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ABSTRACT ARTICLE HISTORY
Medical professionals need to be equipped with competencies to provide Received 5 August 2021
sustainable healthcare and promote planetary health. The aims of this ~ Accepted 23 December
study were to map the presence of planetary health themes in one 2021

Australian medical program, develop and pilot a planetary health KEYWORDS
blended-learning module drawing on constructivism learning theory, and Climate change;
evaluate the effectiveness of the activities. A mixed methods approach planetary health; public
was used comprising quantitative mapping of learning outcomes, mea-  health; graduate medical
surement of pre- and post-intervention planetary health knowledge, and education; Australia

a feedback survey. Mapping revealed little integration of environmental

issues across the medical program. Student’s knowledge score increased

by 2.37 points on average (95% confidence interval 1.66-3.09) (response

rate 46%); 84.2% of respondents rated the activities as excellent/good.

Since planetary health education is not currently required in Australian

medical curricula, there is still little information for local medical educa-

tors on how to develop it, therefore studies such as this can provide

some preliminary guidance.

Introduction

The unprecedented levels of harm to the environment from escalating human pressure is haz-
ardous for human health, necessitating a ‘planetary health’ approach to promoting human health
and the health of the planet (Corvalan, Hales, and McMichael 2005; Whitmee et al. 2015). The
World Health Organization has declared climate change the biggest health threat in the 21
Century (WHO 2015). The healthcare sector is vulnerable to the effects of, and contributes to,
climate change, accounting for between 1 to 5% of total global carbon emissions and more
than 5% for some national impacts (Lenzen et al. 2020). Australia has one of the highest levels
of healthcare emissions in the world contributing to 7% of Australia’s total carbon footprint
(Malik etal. 2018). Health systems need to work towards environmental sustainability, through
lower carbon treatments, removing unnecessary procedures, preventing illness and promoting
health (Barna et al. 2020; MacNeill, McGain, and Sherman 2021).

While health professionals are essential for advancing environmentally sustainable healthcare
and strengthening health systems for adaptation, they may also work to promote patient and
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community understanding, build community resilience, support education and research, and
advocate for sustainable government policies (Green et al. 2009; Capon, Talley Ac, and Horton
2018; Sainsbury etal. 2019; Xie et al. 2018). The Australian Medical Association (AMA) and their
international counterparts - including the British Medical Association and the American Medical
Association — have declared climate change a health emergency (Australian Medical Association
(AMA) 2019). The Position Statements of prominent organisations including the AMA and the
Royal Australasian College of Physicians indicate the need to mitigate climate change, in order
to prevent the health impacts of climate change, and adaptation in order to protect the health
of vulnerable population groups (Australian Medical Association (AMA) 2015; The Royal
Australasian College of Physicians 2016).

The future health workforce needs to be equipped with the knowledge, skills and motivation
not only to deliver sustainable healthcare, but to promote planetary health and drive action to
achieve the Sustainable Development Goals (Shaw et al. 2021; Maxwell and Blashki 2016; Madden,
McLean, and Horton 2018; Guzman etal. 2021). The emergence of the SARS-Cov-2 virus
(COVID-19) in 2019 has produced calls for medical education to provide an understanding of
the climate crisis (coined the ‘climate pandemic’) (Nikendei, Cranz, and Bugaj 2021), and the
One Health framework for interconnections between the health of people, animals and the
environment underlying the emergence of novel zoonotic infections (Dykstra and Baitchman
2021). The planetary health lens views the dependence of human health on flourishing ecological
and biophysical systems, providing a broader framework to understand these interconnections
and identify solutions through multi-disciplinary, systems-level thinking (Guzman etal. 2021;
Stone, Myers and Golden 2018).

There is currently a considerable gap in formal learning opportunities on climate and envi-
ronmental issues in medical programs, and medical students around the world are advocating
for change through highlighting the gaps, monitoring action, and creating their own resources
(Rabin, Laney, and Philipsborn 2020; IFMSA 2016; IFMSA 2020; Goshua et al. 2021; Canadian
Federation of Medical Students; Omrani et al. 2020; PHRC). In the USA, 56% of medical schools
surveyed included some One Health subject matter (Docherty and Foley 2021). A recent
student-led survey reported only 15% of medical schools across 100 countries included climate
change and health in the curriculum, with student-led activities in a further 12% (Omrani etal.
2020). The Planetary Health Report Card provides a detailed inspection of curricula, research,
advocacy, support for student-led initiatives, and campus sustainability offered by medicals
schools of the USA, Canada, UK, and Ireland (PHRC). In the most recent report, no schools
received an ‘A’ for curriculum; 21% received a ‘B, 48% a ‘C, and 31% ‘D’ or ‘F' (PHRC 2021).

