESH topics that should be covered, including planetary health, the
health impacts of the climate crisis, the impacts of health care on the
environment and professionalism and leadership for structural
change.!”

Although the current literature is saturated with studies advo-
cating the incorporation of ESH in medical education (ME) and also
with studies on learning objectives and topics for ESH,'2"1416:18
few universities have actually integrated ESH content into their cur-
ricula. A recent survey by the International Federation of Medical
Students' Associations found that 31% of medical schools across
112 countries have no ESH content in their curriculum, and only

14% have dedicated any time to the topic.'? In another

international survey, only 11% of nearly 3000 medical schools were
found to provide ESH content in their curriculum.?° Similar findings
have been found at Monash University in Australia, where 81% of
instructors surveyed indicated that they do not include ESH in their
offerings, and 68% said they are uncertain how to teach it?* A
number of studies point out the lack of faculty expertise and
resources as factors impeding the development and implementation
of high-quality ESH curricula. 7?2

Given the unpreparedness of medical educators to teach sus-
tainability and the scarcity of physical resources for ESH curricu-
lum development, virtual education (VE) can serve a feasible
solution, both for acquainting curricular stakeholders with ESH and
for ultimately incorporating ESH into medical curricula. VE har-
nesses the potential of various technological advancements to
overcome the constraints of expense, time, space and logistics tra-
ditionally inherent in education. Thus, VE can potentially facilitate
the dissemination of ESH to a broader group of learners and also
foster interinstitutional collaboration among medical educational
institutions.?®

To optimise VE's efficacy for ESH within the context of health
care and ME, an integrated strategy is crucial. This would mirror
trends in public and professional discourses on sustainability. Both the
seminal book ‘The Limits to Growth’ (1972, updated in 2004) * and
the UN's shift from Millennium Development Goals (MDGs) in 2000
to Sustainable Development Goals (SDGs) in 2015 underscore the
importance of a holistic approach for effective policy-making towards
sustainable development. Similarly, an effective approach to the
development and implementation of ESH using VE requires a holistic
approach that takes into account potential contradictions, inherent
tensions and trade-offs® arising from the different values and interests
in health care and ME. This necessitates more comprehensive strat-
egies that reflect multifaceted systematic considerations, including
educational objectives and content, targeted learners, media and
technology, as well as integration strategies.'* To date, research into

1220 \ith some

such comprehensive strategies has been sparse,
studies attributing the failure of widespread ESH curricular imple-
mentation on virtual platforms to vague concepts and constructs.®
To bridge this gap, the authors constructed the following research

questions (RQ):

RQ1. What are the prevalent topics represented in Sustainable
Health Care (SH) research;

RQ2. What are the prevalent topics represented in Sustainable
Medical Education (SME) research;

RQ3. What are the prevalent topics represented in Sustainable
Virtual Education (SVE) research; and

RQ4. What overarching dimensions and strategies for Sustain-
able Virtual Medical Education (SVME) can be derived from the
analysis of SH, SME and SVE research.

Answering these questions was intended to yield nuanced, sys-
tematic SVME strategies intersecting health care, ME and VE. For a
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clear starting point, we define SH as medical practices and systems
that promote environmental, social and economic sustainability;
SME as ESH with sustainable means; SVE as education that utilises
digital technology in a way that is environmentally, socially and eco-
nomically sustainable; and SVME as the sustainable use of VE
for ESH.

2 | METHODS

We conducted topic modelling, a computational text mining meth-
odology to uncover hidden topics within a collection of texts. Topic
modelling is guided by the assumptions that text documents are
organised into bags of words and that words can be clustered in a
meaningful way by the patterns they co-occur across documents.
Using a computer algorithm, topic modelling captures the substan-
tially meaningful aboutness of documents, providing a bird's eye
view of research in a field.2*2> Topic modelling is thus known as an
optimal method for discovering thematic trends in a large volume of
textual data and predicting future directions.?®

In general, more traditional approaches to revealing major topics
and trends within a field involve manual reviews of published litera-
ture, such as a systematic review, scoping review or narrative
review. These techniques require considerable effort when itera-
tively reviewing a large volume of full articles since they involve
highlighting, coding and grouping data into salient themes and man-
ually extracting and updating topics. The scoping review method
and topic modelling share the same objective: exploring the scope
of a body of literature on a given topic and giving its clear
indications.?”

The reason why we chose topic modelling over a manual review
methodology is threefold. First, we wished to examine how sustain-
ability was addressed in publications on SH, SME and SVE that
spanned an extended period of time. Manual review of such a large
volume of studies would have been extremely labour-intensive and
time-consuming, making an automated approach vastly preferable.
Second, we felt that topic modelling would provide a relatively unbi-
ased overview of a broad research landscape?® because it would not
rely primarily on the researcher's own predefined concepts and cate-
gories.?® In fact, though manual reviews seek to overcome systematic
error in searching, selecting and synthesising studies, numerous
sources of bias are possible, such as favouring older articles or impact
measures, omitting recently published articles or skewing selection
through various predispositions towards particular themes.?® Lastly,
we believed that automating certain aspects of process of topic
modelling would allow us to make implicit conceptual notions of dis-
course visible and zoom in on detailed specifics across texts, which
extends human readers' analytic capacities.?*?® The methodological
steps of topic modelling included the following: (1) data collection,
(2) pre-processing, (3) keyword and phrase frequency analysis, (4) topic

modelling and (5) link analysis.

21 | Data collection

In order to retrieve peer-reviewed journal articles containing the
topics of (1) SH or medicine (SH), (2) SME and (3) SVE, we searched
three databases: Web of Science (1996~), Scopus (1987~) and
PubMed (1982~). We developed search strategies incorporating
Medical Subject Headings (MeSH) and Major Topic of PubMed
indexing systems. We chose studies containing ‘sustainable’ or
‘sustainability’ in the title, abstract and keywords at the same time, in
order to ensure the sole inclusion of papers with a fundamental focus
on sustainability. All studies were written in English and published up
to 10 January 2023, without any restricted start date. Analysing this
extensive set of studies was made possible only due to the capabilities
of topic modelling. We restricted our analysis to journal articles and
conference proceedings, as they are typically conducive to in-depth
discussion of a subject. Conversely, other types of literature, such as
editorials, letters, commentaries and erratum, were excluded due to
their propensity for superficial mention of a topic. The search queries
and the glossary of methodological terms are provided in the support-

ing information Appendices 1 and 2.

2.2 | Pre-processing

We pre-processed raw textual data and created a Term-by-Document
Matrix (TDM) using the text mining software QDA Miner 6 with
WordStat 9 (Montreal, QC, 2022). Pre-processing involved removing
punctuation, numbers and whitespaces as well as stop-words includ-
ing articles (e.g. a, an and the), prepositions (e.g. with, to and on), con-
junctions (e.g. and, or and but) and pronouns (e.g. she, he and they).
We also carried out lemmatization, a procedure that converts a word's
inflected forms into a single base form (e.g. run for runs, ran and run-
ning). We excluded terms commonly used in research literature
(e.g. introduction, method, results and findings), because they have the

potential to obscure central themes.

