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Abstract  
University students’ behavior toward the environment is determined by strategic interaction. To 
analyze this interaction, a game was simulated through the application of GT (Game Theory). The 
simulation counted on the participation of undergraduate and postgraduate students. 

This game consisted of four phases with three movements each.  The phases were: 

1. Without communication, 
2. Communication with signals or gestures, 

3. Agreement on a move and 

4. Free communication.  

At the end of the second phase, a video was presented to sensitize participants about environmental 
pollution. The data obtained was processed through SPSS software which showed the students’ 
interaction in each phase. Finally, the results indicate that environmental protection should be 
promoted more in undergraduate courses due to the fact that these students are more sensitive to the 
issue than postgraduate students. 
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1 INTRODUCTION 
In 1987 at the WCED (World Commission on Environment and Development) the report “Our 
Common Future” was presented.  This report cites the definition of sustainable development: 
"development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs” [1]. This definition coincides with what Acosta & Falconí stated, 
in which ethical responsibility to present and future generations and to all other species is a 
fundamental principle to foreshadow human development. The economy depends on nature, and they 
both, in turn, are part of the ecosystem, which is life support, resource provider and waste sink [2].  

EDS (Education for Sustainable Development) allows each human being to acquire the attitudes, 
values, skills and knowledge needed to build up a sustainable future [3]. At present, training of 
professionals with a high spirit of conscience regarding the vital support of society is indispensable. To 
address this issue requires innovative actions that future professionals should develop during their 
academic training [4]. The problem of sustainability is characterized by a high degree of complexity, 
which involves the interrelation with the economic, social and environmental dimensions, which is 
transferred to future generations.  From this concept, the individual, in economic terms, has as the 
main objective, to maximize its utility; in social terms, collaboration with other individuals of the society 
and, in environmental terms, to save the planet. For this reason, it is significant to maintain an 
economy, society and environment in harmony, which is still an unresolved problem. 

The theory in charge of studying the strategic behavioural decision process is GT (Game Theory), 
which through models, tries to explain the behavior of the individual and identifies a series of 
movements, called strategies. These are chosen by the participants based on their rules, beliefs and 
objectives [5]. The players involved in the strategic interactions generate profits, i.e., utility will depend 
not only on the actions of the player but on the actions of the other players [6]. EUT (Expected Utility 
Theory) states that, after comparing utility levels in the different alternatives, the players will be able to 
select the most appropriate [7]. This doesn´t mean that the player has maximized its usefulness, since 
it is also conditioned by the decisions made by the other players. In a game expected utility for each 
player is determined in the payment matrix and will exist an NE (Nash Equilibrium) if only no player 
would wish to deviate unilaterally [5].    
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The present research describes the strategic interaction of university students and their participation 
on the environment. The investigation begins with the simulation, which takes into consideration the 
EDS and tries to establish in terms of GT the behavior of the players in the 4 phases of a game. At the 
end of the second phase, a video is presented to make the university aware that individual and/or 
collective profits influence the environment. First, the methodology to be used is established.  Then, 
the results, and finally the conclusions, were analyzed. 

2 METHOD 

2.1 Sample 
The sample consisted of 35 managers and 105 undergraduate and postgraduate students of Business 
Administration of the university EPN (male = 47; female = 58) between 18 and 36 years of age. The 
simulation was developed in 6 different groups {α, β, δ, η, γ, θ}, each group was composed of three 
students and one manager. 

2.2 Instruments 

2.2.1 Description of the game 

To perform the study, we simulated a game in which three players participated, each had a letter B 
(Black) and W (White). The players, upon hearing the whistle, made a move, handing a card face 
down to the person in charge who then entered the results into the computer.  The results obtained 
are shown in Table 1, based on the following functions: 

Utility function: 

The variable X is considered as the utility function of the amount that is distributed among those 
players who obtain card (B), described in Fig. 1 

 
Fig.1. Utility Function  

Pollution function: 

The pollution function is associated with co-responsibility for each player and is represented with card 
B, in Fig. 2 the pollution function is expressed. 

 
Fig. 2. Pollution function 

Table 1.  Outcomes related to utilities and contamination 

 Outcomes   Numbers of Black   Utility    Contamination  

P1 P2 P3  (X)  U1 U2 U3  C1 C2 C3 
B B B  3  4 4 4  19 19 19 
B B W  2  6 6 0  16 16 12 
B W B  2  6 0 6  16 12 16 
B W W  1  12 0 0  14 8 8 
W B B  2  0 6 6  12 16 16 
W B W  1  0 12 0  8 14 8 
W W B  1  0 0 12  8 8 14 
W W W  0  0 0 0  4 4 4 
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2.2.2 Game rules 

This game consisted of four phases with three movements each, the phases were:  

1 No communication, 

2 Communication with signs or gestures; at the end of the second phase, a video was presented 
to sensitize participants about environmental pollution. 

