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Student Identification 

Number 
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孫恆義 

Title: Design of an Eco Factory Game 

Abstract: 

The ongoing discussion of being ecofriendly has been a hot topic since a few decades 

ago. Industrial factories are the current major causes of our global warming issue, producing 

eighty five percent of all carbon dioxide in the world. Developing countries are a long distance 

behind world standard in terms of eco. The main cause of this difference is thinking process and 

education provided to people living in those countries. Numerous studies have shown that due to 

the rapid economic growth of the developing countries, government and companies in those 

countries opt for strategies that will bring as much profit as possible; and because ecofriendly 

procedures require large economic investments during the initial stages, they are ignored. 

In order to solve that problem, we identified college students’ education as the more 

effective method to improve the situation. We chose to design a business games to be used as an 

education tool to increase students’ awareness of the global warming issues. Business games are 

proven as an excellent way to present key concepts in a simulated environment with group 

interactions. They are especially useful in situations where “learn by doing” behavior exists. 

They are also much more cost effective when compared to experiments and fieldworks. 

The major mechanism in the competitive game we designed was decision making. The 

students were required to maximize profit while dealing with penalty constraints accompanied by 

new game rules as the game progressed. The three major environmental measurements we chose 

to present in the game were waste, emission, and energy. Each eco investment the students chose 

to implement came with monetary and environmental gains and loses. Students had to form 

strategies by themselves in order increase their customer base by lowering environmental 

burden, and make profit so they do not go bankrupt. 

The resulted showed that students were able understand the basic concept of ecofriendly 

measurements, which were tradeoffs. They understood that initial investment would be replaced 

by increased company reputation and customer base, and that resulted in increased demand and 

profit. As for the eco methods themselves, students were able to understand the prioritization of 

reuse, reduce, and recycle applications. Finally, with the introduction of government incentive, 

consumers are more willing to perform eco activities, which in turn will result in the factories to 

pursue eco procedures as well. This cycle had the potential to effectively change the eco system 

in developing countries from the inside out. 

Keywords: 

Eco awareness, Business game, Eco factory, Tradeoff decisions, Government incentive 
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1 Introduction 

1.1 Research background 

1.1.1 Increasing environmental issues, especially in developing countries 

Environment issues have been a big topic since a few decades ago. In the aftermath of the 

industrial revolution, people had come to realize the harm and danger of factory production 

related pollutions. One of the biggest problems, carbon dioxide emission, has become a 

worldwide problem now; and not just countries which are responsible for their share of emission 

(Matsuoka, 1999). The COP3 conference held in 1997 in Kyoto proposed that every country in 

the world to be allocated a portion of carbon dioxide that it is supposed to reduce. Meaning that 

solving global warming is not the sole responsibility of a handful of countries, but everyone in 

the world has to be active in order for the situation to improve. One would think that after all 

these years, some measures would have been taken, and the situation would have been controlled 

somewhat. However, that is not the case as of 2012. Increasing average global temperature, 

bizarre weather patterns, shortage of food supply etc. are continuing to happen as a result of 

global warming. According to the 2012 Global Carbon Dioxide emission report published by the 

PBL Netherlands Environmental Assessment agency, global carbon dioxide emission reached an 

all-time high in the year 2011, at thirty four billion tons (Jos, 2012). Figure 1 and 2 below shows 

the major countries in the world and their corresponding carbon dioxide emission. Figure 1 

contains developed countries, and figure 2 contains developing countries. By a simple glance of 

comparison, one can see that the developing countries reflected efforts to reduce CO2 emission 

over the past decade. On the other hand, not only did developing countries showed very little 
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effort to try to solve the emission problem, half of them actually produced two to three times 

more on a yearly basis. 

 

 

Fig. 1: CO2 emission in developed countries (Source: Trends in Global CO2 emissions, 2012 report) 
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Fig. 2: CO2 emission in developing countries (Source: Source: Trends in Global CO2 emissions, 2012 report) 
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“deal” with the problem; for example altering the structure of earth’s atmosphere by launching 

chemical missiles, or  creating better structures to house agricultural products. 

1.1.2 Material shortages and environmental related problems 
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companies. Figure 3 below shows some of the primary materials used in industries nowadays 

and their steady increase in price over a span of fifteen years. 

 

 

Fig. 3: Prices of base materials (Source: http://www.infomine.com/investment/) 
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often have tendencies to seek solutions through technology. Throughout history, innovations had 

been applied quite a few times whenever there were shortages or unavailability. In the 1800’s, 

pyrites were discovered when there was a shortage of sulfur. In the 1900’s, wood pulp and 

esparto were introduced to counter the lack of rags for paper making. During the mid-1900’s, 

synthetic process was created in the textile and chemical industry when the war caused a 

worldwide shortage of primary materials (Ray, 1975). Continuing to today, tires composed of 

orange oil, plastic bottles largely composed of plants were all innovations made not only aimed 

to solve shortage problems, but also environmental problems as well.  

1.1.3 Increasing awareness of ecofriendly products and services 

The idea of eco friendliness is not a new term. The concept of minimizing waste and 

pollution created through process of production was used extensively in the late nineteen eighties 

(de Bruijin, Hofman, 2000; Bass, 1998). The environmental laws before that were mostly aimed 

to solve the problems at the end of a process. For example the water quality needed to be 

achieved before it can be released into the river; or gas has to be purified before it can be 

discharged into the atmosphere. With the introduction of pollution prevention policies however, 

companies started to look at solutions that can be used at the source or middle of a process. The 

idea of material reduction and waste reuse were all brought up along with the new policies. 
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Fig. 4: Examples of eco labels around the world 

 

With the increasing availability of information regarding degradation of environment, 

ecofriendly awareness of the general public has increased significantly in recent years. 

Consumers nowadays are starting to look for specially labeled eco food and products (examples 

of global eco labels are shown above in figure 4). According to ISO, 1999, an eco-labeling 

scheme consists of three steps: selection of product category, development of criteria, and 

certification and licensing. The idea of eco labeling started about thirty years ago in Germany, 

the German Blue Angel. Today, most of the EU members have introduced national labeling 

programs. Developing countries are also looking into this trend recently. In Vietnam, the 

government aims to eco label one hundred percent of exported goods, and at least fifty percent of 

domestic goods by the year 2020 (Morioka et al., 2010; Ministry of National Resources and 

Environment, 2003). The functions of eco labeling can be viewed from three perspectives: 
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producer, consumer, and policy maker. For producers, it is a way of showing the social and 

environmental performance of the products. Eco labeling also paves the road and slowly 

transfers awareness of consumers toward the eco market. For consumers, eco labeling is a sign of 

quality and source assurance; though at a higher price than normal products, it enables 

consumers to understand the social and environmental attributes of the products, which normally 

cannot be understood. For policy makers, eco labeling is used as an incentive for innovation, 

technology breakthrough, and responsibility (Bratt et al., 2011). 

1.1.4 Increasing government regulations and penalties 

As environment issues become more serious exponentially, stricter regulations are also 

being imposed periodically. In Germany, consumers need to pay more to operate a conventional 

car that uses diesel fuel because the penalty involved in the use of diesel makes it a more 

expensive option compared to high tech electric or hybrid cars. European countries like Austria, 

Denmark, Germany, and Sweden have been leading the world in terms of ecofriendly procedures. 

Their yearly CO2 emission reflected low emission; and especially taking into consideration that 

most of the CO2 emission reports categorize Western European countries as EU, meaning that 

their already low CO2 emission was produced by twenty seven countries and not just one (EU 

27). A growing number of SME’s globally have already recognized the necessity of track records 

in quality and environmental management in the near future in order to satisfy consumers and 

government requirements (Zorpas, 2009). Figure 5 below shows the number of sites with active 

eco management in Europe in 2006. 
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Fig. 5: Number of sites having implemented an eco-management and audit scheme, or ISO 14001 certification in 2006 

(per million habitants) (source: Zorpas, 2011; Eurostat 2008) 

 

1.2 Research problem 

1.2.1 Developing countries lose reputation; labeled as “trouble making countries” 

Companies in most of the advanced countries in the world have to abide by their 

government’s environmental laws. However in the cases of developing countries, that is not 

always the norm. The reasons can be many: corruption, ignorance, refusal of taking the 

responsibility etc. Take China, the world’s most populous and developing country at the moment, 

for example. In 2011, China’s per average per capita carbon dioxide emission was at 7.2 tons. 

That amount was almost equal to all the emissions done by the whole European Union in the 

same year, at 7.5 tons (Jos, 2012). The main reason was of course the rapid development that 
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China is undergoing. The increase in building construction and expansions in infrastructure 

demanded increasing fuel consumption (as indicated by the cement and steel production shown 

in figure 6 below). 

 

 

Fig. 6: (source: Trends of global CO2 emissions, 2012 report) 

 

China has an existing environmental regulating system, and even an eco-labeling system 

(shown in above section); but sadly when looking at the results of such systems, we can assume 

that the system exists for the sole purpose of showing something to the public and the world, 

instead of changing and improving the environment. Corruption is a very serious problem not 

only in China, but a lot of developing countries. Anyone can be bought off quite easily with the 

right sum of money. If there is a mutual benefit for both of the parties involved (for example a 

polluting factory and the environmental agency), it is very easy and common that both parties 

cover each other’s wrong doings and proceed as if nothing is wrong. As the internet and public 

communication improve in developing countries, and also between developing countries and the 
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world, we see on a daily basis that all sorts of corruptions occur. In China, an increasing number 

of individuals or local communities are rebelling against this situation. They are collecting 

videos, environmental measurements, and proofs of pollution to try and publicize the problems. 

However, the result is slow, if not totally useless due to cover ups and ignorance. 

Another way of losing reputation is simply “not doing enough”. A lot of smaller 

companies are just performing tiny steps toward greening the environment. Actions like 

switching off unused computer screens and decreasing use of air condition are all ecofriendly 

methods, but effect resulted just by those actions are often too small to make an impact. Small 

and medium companies are less aggressive in taking eco measurements due to unwanted risk and 

stability of business. Eco measurements require a somewhat large investment in the initial stages; 

this produces a lot of instability and becomes an unknown future that most of the small and 

medium companies are not willing to gamble on. Although small actions are very effective 

methods in increasing employee awareness and act as an initiative in transforming into eco (Lee 

K., 2011), the results are limited. 

