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Executive summary 

Energy reduction has been on the political agenda since the last couple of decades. One 
of the most common policies to reduce energy consumption has been improving efficiency. 
However, the phenomenon called the rebound effect may threaten the effectiveness of policies 
aiming to reduce consumption by improving efficiency. The rebound effect is the process in 
which energy savings, after energy efficiency improvements, are lower than expected. 

The scientific community agrees on the existence of the rebound effect and the 
possibility to measure it. In spite of this agreement, the rebound effect has been catalogued by 
many scholars as a highly controversial concept. In fact, the two main controversies around the 
rebound effect are: its size and its importance for the policy making process. The main causes 
that have produced the rebound effect to be controversial are: methodological issues of 
previous attempts to assess the effect, different numeric definitions and fuzzy and different 
system boundaries. 

The main objective of this thesis research was to find a new and innovative methodology 
to assess the rebound effect in order to improve the methodological issues of previous 
attempts that have analyzed the rebound effect. As a result, in reducing the causes of 
controversies, the controversies themselves may be reduced as well. The methodology that 
seems to improve the mentioned methodological issues is serious games. Serious games have 
several advantages that seem to fit and solve the shortcomings of the previous attempts that 
have analyzed the rebound effect in the past. In particular, the NRG game is the specific serious 
game that was used to perform the actual assessment in this research. 

The NRG game was used to carry out a new rebound effect assessment. In doing so, 50 
people played the game in two different groups in a way to perform a modified before/after 
analysis: one group of 25 people using a low efficiency house and 25 people using a high 
efficiency house. The conclusions of this assessment showed that the rebound effect was, 
indeed, detected to be present when the behavior of the two groups was compared. In fact, 
two main signs of the rebound effect were detected. First, having a low efficiency made the low 
efficiency group to reduce their energy consumption more than the high efficiency group. 
Second, having a high efficiency made the high efficiency group to increase their comfort level 
(a direct measure of the luxury level of their houses in the game) more than the low efficiency 
group. As a result, the rebound effect was detected by keeping track of the total energy 
consumption and comfort level of each player. 

In addition, some of the methodological issues of previous rebound effect assessments 
that have used before/after analysis were improved, for instance, the possibility to perform ex-
ante assessments, the inclusion of psychological factors of people in the results without making 
inaccurate assumptions and the inclusion of more than just one energy services in the 
experiments, among others. As a result, serious games were proven to be a handy tool to assess 
and analyze the rebound effect, improving the quality of previous assessments.  

Despite having proved the usefulness of serious games in assessing the rebound effect, 
some limitations of this research were identified: the sample under study was not a good 
representation of the population, the reliability of the rebound effect size calculation is 
compromised, the findings of this assessment can’t be applied in a real life context and so forth. 



Nevertheless, these set of limitations do not hamper the achievement of this research’s 
objectives. Future research topics can be focused on finding a set of criteria on how to better 
analyze if the results from the gaming environment can be applied in a real life context, perform 
new rebound effect assessments in order to find the real influence in the results of differences 
in the income players receive in the game and find common definitions on how to calculate 
base case scenarios for rebound effect assessments using before/after analysis. 
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1. Introduction 

Since the last couple of decades, policy makers and politicians all over the world have 
started to design policies in order to control the ever-growing energy consumption 
phenomenon. Not only the depletion and increasing prices of the fossil fuel sources, but also 
the increasing environmental awareness have made policy makers take this issue seriously 
(Frondel et al., 2012). In order to tackle this problem, one of the most common policies that 
has been implemented all over the world is increasing energy efficiency in, for instance, power 
plants, transmission and distribution grids and heating and electric household appliances. If 
we focus on those policies aiming to reduce household energy consumption by improving the 
energy efficiency of household appliances, we encounter a problem: the rebound effect. The 
rebound effect is the phenomenon in which energy savings, due to improvements in energy 
efficiency, are lower than expected. When consumers internalize that improving energy 
efficiency leads to a reduction of the energy price they perceive (i.e. their monthly energy bill), 
consumers might unconsciously increase their energy consumption, reducing the expected 
energy savings that policy makers may have forecasted (Berkhout et al., 2000, Greening et al., 
2000). If it is assumed that improving energy efficiency results in a lower energy price, and the 
fact that energy consumption is price-elastic, then the logical conclusion is that improvements 
in efficiency lead to a higher consumption. 

 The rebound effect has been widely studied and analyzed by several scholars (see 
Binswanger (2001), Greening et al. (2000), Sorrell et al. (2009), Dimitropoulos (2007), among 
others). Although the whole scientific community agrees that the rebound effect is true and 
can be measured, several controversies around the rebound effect concept have been present 
all along. First, the size of the rebound effect is a controversy since different scholars have 
calculated and measured different magnitudes of the effect (Binswanger, 2001, Greening et 
al., 2000, Sorrell et al., 2009). The latter has caused disputes between those scholars about 
what size is the correct one. Second, the importance of the rebound effect on the policy 
making process is a controversy too (Sorrell and Dimitropoulos, 2008). One the one hand, 
some scholars argue that the rebound effect will never offset all the energy savings brought 
by improvements in energy efficiency, reason why it is not worth to take further actions to 
reduce the effect. On the other hand, some other scholars claim that even though some 
energy savings are lost due to the rebound effect, policy actions should be always taken to 
reduce the effect as much as possible in order to increase the achieved energy savings. 

 There are three main reasons of why those controversies around the rebound effect 
are present. First, previous attempts to measure the rebound effect have failed in 
implementing a reliable methodology, making methodological mistakes while performing the 
actual measurement (Aydin et al., 2015, Dimitropoulos, 2007, Sorrell and Dimitropoulos, 
2008). Second, different numeric definitions have been used by different scholars to measure 
the rebound effect (Frondel et al., 2012, Madlener and Alcott, 2009, Sorrell, 2007, Sorrell and 
Dimitropoulos, 2008). Third, previous attempts to analyze the rebound effect have defined 
fuzzy and different system boundaries (Berkhout et al., 2000, Greening et al., 2000). 

 Considering the previously mentioned controversies around the rebound effect and 
the causes of those, any research that helps in reducing those causes will be a contribution in 
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reducing the mentioned controversies. The present thesis research aims to find a new and 
innovative methodology that helps in reducing the causes of the rebound effect controversies. 

 The remaining parts of this introduction are as follows. First, the problem context is 
described. Second, the research objectives are defined. Third, one main research question and 
three sub research questions will be proposed. Fourth, the methodology to follow throughout 
this thesis research is also described. Fifth, the remaining chapters of this thesis research are 
briefly introduced. 

1.1. Problem context 

As mentioned before, the rebound effect is the phenomenon in which energy savings, 
due to improvements in energy efficiency, are lower than expected. This undesirable 
phenomenon jeopardizes the effectiveness of the policies aiming to reduce energy 
consumption. As a result, the rebound effect has become popular in the scientific community, 
resulting in many different studies that aim to measure and analyze its possible consequences. 
However, those different studies have obtained different results, introducing controversies 
around the rebound effect concept. As previously mentioned, the first controversy is related 
to the actual size of the effect and the second one is related to how important the rebound 
effect is for the policy making process. The previous controversies have caused that policy 
makers don’t have a clear answer when they have to deal with the rebound effect. The 
previous problem is exactly where this thesis research is located. As a result, the problem 
context can be formulated as follows:  

There is no consensus inside the scientific community on what the size of the rebound effect is 
and how important it is for the policy making process. This has led policy makers to struggle 
when they forecast and evaluate the possible consequences of the rebound effect. 

1.2. Research objectives 

In order to contribute to solve the previous research problem, it is important that, first, 
causes of the mentioned controversies around the rebound are identified. If new studies find 
a way to reduce the causes of the identified controversies, the problem previously described 
might be reduced. In that context, we can identify the main research objective of this research 
as follows: 

Propose a new and innovative methodology that helps in reducing the causes of controversies 
around the rebound effect. 

1.3. Research questions 

In order to successfully achieve the previous research objective, a set of research 
questions have been proposed. The following is the main research question: 

How can the rebound effect be adequately assessed in order to reduce the causes of 
controversies? 
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In order to operationalize the main research question, three sub research questions 
have been proposed as well: 

1. What are the main controversies associated to the rebound effect concept? 

2. What new and innovative methodology can be proposed to assess the rebound effect 
in order to reduce the causes of controversies? 

3. What are the results and lessons learned when the chosen methodology is used to 
perform a new rebound effect assessment? 

1.4. Methodology 

To be able to answer the research questions, different methods will be applied. In the 
following those methods will be explained in further detail. 

1.4.1. Literature review about the rebound effect 

In order to answer sub research question 1, a literature review will be carried out. The 
literature to analyze will be related to the rebound effect and previous attempts to measure 
it in the past. The aim is to clearly identify what makes the rebound effect a controversial 
concept and why this has happened. In doing so, not only theoretical studies but also empirical 
measurements are going to be analyzed. Chapter 2 of this report will analyze the rebound 
effect in detail. 

1.4.2. Literature review about a new and innovative methodology 

Having identified the controversies of the rebound effect and their causes, a new 
literature review will be carried out in order to answer sub research question 2. This time the 
literature to analyze will be about this new methodology that may help to reduce the causes 
of controversies of the rebound effect: serious games. The main advantages of serious games 
seem to solve and reduce the causes that have produced those controversies. The aim of this 
second literature review is to justify and explain why serious games constitute a useful 
methodology to assess the rebound effect. In addition, some drawbacks of serious games will 
be also analyzed. Chapter 3 of this report will analyze the serious games methodology in detail. 

1.4.3. Rebound effect assessment 

Having justified why serious games seem to help to reduce the causes of the rebound 
effect’s controversies, a new assessment of the effect will be carried out by using this 
methodology in order to test its usefulness. In doing so, sub research question 3 will be 
answered. The aim of this step is to actually prove that serious games are, indeed, a 
contribution to reduce the rebound effect’s controversies. Chapters 4, 5, 6 and 7 will describe 
in detail how this new assessment of the rebound effect will be carried out and what the main 
results are. 
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1.5. Thesis structure 

The remaining chapters of this thesis research are organized as follows. Chapter 2 
analyzes the literature review about the rebound effect. Chapter 3 analyzes the literature 
about serious games in order to justify why this methodology helps in reducing the causes of 
the rebound effect’s controversies. Chapter 4 describes the specific serious game that will be 
used to assess the rebound effect: the NRG game. Chapter 5 analyzes the results of the 
experiments carried out by using the NRG game. Chapter 6 and 7 deal with the rebound effect 
assessment based on the results from the experiments carried out by using the chosen game. 
Chapter 8 shows the main conclusions of this thesis research, showing the main limitations, 
recommendations and ideas for future researches.  
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2. The rebound effect 

Before the industrial revolution in the 18th century, energy consumption was basically 
restricted to heating or cooking purposes. People used to burn wood, coal or organic material 
to heat their houses or cook. Any other use of energy was in its infancy. However, after the 
industrial revolution this energy consumption pattern changed forever, energy started to be 
used for industrial purposes as a way to boost the economy. First, burning coal was used by 
trains as a way to transport goods and by manufacturing machineries. After some years, 
electricity appeared onto the energy stage too in order to provide people with a reliable and 
safe lighting system for their cities and houses. When people realized the huge potential of 
electricity, they started to produce it in larger quantities in order to support industrial 
applications as well, such as transport, communications, military and infrastructure purposes 
(Ashton, 1966). New ways to massively produce energy had to be found to supply the 
increasing energy demand. Nowadays, coal, oil, gas and renewable sources provide the energy 
people need to support their life styles. However, countries have become so dependent on 
energy that some problems have arisen (OECD/IEA, 2014). First, energy sources have become 
very expensive due to the high demand and relatively low supply (Shafiee and Topal, 2010). 
Second, depletion of fossil fuels, such as oil, gas and coal, are expected to occur sooner or 
later reason why new energy sources must be found to compensate it (Shafiee and Topal, 
2009). Third, extreme reliance on fossil fuels has produced serious environmental problems, 
such as global warming (Cox et al., 2000). As a result, nowadays humanity is facing a very 
important dilemma on how to ensure that people keep improving their life styles having cheap 
and reliable energy sources without compromising the environment. 

 The previous dilemma has, so far, been tackled by basically two different policies: 
green energy sources and energy consumption reduction (Frondel et al., 2012). By 
implementing both strategies people may keep having relatively cheap energy sources to 
ensure their life quality without risking the environment. On the one hand, green energy 
sources (such as, bioenergy, wind energy, solar energy and so forth) have become very 
popular in many countries, reducing their reliance on fossil fuels. On the other hand, energy 
consumption reduction is a more complex strategy considering that each year the total 
population in the planet rises by 86 million people (WorldBank, 2015). Instead, slowing the 
energy consumption down seems to be a more feasible target. Either way, if the problem is 
not tackled by both strategies, the dilemma might not be solved, jeopardizing not only our 
own life’s quality, but also the future generations’ life quality. 

 If we further analyze energy consumption reduction policies, we can see that policy 
makers have tackled this ever-growing energy demand phenomenon by implementing energy 
efficiency improvement policies. Improving energy efficiency has actively been on the political 
agendas of several countries and it is nowadays one of the pillars of greenhouse gases 
reductions (Grepperud and Rasmussen, 2004, Herring and Roy, 2007, Frondel et al., 2012). In 
the Netherlands, for instance, the goal is to improve energy efficiency by 2% per year over the 
period 2011-2020, and complement it with a reduction of greenhouse gas emissions of 30% 
by 2020 (Hieminga, 2013). However, empirical and theoretical evidence have shown that 
improving energy efficiency has not reached the expected energy savings that policymakers 
may have forecasted due to behavioral changes of energy users (Greening et al., 2000, 
Berkhout et al., 2000). This phenomenon of not achieving the expected energy savings when 
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energy efficiency has improved is called the rebound effect. The first author who reported this 
phenomenon was William Stanley Jevons in 1865 (Sorrell, 2009, Wang et al., 2012, Wei, 2010, 
Herring and Roy, 2007), reason why the rebound effect is also called the Jevons Paradox. From 
that year on, the number of authors who have studied the rebound effect are countless. 

The remaining parts of this chapter are organized as follows. First, the concept of the 
rebound effect is defined and different types are described. Second, a numeric definition is 
given. Third, previous attempts to measure the rebound effect are analyzed. Fourth, 
controversies around the rebound effect concept are introduced. Fifth, the causes of why the 
previous controversies have shown up are discussed. Sixth, implications of the previous 
controversies for policymakers are discussed and analyzed. Finally, a short conclusion of this 
chapter is given. 

2.1. Conceptual definition and rebound effect types 

After energy efficiency improvements it is natural to think that energy consumption is 
reduced by the same percentage in which the efficiency was improved. If energy efficiency 
improves by 10%, then energy consumption should be reduced by 10%. However, due to the 
rebound effect energy consumption is not reduced by the same percentage energy efficiency 
was improved, and some of the potential energy savings are spent back by the consumers. 
Although we can find several different definitions of the rebound effect in the literature (see 
chapter 2.5.2), the definition that Herring and Roy (2007) provide is explanatory and clear: 

“The rebound effect is the extent of the energy saving produced by an efficiency 
investment that is taken back by consumers in the form of higher consumption”. (Herring and 
Roy, 2007, p. 2)  

In the previous definition, the higher consumption that Herring and Roy (2007) refer 
can take the form of more hours of use of the energy service or a higher quality of it. When 
technological progress occurs, the equipment is made more efficient resulting in a reduction 
of the input needed (energy in this case) to produce the same amount of output. Due to the 
necessity of less energy to produce the same output, the cost per unit of output falls. Berkhout 
et al. (2000) exemplifies this phenomenon by comparing it with the amount of kilometers a 
car can drive with the same amount of gasoline. They explain that if a car can drive more 
kilometers with the same amount of gasoline, then the fuel costs per kilometer fall, and so 
does the total cost per kilometer. After a reduction of the cost per unit of output, what follows 
is an increase in consumption. The driver tends to increase his/her energy consumption, i.e. 
more kilometers will be driven. The amount in which the energy consumption increases 
depends on the energy’s own price elasticity. On the one hand, if the mentioned elasticity is 
low then the consumption should not increase so much. On the other hand, if the mentioned 
elasticity is high then the energy consumption should increase accordingly. Authors like 
Berkhout et al. (2000) and Sorrell and Dimitropoulos (2008) have called this effect the first 
order rebound effect or just the direct rebound effect. This type of rebound effect predicts that 
energy consumption of the same energy service in which the efficiency was improved 
increases. 

But what if we now consider possible extra consequences of the direct rebound effect? 
The changes in energy consumption associated to, for instance, car usage might impact on 
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other products that use energy as well. Imagine that, as a consequence of the reduction of 
the driving costs per kilometer, the car driver decides to use the air conditioning at a lower 
temperature while driving as a way to unconsciously compensate the initial cost reduction. In 
doing so, the driver will be using extra energy to keep the car cooler during the summer. This 
constitutes another type of rebound effect, in which the energy consumption of energy 
services different than the one in which efficiency was improved increases. The amount in 
which the energy consumption of this second energy service changes is defined by the cross 
price elasticity between the two services. Again, authors like Berkhout et al. (2000) and Sorrell 
and Dimitropoulos (2008) have called this effect the second order rebound effect or just the 
indirect rebound effect. 

In addition to the direct and indirect rebound effect, several scholars have also defined 
the third order rebound effect or economy wide effects, which is the absolute sum of the direct 
and all the possible indirect effects (Greening et al., 2000). When the energy efficiency of one 
energy service increases, not only the service itself (direct rebound effect) or some other 
services (indirect rebound effect) change consumption, but also the whole economy might be 
affected. When the car driver decides to decrease the temperature of the air conditioning or 
drive more kilometers than he/she used to do, then the entire market might change. Some 
production curves of car or air conditioning companies (just to mention some) might change 
in reaction of this new consumption pattern. In addition, it may happen as well that oil 
companies change the way they produce gasoline trying to adjust their production to the new 
reality. This domino effect touches different markets of the whole economy, producing new 
equilibriums after demand and supply have adjusted their output to maximize their utility 
functions. 

Ouyang et al. (2010) provided a diagram to illustrate how the rebound effect works in 
households’ energy consumption (Figure 2.1). First, technical improvements produce a more 
comfortable indoor environment and reduce the energy use. Second, this energy use 
reduction increases the disposable income which, altogether with a more comfortable indoor 
environment, produces an increment of the household lifestyle. Finally, a better lifestyle with 
more disposable income produces extra energy consumption (either in the same energy 
service producing a direct rebound effect, or in other energy services producing an indirect 
rebound effect). The latter partially offsets the initial energy reduction. This process of 
offsetting initial energy savings is called the rebound effect. 

 

 

 

 

 

 

 
Figure 2.1. Formation process of the rebound effect. 

Source: Ouyang et al. (2010) 
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2.2. Numeric definition 

Having given a conceptual definition and different types of the rebound effect, a 
numeric definition can also be given. The following formula reflects in an easy way the portion 
of energy savings that are spent back by the consumers due to behavioral changes. It doesn’t 
distinguish if the direct, indirect or economy wide effects are calculated. Due to its simplicity 
it could be used in any situation as long as expected and actual energy savings are clearly 
identified (Jin, 2007). 

𝑅𝑒𝑏𝑜𝑢𝑛𝑑 𝑒𝑓𝑓𝑒𝑐𝑡 =
𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 − 𝑎𝑐𝑡𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
× 100 

We have developed a simple example in which some calculations are made using the 
previous formula. Imagine if the monthly consumption in lighting a house is 50 KWh and all 
the lightbulbs are changed for efficient ones which consume 75% less energy. We would 
expect that the new monthly consumption in lighting was 12.5 kWh (25%×50kWh). In other 
words, to get the same amount of lighting less energy is needed. Thus, the total cost of lighting 
per unit of output drops. As a result, the users may start to use the lights more hours per 
month than before or buy extra ones to install in other places, as a reaction of the lower costs. 
For instance users can consume in the new situation a total of 20 kWh per month, not the 
expected 12.5 kWh. In this case, the rebound effect can be seen as a reduction of the expected 
energy savings, from 37.5 kWh (expected savings) to 30 kWh (actual savings). If we apply the 
previous formula we will get that the rebound effect is equal to 20%, which means that 20% 
of the expected energy savings are spent back by the consumers by using the lights more 
hours than before or by installing extra lamps in other places. 

As we argue in chapter 2.5.2, several numeric definitions of the rebound effect can be 
identified in the literature. Those different numeric definitions are based on different micro 
and macro-economic assumptions about how elasticities are analyzed and by what factors 
they are influenced. Those assumptions are specific to each particular study, reason why it 
turns out very difficult to apply those different definitions to different studies with different 
data and different methodologies, constituting one of the sources of controversies around the 
rebound effect (see chapter 2.4). However, since formula (1) just translates the conceptual 
definition of the rebound effect into numbers and it does not make any assumption about 
elasticities or micro and macro-economic concepts, it can be applied to any case as long as 
expected and actual savings are identified. Due to the latter reason, formula (1) will be used 
hereinafter when calculations about the rebound effect are made (chapter 6). 

2.3. Previous attempts to analyze and measure the rebound effect 

The number of previous studies that have measured or studied the rebound effect are 
many. Just by searching in google scholar for the term “rebound effect”, a total of 249 
thousand results are given (results given the 15th of March of 2016). If the same term is 
searched just in the title of the article, this number is reduced to 739 articles. If we break down 
the latter number, we can see that almost 50% of those articles were reported after the year 
2010 (Figure 2.2). 

 

(1) 
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The previous behavior is not a coincidence. The rebound effect has started to be widely 
analyzed in the past 20 years as a way to understand why policies aiming to improve energy 
efficiency have not completely succeeded in reducing energy consumption. Figure 2.2 also 
gives us a feeling of how important the rebound effect concept has become in the last 20 
years. 

When we analyze the studies that have tried to measure the rebound effect we can 
find out that authors have mainly focused in measuring it in specific energy services. For 
example, measuring the rebound effect in transportation (Frondel et al., 2012, Greene, 1997, 
Roy, 2000, Small and Van Dender, 2005), households’ electricity consumption (Jin, 2007, 
Khazzoom, 1986, Grepperud and Rasmussen, 2004, Ouyang et al., 2010), heating services 
(Aydin et al., 2015, Dubin et al., 1986, Haas and Biermayr, 2000), and so forth. However, as 
previously mentioned, the existence of the second order rebound effect makes difficult to 
separate different energy services due to the fact that they are all somehow intertwined. Due 
to the latter reason is why we can find authors like Sorrell et al. (2009), Greening et al. (2000) 
and Binswanger (2001) who tried to summarize and give some kind of coherence to the huge 
set of previous studies that have measured the direct rebound effect in different energy 
services and countries. We have grouped together the findings of those three authors in Table 
2.1. It shows the rebound effect size range in different energy services measured by several 
studies. It also shows the main methodologies used and the countries analyzed. 

Table 2.1. Comparison table of previous studies aiming to measure the direct rebound effect. 

Direct rebound effect in 
different energy 
services 

Sorrell et al. (2009) Greening et al. (2000) Binswanger (2001) 

Automotive transport 10% to 30% 10% to 30% <10% to 50% 

Space heating 5% to 40% 10% to 30% 5% to 65% 

Space cooling 1% to 26% 0% to 50% - 

Water heating <20% <10% to 40% - 

Residential lighting - 5% to 12% - 

Number of studies 
analyzed 

43 68 14 

Figure 2.2. Number of studies about the rebound effect by year (results given the 15th of March of 2016). 
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Direct rebound effect in 
different energy 
services 

Sorrell et al. (2009) Greening et al. (2000) Binswanger (2001) 

Methodologies used1 
- ES (31) 
- QE (12) 

- ES (N.A) 
- QE (N.A) 

- ES (11) 
- QE (3) 

Countries analyzed OECD countries Mainly USA Mainly USA 

In addition, some other relevant studies were found in the available literature that 
have also measured the direct rebound effect in the same energy services as Table 2.1, but 
were not included in the studies Sorrell et al. (2009), Greening et al. (2000), Binswanger (2001) 
did. Those new studies have carried out new measurements of the rebound effect. Table 2.2 
shows a summary of those. 

Table 2.2. Studies focussed in the direct rebound effect in different countries. 

Direct rebound 
effect in different 
energy services 

Source Rebound effect size Country Methodology1 

Automotive 
transport 

Wang et al. (2012) 96% China ES 

Small and Van Dender (2005) 3% to 12% USA ES 

Frondel et al. (2012) 57% to 62% Germany ES 

Residential energy 
use 

Ouyang et al. (2010) 30% to 50% China B 

Space cooling Jin (2007) 57% to 60% South Korea QE 

Space heating 

Haas and Biermayr (2000) 20% to 30% Austria ES-QE 

Aydin et al. (2015) 27% to 41% Netherlands ES 

Aydin et al. (2015) 55% Netherlands QE 

Herring and Roy (2007) Not a final number UK S 

If we take a closer look at Table 2.1 and Table 2.2, we can see that great differences 
exist on the rebound effect size. For instance, space cooling energy services show rebound 
effects from 0% to 60%. In addition, automotive transport shows a rebound effect size from 
10% to almost 100%. The large rebound effect size differences that can be found in the 
literature will be analyzed in chapter 2.4.1 when controversies about the rebound effect are 
discussed. 

In contrast to what happens with the direct rebound effect, the available literature 
that has measured the economy wide rebound effect is not no numerous (Sorrell, 2007). 
However, Dimitropoulos (2007) has summarized the main studies focused in the macro level 
rebound effect (9 studies in total). In addition, Lin and Liu (2012) and Jin (2007) have also 
studied the macro level rebound effect by doing new measurements in Asia. Table 2.3 shows 
the findings of those studies. This time, the methodology column is not shown due to the fact 
that all the studies have used econometric studies to measure the effect. This result is not a 

                                                 

 

 

 
1 ES: Econometric studies / QE: Quasi-experimental analysis / B: Benchmarking with other countries / S: Direct surveys. 
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surprise since to measure the economy wide rebound effect, a variety of macroeconomic 
factors must be measured (like employment, inflation, GDP, money supply, interest rates and 
so forth), leaving no other option to measure it than using econometric studies. 

Table 2.3. Studies focussed in economy wide rebound effect. 

Source Rebound effect size Country 

Dimitropoulos (2007) 

>100% China 

15% Holland 

35% to 70% Japan 

170% to 350% Kenya 

<100% Norway 

120% Scotland 

54% to 59% Sudan 

60% Sweden 

30% to 50% UK 

Jin (2007) 30% to 38% South Korea 

Lin and Liu (2012) 53,2% China 

The economy wide rebound effect size also shows great differences throughout 
countries and different authors, just like the direct rebound effect did. Moreover, in some 
cases the size interval can be very wide, especially in the case of Kenya in which the measured 
rebound effect goes up to 350% (a phenomenon that is often called the “backfire rebound 
effect” in which the net energy consumption increases compared to the situation without 
efficiency improvements (Jin, 2007, Ouyang et al., 2010)).  

If we now take a look at the main methodologies used by previous attempts to 
measure to rebound effect, we can see that the most common one is to use econometric 
theories applied to analyze historical data. The second most common methodology is to use 
quasi-experimental analysis, or most commonly referred as before/after analysis. Finally, 
direct surveys and benchmarking techniques have also been used, but just in a very small 
number compared to econometric studies and quasi-experimental analysis. In chapter 2.5.1 
those methodologies are further discussed. 

When we see that the attempts to measure the rebound effect are so numerous, one 
could think that this has helped to agree on the rebound concept and consequences. However, 
the reality of the rebound effect is far away from being agreed. In fact, several scholars have 
labeled the rebound effect as a controversial phenomenon. The following chapter shows the 
main controversies associated to the rebound effect. 

2.4. Controversies 

Although the whole scientific community agrees that the rebound effect exists and is 
present when the energy efficiency increases (Frondel et al., 2012, Sorrell and Dimitropoulos, 
2008), it has some controversies associated to its concept. In fact, authors like Binswanger 
(2001), Dimitropoulos (2007), Greening et al. (2000), Grepperud and Rasmussen (2004), 
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Hertwich (2008), Lin and Liu (2012) and Sorrell (2007) have referred to the rebound effect as 
a highly controversial concept. In addition, it is not unusual to find articles, like the ones 
written by Gillingham et al. (2013) and Friedrichsmeier and Matthies (2015), in which the 
rebound effect is discussed just by the debates it generates and its controversial 
characteristics. In fact, Friedrichsmeier and Matthies (2015) say that “the debate is getting out 
of hand in a way that is no longer helpful to our understanding of energy consumption 
behavior” (p.80). 

In this thesis research, we analyze two different types of controversies that are 
associated to the rebound effect concept: its size and its importance. In fact, Sorrell (2007) 
states that “rebound effects are very difficult to quantify, and their size and importance under 
different circumstances is hotly disputed” (p. 5). In addition, Saunders (2000) also says that 
“rebound has a sound theoretical basis; however, its magnitude and importance are an 
empirical question” (p.1). Those two types of controversies have been separated in this 
research to give a more coherent and sounder flow of ideas, although they are intertwined 
and it is difficult to totally isolate them. 

2.4.1. Size 

The size of the rebound effect is the first controversy that is present. As shown in Table 
2.1 and Table 2.2, the measured rebound effect can go from 0% (there are no energy savings 
lost due to behavioral changes) up to almost 100% (all the predicted energy savings are spent 
back by the consumers). The size of the rebound effect depends on the country in which the 
measurement is carried out, the energy service under study (space heating, automotive 
transport, residential lighting and so forth), the circumstances  involved in the measurement 
and the time period analyzed (Sorrell et al., 2009). In addition, Aydin et al. (2015) also state 
that the rebound effect may vary across different socio-economic segments of the society, 
making the rebound effect size vary between one individual to another. As a matter of fact, 
Haas and Biermayr (2000) presented a study in which 11 dwellings in Austria showed different 
rebound effects after thermal efficiency improvements. The lowest rebound effect identified 
was 0% and the highest one was 61%. The latter shows that even statistically similar people 
might show a completely different rebound effect, somehow confirming to what Aydin et al. 
(2015) said. 

Despite all the latter evidence that shows the rebound effect can’t be analyzed as if it 
was a unique number with similar characteristics across different situations and/or realities, 
we can still find authors like Santarius (2014) and Gillingham et al. (2013) who try to find a 
unique rebound effect size. Santarius (2014) argues that the size of all rebound effects is very 
likely to exceed 50%, while Gillingham et al. (2013) say that behavioral responses after energy 
efficiency improvements are in between 5% to 30%. To those scholars who try to find a unique 
rebound effect size, Friedrichsmeier and Matthies (2015) respond that consensus on the 
absolute magnitude of the rebound effect distracts the attention of the scientific community 
on important matters, like evaluating and planning strategies that minimize the rebound 
effects in the many contexts and realities where they occur.  

