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Abstract 
 
This research studies the effect of coalition forming on the bargaining power of gum arabic harvesters in 
Senegal. Due to decreasing producer prices, the annual volume of gum arabic produced in Senegal has 
decreased of the last few years. As the world market is characterized by a demand surplus, this drop in 
producer prices suggests a poor bargaining situation of the gum arabic harvesters in Senegal. This 
research tries to analyze how coalition forming can improve the bargaining power and outcome of the 
gum arabic harvesters in Senegal. In order to shed light on this issue, this research uses a combination 
of interviews, questionnaires and simulation games. The interviews aim to gain insight into the only 
existing gum arabic cooperative in Senegal. The questionnaires are supposed to generate information 
on the current situation of the gum arabic harvesters in Senegal. The simulation games are divided into 
two sub-games. The first sub-game addresses the bargaining power of the players, whereas the second 
sub-game aims at the process of coalition forming. The data from the questionnaires suggests that the 
harvesters are currently being marginalized by the few traders that visit their spot market. The data from 
the interview suggests that a farmer’s coalition can lead to a higher producer’s price for the harvesters. 
The data from the simulation games also suggests an increase in bargaining outcome for harvesters 
inside a coalition. Therefore, this study suggests that gum arabic harvesters in Senegal can increase 
their bargaining outcome by forming coalitions. However, the generalizability of the data from the 
simulation games is disputable. The nature of a simulation game is artificial and it cannot be proven that 
the game measures the behavior that the players would show in real life. Moreover, the design of the 
game and the limited sample size, affect the generalizability even more.  
 
Key words: Gum arabic, cooperatives, coalitions, coalition forming, bargaining, bargaining power, 
simulation games, Senegal. 
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1. Introduction 
 
Desertification and soil degradation cause serious problems in rural areas in the Sahel region. 
As droughts become more intense and occur ever more frequently, an increasing number of 
farmers are affected. As a consequence, a growing number of rural households are facing 
decreasing outputs. Therefore, these households are increasingly threatened with poverty. 
 
The acacia tree has a positive influence on the soil quality and it can also be used for the 
production of gum arabic. The gum arabic can be harvested from the trees during the dry 
season, providing the rural households with an extra source of income. This twofold advantage 
of the acacia offers potential for both soil improvement, as well as a supplementary income for 
the rural households.  
 
As Senegal is situated in the Sahel region, it has to deal with concerning soil degradation. The 
droughts put an increasing stress on the poor rural population in the arid north of the country. 
Despite the possible advantages of the acacia tree and the despite the favorable gum arabic 
prices in recent years, the Senegalese gum arabic production is gradually decreasing. This 
indicates the presence of market imperfections that cause low producer prices for the gum 
arabic harvesters in Senegal. As a result the interest in the harvest of gum arabic in the country 
is decreasing.  
 
This research aims to study how gum arabic harvesters can improve their bargaining outcome, 
through coalition forming. This study will examine the potential of coalitions to bargain better 
prices than individual harvesters. If the coalitions are able to bargain better prices for gum 
arabic, then this should have a positive influence on the incomes of rural households in 
Senegal. As a consequence, the interest in gum arabic could increase, facilitating reforestation 
efforts.  
 
The second chapter of this research will provide some basic background information on the 
gum arabic market and more specifically on the situation of the gum arabic harvesters in 
Senegal. The third chapter will give the problem definition, the research objective and the 
research questions. The fourth chapter will go into the literature on the topics related to this 
research. It will give a brief description of the different theories on Institutional Economics, 
Bargaining Theory and theory on coalition forming. The fifth chapter will describe the 
conceptual framework that is used in this research. It will provide the models that were used to 
analyze the problem. The sixth chapter will explain the methodology that was used in this 
research. Special attention will be given to the design and application of the simulation games 
as one of the research methods in this research. The seventh chapter will provide the results of 
the research. This section will present the outcomes of the different research methods. The 
eighth chapter will give an evaluation of the simulation games. As this is a relatively new 
research method, a special chapter is dedicated to discuss the functioning of the simulation 
games. The ninth and final chapter will discuss the conclusions and policy recommendations 
that can be derived from this research.   
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2. Background  
 
Gum arabic is produced from the acacia tree and more specifically from the Acacia Senegale 
variety. The acacia trees are found throughout the African continent, as well as the Indian 
subcontinent. However, most gum is produced in the semi arid areas in and around the Sahel 
region. The acacia tree produces gum as a reaction to severe drought. Therefore the gum can 
only be harvested during the dry season. In order to harvest the gum, a harvester has to make 
a cut in the bark of the tree. The gum will flow out of the tree, forming chunks of bright gum. 
After a couple of weeks the harvester can return to collect the gum. The chunks are usually 
stored in jute bulk bags, before being sold. The quality depends on the size of the chunks as 
well as on the clearness of the gum. These factors can be influenced by methods of harvesting 
and storage, as well as by natural influences, such as temperature and rainfall. The gum can 
be stored for many years without loosing quality, as long as it is stored in a dry place and not in 
a closed or plastic container.  
 
Besides producing gum, the acacia tree is valuable in 
other ways too. The leaves of the tree are used as cattle 
fodder and the acacia is appreciated for its fire wood. More 
importantly, the tree also enhances soil stabilization and 
soil stability (Wickens, 1996). Therefore the application of 
the acacia tree can contribute to environmental 
conservation and combat soil degradation in a region 
which suffers from serious environmental stress.  
 
Although gum arabic might not be as well-known as other commodities, it has a wide range of 
applications. The most common application for gum arabic is as an emulsifier, stabilizer and 
thickener in candy (e.g. the Dutch drop), ice cream, syrups and above all, soft drinks. The 
pharmaceutical industry also uses gum arabic, in order to keep medicines from separating into 
different ingredients. Traditionally, gum arabic has been used against stomach aches, diarrhea 
and it can also be used to soothe a soar throat. Besides its use for consumption, gum arabic 
also has various industrial applications. It can be used as a component for glues, paints, inks 
and lubricants. 
 
On the world market there is an excess demand for gum arabic. There is more demand for gum 
than the gum producing countries are actually producing. Historically Sudan is by far the most 
important gum exporter. Its production makes up 50-80% of the world total (World Bank, 2007). 
Besides Sudan, Chad and Nigeria also make up for an important share of the global production. 
Furthermore, there are several other African countries that export smaller and less significant 
amounts of gum arabic. The export price of gum arabic has been highly volatile over the last 
decades. Natural factors, such as rainfall and temperature, have a high influence on both the 
quantity and quality of the gum produced each season. Therefore, differences in rainfall and 
temperature affect the world price. Furthermore, the ongoing political unrest in Sudan has 
forced some importers of gum to shift their focus away from this country, to other countries. 
However, the production of gum is still characterized by serious fluctuations in quality and 
quantity. Therefore it is not surprising that the food industry and pharmaceutical industry are 
investigating the opportunities of a synthetic alternative. 
 
 
 
 

Figure 2.1 Acacia Tree 
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On a global level, Senegal is one of the smaller 
exporters of gum arabic. Traditionally, most of the 
gum is produced in the Northern region, around 
Linguère. More recently, the south has started to 
produce gum arabic too. The North of Senegal is 
characterized by a dry savannah landscape. During 
most time of the year, the area suffers from droughts. 
Usually, the rainy season starts in May and it lasts 
until early October. Consequently, the gum 
production usually starts in November in the North of 
the country and it moves gradually southwards. The 
first three months of the production season are the 
most productive. After these three months, there is 
another period of about two or three months, in which 
the production is gradually slowing down.  
 
In Senegal most of the gum harvest is carried out by shepherds of the Fulani ethnical group 
(a.k.a. Peuhl, Fula or Fulbe). Traditionally, the Fulani people live from cattle breeding and they 
can be found throughout most of the northern part of Sub-Saharan Africa. In Senegal the Fulani 
live mostly in the Northern part of the country. Because of the droughts, the pastoralists have to 
lead their herds over vast areas of dry and sparsely inhabited lands.  
 