1.2.2 The lack of eco mindset in developing countries 

As said in the above section, the mentality of “develop first, green later” is still very 

strong among industries and government in developing countries. This mentality has caused a lot 

of heated arguments during international conferences as well. In the case of Southeast Asian 

countries, pollution prevention and greener production of the western development process are 

ignored unless the benefits of doing it can be clearly seen or justified (Bowonder, 1981). It is 

difficult for developing countries to accept the initial effort and investment needed to transform 

to a greener system. Most of the ecofriendly efforts made in developing countries were initiated 
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by advanced countries, for example Germany or Japan. Those efforts could be factories built, 

inter-company relationships formed, or concepts introduced. Examples are the Mark and Spencer 

factory in Hong Kong, and the Hitachi factory in China. They were some of the first eco 

factories to be implemented in Asia, and with foreign origins. In other words, developing 

countries are doing what the advanced countries are instructing them to do. This could be a bad 

mentality especially in the long run because that means Asian countries will always be learning 

from others, instead of being innovative themselves. 

When looking at some of the reasons European companies adopted ecofriendly 

technologies, we saw very different mindset and motivation from developing countries. 

According to figure 7 below, the top five reasons European companies choose to practice 

ecofriendly procedures are all related to personal good will and company benefits. The top 

reason, which states “personal view” and “economic benefits”, is totally opposite from 

developing countries’ views. Apparently there are concepts and logics not yet fully understood 

by developing countries regarding eco products or services and their benefits. 
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Fig. 7: Motivation for European SMEs for going eco (Source: Zorpas, 2011) 

 

1.2.3 Lack of acknowledgments from the people 

From the differences shown in the above sections between results and mindsets of people 
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cannot be money. In other words, there is no reason that choosing to be ecofriendly results in bad 

economic performance, or else developed countries will not pursue it too. In fact, the reality is 

the total opposite. There are numerous studies done both in developing and developed countries, 

and the results all clearly showed that implementing eco friendliness, particularly in production 

industries, lead to increase in profit gained. We will give two examples of such kind of studies. 
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 The first one was done in India, a major developing country in the world at the moment. 

The target of the study was one big garment producer in the western part of the country (Barari et 

al., 2012). The study used a game theory, where two groups in the company with different 

strategies compete to see which strategy yielded the most profit. Group one applied eco 

procedures during production. Group two did not choose to do that. The results of the study are 

shown below. Figure 8 shows the result of the two groups in terms of market advantage. 

 

 

Fig. 8: Market advantage achieving speed (eco production result is shown on the left side, and normal production result is 

shown on the right side) (Source: Barari et al., 2012) 

 

 With the x axis representing the time (same span on both graphs), the graphs show the 

point in time when consumer reaction was triggered. Group 1’s result was shown by the graph on 

the left side. When compared with the graph on the right side, which represented group 2’s result, 

one can clearly see that the triggering point of consumer’s reaction of group 1 happened earlier 

than group 2. The result suggested that group 1 was able to achieve a market advantage due to 

the green impetus their green product brought into the market. Figure 9 shows the result of the 

two groups in terms of revenue earned. 
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Fig. 9: Amount of revenue (eco production result is shown on the left side, and normal production result is shown on the 

right side) (Source: Barari et al., 2012) 

 

With the X axis representing the time and the Y axis representing the revenue, the two 

graphs showed the revenue earned by the two groups earned over a same period of time. Normal 

production started to bring in revenue at an earlier point of time, as shown by the graph on the 

right side. The reason included price, product familiarity, information provided to the consumers 

and etc. When compared to the graph on the left, however, one could conclude that the total 

revenue earned was quite different. The conclusion is applying green production yielded a better 

result in terms of business strategy and revenue. However in the case of revenue, time is required 

for the system to start rolling before good return on investment can be realized. 

The second example was done in Taiwan, another developing country state in Asia 

(Chang, 2012). The targets were fishermen. In this study, fishermen were separated into two 

groups: with group one’s products carrying eco label issued by the government. Group two’s 

product did not carry such a certification. The result of the study is shown below in figure 10. 
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Fig. 10: Result of eco label users and non eco label users in fishery in Taiwan (source: Chang, 2012) 

 

The dotted line represented eco labeling using fishermen, while the solid line represented 

fishermen who did not use eco labels on their products. The result was that with an increase in 

the usage of eco labels, the income increased at the same time. In fact, the average income of 

label users was 17,200 US dollars higher than non-label users annually. An additional survey 

regarding eco label usage was also done during the study. One interesting note revealed that for 

the young generation who received higher educations, they understood the effect of greening the 

products and services. They were much more aware of the power of green products and how they 

could gain an advantage in the market by understanding the consumers. Thus an increase of the 

usage of eco procedures happened for young people who received higher educations. 

The two examples of studies done have shown that consumers in developing countries 

are somewhat supportive of eco systems. However, that did not represent the behavior of the 

general public. The eco performances of developing countries were still very low, and the 

general acknowledgments of eco systems and products are still very insufficient.  



21 

 

1.3 Solving the research problem 

From the information and problem identified in the above sections, we proceed to form 

our proposed solution in this research. European countries and numerous studies around the 

world already showed that providers who implemented eco procedures during production will 

gain higher profits compared to those excluded eco procedures. However, the situation in most of 

the developing countries is still very clear: denial of the facts. For this research, we focused on 

three stakeholders: the government, the companies, and the public. In the casual loop diagram 

shown below, we present the three stakeholders, and their relationship between each other and 

environmental problems. 

 

Fig. 11: Causal Loop Diagram of the government, companies, and public in developing countries 
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In the upper portion of the diagram, we showed the consequences of rapid economic 

development in terms of environmental impact. Rapid economic development results in 

companies placing their focus on immediate monetary gains. Eco measurements require an 

investment right from the starting point, meaning that companies will see substantial decrease in 

profits at the first stages of the eco plan. This phenomenon is of very little interest especially to 

industries that are undergoing a rapid growth, and also small and medium companies which opt 

for stable income and low risk operations. In the lower right portion of the diagram, we showed 

the efforts made by the government, by means of regulations and penalties. In the cases of 

developing countries, that effort is shadowed heavily by corruptions and lack of commitment. 

The governments understood the importance of country growth, and they will most likely avoid 

actions that will hinder such growths. From the government related balancing loops shown in the 

diagram, we argued that governments and companies shared the same interest: maximizing 

country and economic growth, therefore it is inefficient to propose solutions that utilize more 

regulations and laws, as they will yield minimal results. 

To maximize the result of a solution for this problem, we proposed an education system 

aimed at students. Students do not have the same social pressure induced like which the current 

workforce has. They will understand the benefits and consequences of taking eco measurements 

from the beginning, and can take precautions or plan ahead for the system to start working. On 

the other hand, they can create eco demands, which will result in increase in eco awareness and 

productivity by industries in the country. In other words, we suggested that an education targeted 

at students will yield a better result in the long run in transforming how the management and 

government think. 
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As for the education itself, we chose the format of a business game. The business game 

will not act as a stand-alone education method, but as an add-on to the current lecturing system. 

We assumed that students under normal circumstances attend lectures as basic education. On top 

of that, a supplementary education should be added to act as self-checking and applying tool. 

Due to the content of this research being related to environmental actions, we proposed an 

education tool with the function of enabling the students to apply what they already learned from 

lectures, and to compare the results with their expectations. Business games are excellent 

education tools for subjects that require the method of “learning by doing” (Bourgonjon J. et el., 

2010; Tao et al., 2009; Connolly T. et al., 2012; Mahboubian M., 2010). Environmental concepts 

not only involve laws and methods, methods, but also the correct combination in order for the 

effects to be maximized. Business games enable students to apply existing experience or 

knowledge on a specific topic, and acquire improvements or new knowledge according to the 

result of the games. They are also considerably cheaper and less time consuming compared to 

other effective “learning by doing” methods such as experiments and fieldworks. In figure 12 

below, we showed the Pugh selection table that we used to decide business game as the format of 

our game in this research. The criteria and weight were decided by questionnaires done by 

current students. According to the students, the application of existing knowledge is one of the 

most important factors when judging the effectiveness of an education. Motivation was also very 

important as it determines the mental state of studying students. 
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Fig. 12: Pugh selection of education methods 

 

 For the content of the business game, we decided to use the setting of a manufacturing 

factory. The reason was the significant affect manufacturing industries have on the environment 

and society of developing countries. One of the most serious outcomes of increasing 

manufacturing factories is pollution, whether it is the pollution of water, land, or air. Industrial 

waste is a definite byproduct of the process of manufacturing. Therefore it will be one of the 

major factors included in our game. On top of that, we have chosen other two factors that would 

be presented in the game: carbon dioxide emission, and energy consumption.  

Emission is one of the main causes of global warming. Some of the main sources of 

emission are machines, transportation, buildings and so on. As countries develop, the number of 

sources of emission also increases. In this research, we divided carbon dioxide emission into two 

main categories: energy related, and economic activities related. Energy related emission is 

defined as emission created by the process of generating energy. In developing countries, the 
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major source energy still comes from coal and fuel burning. Those two processes produce 

extremely high amount of carbon dioxide, and is one of the main of air pollution. However, the 

solution to energy related carbon dioxide emission is not in our scope, due to the fact of the 

difficulty and complexity of the system needed to change the existing situation. When we looked 

at advanced countries, we saw a lower amount of carbon dioxide emissions; but not because of 

less energy used, but of the technology applied to obtain energy (nuclear, wind, solar etc.). The 

planning and effort needed to change exiting energy producing system in developing countries to 

that of advanced countries is not a simple task. Not to mention that after changing the plants, 

cities infrastructures have to be changed too. Therefore we concluded that in this research, we 

will not target energy related emission, and target economic activities related emission instead. 

Under the economic activities related emission, we saw a high percentage of emission resulting 

from manufacturing industries. According to an IEA report published in 2007, thirty six percent 

of the world’s carbon dioxide emission came from manufacturing industries. As most of the 

manufacturing took place in developing countries due to economic reasons, we could conclude 

with a decrease of emission in developing countries, a huge improvement would occur. 

Energy was included as another factor because it has a very close relationship with 

emission. As we have mentioned in the above paragraph, emission also happens as a result of 

generating energy. In the game, we defined energy as electricity. With the increase of factories 

and machines, electricity used to power them also increased. In the graph below, we can see the 

importance of reducing both emission and energy due to the weight they carry in the whole eco 

system scheme. 
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Fig. 13: Emission by sector in China, 2008 (source: World Resources Institute) 

 

1.4 Research motivation 

I have played business games in multiple occasions during my university years in the 

United States and Japan. Those sessions allowed us students to apply our knowledge in a 

simulated environment. Some games were visualizations of real concepts in the business world. 