2.3 | Keyword and phrase frequency analysis

We examined the frequencies of keywords and phrases in each area.
We looked at the TF-IDF (Term Frequency weighted by Inverse
Document Frequency) index, which is based on two assumptions:
(1) the frequency of a term in a document determines how well it
characterises its content and (2) the number of documents in which a
term appears indicates how discriminating the term is. In other words,
as the frequency of occurrence of a term within a document increases,
it becomes more representative of the document's content. Con-
versely, as the frequency of occurrence of a term across multiple and
diverse document collections increases, its ability to differentiate
between the content of those documents decreases. Consequently,

as the frequency of a word within a document increases and the
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number of documents containing it decreases, the TF-IDF value of the

word is heightened.

24 | Topic modelling
A topic represents a cluster of words that frequently appear together
and are centred on a set of key terms, similar to the way individuals
create written works related to specific themes or concepts.?’ The
analysis of recurring patterns of co-occurring words reveals clusters
of words that are prevalent across the texts and subsequently con-
verts these clusters into discrete topics.?”*°

We employed the Non-Negative Matrix Factorization (NMF)
method to decompose the original matrix V (consisting of n texts and
m words) into two factors: W, composed of n texts and k topics, and
H, consisting of k topics and m words. This process resulted in the cre-
ation of final topic lists, represented by the matrices W and H, with
the frequency of documents classified as utilising each topic. NMF is
more efficient in creating understandable and cohesive topics than
other methods, such as Latent Dirichlet Allocation (LDA).3*-34

Using relevant guiding studies?®3°

and preliminary examinations,
we determined that the optimal number of topics for highly interpret-
able and diverse topics was 40, among which top 12 topics for each
area were reported based on Normalised Pointwise Mutual Information
(NPMI), which relies on the frequency of word co-occurrences and cor-
relates with topic interpretability.>® The interpretation of identified
topics in topic modelling usually relies on the context in which the word
or words are embedded, the research questions, current literature and
researchers' expertise in the area.?%%78 |n instances where the precise
meaning and context of some terms were ambiguous to interpret or
the interpretations of independent researchers did not coincide, we

jointly consulted the original text using the word-in-context function of

TABLE 1

the software (Appendix 3) and also used a framework consisting of the
following: (1) three interacting fields (SH, SME and SVE), (2) three pillars
of sustainability (environmental, social and economic) and (3) the
system components of VE (learning content and objectives, evaluation,

targeted learners, media, methods and strategies).

2.5 | Link analysis

We performed link analyses by centering the most significant terms to
discover contextual connections between extracted keywords and
phrases and associated network diagrams showing the textual elements
(nodes) and their association strength (links with numerical values)
based on co-occurrence. We used force-based multidimensional scaling
(MDS) with a tolerance of 0.000001 and a maximum iteration of 500.
The co-occurrence measure between a pair of nodes served as an indi-
cator of semantic proximity.>’ The more two items co-occurred in
source documents, the higher their level of semantic proximity. The
weight value ranged from O to 1, where O indicates no possibility that

the two items could occur together in a source document.

3 | RESULTS

3.1 | Research overview

We retrieved and analysed a total of 17 631 articles containing the
terms sustainability or sustainable development in the fields of medi-
cine, ME and VE after removing duplicates from the initial search
result of 19 321 articles. Table 1 shows the quantity of articles by
field, the frequency of sustainability and sustainable and the ratio of

term occurrence per 10 000 words (the intensity of the discussion).

Total quantity of articles, occurrence of selected words and rate of selected words per 10 000 words.

Occurrence of words

Rate of occurrence of words

Quantity of sustainability and sustainability and sustainable
Articles sustainable per 10,000 Words*
Medicine (1;2’2%/2) 25,475 69,985
. 0
. . 626
Medical Education (3.6%) 1,546 89,446
. 0
Virtual Education (11(’)992;) 7,874 161,081
. 0

*The rate of occurrence of words sustainability and sustainable per 10 000 words refers to the density of the discussion.
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The medicine field had the highest number of articles, followed by the
VE field, with the lowest number of articles in the ME field. VE articles
had the greatest intensity of the use of sustainability-related terms,
while ME articles containing the terms had relatively less emphasis on
sustainability issues.

The earliest journal article across the three fields was published in
1982 by Loraine (1982). A consistent rise in the number of
sustainability-related articles has continued through 2022 (Figure 1).
A marked growth in the number of such articles has occurred since
2015. Notably, half of the total number of articles published in the last
41 years were published in the last 8 years (n = 8508, 50%).

3.2 | RQ1. Prevalent sustainability topics explored
in health care research

Our first research question concerned the prevalence of topics
related to SH research. The most frequently occurring keywords,
phrases, topics and their interconnections in the field of SH are as
shown in Tables 2 and Figure 2. The results highlight the central
theme of sustainability at environmental, social and economic dimen-
sions and the medical practices to achieve them, particularly in rela-
tion to health care service and systems, patient empowerment,
preventive measures and workforce training. In terms of environ-
mental sustainability (32.7%), climate change was most frequently
mentioned, with a particular emphasis on waste and waste manage-
ment.*®*! This leads to a practical movement towards low carbon
alternatives and operational resource use (minimising waste, energy
and travel). Phrases related to the social sustainability reveal fre-
quent references to equitable access to health care services and the
social determinants of health, with a particular emphasis on vulnera-
ble patient groups such as children, women, pregnant women and
infants (11.5%), along with populations in low-income countries
(11.5%). These phrases also point to social responsibility issues
among medical professionals, institutions and health systems

(23.1%).81° In terms of economic sustainability (5.8%), phrases such

2,500
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1,000
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FIGURE 1

as cost effectiveness and long-term suggest a focus on the efficiency
and effectiveness of health care in ways of prevention (3.8%) and
patient empowerment (11.5%), which ultimately aim to reduce health
care costs. Reducing medical activity and educating and encouraging
patients, particularly those with chronic diseases (reflected in phrases
such as blood pressure, weight loss and physical activity) and streamlin-
ing clinical pathways are examples of SH practices that are both eco-
nomically and socially sustainable.*? The topics of training of medical
workforce (3.8%) also were present, which leads to sustainability
topics in the field of ME.

3.3 | RQ2.Prevalent sustainability topics explored
in ME research

Tables 3 and Figure 3 display the most frequently occurring key-
words, phrases, topics and their interlinkages in SME articles. The
three pillars of sustainability and upholding medical practices were
recurrent topics in SME but with different emphases. The first
cluster of topics encompasses concepts related to environmental
(9.6%), social (7.7%) and economic (5.8%) sustainability. The second
cluster includes topics in the medical field, including health care
services and systems (19.2%), patient empowerment (7.7%) and
prevention (1.9%). Words related to public health appeared more
frequently (7.7%) than in SH. The third cluster shows words
related to education (30.8%), including such common terms as cur-
riculum, clinical training and medical workforce. The topic of evalua-
tion (11.5%) indicates both the assessment of learner acquisition of
knowledge, skills and attitudes and the evaluation of programme
effectiveness. Of the phrases notable as SME strategies, the fol-
lowing four emerged as most prominent: standard, evaluating effec-
tiveness, training with simulations and collaborative training for global
health. In the link analysis, a central cluster of knowledge, clinical
skills and reasoning skills was noted along with a cluster of words
related to social sustainability, including value, responsibility and

rural practice at the bottom.