To date, there has been no formal assessment of planetary health content within Australian
medical school curricula. Although an indicator to track the incorporation of health and climate
change education within Australia's medical schools was scheduled for introduction to the MJA-Lancet
Countdown in 2020, it is yet to be incorporated (Beggs etal. 2019; Madden, Horton, etal. 2020;
Beggs etal. 2021). Surveys of educators confirm that concepts of climate change education and
sustainable healthcare are not consistently embedded into medical professional curricula (Lal etal.
2021; Brand etal. 2021). While official organisations such as the Medical Deans of Australia and
New Zealand (MDANZ) have developed and disseminated updated graduate outcome statements
and learning outcomes for medical schools in Australia, these are yet to be formally incorporated
into accreditation standards (Madden, Horton, et al. 2020). Therefore the extent to which planetary
health is included in medical school curricula is reliant on the motivation of individual educators
who have to overcome barriers such as lack of curriculum space, resourcing, and institutional
priorities (Lal etal. 2021; Brand et al. 2021; Shea, Knowlton, and Shaman 2020).

The purpose of this study was to co-develop, implement, and evaluate a new blended-learning
teaching module with and for medical students enrolled in the graduate medical program
(MChD) at the Australian National University (ANU). The module comprised e-learning for knowl-
edge transfer and inquiry-based group work. E-learning has been shown to be comparable to
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face-to-face teaching in terms of knowledge, skills gained, and student satisfaction levels (George
etal. 2014). The e-learning module aimed to provide comprehensive information on intercon-
nections between human health, and the health of the planet, whereas traditional medical
curriculum largely focuses on human health in relation disease pathology and management,
without taking environmental factors into account. Previous research has also indicated that
medical curricula lack explicit learning outcomes and ‘hands-on’ learning opportunities in health
advocacy (Douglas et al. 2018). Healthcare professionals will need to promote and advocate for
planetary health. Therefore, to enhance students advocacy skills we applied a constructivist
learning approach, where students are active makers of knowledge, rather than passive receivers
from the teacher, through an inquiry-based workshop (O’Connor 2020).

The specific aims of this study were to map the presence of existing planetary health themes
in the ANU Medical School curriculum, to develop and pilot two planetary health learning
activities in the ANU medical curriculum, and to evaluate the effectiveness of the pilot planetary
health learning activities in the ANU medical curriculum.

Methods

The ANU medical program is a graduate entry four-year program comprising two pre-clinical
years (termed Phase 1) and two clinical years (Phase 2), graduating approximately 100 students
each year. New e-learning and inquiry-based learning activities on planetary health were devel-
oped and evaluated using a mixed methods approach comprising quantitative mapping of
learning outcomes, measurement of pre- and post-intervention planetary health knowledge
through a 12-item multiple choice quiz, and a student feedback survey utilising Likert scale
statements and open-ended questions. The project was aligned with basic principles of con-
structivism theory of learning. Briefly, the project research design was premised on building
upon students’ existing knowledge constructs in relation to other related disciplinary areas of
medical education such as biological, physical, and mental, where the learner assimilates, con-
solidates and adapts new and existing knowledge as well as critical reflection skills to develop
a higher level of understanding and knowledge (Torre et al. 2006).

Curriculum mapping

The ANU Medical School curriculum map database was searched using the terms ‘climate)
‘environment; ‘planet®; ‘sustain*; ‘carbon, ‘ecolog*; ‘ecosystem; ‘ecosocial’ ‘one health’ and ‘advoc*.

The database predominantly includes level 1-3 learning outcomes for the MChD program
provided in approved documentation. Level one includes the overarching program outcomes,
level two the course level outcomes, level three the block level outcomes. Level four outcomes
that describe the objectives of individual teaching sessions were identified through educational
materials placed on the learning management system (LMS). Data were collected using Microsoft
Excel, recording the number of learning outcomes within which search terms appeared in the

curriculum and where they were located in the curriculum.

Development and implementation of learning resources

A blended-learning approach was used to develop two new learning activities that combined
online learning resources (e-learning) as a flipped classroom element followed by in-class activ-
ities delivered to second year medical students over a three-week period in 2020 (e-learning:
weeks 1-2; in-class: week 3). Second year students were chosen as the target audience for this
initiative as curriculum mapping indicated a clustering of activity in year one of the program.
The e-learning module was used for transfer of core knowledge on planetary health. This was
followed by an inquiry-based workshop whereby students worked in small groups to research
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and develop practical advocacy solutions for a set of planetary health case studies which they
then presented to the rest of the cohort. The group work component originally intended stu-
dents to develop a ‘pitch’ for a strategy to advocate for planetary health issues to policy makers.
Due to COVID-19 impacts on clinical teaching during 2020, this component could not go ahead
in full and was substituted with the workshop.

