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Abstract

Background Education is urgently needed to equip medical students with knowledge, values and skills to promote
planetary health. However, the current literature offers little insight into evidence-based approaches and best prac-
tices. In response to this pressing need, a novel serious game was introduced into the medical curriculum at Erasmus
Medical Center in 2023. The aim of this study was to evaluate the knowledge and attitudes of medical students

after they had played a serious game that addresses climate change and health.

Methods In accordance with a mixed-methods design, quantitative data were collected using pre- and post-inter-
vention surveys. Differences were assessed using the Wilcoxon signed rank test. Focus group discussions were held
after the game and thematically analysed.

Results One hundred forty-five students (38.6% of the entire cohort) played the game, of which 59 students
completed the pre- and post-intervention surveys. After the game, self-reported knowledge increased. Regarding
objective knowledge, an increase in the proportion of students who answered one of the two questions correctly
was observed, while the proportion of correct responses decreased for the other question. Student’s responses

to two out of five attitude questions were significantly more positive. The proportion of students who recognized
the importance of climate change education, to inform patients and society about the health impacts of climate
change, increased. Moreover, survey results indicated a significant increase in climate worry subsequent to the game.
Eleven students participated in the focus group discussions. Thematic analysis highlighted participants'reflections
on the roles and responsibilities in climate change and health, along with their realisation of the tools for action

that climate and health co-benefits provide. Another significant aspect was the importance participants placed

on learning alongside peers with diverse attitudes. Additionally, participants appreciated the tangible overview of cli-
mate change and health provided by the serious game.
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Conclusions Our novel serious game addressed an important gap in the medical curriculum. The game can enable
medical students to cultivate the necessary knowledge and attitudes to promote health in times of a climate crisis.
The accompanying climate worry needs attention through the empowerment of students’agency to foster change.

Keywords Planetary health, Serious game, Climate change, Medical education, Health

Introduction

The effects of climate change on human health are
regarded as ‘the biggest public health threat of the cen-
tury’ [1]. Rising temperatures present a substantial risk to
human health, food security, water supply and livelihoods
[1, 2]. Heat-related mortality, cardiovascular disease and
altered distribution patterns of infectious diseases merely
scratch the surface of the myriad health impacts of cli-
mate change [1, 2]. The healthcare sector, with its objec-
tive of safeguarding and promoting health, is a significant
emitter of greenhouse gases, accounting for approxi-
mately 4.6% of global net emissions. [2] Health systems
require immediate transformation and resilience-build-
ing against the consequences of climate change and other
planetary crises, such as air pollution and biodiversity
loss. The current and future health workforce plays a cru-
cial role in this endeavour.

Climate change is a critical component of an emerg-
ing discipline called planetary health. Planetary health is
defined as the intersectionality between the health of the
environment and the health of human individuals, while
acknowledging the anthropogenic nature of environmen-
tal disruption [3]. The Association for Medical Education
in Europe (AMEE) asked for the integration of plan-
etary health education into medical curricula. Accord-
ing to their call, the primary objective of education on
this topic is to build students’ knowledge and attitudes
towards safeguarding the health of both humans and the
planet [4]. Climate change is defined as one of the nine
planetary boundaries that together describe the environ-
mental limits within which humanity can operate safely
to avoid irreversible changes to the planet’s ecosystems.
Other examples of planetary boundaries include biodi-
versity loss and freshwater use, which are equally impor-
tant for maintaining a stable and hospitable environment
for life on Earth. Staying within these boundaries ensures
the long-term health and resilience of both humans and
the planet [5]. Although crossing the planetary bound-
ary of climate change has far-reaching consequences
for human health, only 15% of medical schools globally
included elements of climate change and health in their
curriculum [6]. A 2021 Dutch Association of Medical
Students survey revealed that, out of 3489 respondents,
83% expressed a desire to learn more about the intersec-
tion between climate change, health and sustainability in
healthcare in their curriculum [7].

In light of the clear urgency of climate change and
health education in medical curricula, the current lit-
erature is abundant with calls for action and educational
frameworks; however, these frameworks offer little
insight into evidence-based approaches and best prac-
tices [8—10]. To answer this call for change, the Erasmus
University Medical Center (Erasmus MC) in Rotter-
dam, the Netherlands implemented a collaborative seri-
ous game that teaches the interlinkages between climate
change and human health. Serious games are designed
for purposes beyond entertainment, often with educa-
tional objectives, and have been recognized as a poten-
tially meaningful tool for enhancing medical education
[11, 12]. In this case, engaging and game-like elements
facilitate learning about climate change and health, and
stimulate students to reflect on their role in advocating
for climate-resilient health systems.

In 2023, the serious game was embedded in a public
health course for third-year bachelor medical students at
Erasmus MC for the first time. The primary objective of
this study was to evaluate students’ knowledge and atti-
tudes towards climate change and health following the
serious game. The secondary objective was to identify
opportunities and strategies for improving the game.

Methods

Study design

A mixed-methods study design was adopted to evalu-
ate students’ knowledge and attitudes towards climate
change and health following a serious game. Quantita-
tive data were collected using pre- and post-intervention
questionnaires. Qualitative data were gathered from
focus group sessions held with a subsample of partici-
pants after the game.