2,018

n=8508. 50% 12

190 202 215 2312 )
118 123 142 141 N :
|
I
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Growth of sustainability-related articles in medicine, medical education, and virtual education. (The earliest article was published in

1982. There has been a steady increase in the number of sustainability-related articles, with notable growth since 2015. Half of the articles
(n = 8508, 50%) were published in the last 8 years.). [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 2 Keyword, phrase and topics from SH articles (n = 15 894).

Keyword TF-IDF Case %* Phrase TF-IDF Case %*
1 treatment 4306.1 16.98% 1 health care 2524.8 7.59%
2 system 4141.6 22.05% 2 long term 21319 10.54%
3 children 3661.0 6.47% 3 public health 2041.1 7.59%
4  technology 3598.6 16.70% 4  physical activity 1906.4 3.04%
5  strategy 3474.0 23.09% 5 health system 1883.4 4.75%
6 challenge 3224.1 23.52% 6  climate change 1850.2 5.35%
7  change 3111.1 15.32% 7 mental health 1832.4 2.63%
8  water 3092.9 8.94% 8  cost effectiveness 1703.7 6.92%
9  waste 3048.7 7.11% 9  primary care 1339.2 2.33%
10 soil 2970.4 5.32% 10 middle income country 1187.6 3.62%
11  clinical 2718.9 11.21% 11  weight loss 1181 1.49%
12 support 2646.4 14.39% 12 wastewater treatment 1179.6 2.79%
13 training 2494.1 6.37% 13 human health 1058.5 3.88%
14 chemical 2492.1 9.09% 14  healthcare system 1032.7 3.20%
15 species 2290.2 6.26% 15 environmental impact 1029 3.42%
16 social 2222.0 9.31% 16  decision making 1001.5 2.91%
17 women 2013.3 3.65% 17  health service 996 2.73%
18 wvaccine 1900.2 2.17% 18 waste management 973 1.91%
19  long-term 1874.3 8.72% 19 environmental sustainability 960 3.04%
20 climate change 1850.2 5.35% 20 global health 922 2.18%
Topic Coherence (NPMI)  Frequency  Cases Case %*
1 clinical treatment 0.273 5,228 2,674 17.73%
2 sustainable water management 0.337 3,773 1,664 11.03%
3 green biotechnology, gene biology 0.287 2,573 1,684 11.17%
4 climate change 0.230 2,592 1,368 9.07%
5  sustainable agriculture/food industry 0.308 2,316 1,270 8.42%
6  sustainable workforce 0.294 2,519 1,262 8.37%
7  pregnant women, young children, infant 0.320 2,907 1,104 7.32%
8 sustainable weight management 0.379 2,457 1,005 6.66%
9  sustainable energy 0.363 1,377 893 5.92%
10 sustainable waste management 0.324 1,791 831 5.51%
11  healthcare services/systems 0.289 1,422 791 5.24%
12 prevention vaccination 0.289 1,921 726 4.81%

Summarized Implications

Dimensions (Case %)*

Topic Contexts

Environmental sustainability (32.7%)

waste, soil, chemical, species, climate change, environmental
impact, sustainable water/waste management

Social sustainability (23.0%)

children, women, pregnant women, infant, middle income country,

global health

Economic sustainability (5.8%)

cost effectiveness, long-term

Healthcare services/systems (23.1%)

healthcare, clinical treatment, primary care, health system,

healthcare system

Patient empowerment (11.5%)

weight loss, sustainable weight management, physical activity,

mental health

Prevention (3.8%)

prevention, vaccination

Workforce training (3.8%)

training, sustainable workforce

Abbreviations: SH, Sustainable Healthcare; NPMI, Normalised Pointwise Mutual Information; TF-IDF, Term Frequency weighted by Inverse Document

Frequency.

*Case % refers to the percentage of studies (cases) in which corresponding keyword, phrase or topic appears.
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FIGURE 2 Contextual
connections among terms from Healthcare services and systems
sustainable health care articles.
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3.4 | RQ3. Prevalent sustainability topics explored
in VE research

As shown in Table 4 and Figure 4, the analysis of keywords, phrases,
topics and their networks in SVE articles also yielded topics related to
environmental sustainability (13.5%) and social sustainability (5.7%).
Words

responsibility, were more explicit than words from medicine and ME

related to social sustainability, like equity and social
articles. The most frequently appearing terms were those associated
with technology, such as virtual reality (VR), augmented reality (AR),
information and communication technology (ICT) and cloud comput-
ing (28.8%), which can be used to raise learners' awareness of envi-
ronmental issues and promote their pro-environmental attitudes and
behaviours with immersive, hands-on learning experiences—without a
need to travel.**> We observed a substantial presence of words related
to the form of VE, such as the conventional forms e-learning, online
and distance learning, as well as the more recent emergence of terms
like massive open online courses (MOQOCs) (9.6%). Terms surrounding
the advantages of VE, such as traditional, face-to-face, competitive
advantage over traditional classroom lecture and COVID pandemic, were
observed as well (9.6%).

The presence of terms relating to macro- and micro-strategies
was notable, both among institutions and within institutions implying
collaborative strategies for developing and implementing VE. This
finding was exemplified by phrases such as funded cooperation, stake-
holders and collaboration (3.8%) along with phrases on educational

institutions, such as university, higher education institutions and

postgraduate education (9.6%). The strategies involve minimising
resource consumption, encompassing not only tangible resources such
as travel and administrative burden but also intangible resources,
including human capital, which would not have been incurred if tradi-
tional resource-intensive methods had been employed.??! The use
of keywords related to innovation, such as behavioural change and dig-

ital transformation, also was observed (3.8%).

3.5 | RQA. The synthesis of SVME dimensions and
strategies

The keywords, phrases, topics and networks extracted from the SH,
SME and SVE studies provided dimensions and strategies of SVME in
regard to learning content, media and methods and strategies.
Figure 5 illustrates how the implications of topics derived from SH,
SME and SVE studies constitute SVME system elements. SH-derived
topics provide the broader context of SVME, influencing the learning
content and objectives of SVME. These topics encompass the three
pillars of sustainability and the medical practices for achieving them,
serving as the goals and means of SH. Through the SME aspect, these
topics become the learning content, and the acquisition of related
knowledge, skills and attitudes becomes the learning objectives. The
SME research topics provide insights into learners and their evalua-
tion. They imply that the target learners of SVME should encompass
not only medical students but also health care professionals and staff

within the entire workforce. The topic workforce training emerges
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TABLE 3 Keyword and phrase analysis of SME articles (n = 729).

