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Abstract
The dairy value chain in Tunisia has been facing recurrent problems mostly related to coordination, 
contracting, pricing and quality imperfections. The policy focus on technology generation and dissem-
ination, without considering the underlying problems related to market imperfections and institutional 
and socio-economic processes, has contributed to low technology adoption and limited development in 
the dairy value chain. This paper uses a gaming simulation approach to allow breeders to experiment 
and consider strategies of cooperation which lead to increased returns and improved quality of milk. 
The game allows understanding the role of trust and cooperation in improving the performance of the 
dairy value chain. The experiment was done in two regions and in four sessions each. Results show that 
benefits to breeders are derived from the price of milk which is determined by the number of cooperation 
in the repeated games strategies. The resulting Nash equilibrium is one where farmers cooperate without 
cheating. This solution avoids farmers the risk of rejection of milk and results in price increase as a result 
of the collective cooperative action. 

Keywords: Game simulation, Dairy value chain, Cooperation, Tunisia.

1. Introduction

Imperfections in the dairy value chain in Tu-
nisia include pricing mechanism, quality meas-
urement and related information asymmetries, 
and overall market failure as a result of defi-
ciency in coordination and organization. The 
lack of organization, coupled with the large 
number of stakeholders (small breeders, milk 
collection centers, large private producers, ser-
vice providers, intermediaries, etc...), has led to 
malfunctioning of the value chain. The coordi-
nation problem is strongly linked to the absence 
of organization among the different agents in the 
value chain (Msaddak et al., 2017). The narrow 

policy focus on biophysical technology genera-
tion and dissemination, without considering the 
underlying problems related to institutional and 
socio-economic processes contributes also to 
low technology adoption and limits broader de-
velopment in the dairy value chain. 

Tunisia has employed several strategies aim-
ing the development of the dairy sector. These 
strategies enabled Tunisia to achieve self-suffi-
ciency in milk in 1999. However, in the succes-
sive strategies recurring problems (and related 
actions) remain unresolved. If inappropriate pol-
icies are implemented, it can influence the per-
formance of the value chain (Sanz et al., 2015). 
Among these problems the organization of mar-
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ket participants and the development of a pricing 
system according to the quality and type of the 
product remain difficult to achieve. Contracting 
between the different actors (production and sale 
of milk and other animal products) stands as a 
major constraint in the dairy value chain man-
agement (Zaibet et al., 2005). In their analysis of 
the tomato value chain, Benmehaia et al. (2018) 
found that public policy have a role in the per-
formances levels of the used vertical coordina-
tion mechanism by providing more incentive 
instruments. The lack of contracting and integra-
tion (“horizontal” and “vertical”) explains the 
failure to account properly for how value-chain 
analysis are mediated by factors relating to so-
cial relations, in addition to local history and 
environment (Jarosz, 2008). The informal sys-
tem remains a true system of economic and so-
cial organization insofar as it manages to ensure 
joint coordination beyond the one-off market, by 
resorting to reciprocal agreements based on trust 
and oral contractual relations (Djermoun et al., 
2014).

The most important socio-economic variables 
that affect the organization, coordination and 
overall performance of the dairy sector are trust 
and cooperation (Fink et al., 2010). According 
to Ramirez (2013), participation in producers’ 
associations has a significant impact on agricul-
ture technology adoption and therefore plays an 
important role in knowledge transfer. Pali et al. 
(2013) examined the influence of networking 
on knowledge transfer and technology adop-
tion, suggesting that producers’ knowledge lev-
el depends on the degree of networking in the 
community and is critical to promote adoption 
programs.

According to Krishnan and Winter (2013) sup-
ply chain management rests on the economics 
of contracts and game theory; imperfections in 
the economic conditions would be better dealt 
with by building contracts that optimally resolve 
the incentive distortions. The case in Tunisia is a 
situation where the contract system in the dairy 
value chain has been very slow. Cooperation 
through cooperatives and other farmers’ asso-
ciations are instead sought to organize farmers 
to build market power, bargaining and to face 
other imperfections. This paper uses a gaming 

simulation approach to allow breeders to ex-
periment cooperative solutions. Farmers would 
choose between “opportunistic” strategies and 
strategies of cooperation which lead to improved 
quality and price of milk and therefore increased 
returns to all participants. The experiment was 
done in two regions and in five sessions each. 
We designed this game based on the specificity 
of the research area. The paper is organized as 
follows: after this introduction (Section 1), we 
provide a short description of the dairy sector in 
Tunisia, followed by literature review (Section 
2), methodology (Section 3). Results and discus-
sion are presented in Section 4 and Section 5, 
followed by the main conclusions (Section 6).