The development of the blended module on planetary health was led by two 3" year medical
students who were employed as research assistants. The research assistants conducted an initial
literature review to design the scope and structure of the e-learning module with guidance
from the academic staff involved in the project. Research assistants then developed the e-learning
modaule in Rise 360 (Articulate Global Inc.) which was reviewed and refined following discussion
by all project members. External review of the module was conducted by a practising medical
professional with specific interest and expertise in climate change and health who provided
additional feedback. Research assistants also developed the scenarios used in the workshop
which are outlined later in this section.

The e-learning module was published on the LMS and will subsequently be made publicly
available. The learning outcomes were selected from proposed learning objectives developed
by the MDANZ Climate Change and Health Working Group (Madden, Horton, et al. 2020):

e Discuss the contribution of human activity to global and local environmental changes
such as climate change, biodiversity loss and resource depletion.

e Describe the mechanisms by which human health is affected by environmental change.

e Explain how the health impacts of environmental change are distributed unequally within
and between populations and the disparity between those most responsible and those
most affected by change.

e Compare the carbon footprint of healthcare systems for different countries and describe
the major contributors to each.

o Identify the role of healthcare professionals in advocating for policies and infrastructure
that promote the availability, accessibility and uptake of healthy and environmentally
sustainable behaviours.

The module comprised four parts. Part 1 — Introduction, provided an overview of planetary
health. Part 2 - The Problem: the Anthropocene and the Great Acceleration, covered the contribution
of human activity to environmental changes. Part 3 - The Effect: how changes in the natural system
are affecting human health, described mechanisms by which human health is affected by climate
change. Part 4 — The Solution: Our role as future medical professionals, discussed the role of health-
care professionals in advocating for policies and infrastructure that promote healthy and environ-
mentally sustainable behaviours. A feature of the e-learning was the inclusion of clinical cases
studies, such as a patient with heat stroke as an example of direct environmental health effects
and a patient with pollution-induced exacerbation of chronic obstructive pulmonary disease as
an example of an indirect effect mediated through changes to natural systems.

The inquiry-based component consisted of a 2-hour facilitated small group workshop designed
to develop advocacy skills and identify practical ways to contribute to improving planetary health.
The workshop was delivered using Zoom due to COVID-19 restrictions. An initial icebreaker activity
asked students to discuss their experiences with advocacy in any setting. Students were then
divided into small groups of four students (using the breakout room function) and selected a
trigger scenario for the next activity. Scenario topics consisted of:

e designing an advocacy campaign to reduce the carbon footprint in the local
hospital;

e assisting patients with continuity of care in the aftermath of bushfires;

e an advocacy campaign for an ecological intervention in the community;
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e a campaign to lobby local government to implement policies to cut emissions produced
by motorised transport;

e advocacy for healthy food options in medical practice and community settings to
prevent illness and promote health.

Each scenario handout contained a brief outline, a task, suggested resources, and prompts.
Students worked on the task in their group for 30 min and presented their findings back to the
larger group. Facilitators were instructed to keep the students focused on the tasks and guide
them through the process similar to the problem-based learning format (Azer 2005; Wood 2003).

Evaluation

All 2" year medical students were invited to participate in the evaluation which consisted of
pre- and post-learning knowledge quizzes and a feedback survey (Qualtrics, Provo, UT). Ethics
approval was obtained from the ANU Human Research Ethics Committee (2020/448). An infor-
mation session was held during the first week of the final teaching block of the year. Full details,
instructions, and links to the quizzes and survey were provided on the LMS.

Students were instructed to complete the pre-lesson quiz before commencing the e-learning
module. The total possible score for the quiz was 12. The post-lesson quiz consisted of the
same questions used for the pre-lesson quiz and was made available to students, along with
the feedback survey, at the end of the workshop. Questions covered simple recall on students’
understanding of planetary health, climate change and health impacts of environmental changes
covered in the e-learning module (Supplementary Table 1). The Purdue Instructor Course
Evaluation Service (Purdue University 2020) was used to guide question development for the
feedback survey, covering domains of goals and objectives, relevance of content, teaching/
learning of relationships and concepts, general student perceptions, student outcomes, diversity
issues/respect/rapport, organisation and clarity. Three sets of questions were generated related
to (i) the overall rating of ‘the course, (ii) the e-learning, and (iii) the workshop using a com-
bination of statements with quantitative Likert-scale or qualitative free text response options.
Survey questions are provided in the supplementary file (Supplementary Table 2).

