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Abstract

Background: There is a lack of teaching strategies to explore the Planetary Health (PH) domains of

Interconnection Within Nature (IWN) and Systems Thinking/Complexity (ST/C). The Actor-Network

Theory provides a pedagogical framework for this approach, as it discusses the inseparability of

humanity/nature.

Objective: To assess medical students' understanding of the PH domains of IWN and ST/C.

Methods: A exploratory case study with sociodemographic questionnaires and open-ended responses

spanning 2022 and 2023 involving two cohorts of medical students. Teachers were interviewed,

classes were recorded, and assignments submitted by students were analyzed. Small student groups

conducted patient interviews, presented PH portfolios, and developed network diagrams. IWN

activities included a contemplative trail in the university garden or reflections on moments when

students individually felt part of the planet.

Results: Ninety-six students (87% of 110 invited) and 9 professors (100%) participated.

Students demonstrated a comprehensive understanding of patients within their psychosocial

and environmental context, describing the interconnections among various human and

non-human actors throughout their case studies and network diagrams. The IWN activities were

challenging, and a substantial portion achieved the goal of reflecting on the inseparability

between nature and humanity, or people’s and planet’s health.

Conclusion: The methodologies used for training the ST/C and IWN substantially contributed to

students' understanding of patients in a systemic PH perspective and the intrinsic relationship

between nature, humanity, and health. This study highlights the importance of incorporating

these teaching strategies to broaden students' perspectives on PH.

Keywords: Planetary Health; Climate Change; Education, Medical, Undergraduate.
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Resumo

Introdução: Há uma falta de estratégias de ensino para explorar os domínios da Saúde Planetária

(SP) Interconexão Através da Natureza (IAN) e Pensamento Sistêmico/Complexidade (PS/C). A

Teoria do Ator-Rede oferece uma estrutura pedagógica para essa abordagem, pois discute a

inseparabilidade entre humanidade e natureza.

Objetivo: Avaliar a compreensão de estudantes de medicina sobre os domínios da SP de IAN e

PS/C.

Métodos: Um estudo de caso exploratório com questionários sociodemográficos e respostas abertas,

realizado entre 2022 e 2023, envolvendo duas turmas de estudantes de medicina. Professores foram

entrevistados, aulas foram gravadas e as atividades submetidas pelos alunos foram analisadas.

Pequenos grupos de estudantes realizaram entrevistas com pacientes, apresentaram portfólios sobre

SP e desenvolveram diagramas de rede. As atividades de IAN incluíram uma trilha contemplativa no

jardim da universidade e reflexões sobre momentos em que os alunos se sentiram parte do planeta.

Resultados: Noventa e seis estudantes (87% dos 110 convidados) e 9 professores (100%)

participaram. Os estudantes demonstraram uma compreensão abrangente dos pacientes dentro de

seu contexto psicossocial e ambiental, descrevendo as interconexões entre diversos atores humanos

e não humanos ao longo de seus estudos de caso e diagramas de rede. As atividades de IAN foram

desafiadoras, e uma parte substancial alcançou o objetivo de refletir sobre a inseparabilidade entre

natureza e humanidade, ou a saúde das pessoas e do planeta.

Conclusão: As metodologias utilizadas para o treinamento em PS/C e IAN contribuíram

substancialmente para a compreensão dos alunos sobre os pacientes sob uma perspectiva sistêmica

de SP e a relação intrínseca entre natureza, humanidade e saúde. Este estudo destaca a importância

de incorporar essas estratégias de ensino para ampliar as perspectivas dos alunos sobre a SP.

Palavras-chave: Saúde Planetária; Mudanças Climáticas; Educação Médica.
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Introduction

Planetary Health (PH) is a growing transdisciplinary field and social movement that

addresses the intrinsic interdependencies between the health of humanity and the health of

Earth's ecosystems, seeking equity worldwide.1,2 Anthropogenic changes and climate change

are known to be the greatest global health threat3 and the greatest opportunity in the

21st-century world.4,5 In 2022, a working party from the World Health Organization, resonating

with the position of various national and international entities, launched a call to all involved in

health education to ensure that graduating health professionals are capable of identifying,

preventing, and responding to the health impacts of climate change and environmental

degradation.6,7,8,9,10,11

In order to teach students a perspective characterized as “a planetary health lens”12 the

Planetary Health Educational Framework recommends that five main aspects are addressed: 

interconnection within nature; anthropocene and health; systems thinking/ complexity-based

approaches; equity and social justice; and movement building and systems change.13 As a

result, various didactic strategies in PH have emerged globally,14 however predominantly with an

emphasis on the domains of “anthropocene and health” and, in some cases, on “movement

building and systems change”. Furthermore, few studies have been dedicated to the

assessment of the implementation of educational strategies in PH.

