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Abstract. Interactive Game-Based Learning might be used to raise the aware-
ness of students concerning questions of sustainability. Sustainability is a very 
complex topic. By interacting with a simulation game, students can get a more 
detailed and holistic conception of how sustainability can be achieved in every-
day purchasing situations. The SuLi (Sustainable Living) game was developed 
to achieve this goal. In an evaluation study we found evidence that SuLi is an 
interesting alternative to more traditional approaches to learning. Nevertheless, 
there are still many open questions, as, e.g., whether one should combine simu-
lation games with other forms of teaching and learning or how to design simula-
tion games so that students really acquire detailed concepts of the domain. 
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1   Introduction 

Raising public awareness about questions of sustainability is getting more and more 
important. The discussion of such questions should probably start at an early age. 
Introducing this topic in school education seems to be necessary. The SuLi (Sustain-
able Living) game aims at transferring basic knowledge about sustainability to young 
people starting from the age of 14 years onward. Informed consumers can influence 
product design of consumer goods by either buying sustainable products or not. 
Unluckily, most people are not able to make such informed decisions. The global 
dimensions of production processes leads to a complexity hardly conceivable for 
customers. Usually, the price, the functionality, the design and the image of a product 
are the main reasons for consumers to buy a product. Sustainability seldom is a crite-
rion. The aim of the SuLi game is to raise the awareness of teenagers to consider such 
issues in their purchasing behavior. 

In this context, the concept of Life Cycle Thinking which reflects the ecological 
impact of a product along its whole life cycle (raw material, manufacturing, distribu-
tion, use, end of life/recycling) is essential. Sustainable product design is a complex 
domain, and it is not a trivial task to represent the interdependencies between different 
factors influencing it. We think that a simulation game might be a possibility to  
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convey such information. Tennyson and Jorczak [18] argue that "simulation games 
offer the highest potential as instructional games" because they motivate students to 
apply real-world behavior. Similar to the real world, students interact with the game 
in an iterative manner and change the state of the simulation to reach a desired goal. 

The following paper describes the concept of the SuLi game and an evaluation 
study using focus groups to assess whether the teenagers reflect about issues of sus-
tainability when they play this game. 

2   Description of the Game 

2.1   The SuLi World 

In the SuLi game, the players' task is to produce goods of daily life and then to con-
sume them, which means that in most cases they have to buy products from each 
other. An important feature of the game is that every players' actions influence the 
other players' situation. The game is based on a concept of rounds. In every round, 
players decide which goods to produce, where to produce them, which raw materials 
are used, what means of transportation are adopted and what the price of the good 
should be. The state of the SuLi universe (see Fig. 1) is, therefore, a result of all  
players' activities. 

Every player gets an avatar who is living on his or her own island (see Fig. 2). 
These islands are characterized by a different supply of raw materials, social stan-
dards and ecological and economic conditions. The players have to make decisions 
about how to produce goods – whether to produce them in a more sustainable manner 
 

 

Fig. 1. The SuLi universe: map of islands and data about the state of the SuLi universe (raw 
materials, ecology, economy, social situation) 
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Fig. 2. View of the home island: details on island (ecological, social, and economic situation), 
avatar (health, wealth, education, and mental balance), consumption (marketplace, inventory, 
and waste), and production (developed products and actual production) 

(which implies that, e.g. these goods become more expensive but also more durable) 
or not (which leads to, e.g., the pollution of the island and, as a consequence, deterio-
rates the health of the avatar). The overall situation on each players' island is reflected 
also by the appearance of the avatar. For instance all purchased items are visualized 
by the avatar (see Fig. 3). The avatar not only needs food and clothing but also means 
for communication and recreation to increase his or her well-being. If, for instance, a 
player does not purchase food in a round, the avatar gets sick. After another round 
without eating or drinking the avatar "dies". 

 

Fig. 3. The avatar visualizes not only the health and emotional situation but also all purchased 
items 
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The game also includes a chat facility and a discussion forum enabling the players 
to communicate with each other during the play (e.g., to develop common strategies 
or to inform each other about the state of the game).  

The target group of the game is secondary schools students, but we think that the 
game could also be used for beginners at universities.  

2.2   Participatory Iterative Design and Evaluation 

A participatory development process with the active involvement of pupils was  
implemented. This process is divided into three phases (cf. [15]): 

1. The first phase was intended to review the basic game idea and the establish-
ment of relevant factors in the target group for the concept of Life Cycle Thinking. 
These factors formed the basis for the simulation model. In a first gameplay a  
paper based prototype was tested. The outcome was a game concept with the most 
important factors of the simulation model and rules for the interaction process. 