3 Agree on a single move and  

4 Total communication.  

2.2.3 Algebraic description of the game 
The game can be described algebraically as follows: 

Players:  P = {(P1, P2, P3)} 

Strategies: S1 = {(B1, W1)} 

       S2 = {(B2, W2)} 

       S3 = {(B3, W3)} 

          Outcomes: S1 * S2 * S3 = {(B1, B2, B3); (B1, B2, W3); (B1, W2, B3); (B1, W2, W3);  

      (W1, B2, B3); (W1, B2, W3); (W1, W2, B3); (W1, W2, W3)} 

          Payoffs to players:  Γp = {(4,4,4); (6,6,0); (6,0,6); (12,0,0); (0,6,6); (0,12,0); (0,0,12); (0,0,0)} 

          Payoffs to environment:  Γe = {(19,19,19); (16,16,12); (16,12,16); (14,8,8); (12,16,16);  
                           (8,14,8); (8,8,14); (4,4,4)}  

2.2.4 Description in strategic form 

This game can be described strategically (game matrix), which is usually the description of the 
simultaneous games. We must describe all possible outcomes depending on the player's decisions. In 
Fig. 3, we can appreciate the optimal strategy for player one in relation to the plays made by players 
two and three. 

PLAYER	  3	  -‐	  B PLAYER	  3	  -‐	  W

PLAYER	  2 PLAYER	  2

PL
AY

ER
	  1 B W

PL
AY

ER
	  1 B W

4	  	  , 	  	  4	  	  , 4 6	  	  , 0 6 6	  	  , 	  	  6	  	  , 0 12	  	  , 	  	  0	  	  , 0

0	  	  , 	  	  6	  	  , 6 0	  	  , 	  	  0	  	  , 12 0	  	  , 	  	  12	  	  , 0 0	  , 	  	  0	  	  , 0

CONTAMINATION	  LEVEL CONTAMINATION	  LEVEL

B

19	  ,	  19	  ,	  19 16	  ,	  12	  ,	  16 16	  ,	  16	  ,	  12 14	  ,	  8	  ,	  8
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AY

ER
	  1
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AY

ER
	  1

B

W W

12	  ,	  16	  ,	  16	   8	  ,	  8	  ,	  14 8	  ,	  14	  ,	  8 4	  ,	  4	  ,	  4

 
Fig. 3. Optimal strategy per player one in relation to plays made by player two and three 

In Fig. 4 we can observe the optimal strategy per Player 2 in relation to plays made by Player 1 and 
Player 3. 
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Fig. 4. Optimal strategy per player two in relation to plays made by player one and three 

In Fig. 5 we can examine the optimal strategy per Player 3, in relation to plays made by Players 1 and 
2. 

PLAYER	  3	  -‐	  B PLAYER	  3	  -‐	  W

PLAYER	  2 PLAYER	  2

PL
AY

ER
	  1 B W

PL
AY

ER
	  1 B W

4	  	  , 	  	  4	  	  , 4 6	  	  , 0 6 6	  	  , 	  	  6	  	  , 0 12	  	  , 	  	  0	  	  , 0

0	  	  , 	  	  6	  	  , 6 0	  	  , 	  	  0	  	  , 12 0	  	  , 	  	  12	  	  , 0 0	  , 	  	  0	  	  , 0

CONTAMINATION	  LEVEL CONTAMINATION	  LEVEL

B

19	  ,	  19	  ,	  19 16	  ,	  12	  ,	  16 16	  ,	  16	  ,	  12 14	  ,	  8	  ,	  8

PL
AY

ER
	  1

PL
AY

ER
	  1

B

W W

12	  ,	  16	  ,	  16	   8	  ,	  8	  ,	  14 8	  ,	  14	  ,	  8 4	  ,	  4	  ,	  4

 
Fig. 5. Optimal strategy per player three in relation to plays made by player one and two 

2.2.5 Game solution 
To determine the solution of the game, we must consider the economic point of view. On the left side 
of Fig. 6 the NE (Nash equilibrium) and the SDE (Socially Desirable Equilibrium) on the right side are 
presented, with the following results. NE: {(B1, B2, B3)}, SDE is: {(W1, W2, W3)}. 
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CONTAMINATION	  LEVEL