To sum up, it becomes clear that the size of the rebound effect is an important 
controversy inside the scientific community. Some scholars argue that there might be a single 
rebound effect while some others neglect that idea claiming that every case should be 
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analyzed independently. Either way, the controversy associated to the rebound effect size still 
remains.  

2.4.2. Importance for the policy making process 

The second controversy that is present in the rebound effect concept is its importance 
for the policy making process. Some scholars argue that the rebound effect can seriously 
hamper the policy making process, while others claim that the rebound effect does not 
jeopardize the effectiveness of energy policies aiming to improve efficiency (Sorrell and 
Dimitropoulos, 2008). This controversy becomes important for policy makers when they face 
the decision of whether to ex-ante analyze the rebound effect consequences before 
improvements in efficiency or not (Sorrell, 2007, Roy, 2000). Two different reasons of why 
scholars defend one opinion or the other are identified: 1) because of the size of the rebound 
effect and 2) independent of the size. 

First, some scholars are influenced by size of the rebound effect to take one of the two 
sides: the rebound effect as an important concept for the policy making process or the 
rebound effect as a not important concept for the policy making process. On the one hand, 
scholars who have calculated or estimated a small rebound effect tend to catalog it as a not 
important concept for the policy making process. On the other hand, scholars who have 
calculated or estimated a large rebound effect tend to catalog it as an important concept the 
policy making process. 

Second, some other scholars take one of the two sides independently of how big or 
small the rebound effect is. On the one hand, scholars who think the rebound effect is not 
important for the policy making process claim that no matter how big the rebound effect is, 
energy savings would be achieved anyway, reason why no further analysis of the effect should 
be carried out by policy makers. On the other hand, scholars who think the rebound effect is 
important for the policy making process claim that no matter how small the rebound effect is, 
policy makers should always try to reduce it in order to increase energy savings as much as 
possible. 

As a consequence, we can conclude that scholars defend one of the two different 
positions (rebound effect is important for policy making and rebound effect is not important 
for policy making) by using one of the two different reasons (considering the size of the 
rebound effect and not considering the size of it). In order map the authors who take one of 
the two sides by taking one of the two arguments, we have constructed Table 2.4 and Table 
2.5. Table 2.4 maps authors who hold the idea that the rebound effect is indeed an important 
concept for the policy making process, while Table 2.5 maps authors who hold the idea that 
the rebound effect is not an important concept for the policy making process. Both tables 
separate the authors according to the two reasons we have analyzed. 
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Table 2.4. Author’s opinions to claim the rebound effect is an important concept in the policy making process. 

Opinion: Important concept in the policy making process 

Reason: Dependent on the size (big) Reason: Independent of the size 

Frondel et al. (2012): “From a policy perspective, the 
fact that the estimated rebound is relatively high 
irrespective of driving intensity calls into question 
the effectiveness of efficiency standards as a 
pollution control instrument” (p. 6). 
 
Jin (2007): “In conclusion, these suggest that 
rebound effect is an important factor that the 
government of South Korea must consider when 
planning its energy efficiency improvement policy.” 
(p. 1). 
 
Lin and Liu (2012): “The results show that, over 1981 
- 2009, energy rebound effect amounts averagely to 
53.2%, implying that China cannot simply rely on 
technical means to reduce energy consumption and 
emission.” (p. 1). 
 
Ouyang et al. (2010): “The existence of a high 
rebound, at least 30% and up to 50%, has been 
presumed in the household energy efficiency of 
China” (p. 6). 
 
Wang et al. (2012): “A majority of the expected 
reduction in transport energy consumption from 
efficiency improvement could be offset due to the 
existence of rebound effect.” (p.1). 

Dimitropoulos (2007): “…importance of the macro-
economic rebound effect should not be 
underestimated.” (p. 1). 
 
Binswanger (2001): “…the rebound effect with respect 
to households is indeed a relevant phenomenon that is 
too often neglected in the discussion of sustainable 
development.” (p. 12). 
 
Sorrell (2009): “A prerequisite … is a recognition that 
rebound effects matter and need to be taken seriously.” 
(p. 13). 

 

Table 2.5. Author’s opinions to claim the rebound effect is not an important concept in the policy making process. 

Opinion: Not important concept in the policy making process 

Reason: Dependent on the size (small) Reason: Independent of the size 

Berkhout et al. (2000): “…the share of energy use 
in total energy use is too small for the policy maker 
to bother that energy conservation policy will 
rebound.” (p. 7). 
 
Greening et al. (2000): “This leads us to the 
conclusion that the rebound is not high enough to 
mitigate the importance of energy efficiency as a 
way of reducing carbon emissions.” (p. 11). 
 
Small and Van Dender (2005): “For now, our 
conclusion is that policy analyses of regulations 
affecting fuel efficiency should assume that the 
rebound effect is considerably smaller today than 
has been measured in the past, and is likely to 
become smaller still as time goes on.” (p. 25). 

Gillingham et al. (2013): “Increasing energy 
efficiency brings emissions savings… People may 
drive fuel efficient cars more and they may buy other 
goods, but on balance more-efficient cars will save 
energy.” (p. 476). 
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If we keep analyzing Table 2.4 and Table 2.5 we can realize that the controversy over 
the importance of the rebound effect relies on whether policy makers should spend time and 
resources forecasting and minimizing the rebound effect or not. On the one hand, scholars 
who hold the opinion that the rebound effect is an important concept in the policy making 
process (Table 2.4) defend the idea that those resources and time must be spent to increase 
the effectiveness of policies aiming to reduce energy consumption as much as possible. On 
the other hand, scholars who hold the opinion that the rebound effect is not an important 
concept in the policy making process (Table 2.5) claim that policy makers should not spend 
those resources and time considering that energy savings will be achieved anyhow. Either way, 
we can identify controversial opinions over the importance of the rebound effect for the policy 
making process. 

It is important to highlight once again that the controversy over the importance of the 
rebound effect refers uniquely to how the policy making process is affected by the presence 
of the rebound effect, and not whether it is real or not. The existence of the rebound effect is 
agreed to be true by the scientific community and it doesn’t constitute a controversy (Frondel 
et al., 2012, Sorrell and Dimitropoulos, 2008). 

Having identified the two main controversies associated to the rebound effect concept 
(size and importance), the main causes of those controversies are analyzed in the following 
chapter. If causes of controversies are identified, then strategies to reduce them might be 
designed. 

2.5. Causes of controversies 

In the previous chapter two main controversies associated to the rebound effect were 
analyzed: its size and its importance. After reviewing different literature about what causes 
those controversies, we have identified three main reasons: methodological issues, different 
numeric definitions and fuzzy system boundaries. There are no specific studies that explicitly 
deal with all of those causes of controversies. Therefore, different studies had to be reviewed 
to discover them. In the case of methodological issues, the analyzed literature was Aydin et 
al. (2015), Dimitropoulos (2007), Sorrell and Dimitropoulos (2008), Sorrell et al. (2009), 
Herring and Roy (2007) and Ouyang et al. (2010). In the case of different numeric definitions, 
the analyzed literature was Frondel et al. (2012), Madlener and Alcott (2009), Sorrell and 
Dimitropoulos (2008) and Sorrell (2007). Finally, in the case of fuzzy system boundaries, the 
analyzed literature was Greening et al. (2000), Berkhout et al. (2000), Turner (2009) and Sorrell 
(2007). In the following, each of those three causes is analyzed in detail. 

2.5.1. Methodological issues 

One of the reasons that has caused controversies around the rebound effect to show 
up is the presence of methodologies issues in the previous assessments and measurements 
(Aydin et al., 2015, Dimitropoulos, 2007, Sorrell and Dimitropoulos, 2008). As previously 
mentioned in this chapter, a thorough analysis of the literature that has analyzed and 
measured the rebound effect in the past shows four main methodologies used: econometric 
studies of historical data, quasi-experimental analysis, direct surveys and benchmarking 
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techniques. This chapter gives the most important shortcomings of the studies that have used 
the previous methodologies to measure the rebound effect.  

 Econometric studies of historical data 

Dougherty (2008) defined econometrics as “the application of statistical methods to 
the quantification and critical assessment of hypothetical economic relationships using data” 
(p. 1). In other words, econometrics use statistics to analyze data in order to determine 
economic phenomena or relationships. The great majority of studies that have used 
econometrics to measure the rebound effect have focused on measuring elasticities (energy 
efficiency elasticity and price elasticities), meaning the percentage of change in one variable 
when the other variable has changed, keeping all the rest of the involved variables constant 
(Sorrell et al., 2009, Lin and Liu, 2012). 

Sorrell et al. (2009) have analyzed with critical lenses the econometric studies and they 
have come to the conclusion that, even though the results are more methodologically correct 
than other methodologies, some shortcomings have made those studies overestimate the 
magnitude of the effect. First, the lack of reliable and enough data has caused measurements 
to show inaccuracy. Most of the times, data about consumption is easily accessible, but data 
about energy efficiency is not available. The latter reason has made scholars to estimate 
historic energy efficiency by using third variables and relations that may not be fully correlated 
with it, increasing the error and reducing the significance of the final results. Second, isolating 
different effects in order to calculate a pure rebound effect due to consumers’ behavioral 
changes is very difficult. When scholars have analyzed historical data from the past 30 years, 
for instance, countless factors may have changed over time. Most of the times it is very 
difficult to identify those changes and take them all into account. For example, when analyzing 
the energy rebound effect in vehicle transportation in the past 30 years, the number of 
passengers per car, highways quality, car size, car age, average distance driven and even 
weather conditions, may have had an influence in the calculations. If those effects are not 
isolated the rebound effect would be overestimated and, as a result, lower statistical 
significance would be achieved. Third, neoclassical assumptions on the way the elasticities are 
calculated increase the bias of the result. The most crucial neoclassical assumption that affects 
the quality of the results is the rationality principle. The rationality principle predicts that the 
consumers will react in the same way to a decrease of prices and to improvements in 
efficiency, since the latter should have an identical effect on the cost of energy services. 
However, consumers do not act in a rational way and they may react differently when the 
price of energy services is reduced and when energy efficiency is improved (Berkhout et al., 
2000, Friedrichsmeier and Matthies, 2015). Fourth, the econometric models may have a great 
complexity, creating some difficulties in their interpretation. Most of the times econometric 
models use a very large set of assumptions and data, making them difficult to understand and 
trace errors. Last, but not least, since the data used by econometric models comes from the 
past, just ex-post rebound effect calculations are obtained. Unfortunately, this doesn’t give 
policy makers a tool or methodology to analyze future developments of the effect or to ex-
ante evaluate the phenomenon. 
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 Quasi-experimental analysis 

The second most common methodology to assess and measure the rebound effect is 
by using quasi-experimental analysis, or most commonly referred as before/after analysis. In 
this kind of analysis two groups are analyzed in terms of a stimulus that one group is exposed 
to and the other one is not. By analyzing how those two groups behave over time, the 
researcher draws conclusions on how the stimulus influenced the exposed group (Meyer, 
1995, Verschuren and Doorewaard, 2010). 

Applied to the rebound effect measurement, a typical quasi-experimental analysis 
considers the comparison of one group in which energy efficiency has been improved against 
a second group which the energy efficiency was held constant. By analyzing the energy 
consumption of those two groups the rebound effect may be calculated. Despite the 
methodological simplicity it offers, quasi-experimental analysis has not been used as much as 
econometrics measurements (Sorrell et al., 2009).  

Like in the case of econometrics studies, Sorrell et al. (2009) are very critical with the 
measurements of the rebound effect that have used quasi-experimental analysis. As a matter 
of fact, they say that “the methodological quality of most of these studies is relatively poor” 
(p.3). First, they say that most of these studies do not have a clear control group (i.e. the group 
that has not been exposed to the stimulus). In some studies, it does not become clear for 
which group the energy efficiency was improved because of different stimuli applied at the 
same time. Second, to be able to statistically compare the two groups in terms of how energy 
efficiency influenced the exposed group, the one and only variable that must change is the 
energy efficiency, otherwise the final calculation of rebound effect would be biased and 
influenced by some other hidden differences in both groups. In other words, the ceteris 
paribus principle should be strictly followed. In order to do so, several demographic 
characteristics of both groups should be measured to check how similar they are. Most 
probably the previous shortcoming has been caused because of the selection bias previous 
studies have shown, in which the participants of the experiments decide to participate rather 
than being randomly chosen from the population, producing significant demographic 
differences between the two groups. Third, and continuing on the same reasoning as the 
previous point, previous studies have shown that it is very challenging to totally isolate the 
rebound effect from other effects, somehow breaking the ceteris paribus principle. For 
example, when energy consumption of two groups are analyzed over time, different stimuli 
may have occurred to just one group and not the other one. For instance, house composition, 
energy prices, external or internal temperatures, income and house ownership may have 
changed in just one group, introducing bias to the analysis. Most of the times it is very difficult 
to isolate and identify all the stimuli that may have changed the initial conditions of the 
experiment. Fourth, and like in the case of the econometric studies, studies that have used 
quasi-experimental analysis mainly constitute ex-post measurements of the rebound effect. 
The latter doesn’t give policy makers the possibility to evaluate beforehand future 
developments of the rebound effect. Fifth, people’s psychological aspects have not been 
considered on quasi-experimental rebound effect measurements due to the overlooking of 
the consumer’ behavior theory. So far, all the previous attempts to measure the rebound 
effect have just tried to focus on economic parameters and have neglected the non-economic 
factors, like consumer’s irrational behavior. This is a critical shortcoming considering that 
consumer’ behavior is crucial with respect to households’ energy consumption. However, 
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even if consumer’ behavior theory had been considered, not all the possible different 
behaviors of different people would have been considered due to its large number (Haas et 
al., 1998, Jin, 2007, Roy, 2000, Madlener and Alcott, 2009). Last, but not least, almost all the 
rebound effect measurements that have used quasi-experimental analysis have just been 
focused on the household heating energy service. This has restricted the analysis to just the 
direct rebound effect, neglecting the indirect rebound effect in which reallocation of energy 
from one service to another occurs (from instance, savings in gas consumption may increase 
the electricity consumption). 

Despite all the shortcomings previously described, using quasi-experimental analysis 
to measure the rebound effect provides a huge advantage: simplicity (Campbell and Stanley, 
2015). When we see that one of the shortcomings of econometric studies is its inherent 
complexity, one could immediately think that a good candidate to propose a new assessment 
of the rebound effect would be by using quasi-experimental analysis. If the researcher is able 
to control the sources of errors and shortcomings previously described, then the results of a 
before/after analysis would be valuable and it would contribute to improve the 
methodological issues that have caused the rebound effect to be so controversial. 

 Direct surveys 

Just a very small set of measurements of the rebound effect have used direct surveys. 
This result is not surprising due to its intrinsic limitations. Herring and Roy (2007) describe two 
studies carried out by the UK Open University in which internet and telephonic surveys were 
used to measure the rebound effect. The results do not show a rebound effect size, just an 
indication of how many people might change their behavior towards energy consumption 
after efficiency improvements. The latter result is limited and it doesn’t give policy makers any 
new information about the rebound effect. The limited usefulness of this kind of study to 
measure the rebound effect is rooted on its two most important methodological limitations: 
nonresponse bias and lying bias (Verschuren and Doorewaard, 2010, Heijnen, 2008). First, 
depending on the length of the survey people might stop responding it in an accurate way at 
some point in the middle of it. This source of bias is called the nonresponse bias. Second, it is 
very difficult to check if people answer the questions honestly and not lying. The most obvious 
case of lies in a survey is the so called “socially accepted” answers. Some respondents may lie 
answering controversial questions by giving socially accepted answers. For example, people 
might try to answer they have a green energy attitude while they do not, just because it is 
more socially accepted. 

 Benchmarking techniques 

Benchmark, as defined by Elmuti and Kathawala (1997), is “the process of identifying 
the highest standards of excellence for products, services, or processes, and then making the 
improvements necessary to reach those standards.” (p.1). Although benchmarking is 
commonly applied to business and management techniques, in the rebound effect context we 
refer to benchmarking techniques as the process in which the rebound effect is calculated by 
making parallelisms and comparisons to other situations similar to the one under analysis. The 
benchmark concept, in its broad sense, it is not totally applied to the rebound effect 
measurement. 
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Just the study made by Ouyang et al. (2010) was identified of having used 
benchmarking techniques to measure the rebound effect. They indicate that most probably 
the rebound effect in households’ energy consumption in China should be between 30% and 
50%. They came to this conclusion by looking at previous measurements of the rebound effect 
carried out in other developing countries, like India and South Africa. They defend this 
comparison by saying that India and South Africa, just like China, have very low incomes and 
living standards, making them comparable in terms of the rebound effect. 

The methodology used by Ouyang et al. (2010) shows important shortcomings. First, 
using benchmarking techniques to measure the rebound effect neglects what Sorrell (2009) 
and Aydin et al. (2015) said about the uniqueness characteristic of the rebound effect. They 
stated that the rebound effect depends on several socio-demographics factors, like income, 
house ownership, age, country and so forth, making each situation unique. Therefore, they 
claim that each measurement should be analyzed in its own context, and not by taking for 
granted previous studies results. Furthermore, they also rejected the fact that benchmarking 
should be used just as a guide and not for statistical precision (Elmuti and Kathawala, 1997). 
Second, the study made by Ouyang et al. (2010) does not show any indication of where the 
data of the previous studies in India and South Africa came from. It may have happened that 
the previous studies obtained the data from totally different sources making them 
incomparable to one another. Third, no indication is given of what assumptions were used by 
the previous measurements that were analyzed. It may also have happened that those studies 
took different assumptions for the way the calculations are carried out, making them, once 
again, incomparable to one another. Finally, when benchmarking techniques are used to 
analyze the rebound effect, the research always depends on other studies to collect data. 
Therefore, it is not possible to generate original data to analyze the rebound effect in each 
specific case. 

 Summary 

Several methodological shortcomings of the previous attempts to measure the 
rebound effect have been identified. Some of the analyzed shortcomings are inherent to the 
methodology itself, in which some are not possible to solve and some others are possible to 
solve. In addition, some other shortcomings refer uniquely to specific studies that failed to 
address them in a correct way, and they are not an inherent shortcoming of the methodology 
itself. As a result, we have constructed Table 2.6 in order to sum up all the previously analyzed 
shortcoming by separating them into three categories: (1) shortcomings that are inherent to 
the methodology and are not possible to solve, (2) shortcomings that are inherent to the 
methodology and are possible to solve and (3) shortcomings that refer uniquely to the way 
each specific study was carried out.  
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Table 2.6. Methodological shortcomings of pevious attempts to measure the rebound effect. 

Methodology 

Shortcomings that are 
inherent to the 

methodology and are not 
possible to solve 

Shortcomings that are 
inherent to the 

methodology and are 
possible to solve 

Shortcomings that refer 
uniquely to the way 

each specific study was 
carried out 

Econometric 
studies of 
historical data 

- Neoclassical assumptions 
produce bias 
- Complexity 
- Ex-post rebound effect 
calculation 

- Lack of reliable and 
enough data 
- Difficult ot isolate 
effects different from the 
rebound effect 

 

Quasi-
experimental 
analysis 
(before/after 
analysis) 

 

- Difficult to strictly follow 
ceteris paribus 
- Difficult ot isolate 
effects different from the 
rebound effect 
- Ex-post rebound effect 
calculation 

- Absence of a clear 
control group 
- Just single energy 
service analysis 
- Neglection of people’s 
psychological aspects 

Direct surveys  
- Nonresponse bias 
- Lying bias 

 

Benchmarking 
techniques 

- Always depends on other 
studies to collect data (no 
original data can be 
collected) 

 

- Neglection of the 
uniqueness 
characteristics of the 
reboud effect 
- No indication of where 
the data came from 
- No indication of what 
assumptions previous 
studies used 

2.5.2. Different numeric definitions 

As briefly discussed in chapter 2.2, several different numeric definitions of the rebound 
effect can be found in the literature. The latter reason constitutes the second cause of why 
the rebound effect is such a controversial concept inside the scientific community (Frondel et 
al., 2012, Madlener and Alcott, 2009, Sorrell and Dimitropoulos, 2008, Sorrell, 2007). As a 
matter of fact, Frondel et al. (2012) provide four different numeric definitions that scholars 
have used to measure the rebound effect which may lead to different measurements and 
conclusions about the effect. Those four definitions take different microeconomic and 
macroeconomic assumptions about the way the effect is measured. The first definition they 
provide is rooted in the relative change of energy services demand due to increments in 
efficiency. The second definition takes for granted that improvements in energy efficiency can 
be totally mirrored in a reduction of the energy service price. The third definition considers 
that energy efficiency is held constant throughout the analysis. The fourth definition Frondel 
et al. (2012) give considers that elasticity of energy demand under changes in energy price is 
negative. The result of having many different definitions is the fact that different calculations 
are carried out in which different conclusions about the size and importance of the rebound 
effect are obtained. In fact, Greening et al. (2000) after analyzing 68 previous attempts to 
assess and measure the rebound effect (see Table 2.1) came to the conclusion that “the 
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magnitude of the rebound effect varies substantially because of the definition of the activity 
measure and the methods used” (p.393). 

As mentioned in chapter 2.2, hereinafter when we talk about the numeric definition 
of the rebound effect we would be referring to formula (1). This formula does not make any 
assumption on micro or macro-economic concepts like the formulas Frondel et al. (2012) 
described. As a consequence, it is free of controversies around what assumptions are valid or 
what assumptions are not. 

2.5.3. Fuzzy and different system boundaries 

The third cause of controversies around the rebound effect concept inside the 
scientific community is the fact that previous attempts to measure the rebound effect have 
defined different and fuzzy system boundaries. First, if different scholars use different system 
boundaries, the final size of the rebound effect measurement will vary, just like in the previous 
chapter in which different definitions are used (Sorrell, 2009, Greening et al., 2000). If 
household energy consumption is analyzed, then the possible system boundaries to be chosen 
are numerous. One could include inside the borders of the system the influence of weather 
conditions into the gas consumption, or include the influence of daylight hours across the year 
into the lighting energy demand. The possible system boundaries are numerous and they must 
be analyzed carefully in order to include the effects that are most significant into the rebound 
effect measurement (Turner, 2009). Second, the used system boundaries have shown that 
sometimes they are fuzzy and blurred (Sorrell, 2007, Berkhout et al., 2000). In some of the 
previous attempts to measure the rebound effect it is not very clear what it is included into 
the system boundaries and what it is not. This has caused not only the interpretation of the 
results to be difficult, but also the applicability of it to future measurements complicated. 

2.6. Implications for policymakers 

Throughout the present chapter we have been discussing what the rebound effect is 
and its controversial characteristics, but we also have to analyze how this affects policymakers 
and the policy-making process. Analyzing Table 2.4 and Table 2.5 we discovered that the 
opinions of different scholars about how important the rebound effect is for the policy making 
process are contested. On the one hand, some scholars argue that the rebound effect is 
indeed an important phenomenon to consider in the policy making process and policy makers 
should try to reduce it as much as possible. On the other hand, some other scholars claim that 
the rebound effect is not an important phenomenon for the policy making process and policy 
makers should not further analyze it because energy savings will be achieved anyhow. Either 
way, policy makers are in the middle of this dispute, producing confusion and dubiety. 

If we take a closer look at the ideas of those scholars who catalog the rebound effect 
as a not important concept for the policy making process, we could infer that they might be 
neglecting the “backfire rebound effect” (Ouyang et al., 2010, Jin, 2007). The backfire rebound 
effect is the process in which the size of the rebound effect is greater than one, meaning that 
energy consumption increases instead of decreasing after energy efficiency improvements. 
Scholars like Gillingham et al. (2013) say that “increasing energy efficiency brings emissions 
savings. Claims that it backfires are a distraction.” (p.1). They strongly reject the possibility of 
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the backfire rebound effect; instead they argue that improvements in energy efficiency will 
always bring energy savings. However, Sorrell (2007) says that there is strong evidence that 
backfire rebound effects have been identified in the past. The controversies continue and 
once again policy makers are in the middle of the dispute. 

Policies aiming to increase energy efficiency in order to reduce energy consumption 
(and consequently greenhouse gases) are cost intensive and long term oriented (Brookes, 
2000). Thus, failures in not meeting the policies’ expectations might produce huge money 
losses and extra policy challenges for policymakers. As a result, it is worth to invest extra 
resources to investigate further the possible consequences of the rebound effect, even more 
if the backfire effect threatens the whole policy. Taking for granted that energy savings will be 
achieved anyhow is too simplistic and at least ex-ante evaluations should be carried out in 
order to decide if the predicted rebound effect is big enough to jeopardize the effectiveness 
of energy efficiency improvement policies (Sorrell, 2007, Roy, 2000). 

We believe that the losses of not considering the rebound effect into the policy making 
process are much higher than the possible gains it brings. Failing in effectively reducing energy 
consumption by not considering the rebound effect jeopardizes not only energy consumption 
reduction policies, but also greenhouse gases reduction policies. The latter rejects all 
sustainability principles that most of the countries have recently agreed to follow on the 
COP21 conference held in Paris in 2015 (UnitedNations, 2015). We hold the same opinion as 
Sorrell (2007), who says that “rebound effects should be taken into account when developing 
and targeting energy efficiency policy” (p.92).  

In conclusion, if we assume that it is worth to invest extra resources to investigate the 
possible consequences of the rebound effect, then new studies that tackle the sources of 
controversies around the effect will not only make a contribution to reduce the problem, but 
also to make policies more effective. As a result, studies that improve methodological issues, 
clarify the different numeric definitions of the effect and help to improve system boundaries, 
will be a contribution for the scientific community and policy makers. In this research we aim 
to propose a new and innovative methodology that helps to tackle some of the previous 
attempts’ shortcomings that have caused controversies around the rebound effect.  

2.7. Chapter’s conclusions 

Analyzing the existing literature about the rebound effect, two main controversies 
were identified: its size and its importance. In addition, three main causes of those 
controversies were identified as well: methodological issues, different numeric definitions and 
fuzzy system boundaries. We hold the idea that the rebound effect can seriously jeopardize 
the effectiveness of policies aiming to improve energy efficiency, and taking for granted that 
improvements in efficiency will always bring energy savings is just too simplistic. Therefore, it 
is worth to analyze and assess how the rebound effect affects those policies. As consequence, 
we believe that any new research that aims to reduce what has caused the controversies 
around the rebound effect will be a contribution to not only reduce the problem but also to 
allow policymakers to better tackle the phenomenon. In conclusion, this thesis research will 
try to propose a new methodology to assess the rebound effect in a way that the causes of 
controversies previously described are reduced as much as possible. In doing so, if the causes 
of controversies are reduced, the controversies themselves may be reduced as well. 
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3. Serious games 

As previously mentioned in Chapter 1, the new methodology that will be tested in this 
research to assess the rebound effect is serious games. We believe that serious games are a 
feasible methodology to implement in order to tackle the causes of the rebound effect’s 
controversies. This chapter is meant to justify why serious games seem to help in solving the 
problem. The remaining parts of this chapter are as follows. First, a definition of serious games 
is given. Second, two different types of serious games are discussed. Third, strengths and 
weaknesses of those two types of serious games are analyzed. Fourth, reasons of why serious 
games can help to reduce rebound effect’s controversies are discussed. Fifth, disadvantages 
of using serious games to measure the rebound effect are given. In addition, ways to reduce 
those disadvantages are analyzed as well. Sixth, a final conclusion is given of why using serious 
games to measure the rebound effect may be a contribution to reduce controversies around 
this concept. 

3.1. Definition 

As Duke and Geurts (2004) said in their book called Policy games for strategic 
management, “games are as old as humankind” (p.31). The authors mention that most 
probably military games for entertainment and training were some of the first games ever 
known. In fact, chess dates back from the 6th century and represents military confrontations 
between two kingdoms, in which not only entertainment was involved, but also strategic 
behavior and problem solving skills. In addition, and going even further to the past, the 
Chinese military general Sun Tzu included gaming techniques and gaming strategies for 
training in his masterpiece book called The art of war, which dates back from 500 BC. 
Furthermore, according to Bracken and Shubik (2001), in World War I and World War II games 
were developed to train soldiers and generals in order to increase their strategic skills towards 
the enemy.  

With the new digital era that started in the 1970s, a new form of games was born: 
video games. From that moment on, video games have become very popular among kids and 
adults. Video games have changed the way people spend leisure time, up to the point that, 
nowadays, the video game industry is even more profitable than the film industry (Boyle et 
al., 2011). In fact, according to Harteveld (2011), people spent 9 billion hours playing solitary 
in 2003, almost 1300 times more than the time it took to build the Empire State Building in 
New York City (7 million hours). This boost of video games has also influenced the kind of 
games discussed in the previous paragraph, games for military purposes and training. New 
technologies have been used ever since to develop more effective and more realistic games 
for such purposes. In addition, the flexibility that video games provide, has made many other 
areas to start using video games for training purposes as well. Serious games can be located 
in that context. In fact, Michael and Chen (2005) have defined serious games as follows:  

“A serious game is a game in which education (in its various forms) is the primary goal, 
rather than entertainment”. (p.17) 

Education is a key concept in serious games. Regular games do not have education as 
a primary goal, while serious games do. Michael and Chen (2005) make clear in their definition 
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that the education concept that they are referring to must be seen in its various forms. If we 
only restrict education to its most obvious form in which the student learns from the teacher, 
then we would be missing a great part of serious games. In fact, Zyda (2005) sees education 
in the serious games definition as any activity that “involves pedagogy: activities that educate 
or instruct, thereby imparting knowledge or skills” (p.26).  

Despite the previous definition given, there is still great differences between scholars 
on what a serious game really is (Boyle et al., 2011). The latter is basically caused by the fact 
that gaming involves many disciplines, like computer science, psychology, media studies, 
philosophy, or even disciplines in which the game is embedded, like chemistry, biology, 
energy, mechanics, health, management and so forth (Harteveld, 2011). Some scholars have 
restricted the serious games definition to an educational process in which the players are the 
only ones who learn from the game, while some other scholars have broadened it including 
to possible learners any other actor that may be involved in the game environment (Meijer, 
2009, Duke and Geurts, 2004). Despite the different definitions of serious games, what it is 
agreed between scholars is the fact that serious games do not have entertainment as a 
primary goal. In this thesis research we will not restrict the definition of serious games; 
instead, we will accept that serious games are a tool for education in which any actor involved 
in the game environment could learn from it. In the following section we will go deeper into 
this matter, presenting different types of serious games in which different people can learn 
from them. 