The Northern region of Senegal has little vegetation and the trees are scarce and dispersed. 
This makes the large scale exploitation of the acacia tree unprofitable. Not surprisingly, the 
gum harvest is a secondary activity for the pastoralists in the area. They can combine their 
herding with the harvesting of gum arabic. There are some experiments with large scale 
plantations of gum, but the productivity of these projects is still disappointing. Moreover, it is 
unlikely that an individual harvester will invest in one or more acacia trees. It takes about five 
years before an acacia tree starts producing gum. Therefore few harvesters will be interested in 
making such an investment. 
 

There are only few gum arabic exporting companies 
in Senegal and they are all located in the Dakar 
region. Besides these exporting companies, there is 
one major pharmaceutical company, which procures 
large quantities of gum arabic. Altogether, these 
companies rely on few wholesalers for their supplies 
of gum. These wholesalers are usually established 
either in Touba, or in Dahra, which is not that far 
away from the gum production area. In turn, the 
wholesalers depend on a number of mobile traders, 
who travel around the area to buy up the gum arabic. 
These mobile traders usually visit the larger villages 
in the area during the weekly market of each village. 
In general the production area is difficult to access 
and a 4x4 pick up is necessary to visit the villages. 
In the rainy season some of the villages even 
become inaccessible. Usually the mobile traders do 
not primarily trade in gum arabic, but also in other  
products.  

Figure 2.2 Gum arabic production in Senegal 

Figure 2.3 Gum arabic market chain in Senegal 
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Typically, the harvesters can choose between two different types of clients to sell their gum to. 
First of all they can choose to sell their gum arabic on the weekly market to one of the mobile 
traders. Secondly, if the harvester cannot afford to wait for the market, he can choose to sell his 
gum to a local grocer in the village. Later, the local grocer sells the gum on to one of the mobile 
traders that visit the village. Consequently, the price a harvester receives from the grocer is 
lower than the price on the market.  
 
As most weekly markets are only visited by very few mobile traders in arabic gum, the 
harvesters are reliant on them for selling their gum. Not many pastoralists can afford to wait 
various weeks for a good price, or arrange transport to a bigger city themselves. Therefore they 
depend on the price they can bargain on the local market. Because of a lack of competition, the 
mobile traders have the possibility to make price arrangements. This results in the formation of 
local monopsonies, which negatively affect the bargaining power of the harvesters. Obviously, 
this influences the harvester‟s price negatively.  
  
In general, the gum arabic market chain in Senegal has a low level of organization. On the one 
hand, exporting companies complain about the low quality of the available gum. This is largely 
due to poor methods of harvesting and storage. Moreover they also complain about the 
decreasing quantity of gum. Apparently, the production of gum arabic in Senegal has dropped 
from 3400 tons in 1974, to an annual 700-1000 tons in recent years (Asyila Gum, unpublished). 
On the other hand, the harvesters of gum arabic complain about the low prices they receive for 
their gum. Reportedly, over the last three to five years, the price for raw gum has decreased 
drastically. So far, only little effort has been made to organize the gum arabic chain in Senegal. 
Three years ago a pilot was set up, forming a harvesters' cooperative in Tambacounda, in the 
southeast of Senegal. As this project is still in its initial phase, it requires support from 
governments and NGO‟s. Besides this project, there are no other initiatives that aim to improve 
the gum arabic chain in Senegal.  
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3. Problem definition, objective and research questions 
 
3.1 Problem definition 
Gum arabic can provide pastoralists in Senegal with an extra income during the dry season. 
Although there is an excess demand on the world market, the prices for the harvesters in 
Senegal have gone down dramatically over the last few years. This relatively low price for 
harvesters will affect their livelihood strategy, forcing them into other activities rather than 
collecting gum. Consequently, the production of gum arabic has decreased significantly. This 
influences the accurate exploitation and plantation of acacia trees in a negative way, causing 
further deforestation and soil degradation.  
 
The low prices can partly be explained by the poor bargaining situation of the harvesters. They 
are dependent on only few buyers. Because the harvesters are not organized, the traders can 
exploit their bargaining advantage to lower the price.  
 
3.2 Research objective 
The objective of this research is twofold. The primary objective is to shed light on the possibility 
of improving the bargaining position of harvesters through coalition forming. This might lead to 
an increase in the income of the harvesters. Indirectly this could also lead to a growing interest 
in gum arabic production and hence, an increase in the production. Three areas need to be 
explored, in order to investigate the possible effects of coalition forming on the bargaining 
position of harvesters. First of all, the current situation of the gum arabic chain needs to be 
analyzed. This should help to examine the perspectives for coalition forming. Secondly, the 
possible benefits of coalition forming should be investigated. This should help to judge whether 
or not coalition forming can really improve the bargaining outcome of harvesters. Finally, it is 
interesting to gain insight in the process of coalition forming and the actual functioning of the 
coalition. This can show whether or not the benefits of the coalition reach the individual 
harvesters. The first objective of this research can be met by studying these three areas.  
 
The secondary objective of this research is to pave the road for further research on the 
possible benefits of coalition forming. For example, reforestation programs often make use of 
the local communities for maintaining projects. These communities are a key factor for the 
continuity and feasibility of these programs. Forming a cooperative for gum arabic harvesters 
can help to create an economic incentive, to maintain certain reforestation projects. 
Furthermore, there are many other benefits that can be achieved through coalition forming. 
First of all it can lead to shorter supply lines. Besides, it can also lead to improved harvesting 
and storage methods, which will positively influence the quality of the gum. This research will 
only investigate the possibility of improving the bargaining position through coalition forming, 
but it can be used as a starting point for further research on the benefits of coalition forming. 
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3.3 Research questions 
A set of research questions has been designed, in order to analyze the problem in a 
systematical way. The general research question is the main question that is supposed to be 
answered by this research questions. The specific research questions address different 
underlying problems. These questions should help to answer the general research question. 
 
3.3.1 General research question 
This research aims to answer the following general research question: 
 

 Can coalition forming improve the bargaining power and outcome of gum arabic 
harvesters in Senegal? 

 
3.3.2 Specific Research questions 
The following specific research questions have been formulated to give a structured and 
thorough answer on the general research question: 
 

 What are, currently, the major problems that limit the bargaining power of the gum 
arabic harvesters? 

 Can these problems be neutralized by forming coalitions? 
- Is there actually an increase in the bargaining outcome when negotiating with 

a coalition, instead of bargaining individually? 

 Can harvesters benefit from the advantages of coalition forming? 
- Which harvesters join the coalitions and which do not? 
- How is the coalition represented during negotiations? 
- How is the bargaining outcome divided within the coalition? 
- Is there any opportunistic behavior that threatens the stability of the coalitions? 
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4. Theoretical Framework 
 
This chapter will summarize the literature relevant to this research. This summary can broadly 
be divided into three different parts. The first part will describe the literature that can help to 
analyze the current situation of the gum arabic harvesters in Senegal. The second part will go 
deeper into the literature on bargaining and bargaining power. The third part will summarize the 
literature on the process of coalition forming. Each part will give a brief summary of the 
literature, followed by a framework that will be used in the following stages of this research. 
 
4.1 Current situation 
This part will go deeper into the theory that can help to explain the current situation of the gum 
arabic market in Senegal. It will try to explain the structure of the market using New Institutional 
Economics. Firstly, this section will describe some of the market failures that might be occurring 
in Senegal and the transaction costs that are related to these failures. After having summarized 
the literature on this topic, a model will be constructed that can help to analyze the current 
situation of the gum arabic harvesters in Senegal. This model should help to answer the 
question whether there are perspectives for coalition forming in Senegal. 
 
4.1.1 Market failures 
Market failures are usually defined as deviations from the neoclassical economic, perfect 
market. As in real life these perfect markets are inexistent, most markets have at least some 
market failures. A market failure occurs when the transaction costs for a certain operation, are 
higher than the utility gained from it (Ellis, 1988. Saenz, 2006). A transaction cost can be 
defined as a cost incurred for using the market. They can usually be divided into three groups 
(Williamson, 1981): 

 Contact: Finding a suitable trade partner and information concerning the transaction. 

 Contract: Setting up a legitimate and complete contract. 

 Control: Enforcing the contract and monitoring the partner. 
 
