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Abstract: In 2013 Hedmark University College conducted a research project where students from a game development
project/study program developed and tested a Pervasive Game for learning as part of a class in System Thinking. The
overall game goal was to teach Sustainability through System Thinking, and to give the students a real world experience
with their game;. It was tested on 5% and 7™ graders in elementary school, spending one school day in each of the classes.
This article focuses on the design of the project: how the game was developed, how the children played it and how
research was designed and data collected.
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1 Introduction

Making and modifying games have been a large part of children’s and young people’s lives in recent years due
to the many game engines made available to the public for free. During the process of modifying games, and
even making totally new games, the children learn about making graphics, animations, programming, game
design, system thinking, collaboration, creativity and even pedagogy and psychology when they strive to make
their games fun.

Tapscott (2011), the writer of the book on The Net Generation, has some thoughts on what this generation
wants. He claims they want to have fun and that 58% of them say that having fun with a product or service is
just as important as what that thing actually does. He further claims that if you employ any of these people,
you must realize that they also want to have fun at work. They want to collaborate and have relationships.
They want innovation and creativity. They want speed. They want to customize everything. Whether it’s
designing their own t-shirts on Threadless.com, or selecting which widgets to put on their desktop, this group
wants to do things their own way.

Of course, these claims and facts have not gone by unnoticed by researchers and learning designers.
Researchers like Gee (2004, 2007, 2010) and Schaffer (2008) argue that games can be a powerful learning
environment. They point out that when young kids are playing or modifying games while having fun, learning
comes naturally, while in traditional schools the children have to study theoretically and accumulate
knowledge for a long time before they can practice. Gee describes how he experienced learning in games with
his son, and how he tried to read the game manual first and found he didn’t understand the game at all. Then
he tried the other way around, playing the game first, and then reading the manual. And then everything was
very clear. That’s what kids do - play first and then read the manual to understand what is necessary to know
to solve the game. This is “learning by doing” (Dewey, 1916) and “learning just in time” (Gee, 2007).

Using games for learning is basically about gamification: applying game design and game technology to
“serious” learning to bring back the motivation and fun (Deterding et al. 2011). However, although the word
“gamification” is quite new, games have always been seen as a useful tool to increase fun and motivation in
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learning. During the last 10 years we have seen rapid advances in digital technology that allow children to
interactively “experience” and solve “real world problems” virtually in simulations that contains advanced 3D
environments, animations, pictures, film, and sound simultaneously. Furthermore, these environments work in
real-time over the Internet and let the children share their experience with other children from all over the
world in a way that has never before been possible. By gamifying school topics in these virtual environments
we can not only bring back the fun factor and create motivation, but also drill skills, do assessment
automatically and create virtual social societies where the children can practice their theory in a fun way (Gee,
2010). Examples of such environments that “accidentally” also work as virtual learning environments are
many; for example Minecraft, which teaches young people to design and build 3D environments, Moviestar
Planet, which teaches the children how to make movies, how to create new identities or how to handle fame
and fortune, or virtual worlds like Club Penquin, Habbo or Stardoll, which teach young children responsibility
for their pets, or how to earn and save money. In all these environments the players learn collaboration,
teamwork and how to handle peer comments/reviewing from kids all over the world. Today these games and
virtual environments have hundreds of millions of users who are from 5-15 years old (KZero, 2011), and they
serve as an informal learning environment for children of all ages. Gamification is also about formalizing these
informal “learning environments”, and using them beneficially in traditional learning and class environments.

System thinking goes hand in hand with game development; games are systems. Through games and system
thinking the students and children can learn how events in the real world are connected and influence each
other in a causal way. System thinking can also be used to construct games and teach the students how
different parts of the game interact and perform. It can even let the students construct and simulate systems
that would usually require a deep mathematical understanding of differential equations without knowing the
mathematics. In the K12 education in the US system thinking is an important topic; recent research shows that
children that are taught System thinking think more critically, express thoughts more clearly and understand
more complex problems than children who don’t learn system thinking (Lyneis and Stuntz, 2007).