2. The Dairy value chain in Tunisia and  
gaming simulation

The livestock sector has an important role in 
the country’s economy and in food security for 
strategic products such as milk and meat. It is 
also important because livestock is held by small 
farms and as such it plays a major role in income 
and poverty reduction in rural areas. On the eco-
nomic side, the dairy sector contributes 11% of 
the total value of agricultural production, 24% 
of animal production and 7% of the value of the 
agri-food industry (GIVLait, 2014).

Most of the farms are small and practice ex-
tensive livestock farming. As a result, the growth 
of milk production has not followed that of pro-
cessing capacity in the industry, which is the 
main reason for its disconnection from the local 
production sphere. The perishability of milk is 
a major difficulty, as it requires strict hygienic 
conditions for its preservation and transport in 
order to avoid bacterial contamination prejudi-
cial to the health of consumers.

The dairy industry faces various constraints 
which hinder its development. These constraints 
are summarized as follows:

•	 Climatic Conditions
Tunisia is characterized by a great variabili-

ty and climatic seasonality (temperature and 
rainfall). These extreme weather conditions are 
sources of risk to agriculture and livestock pro-
duction. Indeed, periods of drought and flood 
often lead to loss of production and disruption 
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of livestock activity due to lack of fodder and 
increased price of feed. Climate change will in-
crease pressure on pastoralists and farmers in 
general.

•	 Production 
The sector is characterized by land fragmen-

tation and dispersal of livestock; the majority of 
farmers has small farm size. Farmers also have 
limited financial resources, which do not allow 
improving their technical level and developing 
their business. Another feature is the lack of 
professional organization of the small farmers. 
Breeders participation to cooperatives such as 
the Mutual Agricultural Services (SMSA) and 
Agricultural Development Associations (GDA) 
is still low (8%). The decline of natural pastures 
and the insufficient development of fodder crops 
have led to a shortage of fodder and increased 
use of concentrate feeds, made from imported 
raw materials which prices are constantly ris-
ing, therefore reducing the profitability of farms. 
The livestock production is also characterized 
by seasonality of milk production. All actors 
in the value chain are affected by the shortage 
of milk during the periods of low lactation, and 
by the losses during high lactation periods. The 
problem of poor quality is also recognized by all 
actors in the chain and explained by the negative 
impact of feed costs and feed rations.

2.1. Game theory and gaming simulations: a 
review of literature 

Economics has been regarded as a non-ex-
perimental science. In just a few decades, the 
landscape of economic research has radically 
changed. In recent years there has been grow-
ing interest by economists to measure actors’ 
behavior, using experimental games. The use 
of experiments to study human behavior has a 
long history (Cardenas, 2016). Experimental 
economics involves experimenting with individ-
ual and/or collective actions and analyzing the 
results statistically (Petit, 2013). It is a science in 
development, rewarded in 2002 by two winners 
of the “Nobel Prize” economics, Vernon Smith 
and Daniel Kahneman, for the application of the 
experimental methods to economic science thus 
far used in psychology.

In addition to game theory, economic theory 
has other main branches like decision theory, 
general equilibrium theory, the theory of mech-
anism design… All are closely linked to gaming 
simulation, which is defined as ««“a method-
ology for relating the micro-level (agent-level) 
behavior to the macro-level (system-level) be-
havior» (Meijer, 2009). In short, game theory 
can include game theoretic models of agents’ 
behavior and interactions, and considers rules, 
roles, goals and constraints (Duke and Geurts, 
2004). The game combines a repeatable experi-
ence with the ability to observe actors, transac-
tions and the performance of a value chain. Re-
peatable experience allows comparing networks 
composed of different people having the same 
rules, roles, objectives and constraints. In real 
situations, farmers and processors are investing 
in specific relationships to ensure their supply 
and disposal of their products, especially when 
players in the value chain do not offer neither 
price guarantees, nor the agreed quantity and the 
quality of the products. Such specific relation-
ships give rise to reputation which is acquired 
through behavior over time with frequent trans-
actions (Williamson, 1993; Dasgupta, 2000). In 
the gaming literature we find many examples. In 
the experiment of Sterman (1989), subjects man-
age a gaming simulation of industrial production 
and distribution system called “beer distribution 
game” to minimize total costs. Barreteau et al. 
(2007) study simulation and gaming in Natural 
Resource Management Issues. Balzer and Bren-
del (2001) compare discrete social simulation 
with other methodologies used in the study of 
social phenomena.