Keyword TF-IDF Case %* Phrase TF-IDF  Case %*

1  training 218.5 41.37% 1 health care 179 18.21%
2 treatment 166.2 15.18% |2  public health 134 10.86%
3 clinical 153.6 2220% |3  health system 99.3 8.79%
4 physician 151.9 12.78% | 4  healthcare professional 93.3 8.94

5  teaching 148.5 10.38% 5 mental health 89.6 3.04%
6  strategy 146.2 23.00% |6  longterm 84.7 11.18%
7 university 135 12.94% 7 climate change 82.7 4.63%
8  staff 120.4 11.66% | 8  sustainable healthcare 82.3 3.19%
9  waste 117.4 4.47% 9  primary care 81.5 6.07%
10 public_health 115.3 8.95% 10 training program 72.6 7.03%
11 social 112.8 12.94% 1T environmental sustainability 68.8 3.19%
12 skills 105.6 11.18% 12 middle income country 68.7 6.23%
13 technology 104.7 11.18% 13 physical activity 66.8 3.04%
14 women 101.6 4.79% 14 clinical practice 66.3 5.91%
15 surgical 100.3 7.03% 15 sustainable development goal 65.7 7.03%
16 simulation 100.2 2.72% 16 patient care 62.1 4.47%
17 standard 93 9.27% 17  decision making 60.7 4.47%
18 team 88.8 7.51% 18 cost effectiveness 57.1 5.75%
19  workforce 88.4 6.39% 19 waste management 53.8 2.08%
20 curricula 87.7 7.51% 20 palliative care 52.5 0.96%

Topic Coherence (NPMI) Frequency Case %*
1 self-care patient empowerment 0.563 368 25.08%
2 collaborative training for global health 0.305 252 22.04%
3 health insurance/primary healthcare 0.522 221 20.13%
4  prevention vaccination 0.602 286 19.97%
5  sustainable healthcare education 0.345 302 18.05%
6  digital health/patient centered care 0.500 186 14.86%
7  training with simulations 0.277 226 13.90%
8  maternal health 0.550 167 11.98%
9  clinical training 0.474 131 11.66%
10 community heatlh 0.553 142 9.74%
11  evaluate the effectiveness 0.490 96 7.83%
12 waste management 0.332 96 5.43%
Summarized Implications
Dimensions (Case %)* Topic Contexts
Environmental sustainability (9.6%) waste, climate change, environmental sustainability, waste management,
(planetary health)

Social sustainability (7.7%) middle-income country, maternal _health, public health, community health

Economic sustainability (5.8%) cost effectiveness, long-term

Healthcare service/system (19.2%) primary care, physician, treatment, clinical practice, sustainable

healthcare

self-care patient empowerment, mental health, physical activity (blood

Pati 7.79
atient empowerment (7.7%) pressure, weight loss, health education)

Prevention (1.9%) vaccination, health promotion
Education program and learners curricula, clinical training, training program, healthcare professional,
(30.8%) workforce, staff

evaluate the_effectiveness, knowledge and skills, clinical skills, reasoning
skills, value, responsibility
Technology (5.8%) simulation, training with simulations, digital health, (e-learning)

Program evaluation (11.5%)

Abbreviations: SME, Sustainable Medical Education; NPMI, Normalised Pointwise Mutual Information; TF-IDF, Term Frequency weighted by Inverse

Document Frequency.
*Case % refers to the percent of studies (cases) in which corresponding keyword, phrase or topic appears.
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FIGURE 3 Contextual
connections among terms from
sustainable medical education
articles. [Color figure can be
viewed at wileyonlinelibrary.com]
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towards the end of the SH field, linked to the SME topic. This finding
not only situates SVME within the context of SH but also denotes the
intended learners of SVME. The topic technology from SME studies
overlaps with SVE research topics, which contributes to the shaping
of SVME tools, methods, and strategies. The resulting SVME guide-

lines and strategies are summarised in Table 5.

4 | DISCUSSION

The primary purpose of this study was to identify sustainability topics
in a large volume of studies in order to explore strategies for imple-
menting ESH via virtual platforms in ME. We extracted keywords,
phrases, topics and their networks from studies on sustainability in
the fields of health care, ME and VE. This process revealed relevant
concepts with practical implications within each area. Grounded in the
results of each research question, we discerned new definitions of
sustainability within each field, consequently leading to the extrapola-
tion of VE strategies in the context of SH and ME.

4.1 | SH redefined

In the health care area, three major topics emerged: (1) environmental

sustainability within a medical context (supporting human and

0.CT—

SUSTAINABLE HEALTH
= RURAL_PRACTICE

- vawee . Social

sustainability

RESPONSIBILITY
-

planetary health by reducing the carbon intensity of services), social
sustainability (providing equitable access to health care services) and
economic sustainability (ensuring the long-term cost-effectiveness of
health care services); (2) the means to achieve these three pillars
of sustainability, including the transformation of health care services
and systems, patient empowerment and prevention; and (3) non-
medical means for SH, which is, essentially, workforce training. Based
on the topics we identified, we can redefine SH as follows:

A holistic strategy that supports environmental respon-
sibility (both human and planet-friendly), social equity
(accessibility for all), and economic viability (cost-
effectiveness in the long run) by reducing the carbon
intensity of services, increasing patient empowerment,
emphasizing prevention, transforming healthcare ser-
vices and systems, and training a healthcare workforce

equipped to understand and implement these priorities

This definition redefines the original three pillars of sustainability
within the context of health care, incorporating enabling medical prac-
tices. Compared with previous definitions that primarily focused on
environmental sustainability in health care (e.g. Gandhi et al, 2020'Y,
this is a more balanced and integrated definition. It stresses the neces-
sity of cultivating a health care workforce trained to proficiently

implement and advance such a sustainability paradigm. In essence,
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TABLE 4 Keyword and phrase analysis of SVE articles (n = 1923).

o, 0,
Keyword TFIDF ¢ % Phrase TFIDF S*¢ %

1 university 700.2 22.41% | 1  higher education 500.6 15.86%
2 technology 605.5 27.04% | 2 e-learning 380.1 5.36%
3 social 399.2 18.46% | 3 covid pandemic 267.8 7.33%
4 strategy 372.1 15.96% | 4  machine learning 212.9 5.98%
5 higher education 402.4 12.12% | 5  environmental sustainability ~ 203.6 4.21%
6 world 310.5 14.40% | 6  digital technology 201.1 5.04%
T skills 327.1 10.56% | 7 online learning 200.3 4.52%
8 virtual 338.4 9.57% | 8 social media 195.5 2.50%
9 tools 306.5 11.86% | 9  higher education institutions  187.6 5.62%
10 solution 308.8 11.60% | 10 artificial intelligence 180.2 4.32%
1T sustainable development goal ~ 308.1 10.97% | 11 long term 178.7 6.08%
12 society 275.7 13.16% | 12 climate change 170.5 4.00%
13 e-learning 380.1 5.36% | 13 smart city 168 1.56%
14 urban 307.1 5.25% | 14 distance learning 152.3 3.43%
15 tool 243.6 8.63% 15 decision making 147.1 4.47%
16 covid pandemic 260.1 7.23% | 16 digital transformation 144.3 2.39%
17 collaboration 207.1 11.44% | 17 learning environment 128.8 2.81%
18 stakeholders 225.7 8.22% 18 sustainable energy 126.3 1.66%
19 ICT 280.4 442% |19 faceto face 125.6 3.33%
20 traditional 218.3 7.70% | 20  virtual reality 122.1 2.24%

