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ABSTRACT

BACKGROUND: Obesity-driven nutrition education in schools does not appear to result in healthier adolescent food choices.
This study explored food systems as an alternative pedagogical approach to engage students in nutrition education.

METHODS: After playing a food systems computer game, 250 13- to 16-year-old students in 5 Western Australian secondary
schools, participated in group discussions to distinguish learning and interests in food systems. Discussion records were
thematically coded using constant comparative analysis.

RESULTS: Students reported crop growth, food production and food waste, healthier food choices, and food systems as
knowledge outcomes of game play. They requested additional content on food production, costing, handling, processing, and
accessing local produce. Experiential activities were preferred pedagogical approaches.

CONCLUSIONS: Cross-curricular pedagogy which embraces human and planetary health through a food systems lens, can
engage adolescents in nutrition education. Transformational computer games are effective to engage, educate and stimulate
inquiry in food systems education.
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chools have a long-standing public health policy
Sconnection as a primary setting to promote
adolescent health, including good nutrition.!** In
recent years, due to increasing rates of child
and adolescent obesity, schools with their reach,
educational purpose, and supportive environments
have experienced renewed public health focus as
a means to deliver nutrition education for obesity
prevention.’° In many cases, obesity prevention is the
main driver of school nutrition education curriculum
and outcome measurement.® Yet significant barriers

to implementation and data showing worldwide
upward trends in child obesity and chronic disease
have led some to question the proliferation and
relevance of obesity-driven nutrition education and
interventions in schools because their impact is not
assured.”’"!2 In Australia, where school-based food
and nutrition education is mandated, adolescent food
patterns, like those of many other western countries,
are regarded as poor.'> One in 4 (25%) Australian
children aged 5-17 years and nearly half (41%) of
Australian youth aged 15-24years are classified as
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overweight or obese.!* Unhealthy diets, lifestyles, and
increasing waistlines are attributed causes of increasing
rates of early onset of type-2 diabetes in young
Australians.!>"1°

Adolescence generally refers to the period between
ages 11 and 21 years.!® During this phase, physical
growth, identity development, and independence are
shaped by personal, social, and environmental influ-
ences which operate within complex macrosystems,
including food systems.!'”'® Food availability and
access at home, at school and in the community, as
well as external influences such as advertising and peer
pressure, are powerful influences on adolescent food
and drink choices.!”"!? Food choices are also influenced
more by peers than siblings, with social interactions
partly accounting for the health-negative consump-
tion of energy dense, low nutrient value foods.2°
The prominence of fast-food density in urban envi-
ronments predominantly within the western world
and at times, near schools, further explains the high
(44%) adolescent energy intake from discretionary
and ultra-processed foods.'>!%21'22° Other research
highlights poor knowledge, disinterest, and a lack of
opportunity as impacts creating barriers to healthy
eating.?*?* These influences can lead to practices that
compromise healthy eating behaviors in adolescents,
impacting physical growth, development, and nutri-
tional status across the lifespan.!314:24-26 School-based
nutrition education is a global policy imperative
receiving increased focus for obesity prevention.>° Yet
educating adolescents to increase knowledge about
healthy food choices is no guarantee that individuals
will adopt healthy dietary behaviors.?42%27 Achieving
dietary behavior change is complex, challenging,
dynamic, and predominantly contextual.?*>242829 The
home, school, and community environments in which
students live, and their interest, motivation and skills
to select and prepare healthy foods are critical to acting
on their knowledge of healthy choices.!?283031 For
effective nutrition education, development of broader
food literacy is recommended, including an under-
standing of food systems in which dietary choices
are made.>%32

The food system is a complex web of activities and
influences that revolve around the sequence of events
in a food supply chain; primary production of food
commodities, processing, distribution, access, market-
ing, consumption, and waste management.>>>* Food
systems education is intended to create an awareness
of the entire process, along with key drivers, including
food security, nutrition and health, economic returns,
social benefits, political ideologies, and environmental
sustainability.>®> Cumulative research and transfor-
mative thinking about achieving global sustainable
development goals has identified the need for radical
changes in industrial food systems prevalent in coun-
tries such as Australia, not only for better nutrition and
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obesity prevention but also to protect the planet from
climate change and environmental degradation.?¢-38
While such changes will require policy change and
commitment across many sectors, several commenta-
tors note this could be driven by citizens with enhanced
understanding of food systems and critical food lit-
eracy to influence change.!??® Educating adolescents
about food systems is therefore critical for developing
this awareness and consciousness for protecting and
improving human and planetary health.