The relationship between game theory and 
gaming simulations goes in both directions. 
Game theory provides an extremely useful 
background for the structuring, the building and 
analysis of games. Yet at the same time gaming 
provides important evidence for the construction 
of new solution concepts for games and for the 
isolation of sociological, psychological and oth-
er variables which are not taken into account in 
game theory such as trust between actors in the 
value chain. Cooperation in repeated games is 
primarily motivated by long-term payoff max-
imization and that even though some subjects 
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may have other goals (Dreber et al., 2014). Em-
pirically, cooperation rates are systematically 
associated with Prisoner game theory’ payoff 
structures (Glöckner and Hilbig, 2012). Kreps et 
al. (1981) show using the finite repetition of the 
prisoners’ dilemma that incomplete information 
about one or both player’s opinions, motivation 
or behavior can explain the observed coopera-
tion. (Guyer and Perkel, 1972) studied the n-pe-
riod game. 

Game theory has been widely used in re-
source management and cooperation. Skardi et 
al. (2013) provide a wide overview of applica-
tions of game theory in conflict resolution. Jol-
ly and Wakeland (2008) used a game theoretic 
framework to examine the interactions between 
individuals in an organization with different 
preferences, regarding knowledge sharing. 
Schreider et al. (2009) describes the application 
of game-theoretic approach with specific em-
phasis on developing optimal strategies of phos-
phorus applications for soil fertilization. Yaron 
and Ratner (1990) present an analysis of the 
economic potential of regional cooperation in 
water resources using cooperative game theory 
algorithms and shadow cost pricing. Most of the 
literature on game theory studied the n-period 
game and sub-games. However, the data gener-
ally indicate that cooperation rates drop short-
ly after the start of play, and after some delay 
where cooperation is not prevalent, the players 
move toward more cooperative choices (Rapo-
port, 1973). The importance of repetitions comes 
from the participants «equilibrium between 
short-term benefit and log-term benefit. When 
the game is conducted only once, each partici-
pant only concerns about one-time benefit. But 
if the game is repeated several times, people may 
be involved in the long term benefit at the ex-
pense of immediate benefit to choose a different 
equilibrium strategy (Brede, 2013).

This paper uses a gaming simulation approach 
to allow breeders to experiment cooperation, 
considering not only ‘opportunistic’ strategies 
but strategies of cooperation which lead to in-
creased returns and improved quality of milk. 
Cooperation is primarily based on the ability 
of actors in the value chain to identify opportu-

nities to interact with each other, assess issues, 
access social resources, and learn and share in-
formation (Rajalahti et al., 2008). The level of 
trust between partners determines cooperative 
behavior. In fact, the risks associated with coop-
eration, could be reduced when trust is high (Lui 
and Ngo, 2004). 

3. Study area, experimental design, and 
data collection

The experiment was done in two regions in 
the governorate of Bizerte in the north of Tuni-
sia (Figure 1). The choice of the zone of study 
can be explained by the performance of the dairy 
value chain in this region which remains limited 
despite the abundance of natural resources and 
the large number of dairy breeders. Although 
the Bizerte region, which is part of the northern 
zone, Tunisia’s main agricultural region with 
25% of the country’s land area, is the most fer-
tile land and where rainfall is generally adequate 
with a tradition of foraging crops in Tunisia ir-
rigated and natural watering, but we note that 
the average annual production is of the order of 
2574 liters / animal / lactation against an aver-
age of 8000 liters in some European countries 
(case of France, Holland). A situation which re-
veals that the weakest link in the sector lies in 
its upstream part and that the profitability of the 
investment is often questioned.

The solution for some is to restock livestock 
(composed in 2017 of 52% pure breed and 33% 
cross breed & 15% local breed respectively with 
an average annual production per VL of 4163 
& 1041 & 373 liters), improving production 
performance and developing new feeding tech-
niques.

If we compare the organizations set up at the 
level of primary production, we can see that the 
performing countries in this area rely mainly on 
cooperative organizations and/or herders’ group, 
something that Bizerte lacks. In Tunisia, the large 
number of actors involved in the sale of milk 
produced on the farm (collection centers, large 
private or state producers, service cooperatives, 
collectors, etc.) has led to a malfunctioning of 
and jeopardized the quality of the milk. As this 
situation provoked the intervention of the State, 
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which subordinated the milk collection premium 
to a set of specifications and subjected the col-
lectors to a health certification, so as to guaran-

tee the quality of the milk collected, the results 
remained below assigned objectives. Studies and 
politics suggest solving this problem.

Figure 1 - Study area 
(Bizerte, Tunisia). 