Data were analysed using Stata release 16.1 (StataCorp LLC, College Station, TX) and figures
generated in Microsoft Excel. Descriptive analyses were undertaken using frequencies for cate-
gorical variables and mean and standard deviation (SD) or median and p25-p75 for num erical
variables. Two sample t-test was used to compare the mean scores between different sub-groups,
and a paired t-test to report the mean change in scores and 95% confidence intervals (Cl)
within groups. A thematic analysis of the free-text survey responses was undertaken with themes
coded using an inductive approach. The response categories initially generated were reviewed
and combined where categories were found to be representing a similar theme.

Results

Curriculum mapping

A total of 30 outcomes were identified of which five were level three outcomes and the rest
were level four (Table 1). However, one level three outcome in year four on advocacy was not
related to environmental or climate change. Of the 25 level four outcomes, 19 were located in
phase one (with most in year one), of which 12 were provided by the population health theme,
three by medical sciences, and two by professionalism and leadership. There was a lack of
relevant learning outcomes in problem-based or case-based learning. Environment was the most
common term included in learning outcomes, with fewer terms related to climate change and
one that mentioned One Health.
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Table 1. Curriculum mapping of learning outcomes related to environment, climate, sustainability, or

advocacy.

Level 3 learning outcomes

Phase 1 (pre-clinical year 1 and 2)
Year 1:

1. Describe how culture, society, socio-economic and environmental
influences interact with biological factors to determine health and
wellbeing.

2. Demonstrate skills in medical advocacy.

Year 2:

1. Analyse, evaluate and incorporate information from various sources
to identify social, ethical, legal and human rights issues of presented
medical cases in the context of global health issues including the
ethical conduct of clinical trials, impact of trade agreements, phar-
maceutical and insurance industries as well as new technologies (such
as nanotechnology and artificial photosynthesis) on sustainability of
a safe and healthy environment and health system quality and equity.

2. Evaluate and interpret the involvement of multiple body systems in
complex diseases, including the interactions of biological determi-
nants with the environment, society and culture, and apply this
knowledge to clinical scenarios through effective communication,
history taking and examination.

Level 4 learning outcomes
Phase 1
Year 1:

1. Describe the life-course, One Health, and Social Determinants of Health
causal frameworks. (PH)

2. Define environmental health. (PH)

3. Recognise the importance of environmental health as a health determi-
nant. (PH)

4. List the major groups of environmental hazards. (PH)

5. Describe concepts of environmental exposure, including pathways, dose
and effect. (PH)

6. Explain the relevance of environmental health to the doctor including
history taking. (PH)

7.  Identify Australian and international organisations engaged in environ-
mental health advocacy. (PH)

8.  Describe the primary drivers through which climate change will decrease
human health. (PH)

9. Examine the methodological obstacles to understanding the effect of
future climate change on health, and approaches to circumvent these
obstacles. (PH)

10. Discuss some of the barriers to action on climate change. (PH)

11.  Describe the individual, climate and environmental allergens that contrib-
ute to the causation of thunderstorm asthma epidemics. (PH)

12.  Discuss the impact of demographic, migration, globalisation and environ-
mental changes on global health. (PH)

13.  Identify the factors that are associated with an increased risk of asthma, spe-
cifically genetic, associated medical conditions and environmental factors. (MS)

14.  Appreciate the difference and importance of environmental and genetic
factors that influence the drug response. (MS)

15. A grasp of the broader social, cultural and political role played by the
healthcare professions in public life and in shaping the legal and regulatory
environment (advocating for change). (PAL)

16. To understand the genetic/environmental contributions and common pathol-

ogies in abnormalities of the hypothalamo-pituitary-thyroid-adrenal axis (PBL)
Year 2:

17.  Understand at a basic level ethical and human rights obligations of doctors
to engage with issues of global health such as corporatogenic climate
change. (PAL)

18.  List key environmental aetiology factors associated with schizophrenia. (MS)

19. Discuss the genetic and environmental contributions to gallstone forma-
tion. (PBL)

Phase 2 (clinical year 3 and 4)
Year 4:

1. Articulate the need for advocacy
in relation to the welfare of those
with psychiatric and substance
use disorders.

Phase 2
Year 3:

1. The genetic, environmental, and
hormonal influences that deter-
mine normal growth. (CBL)

2. Know principles of advocating for
your own career. (FRS)

Year 4:

1. Describe and explain how a psy-
chiatric presentation may be an
interaction between genetic vul-
nerability and environmental
(bio-psycho-social) factors/stress-
ors. (PAM)

2. Understand the comprehensive
environment, social, family and
cultural elements to the mainte-
nance of indigenous good mental
health. (PAM)

3. Discuss these topics: Dental care,
Travel including seat belt use and
car safety, Occupation, Sex in
pregnancy, Exercise and diet,
Environmental hazards in preg-
nancy. (WH)

4.  Develop skills for communication
in roles including health advo-
cacy. (PH)

Abbreviations: PH — Population Health; MS — Medical Sciences; PAL - Professionalism and Leadership; PBL - Problem-based

learning; Case-based learning; FRS — Fixed Resource Session; PAM — Psychiatry
Health.

and Addiction Medicine; WH - Women'’s
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Evaluation

Out of 99 students enrolled in the course, 88 attempted the e-learning and 81 attended the
workshop; 49 students participated in the evaluation study (response rate 49.5%). All 49 consented
to the pre- and post-lesson knowledge tests, and 44 consented to the feedback survey.