Setting and participants

The study was conducted at Erasmus MC in Rotterdam,
The Netherlands. Medical education at Erasmus MC con-
sists of a three-year bachelor’s phase followed by a three-
year Master’s phase. The study was carried out during a
four-week introductory course on public health for third-
year bachelor students in February 2023. The students
had not received prior formal education on planetary
health or climate change and health. A 45-min plenary
introductory lecture on planetary health was included
in the course (JM, AN, FC). The lecture provided an
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introduction to planetary health, a brief overview of the
health impacts of climate change and its effects on health
disparities, and discussed the concepts of mitigation,
adaptation and health co-benefits, applied to the health
sector. The lecture was followed by 14 small-group ses-
sions occurring one to four days later. Attendance at the
lecture and small-group session was voluntary, but the
content was included in the mandatory course exami-
nation. The small-group sessions were scheduled for the
entire cohort and each session allowed 20—24 students to
participate in a serious game. Students were eligible for
participation in the study if they were third-year medical
students at Erasmus MC.

Serious game

The content of the serious game was based on the scien-
tific findings of the Lancet Countdown 2022 report [13].
The aim of the game is to teach students about the com-
plex relationship between climate change and health, and
about the role of the health sector in climate mitigation
and adaptation. After participation in the game, the stu-
dent will be able to:

— explain the various health impacts of climate change,
explain how they occur, and reason how and why
different populations are more or less vulnerable to
them (Bloom’s taxonomy: remember and under-
stand);

— explain how climate mitigation and adaptation (in
healthcare and beyond) and their health co-benefits
can be used for health promotion (Bloom’s taxon-
omy: understand);

— reflect on one’s own role in the public climate debate
and in sustainability in healthcare (Bloom’s taxon-
omy: apply) [14].

An infographic presenting an overview of the serious
game, including the venue setup and aims and learning
objectives is presented in Fig. 1.

The two-hour sessions contained the following three
components:

1. An introduction—in which the teachers (2-3) intro-
duced themselves, the theme, outline and learning
objectives;

2. Part 1 of the game — in which the interlinkages
between climate change and health were discussed in
smaller subgroups (3—6 students). The students were
allocated to small subgroups, either by assignment
of the teacher or according to their own preferences.
The game was played in four rounds. The card deck
of round 1 included mostly the steps in which human
activity leads to climate change through several envi-
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ronmental changes. The cards of round 2 to 4 gradu-
ally elaborated on this by adding intermediate steps
and their ultimate health and societal impacts to the
overview. From round 2 to 4, the focus shifted gradu-
ally from individual health impacts such as cardio-
vascular disease (round 2) to societal impacts such as
migration and displacement (round 4).

The teacher explained the planetary boundaries
concept and the focus of the game on the planetary
boundary of climate change in relation to health dur-
ing the first round. During each round of Part 1, stu-
dents were handed a deck of cards that named differ-
ent concepts related to the health impacts of climate
change, supported by an image or figure. Through
collaboration and discussion, the group had to rear-
range these cards based on their causal relations.
During and between rounds, the teachers supported
this process by asking additional questions, offering
directions and background information, tailored to
the group’s needs;

3. Part 2 of the game — a group discussion and reflec-
tion on personal and professional responsibilities
(either with the entire group or in the same smaller
subgroups). The group discussion was structured to
include the following themes:

— Emotions: space was provided for the students to
share and discuss the emotions they had related to
the climate crisis, such as sadness, anger, anxiety,
hope or grief and how they could deal with them;

— Vulnerabilities: students were asked which popu-
lations are particularly vulnerable to the (health)
impacts of climate change and why. They discussed
inequities within national and international con-
texts, their relation to socioeconomic status and
(neo-)colonialism, and the impacts on specific vul-
nerable populations.

— Responsibilities: the final part of the discussion
focused on personal and professional responsibili-
ties. The definitions of climate adaptation, mitiga-
tion and health co-benefits, and possible roles for
health professionals within each of these domains
were discussed. For instance, the benefits of advis-
ing a patient to switch to a plant-based diet for the
patient’s health and the environment were demon-
strated. Students were stimulated to reflect on their
own role in the climate crisis, and possible climate
actions they can take in their personal and future
professional life.

The sessions were facilitated by a pool of 13 teachers
(final-year medical students, public health research-
ers) with knowledge of the topic. They attended a
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The Serious Game

CLASSROOM SET-UP
Before start of the two hour session tables are arranged
into three “island” (without chairs) in a classroom
suitable for 30 students.

markers and post-its

I'JJ

s

game cards
large blank paper

J

I. INTRODUCTION (10 MINUTES)

* Background:
o Planetary health
o The serious game

« Outline of session:
o Partl(game)
o Part Il (reflection)
* Learning objectives

LEARNING OBJECTIVES

Health impacts of climate change

Vulnerable populations

Co-benefits, climate mitigation and adaptation
Reflection on responsibilities of healthcare sector

Il. GAME PART 1: INTERLINKAGES BETWEEN CLIMATE CHANGE AND HEALTH (1 HOUR)

Health effects

L4

3-6 students and 1 teacher
around the table

®.

Through collaboration and discussion, the
group has to (re)arrange the cards based
on their causal relations.