2. The second phase was the development of an executable prototype. Interested 
pupils (the so-called core group) aided in the search for and elaboration of data for the 
chosen products. They also acted as consultants in the implementation of the game 
prototype. By this means these pupils also got insight into scientific work practice. 

3. In the last phase, a test run of the prototype took place in the courses of an 
enlarged group of pupils. Beside the core group many other pupils participated, who 
were not involved in the development process. The pupils from the development team 
acted also as supportive tutors during this test phase. 

3   Related Work 

Game-Based learning has become increasingly popular in recent years. Nevertheless, 
many authors point out that there is still too little systematic and conclusive research 
in this area [1]. One of the positive effects described most often is increasing motiva-
tion [16], [6]. Tennyson & Jorczak [18] argue that both cognitive and affective vari-
ables are essential for playing games successfully. Simulations engage users because 
of their similarity to complex real-world situations [8]. Pagulayan et al. [14] also 
indicate that interactivity is not enough to make games motivating. Games also need a 
convincing story line. 

Recently, the potential of game-based learning for supporting collaborative learn-
ing has been increasingly discussed, especially because of the widespread use of Mas-
sively Multiplayer Online Games (see, e.g., [17]). There is some evidence that games 
can support team work and collaboration between learners although it is necessary to 
look into this in greater detail. Duchenaut et al. [4] argue that many players (espe-
cially players at lower levels of such games) in MMOGs play alone, not in groups. 
Collaborative playing is usually adopted when goals can only be achieved by a group. 
Groups often face difficulties in cooperation because of the different time-constraints 
of the various players. This makes groups or guilds in MMOGs very fragile [5]. Rela-
tionships between people communicating via the Internet are often described as weak 
and shallow. Nardi and Harris [13] point out that such relationships may be an asset 
instead of a disadvantage. Weak relationship may make learning in MMOGs more fun 
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and enable learners to be more flexible. All this indicates that communication and 
cooperation have to be designed carefully so that they can be integrated usefully into 
the learning process. 

In the literature, several difficulties have been described concerning the design of 
game-based learning [9]. Computer games are usually played because they are fun 
and not to reach an external goal. In contrast to that, learning usually has an external 
goal (to learn some topic defined by the teacher). This contradiction is often difficult 
to overcome. Curtis et al. [3] argue that there might be solutions to this, e.g., by inte-
grating a first person view into the game and giving the players ample possibilities for 
challenging choices. In the SuLi game, this contradiction was highly obvious. Players 
could either aim at earning money or at preserving the ecological stability of the SuLi 
world. To aim at earning money was an individualistic choice which enabled players 
to improve the situation of their avatar. It conformed to strategies usually adopted in 
computer games. Improving the ecological stability of the SuLi world as a whole was 
an altruistic choice often leading to a deterioration of the situation of the avatar. The 
first strategy was certainly more fun for the players, but it did not generate highly 
sophisticated insights. Players who adopted this choice usually ignored information 
given by the system about the state of the island on which their avatar lived or the 
SuLi world as a whole. 

Another problem of game-based learning sometimes mentioned in the literature is 
that the flow of playing a computer game hinders students to reflect about what they 
are doing [1]. We also noticed this when we evaluated the SuLi game. Students often 
only tried to improve their own scores, but avoided looking at the information about 
the state of the SuLi world. During the focus group which we conducted to analyze 
the usefulness of the game, we noticed that students (and also the teacher who was 
present) found the group discussion valuable to get insights they might not have got 
without this discussion in the class. Such a procedure is also recommended by several 
authors. Tennyson and Jorczak [18] point out that only few games are designed so 
that satisfactory learning can happen by just playing the game. Often, explicit learner 
support is necessary (e.g., tutorials and reference information). Lauer and Leutner 
[10] also describe several studies indicating that the discovery process in simulations 
should be carefully guided and that missing information should be provided in a  
"just-in-time" manner. 

Barton and Maharg [2] discuss the problem of the representation of reality in edu-
cational simulations. They argue that it is an open question whether to represent real-
ity "as it is" or to emphasize certain aspects of reality for the educational purposes. In 
the SuLi development group, we discussed extensively whether ecologically sound 
behavior of the players should be rewarded or not. In reality, such behavior is often 
"punished". Buying sustainable products is, e.g., much more expensive than buying 
other products. A game rewarding sustainable behavior would deviate from reality 
considerably, thereby giving students a "wrong" impression of how our society and 
economy works. On the other hand, it might be argued that such a concept of the 
game would emphasize the aspect of sustainability and thereby raise students aware-
ness better than a realistic simulation could do. In the end, we decided to develop a 
"realistic" game reflecting existing circumstances in society. 