As described in the background, the northern region of Senegal has a rather underdeveloped 
infrastructure and is difficult to access. Moreover, the Fulani people inhabiting the region live 
very dispersedly. Therefore, it is relatively difficult and expensive to travel between the few 
bigger villages. Consequently, the harvesters face relatively high transaction costs for finding a 
trade partner. Because of these high transaction costs, harvesters are almost entirely 
dependent on the nearest spot market. Consequently, their bargaining position depends on the 
number of traders that visit the local spot market. If only one or few traders visit the market, the 
harvesters face a local monopsony 1 . If this market failure occurs, the traders have the 
opportunity to utilize their bargaining advantage, in order to lower the prices (Varian, 2005 / 
Chern & Just, 1978). Obviously, this has a negative effect on the income of the gum arabic 
harvesters. Although these local monopsonies might be disadvantageous for the harvesters, 
they may be socially efficient. Because most gum producing villages produce relatively small 
quantities and these villages are quite remote, there will be few traders willing to incur the 
transaction costs and risks of traveling to these villages for only small quantities of gum. The 
formation of a coalition can change the structure of the market, and hence, the structure of the 
bargaining situation. For example, the local monopsony situation described before would cease 
to exist and be converted into a bilateral monopoly (Chern & Just, 1987 and Sivramkrishna & 
Jyotishi, 2008). This could improve the situation of the gum arabic harvesters. 
                                                
1 When many sellers face only one buyer, a monopsony occurs. On the other hand, an oligopsony occurs when 
many sellers face only very few buyers (Chern & Just, 1987 and Sivramkrishna & Jyotishi, 2008). Both concepts 
have relatively similar effects on the sellers. Therefore, they will be treated as one.  
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4.1.2 Model on current situation 
After having discussed the literature that is relevant to the current situation of gum arabic 
harvesters, a model can be constructed that allows studying the current situation of the gum 
arabic trade in Senegal. Literature suggests that coalition forming can be an effective tool 
against the negative effects of a monopsony, turning it into a bilateral monopoly. This suggests 
that a monopsonistic situation provides good perspective for coalition forming. Therefore, it 
should be investigated whether or not local monopsonies exist, in order to answer this question.  
 
As explained above, there are various causes for the existence of local monopsonies. The 
most obvious cause is a local lack of competition on the buyers‟ side of the market. If there are 
only few traders in a village with many harvesters, these harvesters will be more likely to face 
monopsonistic conditions. Besides this, the mobility of the harvesters is also an important factor. 
If the harvesters do not have the 
opportunity to go to other villages 
and visit different markets, they 
become more dependent on their 
local market. If this local market is 
characterized by little competition 
on the buyers‟ side, the harvesters 
face a local monopsony. Therefore, 
it can be assumed that a 
monopsony exists if there is little 
competition on the buyers‟ side, 
while there are many harvesters and 
the harvesters have a low mobility. 
 
4.2 Bargaining power 
This part will go deeper into the theory on bargaining power. It aims to facilitate the analysis of 
the bargaining situation of the gum arabic harvesters in Senegal. First of all, this part will 
mention some of the basic, relevant notions concerning game theory. Secondly, this part will go 
more specifically into bargaining theory, in order to define some of the most relevant 
determinants of bargaining power. These determinants are used to construct a model that will 
help to analyze the bargaining power of the gum arabic harvesters in Senegal. 
 
4.2.1 Game theory 
Game theory offers a wide array of different games that can be used to analyze certain 
problems. Bargaining problems form an important part of game theory. Although there are 
many different forms of bargaining games, most of them do not apply to the situation studied in 
this research. Most typical cases studied in game theory concern highly abstract and structured 
games (e.g. Dictator Games, Ultimatum Games, etc). Most research carried out on these 
games was carried out in a laboratory setting, controlling all circumstances (Kagel & Roth, 
1995, Stähler, 1998 and Smith 2000). In general research on game theory tries to predict 
equilibrium outcomes of these games. Many experiments show that the classical Nash 
equilibria are often not reached. Apparently players prefer „fair‟ strategies, which approach a 
50/50 division, over the „unfair‟ Nash strategies. The number of observed Nash equilibria 
decreases even further when players are negotiating face to face instead of anonymously. 
(Kagel & Roth, 1995 and Stähler 1998). This shows that there are social factors that play an 
important role in the bargaining process. The social factors seem to play an even more 
important role in repeated games (Stähler, 1998). In this case, the games are repeated many 
times and the players are unaware of the number of games. The social factors are an important 

Figure 4.1 Determinants of local monopsonies 
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issue, because the bargaining situation studied in this research has a very open structure. It 
concerns two parties bargaining over a transaction, without a fixed pattern. Instead of being 
abstract, the situation of the gum arabic market is very concrete. Moreover, in this real life 
situation the players will obviously negotiate face-to-face and the transactions can be repeated 
many times. Consequently, social factors will play an important role in the bargaining process.  
 
4.2.2 Bargaining theory 
In general, each bargaining problem consists of at least two players. These players are 
supposed to bargain over a feasibility set F, which contains all the possible outcomes of the 
bargaining process. If the players reach an agreement, they receive their bargained payoff. If  
the players do not reach an agreement, they only receive their breakdown payoff, which is v1 
for player 1 and v2 for player 2. Obviously, the feasibility set contains all outcomes better than 
the breakdown payoff. (Binmore et al. 1986) According to Muthoo (2001) a bargaining situation 
occurs when two players have an incentive to trade, because they can become better off from 
trading. If such a situation occurs, both players will try to negotiate a deal that makes them 
better off than their breakdown payoff.  
 
In most bargaining situations, one of the players has more bargaining power than the other. He 
can exert this power in order to allocate a large share of the outcome to himself, typically 
bargaining a price as close as possible to his marginal costs. Bargaining power can be defined 
as the ratio of a player‟s ability to influence the other party, to the cost of not agreeing of the 
player (Stähler 1998 and Nagarajan, 2006). In other words, the bargaining power of a player is 
determined by his own breakdown option, as well as the power he can exert on the other party. 
Usually it is possible to define the breakdown payment of each player to a certain extent. The 
power each player has on the decision of the other player is generally more difficult to define. 
This often depends on a number of structural elements, as well as on the agent specific 
characteristics of each player (Nagarajan, 2006). In the following part, a summary will be given 
of the most relevant structure elements and agent specific characteristics that influence 
bargaining power.  
 
When analyzing a bargaining process, it is important to recognize a number of elements that 
determine the structure of a bargaining game. First of all, it is important to distinguish between 
cooperative and non-cooperative games (Kagel & Roth and 1995. Stähler, 1998). In 
cooperative games players are willing and able to cooperate in order to reach a Pareto-efficient 
outcome. In this case it is important that both players can trust each other. Therefore it is 
necessary that they can make sure the other party keeps it promise. This requires information 
and the possibility to enforce an agreement. It is evident that repeated games are more likely to 
be cooperative than one shot games. In non-cooperative games players do not have the 
certainty that their opponent will keep his promise. Therefore it is unlikely that in these games 
the players will cooperate, which often leads to a Pareto inefficient outcome. Experimental 
research (Kagel & Roth, 1995) shows that both types of games can lead to very different 
equilibria.  
 
Besides the difference between cooperative and non-cooperative games, there is also a 
distinction between asymmetric and symmetric games. In a symmetric game, both players 
have equal payoffs and strategies. In asymmetric games players have different payoffs. In 
asymmetric games the players do not necessarily have different strategies. Furthermore, there 
is also a difference between perfect and imperfect information. In a game with perfect 
information, both players know all the previous moves that were made by their opponents. 
Perfect information is often confused with complete information. In complete information, both 
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players also have information about the payoffs of their opponents, whereas in perfect 
information they only have information on the actions. It is obvious that the above mentioned 
factors can have an important influence on the bargaining outcome for both parties. 
 
Another important element that can influence bargaining power in a game is the number of 
agents on each side of the market. Taylor (1995) argues that if, in a trading situation, one side 
of the market has fewer agents (the short side of the market) then the agents on this side will 
have more bargaining power than the agents on the long side of the market. This idea 
corresponds to the neoclassical situations of monopoly and monopsony. In his experiments, 
Taylor (1995) shows that the short side of the market tends to attract most of the surplus.  
 
Besides these structural elements, there are also some agent specific characteristics that 
influence the bargaining power of players. Taylor (1995) mentions another important 
determinant of bargaining power. In a bargaining process with multiple agents, i.e. multiple 
sellers and buyers, the agents that trade large quantities tend to have more bargaining power 
than the agents that only trade small amounts. This should result in a higher price (per unit) for 
sellers of large quantities.  
 