B

16	  ,	  16	  ,	  12 14	  ,	  8	  ,	  8

W

8	  ,	  14	  ,	  8 4	  ,	  4	  ,	  4

 
Fig 6. Economic and social equilibria 

In the following subsection it is presented the procedure of the game 
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2.3 Procedure 
The dynamics of the game consisted on that in each classroom the students were randomly selected 
and played a round, each round was composed of three players and one responsible, who was the 
one who paid the sweets and ensured that the rules of the game described in subsection 2.2.2 are 
respected. 

3 RESULTS 

3.1 Utility ratio of undergraduate students 
To process the data we used SPSS software [8]. The evolution of the game related to utility ratio in 
each phase is observed in Fig. 7, it is clearly seen that U0 increases after having presented a video to 
sensitize participants about environmental pollution, while U4 decreases sharply. 

The utility ratio of undergraduate students is associated with each movement, the minimum utility 
proportion is 0,000, while the maximum utility proportion was 0,833. The U4 is one that registers utility 
proportion 0.000 in all the movements except in Mov5, Mov6 and Mov7; The U12 is the one that 
presents a proportion of 0.000 in the Mov6. 

 
Fig 7. Utility ratio in each phase (undergraduate) 

3.2 Utility ratio of postgraduate students 
Fig.8 shows utility ratio of postgraduate students associated with each movement, the minimum utility 
proportion is 0,000 while the maximum proportion registered was 0,667. The U0 recorded a maximum 
proportion of 0.677; unlike the others that do not over pass the value of 0.500. However, it should be 
mentioned that the U12 does not exceed the maximum value of 0.167. 

 
Fig. 8. Utility ratio in each phase (postgraduate) 
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3.3 Contamination ratio of undergraduate students 
The contamination ratio of undergraduate students registers a minimum value of 0.000 and maximum 
of 0.250 for C12 and C14; While C8 and C16 have a minimum value of 0.000 and maximum of 0.500. 
(Fig.9). 

 
Fig.9. Contamination ratio in each phase (undergraduate) 

3.4 Contamination ratio of postgraduate students 
It is evident that, the C14 proportions shows a minimum oscillation between 0,000 and 0,167 
compared to the other proportions. 

 
Fig 10. Contamination ratio in each phase (postgraduate) 

In the last movement of the phase in which they have total communication, it can be seen that 
postgraduate students register a level of increasing pollution in the proportions C12 and C16 and a 
constant behavior in the proportions C4, C6 and C14 in the last 3 movements. 

3.5 Comparative analysis of undergraduate and postgraduate averages 
Due to pollution is closely related to players' profits, it is necessary to perform a comparative analysis 
of the average pollution of both groups, as shown in Fig.11. And Fig.12 
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Fig.11. Average contamination of undergraduate students 

 
Fig.12. Average contamination of postgraduate students 

In Phase 1 an inverse relationship is shown for students' overall averages; in Phase 2 postgraduate 
students change their behavior abruptly; Passing even the average undergraduate students; After the 
presentation of the video both groups present a behavior of sensitivity, being the undergraduate 
students the most hyperesthetic, it is noteworthy that in phase 3 both behaviors are ambiguous, 
according to Fonagy Peter is because the individual cannot internalize a suitable representation of the 
environment in a case of uncertainty [9]. In the last phase, a slightly decreasing behavior in both 
groups is remarkable. 

4 CONCLUSIONS 
Definitely, the rules of the game limit the strategic options in which the economic, social and 
environmental aspects are involved.  From the economic point of view the maximum proportions 
profits registered of the students of undergraduate were of 0,833 while those of postgraduate were of 
0,667, which shows that undergraduate students are less proficient. From the social and 
environmental perspective, both groups of students express a maximum contamination rate of 0.500, 
however, the frequency of the maximum proportion number is 11 and 8 in undergraduate and 
postgraduate respectively. Due to this we proceeded to carry out the analysis of the average of 
contamination among the students, where it was possible to appreciate that after the presentation of 
the video, undergraduate students are more hyperesthetic with respect to the postgraduate students. 
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In conclusion, the promotion of environmental protection should be promoted more in the 
undergraduate courses, so it is suggested to apply qualitative methods, with the objective of obtaining 
detailed information and orienting the individual to an EDS (Education for Sustainable Development). 
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