In Australia, food and nutrition education is
variously positioned and implemented across the
schooling years but predominantly within the subject
areas of Health and Physical Education and Design
and Technologies.>>*® Additional opportunities to
engage with and better understand food and food
systems can be embraced through learning in Science,
Humanities, and Social Sciences (notably Geography
and Commerce), and through cross-curriculum pri-
ority Sustainability.*!**> The extent to which broader
understandings of food choices and environmental
impacts are captured in Australian classrooms remains
contested because pedagogical decisions are often
based on jurisdictional policy and/or guidelines.
Differences in curriculum delivery and the success
of classroom-based learning are also attributed to
teachers’ education, pedagogical preferences, life-
experience, and personal philosophies, with teacher
self-efficacy, confidence, competence, and access to
professional learning as key.”-##4-4¢ Time poor, expe-
rienced teachers have been found to utilize outdated,
deficit, and didactic pedagogical approaches, focusing
on individual choices and what young people are doing
wrong as opposed to what they are doing right.*748
Fidelity to programs and sufficient time allocation also
impact pedagogical success.”?! In Australia, to guide
teachers in their pedagogical practice, health teachers
are encouraged to utilize pedagogies that have educa-
tive purpose, focus on a strengths-based approach,
develop health literacy skills, provide opportunities to
value movement and promote critical inquiry.*®

Despite the challenges and competing interests in
schools, research suggests supportive environments
that build on a student’s understanding of food and
nutrition education content can engage and support
lifelong approaches to healthier food choices.842
Authentic, relevant contexts are key to personalize
and connect student learning, which is further
enhanced using stimulating discussion and diverse
pedagogies to develop understanding and skills.’
Contento and colleagues also highlight the importance
of participatory and experiential learning activities
that help build student motivation, self-efficacy, and
personal agency to make healthy food choices despite
unfavorable environments.?>3! Recently, interactive
computer games deliberately aligned to curriculum
and learning outcomes, but which extend beyond
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nutrition facts and food categorization, have been
identified as promising vehicles for nutrition and
food systems education.’*~>* Through game play, it
is possible to simulate aspects of the real world,
model large, complex food systems across a shortened
timeframe and allow students to virtually experience
the consequences of actions all within 1 lesson.>® Time-
consuming processes such as sowing, growing then
harvesting crops, food processing, marketing and the
implications of food choices can be simulated.

This study aimed to explore food systems education
as a viable means to interest and engage adolescents in
nutrition education. The study examined the learning
outcomes from adolescent students playing a computer
game focused on managing the commercial, environ-
mental, and health aspects of a food supply chain
for potatoes. Qualitative responses from participating
students were explored to determine possibilities for
additional learning and the potential of computer game
play as a pedagogy engaging students in nutrition and
food systems education.

METHODS

Design

This research is part of a larger mixed methods
study: the Nutrition Transformational Games (NTG)
project conducted in 2016-2020. While the NTG
project examined all aspects of the design and
construction of a transformational game for use in
nutrition and food systems education, this qualitative
case study research conducted in 2017-2018 focused
on the educational content and pedagogies to engage
adolescents in learning.

Participants

The participants, 95 boys and 155 girls 13-16 years
old, were recruited from years 7 to 10 in a mix of
Government, Independent, and Catholic Education
secondary schools based in metropolitan Perth,
Western Australia (WA). Five participating schools
provided a demographic spread according to the
Australian Curriculum Assessment and Reporting
Authority’s (ACARA) Index of Community Socio-
Educational Advantage (ICSEA).’® The ICSEA value
is based on the socio-educational backgrounds of the
student population.