Along the dairy value chain, we examine co-
operation between farmers (the dilemma to co-
operate or to sell their milk individually) and 
trust facing the dilemma (to cheat or not to 
cheat in the quality of milk). We study the de-
cision making process to examine the behavior 
of the players and use the output of the game, 
a pre-questionnaire, and the debriefing of the 
game to understand the role of trust and coop-
eration in improving the performance of the 
dairy value chain. With the help of the game, 
participants can create a governance system that 
fits their needs. Usually, they start trading in in-
dividual transactions, and the game simulates 
a normal market. Once some farmers start co-
operating horizontally this creates other market 
structures: for instance, by merging their firms 
producers can create a monopoly, which creates 
a hierarchy. 

In this experiment, the player is able to make 
two decisions. The first is to choose to cooperate 
with which person and the second is to choose 
the quality of milk she decides to produce. . In 
the phase of negotiation, the players can talk to 
each other during one minute. After that, each 
one writhe his options in the card and give them 
separately to the animator. The players have to 
accept all the milk producers who want to join 
their cooperatives. The player who is producing 

less than 90% of high quality milk is considered 
to be cheating. The game is repeated 4 times (4 
sessions) to study the change of the behavior of 
players following the previous session, which 
would show the importance of experience in the 
farmer’s decisions. Although the game is used to 
simulate a wide range of cooperatives, the most 
typically used consists of 10 farmers to play the 
game. All the players are small farmers with 
a herd of less than 10 dairy cows. If the game 
leader decides to enlarge the teams, the anal-
ysis of the game gets more complicated. One-
man teams are equal to one-man cooperative, 
leaving out the difference between individual 
decision-making and team (cooperative) perfor-
mance. Before starting the game, farmers answer 
a short questionnaire. We ask them questions 
about the relationship between players if they 
know each other and the level of trust following 
a 10 points Likert scale. There are also questions 
about the trust in cooperatives and in collection 
center, and whether or not they were involved in 
a cooperative. 

Players in the game produce two different 
types of milk: high and low quality milk. We dis-
tribute 100 Tunisian dinars (TND)for each play-
er. In this game, we are playing with fake money. 
Typically, we used cards where players write the 
percentage of high quality milk that they decid-
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ed to produce and their preference to cooperate 
or not. If they choose to cooperate, they have to 
choose their partners in the cooperative. Each 
player pays the cost of milk produced. The cost 
of high quality is higher than normal quality. The 
price of the milk to sell is function of the number 
of players who want to join a cooperative. This 
choice can be explained by the formation of coa-
litions in cooperative games between the players 
to obtain the best possible result for each of its 
members. It is more of a competition between 
coalitions than between individual players. A 
concept used in cooperative games is the notion 
of characteristic function ν, which allows speci-
fying a value for each coalition. For a finite set of 
n players called the grand coalition and denoted 
N, this function sends 2 N to R, and, for each 
coalition C (subset of N = {1, ..., n}), ν (C) gives 
its maximum value. 

In the end of the session, a bonus is given to 
the players or cooperatives that produced the 
best quality. The person or cooperative that has 
the best quality will have a bonus of 10 TND. We 
added this bonus to make use of the quality pay-
ment that is missing in the dairy value chain and 
can encourage farmers to produce good quality.

Then following the face that shows the dice 
and the percentage of high quality that produced 
the farmer, we accept or reject the milk. The ba-
sic data of the game are shown in the guideline 
(Appendix A). For example, if the face of the 
dice shows six, the collection center will refuse 
the milk of players who produce a high quality 
less than 90% (Appendix A). The dice game pre-
sents the probability of acceptance or rejection 
of the milk by the collection center. We added 
the dice game option referring to the problem of 
the periodicity of the milk production.

We introduce the dice game because in Tunisia 
there is a periodicity of dairy production. In the 
period of high lactation, the collection center is 
strict about norms of milk quality and the par-
entage of rejection milk is higher than in the pe-
riod of low lactation. The dice game shows the 
probability of acceptance or rejection of milk 
by the collection center. In the game, the milk 
producers are paid following the face that shows 
the dice and the percentage of high quality pro-

duced. The basic data of the game are shown in 
the guideline (Appendix A). For example, if the 
face of the dice shows six, the milk produced 
with high quality less than 90% will be rejected. 
(Appendix A).

The game is played in two regions in the north 
of Tunisia. The difference between the two re-
gions is:

•	 Region1: The players didn’t kwon each oth-
er from the beginning (Reputation = 0).

•	 Region2: The players know each other from 
the beginning (Reputation > 0).

The game will be repeated in 4 sessions. 
After each session, the game leader evaluates 
trust in a discussion with the participants after-
wards. This reveals the reasoning and process 
of thinking of characteristic participants during 
the game. The sessions are not linked and the 
game starts from the beginning each round. At 
the end of the game, each player count the mon-
ey left. The winner is the player who made the 
best profit.