Topic Coherence (NPMI) Frequency Case %*
1 cloud computing 0.502 233 5.15%
2 Al/machine learning/deep learning 0.493 185 5.46%
3 postgraduate education 0.394 841 22.98%
4 massive open online courses/MOOCS 0.360 166 2.39%
5  competitive advantage over 0.349 626 18.51%

traditional classroom lecture
6  sustainable architecture/smart city 0.308 691 12.06%
7 ZX}%al reality (VR)/augmented reality 0.282 402 10.19%
8  behavioral change & innovation 0.282 161 5.10%
9 ICT 0.275 434 13.73%
10 climate change 0.229 428 11.08%
11  equity and social responsibility 0.224 429 13.73%
12 funded cooperation 0.124 590 15.70%

Summarized Implications

Dimensions (Case %)*

Topic Contexts

Environmental sustainability (13.5%)

climate change, climate change, sustainable energy, smart city

Social sustainability (5.7%)

society, equity, social responsibility

Technology for virtual education (28.8%)

VR AR, ICT, cloud computing, Al

Virtual education type (9.6%)

e-learning, online & distance learning, MOOCS

Educational institution (9.6%)

university, higher education institutions, postgraduate education

Collaborative development (3.8%)

funded cooperation, stakeholders, collaboration

Advantages of VE (9.6%)

traditional, face to face, competitive advantage over traditional
classroom lecture, COVID pandemic

Innovation (3.8%)

behavioral change & innovation, digital transformation

Abbreviations: SVE, Sustainable Virtual Education; ICT, Information and Communication Technology; MOOCs, Massive Open Online Courses; NPMI,
Normalised Pointwise Mutual Information; VE, Virtual Education; TF-IDF, Term Frequency weighted by Inverse Document Frequency.
*Case % refers to the percent of studies (cases) in which corresponding keyword, phrase or topic appears.
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FIGURE 4 Contextual connections among terms from Sustainable Virtual Education (SVE) articles. [Color figure can be viewed at
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this feature introduces a new perspective that extends and shapes a
nexus between SH and ME (Figure 5).

4.2 | SME defined

In the ME area, three groups of topics emerged: (1) three pillars of
sustainability and their enabling medical practices directly aligned with
topics from SH, which can constitute ESH content and learning objec-
tives; (2) educational interventions to implement the content and
objectives in curriculum intended for a specific learning population
(e.g. health care professionals, workforce and staff); and (3) strategies to
enhance the effectiveness of ESH such as programme evaluation
(e.g. effectiveness, knowledge, clinical skills, reasoning skills and values),
including the use of technology as a potential medium for delivery.

SME could therefore be defined as follows:

A pedagogical approach designed to educate the entire
healthcare-related workforce on sustainable healthcare
priorities, including environmental responsibility (both
human and planet-friendly), social equity (accessibility
for all), and economic viability (cost-effectiveness in
the long run), through the coordination of curricula,
programs, technology, and the evaluation of program
effectiveness

In the current ME literature, approaches to sustainability predom-
inantly focused on what medical educators should teach to promote
SH; this is commonly referred to as ESH (e.g. Bevan et al 20222
Hategan & Abdurrahman, 2021%; Thompson et al 2014¢). This defini-
tion reflects the finding that ME researchers view teaching about sus-
tainability not only as pertinent to the content of instruction but also
as a practice necessitating sustainable methods of education. The last
group of ME topics also implies that if ESH programmes are to be gen-
uinely sustainable, they must engage in quality assurance through pro-
gramme evaluation, as reflected in Goal 4 (Quality Education) of the
UN SDGs. As shown in Figure 5, the above definition also places tech-
nology at intersection point of ME and VE.

43 | SVE defined

The primary topics emerging from the VE studies we analysed can be
categorised into three groups: (1) VE's contributions to environmental
and social sustainability, (2) the variety of technologies that can be
used to enable VE and (3) VE strategies, for collaboration between
educational institutions and for the diffusion of innovation. SVE can
thus be defined as follows:

An pedagogical approach in which learning programs

employ virtual platforms with advanced technologies
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that provide unique affordances overcoming the limita-
tions of current training methods, and which is
enhanced by institutional collaboration and diffusion

strategies

This definition augments the existing concepts of sustainability
discussed in VE, namely, its utility from a sustainability perspective.
For example, VE reduces the need for student travel to physical cam-
puses and improving access to quality education for students in
remote or underserved areas (e.g. Alonso-Garcia et al 2019°%). SVE
also encompasses the strategies required for its own sustainability.
This includes a judicious selection of technology that aligns learning
objectives and relieves institutions of economic and logistic burdens.
It also stresses cross-functional collaborations to effect development,
adoption, and implementation and to engage stakeholder who can
help drive diffusion of innovation.

44 | SVME: Definition and strategies

The redefined concepts of SH, SME and SVE yield implications for a
definition of SVME and the strategies by which to promote it, as
depicted in Table 5. Firstly, SYVME content should encompass three
widely accepted principles of environmental responsibility, social
equity and economic viability actualized through such means as
reducing the carbon intensity of services, supporting patient empow-
erment and prevention and advocating the transformation of health
care services and systems Secondly, one objective of SVME should be
to provide the entire health care workforce, at all levels, with the req-
uisite knowledge, skills and attitudes necessary to comprehend and
operationalise these principles and facilitating practices. Thirdly,
SVME should be leveraged by a variety of media and methods, includ-
ing simulations, VR, AR, Al, cloud computing, online and distance

learning and MOQOCs, while bearing in mind the unique affordance of
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TABLE 5 Summarised directions and strategies for sustainable virtual medical education.
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¢ social responsibility of medical professionals,
institutions, and health systems
e  professionalism and leadership for sustainability

Learner

Healthcare workforce and staff as well as community health workers (CHW)

offline

Media/Tool
Method

¢  Type: e-learning, online learning, distance learning, and MOOCs
¢ Technology: simulations, VR, AR, Al, cloud computing used both online and

¢ Optimal use of technology considering its unique affordances

Development strategy

Collaboration and partnership strategy to
overcome
expertise

limited local resources and

Diffusion of innovation strategy

behavioral change
persuasive communication
engagement of stakeholders

The Strategies
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satisfaction of stakeholders’ needs
effective instructional design
accessibility

sustainability
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each medium. Finally, those implementing SVME should utilise collab-
orative institutional development, engage with the process of innova-
tion diffusion and evaluate the effectiveness of SVME programmes
based on learning objectives and outcomes. Accordingly, we can
define SVME as follows:

A systematic integrated approach for educating sus-
tainable healthcare that employs virtual platforms to
embed environmental responsibility, social equity, and

economic viability within medical education content

and practices, empower the healthcare workforce with
pertinent sustainability-based knowledge, skills, and
attitudes,
methods, and promote sustainability through collabo-

utilise diverse media and innovative
rative development, innovation diffusion, and quality
assurance of program effectiveness based on learning

objectives and outcomes.