It shocked us to realize that although we already knew about potential problems and errors that 

that human would make, and even some solutions to the problems, we were still not able to avoid 

those errors completely at the beginning of playing the games. Other games were created based 

on simple business theories, and it was interesting to walk through those theories step by step 

and apply improvements by ourselves.  To me those were the main functions of business games. 
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They are tools that can be used for students to physically explore lessons learned in classrooms 

or textbooks, and to find out the real reasons behind those theories and effects. 

As a Taiwanese having studied in countries with advanced environment friendly 

technology and strict government policies regarding wastes and pollutants, I could feel the 

difference of mindsets of people between those countries and developing countries. It is true that 

all the major industrial countries in the world have some kind of environmental restrictions in 

place. However, especially in Asia, those regulations are not strictly obeyed by most of the 

manufacturers. The idea of “develop first, green later” is still very much the trend that industries 

and government take. Postponing new eco technology and concept will put Asian countries in 

the downstream for the foreseeable future. We will always be importing, buying, learning from 

advanced countries. If we take efforts to make changes by ourselves, we can increase our 

knowledge and even take some initiative to help improve the environment. 

1.5 Research purpose 

To conclude this chapter, we proceed to state our purpose and objective of the research, 

and we give a brief overview of what this research paper contains in each chapter. 

1.5.1 Purpose of research 

The purpose of this research is to increase the eco awareness of students, especially the 

ones in developing countries. We wanted to enhance the understanding of some of the main 

concepts used in eco systems in the real world providing them with a tool with which classroom 

concepts can be connected with real world application. By using this tool, students will be able to 

experience the logics behind eco factory management and understand how situations around 



28 

 

them can be changed easily to deploy eco techniques. Through this experiencing, understanding, 

and thinking process, they will be able to participate more actively when it comes to taking 

initiative in strategies creation and people interactions when it comes to designing eco 

management.  

1.5.2 Objective of research 

The objective of this research is to design a business game with elements of eco 

management. Transforming business (in this case eco management) concepts into a game 

involves making mere ideas into something that people can perform, act, and physically 

experience. In this research, our objective is to make an eco-business game in which players will 

be able to physically perform acts like reusing and recycling materials. They will also be able to 

physically experience the impact of gas emission from vehicles and electricity used by machines 

in a simulated environment. 

1.6 Structure of thesis 

In chapter one, we have given a general background of this research. We have identified 

the critical problems that are happening today, and the concern we have if the problems continue 

to exist. We also stated the general purpose of this research, and the physical results we were 

expecting to build in order to complete this research. In chapter two, we introduce the concept of 

business games. We will define and explain some of the common terms related to business 

games. We will then go over some current examples of popular business games to give an idea of 

what they are like and what they can accomplish. After that we will discuss literatures that serve 

as aid and information during this research. Finally, we will state our originality compared to 
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other researches, and what different methods we took and results we accomplished. In chapter 

three, we will list the methods that we used during this research. We will list them in a timely 

order to show the process we took from forming idea, creating prototypes, and finally testing 

them. In chapter four, we will present the two prototypes created for this research, the test results 

of those prototypes. In chapter five, test results of the two prototypes will be discussed. We will 

show the testing procedures and feedbacks we received from participants. Lastly in chapter six, 

we will recap the results of this research once again. We will state potential uses for the games 

created for this research, and some of the limitations and difficulties we faced while researching 

and designing the business game. 
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2 Business games 

2.1 Definition of business games 

2.1.1 Definition of key words 

Business games (also called business simulation games) are educational tools used to 

enhance or visualize concepts in the business world. The content of business games can range 

from management (time, product, human resource etc.), finance, and company behaviors and so 

on. Below are some of the key terms often used in the building of business games. 

 Gamification: the use of features and concepts from games in non-game environemnts, 

such as websites and applications, in order to attract users to engage with the product (Macmillan 

dictionary). It is the process of making something into a game. A very simple example is football. 

One person kicking a ball around with his feet is called “kicking a ball”. The process of 

gamification used here is to gather twenty two persons, separate them into two teams, assign 

each team a goal, and compete to see which team kicks the ball into the other team’s goal more. 

The process of “gamification of a person kicking a ball” was done.  

Serious game: serious games are games that designed for purposes other than pure 

entertainment (Wikipedia). Usually serious games are primarily used in classrooms, companies, 

social studies, or researches. They provide players of the game to learn without real, physical 

consequences. Schools of medical and engineering use serious game to avoid damage done to 

real humans or machines. Business schools and companies use serious game to simulate business 

related activities without the involvement of real money. 
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2.1.2 Current business game examples 

There are many business games available as of today. The formats are also many, with a 

majority of them being operated by computers in forms of simulator. While a lot of the computer 

business games are ultra-realistic and based on real world numbers, a big percentage of them cost 

a lot of money. That results in a lower accessibility especially for students and individuals. For 

board type business games, the cost is much lower, and usually much higher group interaction 

and participation is required. 

The beer game developed by a group of MIT professors in the 1960’s is one of the most 

famous and most played board type business games in the world. Today it is one of the most 

played business games in colleges, especially in the department of business administration and 

management. It allows students to experience the “bullwhip effect”, which happens when 

companies in one supply chain try to manage their inventories based on predictions and past 

experiences. Almost every company involved will show some degree of backlog and overstock 

situations throughout the game. One very interesting phenomenon is that the more experienced 

the players, whether work experience or game experience, the worse the backlogs and overstocks 

become. Thus, beer game is a very successful designed game in which not only new players 

learn new knowledge and concept, old players also benefit from it by understanding and 

outlining the flaws in their mindset and experience. Another example of a board type business 

game is the logistic game developed by ETH Zurich. The game setup is a production line in a 

factory. Players learn the importance of quality of product, cost of materials and inventories, and 

time of deliveries. The concepts are simple and easy to understand; however, through physical 

activities and cooperation done by players, they can see the differences easier, and thus 

understand the mechanism more compared to receiving lectures.  
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Fig. 14: Beer game developed by MIT (source: http://logisticsbureau.com/Beer-Game-Simulation.htm) 

 

For computer based business games, due to the nature of their professionalism and 

availability, they are utilized in lesser occurrences, and often in specialized classes or company 

workshops. Public online business games usually contain a much lesser degree of 

professionalism, and the purposes are more for fun than education. Green my place is an 

international eco game with players around the world. The main purpose of the game is to 

provide suggestion and reminder of how tiny everyday eco actions can result in big energy 

savings when a lot of people do them. The game features mini games on a weekly basis where 

teams of players compete with other teams for the most saved energies. Capstone business game 

is a corporate designed game aimed for players who would like to experience the management of 

a company. It is one of the business games where numbers and statistics involved are based on 

real world figures, and players are required to have a substantial knowledge beforehand in order 

to understand and operate the game.   
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Fig. 15: Examples of computer business games (Left: Green my place, Right: Capstone business game) (source: 

http://www.businessweek.com/stories/2008-01-30/virtual-workplaces-in-the-classroombusinessweek-business-news-stock-

market-and-financial-advice) 

 

2.2 Literature review 

There are numerous examples of researches done to aid in increasing awareness and 

understanding of students. Most of the games created in the researches were used use teaching 

tools to help players experience and visualize business concepts, strategy makings, and problems 

solving. As the environmental problems gained more and more attention, efforts were made to 

create eco games to satisfy the new needs for understanding eco management and decision 

making. We divided literature reviews for this research into two categories: factory games, and 

eco games. 

2.2.1 Factory games 

Research based factory business games were done mainly to observe and increase 

awareness of business concepts. One of the biggest usages of factory business games is to 

educate current employees on new manufacturing concepts, factory layout changes, or efficiency 

of production.  Another big usage of factory business game is during workshops or interviews in 
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companies. Due to the nature of businesses, however, the above types of factory business games 

are seldom played by people who are not part of the companies. Public factory business games 

that are available to anyone are usually more general in concept, and aims to present the basic 

rules of production or business.    

One of the most famous production business games created was the beer game. It was 

invented in the 1960’s by Jay Forrester, a professor at MIT Sloan School of management. The 

beer game was designed to simulate ordering and stock management mechanism in a supply and 

demand setting. The purpose of the game was to teach students the importance of information 

sharing, supply chain management, and collaboration. However in today’s world, the issue of 

environment slowly became a serious problem that all companies have to think about. A lot of 

new attempts to design eco games that will teach people the importance of sustainability have 

once again proved the importance of business games in terms of education. In the next section, 

we will give some examples of researches done in the past to tackle the issue of eco awareness.  

2.2.2 Eco games 

(Pacheco et al., 2006) Discussion and summarization of the paper is as followed: Second 

chance game was created as an environmental education sustainability awareness game aimed to 

increase eco awareness of young students (primary school). The game utilized simulated 

environments of earth, in which students have to construct miniature houses with limited 

resources. The objective of the game is to provide decision making procedures as the students try 

to use the resources they have as efficient as possible. In the case of shortage of materials, 

students are allowed to trade with other teams. However, trading increases pollution produced. 

The lesson to be taught to the students is that every single action will leave an ecology footprint. 
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They have to make tradeoff decisions and try to execute actions that will benefit everyone as a 

whole. The research successfully carried out the purpose of increasing eco awareness of the 

target students. It served the purposes of altering students’ mindsets and actions after 

participating in the game. Due to the fact that the game was designed for very young students, 

the depths of the decisions to be made were not complicated. The tradeoff factors were obvious 

to notice, and could not be used to educate students enrolling in higher education. Also the game 

did not tackle the one of the most serious environmental problems today: CO2 and waste 

generated from industries. 

(Pak et al., 2010) Discussion and summarization of the paper is as followed: Landscape 

transformation (pasture game) was a research done in Colombia with eco management of frontier 

grasslands. It used a role playing game in which players acted as parties with individual interests 

in utilizing the lands. Due to the decreasing jungle and increasing farming, usable grasslands 

continue to decrease in the Colombian frontier. In order to efficiently use the grasslands, 

management and cooperation must be carried between all the parties with interests or else no one 

will benefit. This game enabled all parties to present their concern and strategy to everyone else, 

thus encouraged communication and decision makings. The content of the game was carefully 

designed based on real world data and measurements. Without the risk of real loses, simulated 

usage could be seen by playing the game, and all parties could understand the consequences of 

their own actions. This game provided decision making for the players,  

(Cowley et al., 2011) Discussion and summarization of the paper is as followed: “Green 

my place” was a research and game developed to increase awareness of daily actions that 

contributes to eco lifestyle. It is an online computer game with players all over the globe 

participating. Players were divided into five cities according to their own preferences. The game 
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utilized a series of mini games related to household electricity usage. The mini games would 

refresh every day, and the players would earn points by engaging in eco actions, for example 

switching off monitors, changing light bulbs and etc. in the end of a week, the scores of each of 

the cities would be compared, and a winner would be announced. This research was intended to 

remind the public of the small actions that could result in changes in energy usage. The research 

did not provide a way for the players to think about improvements and innovations. It simply 

provided a checklist of available activities. 