Sustainability is an increasingly important topic in schools, and its cross-disciplinary nature involves many of
the important topics in school. Topics about sustainability are therefore usable as “environments” for teachers
to embed stories that involve many important school topics at the same time. While it in itself is a competency
aim and a goal in the curriculum, it naturally leads both game developers and players into problems that force
them to learn mathematics or physics, which for many children are seen as “serious” and “boring” topics.

While developing digital games that incorporate all the above is very time consuming and requires special skills
teachers usually don’t have, pervasive games is about creating simple games in real-world environments that
use common digital tools, internet, pre-made simple games and virtual environments that schools and
teachers already have access to in schools. In our project the development of the pervasive game was done by
students studying game development, but this type of game is so simple to make that ordinary schoolteachers
could equally well have made it. So the project then also served as a learning project for the teachers involved.

2 Scope and Objectives

There are clearly two groups of learners in this project: the students who make the game and the children who
play the game. The main goal for the children was to learn sustainability and to understand how system
thinking could be used to see how things in the world were connected. The main goal of the game then was to
motivate the children to learn the sustainability and system thinking content in the game as well as trigger
their interest to learn more about the topics the game presented to them.

The main goal for the students was to learn system thinking, and the game development task and the game
playing done with the children was implemented to motivate them in this.

This article mainly focuses on the design of the project: the theory foundation, the game design and the
research design and data collected. The article does not contain a thorough data analysis of the learning
outcome or the motivation, but has a discussion in the end where we loosely discuss observations and thoughts
during the implementation of the project.

2.1 Theoretical points of departure

A working hypothesis for the project was that the combination of game development, in this case pervasive
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game development, and teaching and facilitating based on the principles of problem-based learning (PBL),
would create a working environment which would enhance the students’ motivation to learn system thinking
and enhance their operative and innovation skills in this particular area. Furthermore, their learning was
expected to proceed more efficiently in such an environment than in traditional teaching environments, such
as lectures. In addition to the game development tasks, another prerequisite of the course was that the
students should experience the children playing their game to get a feel for how emergent their game was
compared to commercial games for entertainment, and how the children understood the sustainability issues
presented in the game and their links through system thinking. This approach would hopefully maintain a
sense of ‘fun’ as well as linking students’ outside-of-school experiences to their educational reality.

The course design was then theoretically inspired by the ideas found in the sociocultural theories of situated
learning (Lave and Wenger, 1991; Wenger, 1998; Wenger, 2006), but also by cognitive theories such as
experiential learning (Kolb, 1983) and the more modern approach of situated cognition studies suggested by
James Paul Gee (Gee, 2010). Situated cognition theories bring in theory from other disciplines such as physics,
psychology, brain research etc., and emphasize the conviction that thinking is connected and that it changes
across actual situations, where thinking is not a process of applying abstract generalizations, definitions and
rules, but rather dynamic images tied to our perception of the world and our bodies, feelings and internal
states (Churchland, 1986; Damasio, 1994). Cognitive activities are tied to experiences of goal-oriented action in
the material and social world and we think at our best abilities when we use previous experiences to prepare
ourselves for future action. Gee (Gee, 2010) uses so-called connectionist or networked computers that search
for and store patterns from the outside world as an analogy; humans look for patterns in their experience, and
as they grow and their experience accumulates, they will discover deeper and more subtle patterns, which will
help them predict what might happen in the future when they act to accomplish their goals.

Situated learning builds on the idea that participation in a community of practice with a common content, goal
and mutual engagement stimulates and facilitates learning. In our project the game development class or the
game playing community constitutes such a community of practice. While the students or children are busy
designing or playing a game they learn system thinking or sustainability, almost without noticing. The main
impact of the situated learning theories to the system thinking course-design came through acknowledging the
situatedness of knowledge and the need to create learning situations in which theoretical ways of knowing
were deeply connected to complex practices in which the students were expected and wished to participate.