3.2. Types of serious games 

Like in the case of the serious games definition in which many different ones can be 
found in the literature, many different types and classifications of serious games can be 
distinguished as well. In fact, the variety of different classifications of serious games is even 
greater than the variety of definitions (Breuer and Bente, 2010). Mayer et al. (2016), for 
example, divided serious games in four types in terms of their final purpose: serious games as 
tools, for innovations purposes, as a persuasive methods and for self-organization purposes. 
Michael and Chen (2005), on the other hand, classified serious games in terms of application 
areas: military, government, educational, corporate, healthcare, political, religious and art 
games. In this thesis research we have decided to follow the classification Meijer (2009) 
provided due to the fact that it is directly applicable to the purpose of this thesis. He classified 
serious games in just two different branches: serious games for non-research purposes and 
serious games for research purposes. The following sections explain each of those two 
different types of serious games 

3.2.1. Serious games for non-research purposes 

The first type of serious games Meijer (2009) analyzes, is serious games for non-
research purposes. This type of serious games involves learning, skill acquisition and training. 
Some scholars have also called this type of serious games as game-based learning (Boyle et 
al., 2011). This type of game is characterized by the fact that players are the individuals who 
learn from playing it. The game has as its main goal to teach players certain knowledge, skills 
or train them in specific matters. Depending on how the game is designed, the learning 
process can take different paths or use different learning theories. 
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When we talk about learning, skill acquisition or training in serious games for non-
research purposes, we are focusing the different learning processes on players. In fact, players 
are the ones who learn when this type of serious games is used. Players are exposed to a game 
that has as a main objective to not only deliver certain knowledge or message to the player, 
but also to make them acquire and internalize it. The great majority of serious games that 
have been designed and implemented so far are serious games for non-research purposes. 

Several examples can be given of previous serious games that have used a non-
research purpose approach. Harteveld (2011) mentioned different applications that have 
been addressed: business and management, health, energy, military, politics and society, 
safety and crisis response, science and education. For example, some games in the area of 
health have been designed to increase players’ knowledge about illness or health problems, 
support patients’ rehabilitation, increase physical activity, encourage healthy lifestyle and 
help in therapy processes (Zwikael and Gonen, 2007).  In addition, games designed for 
business and management have aimed at helping players to improve their decision-making 
process skills in complex real world scenarios (Boyle et al., 2011). Military approaches have 
also been addressed by serious games in, for instance, training soldiers on how to use military 
equipment and in providing a tool for helping returning soldiers suffering from post-traumatic 
stress disorder (Marsh, 2011). If we now take a look at serious games focused on energy 
consumption, different games have been designed to teach players how to responsibly 
consume energy or to produce in them behavioral changes towards energy conservation or 
environmental friendliness (Geelen et al., 2012, Bång et al., 2009, Gustafsson et al., 2009, 
Cowley et al., 2011). For example, Power Exchange is a mobile phone game for teenagers 
designed to test if players may learn how to reduce energy consumption in the long term in 
real life (Geelen et al., 2012). Players played the Power Exchange game for a week, period in 
which they interacted with other players in the game environment. Ten weeks after the game 
was finished their real life energy consumption showed a reduction of 14% on average. New 
habits related to energy conservation were created in the players that they didn’t show before 
starting the game. The Energy Battle is another serious game aiming to reduce energy 
consumption in the long term (Geelen et al., 2010). The game was developed by Shifft, a spin-
off company of Delft University of Technology. In the Energy Battle 17 different households 
from the city of Rotterdam in the Netherlands competed with each other for a money prize 
on what household could reduce their energy consumption the most. On average, the energy 
reduction during the game period was 24%, with the highest being 45%. One month after the 
game was finished and all the prizes given to the winners, the energy consumption of the 
same households showed an average reduction of 8% compared to the energy consumption 
before starting the Energy Battle game. The two previous examples show that serious games 
for non-research purposes in the energy consumption field can contribute to the long term 
household energy reduction. 

3.2.2. Serious games for research purposes 

The second type of serious game Meijer (2009) analyses is serious games for research 
purposes. In this second type of serious game the focus of the learning process is not the 
player anymore. Instead, the researcher is the one who learns from the players’ behavior 
while playing the game. As a matter of fact, serious games for research purposes can be used 
as a way to generate hypothesis or theories, to test preexisting hypotheses and to evaluate 
multi-agents’ behavior when people play in multiplayer settings. The purpose of a serious 
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game for research purposes is to gather qualitative or quantitative data from the behavior of 
the participants in order to analyze it afterwards and get conclusions about how they behaved 
while playing the game. In other words, the game can be seen as a “laboratory experiment” 
in which researchers “play” with variables. By performing different tests and changing 
different variables, researchers could analyze under which circumstances people perform 
better or how people organize themselves given a set of conditions or stimuli. When a game 
is repeated sufficiently, the outcomes of sessions can be used as valuable data to test 
hypothesis (Harteveld, 2011). This approach gives policy makers a new tool to analyze 
complex problems from a different perspective and to test policies’ acceptance in people 
(Meijer, 2009, Van Daalen et al., 2014). Apart from policy making, one may also think that 
serious games for research purposes could also be used to test new products or services from 
a commercial perspective in the future customers, in order to forecast the product or service 
market penetration before it is released to the market.  

Despite the potential of serious games for research purposes in contributing to 
academic and scientific studies, they have not been used as much as games for non-research 
purposes. In fact, just a few examples of studies that have used this type of serious games 
were found in the existing literature. Psychological and social phenomena have used serious 
games, for instance, to analyze consumers’ preferences when dealing with trade-offs and to 
test players’ reactions after emotion-relevant events (Camerer and Fehr, 2002, van Reekum 
et al., 2004). Serious games to analyze socio-economic theories have also been designed to 
test how people trade commodities in which the quality attribute is not known (Meijer et al., 
2008). Serious games for research purposes in the health area have also been designed to, for 
instance, measure respiratory capacity in healthy and asthmatic preschool children (Vilozni et 
al., 2005). Policy making has also used serious games for research purposes to test different 
policies, such as testing different regulatory styles in the energy sector and infrastructure 
development policies in railway systems (Kuit, 2002, Lo et al., 2013, Meijer, 2012). In addition, 
different supply chain management processes in different countries have also been analyzed 
and investigated by using this type of serious games (Zúñiga-Arias et al., 2007). 

3.3. Strengths and weaknesses 

As any other methodology, serious games have strengths and weaknesses. In this 
section we will analyze and explore the most important strengths and weaknesses that both 
types of serious games have. 

3.3.1. Serious games for non-research purposes 

After a literature review of serious games for non-research purposes, we have 
identified 4 main strengths. First, due to the high flexibility the serious games methodology 
provides, they can be applied to many disciplines. In fact, as previously discussed, serious 
games have been applied to business and management, health, military, politics and society, 
public policy, safety and crisis response, science and education, and so forth (Harteveld, 2011). 
Second, serious games for non-research purposes are more engaging and didactic than the 
conventional learning techniques, supporting the idea that this type of serious games are a 
good tool to effectively support learning processes (Boyle et al., 2016). Third, depending on 
how the game is designed, serious games for non-research purposes can have a high 
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psychological impact on players, a feature that can be used to support learning processes in 
players (Ritterfeld et al., 2009). In fact, the psychologists Boyle et al. (2011) have analyzed how 
psychological aspects of players are influenced by video games in their research called “The 
role of psychology in understanding the impact of computer games”. Fourth, impossible or 
unreal situations can be simulated by video games that in real life would be impossible to get 
due to safety issues, cost and time constraints. Teaching people how to behave during an 
earthquake can be achieved by simulating different earthquakes in a video game. It is clear 
that in real life is impossible to produce controlled earthquakes, problem that is solved if they 
are simulated by using video games (Susi et al., 2007). 

In addition, the literature review on serious games for non-research purposes also 
revealed 6 main weaknesses. First, after players are exposed to the game it is difficult to 
clearly state whether the learning process took place in the player or not. In fact, several 
researchers have tried to define methodological guidelines in order to solve this difficulty of 
assessing successfulness of serious games for non-research purposes. Surveys, 
questionnaires, tracing players’ ex-post behavior are some tools that have been used. 
However, there is still no clear answer on how to be sure that players really learned from the 
game or not (Connolly et al., 2014). Second, the learning process in players may take long. 
Using video games do not ensure that the learning process goes faster than traditional 
learning techniques. In this sense, using serious games for non-research purposes may even 
be more expensive than traditional techniques, making them, eventually, not economically 
profitable (Marsh, 2011). Third, it is difficult to engage players to play a video game for 
learning, considering that, by definition, serious games do not have entertainment as their 
primary goal. If players are not engaged to the learning process it is difficult to actually succeed 
in teaching them the required knowledge or skill. As a result, player engagement in serious 
games for non-research purposes has also been analyzed by scholars in order to somehow 
include the “fun” into the serious games goals (Haferkamp et al., 2011). Fourth, demographic 
characteristics of players highly affect the penetration of the game into the possible players. 
Ritterfeld et al. (2009) shows that age and gender may have a strong influence on the 
penetration of games into the possible players. For instance, sports games are more popular 
among young males than they are in women. Fifth, although the game is designed in a very 
simple way and with very easy instructions, people with prior knowledge or experience with 
video games may show better learning experiences when playing serious games for non-
research purposes than people without any prior experience (Boyle et al., 2011). Sixth, a 
serious game for non-research purposes should be as simple as possible in order to make the 
learning process of players easy. In addition, a serious game should also be realistic enough 
for the players in order to connect real life situations with the game environment if they are 
to apply those new skills or knowledge in real life. However, the more realistic a game is the 
more complex it gets. Balancing this trade-off is not easy to do and game designers must be 
well aware of this when defining its purpose (Harteveld, 2011). 

3.3.2. Serious games for research purposes 

As done in the case of serious games for non-research purposes, a literature review of 
serious games for research purposes was carried out. 6 main strengths were identified. First, 
serious games for research purposes are a good tool to generate or test theories or 
hypotheses and for testing players’ behaviors under certain stimuli or conditions. This type of 
serious games become a simulated laboratory for experiments in which several phenomena 
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can be tested (Meijer, 2009). Second, serious games for research purposes do not need to 
explicitly simulate psychological or sociological factors of players since they bring those 
characteristics with themselves into the game environment. When the rules of the game and 
the instructions are well defined, players will bring their own psychological characteristics into 
the game, such as their preferences, their emotions, their intuition, their soft skills, their social 
abilities and so forth. Therefore, the game does not have to assume or build up those aspects 
(Meijer, 2009, Katsaliaki and Mustafee, 2012). Third, experiments can be repeated as many 
times as the researcher wants due to the simplicity to carry them out. Experiments, or playing 
sessions, just need players to play the game and there is no need to spend extra resources to 
repeat experiments. Therefore, the cost of making mistakes are not as high as they are in 
other methodologies in which experiments are more cost intensive (Meijer, 2009). Fourth, 
and connected to the previous strength, experiments are flexible and they can be easily 
adapted (Meijer, 2009). Fifth, several psychological and sociological theories can be tested by 
using serious games for research purposes. Generally, testing those kind of theories or 
hypotheses are not easy to explore without assuming many different unmeasurable factors 
like psychological characteristics of people (Meijer et al., 2008). Sixth, the environment can be 
perfectly controlled by setting the right system boundaries and defining what it is included in 
the game and what it is not. The strict definition of system boundaries makes the model robust 
to external factors that can disrupt the outcomes or produce bias. Therefore, since system 
boundaries can be easily defined in serious games for research purposes, bias produced by 
external factors are minimized (Meijer, 2009). 

In addition, we have identified 4 main weaknesses of serious games for research 
purposes. First, no matter how realistic and close to reality a game is, it will always be a game 
and not the reality. In that sense, people may play in a different way as they would do in real 
life just because they are facing an unreal simulation and not their real own experience. In 
that sense, validating the results in real life situations is a major challenge (Harteveld, 2011). 
Second, the time players need to play the game is usually considerably higher than any other 
research methodology which needs participants, like surveys. Most of the times in a serious 
game for research purposes many steps must be accomplished: the instructions of the game 
must be clearly explained, pre and post gaming experience surveys may be carried out, the 
gaming session itself and so on. All the steps combined might be too long for a player to 
voluntarily participate in the research, reason why it is another challenge to find a big enough 
sample size in order to draw reliable conclusions for the whole population under study 
(Meijer, 2009). Third, like in the case of serious games for non-research purposes, balancing 
realism of the game and complexity may be difficult. Especially for this type of serious game 
in which reality is a very important factor to consider in order to draw reliable conclusions for 
the whole population, realism should be as high as possible. However, in increasing realism, 
complexity increases too, reducing the reliability of the results if players found the game too 
complex. A good trade-off realism/complexity must be achieved, otherwise the results may 
be biased by a high game complexity or low realism (Harteveld, 2011). Fourth, each 
experiment or gaming session may be different to one another, resulting in a problem because 
eventually they may not be comparable. Each gaming session or experiment has its 
uniqueness characteristics due to the players’ feedback and interaction. Researchers could 
reduce this problem by structuring a very rigid set of instructions and set up (Harteveld, 2011). 
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3.3.3. Summary 

In Table 3.1 we have summarized the most important strengths and weaknesses of 
serious games for non-research and for research purposes. It provides a short summary of 
what it has been discussed in this chapter. 

Table 3.1. Strenghts and weaknesses of serious games. 

Type of serious game Strengths Weaknesses 

Serious games for non-
research purposes 

- Applicable to a many different 
disciplines due to its flexibility 
- More engaging and didactic than 
traditional educational processes 
- They have a high psychological 
impact on players 
- They can simulate situations that are 
impossible to get in real life due to 
safety, cost, time, etc. 

- Difficult to assess or measure whether 
the learning process took place in the 
player or not 
- Players’ learning acquisition may take 
long 
- Since their goal is not entertainment, 
players should be highly motivated to 
play the game 
- Penetration of the game highly 
depends on demographic factors of 
players 
- The learning process in different 
people may also be different if players 
have prior abilities to play video games 
- Difficult to balance the tradeoff 
between realism and game complexity 

Serious games for 
research purposes 

- They can be used to investigate 
different theories and phenomena 
using players’ results 
- They eliminate the need to build in 
psychological, sociological or cultural 
assumptions since players bring that 
into the gaming experience 
- Experiments can be easily repeated 
- Experiments are flexible 
- Psychological and sociological 
phenomena can be analyzed 
- System boundaries can be very well 
defined 

- Simulated context, not real life 
experience (difficult results validation) 
- Requires more time for participants 
than other forms of research 
- Difficult to balance the tradeoff 
between realism and game complexity 
- Difficult to compare different playing 
sessions or experiments due to their 
unique characteristics. 

3.4. Serious games for research purposes as a way to reduce the 
rebound effect’s controversies 

As previously discussed in chapter 2, the controversies around the rebound effect 
concept (its size and its importance for the policy making process) may be reduced if the 
causes of those controversies are reduced too (methodological issues, different numeric 
definitions and fuzzy and different system boundaries). In this thesis research we propose that 
serious games (and specifically serious games for research purposes) may be helpful in 
reducing rebound effect controversies by improving methodological issues of the previous 
attempts to assess and measure the effect (and specifically those attempts that have used 
before/after analysis). In fact, if we take a look at Table 2.6 we can find out that some of the 
methodological shortcomings of before/after analysis that have analyzed the rebound effect 
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in the past are the strengths of serious games for research purposes in Table 3.1. In the 
following we will analyze why each methodological shortcoming of quasi-experimental 
analysis in Table 2.6 may be solved by using serious games for research purposes. 

3.4.1. Difficulty to follow ceteris paribus 

The first methodological shortcoming of before/after analysis of previous attempts to 
measure the rebound effect is the difficulty to follow the ceteris paribus principle. When 
performing before/after analyses, it is very important to change just one variable at a time in 
order to isolate the effects and calculate a rebound effect as a purely consequence of changes 
in energy efficiency and not as a consequence of changes in other variables. In real life 
before/after analyses this is hardly achieved because real life systems are dynamic in which 
many variables change at the same time and it is impossible to keep track of all the changes 
that the system may be exposed to. However, serious games for research purposes to carry 
out before/after analyses are a good tool to change just one variable at a time. Due to the fact 
that system boundaries can be very well defined and the experiments are carried out in a 
controlled game environment, the researcher can control all the changes in the important 
variables in order to make them happen one at a time, or in a ceteris paribus way. Flexibility 
in the experiments in serious games for research purposes can also contribute to reduce this 
shortcoming due to the fact that the researcher can totally control the changes inside the 
system, or even not make any other change to happen different than the energy efficiency 
improvements. 

3.4.2. Difficulty to isolate effects 

The second methodological shortcoming of quasi-experimental analyses is the fact 
that all the effects are hard to isolate. This shortcoming comes very close to the previous one 
in a sense that because of the dynamic characteristics of real life systems, effects are always 
intertwined with other effects, making it very difficult to isolate them. As a result, when real 
life quasi-experimental analyses are used to measure the rebound effect, they hardly achieve 
a pure rebound effect due to improvements in energy efficiency, and the final calculation may 
be influenced by some other hidden effects. Again, serious games for research purposes seem 
to help in solving this shortcoming because of the ease to well define system boundaries and 
the high flexibility to make different changes to happen inside the game environment.  

3.4.3. Ex-post calculation 

The third methodological shortcoming of quasi-experimental analyses that have 
measured the rebound effect in the past is the fact that they have all performed ex-post 
calculations, not giving any tool for policy makers to analyze the phenomena beforehand. 
Instead, just indications of how successful energy improvements policies were in the past is 
the only usefulness of those quasi-experimental analyses. Serious games for research 
purposes, on the other hand, provide a tool to ex-ante analyze policies that aim to improve 
energy efficiency, giving policymakers extra information of the possible consequences of 
those policies. In fact, since serious games for research purposes can be used for testing 
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hypotheses, a hypothesis related to whether energy efficiency improvements are successful 
or not can be tested beforehand. 

3.4.4. Absence of control group 

The fourth methodological shortcoming of quasi-experimental analysis that have 
measured the rebound effect in the past is the fact that they have not had a clear control 
group in order to compare energy consumption over time after energy efficiency 
improvements. When we refer to a clear control group we mean a group in which no actions 
were taken, i.e. a group in which the energy efficiency remained the same. Most of the times 
energy efficiency is improved in both groups losing the essential characteristic of the control 
group. As a result, the comparison afterwards loses all the essence of before/after analyses: 
comparing two groups in which one of them was exposed to one specific stimulus that the 
other group was not. Serious games for research purposes may solve this issue if the 
researcher just lets to one specific group improve efficiency while the other remains the same. 
Using this type of serious game provides the required flexibility the researcher needs to clearly 
define a control group. 

3.4.5. Single energy services analysis 

The fourth methodological shortcoming of quasi-experimental analyses that have 
measured the rebound effect in the past is the fact that they have only measured the rebound 
effect in one single energy service, leaving possible indirect rebound effects outside the scope. 
The reason why this has happened is, again, the difficulty to isolate the effects that play a role 
in the system. When a researcher includes the possible indirect rebound effects between gas 
consumption and electricity consumption in households, for instance, the variables to control 
become too many to actually control them all in a proper way. As a result, most of the previous 
studies we have analyzed in this research that have used before/after analysis to measure the 
rebound effect have only focused on one single energy service. Nevertheless, when we think 
that serious games for research purposes provide the researcher a very flexible methodology 
to easily include or exclude effects from the system boundaries, we think that this 
methodology may be helpful in order to include some indirect rebound effects while keeping 
a reduced number of variables inside the system. In fact, and depending on how the serious 
game is designed, multiple indirect rebound effects can be included without compromising 
the possibility to isolate all those effects. The key is to clearly define what is in and what is out 
of the system boundaries and keep track of those indicators to separate the effects at the end 
of the research if necessary. 

3.4.6. Neglection of people’s psychological aspects 

This may be one of the most important contributions of using serious games for 
research purposes to measure the rebound effect. So far, attempts to measure the rebound 
effect by using quasi-experimental analysis have not considered consumers’ psychological 
aspects when they consume energy. Due to the fact that the rebound effect is a purely 
psychological phenomenon, deeply rooted in the consumers’ behavior psychology, not 
considering this aspect is leaving the essence of it outside the system boundaries. However, 
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serious games for research purposes provide the ease of including people’s psychological 
factors when consuming energy without requiring doing extra assumptions or extra modelling 
techniques in order to consider them inside the system. Players are the ones who bring their 
own preferences, emotions and mind set into the game environment. In other words, players 
themselves bring their psychology into the game. As a result, no invalid or inaccurate 
assumptions have to be made to include the essence of the rebound effect into the analysis. 

3.5. Disadvantages of using serious games for research purposes to 
assess the rebound effect 

Despite all the benefits of using serious games for research purposes to measure the 
rebound effect, the main disadvantages of this type of serious games, jeopardize the 
measurement itself. First, since every serious game is a representation of the real world in a 
simulated environment, players may behave differently than they would do in real life. If this 
happens, the results of the rebound effect measurement may not be applicable to a real 
context. However, it must be mentioned that any model is a representation of the real world, 
none of them being a total mirrored representation of it. As a result, not only serious games, 
but also discrete, continuous or statistical models try to replicate the real world in a simulated 
way, producing differences between what the model concludes and what happens in real life. 
Nevertheless, this disadvantage can be partly investigated by analyzing how players behaved 
during the game, and if they would behave similarly in real life. This analysis can be carried 
out by performing pre and post-game questionnaires in order to check whether players 
effectively behaved according to their real mind set or they acted in a different way. However, 
in doing so, some inner disadvantages of surveys may be introduced, like the nonresponse 
bias or the lying bias (see section 2.5.1.3). Second, it is true that playing sessions take longer 
than other research methodologies, a situation that may cause players to lose focus on the 
game or to start playing in a meaningless way, introducing undesirable bias to the results. As 
a result, the chosen serious game for research purposes to measure the rebound effect must 
be engaging for the players to keep their attention and focus throughout the game session. 
Detecting players who lost their attention or got bored during the game session in order to 
exclude them from the final results may improve the overall quality of the research. Pre and 
post-game questionnaires can be used again to check how motivated players were during the 
session. Nevertheless, we may introduce, once again, nonresponse bias or lying bias. Third, 
the perfect balance between realism and complexity in a serious game is difficult to achieve. 
As previously discussed, a serious game must be realistic enough to make players behave in a 
similar way as they would do it in real life, and at the same time simple enough to not 
introduce undesirable bias due to an excessive complexity. Just like the previous two 
disadvantages of serious games for research purposes, checking how realistic and complex a 
game was for the players can be measured by performing post-game questionnaires in order 
to ask players their impressions and specifically how complex and how realistic the game was 
for them. Fourth, dealing with differences between different experiments or game sessions 
can also be challenging. When different players get different instructions, different stimuli or 
different treatments, the game sessions may take different paths, introducing bias to the 
results when those different experiments are to be compared. As a result, the researcher must 
make sure that those differences don’t happen, by for instance, defining a clear set of 
instructions and goals for the players, in order to reduce those undesirable differences 
between different game sessions. Nevertheless, this disadvantage is hard to control due to 
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the fact that many different sources of external stimuli can be present, introducing differences 
between experiments and game sessions. The best a researcher can do is to not give room for 
players to improvise and define a straightforward set of instructions and goals. The 
effectiveness of those set of instructions and goals can also be checked by post-game 
questionnaires. 

To sum up, the general disadvantages of serious games for research purposes will also 
be present if the rebound effect is analyzed by using this technique. The researcher must be 
well aware of those disadvantages in order to reduce them, or at least measure them, to check 
afterwards how important they were. If the measurement of those disadvantages show that 
they didn’t play an important role throughout the research, then the researcher may proceed 
with the data analysis, data validation or any other further step. 

3.6. Chapter’s conclusions 

Because of all the reasons previously discussed, we believe that serious games for 
research purposes used as a tool to perform a quasi-experimental analysis to assess the 
rebound effect, will be a contribution to reduce methodological shortcomings of previous 
attempts to measure it. As a result, controversies around the rebound effect may also be 
reduced. The previous conclusion comes despite the fact that new shortcomings may be 
introduced as well. If those new shortcomings are analyzed and measured, then the 
researcher might analyze if they played an important role into the results or not. 

As a result, this thesis research aims to assess the rebound effect by using serious 
games for research purposes in order to investigate the contribution of this new methodology. 
In this point we are going to accept what Aydin et al. (2015) and Sorrell (2009) argue about 
the uniqueness characteristics of the effect: the fact that the rebound effect must be 
independently analyzed in each specific case and situation, and that any new study should not 
be focused on calculating one single and unique rebound effect size because that unique size 
does not exist. Consequently, new researches that aim to reduce the rebound effect’s 
controversies should be focused on improving the overall quality of the assessments, in a way 
that the controversies are not reinforced but diminished. Finding one single and specific 
rebound effect size is not what the scientific community needs; instead, it needs studies that 
stop trying to find consensus on the absolute magnitude of the rebound effect which distracts 
the attention of the scientific community on important matters, like evaluating and planning 
strategies that minimize the rebound effects in the many contexts and realities where they 
occur (Friedrichsmeier and Matthies, 2015). 
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4. The NRG game 

The serious game that will be used to assess the rebound effect in a way to reduce its 
controversies is called the NRG game. The NRG game was created at the faculty of Technology, 
Policy and Management of Delft University of Technology in the Netherlands. In the present 
chapter the NRG game is described in further detail. This chapter first starts by describing the 
main characteristics of the game. Second, it describes the most important characteristics of 
the experiments and the modifications needed to be done to the NRG game to make it a 
suitable tool to analyze the rebound effect. Third, how the experiments were carried out is 
also described. Fourth, the type of the rebound effect included in the assessment is analyzed. 
Finally, a short conclusion of this chapter is given. 

4.1. General description 

The NRG game was created first as a serious game for research purposes in order to 
test different interventions such as information, feedback, discounts and subsidies towards 
energy conservation in households (Mohammed et al., 2015). For the previous purpose, the 
NRG game simulates the basic decisions people make in their households regarding energy 
consumption. Players start with a certain budget and they receive an income after each round 
of the game, simulating the part of the income people spend in paying energy bills, buying 
new appliances and furniture. As a result, the players’ goal is to manage their household in 
the game in terms of energy consumption. Players must pay gas and electricity bills, can buy 
new appliances, produce energy using solar panels or wind turbines, sell appliances to get 
some money back and so forth. In order to check how they are doing in their game 
performance, they can check their energy consumption and comfort level at any time. 

Energy consumption and comfort level are the most important indicators in the game. 
When buying new appliances, players can decide if they prefer a more luxurious item (that 
will change the comfort level) or a more eco-friendly one (that will affect the total energy 
consumption). When players decide to increase the luxurious status of the new item the price 
increases accordingly, and when players decide to increase the eco-friendly level of the new 
item the price increases accordingly as well. Therefore, players deal with constant trade-offs 
between the price of the item and the comfort/eco-friendly level of it. Depending on all the 
possible decisions players can make, their energy consumption and comfort level changes 
accordingly, and so do the gas and electricity bills. 

The main screen of the game is shown in Figure 4.1. It shows the house each player is 
playing with and the most important features of it. If players click in number 1, they can go up 
and down to see their houses’ floors. Figure 4.2 shows what players see when they select to 
go to the second floor of the house, for instance. If players click in number 2, they can see the 
catalog with all the available things they can buy (Figure 4.3 (a)). If they select one item and 
click on it, they will see the luxury and eco-friendly selection of that item (Figure 4.3 (b)). In 
this last selection is where players face the mentioned trade-offs between price, energy 
consumption and comfort. They can drag and drop the luxury and eco-friendly level of the 
item. The more luxury level the item has, the more expensive it gets and the more comfort 
level it adds. The more eco-friendly level the item has, the more expensive it gets and the less 
energy it consumes. Therefore, they must balance their own desires and interests regarding 
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energy consumption/comfort in terms of the price of each item. If players now click on 
number 3 in Figure 4.1 they can remove items and get some money back (as if the item is 
sold). Number 4 in Figure 4.1 shows the money players have available to spend. After each 
round of the game players receive their annual income (see section 4.2.4). If players click in 
number 5 in Figure 4.1 they can check their performance in the game: their energy 
consumption, their energy production (if they decided to produce energy), their total comfort 
level, the condition of all the appliances and furniture they have in their houses, the total 
money they are paying in electricity and gas after each round and the annual income they 
receive after each round. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Main screen of the NRG game with the main options. 

Figure 4.2. Second floor of the house. 
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In terms of all the things players can do in the NRG game, we can list five different 
decisions they can take. First, players can remove appliances as if they are selling them and 
get some money back. This can be done with any gas/electric appliance and furniture in the 
house. Second, players can improve the efficiency of the appliances they already have by 
paying some money, and therefore, decreasing the energy consumption of the selected 
appliance. Third, players can buy new gas/electric appliances and furniture according to their 
own desires. In the catalog of all the available things to buy in the game (Figure 4.3 (a)) players 
can check all the 68 available appliances and furniture. Fourth, players can buy new energy 
management devices, which are devices that manage to reduce the overall energy 
consumption of a house by a certain percentage. In the NRG game, energy management 
devices are smart meters, movement sensors or stand-by-killers, if we talk about electricity 
reduction, or insulation (wall, floor, windows, and so forth) if we talk about gas reduction. 
Fifth, players also have the opportunity to buy energy production devices which are devices 
that produce usable energy. In the NRG game, energy production devices are wind turbines, 
solar panels or heat pumps. To sum up, if we want to analyze what decision influences the 
players’ total energy consumption the most, we should focus on those five decisions 
previously described. In section 5.5 we break down the total energy consumption in terms of 
those decisions. 

The NRG game gives automatic results of each player. Every decision a player takes is 
recorded in his/her own output, including the luxury level and eco-friendly level they wanted 
the new items to be. In addition, the players’ output gives the updated total energy 
consumption and comfort level after each decision. Therefore, it is easy to track those two 
indicators.  

Figure 4.3. (a) Catalog of available things to buy. (b) Luxury and eco-friendly selection of the item to be bought. 
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Due to the fact that the NRG game was not designed for the purpose of assessing the 
rebound effect, several modifications were needed to be done in order to make the NRG game 
a suitable tool for analyzing this phenomenon. The following sub-chapter shows the main 
modifications that were needed to make. 