Participants were recruited via individual invitation
through their schools and specifically selected classes
that fit the age demographic for game play research.
Informed consent was obtained from school principals,
teachers, students, and parents and/or guardians.
Permissions for Government and Catholic schools
to participate in the study were obtained from the
Department of Education and Catholic Education in
WA, respectively. Permission for Independent schools
to participate was obtained from the school principal.

Instrumentation

Two classroom-based activities were undertaken
in this research. First, students, working in pairs or
threes, played a prototype computer game, Farm to
Fork.>” This game was developed following formative
research with other students and designed to align
with learning outcomes of particular curricula of the
Australian Curriculum.?>39-41:5253 The game tasked
students to grow, process, and market potatoes
to maximize health and commercial returns, while
specifically minimizing food and resource waste. Game
play was used as an instrument to stimulate student
opinions and group discussions; an approach shown in
formative work to increase student responses in focus
group discussions and to clarify concepts and content
descriptions through associations with aspects of
the game .23

After student game play a focus group discussion
activity was held in the classroom.’® This followed the
set protocol outlined below to explore the students’
and the group’s opinions of the game, game contents,
and learning effects. Responses from students in each
group to each question were recorded on a group
paper-based worksheet with space to answer each
question.

Procedure

Students were self-assigned to small groups (3
to 5 students) based on friendship or class seating
arrangements. The groups were given 1 of 3 topics
addressed by the game, assigned with the aim of having
equal groups per topic. The topics were:

1. Growing, processing, and marketing foods.
2. Waste in food supply chains.
3. Making healthy food choices.

The task for each group, in relation to their assigned
topic, was to discuss each question and record their
responses on the group worksheet provided. The
questions were:

1. What did you learn from the computer game?

2. What else would you like to learn about this topic?

3. What activities would you like to do in the
classroom to learn more about this topic?

A research team member led the classroom activity
using the set protocol, while other team members
monitored discussion within each group. When
needed, standard prompt questions were asked to
engage all students, such as ““What do you/others
think?”” The monitors also instructed and supervised
a student scribe per group to record with minimal
abbreviation, all opinions generated. After 25 minutes,
each group made a 2- to 3-minute presentation to
the class based on their group discussion. Groups
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then swapped worksheets and were given 5 minutes
to discuss and add anything they felt was missing from
the previous groups’ responses to the topic question.
A final swap was made so that every group had a
chance to discuss and record responses to each of the 3
topics. Worksheets were then collected by the research
team.

Data Analysis

Qualitative responses from student engagement in
the focus group discussions were transcribed from the
worksheets, collated into separate Word documents
for each topic and question, then thematically
analyzed using constant comparative analysis.>®¢°
This analysis involved 3 distinct steps. First, qualitative
data for each topic and question were reviewed
by a research assistant to become familiar with the
content, then data were inductively analyzed to locate
contextual themes. Next, the data were reviewed by
a second researcher, to understand the complexity of
the focus group discussions and to affirm the patterned
or recurring themes across the data.®® Any differences
were resolved through researcher discussion. Punch
reports this process as iterative and exhaustive in
identifying patterned and/or repeated themes.®°
Finally, the number of responses per thematic code
were quantified to capture the volume of outcomes
in relation to perceived learning and proposed
learning.

RESULTS

What Students Learned

Key themes relating to the 3 assigned topics and
representing learning outcomes from student game
play are summarized in Table 1. For topic 1: growing,
processing, and marketing foods, nearly half (45.9%)
of the 94 group responses related directly and/or
indirectly to the complexity and steps in the food
production process, including the time needed to
grow and produce food. The students reported being
surprised at these steps and were concerned at how
easy it is to waste food during food production. In
their discussions, 30% of group responses aligned
with the theme that waste is generated in the food
supply chain. A perception that was later confirmed
when students discussed waste (topic 2), with most of
the 76 group responses for this topic reporting that the
food supply system generates a lot of waste (41.9%),
and food processing increases waste (20.3%). Other
important learning themes related to topic 2 included
impacts of waste on the economy, environment and
society (13.5%) and waste reduction (18.9%), with
students commenting that the game made them aware
of “environmental problems in our ecosystem.” For
topic 3: learning about healthy food choices, about
two thirds of the 73 group responses focused on ways
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Table 1. Game-Attributed Student Learning Themes per
Discussion Topic