Another important issue is the risk attitude of the 
traders and harvesters of gum arabic. The attitude to 
risk can be defined, analyzing the marginal utility to 
income and the level of income (Varian, 2005). For a 
risk averse person the utility function is concave. If a 
risk averse person is poor, he finds himself on the 
left side of the curve. On this side, small changes in 
income lead to large changes in utility. Loosing a 
small amount money will lead to a large loss in utility. 
According to Ray (1998), a poor person with low income and low assets, is likely to be r isk 
averse. Poor people have a high marginal utility for income. Therefore, poor people will prefer a 
smaller, certain amount of money, over a larger uncertain amount. In the case of the gum 
arabic chain in Senegal, the issue of risk attitude is especially important in relation to the 
breakdown options of both players. When both players reach an agreement, they will have a 
relatively certain outcome. On the other hand, when both players do not reach an agreement, 
they opt for finding another trade partner. This option brings along an uncertain aspect. In the 
case of breakdown, it is not certain whether or not the player will find a better trade partner. It is 
likely that the harvesters will have greater difficulty in finding another trade partner. They are 
dependent on the few available traders on their spot market. On the other hand, the traders can 
find numerous harvesters on the same spot market and moreover, they can also travel to other 
markets.  
 
Another important determinant of bargaining power is the patience of the agents. Generally, the 
agent that is the most patient will have more bargaining power (Davila & Eeckhout, 2004). 
However, patience itself is determined by various factors. Stähler (1998) argues that the player 
with the best bail-out position, or breakdown payment, will suffer less time pressure and 
therefore gain bargaining power. Charness (2005) mentions the melting ice pie phenomenon. 
This means that if both players fail to reach agreement on the division of a pie in one round 
then, in the following round of negotiations, the size of the pie will decrease. This melting ice 
pie has a negative influence on the patience of both players, but generally it aggravates the 
situation of the agent that is already the most impatient. Finally Muthoo (2001) and Stähler 
(1998) mention the influence of risk attitude on bargaining power. He states that the agent that 

Figure 4.2 - Risk aversion 
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is most risk-averse will also be the agent that is most willing to reach an agreement. Therefore 
this agent will be more impatient and lose bargaining power.  
 
Bargaining power is also determined by the ability of one player to punish the other (Smith, 
2000). The threat of a punishment should be viable in order to be effective. Depending on the 
structure of the bargaining situation, a punishment can have different forms. In the case of the 
gum arabic trade in Senegal, the most obvious punishment would be a non-agreement. Both 
players, traders and harvesters, can use this threat, but it will mostly affect the player with the 
worst breakdown alternative.  
 
Finally, if the bargaining occurs in a real life setting, as it is the case in this research, it can be 
expected that personal factors will also play a role. Henrich et al. (2004) argue that in 
developing countries, the age, experience and education of the players can influence their 
bargaining outcome.  
 
4.2.3 The effect of coalitions on the bargaining process 
Folkes & Weiner (1976) give a useful and general description of coalitions. They state that “the 
formation of coalitions permits combination or the adding of resources of the participants, thus 
facilitating goal attainment”. Komorita et al. (1989) investigate coalitions with an approach that 
is funded in bargaining theory. They define a coalition more specifically as “two or more parties 
who agree to pool their resources to achieve some mutually desired outcome”. Since this 
research is focusing on the effect of coalitions on the bargaining process, the latter definition is 
preferred.  
  
Many theories suggest that coalition forming can improve the bargaining power of the coalition 
members. First of all, the formation of a coalition changes the structure of the market, and 
hence, the structure of the bargaining situation. For example, the local monopsony situation 
described before would cease to exist. When the harvesters manage to create a coalition, they 
can convert this local monopsony into a local bilateral monopoly. In this bilateral monopoly, the 
traders would face only one client; namely the coalition. This would severely deteriorate the 
breakdown payoff for the buyers. In case of breakdown they will have more difficulty in finding 
new trade partners. This deterioration of the breakdown payoff will also have a negative 
influence on the patience and risk aversion of the traders. Moreover, the threat of punishment 
from the coalition is more viable than that of the individual harvesters. Clearly the bargaining 
power of the players inside the coalition would drastically improve. This is also shown in Taylor 
(1995), where the short side of the market, the side with fewer players, is able to attract more of 
the available surplus. This suggests that creating a coalition would shorten one side of the 
market. Moreover, a party that is trading a large quantity will also have more bargaining power. 
This would increase the expected outcome of the negotiations. Therefore, the forming of a 
sellers‟ coalition, in a monopsony, can improve the bargaining outcome of the sellers. 
 
Whereas most literature suggests that coalition forming will lead to an increased bargaining 
outcome, some scholars point out the possible disadvantages of coalitions. In the case of 
strong monopsonies, coalition forming does not necessarily lead to an improvement 
(Sivramkrishna & Jyotishi, 2008). In this case, the negotiations between the buyer and the 
coalitions can result in a breakdown. If a monopsonist is powerful enough, he can refuse to 
trade with the coalition. In this case, the members of the coalition would be worse off. This 
would remove the incentive for the harvesters to join the coalition and eventually, the coalition 
would fall apart. 
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4.2.4 Model on bargaining power 
This part will construct a model that allows examining the bargaining power of the gum arabic 
harvesters in Senegal. This model will include various market structure elements, as well as 
agent specific characteristics that have an influence on the bargaining power of the harvesters. 
This will allow for an effective analysis of the effect of coalitions on the bargaining power of the 
harvesters.  
 
The most important chain structure element is the number of players on each side of the 
market. As mentioned before, a monopsonistic situation has a negative effect on the bargaining 
power of the harvesters. So if there are only few buyers and many harvesters who depend on 
these buyers, the harvesters will face a decreased bargaining power. The monopsonistic 
situation that the harvesters face can be aggravated if the harvesters are isolated from other 
markets due to low mobility. On the other hand, if the harvesters form a coalition, they reduce 
the number of players on their side of the market. This would convert the existing monopsony 
into a bilateral monopoly. In this case, the bargaining power of the harvesters should increase. 
Therefore, it is expected that joining a coalition has a positive effect on the bargaining power of 
a harvester. 
 
Figure 4.3 shows the determinants of bargaining power that will be used in this research. Some 
of these determinants can be influenced by the formation of coalitions. This structure can be 
used to analyze the bargaining power of harvesters in situations with, or without coalitions.  
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Besides the chain structure elements, agent specific characteristics also influence the 
bargaining power of the harvesters. One of the most important characteristics is the quantity of 
gum the harvester is trading. The quantity is supposed to have a positive effect on bargaining 
power. Furthermore, the risk attitude of the harvester will also influence his bargaining power. A 
risk averse harvester will have lower bargaining power. Risk attitude is mainly determined by 
the initial wealth of the harvester. Therefore it can be assumed that wealthy harvesters will 
have higher bargaining power. Besides risk attitude, patience does also play an important role 
in determining the bargaining power of harvesters. Patience is determined by the wealth of the 

Figure 4.3 Determinants of bargaining power 
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harvester and on the breakdown payoff of both parties in the bargaining process. The 
harvester‟s ability to punish the trader also influences his bargaining power. This ability to 
punish is mainly determined by the breakdown payoffs of both parties. Coalition forming will 
improve the breakdown payoff of the harvesters and deteriorate that of the traders. This will 
improve the ability to punish, as well as the patience of the harvesters and hence their 
bargaining power. The skills of an agent are another important determinant of bargaining power. 
In the case of the gum arabic harvesters in Senegal, skills can be defined as a combination of 
experience in the profession, education (literacy) and age. These factors will all influence the 
negotiating skills of the harvester in a positive way. 
 
A final important issue is the relation 
between the bargaining power and the 
bargaining outcome. As bargaining power is 
a rather abstract notion, it might be difficult 
to observe it empirically. Therefore, it might 
be more practical to study the effects of the 
determinants of bargaining power, on the 
bargaining outcome. As a consequence, the 
model above needs to be augmented, 
including the relation between bargaining 
power and bargaining outcome. For this 
model it can be assumed that bargaining outcome is determined by bargaining power and 
exogenous factors. These exogenous factors include the world market price and other world 
market conditions that influence the bargaining outcome for the gum arabic harvesters. As 
these factors are exogenous to the bargaining process, they will have a fixed effect on the 
bargaining outcome. Therefore, it can be assumed that any change in bargaining power will 
result in a change in bargaining outcome. This means that an observed change in bargaining 
outcome suggests a change in bargaining power. 
 