The study advances understandings of the role of SVME in SH
and ME both in providing the first clear definition of SVME and in
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proposing a systematic approach to making SVME methods them-
selves sustainable. A systems (or systematic) approach to teaching and
learning addresses educational challenges by examining the various
components of an educational system as interconnected and interde-
pendent parts.***° Instead of focusing on curriculum or instruction in
isolation, for example, a systems approach views these elements as
part of a larger, integrated whole. The topics and new definitions
identified in this study reflect such a systematic approach to SVME,
which includes careful planning and development of learning content
based on sustainability principles, the utilisation of sustainable tech-
nologies and practices and the evaluation of the effectiveness and
sustainability of these educational experiences. The overarching pur-
pose in this process is to ensure that SVME not only teaches about
sustainability but also embodies sustainability in its methodologies
and practices.

Another significant implication of our findings is that the dis-
course on SVME should be primarily driven by the field of
ME. Although a considerably smaller quantity of sustainability
research was identified in studies on ME (n = 626, 3.6%) versus medi-
cine (n = 15 082, 85.5%) or VE (n = 1923, 10.9%), the critical SVME
strategies pertain to the ME strategies for quality assurance and inno-
vation diffusion, which provide practical guidance for curriculum
developers, educators, researchers and other stakeholders.

Achieving integrated sustainability in the field of medicine and
ME may involve tensions between different dimensions of sustainabil-
ity® and lead to conflicts related to quality assurance. For example, SH
may require the provision of cost-effective medical services, challeng-
ing both economic sustainability and social sustainability goals for
economically challenged individuals—potentially leading to a decline in
service quality. Similar conflicts can arise in SME and SVME when try-
ing to provide cost-effective learning to a large number of learners, as
seen in the emergency remote medical learning required by the
COVID pandemic. The quality of health care, ME and VE should not
be compromised over sustainability values, but quality assurance
should be a guiding principle for SVME.>?*¢ High-quality education
has been shown to positively impact individual and community devel-
opment and serve not only as an end goal in itself but also as a means
for promoting sustainability.*” Instructional design, stakeholder needs
and accessibility are all criteria that can be used to evaluate the quality
of SVME. In fact, advanced technology alone cannot ensure successful
learning outcomes without proper curricular design and instructional
strategies, as argued by Clark*®*° in historical instructional media
debates. A recent systematic review also found that effective virtual
patient programmes for medical communication training were distin-
guished by their instructional design, not technical quality.>® Thus, the
needs and expectations of learners, educators, and society including
the accessibility of programmes must be taken into account when
defining quality in VE.*¢

This study has methodological limitations, however, in terms of
identifying detailed subtopics within each topic and understanding
their precise meanings and implications, despite efforts to explore
documents using the keyword-in-context function. In acknowledg-

ing this limitation, we recommend further validation through in-

depth investigations employing other quantitative and qualitative
research methodologies. Nevertheless, grounded on the topic anal-
ysis of over 17 000 research spanning more than 40 years in the
domains of SH, SME and SVE, this study redefined the notions of
SH, SME and SVE and created a definition and strategies for
SVME, a substantial contribution to the field of ME. It is our
intention to contribute to the refinement of SVME concepts and
strategies by measuring and enhancing the effectiveness of SVME
and facilitating its continuous improvement. In this way, we hope
to quantify, optimise and incrementally advance the efficacy
of SVME.

5 | CONCLUSION

The emergent topics underscore that SVME requires a comprehensive
systems approach that takes the following into account: learning con-
tent and objectives, evaluation, target learners, media/technologies
and strategies to ensure development, diffusion of innovation and
stringent quality assurance. Among these, quality assurance is a criti-
cal and non-negotiable guiding principle. The advancement of SVME
necessitates that medical educators and researchers play a central and
bridging role, guiding both the fields of SH and ME in the develop-
ment and implementation of SVME. In this way, they can prepare
future physicians to address sustainability issues that impact patient
care. It is hoped that this research will encourage further investigation
in this area that will lead to actionable steps to deliver ESH to future
generations of physicians, who will certainly find this learning increas-

ingly important to the health of their patients.

AUTHOR CONTRIBUTIONS

Jihyun Lee: conceptualization, data curation, formal analysis, funding
acquisition, methodology, project administration, supervision, valida-
tion, visualisation, writing—original draft and writing—review and edit-
ing. Hyeongjo Kim: formal analysis, methodology, validation and
writing—original draft, writing—review and editing. Frederick Kron: con-

ceptualization, writing—revised drafts and writing—review and editing.

ACKNOWLEDGEMENTS

None.

CONFLICT OF INTEREST STATEMENT

There are no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on
request.

ETHICS STATEMENT

None.

ORCID

Jihyun Lee "= https://orcid.org/0000-0001-9357-5345


https://orcid.org/0000-0001-9357-5345
https://orcid.org/0000-0001-9357-5345

LEE ET AL.

61

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Meadows DH, Meadows DH, Randers J, Behrens WW |Il. The Limits
to Growth: A Report to the Club of Rome (1972). Universe Books;
1972.

Drexhage JR, Murphy D. Climate Change and Foreign Policy in Canada:
Intersection and Influence. Canadian International Council; 2010.
Giovannoni E, Fabietti G. What is sustainability? A review of concepts
and its applicability: department of business and law, university of
Siena, Siena, Italy integrated reporting. Equilibri. 2014;18(2):371-380.
Tivy J, O'Hare G. Human Impact on the Ecosystem (Conceptual Frame-
works In Geography). Longman Group; 1982.

