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Abstract: Education for Sustainable Development (ESD) is a vital topic for schools and society. In our study,
we investigated how a digital educational game can help to understand the complex interrelationships of
sustainable actions. For this purpose, the educational game "DiLeNa" was developed and then evaluated in
school practice. DiLeNa simulates a household in which the residents are supposed to live considering health
and sustainability perspectives. To analyze the learning processes of the participating 9-10 years old students,
guided interviews were conducted. Student conceptions were derived using qualitative content analysis. The
results indicate that the learning processes triggered can primarily be traced back to the immediate feedback
on sustainability-relevant actions during the game. In the real world, the consequences of those actions would
be mostly inaccessible and incomprehensible because of their complexity and their long-term impact.
Therefore, simulation games open up valuable opportunities to easily implement ESD in elementary school
lessons.
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1. INTRODUCTION

In 2019 the Swedish activist Greta Thunberg led her “school strikes for the climate” to the global
movement “Fridays for Future” and thus attracted a wide audience and considerable attention to the
topic of sustainability. However, from 2005 to 2014, with the UN Decade of Education for
Sustainable Development (ESD), the United Nations had already committed to anchoring the
principles of sustainability in education systems. Further global and national ESD programs followed.
In the meantime, national curricula in many countries address and include content related to
sustainability.

Although there has been a long tradition of environmental education in German schools [1], the
multiple perspectives and the complexity of sustainability, as well as the associated methodological
requirements are still a major challenge for teachers. Several studies state that the influence of school
education on environmental action is only minor [2]. Since environmental action can most likely be
initiated through action-oriented learning, the focus on action and experience must be given priority at
school [3]. Neurobiological studies also show that, regardless of objective significance, the human
brain only reacts to that which affects us emotionally and appears to be important to us based on our
own subjective assessment [4]. Concrete and achievable goals motivate to action. However, the goals
of education for sustainable development are often on an abstract level and the link between action
and result is long-term, and not directly apparent. Knowledge alone does not principally generate
corresponding behavior (“Knowledge-Action-Gap” [5]).

The corona pandemic in 2020 showed the global community that digital media is not only trendy and
useful, but can also be life-saving. As a result of the lockdown, school buildings were closed and there
was an urgent need for digital tools for home schooling — despite the extensive discussion of the
previous years on the use of digital media in teaching. However, several empirical studies generated
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useful findings of how effective digital media can be in teaching [6]. The development of scenarios
that combine informal learning contexts outside of school with formal learning processes seems to be
very promising. This is confirmed by initial experiences with programs that integrate digital learning
games into regular school lessons [7].

The increasing number of publications of research projects on digital learning games indicates that an
area is developing here with great potential both for educational research and for school practice [8].
The terms used in this context partly overlap in their meaning and are not always sharply demarcated
from one another, e.g. digital game-based learning, serious games, gamification, edutainment, e-
learning [9; 10]. In game-based learning, content is conveyed on the basis of a game or a simulation.
This principle is implemented in serious games such as the digital educational game for sustainability
"DiLeNa" presented here. These serious games are supposed to open up promising ways to convey
ESD content [11; 12].

One of the two fundamental ideas of the project was to link the required focus on action and
experience with the concept of sustainability considering young people's affinity for digital media.
The second basic idea was to design a digital educational game that can be integrated into school
lessons in a formal learning context and also enables informal engagement with the topic outside of
school. For this purpose, the educational game "DiLeNa" was developed in cooperation with an
established game company and then evaluated in school practice. The scientific evaluation addressed
the following research question: What can a digital educational game contribute to ESD in elementary
school by linking knowledge and (digital) action in combination with immediate feedback?

2. THEORY AND METHODOLOGY
2.1. Theoretical Background

Our understanding of learning is based on constructivism [13] and a revised conceptual change
approach [14; 15], that considers a situated perspective [16]. We see students as individual learners
who construct their knowledge in an active and self-regulated procedure on the basis of existing
conceptions. In accordance with this, the learning process cannot be controlled completely by external
factors, but can be initiated by learning environments. The students’ conceptions derived from
everyday experiences can be beneficial or obstructive for learning [17]. Thus, we understand
conceptual changes as reconstructions of conceptions [18], where conceptions can be further
developed, changed, or newly formed.

