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1 Motivation 

 Energy efficiency gap gives rise to market failure and demands for government 

acitivities 

 Energy efficiency investment decisions in economic literature: 

- Evaluation of programs via emission reductions & number of participants (Diefenbach et al. 

2011) 

- Explanatory factors for individual investment decisions (Achtnicht & Madlener 2014, 

Alberini et al. 2013) 

 Two aspects not considered in the literature thus far: 

1) Public good dimension and spillover effects: strategic aspects of individual behaviour 

2) How to generate real-world experiences and feedbacks when measuring individual 

preferences? 

 Objective of this project: Combining theoretical accuracy of experimental 

economics and immersive settings of gamification 
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Individual perspective  

 Investment in energy efficiency = voluntary contribution to a public good (reduction 

of GHG) 

 Impure public good: private cost savings.  

 private return of investment > external return (positive spillover) 

 Non-linear technology: 

“All parties have different sizes, different interests, and different abatement cost 
structures. This leads to payoff structures which are … almost certainly non-linear. 
The key aspects … are that the agents differ in at least two dimensions (size and cost 
structure) … and that the problem is non-linear in the sense that the optimal allocation 
of resources almost certainly lies in the interior of the choice set.” 
 
       (Chan et al. 1999, p. 5). 

 

2  Model 
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 Story (framing):  

- Each player adopts the role of a city mayor 

- Regional vicinity (incl. other cities and mayors).  

- Given budget can be used for investments s in infrastructure (energy efficiency) 

- Investments improve local life quality 

- Payoff: influx of new residents (quasi-dynamic game) 

 

 Subjects: N = {1…n}, running index i,k,….ϵ N; Period t ϵ T 

 At the end of each period t subjects realize payoff uit 

 

 
𝑢𝑖𝑡 = 𝑒𝑖𝑡 − 1 − 𝑧𝑖𝑡 𝑠𝑖𝑡 ∙ 𝛼𝑠𝑖𝑡 + 𝜍  𝑠𝑗

𝑗𝜖𝑁−𝑖

 

 𝑒𝑖𝑡 ≥ 𝑠𝑖𝑡 ≥ 0;   𝑧𝑖𝑡∈ 0,1  

𝛼:𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛 𝑜𝑓 𝑜𝑤𝑛 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡;  
𝜍:𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛 𝑜𝑓 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 

 𝑛 = 3;  𝑇 = 10;  𝛼 = 1.15 > 𝜍 = 0.7 

 

 

2  Model 
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 𝑠𝑗𝑗𝜖𝑁−𝑖
     

 

positive externalities:   

 

• individual payoff for each s 

increases with investments 

of other mayors 

• Optimal investment changes  

with investments of others 

• Nash equilibrium: 

Maximization of payoff for 

given contributions of others. 
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2  Model and Hypothesis 

𝑁𝑎𝑠ℎ𝑠𝑖 
Investment 𝑠𝑖𝑡 

Payoff 𝑢𝑖𝑡 
 

𝑊𝑒𝑙𝑓𝑎𝑟𝑒𝑠𝑖 

𝑵𝒂𝒔𝒉𝒊 ∶
𝝏𝒖𝒊𝒕
𝝏𝒔𝒊𝒕
= 𝟎 

 𝑾𝒆𝒍𝒇𝒂𝒓𝒆𝒊:   
𝝏 𝒖𝒊𝒕
𝒏
𝒊=𝟏

𝝏𝒔𝒊𝒕
= 𝟎 

energy efficiency gap  

Implications: 

 

1) Investments > 0 are 

individually rational 

 

2) Free riding because of 

positive externalities 

 

3) Subsidies z are able to fill 

efficiency gap: welfare 

solution becomes Nash 

equilibrium 

𝑠𝑖𝑡 = 𝑒𝑖 
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 Budget e [€] and optimal subvention z [% of s]  

 

 

 

 

 

 

 

 Skewness as measure of asymmetry of initial distribution reflects „social distance“  

better than traditional distribution measures  

- Paetzel and Traub (2017): elite players behave more selfish and contribute less to a public 

good; right- skewness of disttribution decreases efficiency  

 Optimal Pigouvian subsidies incentivize social optima: internalization of positive 

externalities  

 

2  Model and Hypothesis 

e1 e2 e3 sum 

equal 48 48 48 144 

symmetric 36 48 60 144 

skewed 36 36 72 144 

z1 z2 z3 

0 0 0 

38 38 38 

48 38 30 

48 48 23 
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2X3 Treatment structure 

 

 

 

 

 

 

Research questions: 

 Do subsidies increase efficiency? 