Problem-based learning originates from the medical school in the 1960s and was first implemented by Howard
Barrows and colleagues (Barrows 1980). The students were organized in small groups, usually 6-10 persons
led by a tutor. The focus of the groups was to solve problems from the real world they were about to enter,
and to study the theory they needed to solve these task themselves. The tutors’ roles were more supervisors
and facilitators than a traditional teacher. Problem-based learning has since then become an independent
pedagogical concept often used in all levels of education. The principles of problem-based learning can be
described as follows (Pettersen, 2005, p. 127):

= The study builds on practice-related case descriptions, reports and studies
= The students — both individually and in groups — receive support, assistance and monitoring from a tutor

=  Students should develop practical ways of working and develop learning strategies for studying along with
practical problem solving and logical reasoning

= Students have the responsibility for their own learning in collaboration with their tutor, with the emphasis
on self-regulation and student autonomy

=  The teaching, the curriculum and the actual courses are organized in ways that maintain cross- and
interdisciplinary approaches

=  The study program should facilitate authentic tasks and challenges, which qualify for the students’ future
professional lives.

The PBL model will in addition usually follow the steps below (based on the 7-step Maastricht model

(Maastricht University, 2013) where the first 5 steps are put into one):

=  Brainstorm and analyze the problem and define goals and learning objectives.

= Self-study period
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= Debriefing and post discussion.

Step 1 is the initial phase where the students clarify the problem, define the learning goals and identify the
theory they will study to solve the problem. Step 2 is the phase where they work alone, while step 3 is the
presentation and the debriefing session.

2.2  System thinking and system analysis, a short primer

System Thinking is a common concept for understanding how causal relationships and feedback work in an
everyday problem. It has two parts: System Analyses and System Dynamics. System analyses are an easy-to-
understand language that describes the connection and causalities in the system, while System Dynamics is
the numerical simulation of the system. System Analyses includes group modeling, where we ask the initial
questions of the problem and create a mental model structure, using Causal Loop Diagrams. While System
Dynamics goes beyond the scope of this paper, we have included a simple primer to understand the basics of
System Analyses below.

The basic method in this study is system analysis using causal loop diagrams as defined by Senge (1990),
Sterman (2000), Haraldsson and Sverdrup (2004) and Sverdrup and Svensson (2002a,b) Because of the
unsustainable path of world society outlined in the introduction, the scope of this study is to investigate a
commercial activity that is recognized as unsustainable at present, and explore how to transform it to a
sustainable activity. We will further investigate how that activity connects to society and policy planning. It is
outside the scope of this study to create numerical simulations models; the discussion remains at the
qualitative causal level. Our working hypothesis is that a free market needs both freedom to operate but also
distinct and clear rules of engagement, as well as the provision of a market arena. We postulate that the state,
business and customer each have necessary roles to play to make a sustainable system out of these essential
components. The problem is analyzed using system analysis methods, and clarified using causal loop diagrams.
The main tool is called the causal loop diagram:

Cause

+'—h

Effect

What this says is that the CAUSE is the causality creating the effect. And the plus on the arrow says that the
more cause we have, the more effect we get. It is not sufficient that CAUSE and EFFECT are correlated; there
must be a real casualization. The next key issue is, does EFFECT have any feedback on CAUSE? If it does, we
need to draw an arrow, and add a + if more of the EFFECT gives more CAUSE or a — if more EFFECT gives less
CAUSE.

Something

When this is done, we ask again, is there something else that is affected? Normally there is. And then we draw
an arrow from CAUSE to SOMETHING ELSE. And we ask more or less and put the — or the +. And if SOMETHING
ELSE has any effect on the EFFECT parameter we draw a signed arrow there too. It could be as shown in the
figure above. In the Causal Loop Diagram (CLD) we have two closed loops, one called B and one called R. If we
walk a round the loop called R, starting at CAUSE, then because of an even number of -, an increase in CAUSE
will come back and cause more increase in CAUSE. We call this a Reinforcing loop (R). Another way to see this
reinforcing loop is as a positive feedback loop where the increase of “Something Else” leads to an indirect
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increase to “Cause” through the mediation of “Effect”, and only because a decrease in “Effect” leads to an
increase in “Cause”. In the other loop, there is an increase in CAUSE which will cause an increase in EFFECT,
but an increase in EFFECT will cause a decrease in CAUSE. And increase comes back as a decrease; it is a
Balancing loop (B) (Sterman 2000, Senge 1990, Haraldsson and Sverdrup 2004, Haraldsson 2004, Sverdrup et
al., 2014).