Part 1 of the serious game consists of FOUR ROUNDS

Human activity Climate change

— /[ O\

Intermediate

2,0

X

Environmental
effects
\ .
Each round, students receive a

deck of cards containing
various concepts pertaining to
the health impacts of climate
change, accompanied by a
supporting image or figure.

effects
=4
The teacher facilitates this process by asking

questions, offering directions and background
information, tailored to the group’s need.

I1l. GAME PART 2: DISCUSSION AND REFLECTION (+50 MIN)

Part 2 of the serious game involves a
undertak ther as a whole gr

01 Emotions 02 Vulnerabilities
Students are provided space to
share and discuss their
emotions related to the climate
crisis, including sadness, anger,
anxiety, hope, or grief.

and (neo-)colonialism.

T\

How do you feel
after playing this ow do you deal
with these
emotions?

game?

Fig. 1 Overview of the serious game

three-hour teacher training session beforehand and
were provided a teacher manual. During the train-
ing, they played the game and received practical tips
and instructions for facilitation. Special emphasis was
placed on facilitating the reflection around emotions,
prompting teachers to share their own feelings about
the climate crisis. They were instructed to actively

Students are asked to identify
vulnerable populations to
climate change (health) impacts,
considering (inter)national
inequities, socioeconomic status

organized into THREE THEMES, w

p or in smaller subgroups to ensure active engagement of all students.

03 Responsibilities

The final part of the discussion focuses on
climate adaptation, mitigation, health co-
benefits, and the health sector's potential
roles. Students reflect on their personal
and future professional role in the climate
crisis and consider their involvement in
climate actions.

encourage students to voice all kinds of emotions after
playing the game.

Quantitative data collection and analysis

All third-year Bachelor students who attended the small-
group session (n=145; 38.6% of the entire cohort) were
invited to participate in this study. The students were
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asked to scan a QR-code at the start of the session. They
were then directed towards an online version of the par-
ticipant information leaflet, that informed students about
the research objective, (dis)advantages of participation
and handling and storage of data, and an informed con-
sent form in LimeSurvey [15]. Participation in the study
was not required to attend the session. After informed
consent was provided voluntarily, the students were
asked to complete the pre-intervention questionnaire
(see Additional file 1) in LimeSurvey. At the end of the
small-group session, directly after playing the game, the
students were asked again to complete the post-interven-
tion questionnaire (see Additional file 1) in LimeSurvey.

The pre-intervention questionnaire was divided into
three parts:(1) demographic information, (2) knowl-
edge about climate change and health and (3) attitudes
towards climate change and health and its importance for
medical students/doctors. The post-intervention ques-
tionnaire was the same, except for the substitution of
demographic information with evaluation questions. In
addition, respondents were asked whether they attended
the introductory lecture and were willing to participate
in a focus group discussion for further evaluation of the
serious game.

The questions were designed by the research team, in
line with the core objectives relevant to planetary health
education in the medical curriculum at Erasmus MC, and
informed by similar studies [16, 17, 18]. The knowledge
part consisted of three self-reported knowledge questions
and two exam questions to objectively evaluate respond-
ent knowledge. The majority of the attitude and evalua-
tion questions and the self-reported knowledge questions
used 5-point Likert scales (strongly agree-strongly disa-
gree). The attitude part included two existing European
Social Survey questions on climate change worry and
belief, which were equally measured on a 5-point Likert
scale [19].

Statistical analysis

Survey questions with 5—point Likert scales were con-
verted into numerical values and clustered into three
categories: Strongly agree/agree (1-2), neutral (3), and
disagree/strongly disagree (4-5). The examination ques-
tions comprised four statements, two of which were true,
and were categorized as follows: 0 or 1 statement, 2 state-
ments and 3 or 4 statements correctly indicated as true
or false.

Descriptive statistics were used to characterize the
sample, and are summarised by the number of cases
(n) and percentages (%) for categorical variables and
mean and standard deviation (SD) for continuous vari-
ables. Differences between pre- and post-intervention
responses regarding knowledge and attitudes were
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assessed using the Wilcoxon signed rank test. Bonferroni
correction for multiple testing was applied to determine
the level of significance (0.05 (original p-value)/12 (num-
ber of tests performed)=p<0.004). Analyses were per-
formed using IBM SPSS Statistics for Windows, version
28 [20].

Qualitative data collection and analysis

Sampling and number of focus groups were based on
the availability and willingness of students to participate.
Students were invited to participate in the focus groups
in the pre-intervention survey and announcements were
posted on the online learning management system and in
the cohort’s WhatsApp group. Two focus group discus-
sions of 90 min each were conducted, one month post-
intervention, in a meeting room at Erasmus MC. The
sessions were facilitated by MS and Al, and supervised by
VE. The facilitators alternated between moderators and
note-takers. Al had met two of the participants prior in
her role as a teacher during other education. The facilita-
tors did not teach the serious game to any of the focus
group participants. MS and AI maintained a neutral
stance while encouraging participants to express diverse
opinions.

Eleven students consented for participation in the
focus group discussions. The first focus group consisted
of six students (three females); five students attended the
second focus group (four females). Participants received
an information leaflet and opportunity to ask questions.
The sessions were audio recorded, after verbal consent
was obtained.