4. Conceptual Model

In the study, our game is a dynamic coopera-
tive game with incomplete and imperfect infor-
mation. The player has to choose between two 
couples of decisions (Figure 2): 

•	 Cooperate (sell the milk with other players) 
or not cooperate (sell the milk individually), 
and

•	 Cheat (produce less than 90% of high qual-
ity milk) or not cheat (produce more than 
90% of high quality milk).

The repetition of a game with knowledge of 
intermediate results changes often fundamental-
ly its unfolding. For example, it may be useful 
to occasionally take the risk of losing to test the 
reaction of others players and thus set up com-
munication strategies by the actions played (in 
the absence of other means of communication). 
It also happens that reputation phenomena are 
developing, phenomena that will influence the 
strategic choices of other players.

Perfect information refers to the actions in the 
game and the complete information refers to the 
structure and winnings of the game.
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The information is incomplete because players 
do not know if their milk will be rejected or ac-
cepted by the introduction of a dice game which 
represents the probability of rejection or accept-
ance of milk (incertitude).

The information is imperfect because players 
do not know the quality of milk produced by the 
other players.

4.1. Strategies 

In our study, we used the game simulation 
data to estimate the utilities of players following 
Schreider et al. (2009): 

The strategy set Si, i = 1, 2, … , n, available to 
each player is given by

 (1)

where αi = the percentage of high quality pro-
duced by the farmer and ti= is the number of per-
sons who choose to cooperate.

We allow αi to vary continuously within the 
interval A = [A1, A2] , i.e., irrespective of the 
player, there is a minimum quality A1 and a 
maximum quality A2. 

We suppose the total quantity of milk produced 
is 100 liters each session. Similarly, the number 
of farmers in cooperatives, ti takes values in an 
interval T = [t1, t2] where t1 is the minimum time 
and t2 the maximum time of application. 

For each strategy (αi, ti) ∈ Si and given the 
price of milk P(ti), the utilities are defined as fol-
lows:

•	 If acceptance: 

  (2)

•	 If rejection:

 (3)

where 
Qi = total quantity of milk produced by the play-
er i, 
Qhi = quantity of high-quality milk produced by 
the player I 
P(ti) =Price of milk, a function of the number of 
players in cooperatives
C = Cost of milk in cooperatives which is func-
tion of the quality of milk
βI = the percentage of low quality produced by 
the farmer

Table 1 shows the different gains of the players 
choosing the following strategies (shown also in 
Figure 1). In Table 1 the different letters are de-
fined as follows:

•	 A1 (or 2) is the gain of the player 1 (or 2) 
choosing to cooperate and to cheat (C-T).

•	 B1 (or 2) is the gain of the player 1 (or 2) 
choosing to cooperate and not to cheat (C-
NT) when player 2 (or 1) cooperates and 
cheats.

•	 C1 (2) is the gain of the player 1 (or 2) 
choosing to cooperate and cheat (C-T) 
when player 2 (or 1) cooperates and doesn’t 
cheat.

•	 D1 is the gain of player 1 and 2 when they 
choose to cooperate and didn’t cheat.

•	 E1 (or 2) is the gain of player 1 (or 2) when 
he doesn’t cooperate and cheats (NC-T).

•	 F1 (or 2) is the gain of player 1 (or 2) when 
he doesn’t cooperate and doesn’t cheat 
(NC-NT).

Table 1 - Payoff matrix in the game.
Player 2

Strategy 1 C NC
Strategy 2-- T NT T NT

Player 1

C T A1, A2 C1 , C2
NT B1, B2 D1, D1

NC T E1, E2 E1, F2
NT F1, E2 F1, F2
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Figure 2 - Extensive form of 
the dairy value chain game.

This game study trust between farmers in two 
levels:

•	 To trust in the quality of milk and do not 
cheat.

•	 To trust other players and cooperate with 
them.

5. Results of the game simulation

In the pre-questionnaire, we used a 10 points 
Likert scale to find out the trust of players in the 
different stakeholders in the dairy value chain. 
The results show that the levels of trust in par-
ticipants (4.06), cooperative (2.77), collectors 
(3.56) and collection center (4.25) are under the 
average. However, we note that the most inferi-
or level of trust is given to cooperative with an 
average of 2.7 which shows that breeders don’t 

trust cooperative. Results show also that breed-
ers trust collection centers more than collectors. 
Based on the payoff matrix in Table 1, we re-
grouped the players per strategies and averaged 
the utility for each strategy. Results of the game 
in Region 1 and 2 are displayed in Table 2 and 
3. To find out the best strategy, we calculate the 
average of player’s utilities of each strategy. The 
price (Pr1, …, Pr4) is function of the number of 
players in cooperative. (Appendix A) The high-
est utility (Average = 122.9 DT) is found for 
players who followed the strategies [Cooperate, 
Not cheat] during all four sessions. The number 
of players who cooperated increases from 0 in 
session 1 to 5 players in session 4. The total util-
ity increases with the number of players in coop-
erative. Also, in the cooperation strategy no one 
of the players has chosen to cheat in the quality.