When it comes to the operationalization of this model, it is important to bear in mind that there 
are various abstract notions in this model. The notions of risk aversion, patience and ability to 
punish are rather abstract and difficult to measure concretely. The determinants of these 
notions (wealth and breakdown payoff) are easier to quantify. Therefore the determinants of the 
abstract notions will be used in the operational part of the research. It can be assumed that any 
observed changes in the determinants have a corresponding effect on the notions that they are 
supposed to influence. 
 
4.3 Coalition forming 
The topic of producers‟ cooperatives (or coalitions) has been a popular issue in recent years. 
Many theories suggest that producers that join in cooperatives can profit from economies of 
scale, synergies and other benefits. Besides, these cooperatives are believed to play a key role 
in modernizing market chains in developing countries. Instead of going into the numerous 
possible benefits of coalition forming, this research will focus on the role that it plays in the 
bargaining process. First of all, this chapter will go into the process of coalition forming itself. It 
will mention the most relevant factors that influence the decision of players to either join a 
coalition, or not. The second part will discuss the equality of income inside the coalitions. It will 
mention the most important factors that influence the outcome of the members of the coalition. 
Both issues will be represented in a model. These models should help to analyze the 
possibilities for the harvesters to benefit from participating in a coalition. 
 

Figure 4.4 Determinants of bargaining outcome 
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4.3.1 The process of coalition forming 
This part will go into the factors that shape a coalition. As the objective of this research is to 
improve the situation of the harvesters, special attention will be paid to the determinants of the 
participation of harvesters in coalitions. Obviously, the possible benefit of a coalition in the 
bargaining process will provide the harvesters with an incentive to join. Still, some harvesters 
might be more likely to join a coalition than others. Theory provides many factors that play a 
role in the decision of participating in a coalition. The most relevant factors are mentioned in the 
following part. 
 
Folkes & Weiner (1976) investigate various factors that play a role in the formation of coalitions. 
They find that two factors play an important role in this process, namely skills and endowments. 
When it comes to skills, Folkes & Weiner show that agents with high skills tend to collaborate 
with each other. The highly skilled players also tend to keep out lower skilled players, because 
they cannot make a valuable contribution to the coalition. This would mean that highly skilled 
harvesters are more likely to join a coalition than lower skilled harvesters. Caplow (1968) goes 
further into the role of endowments. He finds that in a multiple agent bargaining process, 
agents with small endowments, i.e. small quantities, tend to join coalitions, whereas agents 
with large endowments tend to non-cooperate. In practice, this would mean that harvesters with 
large quantities of gum are less likely to join a coalition than farmers with small quantities. 
 
Most of the factors above have only been tested in highly sterilized experiments. These 
theories have not been tested outside of these synthetic environments. Many researchers that 
have tried to explain coalition forming in real life situations (e.g. Henrich 2004 and Hofstede 
2002) find that social factors play a very important role in coalition forming. It appears that in 
real life situations, agents base their decisions largely on social relationships and not only on 
economic incentives. Coalitions in these real life situations are likely to be shaped by kinship, 
friendship, religious and other social relations. Henrich et al. (2004) add to this by listing some 
factors that also play a role in coalition forming in developing countries. They argue that the 
education of players has a positive influence on their probability of joining a coalition.  
 
4.3.2 Model on the decision to join a coalition 
The most obvious incentive a harvester can have to join a coalition is the financial benefit of an 
increased bargaining outcome. It might seem superfluous to mention this benefit, but if this 
incentive is not present, there would be few harvesters interested in forming a coalition. When 
this prerequisite is met, there are various determinants that influence the decision of a 
harvester to join or not. 
 

First of all, the 
endowments have a 
negative influence on the 
probability of a harvester 
to join a coalition. If a 
harvester is endowed with 
a large quantity of gum, he 
already has some bar-
gaining advantage of his 
large quantity. He might 
therefore refuse to 
cooperate. Skills also play 
an important role in the Figure 4.5 Determinants of the decision to join a coalition 
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process of coalition forming. Apparently, highly skilled players are more likely to join a coalition 
and they tend to keep out lower skilled players. Henrich et al. (2004) argue that in developing 
regions, education plays an important role in coalition forming. Therefore, a higher educated 
harvester would be more likely to join a coalition than a lower educated harvester. The above 
mentioned determinants are summarized in Figure 4.5. Obviously, social and cultural factors do 
also play a role in the process of coalition forming. However, a full social analysis of this 
process goes beyond the scope of this research.  
 
4.3.3 Income equality inside the coalition 
A coalition can only be formed when the players have greater (expected) utility from joining the 
coalition, than they would have from leaving the coalition. Once a coalition is formed, there are 
various factors that can influence the degree to which the members can benefit from the 
coalition. This part will go into the possible factors that explain how members can benefit from 
the coalition. First of all, a description will be given of the process of bargaining within the 
coalition, as well as the representation. Furthermore, this part will also go into the effect of 
opportunistic behavior on the coalition. Studying these issues should help to gain insight into 
how the harvesters can all benefit from a coalition. 
 
As mentioned before, this research aims to improve the income that harvesters receive from 
gum arabic. Therefore it is useful to investigate the bargaining within the coalition. If coalition 
can indeed lead to a better bargaining outcome, it is interesting to study how this advantage is 
divided within the coalition. Komorita (1989) goes deeper into the process of reward allocation. 
One of the most obvious norms of allocations is the distributive justice, or equity theory 
(Homans, 1961 and Adams, 1963 in Komorita 1989). This norm specifies that the reward for 
each player should be directly proportional to his input. This would mean that each harvester 
would be equally rewarded for every kilo of gum arabic he contributes to the coalition. Although 
this allocation seems the most apparent and fair, it does not necessarily lead to the highest 
stability. For many reasons, some of the participants in the coalition can have more influence 
than others. They could use this influence, in order to allocate a larger share of the outcome to 
themselves. This influence can be defined as bargaining strength (Komorita 1989). Bargaining 
strength is similar to bargaining power, but it only deals with bargaining within a coalition. A 
player with a high bargaining strength can allocate a share of the outcome which is 
disproportionate to his input. There are many factors that can influence the bargaining strength 
of players. First of all, the input of each player plays an important role (Komorita 1989). It is 
evident that players with a relatively high input have a higher bargaining strength. Besides the 
input, the skills of the players can also influence the bargaining strength (Folkes & Weiner, 
1976). As mentioned before, players with high skills are more likely to join a coalition and they 
tend to keep out lower skilled players. This means that in a coalition, players with high skills will 
have more bargaining strength. It can be assumed that, as in any bargaining situation, social 
factors will also play an important role. It is evident that preexisting social connections, as well 
as social hierarchy, have a major impact on the outcome allocation. This can also have an 
effect on the representation of the coalition. Some highly skilled or socially influential 
participants can strive to represent the coalition in some way. They can later use this influential 
position, in order to allocate more of the bargaining outcome to themselves.  
 
The representation of the members in the coalition is an important factor in determining the 
income equality within the coalition. The better each member is represented; the better will be 
his outcome. It is obvious that an egalitarian representation would improve the equality of 
income, as all members are equally represented. 
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Every coalition faces the threat of opportunistic behavior. Opportunistic behavior can be 
described as “a condition of self-interest seeking with guile” (Williamson, 1987). It includes 
providing false information and breaking promises. Opportunistic behavior usually occurs in 
case of imperfect information and it can harm a coalition in various ways. For example, a player 
can give false information about his input. If we look at the specific situation of the gum 
harvesters in Senegal, it is not unthinkable that opportunistic behavior occurs. A harvester can 
break his promise to trade his entire harvest through the coalition.  
 