A set of unbiased, open-ended questions and probes
was developed by the entire research team (see Addi-
tional file 2). While the quantitative study focused on
the effect of the serious game on students’ knowledge
and attitudes towards climate change and health, the
primary objective of the qualitative study was to explore
the underlying mechanisms that led to the observed
outcomes. To support this objective, the attitudes of the
focus group participants towards climate change in gen-
eral and in relationship with human health were explored
prior to asking the main questions about their experi-
ences with the serious game. In addition, the perceived
strengths and opportunities for improvement of the seri-
ous game were discussed.

Qualitative analysis

The audio recordings of the focus group discussions
were transcribed verbatim (MS, AI) and de-identified.
The six-stage thematic analysis framework by Braun &
Clarke was adopted, which includes familiarization with
the data, inductive generation of initial codes, search-
ing for themes, reviewing themes, defining and naming
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themes, and writing the final report [21]. Using NVivol2
software, the initial coding of transcripts was performed
independently by MS and AI and their analyses were
compared [22]. Finally, the codes were grouped into
themes. Themes were reviewed by three authors (MS,
Al VE) in relation to the generated pool of codes and the
entire dataset. Finally, definitions and names were gener-
ated for each theme. The themes are presented in the text
with illustrative quotations.

Ethics

This study was deemed exempt from additional review
according to the Dutch Medical Research with Human
Subjects Law by the Erasmus MC Ethical Review Com-
mittee (ref. no. MEC-2023-0037).

Results

Study Sample

In February 2023, 14 small-group sessions took place, and
the game was played by a total of 145 students (38.6% of
the entire cohort). A total of 76 students (52.4% of invited
students) completed at least the pre- or post-intervention
questionnaire. Students who completed only the pre- or
only the post-intervention questionnaire (n=17) were
excluded from the analysis. The final sample for assess-
ment of knowledge and attitudes therefore consisted of
59 students (40.7% of invited students; 14.6% of the entire
cohort).

The mean age of the final sample was 21 years; 46
respondents were female (78%),12 were male (20.3%)
and one participant chose not to disclose their gender.
Among the participants, 39% attended the introductory
lecture prior to the serious game in person, and 40.7% of
the participants attended the introductory lecture online.

Table 1 Overview of the themes, developed from thematic analysis
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The serious game was evaluated via the post-interven-
tion questionnaire. More than 90% of the respondents
were positive (agree/strongly agree) about the content
and methodology of the serious game. It was graded an
average of 7.9 out of 10(SD 0.9).

The study findings are outlined below, commencing
with knowledge, followed by attitudes and, finally, strat-
egies for improvement. In each section, the quantitative
results are presented first, followed by the themes gen-
erated from the qualitative findings. An overview of the
themes can be found in Table 1. Additional file 3 presents
all quantitative results.

Knowledge

Quantitative results

Figure 2 summarises the pre-and post-intervention
results regarding knowledge about climate change and
health. The proportion of students who agreed/strongly
agreed with the self-reported knowledge statements
significantly increased (p<0.001). In terms of objective
knowledge, a significantly greater score was observed in
response to the question addressing climate change vul-
nerability and inequity (»<0.001). In contrast, the ques-
tion about (in)direct health effects of climate change was
scored lower in the post-intervention questionnaire, but
this finding lost significance after Bonferroni correction
(»p=0.02). When stratified by gender, the aforementioned
findings on knowledge remained consistent with the
overall sample.

Qualitative results
Overview of complex interlinkages between climate

change and health Focus group participants expressed
that participation in the serious game enhanced their

Related to Themes

Knowledge Overview of complex interlinkages between climate change and health
The least responsible suffer the greatest consequences
Instrument to acquire an in-depth level of knowledge

Attitude The climate dilemma: Personal contributions help to get a handle on reality,

Strategies for improvement

but seem anything but efficient

The serious game fuels climate worry

Tangible overview of playing cards on the table releases wow-effect
Learning with and from different opinions and attitudes

Forced to reflect on their own role as a medical student and future MD
Realising that co-benefits of climate action for health provide tools for action
Uniformity of teachers’approach

Final exchange between groups to stimulate peer-learning

Integration of climate change and health education across the curriculum
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Survey questions p-value !

. I ;5
I know what | can do tomorrow to reduce my own carbon footprint 74.6 <0.001

I understand the ways in which the effects of climate change [ NNEGEGG Il 08
9:

disproportionately affect vulnerable groups 8.3 | <0.001

; I 605
| understand the effects of climate change on human health 066 | <0.001

Self-reported knowledge2

Climate change vulnerabilities and inequity . 0.2
47.5 <0.001

" " | BEH
(In)Direct health effects of climate change 8.5 0.02

Objective knowledge 3

0 20 40 60 80 100

Proportion of respondents (%)

M pre-intervention post-intervention

Fig. 2 Knowledge about climate change and health before and after the serious game. 'Wilcoxon signed-rank test on a 3-point scale: Strongly
agree/agree-neutral-disagree/strongly disagree, or 0/1 correct statement-2 correct statements-3/4 correct statements. The bold p-values denote
statistical significance (Bonferroni p <0.004).% Self-reported knowledge: The proportion of agree/strongly agree is reported. > Objective knowledge:

The proportion of 3 or 4 correct answers is reported

understanding of the intricate relationship between cli-
mate change and human health.

Participants perceived active and collaborative engage-
ment with placing the cards on the table and establishing
connections between them as helpful for grasping ‘the
bigger picture, the complexity of the problem and its far-
reaching consequences for health at both the individual
and societal level. Elucidating and discussing the hierar-
chy and order of the cards displayed supported students’
comprehension of the impact of climate change. They
described that playing the game in small groups forced
them to actively participate and critically reflect on their
own understandings through discussion with their peers.