Table 2 - Pay-off matrix (Region 1). 
Cooperation No cooperation

Nb. 
Players

Price T NT Nb. 
Players

Price T NT

Session 1 0 Pr1 0 0 10 Pr1 (10;-75;10;10;15) (10;10;10;10;10)

Session 2 2 Pr2 0 (30;30) 8 Pr1 (10;25;15;15) (10;10;10;10)

Session 3 4 Pr3 0 (45;45;45;45) 6 Pr1 (15;10) (10;10;10;10)

Session 4 5 Pr4 0 (60;60;60;60;60) 5 Pr1 (-75;-95) (10;10;10)

Total utility 0 520 -110 160

Average utility 0 47,2 -8,46 10
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Figure 3 - Utility function and cooperation in the 4 sessions (Region 1).

Session 1: The utility function of the high quality  
(0 coop)

Session 2: The utility function of the high quality  
(2 coop)

Session 3: The utility function of the high quality  
(4 coop)

Session 4: The utility function of the high quality  
(5 coop)

In Region 2 where players know each other, 
the results in Table 3 show that the strategy that 
is most efficient is the strategy [cooperate , not 
cheat]; it provides players a better utility (Av-
erage utility = 445 DT). The number of players 
who cooperate in this region is higher than that 
the Region 1 since players are neighbors and are 
used to deal with each others.

In the second session, the milk producers who 
cooperate (2 players) and produce high qualities 
(100%) have better utilities (30) than the produc-
ers who didn’t cooperate and produce less qual-
ity. In addition, one player of the cooperative 
cheated in the quality of milk in the first session 
then changed his behavior in the second session 
and produced a high quality of milk In the first 
region, the number of players who didn’t cheat is 
higher than the other region. In the region 1, the 
players didn’t want to take risk and they played 
individually. 

In sessions where players didn’t cooperate 
and cheat in the quality, their milk was rejected 
by the collection center and their utilities were 
negative (Total utility = -1250 DT) In the four 
sessions, the high quality of milk increases with 
the number of players in cooperative (Figure 3). 
This is show that cooperation reduces cheating 
and improves honesty and trust between farmers. 
In the first session, all breeders behave opportun-
istic (Number of cooperation = 0) which affect 
the quality for 50% of players. Besides, for the 
others players the utility decrease despite of high 
quality because of the high cost of high quality 
milk. In the second session players form 3 co-
operatives, each one is composed of 2 players. 
In this session, all milk producers who cooperate 
increase their quality of milk. In the third session, 
the number of players who cooperate increases 
to 3 players in two cooperatives. In the third ses-
sion we have a cooperative of 4 players and in 
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Table 3 - Pay-off matrix for Region 2 (Utility in DT).
Cooperation No cooperation

Nb. 
Players

Price T NT Nb. 
Players

Price T NT

Session 1 0 Pr1 0 0 10 Pr1 (15;15;25;20;
15;20;25)

(10;10;10)

Session 2 6 Pr2 (30;30;30;35;40) (40) 4 Pr1 (25;20) (10;10)

Session 3 6 Pr3 (45;55) (50;50;50;50) 4 Pr1 (10;10;10;10)

Session 4 8 Pr4 (82;82;72;72;72) (72;72;72) 2 Pr1 (10;10)

Total utility 645 456 195 110

Average utility 53,75 57 19,5 10

Figure 4 - Utility function of the quality in the 4 sessions (Region 2).

Session 1: The utility function of the high quality  
(0 coop)

Session 2: The utility function of the high quality  
(2 farmers in 3 cooperatives)

Session 3: The utility function of the high quality  
(3 farmers in 3 cooperatives)

Session 4: The utility function of the high quality  
(8 farmers in one cooperative)
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the last session a cooperative with five players 
with the best qualities and utilities. In this game, 
the repetition had a positive effect on trust and 
cooperation since the cooperative overweighs all 
the sessions in the game.