The risk of opportunistic behavior largely depends on the reactions of the traders on the 
coalition. Most likely, only one of the traders will reach an agreement with the coalition on the 
procurement of the gum arabic from the coalition. This trader will be better of f than in a 
situation without coalitions. He will face reduced transaction costs and, for the duration of the 
agreement, he will have no competition. Consequently, this trader will be willing to pay more for 
the gum arabic he procures from the coalition. On the other hand, there will be other traders 
that are left out of the negotiations with the coalition. These traders face decreased bargaining 
power and they have more trouble in finding other trade partners. As a reaction to their 
deteriorated position, these traders might try to break the coalition. They can do so, by offering 
higher prices to members that leave the coalition. This can seriously undermine the 
effectiveness of a coalition. As mentioned before, opportunistic behavior occurs in a situation of 
incomplete information. Therefore, it can be assumed that, in case of (nearly) perfect 
information, opportunistic behavior is less likely to occur. 
 
4.3.4 Model on income equality inside the coalition 
Once a coalition is established, there are various factors that influence the income equality of 
its members. One of the most important factors is the reward allocation. There can be 
bargaining inside a coalition to divide the collective bargaining outcome. The most obvious 
norm for allocation would be distributive justice. This norm would reward all harvesters 
proportionate to their input. This would mean that all members would receive the same price 
per quantity of gum arabic. If the coalition manages to reach a bargaining advantage and it 
applies distributive justice, than all members would be better off. The representation of the 
coalition is also an important determinant of its stability. If the representation is more or less 
egalitarian, all harvesters have equal influence on the decision making process. This would 
improve the income equality inside the coalition. 
Opportunistic behavior is an important 
threat to the stability of the coalition. As 
mentioned before, disappointed traders 
can try to break the coalition in order to 
regain their bargaining power. This 
could give an incentive to some 
harvesters to leave the coalition. This 
opportunistic behavior would result into 
a loss of bargaining power for the 
coalition. This would seriously endanger 
the continuity of the coalition and the 
income for the remaining members. The 
determinants of income equality inside 
the coalition are depicted in Figure 4.6 
 
 
 

Figure 4.6 Determinants of coalition stability 
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5. Methodology 
 
This section will explain the methodology that was used in this research. It will describe the 
methods that were used to analyze the model that was mentioned in the previous section. This 
research will apply a triangulation of methods, in order to gain credible and viable data. Using a 
combination of methods should lead to more reliable answers to the research questions (de 
Vaus, 2001). This research will make use of three different methods. First of all, this research 
will use questionnaires to gain data on the current situation of the gum arabic trade in Senegal. 
Secondly, a series of simulation games will be applied. These simulation games will help to 
shed light on the processes of bargaining and coalition forming. Finally, this research will use 
interviews in order to gain relevant information about the only existing gum arabic cooperative 
in Senegal. The data of these three methods can be compared in order to confirm or dispute 
the hypotheses. 
 
This section will explain each of the three research methods. It will  describe the objective of 
each method, as well as the data it is intended to provide. Furthermore, the sampling method 
that was used for each method will also be discussed. After the description of the three 
methods, this section will go into the data analysis. That part will explain the quantitative 
methods and equations that have been used to analyze the data. 
 
5.1 Questionnaires 
This part will explain the application of the questionnaires that were used in this research. 
Firstly, the objective of the questionnaires will be discussed. After this, the content of the 
questionnaire will be discussed, as well as the data it is intended to provide. Finally the 
sampling method that will be explained. 
 
The objective of the questionnaires is twofold. The principal objective of the questionnaire is to 
gain information on the current situation of the gum arabic trade in Senegal. It is supposed to 
examine the current bargaining situation of the gum arabic harvesters and determine to what 
extent they are facing a monopsonistic situation. The secondary objective of the questionnaires 
is to gain information about the respondents that can later be used to analyze the results of the 
simulation game. Some general information on the respondents is needed to compare to the 
outcomes of the simulation game. The section on simulation games will go further into this. 
Furthermore, the questionnaires also help to gain some general information on the respondents, 
which can be used to explain their decisions. 
 
The questionnaires intend to gather information about the current bargaining situation of the 
gum arabic harvesters in Senegal, as well as some personal information. The information on 
the current bargaining situation is covered by a section of questions on the bargaining position 
of the respondent. This section includes questions on the choice of client, as well as on the 
bargaining process and perceived bargaining power of the respondents. Besides, the 
questionnaires also provide information on the age, experience and education of the 
respondents. Moreover, the questionnaire also generates data on the primary and secondary 
livelihood activities of the respondents. As most harvesters are pastoralists, the size of their 
herd can be used as a measure for their wealth. Finally the questionnaires also shed light on 
the intensiveness of the gum related activities of each respondent. A complete version of the 
questionnaire can be found in Appendix B. A complete list of variables that are derived from the 
questionnaire is given in Appendix C. 
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The sampling method that was used in this research is convenience sampling (de Vaus, 2001). 
The questionnaires were presented to respondents that, later during the same session, also 
participated in the simulation game. Therefore, the sampling method for the questionnaires 
largely depended on the sampling method of the simulation game. The sampling method of the 
simulation games will go further into the rationale behind this choice of method.  
 
In the research area, the questionnaire was presented to harvesters, as well as mobile traders 
and grocers. This mix allowed examining the problem from both angles. In total a number of 58 
respondents have completed the questionnaire. Although most of the respondents participated 
in the simulation game, some of them only filled out the questionnaire without further 
participation in the game. Their data can only be used to analyze the current situation and not 
to compare to the results of the simulation game.  
 
5.2 Simulation games 
The second method applied in this research is simulation gaming. Although this is a relatively 
new and unexplored research method, it can be effectively applied in this research. This 
section will explain how this method was used in this research. The first part will explain the 
objective of the simulation games and why they can be a useful method in this research. The 
second part will go into the design of the game. It will explain the underlying rationale of the 
final design of the game. The third part will describe the data that the game is supposed to 
generate and the fourth part will go into the sampling method. An outline of the actual 
procedure of the game can be found in appendix D. 
 
5.2.1 Rationale of using simulation games as a research method 
The objective of the simulation games is to shed light on the bargaining process, as well as the 
process of coalition forming. As both of these processes are versatile and interrelated, they are 
difficult to investigate with other, more static methods. The simulation games are intended to 
shed light on bargaining and coalition forming, as well as on the factors that have an influence 
on these processes.  
 
Although simulation games have been used as a training tool for many years, their application 
as a research method is relatively new. Duke & Geurts (2004) argue that simulation games can 
give an insight in what they call “macro problems”. These macro problems are characterized by 
complicated interrelated processes. Studies by Meijer et al. (2006) as well as Zuñiga (2007) 
have effectively used simulation games to shed light on multi-agent situations. Since bargaining 
and coalition forming are versatile and complicated processes, with many visible and invisible 
interrelations, they can be defined as macro-problems. The holistic and dynamic nature of 
simulation gaming allows to capture the entire picture at once, integrating all aspects and 
interrelations. Moreover, this research aims to study a situation that is still practically inexistent 
in the research area. In this case, simulation gaming provides the possibility of creating this 
situation artificially.  
 
Anyhow, it is important to be aware of the limitations of this method. The main limitation of 
simulation games is their artificiality. Participants act in an artificial reality that is created by the 
researcher. This affects the generalizability of the research results. On the other hand, if the 
games are designed close to the real life situation, participants will behave more according to 
their normal behavior. This would reduce the degree of artificiality and hence, improve the 
generalizability (Duke & Geurts, 2004).  
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5.2.2 Design of the game 
 
As the application of simulation games as a research tool is rather new, the literature on this 
topic is scarce. It goes without saying that there is no pre-made game that can directly be 
applied to the situation that this research addresses. Therefore, a new game that is specific to 
this research was designed. The following part will discuss the design of the game. 
 
With their 21-step guide to a successful gaming simulation, Duke & Geurts (2004) provide an 
excellent framework to designing a simulation game. They emphasize on the importance of 
defining the problem and its key components before turning to the game design.  
Before starting to design the simulation game, it is useful to recall its objective. The simulation 
game should provide an insight in the bargaining process, as well as the process of coalition 
forming. The previous chapter explained the conceptual models that will be used to analyze 
these processes. These models were used to create the simulation game.  
 
After the initial design of the simulation game, it was put to the test in various test runs. These 
test runs have been executed with fellow students in the Netherlands, as well as with the 
research target in Senegal. These tests have led to a better insight in the functioning of the 
game. The experiences from the test runs were used to reshape and improve the simulation 
game.  
 