[in response to the request to order the cards] :..that
you were to organize the health consequences by
yourself. And also neatly place them above and
below each other. That provided an overview for me,
so that you leave with a sort of mental structure.
During the group discussion, you would reconsider,
Yes, this card fits here or much earlier; and then you
start to see more connections in your mind. — focus
group 1, Isaac (male).

The least responsible suffer the greatest consequences In
one of the focus groups, participants indicated that the
serious game taught them the uneven distribution of
the climate change burden across countries and popula-
tions. The role of inequality was highlighted as a previ-
ously unknown vyet significant aspect of the problem: ‘It’s
not just a kind of natural phenomenon, [...] but it’s also
truly an unequal thing [...]. That it’s also a social issue,

alongside being purely geological [...]! — focus group I,
Frank (male) Participants expressed a sense of moral
responsibility as citizens of a high-income country to
limit their carbon footprint.

Instrument to acquire an in-depth level of knowl-
edge According to the participants, the planetary health
introductory lecture prior to the serious game offered a
basic level of knowledge. This was perceived as necessary
to be able to actively contribute during the small-group
session. The different levels of knowledge among play-
ers in the game stimulated them to share knowledge with
one another. The aforementioned factors, along with the
presence of a teacher who could clarify uncertainties,
helped participants to deepen their comprehension of the
topic.

“To hold a group discussion in this way while play-
ing the game, you find out what the group thinks is
important and on which topics the group lacks suf-
ficient knowledge. Then you talk about those points
together and everyone puts forward new insights.
And yes, that works so well that the information
sticks with you.” — focus group 1, Hannah (female).

Attitude

Quantitative results

Figure 3 summarises the pre-and post-intervention
results regarding attitudes towards climate change and
health. Students reported being more worried about
climate change after playing the game (from 42.4% to
69.5%; p<0.001). Similarly, a significantly greater propor-
tion of students acknowledged the anthropogenic nature
of climate change after the game (from 88.1% to 94.9%;
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Survey questions p-value
Do you think that climate change is caused by natural processes, human activity, or * [ s:. 1
both? 94.9 0.003
3
42.4
How worried are you about climate change?  I—————
Ve B 69.5 <0.001
4_ 89.8
The impacts of climate change are a major issue for health care 915 0.28
H
I feel that, once | am a medical doctor, | have no responsibility to reduce the ~ I 14
environmental impact of health care 93.2 0.01
Education on this topic is important, because as a future medical doctor, | play an * P 712
important role in informing patients about the health impacts of climate change 93.2 0.003
Education on this topic is important, because as a future medical doctor, | play an * GGG 2.7
important role in informing society about the health impacts of climate change 83.1 0.003
* I ¢5 .1
Education about climate change and health has no place in the medical curriculum 9%.6 0.005
20 40 60 80 100

Proportion of respondents (%)

= pre-intervention post-intervention

Fig. 3 Attitudes towards climate change and health before and after the serious game. ' Wilcoxon signed-rank test on a 3-point scale: Entirely/
mainly by natural processes—equally by natural processes and human activity-mainly/entirely by human activity; not at all worried/not very
worried-somewhat worried-very worried/extremely worried, or strongly agree/agree-neutral-disagree/strongly disagree. The bold p-values denote
statistical significance (Bonferroni p <0.004). 2 Proportion of mainly/entirely by human activity is reported. 3 Proportion of very/extremely worried
is reported. 4 Proportion of agree/strongly agree is reported. ° Proportion of disagree/strongly disagree is reported

p=0.003). Regarding the importance of climate change
for healthcare and their personal roles and responsibili-
ties, a significant increase in the proportion of students
who agreed/strongly agreed with the statements ‘educa-
tion on this topic is important because as a future medi-
cal doctor, I play an important role in informing patients/
society about the health impacts of climate change’ was
noted (Patients: From 71.2% to 93.2%; p =0.003/Society:
From 62.7% to 83.1%; p=0.003). When stratified by gen-
der, the results regarding attitude remained consistent
with the overall sample.

Qualitative results

The climate dilemma: Personal contributions help to get
a handle on reality, but seem anything but efficient Par-
ticipants shared a sense of being caught in a climate
dilemma. On the one hand, they indicated that climate
change plays a role in their daily lives to various extents.
Making small adjustments as individuals, as long as they
are considered reasonable and affordable, seemed to pro-
vide them with a feeling of control over the situation.
However, they expressed scepticism regarding the effi-
cacy of their own behavioural changes, as they deemed
their personal efforts of insignificant contribution to
the Paris Agreement. It was repeatedly emphasized that
responsibility rests with politicians and governments.

1 find it a bit difficult; on one hand, I think it
should come from the bottom-up, that people
themselves are willing to, and on the other hand
[...] if it's imposed by policy, it makes such a big-

ger difference than if I were to do it alone. — focus
group 1, Jake (male).