The educational material "Patient and Clinic through the Lens of Planetary Health:

Learning Guide for Undergraduate Health Education",15 developed by the authors as a result of

international experience in the subject, stands out for delving into innovative teaching

possibilities in the domains of interconnection within nature (IWN) and systems

thinking/complexity-based approaches (ST/C) in PH using the perspective of Actor-Network

Theory (ANT), a sociological theory that discusses the division of humanity/nature and

considers humans and non-humans acting in networks and producing society. ST/C refers to

the description of how various elements interact and merge as part of complex systems (social,

environmental, economic, among others) at different geo-spatial and temporal scales. IWN is a

term recently coined in the field of PH, signifying that humans are part of and not separate from

nature, in contrast to the dichotomous view of humanity/nature.13
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Meanwhile other article evaluated the learning of students broadly,16 this article aims to

understand in deeper details the perceptions of medical students regarding the domains of IWN

and ST/C through the implementation of the educational material "Patient and Clinic through the

Lens of Planetary Health: Learning Guide for Undergraduate Health Education".

Material and methods

Study design

This is an exploratory case study with open-ended responses.

Participants and Survey  

All teachers and students enrolled in a mandatory course during the third semester,

which aims to integrate basic and clinical disciplines by interviewing patients, were invited to

participate. The study was conducted at the Medical School of the Federal University of Rio

Grande do Sul, Brazil, during August 2022 (class 1) and January 2023 (class 2). Students who

did not provide consent or declined to participate were excluded.

The survey consisted of sociodemographic data and a questionnaire with open-ended

questions about the experience and learning after the intervention (Supplemental Material).17

Additionally, students and teachers were invited to write a word or statement summarizing their

experience with the IWN activities. Also, classes were recorded and transcribed, and the

assignments submitted by students were analyzed. Finally, the teachers participated in a

collective evaluative semi-structured interview.

All participants completed the informed consent form, and the study was approved by

the Ethical and Research Committee of the Federal University of Rio Grande do Sul (CAAE

57907022.3.0000.5347).

Intervention

The intervention in education comprised a module of 2 to 3 classes, lasting up to 3

hours each. Students were organized into small groups, each consisting of 8 students and 1

teacher, tasked with interviewing a patient admitted to the university hospital and creating a
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portfolio detailing their clinical case. During one of these sessions, the teacher facilitated IWN

activities tailored to each small group.

The complete portfolio15,18 consisted of essay queries about the connections between

the disease, the patient and PH topics, as well as about an individual and collective or advocacy

approach. The final task involved creating a network diagram to visually depict the

interconnections between the patient's medical history and PHh concepts explored throughout

the portfolio. Students were instructed to place the patient at the center of the diagram and

illustrate connections with various actors present in the case, such as individuals, families,

psychosocial dynamics, and environmental factors. Additionally, they were prompted to

incorporate key PH themes, including air pollution, deforestation, climate change, natural

disasters, equity, migration, food and water security, mental health, and infectious diseases.

The IWN session for class 1 featured an outdoor excursion through the university

garden situated in an urban setting, where students engaged with thematic posters to stimulate

reflections. In contrast, class 2's IWN session involved reading a supplementary text, followed

by students sharing personal photos or anecdotes within their small groups, depicting moments

of interconnection within the planet. These variations in activities aimed to assess the feasibility

of replicating methodologies. All session materials are accessible within the published

educational resources.15,18

Educational strategies for IWN and ST/C were developed grounded in the ANT, a

sociological perspective challenging the dichotomy between humanity and nature, considering

humans and non humans acting in networks and producing society. This approach holds

particular significance in comprehending the interconnection (other than separation) between

human health and the health of the planet.19

Data analysis

The qualitative data were analyzed with the support of NVIVO 1.5 software using

Bardin's content analysis with inductive analysis by themes. Frequency, mean, and standard

deviation calculations were performed using Python version 3.6.9.
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Results

Overview

Ninety-six students (87%; class 1 n=43; class 2 n=53; ) and nine professors (100%)

were included. Out of the 110 invited students, 8 declined to participate (class 1 n=7; class 2

n=1), and 6 students (class 1 n=1; class 2 n=6) were disqualified for not responding to the

informed consent form or the instrument applied at the end of the intervention.

The majority of students were female (51 female, 44 male, and 1 other), white (66

white, 21 brown, 6 black, 2 yellow or indigenous, 1 non-responder), with an average age of

24.41 years (standard deviation ± 5.8 years), and with a family income between 5-10 minimum

wages (33: 1-4 salaries; 35: 5-10 salaries; 27: 11 or more salaries; 1: non-responder).