6. Discussion

Based on the pre-questionnaire, the failure 
of cooperative system in the 1960’s in Tunisia 
could explain the low level of trust attributed 
to the cooperatives. In fact, at the beginning of 
1967, collectivism was in full swing, but the co-
operatives had not produced the desired results 
for two essential reasons: In the first place, small 
farmers were against divesting their property 
for the benefit of a cooperative where their sta-
tus changed from owner to worker. This led to 
malpractices where some were enriched while 
those who had worked hard for the development 
of their land were overnight divested. This sys-
tem had not affected the big farmers who had not 
been affected before. Second, during that period 
a bad economic situation coupled with a drought 
also affected the whole country. The indebted-
ness of these cooperatives was increasing. The 
situation was deteriorating day after day. Such 
a failure has had a negative impact on breeders 
who are now against cooperatives and coopera-
tion (Boulet, 1971). 

During the game, players didn’t know the de-
cision of each other and all information is hid-
den in an envelope. The players didn’t know 
if the milk will be accepted or rejected by the 
collection center since it’s linked to a random 
process like the dice game. It’s a game with im-
perfect and incomplete information. The game 
is repeated in 4 sessions. Results show that co-
operation between breeders increase during the 
four sessions. These conditions are conform to 
finite repeated game. This dilemma results in a 
Nash equilibrium at the end of the game where 
no player has interest to deviate. 

In both regions, Cooperation and avoid cheat-
ing (C-NT) represents the dominant strategy for 

the players. Hence, there is no unilateral profita-
ble deviation from any of the players. 

In every stage of the game, cooperation and 
avoid cheating (C-NT) represents the dominant 
strategy for the players. there is no unilateral 
profitable deviation from any of the players. For 
repeated games with a fixed and known number 
of time periods, if the stage game has a unique 
Nash equilibrium, then the repeated game has a 
unique subgame perfect Nash equilibrium strate-
gy profile of playing the stage game equilibrium 
in each round. 

Therefore, the combined strategy (C-NT, 
C-NT) is a social optimum which is the profile 
that maximizes the sum of the players’ profits. 

For example, in a society composed of two 
prisoners, the social optimal is cooperation, 
which is not a Nash equilibrium. Then, we con-
sider the Generalised Nash Equilibrium, also 
called Coupled Constraints Equilibrium can be 
engineered that corresponds to social optimum. 
Here, players are given weights that may reflect 
how the regulator appraises each player’s output 
from a social point view (Contreras et al., 2015). 
As a conclusion, we consider the strategy (C-
NT, C-NT) a Nash Equilibrium.

Therefore, the combined strategy (C-NT, 
C-NT) is a Nash equilibrium. This could be rea-
sonable if there is a long interrelationship that 
leads players to form opinions about how oth-
ers play. It could also be reasonable if there is 
a social convention or a consensus or an agree-
ment adhered to by the other players. In other 
words, no player has the interest of unilaterally 
deviating if he correctly guesses the strategies of 
the other players. If a player looks at a strategy 
profile as a social convention, no player would 
want to deviate when he or she thinks the other 
players are following the convention. 

To analyze the effect of both couple of strate-
gies (cooperation (C), No cooperation (NC)) and 
(cheat (T), No cheat (NT)), we use the average 
gains realized by each breeder to determine the 
Nash equilibrium. So, we can recap the games in 
Table 4 for Region 1 and Table 5 for Region 2.
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At the end of the game, the combination 
strategy (C-NT, C-NT) correspond to the pay-
offs (47;47) which is Pareto-efficient. Accord-
ing to results in Table 4, the amount 47 DT is 
the highest average of utilities for all players. 
For region 2, the combination strategy (C-NT, 
C-NT) is Nash equilibrium and payoff (57;57) 
is Pareto-efficient (Table 5). In this region, the 
average of utilities is higher than region 1 be-
cause in region 2 the number of famers involved 
in cooperative is higher. Even if deviations from 
reality have been revealed, the farmers consider 
that this schematic representation of the reality 
proposed in the game allows them globally to 
evolve as in the real value chain. They find there 
a certain number of rules they share with each 
other. The rules, behaviors, interactions and pro-
cesses represented are not exhaustive. 

These results are similar to the paper of Schrei-
der (2009) who used a game in which he consid-
ers competitive strategies and strategies which 
imply cooperation between farmers and the eco-
nomic advantages of phosphorus applications 
and the environmental losses associated with 
these applications expressed as dollar values. 
The results show that the cooperative solutions 
lead to much lesser environmental impacts and 

a better economic advantages than that in the 
case of non-cooperative strategies. The results 
of the game show the increasing of utility when 
switching from competitive to cooperative strat-
egy just like in our game which demonstrates the 
benefits of cooperation.