The serious game fuels climate worry The focus group
participants expressed serious concerns regarding cli-
mate change and its impact. They articulated feelings of
grief and hopelessness: ‘When I think about it, it does
make me a bit sad. It’s kind of a doomsday scenario that
is being portrayed. — focus group 2, Eliza (female). The
game made them realize that the consequences of climate
change can no longer be fully prevented. To some extent,
this resulted in acceptance of reality but also evoked a
sense of despair. They expressed a lack of trust in cur-
rent global actions, and said that reaching climate change
mitigation targets seems impossible. Even though partici-
pants expressed to think about ways of sustainable liv-
ing for themselves, this increased climate worry did not
appear to spark immediate action in the weeks between
the lesson and the focus groups.

Tangible overview of playing cards on the table releases
wow-effect 'There was a strong consensus among partic-
ipants that by seeing the numerous playing cards organ-
ized on the table, the realization dawned on them that
climate change is a comprehensive societal problem. The
overview of playing cards on the table was ‘an eye-opener
that so many things are involved’ — focus group 2, Carmen
(female). This raised their awareness of the importance
and urgency of climate change, as well as of the health
effects that are already occurring today.
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Learning with and from different opinions and atti-
tudes 'The participants primarily played the game
with fellow students who had a similar positive attitude
towards the topic. However, they mentioned that shar-
ing different attitudes among students allows for new
insights and encourages solid explanation and justifica-
tion of one’s own perspective. It was also mentioned that
students who deny the problem could hinder the learning
process.

1 think that it’s always valuable, especially when it
comes to topics that have a societal theme, to talk to
people about them. It's important to hear perspec-
tives that you may not agree with or that you haven’t
considered [...]. That way, you are challenged |...]
to reflect on your own opinions. Otherwise you can
easily remain trapped in your own beliefs and echo
chamber! — focus group 2, Ann (female).

Forced to reflect on their own role as a medical student
and future MD Participants felt that the game includ-
ing the reflection made them aware that issues related
to climate change will be part of their future profession.
Discussion of the roles and responsibilities of medi-
cal students and doctors in the field of climate change
and health has served as a starting point for internal
reflection.

‘When I come to class as a medical student and start
thinking about it, [...] I believe that subconsciously, I
will make a more active connection between [climate
change and health]. [...] For me, the small-group ses-
sion has ensured that I am extra aware of the con-
nection between the two, and also that as a future
Pphysician, it will be something I will encounter fre-
quently and something I can actively engage with’—
focus group 1, Georgia (female).

Realising that co-benefits of climate action for health
provide tools for action There was consensus that the
co-benefits of climate action for health offer a strong
argument for medical doctors to be involved in the fight
against climate change. In addition to feelings of sadness
and despair, participants were rather optimistic about
the concept of co-benefits and the tools for action it pro-
vides. As Jake (male) put it: “If we only heard a lecture on
climate change and why we have to do something about
it, I wouldn’t think it is my role [as a future doctor], how-
ever with the concept of co-benefits in mind, I think it is”
In addition, participants indicated that medical doctors
can contribute to climate change mitigation both at the
individual patient level and at the system level. Some par-
ticipants feel that an active societal and political role of

Page 9 of 14

medical doctors is becoming more common, and those
participants wish to incorporate this in their future
careers.

The focus group discussions revealed some ambiva-
lence regarding whether doctors should take part in or
refrain from climate activism. A neutral stance was men-
tioned by some to be important for maintaining a profes-
sional doctor-patient relationship. Not everyone agreed:
‘I don’t think that encouraging people to be more aware
of climate [change] is a political or climate activist choice
or attitude. I think that its a fact that climate change
impacts individual health as well as public health. Just as
smoking [...] in which doctors can also hold a strong opin-
ion that you should not smoke, I also believe that doctors
should be able to say |[...] that consuming red meat is not
good for your own health, nor for the environment |[...]. I
think it is important that doctors serve as role models in
this regard. You don’t want a pulmonologist who smokes,
and I wouldn’t want a doctor who consumes a lot of meat
either’—focus group 2, Beatrice (female).

Strategies for improvement

The focus group participants were generally positive
about the serious game. They mentioned a few aspects
that could be improved.

Uniformity of teachers’ approach Participants felt that
uniformity of the teacher’s approach to facilitating the
game and reflective discussion is important for ensuring
equal learning outcomes across groups. For example, a
slide deck to support the reflective discussion was used
inconsistently.

“A lot of the times there are educational sessions that
are given by different teachers. [...] Then the infor-
mation you receive depends on which group you are
in” — focus group 2, Doug (male).

Final exchange between groups to stimulate peer-learn-
ing Since exchange between students with potentially
different perspectives and attitudes is valued by partici-
pants, they suggested that the different smaller groups
that played the game together could present their find-
ings to each other at the end of the session. Partici-
pants believed this could be of added value, since other
groups might have different opinions or gathered differ-
ent insights (student, male): ‘Explaining is one of the best
ways to learn’ — focus group 1, Jake (male).

Integration of climate change and health education across
the curriculum Participants expressed their desire to
have learned about climate change and health earlier in
the curriculum. They feel the serious game will be more
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beneficial at an earlier time in their bachelor’s program.
In addition, participants feel that the content of this seri-
ous game as a stand-alone topic is not enough and the
topic should be integrated across subjects in the curric-
ulum to be able to learn about the topic more in depth.
They equally emphasized the significance of repetition
for solidifying their knowledge. Focus group 1: “ I think
it could be useful to know something about this topic ear-
lier! “This timing is kind of late’ “The overview of the mate-
rial fitted nicely [in this course], but I think that these little
pieces of information should be repeated more often” — a
discussion between Karen (female) and Georgia (female).