4.2. NRG game to assess the rebound effect 

Several modifications of the first version of the game were needed in order to make 
the NRG game a suitable tool to perform a quasi-experimental analysis to investigate the 
rebound effect. In the following those main modifications are discussed. 

4.2.1. Two possible houses options 

The NRG game gives players the possibility to choose the house they would like to live 
in, in terms of three indicators: energy level, comfort level and building state level. According 
to their selection, they receive a house out of 7 available houses. All the possible houses are 
different in terms of their energy consumption, type of initial appliances, house size and house 
comfort. 

If we want to analyze the rebound effect using the NRG game, the first thing to 
consider is finding a way to reproduce and simulate a quasi-experimental analysis or a 
before/after analysis. For that reason, the possibility to have 7 different house types needs to 
be reduced to only two possible houses (one of them representing the case “before” and the 
other one representing the case “after” efficiency improvements). One type of house will 
represent one efficiency level and the other house type a different efficiency level. If those 
two groups are compared, an indication of the rebound effect may be obtained.  

As a result, just two possible houses will be available for players. The one and only 
difference of those two houses will be the energy efficiency level. One will be called “low 
efficiency house” and the other one “high efficiency house”. In order to not introduce 
selection bias into the sample, each player will randomly receive one type of house and it 
won’t be possible to change it. The main idea underlying this choice is to simulate the situation 
in which one single person in real life starts using his/her own real house and after a while the 
energy efficiency of it changes. In this case, the situation before and after efficiency 
improvements will be analyzed by two different groups of people, each of them using one 
specific house with one specific energy efficiency level. The low efficiency houses group will 
be used as a control group for the analysis, in which their behavior will be taken as the 
situation in which efficiency does not change, or the case “before” efficiency improvements. 
However, what this methodology supposes is the fact that the two groups of people are 
indeed comparable, result that must be analyzed before any further analysis. If we obtain that 
the two groups are indeed comparable, we could get an estimate of the rebound effect 
comparing the situation “before” efficiency improvements and the situation “after” efficiency 
improvements. 

It is worth to mention here that this is not a typical before/after analysis due to the 
fact that a typical one considers that just one group is analyzed. There is one group of people 
that starts the experiment under a certain energy efficiency condition and at some point in 
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the middle of the experiment that efficiency is improved. In this way the same individuals are 
exposed to efficiency improvements and their own behaviors before and after efficiency 
improvements are compared. In this thesis research we propose to perform a modified 
before/after analysis in which there are no individuals who are exposed to efficiency 
improvements. Alternatively, we propose to separate the case “before” and the case “after” 
efficiency improvements by analyzing two different (but comparable) groups of people. The 
reason behind this decision is rooted in the long duration of the experiments when serious 
games are used. If one player is exposed to efficiency improvements in the middle of the 
game, there might not be enough time of the game left to properly analyze the impact of the 
efficiency improvement. If we can analyze from the beginning of the game the impact of this 
stimulus, the results may be richer and more conclusions may be obtained. The latter can be 
achieved by separating the situation “before” and the situation “after” efficiency 
improvements and assign them into different groups, just as we propose to proceed in this 
research.  

4.2.2. Initial appliances and consumption 

As mentioned in the previous sub-section, just two types of houses will be available in 
the game in order to simulate a modified before/after analysis. In order to not make the same 
mistake that previous attempts to measure the rebound using quasi-experimental analysis 
have made, we need to make sure that the ceteris paribus principle is followed, that the 
rebound effect is isolated by including in it just energy efficiency improvements and that a 
clear control group is defined (see Table 2.6). Those three aspects are well tackled if we make 
sure that the one and only difference between the high and low efficiency house is the energy 
efficiency level of each of them. The NRG game is flexible enough to include this into the game 
settings. As a result, the two types of houses will be designed in a way that they both have the 
same appliances at the beginning of the game and the only difference is the efficiency level of 
those appliances, resulting in a different energy consumption. Since the NRG game also gives 
an indication about the comfort level of players, this index must be equal in both types of 
houses. In doing so, the possible differences in the energy consumption of the two types of 
houses throughout the game will be caused uniquely by a different initial energy efficiency 
level and not by some other factors that may introduce bias to the results. 

The set of initial appliances included in the houses are the ones that were most 
common in Dutch households in the year 2000 according to Fawcett et al. (2000) and 
Papachristos (2014). The energy consumption of the high efficiency house was defined to be 
equal to the average gas and electricity consumption in the Netherlands in 2012, i.e. 3,510 
kWh of electricity per year and 1,314 m3 of gas per year (Gerdes et al., 2014). On the other 
hand, the energy consumption of the low efficiency house was defined as the difference in 
energy efficiency between a typical Dutch household in 2012 and in 2000. According to Gerdes 
(2015), Dutch households in 2012 were on average 30% more efficient than they were in 2000. 
As a result, the low efficiency house in the game was defined as a typical Dutch household 
from 2012 keeping the energy efficiency from the year 2000, i.e. a consumption equal to 4,575 
kWh of electricity per year and 1,703 m3 of gas per year. Additionally, the distribution of the 
total electricity and gas consumption among the selected appliances to be included by default 
in the houses, was calculated using standard energy consumptions patterns of those basic 
appliances (check Fawcett et al. (2000), Gerdes et al. (2014), Friendly and Kormylo (2012) and 
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U.S.DepartmentOfEnergy (2016)). In appendix A a list of all the appliances that houses receive 
by default with their initial energy consumption is shown. 

4.2.3. Prices and consumption update 

Due to the rapid changes in the energy sector, energy and appliances prices are 
dynamic. As a result, a complete review of the prices and consumption of all the appliances 
available in the game was carried out. For example, the energy prices were updated to the 
average prices in the Netherlands in 2015, i.e. the electricity price equal to 0,2 €/kWh 
(Eurostat, 2015a) and the gas price equal to 0,8 €/m3 (Eurostat, 2015b). In addition, prices of 
energy production devices and their standard energy production were updated as well 
according to the latest available technologies and prices from the manufacturers (check 
TheEcoExperts (2016), CleanTechnica (2016), WindTurbines (2016) and Hansen (2016)). 
Finally, the rest available appliances were also reviewed. Some of their prices and energy 
consumption were updated according to Friendly and Kormylo (2012) and the 
U.S.DepartmentOfEnergy (2016). 

4.2.4. Income 

A critical factor in order to give the game the required realism is the income players 
receive after each round. According to Aydin et al. (2015), the rebound effect is strongest 
among the lower income levels, reason why a good selection of the income is required if we 
want to test a realistic rebound effect. It is crucial as well that the income players receive 
reflects just the money people spend in real life on paying energy bills, buying electricity 
appliances, buying gas appliances and buying furniture, excluding the part of the income 
people spend on, for instance, food, transportation, leisure activities and so forth. 

The Dutch Central Bureau of Statistics (CBS) keeps track of the Dutch expenditure. In 
2014, each Dutch household spent on average a total of € 1,753 in energy bills (electricity and 
gas). In addition, Dutch households spent in 2014 a total of € 9,262 million in new gas and 
electricity appliances and furniture. If we now divide the previous number by the total amount 
of households in The Netherlands in 2014 (7.4 million households), we can obtain that each 
Dutch household spent on average a total € 1,252 in 2014 in new gas and electricity appliances 
and furniture. If we add up the € 1,753 in energy bills and € 1,252 in new gas and electricity 
appliances and furniture, we obtain that Dutch households spent on average a total of € 3,005 
in those aspects in 2014. All the required information to make this calculation was obtained 
from CBS (2014b), CBS (2014a) and CBS (2015). Therefore, it was defined that each player 
receives an income equal to € 3,000 per round, in line with the previous calculation. As a 
result, it was also defined that one round of the game equals to one year. 

4.3. About the experiments 

Having described the main modifications of the NRG game in order to make it a suitable 
tool to assess the rebound effect, this sub-chapter will describe what the experiments are 
about. As previously described, there will be two groups of players: one group playing the NRG 
game using the high efficiency house and a second group using the low efficiency house. It is 
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worth to remember again that the one and only difference between those two groups is the 
energy efficiency, resulting in a different initial energy consumption. In addition, and in order 
to increase the statistical significance of the results and to get a significant representative 
behavior of each group, the sample size of each group must be as large as possible. Due to the 
time it takes for players to complete each game experiment (1 hour on average per player), it 
is difficult the get a large enough sample size. However, it was decided that at least 25 players 
must play the NRG game per group, getting a total sample size equal to 50 people. 

In order to increase the quality of the results and to test if the two groups are indeed 
comparable, a pre-game questionnaire is carried out (Appendix B shows the pre-game 
questionnaire). The idea of it is to test some demographics characteristics of the players and 
to evaluate their comparability in terms of, for instance, their environmental friendliness. It is 
natural to think that if we want to compare the energy consumption of two groups they must 
have the same environmental attitude, otherwise the results may be influenced by other 
factors different than the rebound effect, like having one group with a different environmental 
attitude than the other. In section 5.2 this comparison is carried out. After players have 
answered the pre-game questionnaire, they receive the player’s manual with all the 
instructions and some screen shots of the game for them to know where to find the necessary 
options in the game. The player’s manual can be found in appendix C. After the player’s 
manual, players started playing the NRG game in a single player mode, without any interaction 
with other players in the virtual gaming environment. In total, participants played 10 rounds 
of the game (simulating 10 years). The first round of the game was designed to last 8 minutes 
in order to let players get familiar with the game functioning, and after that each round lasted 
4 minutes. However, when players needed more time to finish one specific round, they 
received some extra time. If we add up all the rounds together, participants played the NRG 
for approximately 45 min in total. During that time, players were allowed to ask any question 
they wanted about the game, and to freely interact with the rest of the participants. When 
round 10 was over, participants answered a post-game questionnaire about their strategies 
and impressions about the game. This questionnaire was designed to discover the main 
reasons of why players behaved in a certain way. Appendix D shows the post-game 
questionnaire. To sum up, one single experiment took approximately 1 hour in total (including 
questionnaires, reading manual and playing). 

Before starting the final experiments with the players, two persons played the game 
and answered the questionnaires as a trial test. They were interviewed after completing their 
experiments in order to get their opinions and points for improvements. Those two interviews 
with the questions asked and their answers can be found in appendix E. 

Finally, the game experiments started. The population of this study was defined as 
“adults living in the Netherlands”. After several playing sessions between the 20th of April 2016 
and 21st of May 2016, the target of 25 people per group was achieved, basically with students 
from the Delft University of Technology in the Netherlands. Some playing sessions were 
carried out with multiple players and some others had to be carried out with just one player 
at a time due to the difficulty to get participants. Figure 4.4 shows a playing session carried 
out in the faculty of Technology, Policy and Management in Delft University of Technology on 
the 10th of May 2016, in which 9 people played at the same time. 
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4.4. About the type of the rebound effect 

It is worth to mention now that, due to the way the experiments were designed, the 
rebound effect assessment that will be carried out considers mainly components of the 
indirect rebound effect (section 2.1). The direct rebound effect is not immediately included in 
the experiments due to the fact that in the NRG game players do not have the opportunity to 
increase the number of hours in which they are using certain appliance or increase the energy 
intensity of those. For instance, players can’t decide to turn the TV on more hours per day or 
use the microwave at a higher temperature. The energy consumption of each appliance is 
fixed and defined by the initial selection of the eco-friendly level of the items. Nevertheless, 
what it is well captured by the experiments in the game is the indirect rebound effect. Players 
have the opportunity to buy or remove appliances any time they want, including in the game 
energy consumption exchanges between different appliances and between different energy 
services (gas and electricity). For instance, players may decide to remove the sound system 
that was included by default in the house they receive in the game, and change it by a game 
console. In this way they may be replacing energy of one appliance with energy from another 
appliance. In addition, the indirect rebound effect is also seen when players replace the energy 
consumption coming from an electric appliance and replace it with energy coming from a gas 
appliance, or the other way around. This can happen if, for instance, players replace their gas 
ovens or gas stoves for electric ones. Finally, the economy wide rebound effects are not 
captured by this research since no macro-economic concepts were included in the game. 

4.5. Chapter’s conclusions 

The serious game that will be used to assess and analyze the rebound effect is called 
the NRG game. The NRG game simulates the most basic decisions people take in their 
households when consuming energy (gas and electricity). Therefore, players in the game can 
not only buy new appliances, sell appliances they don’t want or buy energy production devices 
like solar panels, but also the must pay energy bills in line to their actual energy consumption. 
In addition, players also receive a certain income after each round (year) of the game in a way 

Figure 4.4. Playing session in the faculty of Technology, Policy and Management in Delft 
University of Technology, the Netherlands. 
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to simulate the part of the income people spend to manage the energy consumption of their 
houses. Due to how the NRG game works and what type of decisions players can take, the 
rebound effect that will be included in the experiments is mainly the indirect rebound effect. 
The direct rebound effect is not immediately included due to the fact that players can neither 
decide to increase the number of hours of use of certain appliance nor increase the energy 
intensity of them. The previous feature is not included in the game, resulting that the direct 
rebound effect is not considered in the system boundaries. 

The NRG game in its first version is not sufficient to assess the rebound effect, 
therefore, several modifications had to be done prior the experiments with players (number 
of houses available, prices revisions, income players receive, set of initial appliances, and so 
on). The experiments were designed in a way that two different groups of people are analyzed: 
one first group in which players have a high efficient house and a second group in which 
players have a low efficient house. The group with low efficiency houses will be the control 
group and it will be used as the case “before” energy efficiency improvements, and the group 
with high efficiency houses will be the case “after” energy efficiency improvements. The latter 
constitutes a modification of a typical before/after analysis in which the case before and the 
case after are assigned to different groups of people. If comparisons between the two groups 
are carried out (proving beforehand that they are, indeed, comparable) the rebound effect 
may be detected. 
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5. Results 

Having finished the playing sessions in which the target sample size of 50 people was 
achieved, the analysis of the results was carried out. In this chapter the main results are 
discussed. 

5.1. Descriptive statistics 

As previously said, a total of 50 people played the NRG game, 25 people using the low 
efficiency house and 25 using the high efficiency house. If we take a look at the gender 
distribution of the participants, a total of 18 players were female and 32 were males (Figure 
5.1).  

 

 

 

 

 

 

 

 

If we now take a look at the education distribution, we will see that 41 players (82%) 
have a postgraduate education or currently enrolled in one (Figure 5.2). 

 

 

 

 

 

 

 

 

 

Figure 5.1. Gender distribution. 

Figure 5.2. Education distribution. 
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The occupation distribution in Figure 5.3 shows that 32 players (64%) are students and 
18 are employed or self-employed (36%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The complete descriptive statistics with all the graphs can be found in appendix F with 
the pre-game questionnaire answers. Additionally, appendix G shows all the post-game 
questionnaire answers. 

5.2. Comparability of the two groups and representativeness 

A crucial factor to analyze is the representativeness of the sample and the 
comparability of the two groups for further analysis. First, we must say that the sample is not 
a good representation of the population, since the latter was defined as “adults living in the 
Netherlands”. In Figure 5.1, Figure 5.2 and Figure 5.3 we saw that the sample is mainly 
composed of students, people with postgraduate studies and more males than females. 
Consequently, the final results of this research can’t be applied to the whole population. 
Alternatively, the population could have been defined as just “students living in the 
Netherlands”, situation that would have been too restrictive and narrowed, producing that 
some respondents should have been removed from the sample, reducing the sample size and 
compromising the significance of the results. For the latter reason it was decided that the 
population was going to be kept as “adults living in the Netherlands”. 

Second, the comparability of the two groups is crucial if we are to compare them both 
to analyze the rebound effect, otherwise further comparisons may be biased by differences in 
those groups. In this research we have decided to analyze this by checking how similar both 
groups are using four criteria: environmental friendliness, abilities to play video games, how 
often participants play video games, and whether players pay bills, rent or mortgage in real 
life. If one of those four factors show statistically significant differences between the two 
groups, then the comparability of the results may be compromised. 

Figure 5.3. Occupation distribution. 
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5.2.1. Environmental friendliness 

If one group shows a different environmental friendliness attitude than the other it 
would be difficult to compare their energy consumption, since environmental friendliness and 
energy consumption may have some kind of significant relation. In this research we have 
defined the environmental friendliness of players as the average of questions 13 and 14 in the 
pre-game questionnaire (check appendix B)2. Figure 5.4 shows the environmental friendliness 
index in both groups. The high efficiency group shows an average of 0.76 with a standard 
deviation of 0.367, while the low efficiency group shows an average of 0.89 with a standard 
deviation of 0.481. 

 

 

 

 

 

 

 

 

 

 

If we want to test if both distributions show any significant difference, we can use 
student t-test for differences in averages if the right conditions are satisfied. First, both groups 
must be normally distributed, which is proved by testing it with the non-parametric test 
Kolmogorov-Smirnov test. In this case the null hypothesis H0 is “the environmental friendliness 
index follows the normal theoretical distribution”, while the alternative hypothesis H1 is “the 
environmental friendliness index does not follow the normal theoretical distribution”. After 
performing the test in SPSS, we conclude that the null hypothesis in both groups can’t be 
rejected since the significance value is greater than 5% (16.3% for the high efficiency group 
and 15.7% for the low efficiency group). As a result, it will be assumed that both group follow 
a normal distribution. Second, the two samples must be randomly drawn from the population. 
This condition is difficult to check since players were not chosen to participate in the research 
in a random way, they expressed themselves their willingness to be part of it. Third, both 
sample groups are independent. This condition is indeed satisfied because of the way the 
experiments were carried out, totally isolating both groups to one another in terms of the 

                                                 

 

 

 
2 The scale used to transform categorical variables into numeric ones to average them is the following:  

Totally disagree = - 2; Disagree = - 1; I am not sure = 0, Agree = + 1, Totally agree = + 2 

Figure 5.4. Environmental friendliness index high efficiency group (on the left) and low efficiency group (on the right). 
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houses they played with in the game. As a result, although the second condition can’t be 
checked, we will assume that we can proceed with the student t-test for differences in 
averages. 

Before performing the student t-test for differences in averages we must define the 
hypothesis. The null hypothesis H0 is “there is no difference between the two groups in terms 
of the environmental friendliness” while the alternative hypothesis H1 is “there is a difference 
between the two groups in terms of the environmental friendliness”. After performing the 
test in SPSS we obtain a significance value equal to 29%, leading to the conclusion that H0 can’t 
be rejected. As a result, no differences in the environmental friendliness index of both groups 
were detected. Therefore, it will be assumed that both groups can be compared in terms of 
their environmental friendliness index. The SPSS results can be found in appendix H.1 

5.2.2. Abilities to play video games 

According to Boyle et al. (2011), people with higher abilities to play video games may 
show a better performance while playing it. The latter can be translated into the NRG game, 
for example, in the ease of finding the right options in the game. People with more abilities to 
play video game may find more and different ways to manage their houses’ energy 
consumption in the game than people with less abilities. As a result, if both groups show some 
differences in their abilities to play video games then the final results may be biased by this 
factor and the results may not be comparable to one another. To check this, we have used 
question 10 of the pre-game questionnaire (appendix B). In this case, the chi-square test must 
be used because both variables have a categorical level of measurement. Since the conditions 
to perform this statistical test are not satisfied (more than 20% of the expected counts are 
smaller than five), some categories were grouped together to reduce the number of expected 
counts smaller than five3. Figure 5.5 shows a bar chart of the abilities to play video games per 
group with the new categories. 

 

 

 

 

 

 

 

 

                                                 

 

 

 
3 The new categories are: Good = “Good” and “Excellent”; Ok = “Ok”; Bad = “Fair” and “Poor”. 

Figure 5.5. Bar chart of the abilities to play video games per group. 
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The null hypothesis for this test H0 is “there is no difference between the two groups 
in terms of the participants´ abilities to play video games” while the alternative hypothesis H1 
is “there is a difference between the two groups in terms of the participants´ abilities to play 
video games”. After performing the chi-square test in SPSS using the new categories, we 
obtain a significance value equal to 63.7% and there are no expected counts smaller than five 
(conditions are satisfied). As a result, H0 can’t be rejected. Therefore, no differences between 
the two groups in terms of the participants´ abilities to play video games were detected. As a 
result, it will be assumed that both groups can be compared in terms of their abilities to play 
video game. The SPSS results can be found in appendix H.2. 

5.2.3. How often participants play video games 

Similar to what happens in the prior abilities to play video games, participants who 
play video games more often than others may find more and different alternatives to manage 
their house in the NRG game. To check that there are no differences in how often participants 
play video game we have used question 9 of the pre-game questionnaire (appendix B). Figure 
5.6 shows a bar chart of the distribution of how often participants play video games per group. 

 

 

 

 

 

 

 

 

 

 

 

Once again, the chi-square test will be used since both variables have a categorical 
level of measurement. The null hypothesis for this test H0 is “there is no difference between 
the two groups in terms of how often participants play video games” while the alternative 
hypothesis H1 is “there is a difference between the two groups in terms of how often 
participants play video games”. After performing the chi-square test in SPSS, we obtain a 
significance value equal to 52.1% and there are no expected counts smaller than five 
(conditions are satisfied). As a result, H0 can’t be rejected. Therefore, no differences between 
the two groups in terms of how often participants play video games were detected. As a result, 

Figure 5.6. Bar chart of how often participants play video games per group. 
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it will be assumed that both groups can be compared in terms of how often participants play 
video games. The SPSS results can be found in appendix H.3. 

5.2.4. Players paying bills, rent or mortgages in real life 

It may happen that players who pay the bills, rent or mortgage themselves in real life 
show a different behavior in the game. If a person does not pay anything in real life he/she 
may not care so much about the finances of his/her household in the game, introducing 
undesirable bias. It is because of the latter reason why it becomes important to check if both 
groups are formed by the same type of people: people who pay and people who don’t pay in 
their households in real life. In order to check this, question 11 of the pre-game questionnaire 
will be used (appendix B). Once again, the chi-square test is the right statistical test to use 
because we are dealing with categorical variables. Just as happened while testing the abilities 
of players to play video games, the conditions to perform the chi-square test are not satisfied 
(more than 20% of the expected counts are smaller than five). To overcome this problem, 
some categories have been grouped together4. Figure 5.7 shows a bar chart of the distribution 
per each group of the variable who pays for the rent, bills or mortgage in your household using 
the new categories. 

 

 

 

 

 

 

 

 

 

 

 

The null hypothesis for this test H0 is “there is no difference between the two groups 
in terms of who pays the rent, bills or mortgage in their households” while the alternative 

                                                 

 

 

 
4 The new categories are: I pay, either part or the whole amount of the rent, mortgage or bills in my household = “I pay the 

whole amount of the rent, mortgage or bills in my household” and “I pay part of the whole amount of the rent, mortgage or 
bills in my household”; Somebody else does it, I don't pay anything = “Somebody else does it, I don't pay anything”. 

Figure 5.7. Bar chart of who pays for the rent, bills or mortgage in your huseholds per group. 
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hypothesis H1 is “there is difference between the two groups in terms of who pays the rent, 
bills or mortgage in their households”. After performing the chi-square test in SPSS using the 
new categories, we see that the conditions, once again, are not met to perform the chi-square 
test (2 cells have an expected count smaller than 5). As a result, we should analyze the Fisher’s 
Exact Test, which is computed automatically by SPSS when the conditions of the chi-square 
test are not satisfied. As a result, the significance level of the Fisher’s Exact Test is equal to 
24.7%, leading us to conclude that H0 can’t be rejected. Therefore, no differences between 
the two groups in terms of who pays the rent, bills or mortgage in their households were 
detected. As a result, it will be assumed that both groups can be compared in terms who pays 
the rent, bills or mortgage in their households. The SPSS results can be found in appendix H.4. 

5.3. Energy consumption 

Having shown that the two groups of players (using high efficiency houses and low 
efficiency houses) can be compared to one another, we can visualize and analyze their energy 
consumption throughout the game. Figure 5.8 shows the total energy consumption of players 
per round. The upper graphs show the consumption of each player represented by a cross and 
the lower graphs show the box plot of all of them per round. It must be mentioned that the 
total energy consumption was calculated transforming the gas in m3 into kWh in order to get 
one single unit of energy. The transformation factor used for the conversion was 9.769 kWh 
per m3 of gas (Energieconsultant, 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If we analyze the graphs we can see that the high efficiency houses group is 
represented by a main group of players and a few others separated from the rest. The main 
group consumes an amount of energy between 10,000 kWh and 20,000 kWh in round 10, and 
there are 5 players separated from the main group that consume an amount of energy below 

Figure 5.8. Total energy consumption per round per player. 



Engineering and Policy Analysis Master Thesis: Residential energy rebound effect assessment by using serious games 

 

55 

6,000 kWh. The latter is represented as well in the box plot of this group in which the range 
goes between 6,000 kWh to 20,000 kWh and three outliers are below 6,000 kWh (round 10). 

If we now move to the low efficiency houses group, we could see that there are two 
different sub-groups instead of the one big group in the high efficiency houses group. There 
is one sub-group with 10 players with a consumption between 15,000 kWh and 20,000 kWh 
in round 10 and a second sub-group with 15 players with a consumption below 11,000 kWh. 
For the latter reason we can see in the box plot of the low efficiency houses group that the 
range goes from -1,000 kWh to 20,000 kWh, showing a larger standard deviation than in the 
high efficiency houses group. Analyzing the pre and post-game questionnaire of players, no 
indications were found of why those two sub-groups differ, not even analyzing their 
environmental friendliness indicator. It is worth to point out here that if players have a 
negative total energy consumption, it does not mean that they do not consume energy. 
Instead, what this really means is that they are producing more energy than the energy they 
consume. The energy leftovers are sold to the system and it constitutes an extra source of 
income. 

Despite of having identified two different sub-groups inside the low efficiency houses 
group, hereinafter the low efficiency group will be treated as a whole without separating it in 
two. If further analyses are carried out separating this group, the sample size of each of the 
two sub-groups will be too low (10 and 15 players each) compromising the final significance 
of the results. Figure 5.9 shows the average energy consumption per group including the 25 
players in each one. It can be seen that in round 0 (the moment they just received their given 
house) the low efficiency houses group consumed a total of 21,213 kWh and in round 10 they 
reduced their energy consumption by 50%, reaching a total consumption equal to 10,629 
kWh. In contrast, the high efficiency houses group started round 0 with a consumption equal 
to 16,348 kWh and in round 10 they reduced their energy consumption by 32%, reaching a 
total of 11,130 kWh. As a result, despite their higher energy consumption in round 0, the low 
efficiency houses group lowered their average energy consumption more than the other 
group, up to the point that in round 10 they consumed, on average, less than the high 
efficiency houses group. 

 

 

 

 

 

 

 

Despite the previous result in which the difference between the two groups in terms 
of their average energy consumption diminishes throughout the game, we should statistically 
check how different those two groups are. This can’t be confirmed by just looking at the 
averages per round in Figure 5.9 and a measure of spread must be included. The first thing to 

Figure 5.9. Total average energy consumption per group per round. 



Engineering and Policy Analysis Master Thesis: Residential energy rebound effect assessment by using serious games 

 

56 

confirm is to check if the distribution per round per group is normally distributed. In order to 
check this, the non-parametric Kolmogorov-Smirnov test must be performed. After 
performing the test in SPSS we can see that just in round 1 both groups are normally 
distributed, while in all the other rounds there is just one or none group normally distributed 
(appendix H.5 shows the outcomes given by SPSS). Therefore, student T-test for differences 
in averages can’t be applied to check if there is any significant difference in the averages 
between the two groups. Therefore, the non-parametric Wilkoxon Rank-Sum test must be 
applied instead. In this case the null hypothesis H0 is “there is no difference between the two 
groups in terms of the total energy consumption” while the alternative hypothesis H1 is “there 
is a difference between the two groups in terms of the total energy consumption”. Table 5.1 
shows the significance values of the statistical test after performing it in SPSS. Appendix H.6 
shows the outcome given by SPSS. 

Table 5.1. Significance values of the Wilkoxon Rank-Sum test for differences between the groups in terms of their total 
energy consumption. 

Round Significance Result 

1 0% H0 is rejected, both groups are different 

2 0% H0 is rejected, both groups are different 

3 0% H0 is rejected, both groups are different 

4 0% H0 is rejected, both groups are different 

5 0.3% H0 is rejected, both groups are different 

6 55.4% H0 can't be rejected, differences between both groups were not found 

7 90% H0 can't be rejected, differences between both groups were not found 

8 82.3% H0 can't be rejected, differences between both groups were not found 

9 83.9% H0 can't be rejected, differences between both groups were not found 

10 80.8% H0 can't be rejected, differences between both groups were not found 

Analyzing Table 5.1 we see that the significance level from round 1 to round 5 is below 
5%, resulting that the null hypothesis is rejected. Therefore, from round 1 to round 5 
significant differences between the two groups can be identified in terms of their total energy 
consumption. In contrast, from round 6 to round 10 the significance level of the statistical test 
is greater than 5%, resulting that the null hypothesis can’t be rejected. Therefore, we cannot 
find significant differences between the two groups in terms of their total energy consumption 
from round 6 to round 10. The previous result could have been expected considering what 
was shown in Figure 5.9. Before round 6 the averages per group showed some difference, 
while from round 6 onwards that difference decreased to almost zero. 

5.4. Comfort level 

As discussed in Chapter 4, one of the features of the NRG game is the possibility to 
assign a comfort level to the appliances and furniture that players include in their houses. 
When players buy a new appliance the can select how luxurious the item is, decision that will 
immediately affect the overall comfort level of the house they live in. Figure 5.10 shows the 
evolution of the comfort level indicator per player in each of the two groups (upper graphs) 
and the boxplots per round for the two groups (lower graphs). 



Engineering and Policy Analysis Master Thesis: Residential energy rebound effect assessment by using serious games 

 

57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this case, we can see that the two groups are composed by large groups of players 
and we can’t identify different sub-groups as we did in the low efficiency houses group related 
to the total energy consumption. This can be clearly seen in the upper graphs in which one 
main group is identified and in the boxplots looking at the small range of it.  

If the averages of the two groups per round are analyzed, the graph in Figure 5.11 can 
be made. It shows that both groups started playing the game in round 0 with the same comfort 
level equal to 5,100 (to isolate the energy efficiency differences between the two groups, all 
the other factors must be equal, including the comfort level). After finishing the game in round 
10, the high efficiency houses group increased, on average, their total comfort level by 16%, 
reaching a total equal to 5,899. In contrast, the low efficiency houses group increased, on 
average, their total comfort level by 4%, reaching a total equal to 5,319. 