Di Ruggiero E. Health promotion in the sustainable development
goal era. Glob Health Promot. 2019;26(3):3-4. doi:10.1177/
1757975919874708

Schwerdtle PN, McMichael C, Mank |, Sauerborn R, Danquah I,
Bowen KJ. Health and migration in the context of a changing climate:
a systematic literature assessment. Environ Res Lett. 2020;15(10):1,
103006-30. doi:10.1088/1748-9326/ab%ece

WHO. Climate Change and Health. World Health Organisation; 2021.
[updated 2021 Oct 30; cited 2023 Aug 1]. Available from: https://
www.who.int/news-room/factsheets/detail/climate-change-and-
health

Bednarz H, Schim S, Doorenbos A. Cultural diversity in nursing educa-
tion: perils, pitfalls, and pearls. J Nurs Educ. 2010;49(5):253-260. doi:
10.3928/01484834-20100115-02

Hategan A, Abdurrahman M. Incorporating sustainability,
responsibility, and educational equity in the medical curriculum. Can
Med Educ J. 2021;12(5):68-70. doi:10.36834/cmej.71767

Clery DS, Vaughan NE, Forster J, Lorenzoni |, Gough CA, Chilvers J.
Bringing greenhouse gas removal down to earth: stakeholder supply
chain appraisals reveal complex challenges. Glob Environ Chang. 2021;
71(6309):102369. doi:10.1016/j.gloenvcha.2021.102369

Gandhi M, Yokoe DS, Havlir DV. Asymptomatic transmission, the
Achilles' heel of current strategies to control Covid-19. N Engl J Med.
2020;382(22):2158-2160. doi:10.1056/NEJMe2009758

Bray L, Meznikova K, Crampton P, Johnson T. Sustainable healthcare
education: a systematic review of the evidence and barriers to inclu-
sion. Med Teach. 2022;45(2):157-166. doi:10.1080/0142159X.2022.
2110052

Goodman B. The need for a ‘sustainability curriculum’ in nurse educa-
tion. Nurse Educ Today. 2011;31(8):733-737. doi:10.1016/j.nedt.
2010.12.010

Maxwell J, Blashki G. Teaching about climate change in medical edu-
cation: an opportunity. J Public Health Res. 2016;5(1):jphr.2016.673.
doi:10.4081/jphr.2016.673

GMC. Outcomes for Graduates. [Internet] London (UK): General
Medical Council; 2018 [Updated 2020 Nov; cited 2023 Aug 1]. Avail-
able from: https://www.gmc-uk.org/education/standards-guidance-
and-curricula/standards-and-outcomes/outcomes-for-graduates
Thompson T, Walpole S, Braithwaite |, Inman A, Barna S, Mortimer F.
Learning objectives for sustainable health care. The Lancet. 2014;
384(9958):1924-1925. doi:10.1016/S0140-6736(14)62274-1

Tun S, Martin T. Education for Sustainable Healthcare—A Curriculum for
the UK. Medical Schools Council; 2022. [Cited 2023 Aug 1]

Walpole SC, Mortimer F, Inman A, Braithwaite |, Thompson T. Explor-
ing emerging learning needs: a UK-wide consultation on environmen-
tal sustainability learning objectives for medical education. Int J Med
Educ. 2015;6:191-200. doi:10.5116/ijme.5643.62cd

Omrani OE, Dafallah A, Paniello Castillo B, et al. Envisioning planetary
health in every medical curriculum: an international medical student
organization's perspective. Med Teach. 2020;42(10):1107-1111. doi:
10.1080/0142159X.2020.1796949

Bevan J, Blyth R, Russell B, et al. Planetary health and sustainability
teaching in UK medical education: a review of medical school

eco-

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

curricula. Med Teach. 2022;45(6):623-632. doi:10.1080/0142159X.
2022.2152190

Brand G, Collins J, Bedi G, et al. “| teach it because it is the biggest
threat to health”: integrating sustainable healthcare into health pro-
fessions education. Med Teach. 2021;43(3):325-333. doi:10.1080/
0142159X.2020.1844876

Pemba S, Kangethe S. Innovative medical education: sustainability
through partnership with health programs. Educ Health. 2007;20(1):1-
5.doi:10.4103/1357-6283.101631

Tabatabai S. COVID-19 impact and virtual medical education. J Adv
Med Educ Prof. 2020;8(3):140-143. doi:10.30476/jamp.2020.86070.
1213

Kee YH, Li C, Kong LC, Tang CJ, Chuang K-L. Scoping review of mind-
fulness research: a topic modelling approach. Mind. 2019;10:1474-
1488.

Mohr JW, Bogdanov P. Introduction—topic models: what they are
and why they matter. Poetics. 2013;41(6):545-569. doi:10.1016/j.
poetic.2013.10.001

Porturas T, Taylor RA. Forty years of emergency medicine research:
uncovering research themes and trends through topic modeling.
Am J Emerg Med. 2021;45:213-220. doi:10.1016/j.ajem.2020.08.036
Hwang S, Flavin E, Lee J-E. Exploring research trends of technology
use in mathematics education: a scoping review using topic modeling.
Educ Inform Technol. 2023;1-28(8):10753-10780. doi:10.1007/
s10639-023-11603-0

Wiig AC, Sellberg C, Solberg M. Reviewing simulator-based training
and assessment in maritime education: a topic modelling approach for
tracing conceptual developments. WMU J Maritime Aff. 2023;22(2):
143-164. doi:10.1007/513437-023-00307-4

Blei DM. Topic modeling and digital humanities. J Dig Human. 2012;
2(1):8-11.

Arora S, Ge R, Moitra A. Learning topic models--going beyond SVD.
2012 IEEE 53rd Annual Symposium on Foundations of Computer Sci-
ence. 2012:1-10.

Blei D, Lafferty J. Correlated topic models. In: Weiss Y, Schélkopf B,
Platt J, eds. Advances in Neural Information Processing Systems (NIPS)
18. MIT Press; 2006:147-154.

Kim Y-H, Seo S, Ha Y-H, Lim S, Yoon Y. Two applications of clustering
techniques to twitter: community detection and issue extraction. Dis-
crete Dyn Nat Soc. 2013;2013:1-8. doi:10.1155/2013/903765
O'Callaghan D, Greene D, Conway M, Carthy J, Cunningham P. An
analysis of interactions within and between extreme right commu-
nities in social media. Ubiquitous Social Media Analysis: Third
International Workshops, MUSE 2012. 2013:88-107. doi:10.1007/
978-3-642-45392-2 5.

O'callaghan D, Greene D, Carthy J, Cunningham P. An analysis of the
coherence of descriptors in topic modeling. Expert Syst Appl. 2015;
42(13):5645-5657. doi:10.1016/j.eswa.2015.02.055

Sbalchiero S, Eder M. Topic modeling, long texts and the best number
of topics. Some problems and solutions. Qual Quant. 2020;54(4):
1095-1108. doi:10.1007/s11135-020-00976-w

Hoyle A, Goel P, Hian-Cheong A, Peskov D, Boyd-Graber J, Resnik P.
Is automated topic model evaluation broken? The incoherence of
coherence. Adv Neural Inform Process Syst. 2021;34:2018-2033.
DiMaggio P, Nag M, Blei D. Exploiting affinities between topic model-
ing and the sociological perspective on culture: application to news-
paper coverage of US government arts funding. Poetics. 2013;41(6):
570-606. doi:10.1016/j.poetic.2013.08.004

Shadrova A. Topic models do not model topics: epistemological
remarks and steps towards best practices. J Data Mining Dig Human.
2021;2021:1-28. doi:10.46298/jdmdh.7595