Discussion

The primary objective of our study was to evaluate the
knowledge and attitudes towards climate change and
health of third-year bachelor medical students following
a novel collaborative serious game. Our quantitative find-
ings demonstrate a significant increase in self-reported
knowledge. The results of the objective knowledge
assessment were inconclusive. The tangible overview
of complex interlinkages between climate change and
health emerged as a crucial factor in developing students’
understanding.

Prior to playing the game, the majority of students
acknowledged the relevance of climate change and
health education to the medical curriculum and recog-
nised their responsibility to mitigate the health sector’s
environmental impact. Although their attitudes towards
these topics showed a slight improvement after the game,
the results did not reach statistical significance. Never-
theless, a significant shift towards more positive attitudes
was noted regarding their role as future medical doc-
tors in educating patients and society about the health
impacts of climate change.

Playing the game as a medical student forced them to
reflect on their own role and responsibilities. Learning
about the co-benefits of climate action for health helped
them realise that this concept provides tools for actions
that they could implement in their future practice. It is
important to acknowledge, however, that the increased
awareness appeared to be accompanied by a greater
level of concern about climate change and its impacts
on health. Overall, the findings underscore that the seri-
ous game influences multiple domains of knowledge and
attitude towards climate change and health among third-
year bachelor medical students at Erasmus MC.

Strengths and limitations

Our study presents the first evaluation of a novel edu-
cational methodology in the field of climate change and
health. Our employment of a mixed-methods design
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enabled us to not only assess the impacts of the seri-
ous game, but also explore the underlying mechanisms
responsible for its effects.

Nonetheless, participation in the serious game was vol-
untary, and the survey was completed by a mere 40.7%
of the participating students. The low response rate may
have occurred through several reasons, including stu-
dent fatigue from frequent research requests and the
impersonal approach to recruitment during the plenary
introduction of the class. Moreover, the educational ses-
sions took place during a very busy period for our stu-
dents which might have decreased their willingness to
participate in the study. Hence, selection and response
bias might have been introduced in favour of those who
already held relatively positive attitudes towards the sub-
ject. This assumption is in line with the predominantly
positive attitude outlined in the pre-intervention survey
responses. The sample size was relatively small, and since
the number of focus groups was limited by the willing-
ness of students to participate, data saturation could not
be reached. Its insights might therefore lack a representa-
tive variety of perspectives. In addition, the moderators
of the focus groups were part of the teaching staff for
the serious game. Even though they did not teach the
students who participated in the focus groups, this may
have led the students to express more socially desirable
views, although all efforts were made to ensure a safe
and open environment for discussion. Furthermore, the
absence of a control group in our study design hinders
the attribution of any observed effect solely to the seri-
ous game. Another limitation is the use of predominantly
self-assessed outcomes via a non-validated, nor pilot-
tested survey. The validity of the objective knowledge
assessment seemed particularly affected, which could
explain its contradicting results. This underscores the
importance of pilot-testing a newly developed question-
naire among the target population. Furthermore, assess-
ment directly after the game may have directed students’
selective attention towards seeking out the right answer
during class. Expanding the range of validated question-
naires used to evaluate climate change and health educa-
tion, with the Sustainability Attitudes in Nursing Survey
(SANS) as a notable example, is necessary for improv-
ing the quality of evidence [23]. Finally, the serious game
was taught by thirteen different teachers. Although they
all attended the same teacher training, their knowledge
of the topic varied, as did their teaching skills and prior
experience.

Interpretation

Previous studies have confirmed that various approaches
applied to climate change and health education or affili-
ated fields such as one health have a positive impact on
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the knowledge and attitudes of students. [24, 25, 26, 27,
28] Our study expands the existing evidence by adding a
novel educational methodology to the palate of options
for integrating climate change and health education into
the medical curriculum.

Our qualitative analysis revealed that the serious game
fostered a positive sense of responsibility. Although not
statistically significant, survey responses also showed
a trend toward increased feelings of responsibility for
mitigating the environmental impact of healthcare. This
effect can largely be attributed to the reflective compo-
nent of the game. Using reflexive pedagogy in climate
change and health education enables students to develop
skills to reflect and address the complexities of the topic
and advocate for change. [29] Likewise, the realisation
that co-benefits of climate action for health provide tools
for action was appreciated by the students. The partici-
pants of a similar study among undergraduate medical
students appreciated the focus on action and the exam-
ples of concrete, achievable sustainability projects by
their near peers [30].

While our students demonstrated a sense of respon-
sibility to act within their roles as future doctors, the
confrontation with the doomsday scenario being por-
trayed by the game appeared to elicit worries about cli-
mate change. Truly comprehending the size, severity and
impact of the climate crisis can be inherently distress-
ing. Worry therefore seems an inevitable consequence
of climate change and health education. Nonetheless,
climate-related worry or anxiety can paralyze individuals
and lead to helplessness. More importantly, if individuals

’ Kolb's Experiential Learning Cycle ‘

Application of | Tangible overview
climate change & health | of interlinkages between
concepts | climate change & health

Enhanced
comprehension of
climate change & health

Discussion with peers
and game feedback
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do not believe that they have the agency to act and bring
about change, they may be overpowered by hopelessness,
which may translate into inaction. [31] The focus group
participants in this study, despite their feelings of respon-
sibility as future doctors, expressed a similar sense of
despair and distrust in the efficacy of their own, immedi-
ate, behavioural changes. Subsequently, the participants
did not indicate taking immediate action in the weeks
between the lesson and the focus groups.