Systems Thinking/Complexity 

Each group of approximately 8 members (total 13 groups) interviewed a hospitalized

patient (9 different patients, as some interviewed the same patient) at the university hospital and

presented/delivered a portfolio about them. In the majority of network diagrams, students

predominantly engaged in group work and constructed visual networks with a satisfactory

number of elements and connections, problematizing the case within spheres both proximate

and distant to the individual. Regardless of the visual diagram, students adeptly described the

network in text throughout their Portfolio, narrating the connections from the individual to PH as

they addressed the task's questions, and during their presentations, sparking debate with

teachers and researchers in PH.

We have chosen to present a condensed and adapted version of one of the students'

works for publication (Box 1; Figure 1). The patient’s name and age have been changed to

preserve her identity.

Box 1. Example of a clinical case written by the students about a patient they interviewed

(adapted).
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Patient SR, 50 years old, a cleaner, and a resident of a disadvantaged neighborhood in a city in

the South of Brazil. She presents asthma with frequent respiratory infections, and the reason for

her hospitalization is due to a recent respiratory infection. In 1999, she had tuberculosis and

needed two lung surgeries (lobectomy and segmentectomy). She also has lupus with joint

manifestations. She reveals not to be a smoker, but her mother used to smoke. She reports that

her asthma worsens in winter, but crises also occur in summer when there is more dust. In

some periods in the summer, she needs to turn on the air conditioner due to intense heat. The

patient says she took 3 doses of the anti-COVID-19 vaccine and did not contract the disease. In

childhood, she mentions that her living conditions were humble (clay roof tiles that often came

off with strong wind and rain). Today her house is made of material. As a cleaner, the patient

mentioned the use of many chemicals in her profession. Regarding domestic sources of air

pollution, she reports that her husband prepares some food on the wood-burning stove located

in the backyard, and she tries to stay away from the smoke during use. She used the car for

daily transportation, and when she worked as a cleaner, she used the bus for transportation.

About her diet, she says she "eats everything," such as fruits, beans, and rice, but in recent

months, she has had a decrease in appetite due to respiratory crises. Her groceries are usually

bought at the supermarket and the local vegetable fair. At home, she plants seasonings

(parsley, and chives, among others). Her street was asphalted two years ago. She has 2 dogs

with whom she would like to have more contact, but she leaves them in the kennel for fear of

worsening her respiratory symptoms. She has treated water and good overall sanitation

conditions. Regarding mental health, the patient says that the activities that do her good are,

above all, playing with her grandchildren outdoors in the park, and she would like to be able to

leave the house more, but her illness prevents her. About the places that make her happy, she

mentions liking the backyard and the living room, where she watches TV.

Figure 1. Example of a network diagram developed by the students derived from a

clinical case.

The network diagram summarizes how students analyzed the interactions of the individual with

other human and non-human actors.
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Students commented on how the activities allowed them to expand their perspective on

health and diseases, for example: 

"They could [the activities] enhance the understanding of the

situations that permeate the patient's life, from their pathologies to

their social, economic, cultural, etc., context.”

"The context of life and diseases may be even more interconnected

than I thought." 

"Treating the patient within their context and not just focusing on the

disease."

Interconnection Within Nature

The general perception of the different experiences in the IWN activities is summarized

in Figure 2. Students from class 1 (Figure 2a) wrote their responses on strips of paper at the

end of the "trail" and deposited them in a box. Students from class 2 (Figure 2b) answered this

question at the end of the last class, which was a different day the activity occurred and

included students whose teachers were unable to develop or complete the activity.
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Figure 2. Word cloud composed of the responses that students gave about the activity

for Class 1 - trail (a) and Class 2 - photo (b) on “IWN”, answering the question: "Write 1

word or expression about this experience."

a)

b)

2a Class 1: n=36 (83.7% of the whole class 2). Most frequent: reflection=5; awareness=3; health=3;

interesting=2; alarming=2.

2b Class 2: n=47 (88.6% of the whole class 2). Most frequent: reflection=4; unnecessary=4; interesting=3;

connection=3; challenging=2; gratitude=2.
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Interconnection Within Nature: Activity "Trail" (Class 1)

The reflections and impressions about this activity were collected at two moments:

immediately after the trail in a group conversation and in the general questionnaire about the

complete intervention. Seven students expressed their understanding of the overall message of

the experience, especially the relationship between health and the planet:

“I had never thought about the relationship between environmental

problems and population health; I found this reflection relevant.”

“It's not a matter of ‘let's save nature’,it's ‘let's save our own society.’