2.2.Game content

The game “DilLeNa” aims to convey sustainable consumption through the example of human
nutrition. As such, it addresses economic, ecological and social perspectives which are the main
indicators used during the gameplay. These three perspectives of human nutrition also clearly
structure and link the 17 sustainable development goals [cf. ,, SDG wedding cake®; 19].The target
group of the game is students mainly from elementary school. Sustainable and healthy nutrition is
curriculum content from grades 3-5 (8-11 years old). The game can be integrated into normal school
lessons as well as used for home schooling or informal learning at home. The complex relationships
involved in sustainable actions should be simulated in the game and positive feedback should increase
the emotional significance and self-efficacy [20]. These positive (game) experiences should then be
transferred to the actions of the student’s real life.

Game scenario: In the game, the player is supposed to help his great-aunt Lilly with housekeeping
over the summer holidays. To do this, he buys groceries in the store, tends the garden and looks after
the chickens. In the garden, he can grow vegetables or pick cherries. The player takes care of himself
by eating a broad variety of food. The preparation or eating of food causes packaging waste. This
waste must be correctly assigned to the various garbage cans (waste separation). Occasionally, the
learner is asked different questions in a quiz: If answered correctly, he earns additional household
money. His actions have a direct effect on the game indicators “personal wellbeing”, “environment”
(ecology), “society” (social) and “economy” (cf. Fig. 1). The game simulation is based on a very
simple modeling of dependencies (e.g. imported foods such as bananas have a worse ecological
impact than regional foods such as apples). At the end of the game, the player receives a detailed
report.
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Figl. Screenshot of the digital educational game used, which addresses sustainable consumption through the
example of human nutrition.

2.3.Research Methodology

To investigate students’ conceptions and any possible changes, guided individual interviews were
chosen. The interview guideline used integrates two methodological approaches: Firstly problem-
oriented, open and half-open questions to collect current conceptions and secondly the retrospective
query on the learning process [21]. The guideline was structured in four parts: (1) general questions
about the game, (2) general questions about the participant’s conceptions of sustainability, (3)
concrete examples of the game’s content, (4) conceptual changes. For the present research project, ten
individual interviews were conducted with students from an elementary school (4th grade, 9-10 years
old; 5 female, 5 male). The interviews each lasted about 20-25 minutes. The probands were randomly
selected from a group of 21 volunteers. All personalized data were made anonymous. The interviews
were captured using a voice recorder. The interrelationship between questions and answers was
validated by two different researchers based on qualitative content analysis [22]. The student
statements were summarized in tables, with a distinction being made between the retrospectively
named conceptions and the current conceptions. By comparing these conceptions, conclusions could
be drawn about the learning process and possible causes derived.

3. RESULTS
3.1.Students’ Conceptions About Sustainable Nutrition

An example is quoted to represent a typical student game experience and the associated statement
about garbage (original transcript excerpt, retrospective query on the learning process):

Interviewer: "What did you know about it before you got involved with the educational game?"

Emily (10 years-old): "My mom told me that the foil would go in the yellow bin. (...) For me it was
all rubbish. And you throw away rubbish because you can't do anything with it. (...) Now I know
how to properly separate the waste and why. So that you can reuse it."

Interviewer: "Earlier you said that you had learned something. Please summarize. What did you
learn about sustainability?"

Emily: "I've learned that it's good for the environment when you separate the garbage. The game
showed me how to do it. (...)"

For Emily, garbage used to be worthless. Through playing the game, it became clear to her that
sorting the garbage correctly helps to preserve the environment. Emily's change of mind thus
represents the learning process from the conception that garbage can no longer be used to the
conception that you have to separate garbage in order to recycle it.
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The students saw the content covered by the educational game in a wide-ranging manner. A total of
26 different concepts were found, which were assigned to five categories (cf. Tab. 1). These five
categories, which were subsequently determined on the basis of the data, are: regional products, meat
consumption, organic products & self-sufficiency, waste separation & recycling, sustainability in
general. The concepts mentioned most frequently were # 5, # 11, # 18, # 24 and # 26 (bold in Table
1).