Response
Learning Theme N %
Topic 1: Growing, processing, marketing foods
(N=94)
The complexity of the food production process 29 31.0
The time needed for food production, especially growing 14 14.9
food
Waste occurs in the food supply chain 18 20.8
Processed foods are less nutritious and generate more waste 8 9.2
Advertising and marketing influence food choices 8 9.2
Facts about growing potatoes 11 8.0
Buying local and returns to farmers 4 4.6
Nothing 2 2.3
Topic 2: Waste in the food supply system (N = 76)
The food supply system generates a lot of food waste 33 419
Food processing increases waste 15 20.3
Impacts of food waste on the economy, environment and 10 135
society
Waste can be reduced 14 189
Nothing 4 5.4
Topic 3: Making healthy food choices (N =73)
Ways to make healthier choices 24 36.3
There are health benefits from healthy food choices 18 273
Healthy eating is recommended 7 10.6
Healthy eating is not difficult 5 7.6
Social and environmental benefits of healthy eating 4 6.1
Other 12 7.6
Nothing 3 4.5

to make healthy food choices (36.3%) and the health
benefits from making healthy food choices (27.3%).
Omne group related food processing to “‘the junk food
problem,” commenting that it contributed to people
““getting more fat.”

What Students Wanted to Learn in Addition
to the Game Topics

Key themes for additional learning regarding the
game topics are summarized in Table 2, with most
group responses for topic 1 (n=83) revealing that
the students wanted to learn more about growing,
processing, and marketing foods (37.9%). They were
particularly interested in how to produce foods
other than potatoes (22.9%), including the steps to
grow and harvest (15.7%), accessing seasonal, local
food (14.4%), processing and packaging (13.2%),
and marketing of foods (14.4%). Students suggested
information about ““more crops” and ‘“more foods
and animals like cows to make milk” could make
them more ‘“‘aware of what happens to food
before we eat it.”” They also wanted to experience
“what could happen if crops were harvested too
early?” and “how much water is needed to grow
potatoes?”’

Interest in learning more about the topic of waste
in the food system was also high (72 group responses),
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Table 2. Desired Additional Learning Themes per Discussion
Topic

Responses
Learning Theme N %
Topic 1: Growing, processing, marketing foods (N = 83)
How to grow or produce other foods besides potatoes 19 22.9
Specific steps in growing and harvesting 13 15.7
Seasonality, location, home grown, accessibility 12 14.4
Processing and packaging il 13.2
Marketing 12 14.4
Economy 6 7.2
Home use 4 4.8
Effects on the environment 4 4.8
Other 2 2.4
Topic 2: Waste in the food supply system (N =72)
How to reduce waste 26 36.2
What is waste and how is it produced? 13 18.0
\What happens to waste? 13 18.0
Waste statistics 12 16.7
Effects of waste 8 1.1
Topic 3: Making healthy food choices (N = 64)
|dentifying healthy foods 35 54.7
Making healthy foods 14 21.9
Importance and benefits of healthy eating 9 14.0
Cost of healthy eating 3 4.7
Importance and benefits of eating locally 3 4.7

with the students typically questioning why food
“scraps”’ from processing were not reused. They
identified highest interest in ways to reduce waste
(36.2%), suggesting additional learning could focus on
““how to be food-wise’”” and “‘recyclable products,” they
wanted to know more about how waste is produced
(18.0%), statistics pertaining to waste (16.7%) and the
effects of waste (11.1%).

Most of the interest in learning more about
making healthy food choices (n=64) focused on the
identification of healthy foods (54.7%), producing
healthy foods (21.9%), and the benefits of healthy
eating (14.0%). The students were interested in ““how
to change people’s preferences for unhealthy foods,”
why ““fries have a high demand?”” “how many people
really buy unhealthy foods?”” and ““why people find
junk food tastier?”’