 (Barari, 2012) Discussion and summarization of the paper is as followed: In this research, 

two sales teams from an apparel manufacturer were competing against each other for profit in a 

game setting. The purpose of this research was to understand the mindset of consumers in terms 

eco friendliness. They concluded that with the implementation for eco procedures, the overall 

profit of a company will increase due to customer reputation increase. Eco friendliness will 

provide market advantage for the company as a result of an increasing eco awareness of 

consumers. However, profit will happen at a later stage during the business compared to non eco 

procedures. The main reason was the initial investment required to transform a conventional 

production line into an eco one. In the long run, eco companies will outlast conventional 

companies, and achieve a higher overall profit. This research provided an insight for us regarding 

consumers’ perspective. In today’s society, consumers are changing their requirement from 

products. eco market will slowly outgrow conventional market. However, in developing 

countries, this is not the case. Consumers in developing countries are still leaning more towards 

conventional products due to lower price and easier access. Therefore in our research, we had to 

implement a way to motivate the customers toward eco actions. 



37 

 

 (Long, 2009) Discussion and summarization of the paper is as followed: This research 

provided a Nash equilibrium strategy for the government and enterprise in terms of energy 

saving and emission reduction activities in a game. They concluded that in order for effective 

energy saving and emission reduction to happen, the enthusiasm of the enterprise must be of a 

high level. Also the relationship between the government and the enterprise is the key. A good 

set of law must provide the best interest for the two parties. At the end of the research, a few 

suggestions of laws and installment of institutions were made for the government and enterprise 

to cooperate. In developing countries, this is very hard to happen because the government and 

enterprise are basically on the same side. The government will not agree with actions that limits 

the activities of the enterprises due to economic reasons. Therefore in our research, we have to 

consider the relationship between the consumer and the enterprise and consumer and the 

government. 

 (Zhao et al., 2012) Discussion and summarization of the paper is as followed: This 

research was very similar to Long’s research in terms of finding the balancing point between the 

government and the enterprise. However, issues of waste were added as one more consideration 

for the two parties on top of energy and emission. Another different approach that Zhao took was 

that he did not propose policies and institutes; instead he used gaming software (“gambit”) to 

simulate the measurements. He concluded that the government should be the dominant force in 

implementing eco laws.  As soon as enterprises started to adapt to the laws, the government can 

then ease off the pressure put on the enterprise because by that time the enterprise will be 

promoting eco friendliness due to the green market. Again with Long’s research, the relationship 

between government and the enterprise is slightly different in developing countries. We cannot 

expect them to regulate each other; instead we need a new entity to provide the motivation. 
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 (Chew et al., 2009) Discussion and summarization of the paper is as followed: This 

research simulated different methods of application, and provided information on how to 

successfully implement multiple water plants in an eco-park, by using a game theory. The 

simulation was run with profit, cost, and water resource as the factors of measurement. Basically, 

a Nash equilibrium solution was required for all the water plants participating due to everyone 

having their own self-interest in this scheme. Instead of using a role playing game where 

everyone tried to find out the best solution, computer simulation was run, and a sensitive analysis 

was also used to check on the fluctuation of the models. This research provided us with the 

insight of how multiple similar roles with slightly different interest is to find a best solution for 

the bigger eco scheme. In our research though, we will have similar roles (factories) competing 

against each other for the eco market. A balancing solution was not necessarily needed due to the 

competitive nature of similar enterprises. 

 (Zhang, 2008) Discussion and summarization of the paper is as followed: Zhang 

proposed a good mix of policies from the central government, with full supporting systems from 

the lower levels of the government was a good way to enforce eco activities. He promoted the 

use of eco labeling, green government procurement, and involvement of financial institutes to 

help promote green market to increase the effectiveness of eco friendliness. We thought that the 

government alone cannot achieve eco friendliness, as we are seeing from situations in developing 

countries. A political system alone does not have enough power to motivate the industries and 

public to transform into a green society. There were many more researches which suggested 

different strategies from the government; however, we concluded that those strategies were of 

minimal effectiveness, as reflected by the current state of developing countries. 
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 (Tanimoto, 2005) Discussion and summarization of the paper is as followed: Tanimoto 

tackled the eco awareness issue from a more social perspective. He used four scores to measure 

behaviors of groups of companies. A shift of ego oriented value system to the frustration-free 

system is required for the society to move towards sustainability. The dilemma faced by 

companies when choosing to become eco is one huge factor. This is the exact same situation 

companies in developing countries are facing. The letting go of profit to pursue eco concept does 

not fit their ego oriented value system, therefore changes cannot be made. In this research, we 

implemented a government and consumer relationship as the source for pushing companies 

towards a more frustration-free value system. 

 (Magombeyi et al., 2008, Le Bars et al., 2007, Rajabu, 2007) Discussion and 

summarization of the paper is as followed: These three researches targeted the eco awareness in 

terms of water management. In Magombeyi and Rajabu’s research, a board game called the 

“river basin game” was designed to increase water resource management awareness specifically 

in Africa. Players tool the roles of different farmers located along a river. Each of them regarded 

the water as a resource for their own interest, and cooperation and communication was needed to 

maximize the efficiency of water usage. In this game, the roles of consumers were presented and 

they had to solve the problem by themselves through negotiation and information sharing. The 

approach they took on having consumers as the main driving force of solving environmental 

problems provided useful insights for us because the integration of this role into the society was 

the important process. 

 (Dong et al., 2011) Discussion and summarization of the paper is as followed: Fang 

proposed the “bad money drives out the good money” phenomenon the society in terms of eco 

markets and products. He pointed out that the three main aspects that were hindering the society 
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towards an eco-transformation were market failure, government failure, and the social system 

itself. We saw a very similar phenomenon in developing countries, where the public is lacking 

information and action regarding eco products and eco activities. The government does not 

enforce eco policies enough due to the pressure and priorities installed by enterprises. This 

resulted in the “abnormal operation and paralysis of the entire eco-product market.” However in 

the end Fang proposed three suggestions which emphasized on the importance of improving the 

eco market and the eco products. We suggested that those changes alone were not enough to 

change the current situation, and on top of that there were already many similar proposals 

presented by many researches. We thought that the most effective way to actually motivate the 

consumers is to provide some sort of direct incentive. In other words, instead of making the 

products more appealing to the consumers, make the process of buying the products more 

appealing. 

 (Mallidis et al., 2012) Discussion and summarization of the paper is as followed: Mallidis 

simulated strategies for companies in terms of transportation cost and emission reduction. He 

concluded that efforts made to decrease carbon dioxide emission by optimizing the supply chain 

network did not require a substantial cost because the strategy to decrease emission was often 

aligned to the strategy to optimize the supply chain. From his research, we realized that at times, 

optimizing of the transportation, inventory management also results in the minimizing of 

environmental burdens. In the game, we will try to recreate this phenomenon for students to 

understand and experience. 

 From the literatures we read, we could conclude that almost all of the researches tried to 

solve the environmental problems from the perspectives of policy makers, or the enterprises 

themselves. However, those implementations will only work well in situations where the 
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government and the enterprises both understand the importance of eco friendliness. In 

developing countries, that is often not the case, and instead from solving the problems from the 

government and enterprises’ perspectives, we suggested that there is also a need for a strategy to 

motivate the consumers. In the table below, we showed a comparison of the positions of previous 

researches and this research. We took parts of what previous researches had proven, and add 

onto that the perspectives of the government/enterprise working with the consumers to achieve 

an ecofriendly social system. 

 

Fig. 16: Comparing literatures 
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2.3 Originality of research 

Our originality of this research is involving the three main players in the manufacturing 

industry: government, manufacturers, and the consumers. In advanced countries, most of the 

companies, and also the public possess high eco awareness. When companies and the public 

understand and accept the importance of being eco, little conflict will happen between them and 

the government eco policies. In the unique situation of developing countries however, a mutual 

agreement cannot be reached regarding eco policies and activities. As we mentioned in the 

background section, government in developing countries has a tendency to agree with the 

growths and policies of the companies due to the economic gain. This results in a stand-off 

between the government and companies, and the public. The needs and requirements of the 

public are often ignored or lightly treated. In a lot of cases, government will provide cover up for 

the companies. 

Therefore in this research, we included all the three players in a game situation to show 

students that how the three of them can work together to reach a common agreement, especially 

in developing countries. The solution we proposed was based more on the social aspects of this 

problem, instead of focusing on the economic area. Most of the previous research tended to 

provide understanding and solutions from the government and companies’ perspectives only. 

Those researches will be a better fit in advanced countries, where most of the possible problems 

are the negotiation between policy makers and companies. In developing countries, we see a 

unique situation of the public disagreeing with the government and the companies; therefore we 

added the role of consumers in our research. 

As for the content of the game, we decided to include the three basic factors experienced 

by all manufacturers: waste, emission, and energy consumption. Due to the social scheme we 
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selected for our research, we did not target a specific type of manufacturing industry. We wanted 

to show the relationship of the government, manufacturer, and the consumer in terms of the 

actions the three of them can take to influence another. By only selecting three basic contents for 

our game, we could clearly show the effects of different actions taken by the three roles on the 

manufacturing process. Previous researchers focused on specific aspects of the manufacturing 

processes because they intended to understand the relationships on those specified subjects on a 

deeper scale. Since we targeted the whole social effect and change, we had to include more 

manufacturing subjects, but on a slightly shallower scale so that we do not over confuse the 

cause and effects (shown in the figure below). 

 

 

Fig. 17: Including of three players to affect eco issues 
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3 Research methods 

3.1 Research process 

This research started with the identification of the research problem. We took a look at 

the current eco situation around the world, and we noticed that there was a significant lag of 

understanding of the purposes and merits of factories adopting green production, especially in 

developing countries. 