Since the game is intended to study two different processes, the game is divided into two sub-
games. The first sub-game should provide information on the bargaining process and the effect 
of coalitions on this process. The second sub-game is supposed to study the process of 
coalition forming. Both these sub-games are included in the same simulation game. The 
following will give a more detailed description of both sub-games. 
 
5.2.3 Bargaining sub-game 
The first sub-game studies the bargaining process and the effect of coalitions on this process. 
Obviously, this game takes the form of a bargaining game. This means that harvesters and 
traders have to bargain over a fictitious transaction of gum arabic. The bargaining game 
requires two rounds in order to examine the effect of coalitions on the bargaining power of the 
harvesters. The first round resembles the existing situation of the gum arabic market in 
Senegal. There are various farmers that bargain individually over a certain amount of gum with 
one single trader. This corresponds to the monopsonistic situation which is assumed to be 
present in most villages. The second round of bargaining allows for coalitions to form. These 
coalitions, as well as the harvesters that stay outside the coalition, will bargain with the trader 
again. The results of these two rounds can be compared, in order to examine the effect of 
coalitions on the bargaining power of the harvesters. As the harvesters are free to decide 
whether they join, don‟t join, or leave the coalition, there are three possible scenarios for the 
bargaining game. These situations are depicted in Figure 5.1 (page 22). In the first round the 
harvesters are only allowed to bargain individually. In this case, only situation 1 will be 
observed. In this situation the harvesters are supposed to have little bargaining power, as they 
face a monopsony. This low bargaining power should result in a low bargaining outcome. In the 
first situation there can be differences in outcomes between harvesters. These differences are 
caused by different endowments, skills, wealth, etc. In the second round of the game the 
harvesters are allowed (but not obliged) to form coalitions. Consequently, in the second round, 
all three situations can be observed. First of all, the harvesters can decide not to form any 
coalitions. In this case, situation 1 will be observed. The second possibility is that some 
harvesters choose to form a coalition. In this case, situation 2 will be observed. The harvesters 
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within the coalition will supposedly bargain a 
better outcome than the individual harvesters in 
situation 1. Besides, the harvesters that stay 
outside the coalition will face an even further 
reduced bargaining power. This loss in 
bargaining power is caused by their loss of 
importance. Their quantity of gum is 
considerately lower than that of the coalition. 
Therefore the trader has less incentive to reach 
an agreement with these individual harvesters. 
The third possible scenario is depicted in 
situation 3. In this case a coalition is created, but 
one of the members defects on the coalition. The 
harvester that defects on the coalition expects he 
can reach a better bargaining outcome on his 
own. This expectation can be caused by a poorly 
functioning coalition, or by an attempt of the 
trader to break the coalition. In this case the 
trader would offer a higher price to the defecting 
harvester. It is evident that the defecting farmer 
should have a higher outcome than the coalition. 
The coalition in situation 3 will have lost a 
member and hence, it will face reduced 
bargaining power. Consequently the coalition in 
situation 3 will have a lower bargaining outcome 
than the coalition in situation 2. The three 
situations that are mentioned above can all occur 
in the bargaining game, as well as in real life. 
Given the set of incentives they face, the 
harvesters are free to decide on their own 
actions. Therefore, their behavior in the 

bargaining game can be expected to 
correspond to their behavior in real life.  
 
Besides the basic structure of the game, there are various important issues that come into play 
when studying the effects of certain factors on the bargaining process. As all players of the 
game also complete a questionnaire, these questionnaires can be used to derive some 
personal variables for each participant (e.g. age, education, experience, wealth, etc.). These 
personal variables can be used to analyze the bargaining outcomes in both rounds of the 
bargaining game. Besides these personal variables, the endowments of the players are 
supposed to play an important role in the bargaining process. This effect can be studied by 
endowing the harvesters with different quantities of gum, before each round of the bargaining 
game. Before each round of the game, the harvesters have to throw a dice. The outcome will 
determine the quantity of gum (10kg-60kg) they get to sell in the bargaining game. This allows 
for an analysis of the effect of endowments on the bargaining power of the harvesters. 
 
The harvesters are not obliged to sell their gum during each round. They can refuse to sell to 
the trader. In this case they have no transaction and their outcome will be zero. Although in real 
life the harvesters might wait and store their gum for the next market, this is not taken into 
consideration in the bargaining game. It is assumed that the harvesters are dependent on the 

Figure 5.1 Possible bargaining scenarios for the 
simulation game 
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weekly market and therefore they will be willing to sell. However, as a punishment, the 
harvesters can still decide not to sell. In this case, both the harvester and the trader would have 
a low breakdown payoff. A harvester can use this punishment, in order to increase the outcome 
of the next round of negotiations. 
 
Another important issue in the design of the bargaining game is the setting of the game. 
Broadly speaking, there are two options. The first option is to play the game in an open setting. 
In this situation all players are gathered in the same room. When they are not bargaining 
themselves, they can still observe the other players. Although this option seems the most 
practical, it can influence the results. The players that play later in the game can observe and 
learn, from the players that play earlier. They have information on the previous outcomes, 
which would positively influence their bargaining power and outcome. The other option is to 
play in a closed setting. In this case the bargaining would take place in a closed room and the 
players would not be able to observe the actions of others. For this research, the most 
appropriate option is the open setting. This setting corresponds best to the open market 
situation on the spot markets in Senegal. As a result, this situation should allow for behavior 
that is closer to the real life behavior of the participants. However, when analyzing the data, the 
possibility of a learning effect should be taken into consideration. As a result, the observations 
on the behavior of the individual players will not be independent. 
 
Besides the setting of the game, there is another important consideration for the design of the 
game. In a bargaining game the researcher can choose to fix a price band, or he can leave the 
bargaining completely open. For statistical analysis it can be useful to fix a price band for the 
bargaining process. In this case, the researcher fixes a bottom and a ceiling price for the 
bargaining. This can be done by offering both players a certain breakdown option. This makes 
sure that the negotiation will take place within these two prices. The advantage of this price 
band is that all outcomes will be within the same band and therefore, easier to compare. The 
alternative is bargaining without any price bands. In this case, the players are free to negotiate 
any possible price.  
 
The initial design of this game intended to use a price band. A breakdown option was given to 
both the harvesters and the trader. The objective of this price band was to keep bargaining 
within a reasonable price range. When the initial game was put to the test, the price band did 
not provide the desired effect. In practice, the game reached an equilibrium price, equal to 
either the ceiling, or bottom price. Since the bargaining takes place in an open setting, the 
players can observe the previous transactions. In the test runs it turned out that after two or 
three transactions, the bargained price reached either the fixed ceiling or the fixed bottom. 
Once the prices reached this extreme, they did not change in the following transactions. As a 
result, the results of the game would become useless and it would be impossible to detect 
certain influences on the bargaining process. Therefore, the final version of the game does not 
use any price bands. Another advantage of not using a price band is that the villages in the 
research area have different characteristics and different markets. Consequently, a certain 
price band might be very suitable for one village, but it can be misappropriate for another 
village.  
 
Because this bargaining game does not use any price band, the players are free to bargain 
over any possible price. In the best case they stick to the prices they are used to deal with. But 
they can also bargain over prices that are less realistic. Consequently, there can be large 
differences in prices between different games. This should be taken into account when 
analyzing the results. 
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5.2.4 Coalition forming sub-game 
Besides the bargaining game, this simulation game includes another sub-game. The second 
sub-game addresses the process of coalition forming. This sub-game takes place in between 
the first and the second round of the bargaining game. After the first round, the harvesters have 
to determine their endowment again, by throwing a dice. Once all harvesters have received 
their quantities of gum arabic, they can discuss the possibility of forming a coalition. The 
harvesters are not obliged to form a coalition, or to stay loyal to it after having joined.  
 
In this second sub-game the effect of various factors on the process of coalition forming can be 
observed. First of all, the effect of endowments can be observed, as the harvesters are 
endowed with different amounts of gum. Secondly, the information of the questionnaires can be 
used to analyze the effect of skills and education on the coalition forming process.  
Besides, if the harvesters decide to form a coalition, they should agree upon a representational 
structure, as well as on the reward allocation. This allows for an analysis of the influence these 
factors have on the stability of the coalition. Moreover, the second round of the bargaining sub-
game is also interesting. In this round there can still be changes in the shape of the coalition, 
as the harvesters could defect on the coalition.  
 