How Students Would Like to Learn More About Topics
in the Game

Group responses (n=138) identified immersion
activities (48.6%) as the most preferred pedagogical
approach to learn more about the game topics. This
included activities like computer game play, field
trips, growing food, cooking food, and composting
and recycling activities. They perceived these types of
experiential activity as a better way to self-connect to
food production. Research and discussion activities
(16.7%), games and quizzes (13.8%), and videos
and other media (10.1%) were the other suggestions
(Table 3).

DISCUSSION

The poor diets, increasing prevalence of unhealthy
weight and early onset of type-2 diabetes in young
Australians suggests that school-based policy, curricu-
lum reform, and obesity interventions are either not
fully implemented or are not working, and more is
needed for Australian schooling to effect healthier eat-
ing in the young.!!"1>°° The current study investigated
food supply chain management via computer game
play as a pedagogical approach in nutrition education
to support learning outcomes promoting adolescent
health.

The study results confirm that a shift in focus
toward food systems may help schools to effectively
engage and support adolescents to become critical and
reflective consumers of food products. The Farm to
Fork game aligns with current global understanding
that human and planetary health are linked and that
the way we produce, distribute, and consume food
are important contributors to both outcomes.?>3861
Our results show that students are interested in
learning more about these aspects of food systems,
thus providing a focus for engagement in education.
By considering the whole food system schools can
provide opportunities for engaging students and
developing food literacy not just in health learning
areas but also across science, geography, business,
and economics—and more broadly in sustainability

Table 3. Preferred Pedagogies for Learning More About Game Topics

Learning Topic

Food growing, Waste in the Making healthy % all
Pedagogical Approach processing, marketing food system food choices Sub-total (N=138)
Immersion activities 18 18 31 67 48.6
Research and discussions 6 9 8 23 16.7
Games and quizzes 3 7 9 19 13.8
Videos and media 5 4 5 14 10.1
Creative activities like posters 3 2 1 6 4.3
Incursion activities 2 2 2 6 4.3
Cross-curricular activities 3 0 0 3 2.2
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education. Suggestions for achieving this in the
Australian Curriculum context are outlined in the
teacher guide to the Farm to Fork game.>’

The strength of this study is the use of a purposely
designed computer game that provided students
with experiential learning of complex processes
related to food systems over a relatively short time
frame.>>>> The game not only provided education
but also stimulated inquiry, and students were given
an opportunity to describe in their own words,
immediately after playing the game, their impressions
about what they had learned and what else it triggered
them to want to learn and how. Like other Australian
research, this study confirms that adolescents want
to be engaged in food and nutrition education, but it
also shows students are interested in a more holistic
understanding of food beyond health, including how
it is produced and the environmental and economic
inputs and impacts.?*>>

The finding of dominant participant requests for
similar game play for other foods also reveals that well-
designed food systems games can stimulate inquiry
to explore various factors associated with a range
of foods including both fresh produce and ultra-
processed foods. This form of inquiry, and critical
reflection toward behavior and health is a tenet
deeply rooted in the philosophical underpinnings of
Australian curricular and particularly, the Australian
Curriculum for Health and Physical Education.>”

The participants were curious about when and how
agricultural commodities became processed and ultra-
processed, low nutritional foods, and they wanted
to know more about the long-term impacts of these
food choices. The immersive activity of computer
game play, via a shortened timeframe, provided a
meaningful decision-making element that allowed
them to make sense of, experiment and connect food
choices with health. In the case of this study and
the computer game Farm to Fork, the participants
were able to experiment with growing, processing,
and marketing foods, as well as manipulating food
supply and advertising campaigns to observe the
effects on purchases of healthy or unhealthy foods,
and ultimately on avatar weight status and broader
community health. The favorable qualitative responses
from this study indicate that other similarly designed
games could broaden adolescents’ critical perspectives
on their food environment and help them to develop
contextual health literacy skills, especially in settings
outside the home and when influenced by peers.
Such settings include school meal services, sports
venues, fast food outlets, and ultra-processed food
retailers.7-62:63