 

 

Fig. 18: Research process 
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3.2 Methods used for this research 

3.2.1 Causal loop diagram 

A casual loop diagram is a tool useful for presenting variables and their relationships with 

each other visually. We used the two causal loop diagrams to highlight our focuses for this 

research. The first diagram focuses on the society aspect of this research. We made a comparison 

between students and current factory employees in terms of how they can be affected by eco 

education, and how the knowledge gained will be applied. The second graph focuses on the basic 

concepts of eco management in a factory setting. We used the graph to understand the 

requirements and consequences of eco options available in factories. 

3.2.1.1 Requirements from casual loop diagram 

In the first graph, we showed that the initial effects of eco education for students and 

current employees can be very similar. Both of the groups will gain eco awareness and 

understanding, and both of the groups will want to take actions to improve the environment. 

However, in the current employees’ situation, they will face the final decision makers along the 

process of trying to make a change. The final decision makers will be the obstacle that the 

employees cannot overcome, especially in today’s developing country. Eco demand in current 

developing countries is simply too low compared to the developed countries. Companies will 

have a very difficult time sustaining their business if emphases are put on implementing eco 

procedures. On top of that, the focus on keeping the profit as high as possible from managements 

in developing countries will disagree with employees who wants see a change towards a greener 

output, which means less profit due to more investment. In the students’ case, improvements and 

applications can be carried out easier for many reasons. One reason is that the students will be 
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the next wave of employees. They will not only be bringing the awareness and knowledge into 

companies, but also they will become the new decision makers. Even before that process takes 

place, they will become the new customers that will increase demands of green products and 

green procedures. By affecting current students, the transformation from conventional mindset to 

eco mindset will be much easier and smoother than trying to affecting the current generation. 

 

 

Fig. 19: First causal loop diagram in this research 

 

The second graph shows the basic measurements affecting companies we chose to focus 

on in this research: waste, emission, and energy consumption. A large portion of eco 

management is about making tradeoff decisions. Usually the decisions involve two major 

variables: money required, and eco effectiveness. It sounds like a very simple calculation, similar 
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to a seesaw. However, when all actions involved have an effect on money and eco effectiveness, 

the relationship can become more complicated. This is why we used the causal loop diagram to 

help us identify the tradeoff relationships involved, and implement them in the eco game that we 

designed. 

 

 

Fig. 20: Causal loop diagram of the factory concept used in this research 
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3.2.2 Stakeholder analysis 

We used stakeholder analysis to identify all possible stakeholders that will be involved in 

this research, and the relationship between them. Due to this research being a design of an 

educational tool, most of the stakeholders will be the ones receiving the education (students in 

our case), and the ones who will be administrating the education (teachers in this case). In the 

table below, we listed the stakeholders and brief explanation of their interest and positions. 

 

 

Fig. 21: Stakeholder identification and description for this research 
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After we listed potential stakeholders and briefly described their involvement and 

activities, we used a power vs. interest grid to further present the level of involvement of each 

stakeholder in this research. 

 

 

Fig. 22: Power vs. Interest grid of stakeholders for this research 

 

The grid showed that in this research, the teachers hold high power and high interest 

because they are the decision makers when it comes to the usage of the game we designed. They 

decide when and how the game is to be used to teach students, and also if the contents of the 

game needs alteration to suit their needs. The students have high interest in this business game, 

which we concluded by conducting a questionnaire. They also have high power over the game in 

terms of feedback and results. Educational institutes have high interest on the potential education 

effects brought in by the game, but their power over the game itself is limited. From the grid, we 

concluded that the opinions and suggestions of teachers and students need to be taken into 

account in order to address the issue at hands. 
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3.2.3 Questionnaire 

Questionnaires are used to gather statistical information directly from respondents. We 

used questionnaire in this research to collect information from students regarding business game 

involvement experience, and the level of understanding of eco issues. Also we were able to 

acquire requirements from the students as the input for the game. A total of eighty students took 

the questionnaire, and we were able to derive useful information for our game designing process. 

3.2.3.1 Requirements from questionnaires 

All the eighty respondents are active students ranging from first year university students 

to doctorate students. Nineteen percent of the respondents have a background of developed 

countries, and the remaining respondents are from developing countries. The questionnaire we 

created served two purposes: the first purpose was to find out background information and 

opinion regarding business game involving experience, and also preference regarding the 

business game formats and purposes. Of the respondents who have experienced business games, 

sixty two percent of them did it in schools, while the others having done it in workshops and 

individually. The average rating of the effectiveness and enjoyment of business games as an 

educational tool (based on a 1 to 5 scale) was a 4.31 and 4.50 respectively. According to the 

respondents, the most important factors of a good business game are the fun element of the game 

itself, and then ability to encourage thinking and judgments. To our surprise, the one of the least 

important factor is the realism of the game. Regarding to the format of the business game, fifty 

five percent of the respondents revealed that they prefer board/block type of business game 

similar to the beer game. Another thirty eight percent thought that physical games, where 
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participants are required to move around, are preferred. The final eight percent of students prefer 

computer simulated type of business game. 

The second purpose was to find out current students’ mindsets and understanding 

regarding eco issues and methods.  We wanted to provide an educational tool that will attack the 

areas in which current students think that most improvements and aids are required. This way we 

can make sure that this tool will be as straight forward and effective as possible. Regarding the 

cause of environmental issues, sixty one percent of the students considered industrial activities 

created the biggest source of pollution and problems, followed by twenty four percent of students 

saying that daily energy consumption contributed the most. Finally, in order to understand the 

basic concepts of eco management, eighty percent of the students suggested that they would be 

interested to participate in a business game simulating factory production with eco management 

and decisions. 
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Based on the above information and requirements we collected from current students 

through questionnaire, we proceeded to designing a business game that would include all the 

major factors preferred by the highest percentage of students. Our business game would be a 

board type game with a factory setting, and decision making mechanism based on the “3R” 

concept. 

3.2.4 Case studies 

In order include realism in this business game, we first took a look at what are some 

procedures, methods, and strategies that companies are currently using in the real world. We 

chose some main concepts used in real world that we thought would be important for students to 

understand, simplified where necessary, and applied it into the game. We used examples that are 

not totally unknown to target students because we wanted to students to have some basic 
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understanding of the issues at hand, and perform according to what they already knew during the 

game. Once they finished doing what they thought was enough, we would then show them 

consequences or extra considerations that they did not notice beforehand. For students with 

complete understandings of the topics presented in the game, it would be a good chance for them 

to take on leadership, and physically experience the concepts. 

Case studies were the main sources of idea we used when designing the game. Most cases 

studied took place in Asia, and the industries involved ranged from farmers, food processing to 

cars, metal and chemical. We studied a wide range of industries in order to extract the core 

concept of eco management. We did not want to specify an industry because the environment 

and common practices of that industry would make the content of the game too narrow for our 

target students. 

3.2.4.1 Requirements from case studies 

We derived two main concepts from our case studies. The first concept was the waste 

management hierarchy of the “3R” concept. In normal circumstances, reducing waste is the best 

method in managing waste, followed by reusing, and finally recycling. Due to the extra 

investments and pollutant as a result of implementing reusing and recycling, those two methods 

will be less effective and less eco compared to plain reducing the waste generated. We wanted to 

make sure that the decisions that the students make in the game will reflect this reality. The 

second concept was “factory clustering”. Basically that means multiple factories gather around 

and share resources and wastes. In reality, there are numerous occasions where one factory’s 

waste can be used by another factory as material. However, in order for that to happen, extra 

costs, extra transportation, negotiations between companies might be required. Therefore that 
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adds another layer of strategy available for students to utilize when they try to manage the 

production during the game. (Shi et al., 2010, Panyathanakun et al., 2012, Anh et al., 2011, 

Vachon et al., 2008, Zhu et al., 2007, Eltayeb et al., 2011, Lee, 2011, Koplin et al., 2007, Zhu et 

al., 2004, Hsu et al., 2012) 

3.2.5 Prototyping 

We applied the prototyping process similar to computer game developers to design our 

game. First, a prototype was created based on initial requirements. Then we invited students to 

play it to find out the “bugs” of this game, and then we made improvements to create the next 

version of prototype. We repeated this process a few times until the game flow became smooth, 

and the measurements and calculations reflected the concept that we wanted to teach to the 

students.  

3.2.5.1 First prototype (conventional factory game, based on ETH Zurich’s logistic game) 

The first prototype was based on the basic concept of ETH Zurich’s logistic game. ETH’s 

logistic game simulates a production line in a factory. We tried to recreate the game flow to 

understand the main operations in a production line, and the importance of quality, cost, and time 

in a conventional factory.   

3.2.5.2 Second prototype (eco factory game) 

After testing the first prototype and making sure that the operation flow was smooth, we 

proceed to making the eco factory game. We took the core concept of the flow of a material 

supplier, a product manufacturer, and a customer, and transformed that into our eco game. We 
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added measurements of waste, emission, and energy consumption on top of the original quality, 

cost, and time measurements. 
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4 Development and results of the games 

4.1 Conventional factory game 

Before we started designing a game, we had to decide on the theme, or setting of the 

game. As mentioned in above sections, we chose to create an education tool focusing on the 

environmental issues. As countries industrialized, pollution in many forms were created and 

released into the atmosphere. Today, industrial CO2 accounts for 85% of the cause of global 

warming, the top cause. The second and third causes are then transportation emission and 

methane emission. With this fact, we decided to design our business game with a factory setting 

in order to address the most serious issue at hand. To start off our design, we first tried to 

recreate a factory game based on ETH Zurich’s logistic game. ETH Zurich’s game highlights the 

production process inside a single factory. We took the base model of the game and created our 

own version of a factory business game. The purpose of doing this was to see for ourselves the 

essence of a factory production. The eco factory game that we wanted to design would include a 

lot of core manufacturing concepts based on current factory manufacturing processes. 

The conventional factory game simulated the production process from material supplier, 

to manufacturing stations, quality checks and reworks, and back for the customers. It consisted 

of simple operations carried out by all the players involved: for example parts assembling, 

transportation, quality checking, and shipping for the customers. The game layout of our 

conventional factory game can be seen below. 
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Fig. 23: Layout of the conventional factory game 

 

 The game started with working stations far apart from each other. The objective of the 

game was to minimize the waste of time for transporting, the manufacturing bottlenecks, and to 

satisfy customer’s demand. 