 

 

 

 

 

 

 

 

 

It must be mentioned that the scale used to measure the comfort level doesn’t reflect 
any real pattern. It was chosen that way just to compare different appliances that add more 

Figure 5.10. Comfort level per round per player. 

Figure 5.11. Average comfort level per group. 



Engineering and Policy Analysis Master Thesis: Residential energy rebound effect assessment by using serious games 

 

58 

comfort than others. For example, if we compare two different TVs, one with 200 units of 
comfort and the other one with 100 units of comfort, we can say that the first one gives the 
user the double comfort than the second one. For instance, the first one may have a greater 
resolution and a better sound than the other. Therefore, differences in the comfort level just 
reflect how much the user enjoys using certain appliance or furniture and it is used in this 
research to compare the luxury level of the appliances included in each house. 

As done when analyzing the total energy consumption, to get more significant 
conclusions we should check how different both groups are in terms of their comfort level. 
This can’t be immediately taken by looking at the averages in Figure 5.11 since they don’t 
consider the spread of the comfort level of each player. Once again, it must be confirmed if 
the distribution per round per group is normally distributed. The non-parametric Kolmogorov-
Smirnov test must be performed. After performing the test in SPSS the null hypotheses can’t 
be rejected, therefore it is assumed that the comfort distribution in each round per group is 
normally distributed (appendix H.7 shows the outcomes given by SPSS). As a result, if we want 
to apply the student T-test for differences in averages to check if there are any significant 
difference in the comfort level between the two groups we must check first the other two 
conditions. First, the two samples must be randomly drawn from the population. This 
condition is difficult to check since players were not chosen to participate in the research in a 
random way, they expressed themselves their willingness to be part of it. Second, both sample 
groups must be independent. This condition is indeed satisfied because of the way the 
experiments were carried out, totally isolating both groups to one another in terms of the 
houses they played with in the game. As a result, although the players were not randomly 
chosen, we will assume that we can proceed with the student t-test for differences in 
averages. In this case the null hypothesis H0 is “there is no difference between the two groups 
in terms of the comfort level” while the alternative hypothesis H1 is “there is a difference 
between the two groups in terms of the comfort level”. Table 5.2 shows the significance values 
of the statistical test after performing it in SPSS. Appendix H.8 shows the outcome given by 
SPSS.  

Table 5.2. Significance values of the student T-test for differences between the groups in terms of their comfort level. 

Round Significance Result 

1 16.3% H0 can't be rejected, differences between both groups were not found 

2 23.6% H0 can't be rejected, differences between both groups were not found 

3 32.0% H0 can't be rejected, differences between both groups were not found 

4 29.7% H0 can't be rejected, differences between both groups were not found 

5 12.1% H0 can't be rejected, differences between both groups were not found 

6 1.9% H0 is rejected, both groups are different 

7 4.2% H0 is rejected, both groups are different 

8 5.4% H0 is rejected, both groups are different 

9 3.7% H0 is rejected, both groups are different 

10 1.5% H0 is rejected, both groups are different 

Analyzing Table 5.2 we see that the significance value from round 1 to round 5 is 
greater than 5%, resulting that the null hypothesis can’t be rejected. Therefore, we cannot 
find significant differences between the two groups in terms of their comfort level from round 
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1 to round 5. In contrast, from round 6 to round 10 the significance value of the statistical test 
is below 5%, resulting that the null hypothesis is rejected. Therefore, from round 6 to round 
10 there are significant differences between the two groups in terms of the comfort level.  

5.5. Players’ decisions 

Having analyzed the two main indicators in the game, the energy consumption and the 
comfort level, it is interesting to dig deeper into what players did to behave in the way they 
did. In order to do that, we have broken down the total energy consumption per group into 
the five different decisions players took that were described in section 4.1. In breaking it down 
we would be able to see what decisions influenced the total energy consumption the most. 
As a reminder, those five decisions are: getting rid of initial appliances, improving efficiency 
of initial appliances, including new electric appliances, including energy management devices 
and including energy production devices. 

The automatic outcomes of the NRG game include just the energy consumption and 
the comfort level, among others. However, if we want to break the decision down the original 
outcomes are not enough. To overcome this problem, the programing language Visual Basic 
in Microsoft Excel had to be used to reconstruct all the decisions players took step by step in 
order to isolate them to analyze it properly. The following shows the final results after isolating 
each of the five decisions previously mentioned. 

5.5.1. Getting rid of initial appliances 

The first decision we have identified that players took to manage their energy 
consumption is to get rid of the initial appliances they obtained by default at the beginning of 
the game (appendix A shows the initial appliances players obtained by default in their houses). 
For example, many players got rid of their TV and replaced it by buying a laptop. The action of 
selling their TV is included in this decision. Figure 5.12 shows the average reduction of the 
total energy consumption per group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.12. Reduction of the total energy consumption by getting rid of the intial appliances. 
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The previous result shows that after finishing the game in round 10, the low efficiency 
houses group reduced their total energy consumption, on average, in 5,242 kWh by getting 
rid of the initial appliances, while the high efficiency houses group reduced their total energy 
consumption in 2,373 kWh. Despite the difference between the two groups in terms of the 
average reduction of the total energy consumption, it must be checked if the two groups are 
indeed different or not, considering the spread between the players. In order to so, it must be 
first checked if the distribution per round per group is normally distributed. As previously 
done, the non-parametric Kolmogorov-Smirnov test must be performed. After performing the 
test in SPSS, just in round 6 in the high efficiency houses group we can assume a normal 
distribution (appendix H.9 shows the outcomes given by SPSS). Therefore, the non-parametric 
Wilkoxon Rank-Sum test must be applied instead of the student T-test. In this case the null 
hypothesis H0 is “there is no difference between the two groups in terms of the average 
reduction of the total energy consumption by getting rid of the initial appliances” while the 
alternative hypothesis H1 is “there is a difference between the two groups in terms of the 
average reduction of the total energy consumption by getting rid of the initial appliances”. 
Table 5.3 shows the significance values of the statistical test after performing it in SPSS. 
Appendix H.10 shows the outcome given by SPSS. 

Table 5.3. Significance values of the Wilkoxon Rank-Sum test for differences between the groups in terms of the average 
reduction of the total energy consumption by getting rid of the initial appliances. 

Round Significance Result 

1 76% H0 can't be rejected, differences between both groups were not found 

2 56.7% H0 can't be rejected, differences between both groups were not found 

3 37.2% H0 can't be rejected, differences between both groups were not found 

4 39.3% H0 can't be rejected, differences between both groups were not found 

5 15% H0 can't be rejected, differences between both groups were not found 

6 1.9% H0 is rejected, both groups are different 

7 0.3% H0 is rejected, both groups are different 

8 2% H0 is rejected, both groups are different 

9 1.3% H0 is rejected, both groups are different 

10 1.3% H0 is rejected, both groups are different 

Analyzing Table 5.3 we see that the significance value from round 1 to round 5 is 
greater than 5%, resulting that the null hypothesis can’t be rejected. Therefore, we cannot 
find significant differences between the two groups from round 1 to round 5. In contrast, from 
round 6 to round 10 the significance value of the statistical test is below 5%, resulting that the 
null hypothesis is rejected. Therefore, there are significant differences between the two 
groups from round 6 to round 10. Consequently, both groups show a different behavior from 
round 6 in terms of the decision to get rid of initial appliances. 

5.5.2. Improving efficiency of initial appliances 

The second decision we have identified that players took to manage their energy 
consumption is to improve the efficiency of the initial appliances they obtained by default at 
the beginning of the game (appendix A shows the initial appliances players got by default in 
their houses). For example, many players replaced their old central heating systems for less 
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consuming ones. The action of replacing their central heating systems for new ones with a 
different efficiency is included in this decision. Figure 5.13 shows the average reduction of the 
total energy consumption per group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The previous result shows that after finishing the game in round 10, the low efficiency 
houses group reduced their total energy consumption, on average, in 2,773 kWh by improving 
the efficiency of initial appliances, while the high efficiency houses group reduced their total 
energy consumption in 1,195 kWh. Despite the difference between the two groups in terms 
of the average reduction of the total energy consumption, it must be checked if the two 
groups are indeed different or not considering the spread between the players. In order to so, 
it must be first checked if the distribution per round per group is normally distributed. As 
previously done, the non-parametric Kolmogorov-Smirnov test must be performed. After 
performing the test in SPSS we see that all the distributions do not follow the normal 
theoretical distribution (appendix H.11 shows the outcomes given by SPSS). Therefore, the 
non-parametric Wilkoxon Rank-Sum test must be applied instead of the student T-test. In this 
case the null hypothesis H0 is “there is no difference between the two groups in terms of the 
average reduction of the total energy consumption by improving the efficiency of the initial 
appliances” while the alternative hypothesis H1 is “there is a difference between the two 
groups in terms of the average reduction of the total energy consumption by improving the 
efficiency of the initial appliances”. Table 5.4 shows the significance values of the statistical 
test after performing it in SPSS. Appendix H.12 shows the outcome given by SPSS. 

Table 5.4. Significance values of the Wilkoxon Rank-Sum test for differences between the groups in terms of the average 
reduction of the total energy consumption by improving the efficiency of the initial appliances. 

Round Significance Result 

1 0.2% H0 is rejected, both groups are different 

2 0.8% H0 is rejected, both groups are different 

3 0.5% H0 is rejected, both groups are different 

4 3.2% H0 is rejected, both groups are different 

5 5.6% H0 can't be rejected, differences between both groups were not found 

6 80.8% H0 can't be rejected, differences between both groups were not found 

Figure 5.13. Reduction of the total energy consumption by improving efficiency of intial appliances. 
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Round Significance Result 

7 21.8% H0 can't be rejected, differences between both groups were not found 

8 2.4% H0 is rejected, both groups are different 

9 3.5% H0 is rejected, both groups are different 

10 5.1% H0 can't be rejected, differences between both groups were not found 

Analyzing Table 5.4 we see a different result to what happened with the previous 
decision. In rounds 1, 2, 3, 4, 8 and 9 the significance value is below 5%, resulting that the null 
hypothesis is rejected. As a result, in these rounds the two groups show significant differences. 
In contrast, in rounds 5, 6, 7 and 10 the significance value is greater than 5%, resulting that 
the null hypothesis can’t be rejected. Therefore, in these rounds the two groups do not show 
any significant difference in terms of their decision to improve the efficiency of the initial 
appliances. This result can only be explained by the fact that big standards deviations are 
shown in the analyzed distributions, resulting that sometimes groups show significant 
differences, while in some other times that difference is not present anymore. In order to 
make this clearer, we have also included in Table 5.5 the mean and standard deviation of each 
group per round. 

Table 5.5. Descriptive statistics of the decision to improve efficiency of the initial appliances (values in kWh). 

Round 
Low efficiency houses High efficiency houses 

Mean Std. deviation Mean Std. deviation 

1 -64 683 -111 379 

2 -165 810 -151 444 

3 -622 2,162 -342 1,171 

4 -803 2,152 -783 1,890 

5 -1,142 2,736 -695 1,647 

6 -1,478 3,460 -986 1,949 

7 -1,720 3,508 -910 1,959 

8 -2,635 3,793 -943 1,970 

9 -2,742 3,762 -1,159 1,978 

10 -2,773 3,769 -1,195 1,986 

Table 5.5 shows that despite of the clear differences in the mean of each group in 
rounds 5, 6, 7 and 10, the big standard deviations produce that the result of the statistical test 
indicates that no significant differences between the groups can be found. Therefore, we will 
assume that the previous result is not conclusive to clearly state that the two groups show 
significant differences in terms of their behavior in improving efficiency of initial appliances. 

5.5.3. Including new electric appliances 

The third decision we have identified that players took to manage their energy 
consumption is to include new electric appliances in their houses. For example, many players 
bought laptops or dishwashers that were not included by default in their houses. The action 
of buying new electric appliances is included in this decision. Figure 5.14 shows the average 
increase of the total energy consumption per group. 
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The previous result shows that after finishing the game in round 10, the low efficiency 
houses group increased their total energy consumption in 889 kWh by including or buying new 
electric appliances, while the high efficiency houses group increased their total energy 
consumption in 925 kWh. Despite the small difference between the two groups in terms of 
the average increment of the total energy consumption, it must be checked if the two groups 
are different or not considering the spread between the players. Once again, it must be first 
checked if the distribution per round per group is normally distributed. As previously done, 
the non-parametric Kolmogorov-Smirnov test must be performed. After performing the test 
in SPSS we don’t find any round of the game in which both groups show a normal distribution 
(appendix H.13 shows the outcomes given by SPSS). Therefore, the non-parametric Wilkoxon 
Rank-Sum test must be applied of the student T-test. In this case the null hypothesis H0 is 
“there is no difference between the two groups in terms of the average increment of the total 
energy consumption by including new appliances” while the alternative hypothesis H1 is 
“there is a difference between the two groups in terms of the average increment of the total 
energy consumption by including new appliances”. Table 5.6 shows the significance values of 
the statistical test after performing it in SPSS. Appendix H.14 shows the outcome given by 
SPSS. 

Table 5.6. Significance values of the Wilkoxon Rank-Sum test for differences between the groups in terms of the average 
increment of the total energy consumption by including new appliances. 

Round Significance Result 

1 4.2% H0 is rejected, both groups are different 

2 14.9% H0 can't be rejected, differences between both groups were not found 

3 71.8% H0 can't be rejected, differences between both groups were not found 

4 90.7% H0 can't be rejected, differences between both groups were not found 

5 54.1% H0 can't be rejected, differences between both groups were not found 

6 49.6% H0 can't be rejected, differences between both groups were not found 

7 64.8% H0 can't be rejected, differences between both groups were not found 

8 71.2% H0 can't be rejected, differences between both groups were not found 

9 86.1% H0 can't be rejected, differences between both groups were not found 

10 69.1% H0 can't be rejected, differences between both groups were not found 

Figure 5.14. Increase of the total energy consumption by including new appliances. 
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Analyzing Table 5.6 we see that the significance value in round 1 is below 5%, resulting 
that the null hypothesis is rejected. Therefore, in round 1 both groups show a significant 
difference in terms of the increment of the total energy consumption by including new electric 
appliances. In contrast, from round 2 to round 10 the significance value of the statistical test 
is greater than 5%, resulting that the null hypothesis can’t be rejected. Therefore, no 
significant differences between the two groups can be found from round 2 to round 10. 

5.5.4. Including energy management devices 

The fourth decision we have identified that players took to manage their energy 
consumption is to include energy management devices in their houses. Energy management 
devices are any device that manages to reduce the overall energy consumption of a house by 
a certain percentage. In the NRG game, energy management devices are smart meters, 
movement sensors or stand-by-killers, if we talk about electricity reduction, or insulation 
(wall, floor, windows, and so forth) if we talk about gas reduction. The action of buying new 
energy management devices is included in this decision. Figure 5.15 shows the average 
reduction of the total energy consumption per group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The previous result shows that after finishing the game in round 10, the low efficiency 
houses group reduced, on average, their total energy consumption in 1,377 kWh by including 
energy management devices, while the high efficiency houses group reduced their total 
energy consumption in 458 kWh. Despite the difference between the two groups in terms of 
the average reduction of the total energy consumption, it must be checked if the two groups 
are different or not considering the spread between the players. It must be first checked if the 
distribution per round per group is normally distributed by applying the non-parametric 
Kolmogorov-Smirnov statistical test. After performing the test in SPSS we don’t find any round 
of the game in which both groups show a normal distribution (appendix H.15 shows the 
outcomes given by SPSS). Therefore, the non-parametric Wilkoxon Rank-Sum test must be 
applied of the student T-test. In this case the null hypothesis H0 is “there is no difference 
between the two groups in terms of the reduction of the total energy consumption by 
including energy management devices” while the alternative hypothesis H1 is “there is a 
difference between the two groups in terms of the reduction of the total energy consumption 

Figure 5.15. Reduction of the total energy consumption by including energy manageent devices. 
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by including energy management devices”. Table 5.7 shows the significance values of the 
statistical test after performing it in SPSS. Appendix H.16 shows the outcome given by SPSS. 

Table 5.7. Significance values of the Wilkoxon Rank-Sum test for differences between the groups in terms of the average 
reduction of the total energy consumption by including energy management devices. 

Round Significance Result 

1 4.2% H0 is rejected, both groups are different 

2 0% H0 is rejected, both groups are different 

3 0.2% H0 is rejected, both groups are different 

4 0.2% H0 is rejected, both groups are different 

5 0.1% H0 is rejected, both groups are different 

6 0.1% H0 is rejected, both groups are different 

7 0.2% H0 is rejected, both groups are different 

8 0.5% H0 is rejected, both groups are different 

9 1.3% H0 is rejected, both groups are different 

10 1.9% H0 is rejected, both groups are different 

Analyzing Table 5.7 we see that the significance values in all the rounds are below 5%, 
resulting that all the null hypotheses are rejected. Therefore, both groups show a significant 
difference in terms of the reduction of the total energy consumption by including energy 
management devices. As a result, we can assume that the low efficiency houses group 
reduced their energy consumption by including energy management devices more than the 
high efficiency houses group. 

5.5.5. Including energy production devices 

The fifth and final decision we have identified that players took to manage their energy 
consumption is to include energy production devices in their houses. Energy production 
devices are any device that produces usable energy. In the NRG game, energy production 
devices are solar panels, mini wind turbines, micro cogeneration units, and so forth. The action 
of buying new energy production devices is included in this decision. Figure 5.16 shows the 
average reduction of the total energy consumption per group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.16. Reduction of the total energy consumption by including energy production devices. 
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The previous result shows that after finishing the game in round 10, the low efficiency 
houses group reduced, on average, their total energy consumption in 1,980 kWh by including 
energy production devices, while the high efficiency houses group reduced their total energy 
consumption in 2,117 kWh. Despite difference between the two groups in terms of the 
average reduction of the total energy consumption, it must be checked if the two groups are 
different or not considering the spread between the players. It must be first checked if the 
distribution per round per group is normally distributed by applying the non-parametric 
Kolmogorov-Smirnov statistical test. After performing the test in SPSS, just in round 8 and 
round 10 we can assume a normal distribution in both groups (appendix H.17 shows the 
outcomes given by SPSS). Therefore, just in round 8 and round 10 we may be able to use the 
student T-test for differences in averages to check significant differences between the two 
groups (if the rest of the conditions are satisfied). However, for simplicity, we will proceed 
with the non-parametric Wilkoxon Rank-Sum test due to the fact that in the majority of the 
rounds we do not have both groups normally distributed. In this case the null hypothesis H0 is 
“there is no difference between the two groups in terms of the reduction of the total energy 
consumption by including energy production devices” while the alternative hypothesis H1 is 
“there is a difference between the two groups in terms of the reduction of the total energy 
consumption by including energy production devices”. Table 5.8 shows the significance values 
of the statistical test after performing it in SPSS. Appendix H.18 shows the outcome given by 
SPSS. 

Table 5.8. Significance values of the Wilkoxon Rank-Sum test for differences between the groups in terms of the reduction of 
the total energy consumption by including energy prodction devices. 

Round Significance Result 

1 56.4% H0 can't be rejected, differences between both groups were not found 

2 78.6% H0 can't be rejected, differences between both groups were not found 

3 85.6% H0 can't be rejected, differences between both groups were not found 

4 75.1% H0 can't be rejected, differences between both groups were not found 

5 92.8% H0 can't be rejected, differences between both groups were not found 

6 89% H0 can't be rejected, differences between both groups were not found 

7 41.8% H0 can't be rejected, differences between both groups were not found 

8 74.1% H0 can't be rejected, differences between both groups were not found 

9 85.3% H0 can't be rejected, differences between both groups were not found 

10 79.3% H0 can't be rejected, differences between both groups were not found 

Analyzing Table 5.8 we see that the significance values in all the rounds are greater 
than 5%, resulting that the null hypothesis can’t be rejected. Therefore, both groups do not 
show any significant difference in terms of the reduction of the total energy consumption by 
including energy production devices. 

5.5.6. Effects of the decisions on the total energy consumption 

Having broken down the decisions players took to manage their energy consumption 
in the game, we can show them all together to visualize what decisions had more influence 
over the total energy consumption. Figure 5.17 shows the total energy consumption per group 
including all the five players’ decision we have already analyzed, and it is read as follows. First, 
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line 0) doing nothing reflects what would have happened if the players had done nothing in 
their default houses, i.e. the initial energy consumption remains the same throughout the 
game. Second, line 1) getting rid of initial appliances reflects the new total energy 
consumption if just the effect of this action is included into the energy consumption. Third, 
line 2) improving efficiency of initial appliances shows the new total energy consumption if 
this action is added to the previous action reflected by line 1) in a cumulative way. Fourth, line 
3) including new electric appliances shows the total energy consumption if this action is added 
to the previous action reflected by line 2). Lines 4) including energy management devices and 
5) including energy production devices follows the same logic. As a result, line 5) constitutes 
the final total energy consumption per group including all the five players’ decisions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From Figure 5.17 we can compare the effects of each action over the total average 
energy consumption per group. The total average reduction of the energy consumption is 
higher in the low efficiency houses group. In addition, we can also see inside each group that 
a part of the energy savings from actions 1) getting rid of initial appliances and 2) improving 
efficiency of initial appliances is taken back by action 3) including new electric appliances. This 
may be a first sign of the rebound effect inside each group. 

5.6. Chapter’s conclusions 

This chapter starts analyzing if the two groups of people that played the NRG game are 
comparable, a critical factor if comparisons between them are going to be analyzed. After 
performing statistical tests, the two groups of people did not show any significant difference 
in four criteria: environmental friendliness, abilities to play video game, how often 
participants play video games and whether they pay money in real life for their houses. Those 
four factors were defined to be crucial for the next comparability of the two groups in order 
to assess the rebound effect. Since the two groups did not show any significant difference 
they can be compared in terms of their energy consumption, comfort level and the general 
decisions they took in the game. 

The two most important indicators in the NRG game were analyzed as well: energy 
consumption and comfort level. First, the energy consumption evolution between the two 
groups showed significant differences at the beginning of the game. However, from round 6 

Figure 5.17. Global effects of players' decisions on the total energy consumption. 
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on, the energy consumption did not show any significant different. Second, the comfort level 
did not show significant differences between the two groups from round 1 to round 5. 
However, from round 6 on, the comfort level showed significant differences between both 
groups. The previous results and their interpretation regarding the rebound effect will be 
analyzed in the following chapter. 

In addition, the energy consumption of each group was broken down into five different 
decisions players took. Analyzing statistical differences of the two groups in terms of their 
decisions throughout the game, we found significant differences in getting rid of initial 
appliances and including energy management devices. In contrast, no significant differences 
were detected in improving energy efficiency of initial appliances, including new electric 
appliances and including energy production devices. The interpretation of the previous results 
regarding the rebound effect will be analyzed in the following chapter. 

In spite of having analyzed how players behaved in the game, it must be checked later 
on that the results obtained can be applied into a real world context. In other words, we 
cannot immediately state that players will behave in real life in the same way they did in the 
game. The way this will checked is by analyzing the post-game questionnaires that players 
answered. In chapter 7 some addition analysis will be carried out in order to check the real 
applicability of the results into a real life context. 

Having described and analyzed in this chapter the most important behaviors of players 
while playing the NRG game, we will continue with the next chapter about the rebound effect. 
It will be analyzed if signs of the rebound effect are detected and, if so, a calculation of the 
effect will be carried out. 
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6. Rebound effect assessment 

With the information from the total energy consumption we are now able to analyze 
the rebound effect comparing the behavior of the two groups throughout the game. This 
chapter is organized as follows. First, some initial signs of the rebound effect will be described 
considering the previous general results of the experiments. Second, a calculation of the 
rebound effect will be carried out trying to discover its size. 

6.1. First signs of the rebound effect 

With all the analysis previously done we are able to get some initial conclusions about 
the presence of the rebound effect. Two signs of the rebound effect will be analyzed first: 
looking at the total energy consumption and looking at the comfort level. 

First, if we take a look at the total energy consumption (chapter 5.3) we could see that 
the initial difference between the two groups diminishes over time, becoming (on average) 
negative. In other words, the average consumption of the low efficiency houses group is less 
than the average consumption of the high efficiency houses group in round 10, despite the 
fact that in round 0 the situation was the other way around. In addition, the statistical tests to 
check significant differences between the two groups showed that from round 1 to round 5 
both groups were significantly different, and from round 6 until round 10 this difference was 
not significant anymore. As a result, we can confirm that the initial difference of the two 
groups disappears over time, showing that the low efficiency houses group managed to 
reduce their energy consumption more than the high efficiency houses group. Since we have 
shown that the two groups are comparable, the latter can be explained by the rebound effect 
in which the initial energy savings (difference between the two groups in round 0) diminishes. 

Second, we can also analyze the presence of the rebound effect by looking at the 
comfort level in the two groups (chapter 5.4). We have seen that the comfort level of the two 
groups don’t show any significant difference from round 1 to round 5, situation that changes 
from round 6 to round 10 in which the high efficiency houses group show a significantly higher 
comfort level than the low efficiency houses group. The latter is explained by the fact that the 
high efficiency houses group had more money to spend throughout the game due to their 
lower initial consumption (and therefore, lower bills to pay after each round). As a result, this 
group had the opportunity to buy more appliances that increased their overall comfort level 
than the other group. Although both groups reduced their energy consumption, having more 
money available produced that the high efficiency houses group reduced their consumption 
less than the low efficiency houses group due to a higher expenditure in appliances that 
increased the comfort rather than expenditure in appliances to reduce consumption. 

Consequently, we can assume that the rebound effect significantly affected the 
behavior of the two groups. Having a low efficiency produced players to reduce their energy 
consumption more than the other group. Similarly, having a high efficiency produced players 
to increase their comfort level more than the other group. 
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6.2. Calculation 

Having shown the presence of the rebound effect we can now make some calculations 
with the data collected from the players. 

6.2.1. Control group and base case scenario 

In order to make calculations of the rebound effect using the two groups of players, 
we must first define the control group and the base case scenario. First, the control group is 
defined as the low efficiency houses group, their behavior is the one that will be used to 
calculate the expected savings and the actual savings, according to equation (1). As a 
reminder, equation (1) was defined in section 2.2 as follows: 

 

𝑅𝑒𝑏𝑜𝑢𝑛𝑑 𝑒𝑓𝑓𝑒𝑐𝑡 =
𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 − 𝑎𝑐𝑡𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
× 100 

Second, the base case scenario will be defined as the behavior of the high efficiency 
houses group if the rebound effect was zero. In other words, the base case scenario can be 
interpreted as the lowest energy consumption the high efficiency houses group could have 
had (the situation in which no energy savings are lost due to the rebound effect. Therefore, it 
can also be called the best case scenario). This base case scenario will also be calculated using 
the defined control group.  

Two different ways to calculate the base case scenario will be used: methodology A 
and methodology B. In the following both methodologies will be explained: 

 Methodology A 

As previously mentioned, the base case scenario is the behavior that the high efficiency 
houses group would have to follow having a rebound effect equal to zero. If the real evolution 
of the energy consumption of the high efficiency houses group differs to that base case 
scenario, the rebound effect would be detected. 

The first way we have proposed to calculate that base case scenario is by looking at 
the control group (low efficiency houses) and their behavior over rounds. We propose that 
the base case scenario is equal to the behavior of the low efficiency houses group minus the 
initial energy consumption difference between the two houses in round 0. In other words, the 
high efficiency houses group would have had to keep the same difference in energy 
consumption in round 0 throughout the whole game in order to have a rebound effect equal 
to zero. As a result, the base case scenario is a curve parallel to the low efficiency houses group 
energy consumption keeping the initial difference. We can see on the left graph of Figure 6.1 
the control group (low efficiency houses group) and the base case scenario or the behavior of 
the high efficiency houses group if the rebound effect was zero. Another way to understand 
the base case scenario is by labeling it as the best the high efficiency houses group could have 
done to reduce their energy consumption (or the best case scenario). In addition, on the right 
graph of Figure 6.1 we can also see the real evolution of the high efficiency houses group, 
together with the low efficiency houses group and the base case scenario. It can be seen that 

(1) 
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the real behavior of the high efficiency houses group differs from the base case scenario. The 
latter means that the high efficiency houses group could have taken more actions to reduce 
their energy consumption, showing that the rebound effect was indeed present. 

 

 

 

 

 

 

 

 

 Methodology B 

Having calculated the base case scenario of the high efficiency houses group using 
methodology A, we can even go further and improve it. What methodology A has not 
considered is the fact that the high efficiency houses group has less possibilities to reduce 
their total energy consumption, due to the fact that they are already high efficient. The latter 
means that calculating the base case scenario by keeping the same initial difference between 
the two groups is too restrictive. We must acknowledge the fact that the room for 
improvements and energy reduction possibilities of the high efficiency houses group are less 
than the low efficiency houses group. Imagine that person A has a light bulb in which the 
energy efficiency is 70% while person B has another light bulb with 40% of energy efficiency. 
Since person A is already more efficient than person B, we can’t say that both persons could 
increase their energy efficiency by 60%. Instead, we must acknowledge that person A has a 
30% more to go to be 100% efficient, while person B has 60%. Methodology A assumes that 
both persons can improve their energy efficiency in the same number by forcing that the base 
case scenario must keep the same initial difference between the two groups. In order to take 
this into account, we have also designed methodology B in which the base case scenario 
calculation considers the difference in the room for improvements between both groups. 

The methodology B to calculate the base case scenario goes as follows. First, the 
difference per round in the room for improvements between the two groups must be 
calculated (𝑅𝑖). Equation (2) shows this calculation. It reflects how much possibilities the low 
efficiency houses group have to reduce their energy consumption over the high efficiency 
houses group. If 𝑅𝑖 is equal, for instance, to 0.5 then the low efficiency houses group has 50% 
more possibilities to reduce their energy consumption than the high efficiency houses group. 
In the formula 𝐶𝐿𝑖 reflects the actual consumption of the low efficiency houses group in round 
𝑖, 𝐶𝐻𝑖 reflects the actual consumption of the high efficiency houses group in round 𝑖 and 𝑚𝑖𝑛 
stands for the minimum possible consumption. Including a minimum consumption 

Figure 6.1. High and low efficiency houses group and base case scenario (methodology A). 
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acknowledges that both groups have a lowest limit to reduce their energy consumption, i.e. 
they can’t reduce their energy consumption further than that. 