2.3 A sshort definition of sustainability

There are different ways to define sustainability, and some even make a point of saying it is not definable. We
think there are basically two ways: the difficult one with all the details, and the simple one. The simple
definition is quite old; it was given by the emperor Augustus of the Roman Empire in relationship to the
engineering of the future Imperial Roman road network. He defined a sustainable plan to be “a plan that could
be followed forever, without ruining the functions of the Empire”. He thus recommended the road
construction to be done according to principles that would allow them to be used and kept up “forever”. In a
vision of a sustainable society, we would like to have a similar vision. There are several names for sustainability
out there, and we need to consider which of those are adequate, inadequate, sufficient or necessary. We
should discuss the following central concepts:

= Sustainable society
=  Sustainable growth

=  Sustainable development

In the items below, each one of these will be assessed and commented on. Sustainable society. This is a
society that can go on for as long as we can reasonably foresee. It is not dependent on growth, but may
persist and prevail on a steady level. It is achievable under certain conditions. In a sustainable society there
will be growth within the sustainability limits, but also de-growth of what is in excess of the sustainability
limits. Growth and de-growth will be in a long-term balance with each other, like waves that rise and sink, as
at sea. Overall, the resource use stays within the sustainability limits. There are sustainability limits for the
biophysical system, the social system and their interface - the economic system. Sustainability in all aspects
will be required for a sustainable system, as defined in the Tripple Bottom Line (John Elkington, 1997), which
is emblematic to the importance of system thinking in problem areas of Sustainability. Sustainable growth is
more problematic. There is no real consensus on how this concept is to be uniquely understood. Sustainable
growth was the focus of the Bruntland commission, and very useful in getting the discussion started and
focusing on the fact that the present civilization is not sustainable. The Bruntland Commission defined
sustainable growth as “the growth that sustains the needs of the present without compromising the welfare
of future generations”. It allows for perpetual growth in a finite world, and does not deal with several goal
conflicts built into the definition. The present generation should have everything they want and the future
generations will have that too. The Bruntland definition was important because it made the necessity of
sustainability research evident and pointed towards the need to come up with solutions. But the definition
itself is no more than a starting point. It is not sufficiently stringent, it is flavored by political correctness, it
allows unlimited growth. However, sustained mass growth forever is a thermodynamic impossibility, and thus
a dangerously unsustainable approach. Sustainable development is about developing within the sustainability
frames that exist for society. It implies that there are quantifiable limits to physical consumption and to
material use losses, limits to natural system acceptable damage, and that development must be understood
under such conditions. Sustainable development implies development within the sustainability boundaries. It
may mean material and energy consumption contraction and convergence, and for societies in resource
overshoot, contraction for all. It means that for some situations, we may be wise to consider supplying
sufficiency for the many before affluence for the few. Sustainable development concerns not only physical
aspects, but also involves development of the social sphere and of society’s structures (Costanza and Daly
1992, Costanza et al., 1992, Sverdrup and Svensson 2002, 2004, EU 2008, 2014).

3 Project Design

The methodology should bring together the 4 major fields into one unity - System thinking, Sustainability,
Game development and Adaptive learning - and describe how this was designed and consepted.

The frame for the project was a 6-weeks full-time course in system thinking for second year undergraduate
students in a bachelor course in Game Technology and Simulation in the game technology studies at Hedmark
University College. In the first 3 semesters of their education these students had studied game design, 3D
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modeling, game programming, animation and project-based game development, and had the basic knowledge
in game production. System thinking and Sustainability were new to them and were taught through projects in
this class. So was the basic theory for making the pervasive game.

The first half of the course was used to teach them system thinking, system analyses and system dynamics in a
traditional way through lectures and sustainability assignments (Meadows.et al., 1972; Forrester, 1971; Senge,
1990; Sterman, 2000; Schlyter et al. 2012; Sverdrup et al. 2014; Haraldsson and Sverdrup, 2004). The last part
of the course (3 weeks) was used to teach and develop the various aspects of the pervasive game.

During a brainstorming process with the whole class, it was decided that the game should be based on core
curriculum goals from elementary school, and that the pervasive game should include three digital mini-games
also developed on themes from the core curriculum. It should be possible to play the game in one school day,
which essentially means 5,5 hours.

The students were divided into four groups with three to six students in each group. The largest group was
responsible for the overarching pervasive game, while the three smaller groups made the digital mini-games.
Every day in the development period, the class had a meeting to discuss the overall game design, the
development progression, and how to solve challenges that arose during the design- and development
process.