Tablel. Concepts about sustainability and related issues

Category # Derived concepts Incidence
Sustainabilty in You behave sustainably when you save resources.

general I have to divide up my money or | will run out of money.
Sustainability means that you reuse things.

Sustainability is synonymous with environmental protection.
In order to act sustainably, you have to weigh up the
three perspectives of environment, economy and social
issues.

Sustainability means that in the future the earth will be left to
people as it was before.

Sustainability is something very worth striving for.

| prefer products because of their price.

I prefer products from the region.

0 Products from my home country are good for the
environment.

11 Products from the region do not travel long distances, | 7
which is why (also) fewer exhaust gases are emitted.
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w

Regional products
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12 Regional products create jobs nearby. 2
13 When | buy regional products, | support the local economy. 3
Meat consumption 14 | eat little meat because the animals are poorly kept and | 3
killed.
15 Plant-based foods are more sustainable than products made | 3
from meat.
Organic products & | 16 Organic products contain better nutrients. 2
self-sufficiency 17 Organic products are more sustainable than conventional | 3
ones.

18 Organic products are more environmentally compatible | 6
in their production.
19 When | grow food by myself, | can harvest it and grow it | 4
again using part of the harvest.

Waste separation & | 20 Waste is bad for animals and for the environment. 4
recycling 21 Waste can no longer be used. 4
22 Separating waste is good for the environment. 5
23 If | separate the waste, | feel better. 3
24 You have to separate the waste so that you can reuse it. 7
25 The waste is separated and sorted, but in the end only | 2
incinerated.
26 With recycling, old is made into new, i.e. the waste is | 6
reused.

Tabl. The derived concepts mentioned by the 10 probands. The five categories were determined subsequently
based on the data. The concepts in bold were named by 6 or 7 of 10 probands (incidence).

3.2.Students’ Conceptual Changes

Eight of the ten probands reported that their conceptions changed while they were working with the
educational game. Two of the learners did not develop their already partially correct conceptions any
further. Conceptual changes occurred in all five categories. The retrospective survey not only made it
possible to identify the conceptual development, but also to clarify the associated cause-effect
relationships of the underlying learning processes. In the following, learning processes are described
for three selected conceptual changes (Fig. 2a-c).

The idea of paying attention to the place of origin when shopping for food was completely new for
many students. In the game, for example, bananas were recognized as imported food with long
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transport routes, while apples are usually regional products. In this way, the linking concept # 11 was
developed that regional products are more environmentally friendly due to the shorter transport
routes. With this background, the conceptions typically changed from concept # 8 to concept # 9 (Fig.
2a; 4 out of 5 probands, Table 1). The reason given for this was that the purchase of products had an
immediate and visible effect on the main indicators in the game. During another game activity, the
player occasionally had to sort the accumulated garbage. Immediately after sorting the garbage, the
player was shown what he had done wrong. This direct feedback, combined with the information that
correctly separated waste is suitable for recycling, was named as the reason for the change from
concept # 20 to concept # 24 (Fig. 2b).

The term sustainability was often equated with environmental protection (concept # 4). Typically,
after working with the learning game, this concept was changed to the concept that sustainability
equally includes the three different perspectives of ecology, economy and social issues and one
sometimes has to weigh between these perspectives (concept # 5). According to the probands, this
change resulted from the effects of their own actions on the three sustainability indicators visualized
in the game (Fig. 2c).

a) Regional products

The purchase of products immediately had an impact
on the sustainability indicators. So the game showed

me that regional products are more sustainable.

| prefer products | prefer products from
because of their price. the region.

b) Waste separation & recycling

In the game, | had to properly separate the waste.

The game showed me what | was doing wrong.
So it could then be reused.

You have to separate
Waste is bad for animals —:> the waste so that you
and for the environment. can reuse it.
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c) Sustainability in general

The game had indicators for environment, society, and

economy. So the game showed me that there is usually
no way that is equally good for all perspectives.