𝑅𝑖 =
(𝐶𝐿𝑖−𝑚𝑖𝑛)

(𝐶𝐻𝑖−𝑚𝑖𝑛)
− 1           (2) 

Having calculated 𝑅𝑖 to reflect how much possibilities the low efficiency houses group 
has over the high efficiency houses group, we proceed to calculate the real reduction of the 
energy consumption of the low efficiency houses group per round (𝑅𝐿𝑖). It is calculated using 
the actual consumption of the low efficiency houses group in two consecutive rounds. 
Equation (3) shows this calculation. In the formula, 𝐶𝐿𝑖  reflects the actual energy 
consumption of the low efficiency houses group in round 𝑖. If 𝑅𝐿𝑖 in one round is, for instance, 
-0.2 then the low efficiency houses group reduced their energy consumption by 20% between 
those two consecutive rounds. 

𝑅𝐿𝑖 =
𝐶𝐿𝑖

𝐶𝐿𝑖−1
− 1           (3) 

Now, we could say that if the low efficiency houses group managed to reduce their 
energy consumption in two consecutive rounds by a certain percentage (given by 𝑅𝐿𝑖), then 
the high efficiency houses group could have done the same. However, since the latter group 
has less room for improvements or less possibilities to reduce their energy consumption, we 
can’t say that. What we can say is that the high efficiency houses group could reduce their 
energy consumption by the same percentage as the other group, but reduced by the 
difference between the room for improvements given by 𝑅𝑖. As a result, we can calculate the 

reduction of the high efficiency houses group in the base case scenario (𝑅𝐻𝑖
𝑏) using equation 

(4). It shows that the actual reduction of the energy consumption of the low efficiency houses 
group per round ( 𝑅𝐿𝑖 ) is reduced by the factor reflecting differences in the room for 

improvements (𝑅𝑖). It must be said to clarify this point that 𝑅𝐻𝑖
𝑏  does not reflect the real 

consumption of the high efficiency houses group, instead it reflects the best they could have 
done in reducing their energy consumption in round 𝑖, or what we have already called the 
base case scenario. 

  𝑅𝐻𝑖+1
𝑏 = 𝑅𝐿𝑖+1 ∙ (1 − 𝑅𝑖)                      (4) 

Finally, having calculated the best reduction the high efficiency houses group could 
have done, we can calculate the energy consumption of the high efficiency houses group in 

the base case scenario (𝐶𝐻𝑖
𝑏 ). To do so, we have to apply the percentage calculated in 

equation (4) to the energy consumption of the previous round of the same group in the base 
case scenario. Equation (5) reflects this relation. The initial condition of the formula is the 

actual consumption of the high efficiency houses group in round 0 (𝐶𝐻0
𝑏), reflecting the initial 

state of the high efficiency house. 

𝐶𝐻𝑖+1
𝑏 = 𝐶𝐻𝑖

𝑏 ∙ (1 + 𝑅𝐻𝑖+1
𝑏 )                      (5) 

As a result, by following the previous reasoning we can calculate the base case 
scenario, or in other words, the behavior that the high efficiency houses group would have 
followed if the rebound effect was zero or their lowest possible consumption. As a 
consequence, if we detect that the real consumption of the high efficiency houses group 
differs from the base case scenario, then the rebound effect would be present.  
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In order to make the previous methodology clearer, a numeric example will be given. 
If we focus on round 3, we can see from the data that the real average energy consumption 
of the low efficiency houses group is 𝐶𝐿3 = 18,053 𝑘𝑊ℎ, and in the case of the high efficiency 
houses group is 𝐶𝐻3 = 15,491 𝑘𝑊ℎ. Therefore, we can see that the low efficiency houses 
group, due to their higher consumption in this round, has more room for reducing their energy 
consumption than the high efficiency group (given by the 𝑅𝑖 factor). Applying equation (2) we 
get that 𝑅3 = 16.5% (assuming that the minimum possible consumption is equal to 0 kWh). 
The latter means that the low efficiency group has 16.5% more possibilities to reduce their 
energy consumption than the high efficiency group in round 3. In addition, we can also see 
from the data that the real average energy consumption of the low efficiency houses group in 
the previous round is 𝐶𝐿2 = 19,260 𝑘𝑊ℎ. Therefore, applying equation (4) we conclude that 
the actual energy reduction of the low efficiency group between round 3 and round 2 is 𝑅𝐿3 =
6.3%, meaning that the low efficiency group managed to reduce their energy consumption 
by 6.3% in those two consecutive rounds. As a result, we may assume that since the low 
efficiency group reduced their energy consumption by 6.3%, the high efficiency group could 
have done the same. However, what we are assuming in this methodology is that the latter is 
not true and the high efficiency houses group had a 16.5% less possibilities to reduce their 
consumption than the low efficiency group. Then, we can calculate the maximum reduction 
the high efficiency group could have achieved in this specific round by applying equation (4). 

As a result, we find that this number is 𝑅𝐻3
𝑏 = 5.3% (6.3% is reduced by 16.5%). The latter 

means that despite the reduction of the low efficiency group being equal to 6.3%, the best the 
high efficiency group could have done between round 2 and round 3 is to reduce their energy 
consumption by 5.3%. Finally, since this is an iterative method, to calculate the consumption 

of the high efficiency group in the base case scenario in round 3 (𝐶𝐻3
𝑏 ), we must have 

previously calculated the same factor for round 2 (𝐶𝐻2
𝑏). 𝐶𝐻2

𝑏 resulted to be equal to 15,243 

kWh, and applying equation (5) we get that 𝐶𝐻3
𝑏 = 14,435 𝑘𝑊ℎ. The latter number is the 

lowest possible energy consumption of the high efficiency group in round 3. Since the real 
consumption was 𝐶𝐻3 = 15,491 𝑘𝑊ℎ, we can see that the high efficiency group could have 

reduced their energy consumption in 1,056 kWh extra (difference between 𝐶𝐻3 and 𝐶𝐻3
𝑏). 

Having explained how methodology B works, we can calculate the base case scenario 
in all the rounds. In Figure 6.2 we can see on the left the control group (low efficiency houses 
group) and the base case scenario or the behavior of the high efficiency houses group if the 
rebound effect was zero. In addition, in the right side of the Figure 6.2 we can also see the real 
evolution of the high efficiency houses group, altogether with the low efficiency houses group 
and the base case scenario. It can be seen that the real behavior of the high efficiency houses 
group differs from the base case scenario. The latter means that the high efficiency houses 
group could have taken more actions to reduce their energy consumption, showing that the 
rebound effect was indeed present. 
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It must be said in this calculation of the base case scenario under methodology B, that 
the minimum possible consumption in equation (2) was taken to be equal to 0 kWh. This 
means that players could have taken their energy consumption all the way down to zero 
(consumption is equal to production). This result was shown to not be too ambitious for 
players, since 10% of the players (5 in total, 3 from the high efficiency houses group and 2 
from the low efficiency houses group) managed to reduce their energy consumption below 
zero, producing more energy than they needed. It must be also said that a quick sensitivity 
analysis was carried out to check the influence of this selection. It was discovered that no 
major differences in the base case scenario line are obtained if the minimum possible 
consumption was the absolute minimum consumption of all the 50 players. Therefore, for 
simplicity, the minimum possible energy consumption was chosen to be equal to zero. 

If we now compare Figure 6.1 and Figure 6.2, we can see that the base case scenario 
in methodology A keeps the same difference with the low efficiency houses group throughout 
the game, while in methodology B the mentioned difference diminishes over time. The latter 
result shows the inclusion in methodology B the difference in the room for improvements 
between the two groups. 

6.2.2. Rebound effect 

If we now want to calculate the rebound effect we can apply equation (1). In order to 
do so, we must first identify what stands for the expected savings and the actual savings. First, 
the expected savings are what we would expect the difference between the two groups to be 
if the rebound effect was zero. In other words, the expected savings are the gap between the 
real low efficiency houses group energy consumption and the base case scenario of the high 
efficiency houses group. In Figure 6.1 and Figure 6.2 the expected savings are the black dotted 
vertical lines on the left graph, reflecting what the energy savings would have been if the 
rebound effect was zero (difference between the blue line and the green dotted line in the 
figures). Second, the actual savings are what actually happened between the two groups, in 
other words the difference in energy consumption between the low efficiency houses group 
and the high efficiency houses group (difference between the blue line and the red line in the 
figures). The results of applying equation (1) in both methodologies are shown in Figure 6.3. 

Figure 6.2. High and low efficiency houses group and base case scenario (methodology B). 
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In both graphs of Figure 6.3 we can see that the rebound effect is different. Because 
the expected savings under methodology A are bigger than under methodology B, the final 
calculation of the rebound effect also differs. What it is equal and unchangeable between both 
methodologies are the actual savings due to the fact that they only depend to the players’ 
behavior. We can identify that when the low efficiency houses group consumption is higher 
than the high efficiency houses group consumption, the rebound effect is smaller than 1, 
meaning that some expected savings are taken back by the rebound effect, but still some 
savings are accomplished. However, when the low efficiency houses group consumption is 
smaller than the high efficiency houses group consumption, the rebound effect is bigger than 
1, meaning that all the expected energy savings are taken back by the rebound effect and 
there are no energy savings accomplished whatsoever. The latter is commonly called the back-
fire rebound effect, the phenomena in which the rebound effect is greater than 1. To clearly 
show the differences between the two calculated rebound effects we have constructed Figure 
6.4.  

 

 

 

 

 

 

 

 

 

As previously mentioned, the differences between the two rebound effects in Figure 
6.4 are explained by the difference in the two base case scenario we have calculated. Having 

Figure 6.3. Rebound effect calculation using two different methodologies. 

Figure 6.4. Rebound effect using two different methodologies. 
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different scenarios of the best the high efficiency houses group could have done to reduce 
their energy consumption changes the expected savings in equation (1). As a result, we end 
up with a different curve in each case. However, we can also see that those two curves have 
the same shape and the differences between them are not considerably important. However, 
proving that those two curves show a statistically significant difference is not possible due to 
the fact that the rebound effect was calculated using the average energy consumption per 
group per round. Since players were not exposed to efficiency changes in the middle of the 
game (remember the modified before/after analysis setup described in section 4.2.1), 
measures of the rebound effect per player are not available and the only choice left is to 
analyze the phenomenon just by using average numbers. Therefore, the spread of the curves 
in Figure 6.4 is not available and no statistical analysis can be carried out to check how 
different the two rebound effects are. 

6.2.3. Analyzing different appliances 

Having described the rebound effect on the total energy consumption, we can also 
explore it a little bit further and try to identify in what appliances the rebound effect is more 
important. Again, the two defined methodologies will be used for these purposes. The three 
most consuming appliances will be analyzed next in terms of their average consumption 
among players: the central heating, the refrigerator and the shower. 

 Central heating 

The central heating is the appliance that consumes the most in a typical Dutch 
household, reaching levels to almost 50% of the total energy consumption (gas and electricity) 
(Friendly and Kormylo, 2012, Gerdes et al., 2014). For the latter reason it is worth to take a 
closer look to what players did in order to manage their heating systems. 

First, we must show that some players replaced their central heating system in the 
game for heat pumps, devices that use the underground heat to warm up the houses. 
Although the investment of buying a heat pump in the game was high, players managed to 
sell their heating systems to partially finance the heat pumps, and therefore, to reduce their 
gas consumption. Figure 6.5 shows the evolution of the number of players owning central 
heating systems and heat pumps. 

 

 

 

 

 

 

Figure 6.5. Number of players owning central heating and heat pump. 
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On the left graph in Figure 6.5 we can see that the low efficiency houses group got rid 
of their central heating systems more than the high efficiency houses group. This result is in 
line to what we analyzed in chapter 5.5.1 in which we demonstrated that the low efficiency 
houses group got rid of appliances more than the other group (in terms of the total energy 
consumption). In addition, the people who kept their heating systems showed a different 
behavior as well. While people belonging to the low efficiency houses group improved the 
efficiency of their old heating systems, the high efficiency houses group did not do that. The 
latter can be seen in Figure 6.6. 

 

 

 

 

 

 

 

The left graph of Figure 6.6 shows that the people who kept their heating systems 
reduced its gas consumption by 23% (low efficiency houses group) and 4% (high efficiency 
houses group). In addition, we can also identify in the graph the minimum possible gas 
consumption of the heating system. If all the measures to reduce gas consumption had been 
taken by players (the best insulation and the best efficiency of the heating system), the heating 
system would have consumed a total of 136 m3 per round. If we now go back to equation (2), 
we can match the 𝑚𝑖𝑛  factor in the formula with the previous number. As a result, and 
applying once again methodologies A and B, we can calculate the base case scenario (the 
lowest consumption the high efficiency houses group could have had). The base case scenarios 
can be seen in the right graph of Figure 6.6. Once again we see that methodology B considers 
the less room for improvements the high efficiency houses group has over the other group, 
while methodology A does not consider this. We are now able to calculate the rebound effect 
of the central heating by using equation (1), in the same way as previously done. Figure 6.7 
shows the results of this calculation. 

 

 

 

 

 

 

Figure 6.6. Central heating system behavior per group. 

Figure 6.7. Rebound effect central heating. 
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It can be seen once again that the two rebound effects calculated in Figure 6.7 are 
similar to one another, not showing any major difference. They are both below 1 due to the 
fact that the low efficiency houses group consumption is always above the high efficiency 
houses group consumption (Figure 6.6). 

 Shower 

The shower is one of the appliance that consumes the most in a typical Dutch 
household, reaching levels to almost 15% of the total energy consumption (gas and electricity) 
(Friendly and Kormylo, 2012, Gerdes et al., 2014). For the latter reason it is worth to take a 
closer look to what players did in order to manage their shower. 

Contrarily to what happened with the central heating in which players replaced it by 
heat pumps, players did not replace their showers by other appliances due to the lack of 
alternatives. Just one player was identified to have gotten rid of his/her shower. Of the 49 
other players who kept their showers, we can identify that the low efficiency houses group 
decreased the gas consumption of their showers by 22% while the high efficiency houses 
group reduced it by 12%. The latter can be seen in the left graph of Figure 6.8. 

 

 

 

 

 

 

 

 

As done with the central heating case, we can calculate the lowest shower gas 
consumption if all the measures to reduce it were taken (best insulation and best shower 
efficiency). Therefore, the minimum possible consumption of the shower is equal to 41 m3 per 
round. Once again, we can now calculate the best the high efficiency houses group could have 
done to reduce their shower gas consumption by applying methodologies A and B. In the right 
graph of Figure 6.8 we can see both base case scenarios. If we now apply equation (1) to 
calculate the rebound effect of the shower, we can get the behavior shown in Figure 6.9. Once 
again, both rebound effects under both methodologies are similar in their shape, and 
methodology A shows a slightly higher value than methodology B. In both cases the rebound 
effect is less than 1, showing that although some energy savings were taken back by the 
rebound effect, still some energy savings are accomplished. 

 

 

Figure 6.8. Shower behavior per group. 
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 Refrigerator 

The refrigerator is one of the appliances that consumes the most in a typical Dutch 
household, reaching levels to almost 5% of the total energy consumption (gas and electricity) 
(Friendly and Kormylo, 2012, Gerdes et al., 2014). For the latter reason it is worth to take a 
closer look to what players did in order to manage their refrigerators. 

As happened with the shower, players did not replace their refrigerators by other 
appliances due to the lack of alternatives. Just one player was identified to have gotten rid of 
his/her refrigerator. Of the 49 other players who kept their refrigerators, we can identify that 
the low efficiency houses group decreased the electricity consumption of their refrigerators 
by 34% while the high efficiency houses group reduced it by 28%. The latter can be seen in the 
left graph of Figure 6.10. 

 

 

 

 

 

 

 

We can again calculate the lowest refrigerator electricity consumption if all the 
measures to reduce it were taken (best energy management devices and best refrigerator 
efficiency). Therefore, the minimum possible consumption of the refrigerator is equal to 274 
kWh per round. Once again, we can now calculate the best the high efficiency houses group 
could have done to reduce their refrigerator consumption by applying methodologies A and 
B. In the right graph of Figure 6.10 we can see both base case scenarios. This time something 

Figure 6.9. Rebound effect shower. 

Figure 6.10. Refrigerator behavior per group. 
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different happened, the high efficiency houses group base case scenario in methodology B is 
located above the real consumption of the high efficiency houses group, in contrast to what 
happened with the central heating (Figure 6.6), shower (Figure 6.8) and the global energy 
consumption (Figure 6.3). Despite of the previous result, the base case scenario in 
methodology A is still below the real consumption of the high efficiency houses group. This 
phenomenon suggests that the final rebound effects using both methodologies may not be 
similar as they were in the previous cases. Therefore, if we now apply equation (1) to calculate 
the rebound effect of the refrigerator, we can get the behavior shown in Figure 6.11.  

 

 

 

 

 

 

 

 

As briefly mentioned before, the rebound effect calculation using methodology A and 
methodology B shows a totally different behavior, in contrast to what we saw in the previous 
cases. This case the rebound effect using the base case scenario given by methodology A gives 
a positive rebound effect reaching almost 60%. Nevertheless, if we see the case using the base 
case scenario given by methodology B the rebound effect is negative and reaching almost -
120% in round 10. The reason why the previous two methodologies differ is explained by the 
position of the real high efficiency houses group consumption with respect of the two base 
case scenarios. In the case of methodology B we can see that the players reduced their 
refrigerators electricity consumption even below to the best they could have done (given by 
the base case scenario line). As a result, the rebound effect is negative and the actual energy 
savings were even bigger to the expected ones. In contrast, methodology A supposes that the 
high efficiency houses group consumption could have gone down even more, reason why the 
rebound effect is positive, showing that some energy savings were taken back by the rebound 
effect. Consequently, looking at the refrigerator example we can conclude that the rebound 
effect calculation really depends on the way it is defined and the methodology used. 

6.3. Chapter’s conclusions 

This chapter starts describing the presence of the rebound effect into the results. First, 
it is discussed the fact that the total energy consumption of each group was significantly 
different at the beginning of the game, and after some rounds those differences were not 
found anymore. The latter was also seen in the average values of the total energy 
consumption per group, in which the initial difference in round 0 diminished to zero in round 
10. Somehow, the low efficiency houses groups managed to reduce their energy consumption 

Figure 6.11. Rebound effect refrigerator. 
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more than the high efficiency houses group. Second, it is also discussed the comfort level 
differences between both groups. At the beginning of the game no significant differences 
were found, but at some point in the middle of it those differences became significant. 
Analyzing the average values of the comfort level, we also saw that both groups started the 
game with the same comfort, but the high efficiency houses group finished the game with a 
higher value. As a consequence, we can conclude that the rebound effect significantly affected 
the behavior of the two groups. Having a low efficiency produced players to reduce their 
energy consumption more than the other group. Similarly, having a high efficiency produced 
players to increase their comfort level more than the other group. 

Having shown that the rebound effect is present in the results, we defined two 
different methodologies to calculate the base case scenario (or the lowest possible energy 
consumption of the high efficiency group). One methodology considered that both groups 
could have reduced their energy consumption the same, and the second methodology 
considered that the high efficiency group could have reduced their energy consumption less 
than the low efficiency group, due to the fact that they were already more efficient. Both 
methodologies showed similar results when the rebound effect was calculated in the total 
energy consumption. However, when individual appliances were analyzed, both 
methodologies differed considerably, specifically in the case of the refrigerator. As a result, 
we showed that the methodology used to calculate the base case scenario affects the final 
results, confirming once again that the existence of one single rebound effect size should not 
be the focus of the studies aiming to assess the rebound effect. Instead, studies should focus 
on reducing the causes of the controversies around the effect, improving the overall 
assessment of it. What it is crucial in the present assessment is the fact that the rebound effect 
was detected to be present in the results, rather than purely give a final and single rebound 
effect size from the experiments. 

Having analyzed the rebound effect, next chapter will get some side conclusions on 
how the players played the game, considering their strategies and motivations for taking 
certain decisions. 
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7. Additional analysis 

This chapter analyzes some side results apart from the rebound effect itself. The post-
game questionnaire will be analyzed now in further detail to extract those side conclusions. 

7.1. Realism 

As described in Table 3.1, one of the main weaknesses of serious games for research 
purposes is the fact that the experiments will always be in a simulated context, in which no 
matter how realistic the game is, the final behavior of players will be in that simulated 
environment. However, the more realistic the game is, the more probable it is that the players’ 
behavior get closer to what they would do in real life. Therefore, it is crucial to check how 
players felt the realism of the game and how probable they think they would behave in a 
similar way in real life. Those two questions were asked in the post-game questionnaire 
(question 2). Figure 7.1 shows a histogram of each question5 6. 

 

 

 

 

 

 

 

It can be seen that players rated the realism of the game with an average of 0.8. 
Despite of the average being almost the “agree” category (they agreed on average that the 
realism is sufficient), 14 people (28% of the participants) answered that they are not sure if 
the realism is enough or they (totally) disagree with the statement. This number is high 
enough to state that the realism of the game is disputable. As a result, the weakness of serious 
games of being dependent on the realism of the game is expressed in the results and it may 
influence the validation of the results. 

In addition, if we now analyze in Figure 7.1 the question of whether players think they 
would behave in a similar way in real life, the average is 0.48 (they are, on average, in between 
of not being sure and being agreed with the statement). Although the average is positive, we 

                                                 

 

 

 
5 The scale used to transform categorical variables into numeric ones is the following:  

Totally disagree = - 2; Disagree = - 1; I am not sure = 0, Agree = + 1, Totally agree = + 2 
6 The purpose of the game was defined in the players’ manual (appendix C). Basically, their purpose in the game was 1) play 

the game as they would do it in real life, and 2) make a house that makes them happy. 

Figure 7.1. Realism and behaving in a similar way in real life. 
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can’t deny the fact that 22 people (44% of the participants) are not sure or (totally) disagree 
with the statement. This high percentage affects the validation of the results in a real context. 
Since players are not completely sure that they would behave in a similar way in real life, we 
can’t apply the previous results into a real context and the results must be kept within the 
game environment boundaries. Despite of having received a clear instruction of behaving as 
they would do it in real life, some players did not really do it. Once again, one of the main 
weaknesses of serious games for research purposes is present. 

7.2. Ease and fun to play the game 

Another important concept to take into consideration is the ease and fun to play the 
game. As explained in chapter 3, the trade-off between realism and ease to play must be well 
balanced. A difficult game may produce that players don’t show a realistic behavior due to the 
difficulty of it. In addition, the more engaging and fun a game is, the more probable it is that 
players keep their attention throughout the duration of it. As a result, an easy and fun game 
increases the probability that the results reflect the players’ psychological factors and 
interests. 

In the post-game questionnaire, 4 questions about the ease to play the game were 
asked. We can see a histogram of the responses in Figure 7.2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Figure 7.2 we can see that 46 people (92% of the participants) said that the tasks of 
the game were understandable and clearly described, 44 people (88% of the participants) said 

Figure 7.2.Ease to play. 
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that the rules were clear and straightforward, 17 people (34% of the participants) said that 
they are not sure or they (totally) disagree with the statement that it was easy to find the right 
options in the game and 13 people (26% of the participants) said that they are not sure or they 
(totally) disagree with the statement that the manual for players was helpful. The previous 
numbers show that for some people the game was not easy, although they rated the rules of 
the games clear and straightforward. Having a large group of people (34%) who said that it 
was not easy to find the right options in the game increases the probability that the results do 
not reflect the real interests of the players, producing problems if we want to translate the 
results from the game environment into the real world. However, this phenomenon may have 
happened in the first rounds of the game only, and after some rounds players may have found 
the right options easier than before, in a process of learning how the game works. As a result, 
and considering that the whole game took on average 45 minutes, we could say that in the 
last rounds of the game the ease of the game increased and the 34% of players who said the 
game was not easy may have decreased. 

Another important conclusion to analyze is the fact that players found the rules of the 
game were clear, somehow contradicting to how the players answered in the question if they 
would behave in a similar way in real life. One of the main instructions of the game was 
specifically that one: play the game as you would do it in real life. According to the players, 
92% said the tasks were clearly described and 88% said the rules were clear. Despite of having 
clearly understood the rules, it seems that players didn’t followed them so much considering 
that 22 people are not sure or disagree when they were asked if they would behave in a similar 
way in real life. The previous result shows that it is not clear if the application the results in a 
real context is correct. 

Now, we can analyze the motivation and fun of the game. Two questions were asked 
about it in the post-game questionnaire. Figure 7.3 shows a histogram of those answers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

We can see by looking at Figure 7.3 that 42 people (84% of the participants) said that 
they (totally) agree that the game was built in an interesting and motivating way, while 44 
people (88% of the participants) said that they (totally) agree when they were asked if they 
had fun playing the game. The previous numbers show that players kept their attention and 
motivation throughout the game. The latter reflects that their behavior in the game was not 
influenced by some external factors like boredom which could have decreased the quality of 

Figure 7.3. Motivation and fun to play. 
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the results. Bored players may have clicked around in the game in a meaningless way, 
introducing bias and undesirable outcomes. 

7.3. Energy management/production devices 

It is interesting to take a look at the way players invested in devices to reduce their 
energy consumption: energy management devices and energy production devices. The post-
game questionnaire asked what reasons players had for investing or not investing in these 
kind of devices. First, we must analyze how many people invested in each one. Table 7.1 shows 
a cross-table with the number of players investing in them. 

Table 7.1. People investing in energy management/production devices. 

  

Did you invest money 
in every production 
devices? 

TOTAL 

Yes No 

Did you invest 
money in every 
management 
devices? 

Yes 34 2 36 

No 9 5 14 

TOTAL 43 7 50 

Looking at Table 7.1 we can see that 36 people (72% of the participants) invested in 
energy management devices while 43 people (86% of the participants) invested in energy 
production devices. Despite that difference we must perform statistical tests to check if that 
difference is indeed significant or it is just caused by sample errors. Since both variables have 
a categorical level of measurement, we have to apply the chi-square test. The null hypothesis 
for this test H0 is “the number of people who invested in energy management devices is the 
same as the number of people who invested in energy production devices” while the one-
tailed alternative hypothesis H1 is “the number of people who invested in energy management 
devices is less than the number of people who invested in energy production devices”. Since 
we find expected counts less than 5 the conditions for the chi-square are not satisfied and we 
can’t rely on the results. Therefore, the test to perform instead is the Fisher’s exact test. After 
performing it in SPSS, we obtain a one-tailed significance level equal to 1.4%. As a result, H0 is 
rejected and significant differences between the number of people who invested in energy 
production devices and the number of people who invested in energy management devices 
were detected. The SPSS results can be found in appendix H.19. 

The previous result is interesting considering that energy management devices are 
more economically profitable than energy production devices, taking into account the energy 
reduction and the price of it. In the NRG game the same energy savings that solar panels or 
mini wind turbines bring, could have been achieved by installing energy management devices 
and by paying less money. For instance, the cheapest energy production device in the game is 
a mini wind turbine that costs € 1,500 and produces 500 kWh per year. In order to save the 
same 500 kWh per year, a cheaper option is to buy a smart meter (with an eco-friendly level 
equal to 0.5) and a stand-by-killer (with an eco-friendly level equal to 1). The latter option 
costs in total € 575, almost € 1,000 less than the option of buying the mini wind turbine. 
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As a result, the previous result should have been the opposite if players had behaved 
in a rational way by analyzing all the possibilities and prices. However, since consumers do not 
behave rationally they invested more in energy production devices. This result supports the 
idea that psychological factors of players and their interests were captured by the game 
considering that they acted irrationally, as consumers do in real life. 

If we now analyze some of the reasons of players for investing in both type of devices, 
we can also get an interesting result regarding what it is more important to them: reducing 
costs or reducing energy consumption. Figure 7.4 and Figure 7.5 show those two reasons 
players were asked for investing in energy management devices and energy production 
devices, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We can now compare if there is any significant difference between the two reasons in 
each type of device. First we need to check if the distribution of those variables follow the 
normal theoretical distribution. Once again, the non-parametric Kolmogorov-Smirnov test 
must be performed. In this case the null hypothesis H0 is “the distribution follows the normal 
theoretical distribution” while the alternative hypothesis H1 is “the distribution does not 
follow the normal theoretical distribution”. After performing the statistical test in SPSS we 
only get significance values below 5%, meaning that none of the previous distributions follow 
a normal theoretical distribution. The SPSS outcomes can be seen in appendix H.20. As a 
result, to test significant differences between the two distributions in Figure 7.4 and Figure 

Figure 7.4. Reasons to invest in energy management devices. 

Figure 7.5. Reasons to invest in energy production devices. 
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7.5 we must perform the non-parametric Wilkoxon Rank-Sum test. In this case the null 
hypothesis H0 is “reducing costs is equally important than reducing energy consumption when 
investing in in energy management/production devices” while the one-tailed alternative 
hypothesis H1 is “reducing costs is more important than reducing energy consumption when 
investing in energy management/production devices”. After performing both tests in SPSS, we 
get that the significance value in the case of the energy management devices is 0.1%, while in 
the case of energy production devices is 1.8%. The SPSS outcomes can be seen in appendix 
H.21. In both cases the significance value is below 5%, meaning that the null hypothesis is 
rejected, meaning that players thought that reducing costs is more important than reducing 
energy consumption in their reasons for investing in energy management and energy 
production devices. 

The previous result again contradicts what we discovered about more people investing 
in energy production devices than people investing in energy management devices. We 
previously stated that energy management devices were economically more profitable than 
energy production devices, showing that players acted in an irrational way. However, we just 
showed that players thought that reducing costs in the game was more important than 
reducing energy consumption as a reason for investing in those kind of devices. Therefore, if 
players had taken reducing costs with more importance than the other reason, they would 
have invested more in the more profitable ones. However, the latter did not happen, showing 
once again the irrational behavior of consumers. 

7.4. Strategies and decisions 

Another interesting factor to analyze is the strategies players had and the decisions 
they took. In question 5 of the post-game questionnaire those questions were asked. This 
time, it is worth to analyze the differences in their answers between the low efficiency houses 
group and high efficiency houses group. 

As previously done, first it must be checked if the answers per group are normally 
distributed by using the non-parametric Kolmogorov-Smirnov test. After performing the test 
in SPSS, all the significance values are below 5%, meaning that none of the distributions follow 
the normal theoretical distribution (appendix H.22 shows the outcomes given by SPSS). As a 
result, we will proceed with the non-parametric Wilkoxon Rank-Sum test to check if significant 
differences are detected between groups per each answer. In this case the null hypothesis H0 
is “there is no difference between the two groups in terms of each answer” while the 
alternative hypothesis H1 is “there is a difference between the two groups in terms of each 
answer”. This test must be performed as many times as the number of questions (5 in total). 
Table 7.2 shows a summary of the mean and standard deviation of each answer per group and 
the significance value of the Wilkoxon Rank-Sum test. Appendix H.23 shows the outcome 
given by SPSS. 
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Table 7.2. Strategies and decisions. 