Due to the short development time for the game and the students’ relatively little practice in system thinking,
we decided to provide the students with basic system CLDs (Causal Loop Diagrams) of the mini-games. These
CLDs gave them a broad overview of the system for which they were to create the games. The students would
have to pick a part of these large systems and modify the CLDs so they reflected their own game design. The
CLD for the main pervasive game had to be developed from scratch. Several system thinking sessions were
also held in this period, which ensured that the students really used system thinking in their game
development, and the game became consistent in terms of the sustainability content. The system models were
programmed in Stella and the three digital mini-games in the Unity game engine. To preserve the sustainable
solutions simulated in Stella, equations and results from Stella were programmed directly into Unity.

The students had to perform two internal design reviews. These were basically playtests with the aim of
revealing and mending flaws in the game design. The students should conduct the first playtest alone, while
the second was more thorough and used SurveyMonkey to plan, define and store the results.

Project management was to be in focus every day too; each group was to continually maintain project plans
and time estimates, and every student was required to write personal blogs from the development every day.
These blogs served as notes for the mandatory research report each student had to file after the course and
project were finished. This report should focus on their own learning, motivation, creativity and collaboration
skills as well as their reflections on the system thinking used in the game. They were also to write about the
implementation phase and the game play done by the children.

4 Methods and Research design

The Research design includes several research methods and could be described as Practitioner Inquiry as
stance (Cochran-Smith & Lytle, 2009). According to Cochran-Smith and Lytle practitioner includes action
research, teacher research, self-study, the scholarship of teaching and using practice as a site for research.
Practitioner inquiry intentionally blurs boundaries between teaching, practice and inquiry and research data is
systematically collected throughout the process. The design also draws on methods from system dynamics
theory such as system analyses and causal loop wrapping and loop analyses in order to understand system
dynamics (Senge, 1990; Sterman, 2000; Haraldsson and Sverdrup, 2004). System analysis is used to map
causalities involved in the processes studied. These causal loop diagrams constitute knowledge-maps for the
system, and these are iteratively tested against data, experiences and qualitative information in a “learning
loop mode” as illustrated in Figure 1. The system analysis process becomes an iterative adapting learning
process (Senge 1990). When non-researcher are present, such as stakeholders or students, then these are
included in the process, the term for this is an adaptive social learning process, a powerful participatory
pedagogical tool.
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Figure 1: System Dynamics Theory and the Researcher learning loop for the project.

Research data were collected from all parts of the project. The researchers took notes and pictures during the
game development process with the students as well as in the game playing with the children. They also made
meeting resumes from the many meetings during the game development process.

The students supplied research data in the form of their report (se above). They also had a 4-hour system
thinking exam after the course which hopefully would give us some data about their learning. Finally they filled
in a thorough course evaluation where they could anonymously give their views on the course.

The children filled in a 17-page diary that summed up learning from game experience, and had an hour-long
system thinking session in the end of the day that was documented thoroughly by the researchers. The
children’s teacher, who knew the children well, also observed the game playing and gave the research team
valuable background information about the children playing the game.

5 The game

As mentioned above it was decided that the theme of the game should be based on core curriculum goals
from elementary school, and we selected “explain how production and consumption can destroy ecosystems
and pollute earth, water and air, and discuss how this can be prevented and repaired” to be the main theme of
the game.

Further, the game should be cross mediated, meaning that it should contain a well-written narrative that
should be told through actors, webpages, videos, clues on different locations and the digital mini-games.

Taking the core curriculum as inspiration the students decided to implement the following digital mini- games:
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=  adigital game showing the relationship between human consumption and the ecosystem, and how we
can prevent and repair the pollution of earth, water, and air.

= adigital game showing refugees what they can expect their lives will be like as refugees.
= agame showing ecological principles from the perspective of an earthworm.

To create a coherent and logical structure, both the digital games and the overarching pervasive game should
be designed and analyzed using system thinking. The picture below shows an overview of the project.

Consumption and the
Human Support System

Refugess

in the World and Here

Figure 2: The overall pervasive game.