The lifestyle we are having today is unsustainable and will collapse,

and probably the most affected people will be those who have had the

least access to this development.”

“My word was perspective because it was a new look at medicine in

the sense that we are also users of the environment, and it's not just

there to serve us; we are a part of it.”

Regarding the poster that questioned, "Is there a limit between nature and non-nature?"

their interpretations were (n=6):

"When we think about nature, we see it as something external, as if

we were not part of it. When that question arises, if there is a limit, we

are also part of, and sooner or later, this will also impact us. We are

also part of this nature that is being degraded."

At the end of the trail, the final poster posed the question, "How about going down to

earth?" and depicted a rocket returning to Earth. Here are some interpretations and

representations from students (n=5) and from a teacher:
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"We often tend to think that all resources are extremely limited. The

solutions we usually seek when we think of extravagant ideas for

future issues are about expansion rather than reform. So, I believe the

concept of 'grounding' is very relevant here; we project these ideas far

outward, like what NASA might do to provide us with more resources

in the future. We need to focus more on what we actually have here

and now."

"People tend to look for more space, pursue extravagant efforts, and

don't seek to reduce what causes the problems."

Other posters that caught their attention were mainly about the healthcare sector's

carbon footprint, microplastics inside and outside the body, eco-anxiety and solastalgia, forest

bathing, air pollution compared to smoking, calculating their own carbon footprint, and the food

system. Discussions arose about energy sources, COVID-19, equity, and the possibilities and

relevance of individual versus collective action. One student spoke about her experiential

journey:

"It's interesting because we're in the middle of a lot of trees next to

[St.] Ramiro and [St.] Jerônimo de Ornelas: this very mixed feeling of

city and nature."

There was praise for the ludicity of the activity (n=1):

"I think that something that needs to reach not only us as students but

as human beings should be delivered in a more playful, less

bureaucratic, and persuasive way: interactions like the ones we had in

the forest."
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Critiques were made regarding its apparent lack of depth (n=5) and

aesthetics/sustainability (n=2), and one student expressed appreciation for the concept of

finitude:

"The information presented there was superficial and seemed to

underestimate our ability to understand the subject.”

“The signs could have a better appearance.”

Interconnection Within Nature: Activity "Photos" (Class 2)

In this activity, students were supposed to comment on a photo and/or their experience

of feeling part of the planet (provided supporting text on the subject). Two out of 7 teachers

reported not having carried out the activity with their small group of students due to a lack of

time and/or suitable classroom space after realizing the patient interview at the hospital.

Students’ comments (1 positive and 5 negative) were extracted only within their general

comments about the whole intervention, resulting in a few students commenting specifically

about this IWN activity:

"I found it very nice and connecting for the group."

"Very subjective approach that consumes a significant amount of

time."

"They did not contribute to the development of a discussion."

During the teachers' collective interview, one teacher highlighted how the exercise

allowed her to better understand her students. Based on an account from an indigenous

student, she reinforced her idea of bringing indigenous individuals to the class next semester:

"It was beautiful, very nice; the students bring things that we can't

even imagine! They brought their personal aspect; they had this

discussion about the city, where they are, where they move around,

the places where they felt connected. (...) He [indigenous student]
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presented his photo in the village with his father, mother, the forest

behind, the houses... there's nothing better than an indigenous person

to talk about this, about the relationship between humans and nature!

(...) so we could include by inviting 1 from each ethnic group, to speak

about their reality."

One teacher shared how the exercise served as a bridge to address planetary health

issues, and another emphasized that her guidance for the exercise facilitated a better

understanding of the activity for the students:

“It was very interesting because, through the photos, they made

connections with broader issues."

"They came up with some really cool things: a student who is a

musician and was playing at a wedding, and it started raining... it was

a moment when he felt very connected, as if nature was in the music."

One teacher did not report how their activity went, and one teacher emphasized the

difficulty students had in reflecting on the humanity/nature topic:

“I found it very interesting, but I feel they didn't grasp the reflection

well. One student showed a photo of herself at the beach, and on that

day, it rained, so she had to go to a cabin with fishermen to seek

shelter, and then it was like the connection with nature ended. I took

that and asked: okay, but why did the connection with nature end?

That's exactly what we're talking about, how our connection is always

there, whether we're at the beach or in the hospital.”

Discussion

The results indicated that the didactic methodologies used are quite useful for

addressing the domains of IWN and ST/C. Students, in general, demonstrate the ability to see
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the patient integrally, both in their immediate and more distant context, describing the multiple

interconnections among the various actors in their studied case throughout the portfolio and

visually in the presented network diagrams. The IWN activities posed challenges to students

and teachers, and not all students were able to fully benefit from what they proposed. However,

a portion achieved the expected goal of reflecting on the inseparability between nature and

humanity, or health and the planet.