Knowledge tests

Most students in the study (n=46) completed the pre-lesson quiz, of which 44 students accessed
the e-learning module. Eight students (18.2%) accessed the e-learning before attempting the
quiz and 21 students (47.7%) accessed the e-learning during the pre-lesson quiz. The median
time between pre-accessing the e-learning and completing the quiz was 1.16 min
(p25-p75=0.32-27.2min).

The post-lesson quiz was completed by 34 students; 32 completed both pre- and post-lesson
quizzes. The total number of correct answers ranged from 3 to 10 for the pre-lesson quiz and
6 to 12 for the post-lesson quiz. The mean pre- and post-lesson scores were 7.09 (SD = 1.84)
and 9.53 (SD = 1.69), respectively, increasing by 2.37 points on average (95% confidence interval
[CI] 1.66-3.09; p<0.0001) (Figure 2). The mean difference between pre- and post-lesson quiz
scores was greater for those who accessed e-learning prior to or during the pre-lesson quiz
(2.65, 95% Cl 1.60-3.69) compared to those who did not (2.07, 95%Cl 0.99-3.14), however the
difference was not statistically significant (p=0.42) (Figure 1). Similarly, there was little difference
in the change in quiz scores between those who fully completed the e-learning based on LMS
metrics and those who did not.

User feedback
The feedback survey was completed by 19 students (9 males, 8 females, 2 unspecified; age
range 22-38years). The overall course presentation was rated as excellent or good by 16

45

35

25

15

0.5

Mean difference between pre- and post-lesson knowledge score

E-learning not accessed E-learning accessed before Did not complete e- Completed e-learning Overall (n=32)
before or during quiz or during quiz (n=17) learning (n=9) (n=23)
(n=15)

Figure 1. Mean difference (95% confidence intervals) between pre- and post-lesson knowledge quiz results according to
(i) access of e-learning prior to or during pre-lesson quiz and (ii) completion of e-learning.
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Figure 2. Frequency of responses to statements about the learning activities in general.

students (84.2%). Students generally agreed with all statements related to the new resources
collectively, particularly the use of up-to-date materials and creative planning of the course
(Figure 2).

The e-learning module itself was well rated, with all students who responded agreeing that
the module made good use of examples and built an understanding of concepts (Figure 3 top
panel). Most felt it provided a meaningful learning experience (n=17, 89%). The majority also
felt that it improved their knowledge on climate change and health or that the module was
consistent with their prior expectations (n=15, 78.9%). Of those that agreed their knowledge
improved, their knowledge score increased on average by 3.46 points (95% Cl 2.34, 4.58) com-
pared to 0.67 points (95% Cl —3.13, 4.46; p=0.03) for those who did not agree or neither agreed
nor disagreed. However, the mean baseline pre-test score was lower (7.20, 95%Cl| 6.44, 7.96)
for those reporting improvement compared to those with perceived little to no improvement
(9.33, 95% CI 7.90, 10.77; p=0.02).

All students felt that they could express their views and there was free and easy exchange
of ideas during the workshop (Figure 3 bottom panel). Fewer students (n=13, 68.4%) felt that
the workshop was a meaningful learning experience or was consistent with their expectations
(=12, 63.2%) compared to the e-learning module. However, there were no instances of strong
disagreement with any of the statements presented.

Table 2 summarises the results of the qualitative analysis of the open-ended questions from
the evaluation survey. Fourteen students provided free text comments regarding the e-learning
module from which 23 responses were identified and coded to four response categories (Table
2). The length of the e-learning module was most frequently commented on, accounting for 8
responses indicating that it was too long and repetitive. Other responses regarding structure
(n=8), and content (n=4) provided insights for module improvement, such as splitting the
lesson into two or providing increased timetable space, and improved streamlining. However,
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Figure 3. Frequency of responses to statements about the e-learning module and workshop.

students were generally enthusiastic about the interactive nature of the lesson including links
to external videos, interactive quizzes, and clinical case studies.