After performing the test in SPSS we see that the significance value of each test is 
greater than 5%, meaning that the null hypotheses can’t be rejected. Therefore, no significant 
differences can be detected between the two groups in terms of how they answered the 5 
analyzed questions. It is interesting anyway to point out the differences in the mean of each 
answer per group. For instance, in the question “I often checked my gas and electricity 
consumption” the low efficiency houses group had a higher mean than the high efficiency 
houses group, meaning that on average they checked their electricity and gas consumption 
more often than the high efficiency houses group. Therefore, we may have thought this as a 
sign of the rebound effect, in which the people with low efficiency were more worried about 
how much they were consuming per round. However, the latter conclusion just considers the 
absolute value of the mean per group. When the spread of the answers is considered no 
significant differences are detected whatsoever. 

7.5. Remembering efficiency 

Question 3 of the post-game questionnaire asked whether players remember the 
initial efficiency of the houses they played with or not (they were told in the players’ manual 
the initial efficiency of their houses, i.e. the group they belong). If they answered yes in 
question 3, they were also asked if knowing the initial efficiency of their houses influenced 
them in the way they made their decisions (question 4 of the post-game questionnaire). 
Therefore, it is worth to analyze what players answered and check if any difference is detected 
between the two groups. Table 7.3 shows how many players correctly remembered their 
initial energy efficiency level of the house they played with (either low efficiency or high 
efficiency). 

 

Question 
Low efficiency houses High efficiency houses Significance 

value Mean Std. deviation Mean Std. deviation 

I often checked my gas and 
electricity consumption 

0.84 0.85 0.52 1.295 47.7% 

I preferred to buy luxury rather 
than eco-friendly things 

-0.92 0.862 -0.92 0.954 89.1% 

I wish I had more money in the 
game to buy more luxurious 
things 

-0.52 1.194 -0.04 1.207 15.5% 

I wish I had more money in the 
game to buy more eco-friendly 
things 

1.12 0.781 0.8 1.041 27.3% 

I wish I had more money in the 
game to buy more production 
devices (like solar panels/wind 
turbines) 

1.48 0.823 1.44 0.87 84.8% 
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Table 7.3. Players remembering their initial energy efficiency. 

  

Do you remember the 
efficiency of the house 
you played with? 

TOTAL 

Yes No 

Efficiency 
group 

Low 11 14 25 

High 13 12 25 

TOTAL 24 26 50 

It can be seen than no major differences between the two groups are detected. 
Nevertheless, statistical tests to check the latter must be applied to make a conclusive 
statement. Since both variable have a categorical level of measurement, we have to apply the 
chi-square test. The null hypothesis for this test H0 is “the number of people who remembered 
their initial energy efficiency is the same across the two efficiency groups” while the 
alternative hypothesis H1 is “the number of people who remembered their initial energy 
efficiency is not the same across the two efficiency groups”. After performing the test in SPSS, 
we obtain a significance value equal to 57.1%. As a result, H0 be can’t rejected and no 
differences between both groups are detected in terms of the number of people who 
remembered their initial energy efficiency. The SPSS results can be found in appendix H.24. 

In addition, and inside the group who answered “yes” in Table 7.3, we can also analyze 
how many people think they were influenced by knowing it. Figure 7.6 shows the distribution 
of that answer. 

 

 

 

 

 

 

 

Looking at Figure 7.6 we can say that people who remembered their initial energy 
efficiency are in between of not being sure and being agreed that they were influenced by 
knowing this information. If we consider that just 12 people (24% of the participants) said that 
they were influenced by knowing their initial energy efficiency, we can conclude that the 
complete behavior of all players is not influenced by this fact. Therefore, what we have 
analyzed about the rebound effect in chapter 5 and about players’ behavior in chapter 6 is an 
unconscious process that players are not aware. The fact that the low efficiency houses group 
reduced their energy consumption to levels that in round 10 both groups don’t show any 
significant difference is a result of their own psychology and interests, and it is not because 
the initial stimuli they were given about the initial efficiency of their houses. Therefore, 

Figure 7.6. People who remembered their initial energy efficiency. 
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players’ decisions were shaped by economic factors mainly, in which the low efficiency houses 
group felt the necessity of reducing their energy consumption more than the high efficiency 
houses group. 

Additionally, we can also support the previous result by analyzing if some significant 
relations are found between the fact of remembering the efficiency of their houses and, for 
instance, the total energy consumption, energy production or the comfort level. The non-
parametric Wilkoxon Rank-Sum test will be used to check this. In this case the null hypothesis 
H0 is “there is no difference in the total energy consumption/energy production/comfort level 
between the group who remembered their initial energy efficiency and the group who didn’t 
remember it” while the alternative hypothesis H1 is “there is a difference in the total energy 
consumption/energy production/comfort level between the group who remembered their 
initial energy efficiency and the group who didn’t remember it”. This test must be performed 
30 times in total (one time per round for each of the three indexes). The SPSS results can be 
found in appendix H.25. The significance values of the 30 tests are in between 14% and 96.9%, 
meaning that in all the cases the null hypothesis can’t be rejected, meaning that no significant 
differences can be found in the total energy consumption, energy production or the comfort 
level between the people who remembered their initial energy efficiency and the people who 
did not. As a result, we can state that the behavior of the players was not influenced by letting 
them know their initial energy efficiency, and their behavior is assumed to have been 
influenced by other factors like their own psychology and interests. 

7.6. Environmental friendliness relations 

The last relation that will be tested is the possible influence of the environmental 
friendliness factor of each player over the total energy consumption, energy production and 
comfort level. There might be a significant relation between them. In order to do this, we will 
check the scatter plot of each relation per round. In Figure 7.7, Figure 7.8 and Figure 7.9 the 
scatter plots per round can be found. Analyzing the figures, we can’t identify any significant 
linear relation between the variables and the environmental friendliness of players in any 
round. The only that can be seen in the graphs is a cloud random behavior, showing no 
significant linear relations whatsoever. Furthermore, one of the conditions of the Pearson’s 
correlation coefficient test to statistically check this type of relations, is that the analyzed 
variables visually show some kind of linearity. Since this is not the case, performing the test to 
calculate correlation coefficients is not applicable. Therefore, having found no significant 
relations between the variables constitutes an important result in which no matter how 
players rate themselves in the environmental friendliness index defined in this research, this 
will not be reflected in the way players actually behaved. It could have been expected though 
that the more environmental friendly a player is, the more energy production he/she will 
show, or the less total energy consumption will have. However, the previous relations are not 
present, confirming that what players did in the game is not influenced on how they see 
themselves in terms of their environmental friendliness. 
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Figure 7.7. Total energy consumption vs environmental friendliness per round. 

Figure 7.8. Comfort level vs environmental friendliness per round. 
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7.7. Chapter’s conclusions 

This chapter starts analyzing one of the weaknesses of serious games and if it is present 
in the results: the realism. The realism of serious game is crucial because it defines if the 
results from the game may be applicable in a real life context. The realism of the NRG game 
was felt by players not to be clearly sufficient, and they are not completely sure if they would 
behave in real life in a similar way as they did in the game. Therefore, the applicability of the 
results of this research into a real life context is compromised. In addition, another critical 
factor for the applicability of the results into a real life scenario is the ease of the game. 
Although players felt that the rules of the game and the tasks were clear and straightforward, 
a considerable number of players felt that the game was not totally easy. The latter, as 
happened with the realism of the game, compromises the applicability of the results of this 
research into a real life context. 

In addition, it was also discovered some irrational behavior of players. Players felt that 
reducing costs was more important than reducing energy consumption, which contradicts the 
fact that they invested more in the less profitable devices when trying to reduce energy 
consumption. Having detected some irrational behavior of players constitutes an important 
finding to support the idea that psychological factors of players were captured by the 
experiments due to the fact that irrational behavior is always present in real life decisions as 
well. Finally, it was also discovered that no matter how environmental friendly players think 
they are, that is not reflected on what they do in the game. 

Figure 7.9. Energy production vs environmental friendliness per round. 
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8. Conclusions 

This chapter concludes the present thesis research. It shows the main conclusions of 
it. It is organized as follows. First, the research questions proposed in chapter 1 are answered. 
Second, limitations of the present research are given. Third, and final, recommendations and 
ideas for future research are given. 

8.1. Research questions 

In the introduction of this thesis report the research questions were defined. The main 
research question was: 

How can the rebound effect be adequately assessed in order to reduce the causes of 
controversies? 

In addition, the previous main research question was broken down into three sub-
research questions to operationalize it. In answering those sub-questions, we will be 
answering the main one. 

1. What are the main controversies associated to the rebound effect concept? 

2. What new and innovative methodology can be proposed to assess the rebound effect 
in order to reduce the causes of controversies? 

3. What are the results and lessons learned when the chosen methodology is used to 
perform a new rebound effect assessment? 

In the following, the previous three sub-research questions are going to be answered. 

8.1.1. Question 1: rebound effect’s controversies 

The rebound effect is the phenomenon in which energy savings, after energy efficiency 
improvements, are lower than expected. The rebound effect has been broadly analyzed by 
several scholars, especially in the last 20 years when reducing energy consumption has 
become critical considering not only the depletion of fossil fuels but also the global warming 
phenomenon. Despite of being widely analyzed, the rebound effect has been catalogued as a 
controversial concept by several scholars (Binswanger, 2001, Dimitropoulos, 2007, Greening 
et al., 2000, Grepperud and Rasmussen, 2004, Hertwich, 2008, Lin and Liu, 2012, Sorrell, 
2007). Two main controversies around the rebound effect were identified: the size of the 
rebound effect and the importance for the policy making process. First, the size of the rebound 
effect greatly differs between different studies. While some scholars have obtained a certain 
size of the rebound effect, other scholars have obtained a totally different calculation, even 
in the same energy service (lighting, transportation or household heating). As a consequence, 
several authors have been focusing their studies on finding consensus on what the real size of 
the rebound effect is (Gillingham et al., 2013, Santarius, 2014). However, some other authors 
believe that the rebound effect is unique for every different situation in which is analyzed, 
therefore, it is useless trying to find consensus on what the size of the rebound effect is, since 
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this unique size does not exist (Aydin et al., 2015, Sorrell, 2009). Second, the importance for 
the policy making process is also a controversy. On the one hand, some scholars claim that no 
matter how big the rebound effect is, some energy savings will be always achieved after 
efficiency improvements. Therefore, it is not worth, they claim, that policymakers take actions 
to reduce the rebound effect considering that energy savings are always accomplished 
(Gillingham et al., 2013). On the other hand, some other scholars take a totally different view, 
claiming that no matter how low the rebound effect is, policymakers should always take extra 
actions to reduce it in order to increase energy savings as much as possible (Binswanger, 2001, 
Dimitropoulos, 2007, Sorrell, 2009). 

Additionally, it has also been identified three causes that have produced the previous 
controversies: methodological issues of previous attempts that have analyzed and measured 
the rebound effect, different numeric definitions and fuzzy and different system boundaries. 
This thesis research’s objective was to propose a new methodology to assess the rebound 
effect in order to improve the methodological issues related to previous before/after analysis. 
Previous before/after rebound effect assessments have shown some methodological issues 
that have contributed to the rebound effect’s controversies to appear: difficult to strictly 
follow ceteris paribus and make just one change at a time, difficult to isolate effects different 
from the rebound effect, it constitutes basically an ex-post rebound effect calculation, control 
groups are not present or they are not clearly defined, just analysis of one single energy 
service have been carried out and psychological factors of players are not considered into the 
assessments.  

This thesis research proposed a new and innovative methodology to assess the 
rebound effect by performing a new before/after analysis tackling the previous 
methodological issues. The methodology that was used is serious games. In the answer of the 
following research question the reasons of why serious games help to reduce the 
methodological issues are explained. 

8.1.2. Question 2: methodology to assess the rebound effect 

This thesis research’s objective was to find a new methodology to assess the rebound 
effect that helps to reduce the causes of controversies, specifically the methodological issues. 
After identifying previous before/after rebound effect assessments’ shortcomings, we can 
propose that serious games help to tackle them. In fact, the literature review about serious 
games showed that the advantages of serious games for research purposes (the ones in which 
hypotheses are tested and the researcher learns from the behavior of players) are the 
identified shortcomings of previous before/after analysis that have analyzed the rebound 
effect in the past. First, due to the high flexibility serious games have, the ceteris paribus 
principle can be followed by making just one change at a time. In fact, system boundaries and 
control variables can be totally controlled by using serious games, reason why it is possible to 
just change the energy efficiency of the experiments, keeping all the other variables the same. 
Second, and related to the previous point, serious games can be used to isolate effects due to 
its flexibility. In doing so, a pure rebound effect assessment may be obtained, not influenced 
by third variables that may just introduce bias to the results. Third, since serious games for 
research purposes can be used for testing hypotheses, the rebound effect can be ex-ante 
analyzed, giving policymakers a new tool to assess its consequences before implementing 
efficiency improvements policies. Fourth, clear control groups can be defined by using serious 
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games due to the fact that the experiments are totally controllable by the researcher, and 
energy efficiency improvements can be applied just to one specific group. Therefore, the 
group which does not receive the stimulus, or in other words the control group, can be very 
well defined. Fifth, since the system boundaries can be well defined when serious games are 
used, different energy services can be analyzed at the same time. So far, the rebound effect 
has been just analyzed in single energy services. Nevertheless, if serious games are used, 
different energy services can be included in the same rebound effect assessment. Sixth, 
serious games do not have to build in the model psychological aspects of people since the 
players themselves include their own interests and mindset in the experiments. As a result, 
no inaccurate assumptions about how consumers behave when consuming energy have to be 
made. As a consequence, if we manage to use serious games for non-research purposes to 
perform a before/after rebound effect assessment, the identified shortcomings may be 
tackled and the controversies may be reduced. 

8.1.3. Question 3: results and lessons learned 

The chosen serious game to perform a new rebound effect assessment was the NRG 
game. After performing a modified before/after analysis to assess the rebound effect, several 
lessons were learned and conclusions obtained (in section 8.2.1 we will discuss the limitations 
about having performed a modified before/after analysis). In the following, those main 
lessons learned are discussed. 

 Academic and societal contribution 

After performing the assessment by using the NRG game, the rebound effect was, 
indeed, detected to be present. Therefore, measuring the rebound effect by using serious 
games is possible. The modified before/after analysis carried out in this thesis research is 
indeed an important academic contribution due to the fact that it was possible to tackle the 
shortcomings of previous before/after analysis that have analyzed the rebound effect, 
improving the quality of them and reducing one of the causes of the rebound effect 
controversies: methodological issues. First, it was possible to follow the ceteris paribus 
principle and make one change at a time. In this case the one and only change and difference 
between the before and after situation was improvements in energy efficiency. Second, due 
to the fact that only the energy efficiency was improved and all the other factors remained 
the same, it was possible to isolate the rebound effect phenomenon and not influence it by 
some other external factors. Third, a clear control group was defined: the low efficiency 
houses group. This group was the one used to calculate the base case scenario in which the 
rebound effect was zero. Fourth, an ex-ante rebound effect assessment was carried out, 
increasing the possibilities policymakers have to evaluate the importance of the rebound 
effect before implementing energy efficiency improvements policies. Fifth, it is the first time 
multiple energy services are analyzed at the same time, including electricity and gas 
consumption in households altogether. So far, just studies analyzing one single energy service 
had been carried out. This new study included indirect rebound effects when people transfer 
their gas consumption, for instance, into electricity consumption. Previous studies have not 
been able to include this phenomenon. Sixth, psychological factors and the interest of players 
were included into the assessment. In fact, irrational behavior of players was identified to 
occur in the game, just as in real life in which consumers act irrationally, driven by their own 
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psychology and interests. This advantage of serious games makes it easy to include this factor 
into the experiments, contrarily to what happens with some other methodologies that have 
to make inaccurate assumptions of how consumers behave. The different types of behaviors 
consumers may show are countless. Therefore, by making people to include themselves their 
own psychology into the experiments, no inaccurate assumptions are made and the whole 
spectrum of possible behaviors are included as well. For all the previous reasons, we can state 
that this rebound effect assessment improved the methodological issues of previous 
before/after analysis that have analyzed and measured the rebound effect in the past. 
Therefore, this assessment constitutes and important academic contribution towards the 
reduction of the rebound effect’s controversies. 

In addition, we can also identify that this research is an important societal contribution. 
Policymakers have now a new methodology or tool to ex-ante analyze the rebound effect, 
considering that this is the first time serious games have been used to measure the effect. 
New information can be gathered about the consequences of the rebound effect and how 
people react when they are exposed to energy efficiency improvements. However, it is 
important that policymakers take into account all the disadvantages of serious games when 
using this tool, like the difficulty to conclude if the results in the game environment can be 
applied into a real life scenario. In the rebound effect assessment carried out in this thesis 
research, it was obtained that the results can’t be applied into a real life context due to the 
fact that players did not think that they would behave in real life in a similar way as they did 
in the game. In order to guide policymakers about the possible problems to overcome when 
serious games are used to assess the rebound effect, limitations of this research are explored 
in section 8.2. 

 About the assessment of the rebound effect 

The assessment of the rebound effect consisted of a modified before/after analysis, in 
which one group (low efficiency houses group) was defined as the case “before” and other 
group (high efficiency houses group) was defined as the case “after”. Since those two groups 
are formed by different people, we had to make sure first if those two groups were indeed 
comparable in order to carry out the before/after comparison. Four criteria were defined to 
evaluate if those two groups were statistically similar: environmental friendliness, abilities to 
play video games, frequency they play video games and whether they pay bills, rent or 
mortgage in real life. If differences between the two groups in some of the four criteria had 
been identified, the final comparison would have been compromised. Fortunately, after 
statistical tests no differences between the two groups were found whatsoever. In order to 
get the previous result, it was necessary to carry out a pre-game questionnaire that all players 
answered. This questionnaire was designed to this ultimate purpose, to check how 
comparable the two groups were. 

The sample size of each of the two groups was 25 people, making a total sample size 
of 50 people. Each of the two groups of players played with a specific house in the NRG game, 
either low efficient or high efficient. Two main indicators were tracked throughout the game 
in all the players: energy consumption and comfort level. First, analyzing energy consumption 
in each of the two groups, it was discovered that the initial difference between them 
disappeared during the game. At the beginning of the game the energy consumption 
difference between the groups was significant, while in some point in the middle of the game 
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this energy consumption difference was not found to be significant anymore. The previous 
result shows a first sign of the rebound effect, in which the low efficiency houses group 
reduced their energy consumption down to levels in which the initial significant difference 
vanished. Second, analyzing the comfort level of players, we also discovered that despite of 
not showing any significant difference in the comfort level between the two groups at the 
beginning of the game, in some point in the middle of it the two groups split up and significant 
differences in their comfort level were detected. This is a second sign of the rebound effect, 
in which the comfort level of the high efficiency houses group increased more than the low 
efficiency houses group. The latter concludes that having better efficiency helps people to 
increase their comfort due to the fact that they have more money available to spend because 
the lower energy bills they have to pay. Therefore, analyzing the energy consumption and 
comfort level of players, the rebound effect was detected to be present. Due to how the NRG 
game works and what kind of decisions players can take in the game, indirect rebound effects 
are included in the system boundaries, and direct rebound effects are not immediately 
included. 

Having detected the rebound effect, a calculation of it was carried out. The first step 
was to calculate a base case scenario, a behavior that the high efficiency houses group would 
have behaved like if the rebound effect was zero. Any deviations of the high efficiency houses 
group from that base case scenario would be labeled as rebound effect. Two different 
methodologies to define the base case scenario were implemented: 1) considering that the 
high efficiency houses group have less opportunities to improve their energy efficiency since 
they are already high efficient, and 2) not considering this difference in the opportunities to 
improve energy efficiency. First, calculating the total rebound effect (including gas and 
electricity), the results show that all the energy savings were taken back by the consumers 
due to a higher energy consumption of the low efficiency houses group over the high 
efficiency houses group at the end of the game. This shows a back-fire rebound effect, a 
process in which there are no energy savings left after efficiency improvements (or in other 
words, a rebound effect greater than 100%). The two methodologies previously mentioned to 
calculate the base case scenarios showed the same behavior, with only minor differences. 
Second, calculating individual rebound effects of the most consuming appliances in 
households, the results differ from the global rebound effect. The central heating and shower 
showed a rebound effect below 100% and the two methodologies only showed minor 
differences. Therefore, analyzing only central heating and shower, some energy savings are 
achieved, although less than the expected ones. However, analyzing the refrigerator, major 
differences were detected between the two methodologies to calculate the base case 
scenario. On the one hand, the methodology in which differences in the opportunities to 
improve energy efficiency are considered, showed a negative rebound effect, meaning that 
the actual energy savings were bigger than the expected ones. On the other hand, the 
methodology in which that difference is not considered showed a positive rebound effect, 
meaning that actual energy savings were less than the expected ones. The latter result shows 
that the way the base case scenario is calculated is crucial for the final calculation of the 
rebound effect. This constitutes one of the major limitations of this research that will be 
discussed on further detail in section 8.2.2. Despite having identified this major limitation, the 
fact that the rebound effect was indeed detected is not compromised. What is compromised 
is the reliability of the final number of the rebound effect, not the fact that the rebound effect 
was identified to be present. Nevertheless, not being able to rely on the number of the 
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rebound effect is not crucial considering the uniqueness characteristics of the rebound effect 
proposed by Aydin et al. (2015) and Sorrell (2009). 

 About the players’ decisions 

In this research, players’ behaviors and decisions were also analyzed. Five main 
decisions players took were analyzed: getting rid of initial appliances, improving efficiency of 
initial appliances, including new electric appliances, including energy management devices 
and including energy production devices. The low efficiency houses group showed more 
energy reductions by getting rid of initial appliances and by including energy management 
devices. However, the two groups didn’t show any significant difference by improving 
efficiency of initial appliances, by including new electric appliances and by including energy 
production devices. The previous results were analyzed by performing statistical tests 
considering the spread of the different players. As a result, another sign of the rebound effect 
can be detected, considering that the low efficiency houses group managed to reduce their 
energy consumption more than the other group by getting rid of appliances and by including 
energy management devices. Somehow the low efficiency houses group felt the task of 
reducing their energy consumption more important than the other group. 

In addition, this research also discovered that players invested more in energy 
production devices than in energy management devices, despite of this being not 
economically profitable. The latter result shows irrational behavior of players in which not all 
the options or possibilities to reduce energy consumption were analyzed, and their decisions 
were shaped by their own prior knowledge and interests rather than evaluating the best 
option. Therefore, it is important that this preference for energy production devices over 
energy management devices is taken into account, and people receive the knowledge about 
the usefulness of energy management devices. If people had had the complete information, 
they may have invested more in the most profitable ones. However, this did not happen due 
to the lack of information. Therefore, it is important that policymakers take this into 
consideration when designing policies aiming to reduce energy consumption. People do not 
have to spend great amounts of money on solar panels to reduce their energy consumption. 
Instead, they can manage to reduce their consumption in the same amount by including smart 
meters, movement sensors or better insulation for their windows. Policymakers are advised 
to inform and educate people about all the possibilities they have to reduce energy 
consumption, and this may encourage more people towards energy efficiency and energy 
reduction. 

Finally, the influence on players of having informed them beforehand the energy 
efficiency label of the houses they played with, could not be statistically shown. Therefore, 
energy policies that inform the energy label of the houses when people rent/buy a property 
are advised to be reviewed. In the game this influence could not be shown, and it may be that 
that in real life people are not influenced by these stimuli either. Revisions of the 
successfulness of these type of policies are advised be carried out by policymakers in order to 
check their influence on people. Maybe more efficient policies can be designed towards 
energy reduction using the same investment of letting people know their houses’ energy label. 
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8.2. Limitations 

In the following, the most important limitations of this research are discussed. 

8.2.1. Modified before/after analysis 

It must be said that a typical before/after analysis considers one group of people to be 
analyzed. The behavior of that group is analyzed before and after the stimulus is applied, in 
this case energy efficiency improvements. However, in this research this was not the case and 
two different groups were analyzed: one representing the situation before and another one 
representing the situation after. This may be a controversial methodological discussion, and if 
the experiments had been carried out using just one group, the results may have been 
different than the results this research obtained. As a result, this may be a limitation of this 
research due to the fact that a non-typical before/after analysis was performed. However, the 
reason behind this decision is the fact that if just one group had been used, they would have 
had to receive the energy efficiency improvements in the middle of the game, leaving not 
enough rounds left of the game to properly analyze the rebound effect. What could have been 
done is to increase the number of rounds from 10 to 15, for instance, but the game would 
have lasted too long and it would have been more difficult to gather players and perform the 
experiments. In addition, players may have lost their interest in the game with longer 
experiments compromising the quality of the results (the total experiment duration was 
already long, taking in total 1 hour per player on average). Nevertheless, having two different 
groups allows us to analyze the rebound effect from the very beginning of the game and 
without having to increase the duration of the game or the number of rounds. Although this 
decision constitutes a limitation of this research, the alternative solution would not have been 
better, reason why it was decided to proceed this way. 

8.2.2. Base case scenario methodologies 

A second limitation of this research is the way the base case scenario was defined. Two 
different methodologies were used to calculate this: 1) considering that the high efficiency 
houses group have less opportunities to improve their energy efficiency since they are already 
high efficient, and 2) not considering this difference in the opportunities to improve energy 
efficiency. The two previous methodologies showed similar behaviors, but when the 
refrigerators were analyzed those two methodologies greatly differed. As a result, we can 
conclude that the way the base case scenario is calculated is a critical factor for the calculation 
of the rebound effect. If other methodologies are defined, then new and different results may 
be obtained. As a result, this research introduced a new numeric definition of the rebound 
effect, somehow reinforcing one of the causes of controversies around the rebound effect 
that we have analyzed, having different numeric definitions. As a result, we must point out 
the necessity that future studies are carried out in line to define a clear definition of the 
rebound effect in order to reduce the number of definitions that different studies have come 
up with. 
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8.2.3. Realism of the game 

A third limitation of this research is related to the realism of the game and how players 
felt this factor. According to what players answered to the question about realism, 14 people 
(28% of the participants) answered that they are not sure or they (totally) disagree with the 
statement that the realism of the game is enough for the purpose of it. This is a considerable 
number of people, therefore the realism of the game is disputable and it may cause some 
problems in applying the results of the experiments into a real life context. In addition, when 
players were asked whether they would behave in real life in a similar way as they did in the 
game, a total of 22 people (44% of the participants) are not sure or (totally) disagree with the 
statement. This result is high enough to confirm again that the results can hardly be translated 
into the real world. One alternative to this problem is to have a larger sample size in order to 
exclude the people who answered this question saying that they would not behave in a similar 
way in real life. In doing so, the final sample would be formed by just people who would 
behave in a similar way. In this case this was not possible because the total sample size would 
have been just 28 people, a small sample size that would have compromised the statistical 
significance of the conclusions obtained by this research. Future serious games for research 
purposes should have this in mind from the moment the game is designed, in order to increase 
the realism of the game as much as possible, and consequently, increase the applicability of 
the results into a real world context.   

8.2.4. Reliability of the rebound effect size 

A fourth limitation of this research is the fact that it is hard to rely on the final 
calculation of the rebound effect, considering that the final number of it highly depends on 
the methodology used to calculate the base case scenario. We demonstrated that in some 
cases the rebound effect size highly depends of the chosen methodology. In addition, the 
rebound effect calculation was carried out with the average values of each of the two groups 
leaving outside the possibility to statistically analyze the spread of the rebound effect. This 
had to be performed that way due to the fact that it was not possible to calculate a rebound 
effect for each player because they played under the same conditions the whole game 
(modified before/after analysis). Therefore, the rebound effect calculation did not have a 
measure of spread between participants and it must be calculated by taking just average 
values into account. Consequently, we can’t really rely on the final calculated size of the 
rebound effect. However, it must be reminded that obtaining one single and accurate size of 
the rebound effect is not what this research aimed for. Instead, this research’s objective was 
to propose a new methodology to assess the rebound effect in order to improve the 
methodological issues related to previous before/after analysis. Finding unique and accurate 
rebound effect calculations only distracts the scientific community on important matters 
(Friedrichsmeier and Matthies, 2015). As a result, not being able to rely on the final calculation 
of the rebound effect does not compromise the objectives achievement and the academic 
contribution of this research. 

8.2.5. Representativeness of the sample 

Due to the fact that this research was carried out basically with students, the sample 
was not a good representation of the population, which was “adults living in the Netherlands”. 
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As a result, we can’t extrapolate the results obtained from this research to the whole 
population. If the sample had been a good representation of the population, the experiments 
would have been too difficult to carry out due to the difficulty to reach people from all the 
socio-economic groups of the population. Therefore, new studies that use serious games for 
research purposes to measure the rebound effect should keep this limitation in mind and 
either try to make the sample a good representation of the population, or simply be as clear 
as possible about the fact that the results can’t be applied to the whole population. 

8.2.6. Income influence on players 

On section 4.2.4 of this thesis report, the income players would receive after each 
round of the game was estimated. That net income was the same in both groups of players. 
However, the fact that one group of players had to pay more for their energy bills than the 
other group (the low efficiency group), transformed them indirectly into a group of players 
with less income. As a result, it is not completely clear in this research if the rebound effect 
that was detected to be present in the results is caused by effectively having a worse energy 
efficiency or the fact of receiving less income. Therefore, the results may have been influenced 
by differences in efficiency and differences in the income at the same time, leading to possible 
bias of the results. This limitation is related as well with the decision of having two different 
groups of people instead of just one (modified before/after analysis). In a typical before/after 
analysis this would not have happened since the rebound effect would have been estimated 
in every single player, and not by comparing different people with different incomes. As a 
result, it is important that future studies that choose to perform a modified before/after 
analysis to assess the rebound effect, investigate the influence of the difference in the income 
received between groups in order to isolate what part of the results are explained by having 
different efficiencies and what other part of the results are explained by having a different 
income. 