4.1.1 Results of the conventional factory game 

After playing the game, students were able to understand the importance of the quality of 

products assembled. With the increase of product defects, a serious bottleneck was created at the 

quality checking and reworking stations. Every assembling station must first make sure that the 

products they produced were ready for the next stage in the assembling line. Quality checking 

and reworking does not add value to the product and the production. It is a correcting and 



58 

 

repeating process, therefore students must make sure that time and cost are not wasted on such a 

procedure in a production line. Another lesson learned by the students was the importance of 

bottlenecks at the assembling stations. For this issue, students combined different methods to 

improve the situation. The reassigning of workers and rearranging of the tables resulted in 

improvements to the whole production line.  

4.1.2 Feedbacks received from the conventional factory game 

The lessons we learned from the conventional factory game became the new direction 

and requirements that we had to reflect for our eco factory game. The first feedback received was 

the speed of the game. In order to reach the eco stages of this game, improvements of the current 

production line had to be made first. By including the time needed to perfect the manufacturing 

stations, the players were confused by the true purpose of the game. Players suggested that 

production line in a game with eco setting should be set up in a way that eco procedures could be 

carried out almost immediately. This way the students could focus on the main objective of the 

game, and the purpose of the eco factory game could be met much easier. The second feedback 

was about the product assembled. The two versions of products used in the conventional factory 

game were both too complicated for the players to assemble. Due to the complexity, a large 

amount of time was required to make changes to the product, even if the change was a very small 

one. This resulted in most of the focus and time spent during the game was to alter the product, 

instead of to think about the manufacturing process as a whole. 
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4.1.3 Additional requirements for the eco factory game 

After we made improvements to the conventional factory game according to feedbacks 

from students, we proceeded to defining and setting the eco concepts that we wanted to use for 

the eco factory game. We first took a look at the environmental situations in developing 

countries. The eco factory game will be used to help in educating students in developing 

countries; therefore we wanted to include issues or methods that affect them the most. We 

concluded that three major polluting factors would be the most important and appropriate 

contents to be included in the eco factory game: carbon dioxide emission, energy consumption, 

and waste. As mentioned in chapter 1, the problems caused by carbon dioxide emission in 

developing countries have been increasing rapidly in the past twenty years. The result was the 

worsening of global warming, and serious air pollution, especially in major industrial cities like 

Beijing, Guangdong, Jakarta and so on. Energy consumption is very closely related to carbon 

dioxide emission. The more energy is required, the more carbon dioxide emission will result due 

to coal burning, fossil extracting and so on. It is therefore essential to consider both carbon 

dioxide and energy at the same time. We defined waste in this research strictly as industrial 

waste produced from the manufacturing process. Waste is one of the main cause of increasing 

landfills and soil and water pollution in developing countries. It also affects directly the wild 

lives in the surrounding area. In figure 22 below, the waste generated and collected by different 

regions in 2012 was shown. One can see the lower collection rate of generated waste in the 

African and Asian region. (Japan is also included in the Asia Pacific region, which means that 

the collection rate of developing Asian countries is actually lower from what is shown in the 

graph, given that Japan, by itself, has a waste collection rate of approximately 85-90%) The 

reason could be lack of technology, lack of a supporting government plan, or lack of money. 
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However, the more important issue we wanted to point out is that with high eco awareness, all of 

the reasons listed above could have been solved more or less. 

 

 

Fig. 24: Industrial waste generated and collected (by region)(source: Frost and Sullivan, 2012) 

 

 Another additional requirement for the eco factory game was the involvement of the 

government in the whole eco system scheme. From figure 7 shown in section 1.2.2, one can 

clearly see that the most European companies engage in eco activities voluntarily. Unfortunately, 

that is not the case in developing countries. In order to effectively carry out eco activities, 

enforcing laws and incentives must be implemented in developing countries. 
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4.2 Eco factory game 

The eco factory game was designed to include improvements made from the convention 

factory game, and the new requirements discussed in the previous section. As expectations and 

demands from the society changes, the effects of current factory games became obsolete. 

Therefore, the need of a new business game aimed to educated students with new information 

was required. The eco factory simplified the process of production, while keeping the major 

stakeholders intact. The layout of the game is shown below. 

 

 

Fig. 25: Layout of the eco factory game 

 

The students will be divided into three different roles. The main objective is to maximize 

profit. The game will be played three times (we called it three “games”), each game consists of 

ten rounds, and each round lasts two minutes. The reason for playing the game four times was to 

simulate increasing regulations from the government. As pollutants’ penalties increase, the teams 

will have to battle against increasing cost to penalties while satisfying customers’ demands. 

There are three main stakeholders that we simulated in our game, material supplier, 

factory, and customer. The first stakeholder is material supplier. It is the source of any kind of 

production, and it plays a very important role in contributing to the production and 

environmental outcomes due to the fact that the materials supplied will affect the strategies of the 
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factory. The second stakeholder is the factory itself. The factory is the major decision maker in 

our game. The basic decisions include materials used and production strategy. However as the 

game progresses, more and more strategies will be needed to keep the production flow. The third 

stake holder is the customer. Customer creates demands which the factories will have to fulfill to 

make profit. Similar to the factories, the customer’s demand will change according to the 

performance of the factories as the game progresses with additional rules. 

The concept we used when designing the product was based on quality and production 

strategy differences. There are two versions of the product that the factories can choose to make. 

The first version simulates a high quality, eco product. It requires high quality materials to make, 

and the price at which it can be sold is the highest. The second version simulates a normal 

quality product which only requires fifty percent of the high quality material, and it has a lower 

selling price. With two different types of products available for the factory to produce, we added 

the element of decision making for the students. Since material comes in a set and the amount of 

pieces is fixed, it is up to the factory to decide the usage of the materials. 

The material supplier will supply two kinds of material sets: a premium set and a 

standard set.  The premium set costs more, carries more pieces of materials, and contains less 

waste. The standard set costs less, carries less pieces of materials, and contains more waste. We 

designed the material suppliers the way they are to simulate changes in material acquiring 

technology, and waste generation. One example of improved material acquiring technology is 

changing the cutting pattern of a machine to acquire more useable small pieces of metals from 

the same piece of metal, or changing the shape of the metal pieces supplied in order to cut them 

more efficiently in the factory. The waste carried in both of the sets is to simulate that waste is 

impossible to be eliminated. In the same example discussed above; whether it is changing the 
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cutting machine, or changing the material piece itself, additional process has to be made 

somewhere in the material supplying flow, therefore waste cannot be fully eliminated. 

The factories are the main focus of the eco factory game. They will be in charge of 

making production decisions and material strategy. The different production mixtures and 

material ordering they applied will result in different profit and different expense. As the games 

goes on, penalties will be incurred on all pollutants. That will result in addition thinking of 

movements to maximize profit.  

For the simulation of the customer, we applied a mix of push and pull system. The 

customer will order an amount of products every round. The factories will need to satisfy the 

quantity ordered by the customer. The types of materials used are depended on the strategies 

taken by the factories. For example, the customer orders three eco products, and two normal 

products. The factory can deliver the orders using all premium materials, all standard materials, 

or a mix of both. The reason for this type of order satisfying mechanism used in the eco factory 

game is to add a decision making element for the players to achieve learning and understanding 

of their own actions. 
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Fig. 26: Operations of the eco factory game 

 

 Every round new order will be issued by the customer. The factories will decide on the 

amount and type of material they will use to manufacture the products. The process is repeated 

for ten times. After that one game ends, each team’s profit is calculated and compared. The 

teams will have a period of ten minutes for discussion. They can take a look the result of the 

finished game and make strategic changes. After the discussion period is over, the game will 

resume with a new game with additional new rules, and this process will repeat for one more 

time until the whole game finishes. 

 We will explain the game in terms of CVCA graphs and equations. After every game, the 

team’s profit will be calculated by the simple equation of: 

 

Fig. 27: Basic equation of the game 
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 After game 1, there will be new rules introduced which players had to abide by. The rules 

served as new constraints of the factory operations. For game 1, students do not have to worry 

about rules and penalties, as the only measurement taken is the amount of inventory and orders 

of materials. Therefore, the equation for game 1 is as followed: 

 

 

Fig. 28: Calculation for game 1 

 

 The activities and flow between roles in game 1 is as followed: 
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Fig. 29: CVCA for game 1 

 

 The three squares represent the three roles in the game. “M” stands for material, and “P” 

stands for products. For game 2, waste penalty is added as a new constraint in the following 

equation: 

 

Fig. 30: Calculation for game 2 
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Included in the fixed cost of game 2 is an option for students to think about. To 

implement or not to implement is up to the students according to the strategy they choose. The 

CVCA for game 2 is as followed: 

 

 

Fig. 31: CVCA for game 2 

 

 In game 2, the players will pay additional penalties with every piece of waste generated 

to “WM”, which stands for waste management. What we wanted the students to do during game 

2 were to purchase only eco material sets. Due to the reason that eco material sets provide more 

high quality materials and less waste, it will effectively cut down cost and waste count for 

students. In the graph below, we presented three pure strategies choosing scenario for 

maximizing profit during the game. As we can see, starting from game 2, if the students did not 

apply the strategy of using only eco material sets, they would not be able to achieve the 

maximum profit that they can receive. 
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Fig. 32: Maximum profit available to students during each of the game rounds 

 

Finally in game 3, additional rules of emission and energy are added, and the equation is 

as follows: 
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Fig. 33: Calculation for game 3 

 

 The CVCA for game 3 is as follows, with two additional roles: 

 

 

Fig. 34: CVCA for game 3 
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Two additional roles were added in game 3, “TA” and “EA”. “TA” stands for 

transportation agency, which will collect penalty from the factories for every trip their 

transportation made. “EA” stands for electricity agency, which collects additional penalty from 

the factories for the energy consumed. “G” stands for government, which will provide incentive 

for the consumer to take products back to the factories for recycling. We wanted to see that with 

the introduction of government incentive, consumers will be more willing to participate in eco 

activities. The graph below shows the result of full consumer cooperation with the government to 

achieve a more eco society. Assuming that all eco products are recycled by the consumers with 

the help of government incentive, we can see that the factory will make a profit higher than the 

best strategy available to the factory. 