Eight students commented on the workshop, from which 14 responses were coded to five
categories: workshop format (4 responses), content (5 responses), interaction with peers (3
responses), duration (1 response), and linkage between e-learning and workshop (1 comment).
Responses indicated the workshop was too focussed on advocacy without adequate exposure
to relevant background knowledge such as advocacy steps, or time to understand the scenarios.
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Table 2. Themes identified from full text responses and example comments.

Number of
Theme identified comments

Example comments

E-lesson
Length of E-lesson 8 ‘The online format was good, it was a little bit long, perhaps could have been broken in to

Functionality of
resource
(structure,
layout, design)

Content

Importance of the
topic

Workshop

Workshop format

Content

Interaction

Duration
Linkage

Overall
Very positive

Positive

two shorter lesosns [sic] (i found the second half much more engaging than the first).

‘The online module took a lot longer than anticipated. | think 2x1hr sessions were allocated,
maybe 4x1hr sessions or 2x2hr sessions would have given a more practical time frame’

‘Would be nice if they were a bit more concise information, there was just soo [sic] much
information to learn and digest (all very interesting but took a long time to learn)’

‘The online tutorial was very long and a bit repetitive, but the information was good. Maybe
some streamlining of the intro/conclusions and summaries could make it less repetitive?’

‘The lesson was too long and highly repetitive, which made synthesising information
from each section difficult. Took me multiple days and sittings to complete’

‘However, prefer this platform over kuracloud and appreciated the interactive nature of
the module’

‘It was quite long and wordy. Breaking the wordy sections up with more of the
interactive quizzes or activities would be helpful'

‘It was a bit long and the pop down menus with bits of text retracting did not really
appeal to my eye and style of learning. | think | would/ve preferred it the cases/
examples were just a different colour instead of a drop down menu

‘| love the layout of the online lesson. It's great. And I like how it embeds quizzes
throughout to make sure you understood the stories. | loved the graphs and diagrams
as well. | also love the clinical case studies used to highlight
climate-change-related-health’

‘| really liked the link to the videos - they were very interesting’

‘Think it was run well, sections 2 and 3 both really made you think, and section 2
definitly [sic] highlighter [sic] the lack of advocay [sic] work | had done’

‘A lot of the content was common knowledge. More in depth examples and discussion
may have been more useful.

‘| think this is a very important and previously undervalued part of the curriculum’

‘I'm already a big advocate so the info wasn't knew [sic]’

| felt it was too focussed on Advocacy. | didn't [sic] think there was much point to the first
activity. The second activity went for too long but | did like putting advocacy into practice’

‘Less time could be allocated to the advocacy/icebreaker discussion and some time to go
through the levels/steps of advocacy may have been beneficial’

‘It might be more fun to have participants design an advocacy campaign poster or
specific new initiative that they would like to implement instead of just giving a
broad overview of the issue which most people already know about’

‘The workshop was good but quite repetitive of the e-learning, especially those activities
were there was an example in the e-learning (e.g. hospital waste reduction). Some
activities required more explanation or background - for example my group did the
Senegal Diama Dam activity and took a long time trying to figure what the
intervention was and why you would reinstate a species population if you knew it
was just going to die again’

‘| quite enjoyed the activity in planning an approach to advocating on a topic and then
presenting it back to the group’

‘| liked the interactive nature of the workshop. It was good to hear other people’s views.

‘The workshop was good because it enabled interaction with peers’

‘More time with a tutor would have been useful. None of my group members had any
experience with advocacy so we were not well informed on the practicalities of the topics.

‘Maybe a few more questions/activities related to the rest of the Online Module as | feel
it was just solely focussed on the advocacy part.

‘An excellent course with only slight fine-tuning needed (see previous comments on
e-learning and workshop)'
‘nice to be educated in different ways'

‘The topic is very relevant and it would be great to see it continue into the future’
‘Thoroughly enjoyed it. Please continue it for Yr2 next year. Would enjoy more planetary
health lectures/workshops in the future. Quite enjoyed the workshop format - the

5min presentations were fun'

‘| think it was great for people who may not already be interested in this stuff. I'm
already a big environemental [sic] advocate’

‘It was a good learning experience. The online course was a bit long. Maybe some more
interactive sessions would be more engaging?

‘Would be nice if the course was split up over a few sessions to learn the content thoroughly’




796 C.SLIMINGS ET AL.

Responses were generally positive regarding the active style of learning with groups being
presented problem solving tasks.

Seven students provided text responses to the course generally, of which four were very
positive (demonstrating their enjoyment of the course, the relevancy of the topic and the
mode of delivery. The less positive responses related to the length of the e-learning module
with a suggestion to provide the course over a few interactive sessions.