8.3. Recommendations and future research 

Different recommendations can be derived from the results of this research. First, 
serious games can be used by policymakers as a support tool to analyze and ex-ante evaluate 
the effectiveness of different policies, not only energy policies, but also any other policy that 
can be simulated by using serious games. In doing so, policymakers may have a new digital 
laboratory in which they can test policies without having to spend large amounts of money or 
risking failures in the final implementation of it. This new tool helps not only in testing final 
policies, but also in detecting sources of failures and possible improvements. Therefore, it is 
advised that policymakers use this tool and take advantage of its strengths. Second, any future 
study that uses serious games for research purposes to measure phenomena or test 
hypotheses should be well aware from the beginning in the possibility that the results from 
players may not be applicable into a real life context. Therefore, actions to increase this 
applicability must be taken. Third, the duration of the game should be well analyzed before 
starting the experiments. Longer games allow researchers to have a richer data set, but at the 
same time they reduce the number of players willing to participate and they increase the 
probability that players lose interest in the game becoming noise in the data. Therefore, it 
must be well balanced the duration of the experiments in order to line it with the objectives 
of the research. Fourth, if future studies use this type of modified before/after analysis in 
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which one group is the case “before” and another different group is the case “after”, it 
becomes crucial that the comparability between them is well addressed and confirmed, 
otherwise it would not be possible to analyze differences in their behavior. In order to do so, 
key questions must be asked to players in a pre-game questionnaire. Those questions must 
be well designed towards the purpose to check statistically if the groups can be compared or 
not. Fifth, in line to what Aydin et al. (2015) and Sorrell (2009) affirmed, any new 
measurement of the rebound effect must acknowledge the fact that the rebound effect is a 
unique phenomenon in which different peculiarities may occur in different people. Therefore, 
policymakers should keep this in mind and do not take for granted that the rebound effect is 
small or big without analyzing each specific case. 

In addition, future research topics can be obtained from this research too. First, it 
becomes crucial that a new methodology or set of criteria are defined to assess whether the 
results from serious games for research purposes can be applied into a real life context. In 
other words, answer the question on how to be sure that players would behave in a similar 
way as they did in the game, in order to apply the discoveries and conclusions in a real policy 
making process. Second, it is important too that new studies are carried out to define a set of 
criteria to take into account when calculating the base case scenarios, or define a clear 
definition of the rebound effect. Third, according to Aydin et al. (2015), the rebound effect 
highly depends on the income people receive, being the highest among the low income 
groups. As a result, a new assessment of the rebound effect using serious games could analyze 
how income variations among players affect the rebound effect. In addition, and in line with 
the limitation discussed in section 8.2.6, future studies could also analyze the reasons of the 
presence of the rebound effect in people: is it because of having a better efficiency or because 
of having more disposable income? 
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Appendix A: Appliances energy consumption 

Gas appliances Consumption low efficiency 
house (m3) 

Consumption high 
efficiency house (m3) 

Gas stove 22 17 
Gas oven 30 23 
Shower 358 276 
Central heating 1,293 998 
TOTAL 1,703 1,314 

 

Gas multiplier devices7 Multiplier low efficiency 
house  

Multiplier high efficiency 
house 

Gas boiler 0.9996 0.9506 
Wall insulation 0.9984 0.9312 
Roof insulation 0.9984 0.9312 
Glazing insulation 0.9984 0.9312 
TOTAL 0.9948 0.7675 

 

Electric appliances Consumption low efficiency 
house (kWh) 

Consumption high 
efficiency house (kWh) 

Refrigerator 1,040 800 

TV 615 480 

HiFi system 270 220 

Washing machine 630 455 

Microwave 480 360 

Lighting 900 660 

Kitchen appliances 640 535 

TOTAL 4,572 3,510 
 

Miscellaneous8 

Dining table 

Dining chair 

Sofa 

Bookshelf 

Twin bed 

Toilet 
 

 

                                                 

 

 

 
7 Gas multiplier devices are devices that reduce the overall gas consumption in the house by multiplying the consumption by 

a factor below 1. The first table in this appendix indicates the final gas consumption of each gas appliances after multiplying 
its consumption by the gas multiplier factor. 
8 Both types of houses received the same miscellaneous with the same comfort level. Those miscellaneous consume neither 

electricity nor gas. 
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Appendix B: Pre-game questionnaire 
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Appendix C: Player’s manual 

Manual for NRG game players (high energy efficiency houses9): 
 
1) The NRG game simulates the energy (electricity and gas) consumption in households. You 

are going to get a house in which you will play the game. You are asked to play the game 

as if it was your own real house (imagine that you just bought that house). You will have 

to make your own choices/decisions regarding energy consumption. Your purpose is to 

make it a house in which you are happy to live in (you define what it makes you happy). 

2) The following table shows the inventory of things/appliances that your house already has. 

This inventory is meant to provide you with the most common things a household has. 

 

Gas things/appliances Electricity things/appliances Miscellaneous 

Gas stove Refrigerator Dining table 

Gas oven TV Dining chair 

Shower HiFi system Sofa 

Central heating Washing machine Bookshelf 

Gas boiler Microwave Twin bed 

Roof insulation Lighting Toilet 

Glazing insulation Kitchen appliances  

Wall insulation   

 
3) The house you will get consumes a total of 3510 kWh of electricity per year and 1314 m3 

of gas per year. The latter means that you will pay 702€ per year in electricity and 1051€ 

per year in gas10. The energy efficiency of this house is high (suppose that the house you 

used to live was less efficient than this one). When you start buying/removing/repairing 

your own things in the game, that consumption will change, and so will your electricity 

and gas bills. 

4) In the game environment you are free to buy, repair, remove or sell anything you want. It 

is up to you what you do with your house in terms of energy consumption. In order to do 

that, you will play the game in 10 different rounds (each round is equal to one year). You 

will receive an income of 3000 € per round (year). This money is meant to be used in 

paying energy bills and buying/repairing appliances in your house (i.e. it excludes the part 

of the income that you would spend in food, leisure, transportation and so forth). 

5) You will start the game in round 1 with 3000€ and after each round you will get another 

3000€, but you will have to pay for electricity and gas. Paying bills and receiving your 

                                                 

 

 

 
9  The manual for the players who played with the low efficiency house is the same as this one with minor changes. The only 

difference is the point number 3 in this manual. Instead of 3510 kWh must be 4575 kWh; instead of 1314 m3 must be 1703 
m3; instead of 702€ per year in electricity must be 915€ per year in electricity; instead of 1051€ per year in gas must be 
1362€ per year in gas; instead of the energy efficiency of this house is high (suppose that the house you used to live was 
less efficient than this one) must be the energy efficiency of this house is low. 
10 In 2015 the average price of electricity and gas was 0,2 €/kWh and 0,8 €/m3, respectively.  
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yearly income is done automatically so you don’t have to worry about it. You will receive 

each new round an amount of money that is equal to 3000€ (yearly income) minus the 

bills. However, you can always check how much you will pay in bills (see screen shots at 

the end of the manual). 

6) All the things you have in your house will deteriorate after each round. You can repair 

your things, sell them to get some money back, buy new things or just keep using the 

deteriorated items. When something deteriorates below 50% you will receive a message 

saying that the item is broken. However, that doesn’t mean you can no longer use them, 

it only means that your lifestyle and house state have decreased. You define if you want 

to still use a TV that the remote has broken or keep sleeping in a bed that the mattress is 

not so soft anymore. It is up to you what you do with the deteriorated things. Remember, 

do whatever that makes you happy. 

7) There are just 2 instructions: 1) play the game as you would do it in real life and 2) make 

a house that makes you happy. Take your own strategies and play. If you want to buy 

luxury things, then do it. If you prefer to buy more eco-friendly things, then do it. There 

are no good or wrong strategies as long as you play as you would do it in real life. Don’t 

be afraid of clicking around to discover the game. If you buy something that it doesn’t 

make you happy, then you can just sell it and get the money back. So explore as much as 

you want. 

8) You will play 10 rounds, approximately 45 min in total. The first round will be 8 minutes 

for you to discover and get familiar with the game and after that the duration of each 

round will be around 4 minutes. If you need more time in some rounds, just ask for it and 

you will get extra time. If you want to go faster, just ask for it too. 

9) After each round has finished, the next round will start automatically. You will receive 

your income and pay the bills automatically as well. 

10) In addition to this manual, you have also received some screen shots that help you to find 

the most important things in the game. Try to figure it out by yourself but if you have any 

question you can just check the screen shots or ask someone. 

Let’s get started! Thank you for your cooperation! 
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Figure 0.1. NRG game screen shot 1. 

 

 
Figure 0.2. NRG game screen shot 2.a and 2.b. 
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Figure 0.3. NRG game screen shot 3. 
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Appendix D: Post-game questionnaire 
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Appendix E: Interviews NRG game trial session 

Interviewee 1: L.F. 
 
 

1) Answer the following questions in terms of how your felt the about the duration of 

each round. The time assigned for round X was: 

 
Round 1: 
Too little – Little – Enough – Much – Too much 
Round 2: 
Too little – Little – Enough – Much – Too much 
Round 3: 
Too little – Little – Enough – Much – Too much 
Round 4: 
Too little – Little – Enough – Much – Too much 
Round 5: 
Too little – Little – Enough – Much – Too much 
Round 6: 
Too little – Little – Enough – Much – Too much 
Round 7: 
Too little – Little – Enough – Much – Too much 
Round 8: 
Too little – Little – Enough – Much – Too much 
Round 9: 
Too little – Little – Enough – Much – Too much 
Round 10: 
Too little – Little – Enough – Much – Too much 
 

2) How did you feel about the number of rounds in the game? 

 
Too little – Little – Enough – Much – Too much 
 

3) How did you feel about total time needed to play the game? 

 
Too little – Little – Enough – Much – Too much 
 

4) Did you get bored at some point during the game? In what round? Why? 

No. 
 

5) Do you think the time given affected your performance in the game? 

Not the time, the money affects your performance. 
 

6) Did you understand the instructions of the game? If not, why? 

Yes. 
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7) Did you understand how the game works? If not, why? 

Yes. 
 

8) Do you think the manual helped you to understand how the game works and what 

the instructions were? If not, why? 

Yes. 
 

9) What do you think it can be improved/changed in the way the game is carried out? 

There is too much money available. 
 

10) Did you check constantly the consumption and the state of your appliances? 

Yes, in each round. 
 

11) Did you lose interest in the game throughout the game? Why? 

No. 
 

12) In which round do you think you were familiar with the game functioning? 

Round 3. 
 

13) Did you have fun playing the game? 

Too little – Little – OK – Much – Too much 
 

14) If you had to rate the overall game experience in a scale from 0 (lowest) to 10 

(highest), what would it be? 

9 
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Interviewee 2: S.T. 
 

1) Answer the following questions in terms of how your felt the about the duration of 

each round. The time assigned for round X was: 

 
Round 1: 
Too little – Little – Enough – Much – Too much 
Round 2: 
Too little – Little – Enough – Much – Too much 
Round 3: 
Too little – Little – Enough – Much – Too much 
Round 4: 
Too little – Little – Enough – Much – Too much 
Round 5: 
Too little – Little – Enough – Much – Too much 
Round 6: 
Too little – Little – Enough – Much – Too much 
Round 7: 
Too little – Little – Enough – Much – Too much 
Round 8: 
Too little – Little – Enough – Much – Too much 
Round 9: 
Too little – Little – Enough – Much – Too much 
Round 10: 
Too little – Little – Enough – Much – Too much 
 

2) How did you feel about the number of rounds in the game? 

 
Too little – Little – Enough – Much – Too much 
 

3) How did you feel about total time needed to play the game? 

 
Too little – Little – Enough – Much – Too much 
 

4) Did you get bored at some point during the game? In what round? Why? 

I got bored when I had to wait some rounds to get money to buy solar panels (round 
4) 
 

5) Do you think the time given affected your performance in the game? 

No. 
 

6) Did you understand the instructions of the game? If not, why? 

Yes. 
 

7) Did you understand how the game works? If not, why? 

Yes. 
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8) Do you think the manual helped you to understand how the game works and what the 

instructions were? If not, why? 

Yes, but the screen shots were not very helpful because you discover the same things 
clicking around by yourself. 
 

9) What do you think it can be improved/changed in the way the game is carried out? 

I didn’t have a real purpose or goal to play. I would recommend to explicitly say in the 
manual what is the purpose of the players, like “build the house you would like to live” 
or something like that. 
 

10) Did you check constantly the consumption and the state of your appliances? 

The consumption maybe once or twice. The state just when my things broke down. 
 

11) Did you lose interest in the game throughout the game? Why? 

A little bit when I had to wait to buy the solar panels (Round 4). 
 

12) In which round do you think you were familiar with the game functioning? 

Round 2. 
 

13) Did you have fun playing the game? 

Too little – Little – OK – Much – Too much 
 

14) If you had to rate the overall game experience in a scale from 0 (lowest) to 10 (highest), 

what would it be? 

7 
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Appendix F: Pre-game questionnaire answers 
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Appendix G: Post-game questionnaire answers 
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Appendix H: SPSS outcomes 

H.1: 

Kolmogorov-Smirnov test 

H0: The environmental friendliness variable follows the normal theoretical distribution in both 
groups. 

H1: The environmental friendliness variable does not follow the normal theoretical 
distribution in both groups. 

 

 

 

 

 

 

On the left the tests results are shown for the high efficiency houses group and on the right 
the results of the low efficiency houses group are shown. The significance values are 16.3% 
and 15.7% respectively. Therefore, H0 can’t be rejected. The environmental friendliness 
variable in both groups is assumed to follow the normal theoretical distribution. 

Student t-test for differences in averages  

H0: There is no difference between the two groups in terms of the environmental friendliness 
average. 

H1: There is a difference between the two groups in terms of the environmental friendliness 
average. 

 

 

 

 

 

 

The previous table shows the result of the test in SPSS. The significance value of the Levene’s 
test is greater than 5%, therefore equal variances are assumed. The significance value of the 
student t-test is equal to 29%, leading to the conclusion that H0 can’t be rejected. As a result, 
we will assume that there is no difference between the two groups in terms of the 
environmental friendliness average. 
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H.2:  

Chi-square test: 

H0: There is no difference between the two groups in terms of their abilities to play video 
games. 

H1: There is a difference between the two groups in terms of their abilities to play video games. 

 

 

 

 

 

 

 

 

The conditions for the chi-square test are satisfied. There are no expected counts less than 5. 
The significance value is equal to 63.7%. As a result, H0 can’t be rejected. We will assume that 
there is no difference between the two groups in terms of their abilities to play video games. 
Both groups can be compared in terms of their abilities to play video game. 
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H.3:  

Chi-square test: 

H0: There is no difference between the two groups in terms of how often they play video 
games. 

H1: There is a difference between the two groups in terms of how often they play video games. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The conditions for the chi-square test are satisfied. There are no expected counts less than 5. 
The significance value is equal to 52.1%. As a result, H0 can’t be rejected. We will assume that 
there is no difference between the two groups in terms of how often they play video games. 
Both groups can be compared in terms of how often they play video games. 
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H.4: 

Chi-square test: 

H0: There is no difference between the two groups in terms of who pays for the rent, mortgage 
or bills in their households. 

H1: There is a difference between the two groups in terms of who pays for the rent, mortgage 
or bills in their households. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The conditions for the chi-square test are not satisfied. There are 2 expected counts less than 
5. Therefore, the Fisher’s exact test must be analyzed instead. The significance value is equal 
to 24.7% (2-tailed). As a result, H0 can’t be rejected. We will assume that there is no difference 
between the two groups in terms of who pays for the rent, mortgage or bills in their 
households. Both groups can be compared in terms of who pays for the rent, mortgage or bills 
in their households. 
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H.5: 

Kolmogorov-Smirnov test 

H0: The total energy consumption variable follows the normal theoretical distribution. 

H1: The total energy consumption variable does not follow the normal theoretical distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the high efficiency houses group and on the 
lower table the results for the low efficiency houses group are shown. The significance values 
greater than 5% mean that the variable follows the normal theoretical distribution (H0 can’t 
be rejected). As a result, total energy consumption in rounds 1, 2 and 5 follow the normal 
theoretical distribution in the high efficiency houses group. In the low efficiency houses group, 
rounds 1, 6, 8, 9 and 10 follow the normal theoretical distribution. 
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H.6: 

Wilkoxon Rank-Sum test 

H0: There is no difference between the two groups in terms of the total energy consumption. 

H1: There is a difference between the two groups in terms of the total energy consumption. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The significance level from round 1 to round 5 is below 5%, resulting that H0 is rejected. 
Therefore, from round 0 to round 5 significant differences between the two groups can be 
identified in terms of their total energy consumption. From round 6 to round 10 the 
significance level of the statistical test is greater than 5%, resulting that H0 can’t be rejected. 
Therefore, from round 6 to round 10 there are no significant differences between the two 
groups in terms of their total energy consumption. 

In addition, in the following graphs can be seen different histograms of the total energy 
consumption per round per group. It can be visually seen how the two groups become similar 
throughout the rounds. 
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Mean = 20335 
St. dev = 1071 

Mean = 19260 
St. dev = 3424 

Mean = 18053 
St. dev = 5131 

Mean = 17210 
St. dev = 5521 

Mean = 16272 
St. dev = 5807 

Mean = 14759 
St. dev = 2109 

Mean = 14934 
St. dev = 2224 

Mean = 15491 
St. dev = 1855 

Mean = 16007 
St. dev = 1199 

Mean = 16269 
St. dev = 869 

Mean = 13544 
St. dev = 6858 

Mean = 12166 
St. dev = 6714 

Mean = 11284 
St. dev = 6918 

Mean = 10787 
St. dev = 6720 

Mean = 10629 
St. dev = 6831 

Mean = 14208 
St. dev = 2500 

Mean = 13082 
St. dev = 4360 

Mean = 11535 
St. dev = 5745 

Mean = 11243 
St. dev = 5473 

Mean = 11130 
St. dev = 5592 
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H.7: 

Kolmogorov-Smirnov test 

H0: The comfort level variable follows the normal theoretical distribution. 

H1: The comfort level variable does not follow the normal theoretical distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the low efficiency houses group and on the 
lower table the results for the high efficiency houses group are shown. The significance values 
greater than 5% mean that the variable follows the normal theoretical distribution (H0 can’t 
be rejected). The test results in all the rounds in both groups show just values greater than 
5%. Therefore, the comfort level in all the rounds in both groups follow the normal theoretical 
distribution. 
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H.8: 

Student t-test for differences in averages  

H0: There is no difference between the two groups in terms of the comfort level. 

H1: There is a difference between the two groups in terms of the comfort level. 

 
 

The significance value of the Levene’s test is greater than 5% in all the rounds, meaning that 
equal variances can be assumed. From round 1 to round 5 the significance value of the student 
t-test is greater 5%, resulting that H0 can’t rejected. Therefore, from round 1 to round 5 no 
significant differences between the two groups can be identified in terms of their comfort 
level. From round 6 to round 10 the significance value of the student t-test is below 5%, 
resulting that H0 is rejected. Therefore, from round 6 to round 10 significant differences 
between the two groups can be identified in terms of their comfort level. 

In addition, in the following graphs can be seen different histograms of the comfort level per 
round per group. It can be visually seen how the two groups become different throughout the 
rounds. 
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Mean = 5166 
St. dev = 276 

Mean = 5237 
St. dev = 352 

Mean = 5350 
St. dev = 507 

Mean = 5422 
St. dev = 565 

Mean = 5445 
St. dev = 595 

Mean = 5713 
St. dev = 609 

Mean = 5593 
St. dev = 584 

Mean = 5438 
St. dev = 425 

Mean = 5361 
St. dev = 381 

Mean = 5282 
St. dev = 298 

Mean = 5278 
St. dev = 648 

Mean = 5284 
St. dev = 787 

Mean = 5282 
St. dev = 807 

Mean = 5273 
St. dev = 787 

Mean = 5319 
St. dev = 844 

Mean = 5899 
St. dev = 712 

Mean = 5760 
St. dev = 821 

Mean = 5727 
St. dev = 786 

Mean = 5750 
St. dev = 794 

Mean = 5748 
St. dev = 721 
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H.9: 

Kolmogorov-Smirnov test 

H0: The reduction of the total energy consumption by getting rid of initial appliances follows 
the normal theoretical distribution. 

H1: The reduction of the total energy consumption by getting rid of initial appliances does not 
follow the normal theoretical distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the low efficiency houses group and on the 
lower table the results for the high efficiency houses group are shown. The significance values 
greater than 5% mean that the variable follows the normal theoretical distribution (H0 can’t 
be rejected). Just round 6 in the high efficiency houses group the significance value is greater 
than 5%, meaning that only in that round the distribution follows the normal theoretical 
distribution. 
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H.10: 

Wilkoxon Rank-Sum test 

H0: There is no difference between the two groups in terms of the reduction of the total energy 
consumption by getting rid of initial appliances. 

H1: There is a difference between the two groups in terms of the reduction of the total energy 
consumption by getting rid of initial appliances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From round 1 to round 5 the significance value of the test is greater 5%, resulting that H0 can’t 
rejected. Therefore, from round 1 to round 5 no significant differences between the two 
groups can be identified in terms of the reduction of the total energy consumption by getting 
rid of initial appliances. From round 6 to round 10 the significance value of the test is below 
5%, resulting that H0 is rejected. Therefore, from round 6 to round 10 significant differences 
between the two groups can be identified in terms of the reduction of the total energy 
consumption by getting rid of initial appliances. 
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H.11: 

Kolmogorov-Smirnov test 

H0: The reduction of the total energy consumption by improving efficiency of the initial 
appliances follows the normal theoretical distribution. 

H1: The reduction of the total energy consumption by improving efficiency of the initial 
appliances follows the normal theoretical distribution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the low efficiency houses group and on the 
lower table the results for the high efficiency houses group are shown. The significance values 
greater than 5% mean that the variable follows the normal theoretical distribution (H0 can’t 
be rejected). In all the rounds in both groups the significance value of the statistical test is 
below 5%, meaning that no normal distributions can be identified. 
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H.12: 

Wilkoxon Rank-Sum test 

H0: There is no difference between the two groups in terms of the reduction of the total energy 
consumption by improving efficiency of the initial appliances.  

H1: There is a difference between the two groups in terms of the reduction of the total energy 
consumption by improving efficiency of the initial appliances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rounds 5, 6, 7 and 10 show a significance value of the test greater 5%, resulting that H0 can’t 
rejected. Therefore, in rounds 5, 6, 7 and 10 no significant differences between the two groups 
can be identified in terms of the reduction of the total energy consumption by improving 
efficiency of the initial appliances. Rounds 1, 2, 3, 4, 8 and 9 show a significance value of the 
test below 5%, resulting that H0 is rejected. Therefore, in rounds 1, 2, 3, 4, 8 and 9 significant 
differences between the two groups can be identified in terms of the reduction of the total 
energy consumption by improving efficiency of the initial appliances. 
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H.13: 

Kolmogorov-Smirnov test 

H0: The increase of the total energy consumption by including new appliances follows the 
normal theoretical distribution. 

H1: The increase of the total energy consumption by including new appliances does not follow 
the normal theoretical distribution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the low efficiency houses group and on the 
lower table the results for the high efficiency houses group are shown. The significance values 
greater than 5% mean that the variable follows the normal theoretical distribution (H0 can’t 
be rejected). Just in rounds 6, 7 and 10 in the high efficiency houses group the significance 
value of the statistical test is greater 5%. Therefore, just in rounds 6, 7 and 10 in the high 
efficiency houses group we can identify normal distributions. 
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H.14: 

Wilkoxon Rank-Sum test 

H0: There is no difference between the two groups in terms of the increase of the total energy 
consumption by including new appliances.  

H1: There is a difference between the two groups in terms of the increase of the total energy 
consumption by including new appliances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Just round 1 shows a significance value of the test below 5%, resulting that H0 is rejected. 
Therefore, in round 1 significant differences between the two groups can be identified in 
terms of the increase of the total energy consumption by including new appliances. In all the 
other rounds the significance value of the test is greater 5%, resulting that H0 can’t rejected. 
Therefore, in all the other rounds no significant differences between the two groups can be 
identified in terms of the increase of the total energy consumption by including new 
appliances. 
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H.15: 

Kolmogorov-Smirnov test 

H0: The reduction of the total energy consumption by including energy management devices 
follows the normal theoretical distribution. 

H1: The reduction of the total energy consumption by including energy management devices 
does not follow the normal theoretical distribution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the low efficiency houses group and on the 
lower table the results for the high efficiency houses group are shown. The significance values 
greater than 5% mean that the variable follows the normal theoretical distribution (H0 can’t 
be rejected). In the low efficiency houses group just round 4 shows a significance value greater 
than 5%, meaning that only in round 4 we can identify a normal distribution in the low 
efficiency houses group. In the high efficiency houses group just rounds 5 and 6 show a 
significance value greater than 5%, meaning that only in round 5 and 6 we can identify a 
normal distribution in the high efficiency houses group. 
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H.16: 

Wilkoxon Rank-Sum test 

H0: There is no difference between the two groups in terms of the reduction of the total energy 
consumption by including energy management devices.  

H1: There is a difference between the two groups in terms of the reduction of the total energy 
consumption by including energy management devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All the rounds show a significance value of the test below 5%, resulting that H0 is rejected. 
Therefore, in all the rounds significant differences between the two groups can be identified 
in terms of the reduction of the total energy consumption by including energy management 
devices. 

 

 

 

 



Engineering and Policy Analysis Master Thesis: Residential energy rebound effect assessment by using serious games 

 

162 

H.17: 

Kolmogorov-Smirnov test 

H0: The reduction of the total energy consumption by including energy production devices 
follows the normal theoretical distribution. 

H1: The reduction of the total energy consumption by including energy production devices 
does not follow the normal theoretical distribution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the low efficiency houses group and on the 
lower table the results for the high efficiency houses group are shown. The significance values 
greater than 5% mean that the variable follows the normal theoretical distribution (H0 can’t 
be rejected). In the low efficiency houses group just round 7, 8, 9 and 10 show a significance 
value greater than 5%, meaning that only in those rounds we can identify a normal distribution 
in the low efficiency houses group. In the high efficiency houses group just rounds 6 and 8 
show a significance value greater than 5%, meaning that only in those rounds we can identify 
a normal distribution in the high efficiency houses group. 
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H.18: 

Wilkoxon Rank-Sum test 

H0: There is no difference between the two groups in terms of the reduction of the total energy 
consumption by including energy production devices.  

H1: There is a difference between the two groups in terms of the reduction of the total energy 
consumption by including energy production devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All the rounds show a significance value of the test greater 5%, resulting that H0 can’t rejected. 
Therefore, in all the rounds no significant differences between the two groups can be 
identified in terms of the reduction of the total energy consumption by including energy 
production devices. 
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H.19: 

Chi-square test: 

H0: There is no difference between the number of people who invested in energy management 
devices and the number of people who invested in energy production devices. 

H1: The number of people who invested in energy management devices is less than the 
number of people who invested in energy production devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The conditions for the chi-square test are not satisfied. There is 1 expected count less than 5. 
Therefore, the Fisher’s exact test must be analyzed instead. The significance value is equal to 
1.4% (2-tailed). As a result, H0 is rejected. The number of people who invested in energy 
management devices is, indeed, less than the number of people who invested in energy 
production devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Engineering and Policy Analysis Master Thesis: Residential energy rebound effect assessment by using serious games 

 

165 

H.20: 

Kolmogorov-Smirnov test 

H0: The variables follow the normal theoretical distribution. 

H1: The variables do not follow the normal theoretical distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the low efficiency houses group and on the 
lower table the results for the high efficiency houses group are shown. The significance values 
are 0% in all cases, meaning that the variables do not follow the normal theoretical 
distribution (H0 is rejected).  
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H.21: 

Wilkoxon Rank-Sum test 

H0: There is no difference between reducing costs and reducing energy consumption into the 
reasons to invest in energy management/production devices. 

H1: Reducing costs is more important than reducing energy consumption into the reasons to 
invest in energy management devices. 

 

 

 

 

 

 

 

 

 

 

 

 

The upper tables show the results of the statistical test for the energy management devices, 
while the lower tables show the results of the statistical test for the energy production 
devices. For energy management devices the significance value is 0.1% and for energy 
production devices the significance value is 1.8%. Therefore, H0 is rejected in both cases. 
Reducing costs is more important than reducing energy consumption as reasons for investing 
in energy management and energy production devices. 
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H.22: 

Kolmogorov-Smirnov test 

H0: The variables follow the normal theoretical distribution. 

H1: The variables do not follow the normal theoretical distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the upper table the tests results are shown for the low efficiency houses group and on the 
lower table the results for the high efficiency houses group are shown. The significance values 
are 0% in all cases, meaning that the variables do not follow the normal theoretical 
distribution (H0 is rejected).  
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H.23: 

Wilkoxon Rank-Sum test 

H0: There is no difference between the two groups in terms of each of the questions analyzed. 

H1: There is a difference between the two groups in terms of each of the questions analyzed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In all the cases the significance value is greater than 5%, therefore H0 can´t be rejected. There 
are no significant differences in each of the 5 analyzed questions between the two groups. 
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H.24: 

Chi-square test: 

H0: v. 

H1: There is a difference between the two groups in terms of the number of people who 
remembered their initial energy efficiency and the people who did not. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The conditions for the chi-square test are satisfied. There is no expected count less than 5. 
The significance value of the chi-square tests is equal to 57.1% (2-tailed). As a result, H0 can’t 
be rejected. There is no difference between the two groups in terms of the number of people 
who remembered their initial energy efficiency and the people who did not. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Engineering and Policy Analysis Master Thesis: Residential energy rebound effect assessment by using serious games 

 

170 

H.25: 

Wilkoxon Rank-Sum test 

H0: There is no difference in the total energy consumption between the people who 
remembered their initial energy efficiency and the people who did not. 

H1: There is a difference in the total energy consumption between the people who 
remembered their initial energy efficiency and the people who did not. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The significance value in all the rounds is greater than 5%. Therefore, H0 can’t be rejected. The 
total energy consumption is not influenced by the fact of remembering the initial energy 
efficiency or not. 
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Wilkoxon Rank-Sum test 

H0: There is no difference in the total energy production between the people who 
remembered their initial energy efficiency and the people who did not. 

H1: There is a difference in the total energy production between the people who remembered 
their initial energy efficiency and the people who did not. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The significance value in all the rounds is greater than 5%. Therefore, H0 can’t be rejected. The 
total energy production is not influenced by the fact of remembering the initial energy 
efficiency or not. 
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Wilkoxon Rank-Sum test 

H0: There is no difference in the comfort level between the people who remembered their 
initial energy efficiency and the people who did not. 

H1: There is a difference in the comfort level between the people who remembered their initial 
energy efficiency and the people who did not. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The significance value in all the rounds is greater than 5%. Therefore, H0 can’t be rejected. The 
comfort level is not influenced by the fact of remembering the initial energy efficiency or not. 
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