The picture shows how the overall pervasive game includes 3 digital games; the island game, the refugee game
and the earthworm game. Below, the 3 digital games and the overall pervasive game are described in more
detail.

6 Thelsland game

The Island game focus was to show the relationship between human consumption and the ecosystem, and
how we can prevent and repair the pollution of earth, air and water. The goal was to build, balance and trade
the recourses of an island. It was designed to teach the children about the balance in nature; how we need
factories and products, but also that we can make things in a more sustainable way than we currently do. We
showed them that we need to think about where food comes from, that production and consumption create
waste and CO,, and that this waste can ruin nature and make living there in these conditions unpleasant or
impossible. Hopefully the children will learn that an island can prosper if they have fugitives come to their
place, but also that the fugitives will need the island to adjust to their new situation.
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Figure 3: The Island game screen, the initial CLD and the students CLD.
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The CLD shows how an increasing population leads to the production of more products and consumables, and
to more pollution and waste. The amount and quality of water and food suffers and leads a race for resources
and even war. Mining of materials and the production of fertilizers can increase the production of food but
they require more mining of metals. Recycling can also increase the availability of minerals and metals, but
increases the amount of waste.

6.1.1 Gameplay

When the game starts the players have many workers, but very little food to give them. The children will have
to build factories and fishing boats and farms to feed the workers. They will quickly run out of workers, and to
gain more of them they will have to play the Fugitive Game where, upon completion, they get a color code
that will give them more workers. But, with more workers they need more food, and they have to go play the
Earthworms game to be able to grow food more efficiently. They now have food and workers and can start
building factories. However, factories and power plants pump out harmful chemicals and CO,, so they have to
find a way to stop the CO, level from getting too high. The solution is finding some money in one of the other
game storylines. They can also trade goods and services with the actors to earn more money. When they have
collected enough money they get a code for solar panels and a code for trade. They will then be able to build
factories that run on solar power and use half of the energy without exceeding the dangerous CO2 level.
Finally, they can use the extra food they have to trade with other islands, making their island balanced and
prospering.

6.2 The Earthworm game

While the previous game showed the larger picture, depicting how different components in the world were
linked together, we also wanted to include a game focusing on the small details. This was to show that small
things in nature also had an impact on the larger system. We therefore included an assignment to make a
game showing soil ecology and fertility from the perspective of an earthworm. From that perspective we
decided to include a digital game showing ecological principles from the perspective of an earthworm.

The core goal of the Earthworm game is to get the best possible harvest. The player can achieve that by
moving earthworms to the different parts of the soil (see picture below) and use as little pesticide as possible.

i
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Figure 4: The Worm Game screen, the initial CLD and the students CLD.

The CLDs shows how a greater population of Earthworms gives a less compact soil structure and lets air, water
and nutrients flow into the soil and give the soil better fertility. The farm productivity may increase both with
the use of heavy machinery and pesticides and lead to a larger food production, but the CLD also shows how
the heavy machinery leads to a more compact soil and that fertilizer kills the earthworms. Lastly the CLD
shows how soil with a healthy population of earth worms leads to a better soil structure, which is less exposed
to erosion.

The gameplay is very simple- it’s all about making the corn grow as fast as possible. To do that the children will
have to move the earthworms to the parts of the soil that need it the most, and keep the amount of pesticides
as low as possible (to avoid killing the worms). The more worms you have in the soil, the better becomes the
crop. If bugs come to eat your crop, you may have to use pesticide to not lose the crop, but the more you use
of them, the more you kill the worms, which in turn impacts your crop. The game goes faster and faster which
makes it harder and harder to place the worms in the right place.

6.3 The Refugee game

The Refugee game is a bit different from the other two games in that it doesn’t necessarily focus on the larger
system, but more about identification and understanding how it feels to be a refugee.
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Figure 5: The Refugee game screen, the original CLD and the student CLD.
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The CLD shows how poor quality of living and war leads to more refugees and how more refugees leads to
higher consumption, greed and a race for resources, possibly war, climate change, and lower quality of the soil
system and livelihood subsidence.

The gameplay in this game is also very simple; the children have to avoid danger and collect enough food to
survive during their escape from their war-torn land to another country to apply for asylum. When they
survive and get to a new country their application for asylum is tried with regards to the probability of getting
asylum in that country (based on the real numbers). The children very often felt it was unjustified that their
applications for asylum in the new country were not accepted after all their struggles and hardships.