Lu D, Liu X, Qian X. Tag-based image search by social re-ranking. IEEE
Trans Multimed. 2016;18(8):1628-1639. doi:10.1109/TMM.2016.
2568099


info:doi/10.1177/1757975919874708
info:doi/10.1177/1757975919874708
info:doi/10.1088/1748-9326/ab9ece
https://www.who.int/news-room/factsheets/detail/climate-change-and-health
https://www.who.int/news-room/factsheets/detail/climate-change-and-health
https://www.who.int/news-room/factsheets/detail/climate-change-and-health
info:doi/10.3928/01484834-20100115-02
info:doi/10.36834/cmej.71767
info:doi/10.1016/j.gloenvcha.2021.102369
info:doi/10.1056/NEJMe2009758
info:doi/10.1080/0142159X.2022.2110052
info:doi/10.1080/0142159X.2022.2110052
info:doi/10.1016/j.nedt.2010.12.010
info:doi/10.1016/j.nedt.2010.12.010
info:doi/10.4081/jphr.2016.673
https://www.gmc-uk.org/education/standards-guidance-and-curricula/standards-and-outcomes/outcomes-for-graduates
https://www.gmc-uk.org/education/standards-guidance-and-curricula/standards-and-outcomes/outcomes-for-graduates
info:doi/10.1016/S0140-6736(14)62274-1
info:doi/10.5116/ijme.5643.62cd
info:doi/10.1080/0142159X.2020.1796949
info:doi/10.1080/0142159X.2022.2152190
info:doi/10.1080/0142159X.2022.2152190
info:doi/10.1080/0142159X.2020.1844876
info:doi/10.1080/0142159X.2020.1844876
info:doi/10.4103/1357-6283.101631
info:doi/10.30476/jamp.2020.86070.1213
info:doi/10.30476/jamp.2020.86070.1213
info:doi/10.1016/j.poetic.2013.10.001
info:doi/10.1016/j.poetic.2013.10.001
info:doi/10.1016/j.ajem.2020.08.036
info:doi/10.1007/s10639-023-11603-0
info:doi/10.1007/s10639-023-11603-0
info:doi/10.1007/s13437-023-00307-4
info:doi/10.1155/2013/903765
info:doi/10.1007/978-3-642-45392-2_5
info:doi/10.1007/978-3-642-45392-2_5
info:doi/10.1016/j.eswa.2015.02.055
info:doi/10.1007/s11135-020-00976-w
info:doi/10.1016/j.poetic.2013.08.004
info:doi/10.46298/jdmdh.7595
info:doi/10.1109/TMM.2016.2568099
info:doi/10.1109/TMM.2016.2568099

62

LEE ET AL.

40.

41.

42.

43.

44,

45.

46.

47.

Hampshire K, Islam N, Kissel B, Chase H, Gundling K. The planetary
health report card: a student-led initiative to inspire planetary health
in medical schools. Pers View. 2022;6(5):449-454. doi:10.1016/
$2542-5196(22)00045-6

Whitmee S, Haines A, Beyrer C, et al. Safeguarding human health in
the Anthropocene epoch: report of the Rockefeller Foundation-
Lancet commission on planetary health. The Lancet. 2015;
386(10007):1973-2028. doi:10.1016/50140-6736(15)60901-1
Mortimer F, Isherwood J, Wilkinson A, Vaux E. Sustainability in qual-
ity improvement: redefining value. Fut Healthcare J. 2018;5(2):88-93.
doi:10.7861/futurehosp.5-2-88

Tjoa AM, Tjoa S. The role of ICT to achieve the UN sustainable devel-
opment goals (SDG). 6th IFIP World Information Technology Forum.
2016:3-13. doi:10.1007/978-3-319-44447-5_1

Banathy BH. Systems Design of Education: A Journey to Create the
Future. Educational Technology; 1991.

Dick W, Carey L, Carey J. The Systematic Design of Instruction. 9thed.
Pearson; 2021.

Timbi-Sisalima C, Sanchez-Gordén M, Hilera-Gonzalez JR, Otén-
Tortosa S. Quality assurance in e-learning: a proposal from accessibility
to sustainability. Sustainability. 2022;14(5):1, 3052-27. doi:10.3390/
su14053052

Ahel O, Lingenau K. Opportunities and challenges of digitalization to
improve access to education for sustainable development in higher
education. In: Filho WL, Salvia AL, Pretorius RW, et al., eds. Universi-
ties as Living Labs for Sustainable Development: Supporting the Imple-
mentation of the Sustainable Development Goals. Springer; 2020:
341-356.

48.

49.

50.

51.

Clark RE. Media will never influence learning. Educ Technol Res Dev.
1994;42(2):21-29. doi:10.1007/BF02299088

Clark RE. Reconsidering research on learning from media. Rev Educ
Res. 1983;53(4):445-459. doi:10.3102/00346543053004445

Lee J, Kim H, Kim KH, Jung D, Jowsey T, Webster CS. Effective
virtual patient simulators for medical communication training: a sys-
tematic review. Med Educ. 2020;54(9):786-795. doi:10.1111/medu.
14152

Alonso-Garcia S, Aznar-Diaz |, Caceres-Reche M, Trujillo-Torres J,
Romero-Rodriguez J. Systematic review of good teaching practices
with ICT in Spanish higher education. Trends and Challenges for Sus-
tainability. Sustainability. 2019;11(24):7150. doi:10.3390/su11247150

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Lee J, Kim H, Kron F. Virtual
education strategies in the context of sustainable health care
and medical education: A topic modelling analysis of four
decades of research. Med Educ. 2024:58(1):47-62. doi:10.
1111/medu.15202


info:doi/10.1016/S2542-5196(22)00045-6
info:doi/10.1016/S2542-5196(22)00045-6
info:doi/10.1016/S0140-6736(15)60901-1
info:doi/10.7861/futurehosp.5-2-88
info:doi/10.1007/978-3-319-44447-5_1
info:doi/10.3390/su14053052
info:doi/10.3390/su14053052
info:doi/10.1007/BF02299088
info:doi/10.3102/00346543053004445
info:doi/10.1111/medu.14152
info:doi/10.1111/medu.14152
info:doi/10.3390/su11247150
info:doi/10.1111/medu.15202
info:doi/10.1111/medu.15202

	Virtual education strategies in the context of sustainable health care and medical education: A topic modelling analysis of...
	1  INTRODUCTION
	2  METHODS
	2.1  Data collection
	2.2  Pre-processing
	2.3  Keyword and phrase frequency analysis
	2.4  Topic modelling
	2.5  Link analysis

	3  RESULTS
	3.1  Research overview
	3.2  RQ1. Prevalent sustainability topics explored in health care research
	3.3  RQ2. Prevalent sustainability topics explored in ME research
	3.4  RQ3. Prevalent sustainability topics explored in VE research
	3.5  RQ4. The synthesis of SVME dimensions and strategies

	4  DISCUSSION
	4.1  SH redefined
	4.2  SME defined
	4.3  SVE defined
	4.4  SVME: Definition and strategies

	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