Discussion

This study reports the development, implementation and evaluation of new planetary health
educational activities for a graduate medicine program in an Australian university. Due to geo-
graphical variations in environmental impacts on health, it is important for doctors to learn
how planetary health issues apply to their own local contexts. Therefore, a blended-learning
module was co-designed with medical students as a first step to improving planetary health
content that was found to be lacking following a curriculum mapping exercise. Activities com-
prised an e-learning component to provide foundation planetary health knowledge and
inquiry-based learning group work to apply knowledge and develop skills in planetary health
advocacy. Measurement of the short-term change in student planetary health knowledge indi-
cated a modest improvement following engagement with the activities, which were also rated
positively in student feedback.

Medical professionals will be at the forefront of the health and social impacts of environ-
mental change, requiring them to develop and deliver sustainable healthcare, manage
climate-related illness, provide local health promotion and prevention, and work in health
systems disrupted by extreme events (Shaw etal. 2021; Maxwell and Blashki 2016; Madden,
McLean, and Horton 2018; McLean, Gibbs, and McKimm 2020). Core competencies include
identification of vulnerable patients, risk factor management, diagnosis and management of
climate-related physical and mental illness (Maxwell and Blashki 2016). In addition, the shifting
distribution of health needs with environmental change, plus the geographic variation of the
impact of environmental change on communities, requires medical professionals to be literate
in planetary and public health (Maxwell and Blashki 2016).

There is currently little formal education on environmental change and sustainable healthcare
in medical schools globally, with only 15% of medical schools surveyed across 100 countries
including climate change and health in the curriculum (Omrani et al. 2020). Engagement with
climate change by student bodies is driving curriculum reform. The student-led Planetary Health
Report Card grades 62 medical schools in the USA, Canada, UK, and Ireland on their inclusion
of planetary health curricula (PHRC). The Canadian Federation of Medical Students established
the Health and Environment Adaptive Response Task Force with a core aim of developing a
set of planetary health competencies to be addressed in medical school curricula in Canada
(Canadian Federation of Medical Students). The Australian Medical Students Association position
statement on climate change and health calls for integration of teaching on climate change
and human health into medical curricula (Medical Students Association of Australia., 2020).
The AMEE Consensus Statement on Planetary Health and Education for Sustainable Healthcare
provides examples of a wide array of learning approaches covering both clinically focused
activities and those with wider public health relevance (Shaw etal. 2021). Such approaches
can be horizontally (i.e. co-ordination of content within course levels) and vertically (i.e.
co-ordination of content across course levels) integrated into the curriculum through problem-
or case-based learning, clinical skills training, and placement projects, and through assessment
including OSCEs (Shaw et al. 2021; Maxwell and Blashki 2016).

However, specific examples of educational initiatives described by medical programs are
lacking in the literature. Our study explicitly describes the development and evaluation of new
planetary health educational resources and outlines their alignment within the broader context
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of the medical curriculum in our program. As environmental impacts on health vary geograph-
ically, planetary health education content may vary across the world and smaller-scale local
level studies, such as this one, are valuable for understanding context specific curricula. The
addition of the new resources to the second year of our program enhances the vertical inte-
gration of planetary health into the program, through complementing existing lectures on
environmental determinants and climate change in first year and linking to placement projects
in later years where students have the opportunity to engage with planetary health topics.
Recent examples include a literature review on the health impacts of waste incineration con-
ducted with the Public Health Association of Australia (Tait etal. 2020), and a scoping review
of optimal approaches for communicating risk of bushfire smoke exposure to affected popula-
tions (Heaney etal. 2021). While the new activities are welcome, they are confined to the
population health theme and horizontal integration is lacking. Mapping of learning outcomes
identified minimal inclusion of environmental and climate issues across other themes of the
medical program, such as clinical skills, or through different learning activities such as PBL
sessions. A full curriculum review is required to constructively align learning outcomes, learning
activities, assessment, and feedback for students to be equipped with core competencies to
promote planetary health (Shaw et al. 2021). However, educators need to overcome the barriers
of lack of curriculum space, resourcing, and institutional priorities in order to effectively develop
and implement the curriculum modifications that are needed (Lal etal. 2021; Brand et al. 2021;
Shea, Knowlton, and Shaman 2020).

Our study is characterised by two key features, namely student engagement and a constructivist
approach to learning. Through the employment of two current students to work with staff on the
project, we were able to identify and test activities that would actively engage students. This
resulted in the inclusion of relevant scenarios related to planetary health issues in each activity,
such as the trigger topics used in the workshop and inclusion of clinical cases studies in the
e-learning module (e.g. heat stroke and pollution-induced respiratory issues). Engaging students
actively in their learning where they are ‘producers’ or ‘partners’ of knowledge, rather than consum-
ers, enhances their learning experience (Healey, Flint, and Harrington 2014; Bruff 2013). The current
student-led international initiatives to improve climate change education in medical programs
highlights the importance of engaging with students for curriculum development (IFMSA 2020;
PHRC). Through the advocacy group work, students demonstrated their understanding as they
developed, discussed and explained their ideas for advocacy solutions related to a set of planetary
health case studies. Creation of knowledge by the learning as opposed to transmission of knowl-
edge from an instructor is central to constructivist learning theory (O'Connor 2020; Torre et al. 2006).