6.4 The Pervasive Game

The fourth and largest student group were to create the overarching pervasive game. The focus here was on
making a good story that integrated the smaller digital games in a consistent way.

The game started with a video of a refugee who had to flee his country because of famine and war as a
consequence of pollution and climate change. The children find his video blog, and a request to find out what
has happened to the environment in his country and how pollution and climate change there can be
prevented. The players will then be divided into teams, and each team will receive a backpack with a pair of
walkie-talkies, riddles and clues, a treasure map, computer passwords and a notebook. They will then have to
solve the clues at different locations around the school, and talk to actors about sustainability-related subjects
to be able to proceed in the game.
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Figure 6: Blackboard sketch of the final game.

6.4.1 Pervasive game actors

The game contains several characters, and the students took the roles of actors. These characters were:

=  The gardener: The gardener talks to the children about ecology, biological diversity and pollution. The
children will help him plant vegetables and in return he will give them new quests related to trading.

=  The King of Earth Worms: According to the legends, this mythical creature is about the size of a man
residing in the area around the school. This character talked to the children about the importance of the
small creatures in the ecosystem.

= The locksmith: This character will help the children create a key for the treasure chest they had found, by
using recycled metal. This character talked to the pupils about the importance of recycling.

= The merchant: The merchant will give the players trade-related quests, and teach them about fair-trade
and resources.

= The guides: Each team was appointed one student guide that they could request help from if needed.

=  The refugee: The refugee will first appear in the video that is shown to the children, and will return
towards the end of the game to talk to the players and discuss their experiences.

Below are a flow chart and the CLD for the game. The CLD shows how the mini-games are integrated with
each other and the pervasive game. For example, the Worm game has to be played and won to have food

164 ©ACPIL

www.ejel.org



Anders Nordby et al

resources for the island game, and the Refugee game has to be resolved to have a workforce for the factories
and the power plants, also in the Island game. The treasure in the Pervasive game has to be found to be able
to buy things in the Island game. The CLD also shows how the pollution, war and food/resources are the bases
for the refugee escape, and how earthworms are needed to make food grow.
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Figure 7: The Pervasive game CLD is shown as developed by the students. This shows the overall system causal
loop diagram with all the small games inside the large.

An action flow chart is shown in Figure 8.
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Figure 8: Game flow chart. The different action is color coded in the following way: Yellow — Actors, Green —
The codes needed to solve the game, Magneta — Hints and passwords, Purple— Mini-games, Dark blue —
Locations and actions.

6.5 The aftermath

After the game was completed, the children were given the refugee’s diary. This 17-page diary has two
functions. First, it was a way to summarize the main principles they had learned from the game in a way that
was closely related to the narrative of the game. Secondly, the diary included several written assignments that
the pupils have to solve, related to the game they have played.
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After the children had filled in the diary they were gathered in the classroom to conduct a system thinking
debriefing session. This session was led by one of the teachers who asked the children questions about the
different parts of the game, and how they were connected. Another teacher drew a system CLD on the
blackboard from the children’s answers and made connections and signs in the way the children wanted them.

7 Discussion

This section discusses briefly some of the thoughts after the game playing in the elementary school.

Firstly, the energy, enthusiasm and creativity the children put into playing the game was impressive. They
exhausted the assigned student helpers in 30 minutes, and the children basically solved the game that was
meant to last the whole day in 2,5 hours. It was very clear that they considered the game playing fun; one child
later enthusiastically called the day the “best school day ever”. We could also see some of the same
enthusiasm during the work with the diary and the system thinking session and some children went to the
library to borrow books to read more about the things they had learned in the game.

The diary was designed in a way so that we should be able to check how much of the sustainability-related
topics from the game they had learned, and also if they understood the related connections between them. All
the children filled in this diary, and when we later studied them we found that the majority of the children
summed up their sustainability knowledge in a thorough and good way, which indicates that there was a good
learning outcome from the game.

The system thinking debriefing session enabled us to check further how much of the connectivity between the
events they had understood. Within an hour the blackboard contained a fairly complex CLD, which impressed
both the students and the research group. This leads us to believe that games are a good way to teach system
thinking. We believe the system thinking sessions could be even longer and more thorough without boring the
children.