 

 

Fig. 35: Profit gained by factories without recycling, and with 100% recycling rate by the consumers 

 

4.2.1 Results of the eco factory game, first test 

The game was tested three times by three different groups of students. The first test took 

place over a span of three weeks in December. Eight master students from the English business 

engineering lab of SDM in Keio University took part in the tests. The game was tested on the 
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Hiyoshi campus of Keio University. The first tests were intended to run the game in a “closed 

beta” situation. The test players repeatedly play the game to make sure that the game functioned 

as it was intended to. The measurements used for strategy performance were tested and changed 

in order to represent each team’s decisions in the best way. Two distinct results can be seen from 

the first test. The first result was the difference in profit made between two teams who used 

different strategy. One of the waste management lesson we included in the game was the waste 

hierarchy of the “3R” (reduce, reuse, recycle) concept.  In normal circumstances, the most 

efficient method in terms of return on invest is reduce, followed by reuse, and the least efficient 

method is recycle. The team who utilized the reduce strategy more than reuse or recycle have a 

higher profit then the teams who chose the opposite.  The result is shown below in figure 32. 

 

 

Fig. 36: Reduce vs. Reuse/recycle strategy 

 

 The reduce team tried to reduce waste by only using higher quality material sets while the 

recycle/reuse team used a mix of premium and standard materials. After the game ended, the 
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reduce team showed a high profit (credit in game) than the recycle/reuse team. The waste 

generated by the reduce team was also lower. Another distinct result was that as the game 

progressed, the teams were able to quickly find a way to more efficiently reduce the waste either 

by ordering better materials, or better managing the material ordering strategy. The result can be 

seen in figure 33 below. 

 

 

Fig. 37: Profit and waste at the end of the game 

 

 We took the result of one team during the game. The profit decreased constantly till the 

end of the game, which was normal due to the way we designed the game. However, the 

significant result was that with everything else remaining constant, the team was able to continue 

to find ways to reduce the waste. The gap between profit and waste amount became closer and 

closer as the game went on. 
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4.2.1.1 Lessons learned from the first test 

Due to the nature of the first test not focusing on the education aspect, but on the function 

of the game itself, we could only acquire limited data on the lessons learned by the students. In 

the later tests, the students learned the priorities of the “3R” methods. In terms of the efficiency 

measured by the return on investment, the reduce method is more efficient than the reuse method, 

which is then more efficient than the recycle method. As mentioned above, one team was 

intentionally instructed to apply only reducing methods, which means that the team would use 

only high quality materials. The other team was free to apply whatever strategy they wanted in 

order to maximize profit. We designed the game in this way to reflect the fact that reducing is the 

best way when one considers being eco, and the team that utilized the reducing concept the most 

would end up with the highest profit. 

 One lesson that we learned from the students after test 1 was the importance of keeping 

track of one’s own eco activity throughout the manufacturing process. Initially we designed the 

flow of the game so that the students would only know their performance after one game was 

finished. However, students reflected that they would prefer to know all the consequences of 

their actions on the fly so that they could plan more accordingly. For the next two tests, we added 

this element into the game to satisfy the needs from the students. 

4.2.2 Results of the eco factory game, second and third test 

After the first test, two more tests were done with an intention to test the game as an 

education tool like we intended. The second test was done on January 19
th

, 2013. Participants 

consisted of three students from graduate school of Bunkagakuen Daigaku, and three students 

from SDM. The third test was done on January 20
th

, 2013. Five participants from assorted 
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colleges and universities, and four students from SDM took part in the test. Since there were 

three manufacturing factors, and three social roles we included, results related to each of those 

factors and subjects will be shown below. 

The first major result shown is related to waste reduction. The red and blue bars represent 

premium material sets ordered and standard material sets ordered respectively. The orange line 

represents the waste accumulated at the end of each game. Every material sets come with waste, 

and the number of waste depends on the set of the materials. Premium materials cost higher for 

the factory to acquire, but the number of waste is lower, and the quality of the material is also 

higher. Team red was able to perform very closely to how we expected players should perform. 

As the game went on, they showed an increase in the ordering of premium material sets, a 

decrease in the ordering of standard material sets, and a significant decrease in waste. The results 

of team yellow and team green were similar to that of team red’s, however, they showed a little 

bit of uncertainty regarding material ordering strategy and waste decreasing.  In team green’s 

case, they showed a significant decision in game 2, when they almost ordered premium material 

sets exclusively. However in game 3, they took a step back and increased their standard material 

set ordering. 
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Fig. 38: Results of the three teams in terms of “waste” 

 

 The second major result shown below is related to the emission by factories. The blue 

bars represent the number of times the teams ordered materials. The red lines represent the 

number of times transportation was requested in order to receive materials, or to deliver the 

products to the customer. Team red showed a decrease in both times ordered and numbers of 

trips made by the transportation. Team yellow showed a big improvement in terms of both orders 

placed and trips made at the end of game two. However in game three, they rebounded a little bit 

back up. All three teams performed the same at the end of game three, meaning that although 

that although the approach teach team took was different, they were able to understand the rule 

of the game and resulted in the same efficient way.  
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Fig. 39: Results of the three teams in terms of “emission” 

 

 The third major result shown below is related to how with the help of the government, the 

customers can change the manufacturing processes. During the game, government incentive was 

given to the customers whenever products were brought back to the factories for recycling. We 

designed this rule to specifically monitor how the customers and factories react to it. The blue 

and red bars represent the number of premium products and standard products ordered by the 

factories. The orange line represents the total number of times the factories ordered materials. 

The results show that in general, the number of premium products ordered increased as the 

number of standard products ordered decreased. Team red and green showed a decreasing total 

number of times the factories ordered materials.  
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Fig. 40: Results of the three teams in terms of “recycled products” 

 

4.2.2.1 Lessons learned from the second and third test 

To validate the game, we first took a look at the averaged students’ result and compared 

it to the optimal result of the game. We wanted the students to produce a result as close to the 

optimal result as possible. By achieving that, we could conclude that the students were affected 

by the game rules, and that they understood the eco mechanism we designed for the game. The 

result regarding waste is as followed. 
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Fig. 41: Student's averaged result compared to the optimal result of the game 

 

 Students’ trend of behavior was similar to the behavior of the optimal result, although not 

completely stacking. After the game finished, we used interview and Q&A sessions to get 

information from students regarding their opinion on the game, before and after differences, and 

also varies thinking pattern and communication they engaged during the game. Regarding the 

waste result, students understood the importance of reducing inefficient use of materials. At the 

beginning of the game, students reflected the use of cheaper materials to achieve higher profit. 

When the waste penalty was introduced as a new rule, the first thing students thought of was to 

reduce the waste. Since order was decided by the customer, the only way factories could reduce 

the waste was to start importing the premium materials. As seen from figure 22, team red 

students implemented that strategy immediately. They did not switch to all premiums at game 2 

because at that time they were still unsure of the consequences of the higher cost. After the end 
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of game 2 though, they were certain that in order to avoid even more lose, they had to switch to 

more premium materials. Team green made a more aggressive change in game 2 compared to 

team red. However in game 3, they tried to cut down the cost by reducing ordering of premium 

materials again. In reality, team green would endure an overall higher cost and waste due to the 

abrupt switching of the production line and suppliers. In the end, the teams were able to 

understand the importance of reducing waste from as soon as possible after our discussion 

session. After the waste is created by the manufacturing processes, more cost and more effort is 

needed to deal with them. Therefore, it is of best effect if the waste is reduced or eliminated at 

the very beginning of the whole process. 

 We also tested different amount of penalties assigned to the wastes during game two, and 

how the students behaved to the changes. According to the graph shown below, students did not 

achieve the optimal number of purchase while the penalty was set at 20. However, once the 

penalty was raised to 30, students were then forced to purchase eco materials only. Therefore we 

concluded that the waste penalty should be set at 20 in order for students to change their 

behaviors, while leaving them enough space to make wrong mistakes and learn. 
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Fig. 42: Students' behaviors with different waste parameters 

 

Regarding the emission result, all teams reported that the maximization of transportation 

capacity was what their method. That response had us surprised. Initially we thought that the 

students would already be fully utilizing the transportation capacity from the beginning of the 

game. We designed in a rules in a way that in order to reduce emission, better fit of materials 

were required at the time of ordering so that no extra corrections would be made. However, the 

test gave us new insight to the students. To them, maximization of the transportation was not 

considered before the penalties. It was only after the introduction of the penalties that the teams 

started to think about material ordering strategy more seriously as they only had one chance to 

make the delivery. Team red took a more conserved approach again regarding emission. They 

kept their ordering strategy the same for two games before making changes. The reason was they 

did not think that reducing one or two trips would make a big difference. Team yellow made the 

most improvement in game 2 among the three teams. Team green focused on reducing the waste 

by mostly ordering premium materials. However, their strategy resulted in them having to make 
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more orders and trips due to satisfying customer orders. The key to reducing emission in the 

game was to make sure to use more premium materials as they provide more manufacturing 

potentials, and to come up with a good material ordering strategy so that each trip made by the 

transportation is fully utilized with the correct amount of materials. 

The next lesson discussion is about the main focus of this research, the relationship 

between government, manufacturer, and the customer. To put it in simple words, with 

government incentive, customers were more willing to bring products back to the factories for 

recycling. That in turn resulted in factories perform more eco procedures, and thus the whole 

system became more ecofriendly. In developing countries, the eco awareness of the general 

public is still lacking compared to advanced countries. In order to increase product recycling and 

decrease garbage disposal, incentive must be implemented. Factories must then make alterations 

in order to meet the recycling demand. In return, the factories can make use of the recycled 

products, and decrease the materials they need. That will result in a decrease of waste, emission, 

and energy consumption. In other words, if the eco awareness and actions of the public can be 

increased, the whole system will slowly transform in a green supply and demand cycle. During 

the game, we saw an increase in the ordering of premium products over standard products as 

soon as the incentive from the government was introduced. We set the rule that only premium 

products can be recycled, thus they were considered to be “eco products”. With incentives, 

customers increased the orders of premium products, and gladly returned them back to the 

factories as recyclable products. Factories on the other hand, used materials extracted from the 

recyclable products on their production line. The result of increased materials from the 

recyclable products was the decrease in need of new materials. Since for every premium 

products made, almost the same amount of materials could be reused, the need for new material 
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ordering went down significantly. Material ordering decrease resulted in waste decreased, and 

also the emission decreased due to less amount of transport was needed. With the customers 

being a new demand of eco products, the factories slowly took more eco procedures, and this 

resulted in the whole environment being more ecofriendly. 