 Does skewness of initial endowments affect efficiency and cooperation in a 

repeated game? 

 

2  Model and Hypothesis 

Budget 

Subvention equal symmetric skewed 

no TE0 TSy0 TSk0 

equal TES - - 

symmetric - TSyS - 

skewed - - TSkS 
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3  Gamification 

 Introducing game elements: boostering involvement, engagement and intrinsic 

motivation (Kapp 2012) 

 Gamification: using elements of games without giving rise to entire games like in 

serious games.  

 To create a gameful design a combination of  

- instant feedback,  

- manageable missions,  

- balanced action (avoiding both boredom and excessive demands)  

- diverse and compelling characters  

 breakdown of a task into manageable missions is a far-reaching didactic challenge 

for the game designer: 

- Missions must reflect both the objectives and the attention span of the player/user.  

- Missions influence the players attitudes and values.  

- Trade-off: Missions are prone to moral exploitation and interest-led manipulation, but they 

are also a core element to deal with complexity.  
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3  Gamification 

We developed an App which…. 

 

 emphasizes on game principles to generate an immersive setting  

 translates abstract decisions into a visible outcome related to the idea of good life. 

 utilizes the design of simulation games while recording user data.  

 

Implementing our own game analytics routines we are able to track the decisions of 

the users for empirical research on user behavior: 

 Three player adopts the role of a city majors  

 Playing the app they are guided through three stages.  

1. Lobby: Players have to choose a city arm (energy related symbols).  

2. Main part: Player have to invest in her city, while two other majors do the same. 

Players have to develop expectations about investments of other players. During 

ten rounds of the district of each player is changed with respect to the influx of 

new citizens . With the underlying asset database the city will grow and show 

moments of life. (quasi-dynamic approach) 

3. Questionnaire 

 

 Incentive mechanism: result of one round is chosen for being paid out in cash  
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 
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3  Gamification 

 

Fotos\Admin_01_Start.png 

Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png


Roland Menges, 

31 

Gamiification und Konsumentenverhalten: Energieeffizienzinvesitionen 

IEWT 2019, 13.02.2ß19 

3  Gamification 

 

Fotos\Admin_01_Start.png 

Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png


Roland Menges, 

32 

Gamiification und Konsumentenverhalten: Energieeffizienzinvesitionen 

IEWT 2019, 13.02.2ß19 

3  Gamification 

 

Fotos\Admin_01_Start.png 

Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png


Roland Menges, 

33 

Gamiification und Konsumentenverhalten: Energieeffizienzinvesitionen 

IEWT 2019, 13.02.2ß19 

3  Gamification 

 

Fotos\Admin_01_Start.png 

Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png


Roland Menges, 

34 

Gamiification und Konsumentenverhalten: Energieeffizienzinvesitionen 

IEWT 2019, 13.02.2ß19 

3  Gamification 

 

Fotos\Admin_01_Start.png 

Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png


Roland Menges, 

35 

Gamiification und Konsumentenverhalten: Energieeffizienzinvesitionen 

IEWT 2019, 13.02.2ß19 

3  Gamification 

 

Fotos\Admin_01_Start.png 

Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png


Roland Menges, 

36 

Gamiification und Konsumentenverhalten: Energieeffizienzinvesitionen 

IEWT 2019, 13.02.2ß19 

3  Gamification 

 

Fotos\Admin_01_Start.png 

Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png
Fotos/Admin_01_Start.png


Roland Menges, 

37 

Gamiification und Konsumentenverhalten: Energieeffizienzinvesitionen 

IEWT 2019, 13.02.2ß19 

4 Results and Outlook 

 First technical test of the Pilot: 23-05-2018 (Helmut-Schmidt-University Hamburg) 

 Feedbacks/Comments: 

- „good design“ 

- „more interesting than conventional experiments“ 

- „increasing identification wiith role/character“  

 Treatments TE0 and TES 

 No formal test of hypotheses , but observations show: 

-  decreasing contributions in repeated games 

-  subventions increase contributions and efficiency (but systematically below 

Nash-levels – crowding out?) 
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4 Results 

 Pilot: Treatments TE0 and TES 

 Energy efficiency gap demands for government acitivities 
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3  Gamification 
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3  Gamification 
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4 Results and Conclusions 

Next steps:  

 Full pilot (all treatments) at HSU in May 2019 

 Application in the lab: University of Hamburg and Clausthal (N=288) 

 dissemination of the app in Gamer-community (for research purposes, but to solve 

problems of data protection) 

 