To educate on ST/C, we have implemented the approach of a graphical visualization of

an associative sociology, namely the ANT, which connects human and non-human

actor-networks that influence each other in a chain of actions, as proposed in previous

studies.20,21 This we referred to as the "network diagram", which aligns with network science or

medicine. It facilitates the understanding of health-disease determinants at both micro and

macro levels, including biological, environmental, and social factors.22

This exercise of network diagrams enabled a visualization of the individual's context.

Being hospital inpatients, some had risk factors strongly suggestive of an established disease,

such as smoking in the case of Chronic Obstructive Pulmonary Disease. This sometimes led

students to give less consideration to other risk factors like air pollution. While not the main risk

factor contributing to the development of that particular patient, the exercise encourages

students to recognize that air pollution, for instance, acts as a risk factor for exacerbating the

condition for that individual and also for the emergence of pathologies in all those exposed to it.

Also, reflecting on the tobacco production process, for example, is also very useful in

understanding how it harms both the individual and the environment. Broadening the medical

student's perspective to include collective care remains a challenge for contemporary medicine.

Additionally, in a student case presentation, a debate on environmental racism arose, yet most

network diagrams omitted the patient's race, underscoring the need for educators to emphasize

the role of race in the social determinants of health.

An IWN approach is essential when teaching PH, encompasses cognitive, affective,

and experiential domains23 and aims to diminishing the perceived divide between humanity and

nature; health and planet. The term interconnection within nature,13 rather than

connection/reconnection with nature, is based on the studies of sociologist Bruno Latour, that

there are not two distinct types of existence, one natural and the other social; non-human and
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human. Instead, we are always dealing with hybrids, collectives of actors (networks): there is no

such thing as something purely natural or untainted by the social sphere (and vice versa) to

which one must reconnect, but rather, it is essential to recognize these associations. We believe

that this terminology is not merely conceptual but highly affects how this central paradigm of PH

is communicated and assimilated, guiding peoples’ actions.24

This study evaluated two pedagogical IWN methods. The trail faced some criticism for

its ludicit nature, for presenting information perceived as superficial, and even for its aesthetic

sense. These interpretations demonstrate the students' unfamiliarity with the method and

underscore the necessity of more guided involvement by teachers during the trail. For instance,

the poster depicting microplastics in the sea and in human organs was not only intended to

inform about the existence and risks of microplastics, but also to provoke a rethinking of

interconnection: destroying nature, which may seem distant, is in fact not as separate or

"outside" as it appears. 25

Furthermore, the limiting belief that only more traditional classroom spaces are valid for

higher education and that purely biological technical knowledge is the only relevant aspect, to

the detriment of reflections on psychosocial and environmental subjectivities,22 reinforced by the

current medical education model, may partly explain the assessment of the trail. On the other

hand, several students grasped the real intention of this IWN activity in the trail, having

expressed their reflections on the relationship between humanity/nature and health/planet.

The IWN activity involving photographs highlighted similar issues concerning some

participants' disregard or unfamiliarity with reflective and subjective approaches. Overall, this

pedagogical strategy fostered group interaction by creating an intimate space for students and

teachers, enabling students to narrate personal stories. Through this process, supported by the

text and discussions with teachers, students reinterpreted their memories and perceptions of

interconnection, leading to a deeper understanding of reality.26 For those many teachers who

couldn't conduct face-to-face discussions, the activity lost its meaning for the students.

Dedicating more class time to IWN activities could potentially lead to a greater assimilation of

the intended reflection.

As an outcome of the activity involving photos, a teacher expressed interest in inviting

indigenous people to contribute to this class in upcoming semesters. This approach has a good
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potential, considering indigenous perspectives often dissolve boundaries between nature and

themselves.24 It should be approached respectfully, with openness to listening and reflecting on

how to integrate their teachings into Western life,27 aiming for the desired educational impact.

Limitations of the study include its execution in just one university (limiting it’s

generalizability), with limited classroom time, and the impossibility to conduct additional data

collection through interviews about the IWN photo activity, leading to less information to analyze

this strategy in comparison to de IWN trail approach.

Conclusion

The current research illustrates that the didactic methodologies employed, integrating

the ST/C was crucial for students to understand patients in a systemic and contextualized

manner. Although the IWN activities presented challenges for both students and teachers, they

were also very meaningful, as a portion of students achieved the proposed objectives,

contemplating the inseparability between nature and humanity, or health and planet.
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