There were other lessons learned by the students. Communication was one of the key 

during strategy making process. Team red showed a less rapidly changing strategy due to 

disagreement between the team members. One member was more conservative, while another 

member was more aggressive. The result was that they each had to compensate for each other, 

and thus resulted in less and smaller changes to the strategies. Eco awareness was also another 

key while playing the game. Different students had different level of understanding of eco; 

therefore the reasons for taking different actions were many. The game’s main goal was to make 

as much profit as possible under any given circumstances. Some students placed a smaller 

emphasis on eco while others understood immediately that in order to be eco, sacrifices must be 

made. This resulted in interesting strategy changing and discussions among the students during 

the game.  
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5 Discussions 

5.1 Discussion 

By designing the two games, we were able to achieve the purpose of this research, which 

is to help students understand more in the area of being ecofriendly and being cost effective. We 

first designed the conventional factory game based on ETH Zurich’s logistic game so we could 

identify some of the key contents of a good production line game. After that, we proceeded to 

designing the eco factory game, which served as our tool to educate students in developing 

countries on the topics of eco friendliness. 

5.1.1 Conventional factory game discussion 

The conventional factory game we designed helped us in understanding the core concepts 

of a production line. The results highlighted the main points which decide if a production is 

smooth or not. It also helped us define the main roles in our eco factory game. By playing the 

game, students were able to understand the importance of making good quality products, and 

minimizing the time needed for transportation. In the end, if all products made were of 

acceptable quality to the customers, and the time needed between each work station was either 

minimized or eliminated, the production line would be able to reduce cost to the lowest possible. 

During the game, students constantly tried to find out the flaw of their set up. The first 

discussion session usually ended up with discussion on the product defects. Due to the nature of 

the design of products, wrong assemblies will always occur at the beginning stage of the game. 

Therefore students were required to identify the problems first and make sure that from that point 

on all products will be qualified for delivery to the customer. The next step is identifying the 
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bottlenecks of the assembling line. Each student has different assembling capability in terms of 

speed, material planning and so on. Without everyone being of the same pace, there will 

definitely be bottlenecks. That was when students started to think about the location of work 

stations and workers. Players with higher assembling abilities would often take up more task as 

they were more efficient. Once that was combined with moving of the work stations closer to 

each other to simulate an automated production line, the students were able to reduce cost to a 

much lower amount compared to when they first started out. 

5.1.2 Eco factory game discussion 

The eco factory game helped students understand the importance methods to take when 

considering eco friendliness. To solve waste problems, the first thing that one should do is to use 

materials with higher efficiency. Reducing waste is the most efficient method in almost all 

circumstances. Once the waste is reduced, emissions and energy consumption would decrease as 

well. Regarding society, incentive must be provided to raise the eco awareness and activities of 

the consumers, especially in developing countries. Once the consumers are willing to bring back 

used products for recycling, environment garbage and pollution will decrease. To response to the 

brought back products, the factories will have to implement eco procedures and planning. 

Essentially, new waste can be avoided, and the old waste will be used again to make products. In 

terms of cost, it will definitely be higher than non eco activities; however, when considering in 

the long term, the benefits of having less environmental problem always weights the most. 

At the beginning of the game due to lower understanding of the game mechanism, 

students often ordered materials randomly just to satisfy customer orders. As the game 

progressed, they slowly get more used to the pace and flow and the manufacturing process and 
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the customer orders, and thus were able to think more strategically in terms of materials ordering 

and deliveries made. When the waste penalty was introduced, players started to regard standard 

material set ordering as a worse strategic choice, and therefore the ordering of premium materials 

increased. If they have not yet make alterations or improvements to their transportation, they 

would go ahead to do that when the emission penalty was introduced. Due to the way we 

designed the game, the players would soon realize that more premium material ordering would 

naturally result in less transportation needed; which was the whole point of how to become more 

efficient. The government incentive introduced in the last game served as a motivation for the 

customers to be involved in helping the manufacturing industry in becoming more ecofriendly. 

The three parties did not communicate directly with each other in terms of strategy. So when the 

customers started to order more premium products, factories would produce more eco products, 

and that made the manufacturing line more ecofriendly. That cause and effect mechanism is what 

we hoped to achieve by increasing eco awareness of the young generation in developing 

countries. 
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6 Conclusion 

6.1 Summary 

6.1.1 Run through from problem to solution to result 

In this research, we first identified the problem in developing countries. There is a lag in 

technology application, and also mindset regarding environmental issues between developing 

countries and developed countries. The result of our problem analysis was that the government 

and industries in developing countries insist on putting all their focuses on short term profit 

making. Despite the fact that numerous examples in European countries and Japan, and eco 

studies done in Asia pointed out that adopting eco measurement would lead to better 

performance, not enough emphasis was put into that area. On the other hand, the consumers in 

developing countries also play an important role in stopping eco development. With no eco 

demand, there will naturally be no eco supply. From statistics, reports, and questionnaires 

conducted by a number of environment agencies and ourselves, we found out that although most 

of the public are aware of the environment problems, they choose to do nothing. The reasons are 

lack of support network, lack of a good eco system network, and most importantly, ignorance. 

The solution for the problem we identified can be many. However, most of the solutions 

are not very effective. For example, eco marketing campaigns, government aid for eco products 

and projects, television programs and so on exist in most of the developing countries. Judging 

from the current environment situation, we can assume that the current solutions failed to fully 

serve their purposes. As a result, we approached the problem from another perspective, education. 

Education can be provided to anyone who wishes to receive it, and it is an excellent way to 

stimulate thinking and application once it is processed by the receiver. We chose current students 
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as our target in which the environmental can be solved. For current industrial employees, the 

effect of education might become lower, if not none; due to the fact that even if employees are 

willing to make improvements, there will be pressure and disagreement between them and the 

current upper management. Students on the other hand, have a larger potential of change. They 

are not pressured like the employees are, they can become the next generation of consumers who 

demands eco products and services, and they will become the new management themselves. It 

will take time for this whole process to starting running, but the effect will be larger than just 

trying to make immediate changes. 

After we narrowed our purpose and target, we proceed to designing a business game with 

the purpose to increase the eco awareness and understanding of students. Since industrial 

pollutions contribute the most to global warming (eight five percent), we decided to incorporate 

factory procedures as the setting of our game. The main measurements we used to evaluate 

performance were waste, emission, and energy consumption. Students are required to maximize 

profit by satisfying customers’ demands, while minimizing the lost to regulation penalties 

throughout the game. 

After playing the game, students were able to understand the basic tradeoff decisions 

required in order to become eco. The immediate effect was the lost in profit as a result of 

investments and penalties. As time goes on, the reputation and environmental sustainability will 

increase, and result in profit increase. With the change in mindset and demand, industries will be 

forced to satisfy that new need. The effect is much more effective than governments setting 

regulation and penalties. On the operational level, the method with the highest return on 

investment is “reduce”. As shown from the game results, students who prioritized the reduce 

strategy resulted in higher profit than the ones not doing that. The reduction method also requires 
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the least effort in implementing. The usual case is the increase of monetary investment. Reusing 

and recycling process will require much more effort. Other than the technology and monetary 

investment, a complete plan to deal with the byproducts and aftermaths of reusing and recycling 

is also needed. This results in a much more complicated network and business strategy. For 

medium to small companies in developing countries that do not have the money to invest in such 

a complicated network, or do not have the access to high technology machineries, reducing 

methods are the most efficient and effective methods that can resulting in immediate change in 

the outcome of their productions. 

6.1.2 Contribution to the society 

Through this research, we hope to achieve an increase in awareness of the young 

generation when it comes to going green. We want to change the mindset of “develop first, green 

later”, starting from students. By enabling them to understand the big pictures behind eco 

management and the importance and benefits of it, we hope they will be able to see every little 

opportunity to decrease damage done to the environment. We also hope that more and more 

people in developing countries take initiative in becoming green and contributing to the control 

of global warming, be it strategies, technologies, or interactions. 

6.1.3 Contribution for academic use 

By designing an eco-business game, we have added one more education tool available for 

students to use. This game can be a great tool for students to visualize the big strategies and 

interactions taken place between companies to pursue a greener outcome. This game can be used 

as a teaching tool for students who have partial understanding of inter-company eco relationships, 
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and show them the trade-offs that must be made to achieve a balance between eco actions and 

economic profits. This game can also be used for students with a more complete understanding 

of the consequences of eco actions. These students can take on leadership roles during the game 

to experience the process of leading people by uniting ideas and actions achieve eco production.  

6.2 Limitations and future work 

There were a few limitations we faced in this research. The first limitation is the contents 

included in the game. For this research, we only chose three measurements to focus on: waste, 

emission by transportation, and electricity consumption. There are many more factors that need 

to be considered in order for a whole eco system to work; however, as more measurements are 

added to the game, the complexity and fine tuning of the system increases exponentially. We 

designed the game specifically to emphasize the more physically factors of eco systems; 

therefore we excluded other factors that might also affect the system. If there is a need, one can 

add or change factors according to his or her purpose of the game, and use it to teach students as 

well. 

The second limitation is the availability of the game. Due to the specific design of this 

game, it can only be played at a specific location designated by the developer. Students who wish 

to participate must come to a same location. This will limit opportunities for some groups of 

students, for example smaller less organized groups or groups with members at different 

locations but wish to participate in this game. 

For future work, there is a potential to computerize this game if students’ demands exist. 

By converting it into a colorful and interesting software type of game that allows individuals to 

play by themselves, but able to compare scores with students around the world, it would become 



90 

 

a very useful tool for students in different countries to see the different mindset and actions 

chosen by people with different background. 

Also there is a need to test the game in more countries as well. Students from different 

countries will bring with them different culture, different values, and different system of thinking. 

By expanding the test to more countries, the data and results collected will be very useful in 

targeting specific behaviors of students in different regions. Those information can be used to 

fine tune to game if necessary to provide the targeted students with even more accuracy of 

education. 
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Fixed costs 

Square per piece 15 0 0 0 0
Machine per player 100

total fixed cost 0 0 0 0

Variable costs

Material ordered per standard 30 0 0 0 0
per premium 60 0 0 0 0

total vc 0 0 0 0

Eco measure fixed costs

Investment of reuse/recycle machine 500
Upgrade to a bigger truck 100

total eco fc 0 0 0 0

Eco measure variable costs

Waste penalty per waste 20 0 0 0 0

Emission penalty per trip 60 0 0 0 0

Energy penalty per player in production 100

Material reused/recycled per unit 5 0 0 0 0

total eco vc 0 0 0 0

Sales

Sales per premium product 120 0 0 0 0

per normal product 60 0 0 0 0
Total sales 0 0 0 0

Profit 0 0 0 0
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Appendix (Questionnaires) 
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