One of the core objectives of overarching planetary
health education is to equip students with the neces-
sary values, skills and capabilities to sustainably promote
human health [4]. Education in this field should there-
fore support emotional resilience and provide students
with concrete tools for action, so that they feel a sense
of agency to foster change [4, 32]. Consequently, deal-
ing with diverse emotions elicited by the game becomes a
crucial component of teacher’s professional development
in this field [33].

Our serious game was collaborative, rather than com-
petitive, and learning alongside peers with diverse
opinions and attitudes was highlighted as influential in
shaping students’ attitudes. In addition to collabora-
tive engagement, serious games are considered effective
at enhancing cognitive abilities and affective engage-
ment and stimulating motivation to learn [11]. They fos-
ter a holistic understanding of scientific concepts, such
as climate change and health, and prolong the reten-
tion of knowledge [11, 12]. The measured effects of our
serious game on students’ attitudes may be explained
through Kolb’s experiential learning theory (Fig. 4) [34].

Observed impacts

|
|
|
1
Enjoyment }
Acknowledgement of !
importance of theissue |
Recognition of personal |
roles !
Internalised responsibility |

Changes in

attitude

*  Sense of despair
Worry about climate
change and its health
consequences

Fig. 4 Outcomes of the serious game supported by Kolb's Experiential Learning Theory [34]
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According to this theory, changes in attitudes and behav-
iour are produced through experiential learning. This
process unfolds in a circular manner, starting with con-
crete experiences of the topic during the game. These
experiences prompt reflection, fostered by collaboration
and game feedback, which in turn culminates in the com-
prehension of abstract ideas, specifically climate change
and health. Ultimately, this iterative approach leads to
active experimentation (test of the new concepts). It is
assumed that the serious game provided students with a
realistic and immersive (hence the previously mentioned
‘wow-effect’) overview of the interlinkages between cli-
mate change and health. This resulted in active engage-
ment, assumed to generate both positive feelings of
enjoyment and internalised responsibility but also nega-
tive feelings of, in this case, worry about the subject and
its consequences.

Recommendations

The findings of this study offer valuable insights into
the effectiveness of a serious game for climate change
and health education. Given the breadth of the topic,
the intersection of personal opinions, social norms, and
ideas on professional responsibilities, numerous aspects
come into play, making it challenging to fully decipher
all dynamics in a single study. Furthermore, longer-
term evaluation studies are required to assess retention
of knowledge, changes in attitudes over time and, ulti-
mately, behavioural changes in students’ subsequent
professional careers following climate change and health
education.

Our key recommendations for educators include
enhancing the integration of climate change and health
education into the medical curriculum starting from the
first year, and while doing so, considering the serious
game as a potential tool for delivering complex concepts.
Its content is applicable to all health-related settings
across the globe, and the open questions being posed in
Part 2 — Reflection Phase naturally lead to discussions
about topics relevant to the setting in which the game
is being played, including both low- and high-resource
environments. At Erasmus MC, the serious game will be
included as a mandatory component of the medical cur-
riculum beginning in February 2024, and beginning in
September 2024, the field of planetary health will be fully
integrated into the new medical curriculum.

To ensure effective teaching in this emerging field, it
is recommended that teachers are equipped to address
such emotions in their class, by addressing them during
the teacher training and encouraging teachers to reflect
on their own emotional responses to the game. Moreo-
ver, it is important that the focus of Round 3 — Respon-
sibilities of the reflection phase does not solely rest with
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individual lifestyle and choices, as this could evoke feel-
ings of guilt. Furthermore, to counter worries with hope
and the agency to foster change, a fundamental aspect
of education on the topic remains encouraging students
to contemplate potential actions they can undertake,
whether individually or collectively within the health
sector. It is important to acknowledge that meeting
these recommendations may require more than a single
two-hour session; instead, multiple educational sessions
with reflective homework exercises might be warranted.
Moreover, we plan to offer co-teaching opportunities
with experienced teachers to address the variations in
knowledge and expertise and ensure consistency in the
teaching approach.

Future research should consider incorporating a con-
trol group, validated questionnaires, diverse settings and
a follow-up measurement to evaluate attitude and reten-
tion of knowledge over time. Additionally, evaluation of
mandatory educational sessions helps to recruit a larger,
representative sample. This further improves the gener-
alisability of the results and provides an opportunity to
explore the differential effects among subgroups with
specific demographic characteristics (e.g. age, gender,
(parental) socioeconomic status).

Conclusions

In conclusion, our novel collaborative serious game
addressed an important gap in the Erasmus MC medi-
cal curriculum. While students held relatively positive
attitudes towards the subject prior to playing the game,
our study shows that the serious game influences multi-
ple domains of knowledge and attitude regarding climate
change and health. However, playing the game also raised
worries related to the subject. Students indicate that the
game can cultivate the necessary knowledge, attitudes
and skills to promote health in times of a climate crisis
through a tangible overview of the topic’s complexity,
reflective engagement and interactive discussions with
peers.
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