In order to act sustainably,
you have to weigh up the

Sustainability is I> three perspectives of
synonymous with environment, economy and
environmental protection. social issues.

Fig2a-c. Exemplary learning processes in different categories. On the left the retrospectively named conception,
on the right the current conception, above the reason for the conceptual change named by the probands.

4. DISCUSSION
4.1.Focus on Affective Components of Behavior

The concepts identified suggest a differentiated approach of the students to the topic. None of the
concepts found is technically completely wrong, although some of them are questionable or worth
discussion (e.g. concepts # 4, 10, 16, 21, 25). Several concepts involve personal assessments such as
preferences, morals, and feelings (e.g., Concepts # 7, 8, 9, 14, 23). Sustainable action is seen as a
“worthwhile” goal. Individual probands* feel better” when they have properly separated the garbage,
not eaten meat or done something else for the environment. Emotions and affective components are
considered to have a huge impact on behavior [23]. And behavior is what counts for sustainability.
Hence, many approaches to ESD aim to experience nature authentically in order to initiate positive
attitudes towards nature [24]. The great affinity of young people to digital media could also be used in
this sense. Accordingly, digital game-based learning and serious games are seen as a promising
approach for new teaching and learning methods [25; 26; 27].

Most of the serious games developed serve to impart knowledge, a minority aims at problem-solving
skills, only very few concentrate on attitudes and affective goals or socio-cultural aspects [28; 29].
Simulations that address sustainability, focused more on sober content (e.g. use of the land [30]) and
less on the game flow and affective goals. Other games were not designed as learning games and thus
could not be integrated into the classroom or into another learning environment (e.g. "Anno2070").
However, especially in the area of resource management, games and simulations can make a valuable
contribution [31]. In addition to imparting knowledge, it therefore seems obvious to focus on the
game flow, affective approaches and personal attitudes as well as on action.

4.2. Causes of Conceptual Changes

The probands often justified their conceptual changes during the interview without further questions
and brought a specific cause into play. But even if you asked them explicitly, you received
predominantly the same stated reason: In the educational game, actions elicit immediate feedback (see
Fig. 2a-c). For example, buying regional products was rewarded directly with positive effects on the
three sustainability indicators (environment, society, economy), while buying imported products was
sometimes cheaper but had a negative impact on the indicators. This feedback was combined with
optionally available information about the transport routes of the products. In the sense of the
competence model for environmental education [32], action-related knowledge and effectiveness
knowledge would be built up in this way, namely about relationships that would be difficult to
experience in reality. The strength of a simulation game is therefore the immediate feedback on
actions that would have non-visible or long-term effects in the real world. Our data accordingly
suggest that a digital learning game like “DiL.eNa” is basically well suited to positively contribute to
ESD at elementary school by linking knowledge and action in combination with immediate feedback.
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5. CONCLUSION

Both sustainability and digital media cover a wide range of topics including important aspects of
humanities, social sciences and education. Our project combines education for sustainable
development with the digitization of the society. Our results do not answer the question of whether a
digital game can convey ESD content better than other media or learning opportunities. We have not
compared different settings and do not yet have large scale statistics. Instead, the study offers a good
and promising starting point for the implementation of ESD programs using the advantages of digital
simulation games, such as immediate feedback, in order to teach sustainable behavior in a simple and
effective way at elementary school. We found several learning processes based on specific game
elements and game simulation experiences. In conclusion, our data show that a digital educational
game can effectively contribute to ESD in elementary schools by linking knowledge and (digital)
action in combination with immediate feedback.

However, so that educational games can develop their full potential, preparatory and follow-up
lessons are required to embed them as a core element of the curriculum [33]. But there are only a few
concepts for integrating serious games into classroom. In particular, the subsequent assessment and
reflection has so far only been insufficiently addressed [9]. Although digital learning games are
generally seen as a positive enrichment in education, there are still only a few empirical findings on their
effects and causes, especially when it comes to embedding such games in the classroom [28; 34; 35].
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