The children’s elementary school teacher pointed out that the children who normally didn’t like the traditional
school teaching excelled while playing the game. They paid attention, they progressed quickly, and they
showed leadership skills. This shows that teaching through pervasive game playing in school also can help to
activate those children who do not so easily fit into the traditional school system.

Observations indicated that the students also had fun both when they developed the game and when they
observed how the children played it. They also wrote the same in their reports; below are some of their
comments:

=  “It has been very fun to participate in this project, with the best part being the playtest with the 5"
graders. | am satisfied with the whole project, and although it was hard to see how everything would turn
out when we started the project, we managed to finish, and we finished with bravura.”

= “] see the pervasive game part of this course as an interesting experience where we learned a lot, and
comments like “The best school day ever”, indicate that the 5" and 7 graders felt the same”.

=  “This was an enjoyable and rewarding assignment to work with, and although we’re neither actors or have
developed a game like this before, | felt it was a very successful project for us students, and | hope the
teachers feel the same”.

= “Tosummarize, I'll say this project has been a joy to work on. I've both learned from it, and gained many
very nice memories. This has been nothing but fun!”

They also describe the project as stealth learning due to the short development frame, but with a big reward
at the end - the implementation of the games for the children. Since both the fun factor and the learning
outcome for the children seemed to be good, the game playing in itself indicated that the gamification of this
project worked well. Regarding the learning outcome for the students — to learn system thinking, the CLDs
made by the students’ during the game development, the reports and the exam indicated that that they had
learned at least as much as previous classes in system thinking done with traditional teaching methods.
However, we didn’t compare the students’ learning in this project in detail with traditional teaching, so we can
not say the learning outcome in this setting were better than doing it the traditional way. We believe, and the
students also say so in their reports, that learning through making games is more fun and more thorough than
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traditional learning due to ‘learning by doing’, and ‘learning just in time’; the need to learn pops up when they
need it for the game. And of course, the implementation with the children is an event they will remember for a
long time and tie their learning to this event.

Although the overall project was successful, the game development part had some limitations.

We found the students didn’t have enough experience in system thinking and sustainability to make their own
CLDs on the games. The overall CLDs we made for the mini-games helped, but ideally they should make all
CLDs themselves. We believe more time should be used on teaching them system thinking and sustainability
‘just in time’ during the development process of the pervasive game.

The time to develop the games was probably too short. This caused some frustration and several of the
students felt that they could have made the game better with some additional time. Several students also
pointed out that using CLDs and simulations to check game logic and debug the code proved to be very
beneficial; they found the bugs much faster than with traditional tests. Thus they found another use of system
thinking in game development not explicitly pointed out to them.

While the students saw a clear need for system thinking in sustainability, they questioned the use of system
thinking when developing the small mini-games. The systemic challenges were just too small to “waste” time
on developing system CLDs or simulations. However, it was a clear understanding that if the games grew more
complex, the system thinking would be a very useful tool both in the game design phase and as a debugging
tool.

The game was also solved faster than we expected by the children. This was not a major problem because the
time we could use on the diary and the session with System Thinking was increased. This turned out to be both
interesting and effective and probably added to the children’s learning. However, when we do this next time,
the games should be more difficult to solve. The diligence, creativity and energy the children put into solving
these games were truly amazing, and we believe the playing time and level of difficulty could easily be
increased without them being bored or exhausted.

8 Conclusions

Without more thorough analyses of the research data in the project, it is hard to draw any conclusions.
However, we believe that the combination of system analysis, sustainability, game development or game
playing and learning is a good one. Its quite clear that both the school children and the students found the
project fun, and the submitted reports, exam and debriefing sessions all indicate that the learning outcome for
both were at least as good as with traditional methods. As stated above, we also believe the learning process is
more thorough than traditional learning due to the “learning by doing” aspect of the project.

The interest from the schools in trying out this concept was also exceptional; after sending out a one-page
request to schools to implement the game only 4 weeks before we planned the actual test, we got answers
from 15 schools and more than 1500 children wanting us to implement the game in their school. Bearing this
in mind, we will most definitely implement the project again
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