Overall student feedback was positive suggesting they enjoyed the learning, and students
embraced the opportunity to engage in interactive learning through the problem-solving group
work activity. One suggestion was to design a campaign from scratch rather than using existing
ideas in the workshop, which was the original intention and could not proceed due to the impact
of Covid-19 on delivery of the core medical curriculum. Under the original plan, students would
be required to develop a ‘pitch’ for a strategy to advocate for planetary health issues of their
choosing to policy makers which would be peer-assessed formatively through student presenta-
tions. Peer assessment has several advantages, such as encouraging students to critically reflect
on each other’s work, be involved in the assessment process, providing more feedback than that
obtained from just 1-2 educators, development of generic skills such as constructive feedback,
critical appraisal, and working co-operatively (Chan 2010; UNSW).

Feedback also indicated the e-learning was too long and repetitive. Future improvements
could focus on identifying areas to reduce the e-learning content and splitting it into two
lessons to reduce learner fatigue. In addition, future iterations will be piloted with a set of
stakeholders including medical students, medical professionals and educators, and climate
change experts. This would also allow the incorporation of scenarios with relevance to a wider
range of clinical specialties such as sustainable surgery.
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There was modest improvement in content knowledge after completing the learning, and
although there was some contamination of scores because some students accessed the e-learning
either before or during the pre-lesson knowledge quiz, there was negligible difference between
the two groups. Students were also comparable in knowledge gained whether they fully com-
pleted the e-learning or not; however, measurement was based on LMS metrics that recorded
interaction with in-built activities and students may have received adequate knowledge without
full engagement with the interactions.

This study has several limitations. Curriculum mapping was limited to searching available sources
of learning outcomes and may have missed some sources of level four outcomes. A low response
rate to the feedback survey limits the representativeness of the findings and the conclusions that
can be drawn as the more engaged students are likely to provide feedback. However, the con-
sistency between responses on some domains, such as the time taken to complete the e-learning,
balanced with the positive responses to the initiative generally, suggest the responses are valid
and will be taken into consideration when revising the learning activities for future use. Future
evaluations could also examine students perceived usefulness of the learning, and whether stu-
dents applied their learning to the advocacy presentations. The high baseline pre-lesson knowledge
quiz results indicated that many students may have already had good planetary health knowledge,
although the quiz may have been too easy or insufficiently long to be an accurate measure of
their knowledge. In addition, a pre- and post-lesson test only measures short term knowledge
acquisition and long-term retention would need to be specifically assessed. The disruption to
teaching due to COVID-19 resulting in the implementation of a ‘plan b’ for the inquiry-based
component was sub-optimal and highlighted the barriers to introducing new curricula into medical
programs with already full curricula. There was some irony in the institutional de-prioritisation of
new planetary health learning activities during a global pandemic.

Education is considered one of a set of social tipping dynamics - where disruptive change
can reduce global greenhouse emissions - to achieve stabilisation of the earth’s climate by 2050
(Otto et al. 2020). Rapid mobilisation of delivery of sustainable healthcare education is required
for education to trigger tipping, however delay to the implementation of the MJA-Lancet
Countdown target setting in 2020 due to Covid-19 is undermining progress (Beggs etal. 2021;
McLean, Gibbs, and McKimm 2020). The UK General Medical Council requires doctors qualifying
and registering to understand and apply principles of sustainable healthcare (General Medical
Council), yet there is no such requirement by the Australian Medical Council (AMC) for accred-
itation of primary medical programs which have not been updated since 2012 (Australian Medical
Council Limited 2012).

Conclusions

The new learning materials filled an identified curriculum gap and were well received by students.
However, ad hoc filling of gaps by motivated educators in medical programs without widespread
institutional support is sub-optimal. Medical schools need to prioritise and commit to curriculum
reform that integrates planetary health and sustainable healthcare competencies horizontally
and vertically into medical programs. The anticipated revisions to AMC criteria if adopted and
implementation of the Lancet Countdown indicator are urgently needed to drive action in med-
ical education. In addition, inclusion of medical schools across Australia and New Zealand in the
Planetary Health Report Card is recommended. Since planetary health education is not currently
required in Australian medical curricula, there is still little information for local medical educators
on how to develop it, therefore studies such as this can provide some preliminary guidance.
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