7. Conclusions

Game theory is a rapidly advancing approach 
for analyzing conflicts. Game theory applica-
tions in resolving imperfections in the dairy val-
ue chain cover a range of problems in diverse 
categories and types and allow simulation of the 
self-centered attitude of the involved players 
with a fairly realistic manner. In the context of 
the dairy sector, game theory methods compared 
to other conventional methods of strategic anal-
ysis, such as linear programming, provide better 
understanding of issues describing the competi-
tion and cooperation between players and make 
better estimations of the conflict outcomes. The 
application of gaming simulation as a research 
method can be of value for gathering data about 
the real behavior of real participants in a simpli-
fied environment. In this paper, we demonstrate 
that a cooperative as an institutional arrangement 

Table 4 - Nash equilibrium and Pareto-efficient (Region 1).
P 2

C-T C-NT NC-T NC-NT

P 1

C-T 0 ; 0 0 ; 47 0 ; -8 0 ; 10
C-NT 47 ; 0 47 ; 47 47 ; -8 47 ; 10
NC-T -8 ; 0 -8 ; 47 -8 ; -8 -8 ; 10
NC-NT 10 ; 0 10 ; 47 10 ; -8 10 ; 10

Table 5 - Nash equilibrium and Pareto-efficient (Region 2).
P 2

C-T C-NT NC-T NC-NT

P 1

C-T 54 ; 54 54 ; 57 54 ; 19 54 ; 10
C-NT 57 ; 54 57 ; 57 57 ; 19 57 ; 10
NC-T 19 ; 54 19 ; 57 19 ; 19 19 ; 10
NC-NT 10 ; 54 10 ; 57 10 ; 19 10 ; 10
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can improve the quality of milk and increase the 
breeder’s income. 

The dairy value chain in Tunisia has been fac-
ing recurrent problems mostly related to coor-
dination, contracting, pricing and quality imper-
fections. The failure of cooperatives in the past 
had a big impact on the behavior of farmers who 
have lost confidence in cooperatives despite the 
many benefits they offer. The policy focus on 
technology generation and dissemination, with-
out considering the underlying problems related 
to market imperfections and institutional and so-
cio-economic processes, has contributed to low 
technology adoption and limited development in 
the dairy value chain. 

The approach used in the paper is a gaming 
simulation where breeders consider strategies 
of cooperation in repeated sessions. The exper-
iment was done in two regions with different 
settings, in particular where farmers know each 
other or not. Despite their background farmers 
formed cooperatives changed their strategies 
during the game sessions. For the first session, 
all farmers have a timely opportunistic behav-
ior, but during the game they gradually commu-
nicated and cooperated to earn more profit and 
win the game. In fact, the success of the coop-
eratives from one session to another encouraged 
other farmers to cooperate. This study is not only 
intended to study the impact of cooperation on 
milk quality and profit but it is a method of pop-
ularizing farmers to think in the future to coop-
erate in the aim of reducing costs and improving 
their income.

The repetition in the game simulates experi-
ence and reputation in the real world. In fact, the 
number of repetitions affects positively the lev-
el of cooperation and high quality milk. Hence, 
cooperation and collective action improve trust 
between breeders. Indeed, the combination of 
strategies (cooperated and not cheated; cooper-
ated and not cheated) corresponds to a situation 
of Nash equilibrium and Pareto-efficient. As a 
participatory approach, players were convinced 
in the debriefing that cooperation can improve 
their milk quality and profit. This cooperation 
can be facilitated, legitimated and institutional-
ized by a social contracts and consensus. 

Our findings have significant policy implica-
tion which can improve the management of the 
dairy sector and value chain; farmers are now 
willing to improve the quality of milk according 
to the payment to quality scheme. During the de-
briefing, breeders reclaimed this option (which 
is the bonus attributed to the best quality in the 
game). Our study focused on cooperation and 
trust related to quality of milk, but cooperation 
can be affected by other social factors. This im-
plies a need for further empirical research that 
includes other characteristics, norms and values 
explaining the choice to cooperate and the gov-
ernance mechanisms in general.
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Annexes

Annex A - Dairy value chain game guideline

Annex B - Basic Data of the game

Learning objectives: By playing the dairy value chain game, players should experience the dilemma of 
choosing cheating or no cheating / cooperating or no cooperating.
Research objectives: The dairy value chain game should gain insight of the influence of Trust and 
cooperation on farmers passing goods with invisible quality attributes.
Game objectives: For players: make as much profit as possible.
Target audience: Breeders in the region of Bizerte (Tunisia).
Preparation time for participants: None.
Pre-questionnaire: 10 minutes.
Briefing and setup time: 15 minutes.
Playing time: 30 to 75 minutes.
Debriefing time and post-questionnaire: One hour.
Number of players: 8 to 10.
Materials required for players: Instruction for players, identification labels for players, game currency for 
everybody.
Materials required for game leader: Briefing instruction, debriefing instructions.
Equipment required: None.
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