The related work discussed above formed a valuable input for the formulation of 
our categories of analysis described in the next section. 
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4   Data Acquisition and Methodology 

Lai-Chong Law et al. [12] argue that it is necessary to test educational games with 
real users. The success of an educational game is, to a large extent, based on what is 
called User Experience (see, e.g., [7]). This is a variable which can only be measured 
in interaction with real users. Approaches like heuristic evaluation are not appropriate 
in this context. Lai-Chong Law et al. [12] also point out that mixed-method evaluation 
is advisable because of the possibility of triangulation of multi-source data. Barton 
and Maharg [2] posit that discovery learning should not only be studied in the labora-
tory, but also "in the wild". In that way, many of the complex factors influencing 
learners' behavior and attitudes can be considered which is not possible in rigidly 
designed laboratory studies. Among other methods, Barton and Maharg use focus 
groups (see, e.g., [11]) as methodology. 

Focus groups are a convenient method to assess software and educational programs. 
They enable researchers to get a quick and comprehensive overview about the attitudes 
of potential users and of possible drawbacks of the system under development. One of 
the main advantages of focus groups is that participants can clarify controversial issues 
in the discussion. A disadvantage of focus groups is that in the discussion, not all the 
participants take part evenly. Some participants will talk more and influence the opin-
ion of the group more than others. Therefore, it is advantageous to combine focus 
groups with other methodologies. Usually, focus groups are moderated by a facilitator 
based on a framework of questions. 

The research reported in the next section is based on a focus group conducted in a 
Viennese secondary school. 18 students participated in the discussion. About half of 
them were female. The duration of the focus group was approximately one hour. The 
discussion was recorded and then the main points were transcribed. The aim of the 
study was to find out whether the SuLi game can be integrated into secondary educa-
tion easily, is motivating and understandable and raises the awareness of the students 
for questions of sustainability. These questions could only be investigated in a realis-
tic setting, that is, in a school. Despite the organizational problems, we decided to use 
pupils from a secondary school as subjects for the evaluation. 

The framework of questions was based on the literature study described in  
section 3. The following topics were addressed in the discussion: 

• Strategy Adopted: This question is specific for the SuLi game. We wanted to know 
whether students rather adopted an individualistic or a sustainable strategy and 
what reasons they had for this choice. 

• Communication and Collaboration: Communication and collaboration is an impor-
tant issue in online games and is seen as one of the strengths of this approach. We 
wanted to find out how much students communicated and cooperated with each 
other. 

• Game vs. Learning Program: As mentioned above, there is often a contradiction 
between the game aspects and the learning aspects of an educational game. We 
wanted to find out whether students realize this contradiction and if they think that 
the SuLi is more a game or a learning program. 
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• Complexity: The right complexity is essential for the success of an educational 
game [1]. We wanted to find out whether students thought that SuLi was too  
difficult or too easy. 

• Transparency of the Simulation; Relationship to the Real World: As described 
above, it sometimes is an open question whether educational simulation games 
should represent the world "as it is" or should emphasize some aspects to reach an 
educational goal. We wanted to find out whether students found the simulation  
understandable and transparent, and whether it was realistic. 

• Improvements: We wanted to gather suggestions for potential improvements for 
the SuLi game from the students. 

We also used other methodologies in the SuLi project, especially diaries which stu-
dents wrote while working with the SuLi game and logfiles of the students’ actions 
while playing the game. The results of these studies will be described elsewhere. 

5   Results 

In the following section, we will describe the results from the focus group. 
The results concerning the strategy the students chose were very interesting. We 

did not get answers from all students, but from a fairly big sample. The strategies 
were very diverse. Several said that, at least at the beginning, they only wanted to 
earn money. Some of those changed their strategies in the middle of the game when 
they realized that increasing pollution made their avatar sick. The general opinion 
which emerged during the focus group discussion was that it was impossible to pro-
duce in a sustainable manner and to make a large profit at the same time. We got the 
impression that this insight also was a result of the controversial discussion in the 
classroom, not only of the students playing the game. Only few students followed a 
sustainable strategy from the beginning. 