The findings of this study also show that adolescents
are interested in learning more about the steps in the
industrial food chain and specifically, the impacts of
food production, processing, and packaging on the
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environment. The participants were surprised and
concerned by the amount of waste in food production
and were compelled to learn and do more about
reducing food-related waste and/or recycling wasted
food produce. Their request to better understand
food-related waste, food by-products, food reuse, and
food up-cycling demonstrates their interest in more
sustainable and ethical living. This inquiry and critical
reflection linking consumer and environmental health
bodes well for young people’s engagement with food-
related citizenship education in secondary schools and
reflects the Australian Curriculum’s cross-curriculum
priority for students to be educated with the tools and
language to engage in sustainable practices.

The potential for linking health promotion and
environmental sustainability together in schools has
been noted previously, especially for food and
nutrition.®*%¢ An increasing number of interventions
have explored the feasibility in secondary schools
not only of linked cross-curriculum education but
also of supportive school policies and environments
that model healthy sustainable food systems such as
school produce gardens, farm and supply chain-related
activities, local provisioning of school meals, and food-
related waste management.®’-7% Active involvement
of secondary students in such activities can offer the
immersive learning experiences favored by students in
this study and thus reinforce formal classroom learning
in the broader school and community environment.

IMPLICATIONS FOR SCHOOL HEALTH POLICY, PRACTICE,
AND EQUITY

To harness the curiosity young people have
toward food systems and effectively capture the
potential of the school setting, this study has
several implications that could support healthier food
choices in adolescents. We therefore recommend the
following:

e Broaden pedagogical approaches in nutrition educa-
tion by applying a food systems lens to classroom
learning. For this approach, we encourage teachers
to move away from an end-user perspective and
embrace a more holistic and experiential view of
nutritional health. That is, start from the beginning
and facilitate students to connect with food, food
production, food processing, food marketing, and
food consumption so they better understand the
systems that influence and are influenced by their
food choices.

e Provide opportunities for engaging students and
developing food literacy across science, technologies,
geography, business, and economics, with an under-
standing that food systems education contributes to
student development as global citizens supporting
better human and planetary health.
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¢ Explore computer game technology and/or immer-
sive activities in nutrition and health education
more broadly, to simulate behavioral choices and
consequences both beneficial and otherwise. Allow
students to take virtual or imaginary health risks,
make mistakes, problem solve and interact with pre-
dictable and unpredictable health outcomes.

e Engage students in complementary experiential
learning through supportive environments that
model healthy food systems such as school produce
gardens, farm and supply chain-related activities,
local provisioning of school meals, and food-related
waste management.

Limitations

This study has several limitations. First, the sample
size, although over 200 students, was constrained to 5
urban schools. More themes may have been generated
across the 3 topics with the inclusion of additional
schools in different contexts, such as rural. Therefore,
generalization to other localities and contexts within
and outside Australia is informative but not specific.

For practical purposes, data collected during focus
group discussions were self-reported by a student
notetaker and may limit accurate, comprehensive
transcript reporting of the group discussions. Ideally,
studies would record and transcribe the student
discussions to ensure the range of suggestions were
a complete representation of the discussions.

Discussion was in response to questions set by the
researchers and related to the topics in the featured
game. Therefore, the qualitative themes generated in
this research are game specific and unlikely to address
all aspects of food systems education, nor specifically
their influences on adolescent food choices.

Finally, student consideration of classroom peda-
gogies for food systems education may be limited to
that of previous experiences, especially the immediate
experience of computer game play, and may not have
considered all pedagogical approaches available.

Conclusions

Findings from this study suggest that learning
approaches which embrace human and planetary
health through a food system lens can engage ado-
lescents in nutrition education. The study highlighted
playing transformational computer games as an engag-
ing way to educate and stimulate inquiry in food
systems education, and that young people want to
learn more about production, processing, marketing,
and healthy food choices in a range of food systems.
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