The students also communicated with each other during the game. They predomi-
nantly helped each other on how the game worked. Partly, they used the chat func-
tionality integrated into the game, but unluckily this functionality had a few usability 
problems, therefore, a few used email or other forms of communication. Some of 
them tried to cooperate in small groups to achieve better results (e.g., by only buying 
the products of the other group members). One group succeeded in this, another 
failed.  

We asked the students whether the game was exciting or boring and whether it was 
more a game or more a learning program. Students found the game quite interesting, 
especially because there were many players in the game. But their impression was 
predominantly that of an educational program. Interestingly, many of them mentioned 
that the lack of the possibility to improve sustainability and profit at the same time 
made SuLi so complex that it rather was a learning program, not a game.  

We also asked whether the SuLi game was too easy or too difficult to understand 
and to play. Six of the students said that it was quite simple, eight argued that it was 
difficult in the beginning but easier in the end when one had got used to it. Three 
students thought that the game was quite difficult. Students argued that it was difficult 
to keep track of all the variables (especially for the state of the SuLi world). When 
students try to derive information about how different variables relate to each other 
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(e.g., materials used, forms of transport used, CO2 level in the SuLi world, etc.) the 
game seems to be quite complex. 

When we asked whether students rather considered the state of their own avatar, 
their island or the state of the SuLi world, we got quite contradictory answers. Two 
remarked that they tried to produce in a sustainable way, the others said that they did 
not care about the environment in the SuLi world. One of the students said that he/she 
did not care about CO2 because these values did not directly affect the state of his/her 
own avatar. Another student remarked that this was just a game, so he/she did not care 
about the environment. In reality, he/she would be much more considerate. 

The SuLi game is based on a very complex algorithm on how the economy and the 
ecology of the SuLi world develops. Students generally found these relationships not 
very transparent. On the other hand, they argued that this is very realistic as this is also 
the case in real life. To a certain extent, they found the game realistic, but they also 
emphasized several differences (e.g., that in the game everyone has the same possibili-
ties at the beginning of the game which is not the case in the real world). Concerning 
these questions, the students also discussed issues not contained in the framework of 
questions used to moderate this focus group. They especially discussed how the state 
of the SuLi world could have been improved, e.g., by using ships instead of airplanes 
as means of transportation. One member of the development group mentioned in the 
discussion that the state of the ecology of the SuLi world was quite bad after the 6th 
round of the game. Most of the students apparently were not aware of this fact. Stu-
dents also discussed what it means to win in the SuLi game. This is not a trivial ques-
tion. One student said, that winning was to be better than the other students, which 
would be the logic of traditional computer games. The predominant opinion was that 
winning meant to have money left in the last round and losing meant that one’s avatar 
"died". A minority opinion was that having good values for all variables (in the  
economy, ecology and the social situation) implied that a player had won the game. 

The students also made several suggestions as to how to improve the game. They 
argued that more products and more resources might make the game more interesting 
because then the game could be played for longer periods of time. Also, the  
prices should be more realistic. In the game, a mobile phone is less expensive than a 
hamburger – this should not be possible.  

In general, the focus group discussion was extremely interesting. We got the im-
pression (which was corroborated by the teacher who was present) that the students 
got relevant insights through the discussion. In a way, playing the game was a starting 
point for the discussion because it offered students systematic personal experience 
about the topic at hand. Students sometimes formulated quite sophisticated insights 
about the relation between reality and the game universe. In a computer game, they 
apparently sometimes act out behavior they would not adopt in real life (e.g., being 
glad that a competing student "died" during the game). Nevertheless, they also got 
interesting insights through the game. 

6   Conclusion 

Our results indicate that the SuLi game can be used in secondary education and that 
students feel motivated to work with this program and enjoy to play with it. Neverthe-
less, there are still open questions concerning this game where further research is  
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necessary. The results of the focus group also indicate that it would be advisable to use 
the SuLi game in conjunction with other forms of teaching (e.g., group discussions like 
the focus group). Another problem of the SuLi game is that students usually do not 
heed the more general information about the economic, ecological and social state of 
the SuLi world offered by the system. There are several possible reasons for this. On 
the one hand, it is possible to play the game without looking at these variables. A solu-
tion for this might be a redesign of the game in a way that forces players to look at 
these values. Another possible solution also might be a more appropriate representation 
of this information and better feedback about the state of the SuLi world to the stu-
dents. Communication and cooperation among students could also be reinforced by a 
careful design of the program. In these areas, more research is necessary. 

In the near future, we will also analyze the diaries and the software logs to get 
more information about how students interacted with the SuLi game. We will then 
compare this information to the results reported above to get a detailed and valid 
account of the usefulness of the SuLi game. 
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