5.2.5 Data 
After having described the design of the games, this section will briefly explain the data that the 
simulation game is supposed to generate. The bargaining sub-game will provide various 
interesting variables. First of all, each harvester has a certain endowment (quantity) in each of 
the two rounds. Secondly, this endowment is used to bargain a price (per kg). During the 
second round of the bargaining sub-game the harvesters can organize themselves. Therefore it 
is interesting to compare the results of this round to the results of the first round. 
  
The second sub-game will lead to a set of variables that can help to explain the process of 
coalition forming. The most obvious variable is the one describing the participation in a coalition 
of each harvester. It simply mentions whether or not a harvesters participated in a coalition. 
Besides this variable, the second sub-game will also generate data on the shape of the 
coalitions that were formed during the game. The second coalition forming sub-game provides 
information on the representation and reward allocation of the coalition. Besides, it can also 
record whether or not there are harvesters defecting on the coalition. A full list of variables that 
are generated by the game can be found in appendix C. 
 
5.2.6 Sampling method 
The sampling method that was used for the simulation games is convenience sampling (de 
Vaus, 2001). For the successful completion of one game, it is necessary to gather 5-9 people 
at the same time, at the same place. As most gum arabic in Senegal is produced in the 
northern region, this region has been chosen as the research area. Due to the highly dispersed 
farmer population, the number of possible sample villages in the research area was very limited. 
In the end, seven villages were selected2. These seven villages are home to the major weekly 
markets in the region. Because these weekly markets attract many harvesters and traders, also 
from surrounding villages, the villages were visited on their market day. This was necessary, in 
order to find the required amount of participants in the villages.  
 
The above shows that a more random sampling method would pose huge practical difficulties. 
Because of the limited budget and time frame of this research, convenience sampling was the 
                                                
2 These villages are: Dodji, Barkédji, Louggéré Tiolly, Ndiayène Fouta, Ranerou, Vélingara and Thièl. A more 
detailed map of the research area can be found in appendix A. 
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preferred method. Other methods would be practically impossible to use, given the 
circumstances. In the end, the game was played in seven villages. In two of the villages it was 
possible to find enough players to execute two separate runs of the game. This leads to a total 
of nine games, with a total of 50 players (41 farmers and 9 traders). 
 
5.3 Interview 
The third methodology of this research is interview. This extensive interview should provide 
information on the experiences of the only existing cooperative in Senegal. The information 
from this interview can be compared with the findings from the questionnaires and simulation 
games.  
 
The objective of the interview is to gain in-depth and qualitative information on the experiences 
of the only existing gum cooperative. Above all, the interview focuses on the bargaining 
process and the effect the cooperative has had on this process. It is important to know whether 
or not the members have an advantage from joining the coalition or not. Furthermore, the 
shape of the cooperative is also an important factor. It is interesting to find out which form of 
representation and reward allocation are used and how this functions in practice. The 
information from this interview can help to interpret the findings from the other two research 
methods.  
 
The interview was carried out in Tambacounda and the respondent was the president of the 
Experna cooperative, Mr. Opa Cissokho. The outcome of the interview resulted in a brief case 
study on the Experna cooperative. This case study can be found in appendix E. 
 
5.4 Data analysis 
This section will go into the methods and techniques that have been used for the analysis of 
the data from this research. The variables from the questionnaires and the simulation games 
will be combined, in order to answer the research questions. As mentioned before, a full list of 
variables from both the simulation games and the questionnaires can be found in appendix C. 
The data can be analyzed using descriptive statistics, as well as regression analysis. The 
outcomes of these quantitative analyses will be compared to the qualitative outcomes of the 
interview. The following section will explain the quantitative methods used in this research. 
Firstly, the following part will explain what techniques are used to examine the current situation 
of the gum arabic trade in Senegal. Secondly, the analyses on bargaining power will be 
discussed and finally, this part will give an explanation of the methods used to analyze the 
process of coalition forming. 
 
5.4.1 Current situation 
This part will give a brief description of the quantitative methods used to analyze the current 
situation. As the questionnaire provides many nominal variables, the current situation of the 
gum arabic harvesters will mostly be studied using descriptive statistics. The variables from the 
questionnaire will be used to characterize and typify the harvesters. This typification will help to 
gain an insight in the decisions the harvesters make, as well as the bargaining situation they 
face. Besides this harvester specific typification, the researched villages will also be analyzed. 
This analysis will be more qualitative of nature. It will help to gain insight into the situation in the 
village and hence, it will give an indication on the market structure.  
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5.4.2 Bargaining power 
This part will discuss the quantitative methods used to analyze the bargaining power of the 
harvesters. First of all, the initial bargaining power of the harvesters, in a situation without 
coalitions, will be investigated. After this, the effect of coalitions on the bargaining process will 
be discussed. The information from the questionnaires and the simulation games can be 
combined and compared, in order to investigate the bargaining power of the harvesters of gum 
arabic. 
 
When it comes to the quality of the data, the nature of the simulation game provides one major 
limitation. The bargaining outcome that the players negotiate each round is specifically 
problematic. Because the players in each game are free to bargain over any possible price and 
also because the players can observe each others behavior, it is difficult to compare between 
the different bargaining outcomes of each game. The outline of the simulation game provides 
the risk of considerable differences in average bargaining outcome between the different 
sessions. This means that the bargaining outcome of each player depends partly on the 
particular game session in which he played. Therefore the bargaining outcome of the entire 
sample is not characterized by a normal distribution. As a consequence, the bargaining 
outcomes can only be compared within the groups. One solution to this problem could be to 
analyze the deviation from the group mean of each player (Park, 2008). Taking the deviation 
from the group mean, instead of the actual bargaining outcome would enable comparisons 
between players from different sessions. However, this method would require an even larger 
sample size, in order to generalize the results. Due to the already limited sample size of this 
research, the assumption of a normal distribution of the bargaining outcome cannot be proven. 
As a result, the possibilities for statistical analysis are limited. It is not possible to execute 
efficient regression analysis, Pearson‟s Chi-square, or other methods that are based upon the 
assumption of normal distribution.  
 
On the other hand, the limited number of game sessions does allow for an in depth analysis of 
the results of each session. Since only nine games were executed, it is possible to study each 
outcome specifically. The scenarios of each game session can provide useful information on 
the bargaining outcomes and the variables that play a role in determining it. Some descriptive 
statistics can be applied to the outcomes and the observations themselves can already give 
suggestions about the behavior of the players.  
 
Despite the fact that it is not possible to use regression analysis or Pearson‟s Chi-square, the 
bargaining outcome and its determinants can still be analyzed. In order to analyze the 
bargaining outcome over the whole sample, this variable needs to be transformed. The 
observed bargaining power shows large differences between the different game sessions. 
These differences make it difficult to observe trends between the different games. This problem 
can be solved by calculating the relative deviation of the group mean for each player. This can 
be done in various steps. First of all, the mean bargaining outcome of each game session 
needs to be calculated. Secondly this mean is subtracted from the individual bargaining 
outcome of each player. This results in a variable that shows the deviation from the group 
mean. Finally, this variable is divided by the group mean in order to calculate the relative 
deviation from the group mean. This final variable can be used to spot trends between the 
various game sessions. The relative deviation from the group mean can be ranked on several 
variables (quantity, age, wealth, etc.) to check for certain trends.  
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The first round of the simulation game can give useful information on the current bargaining 
situation of the harvesters. In this first round, the harvesters bargain individually with the trader. 
This situation is supposed to correspond to the current, real life situation. The results of this 
round can be used to analyze the bargaining power of the harvesters in a situation without 
coalitions. Figure 4.3 (page 14) suggests that there are various factors that influence the 
bargaining power of the harvesters. The factors that influence the bargaining power of gum 
arabic harvesters include the age, experience, education and the endowed quantity of gum 
arabic of each harvester. The wealth can also play an important role in determining the 
bargaining power. The variable wealth that is used in this research combines the size of each 
harvester‟s herd, with the type of animals in the herd. As most harvesters are pastoralists, this 
variable can be used as estimation for their wealth.  
 
Besides, as the bargaining outcomes are derived from the simulation games, it makes sense to 
take into account that the players might learn from the others, while waiting for their turn. As a 
result, there might be a learning effect. Therefore, another factor should be included. This 
variable specifies the order of play of each game. The later the player plays, the more 
experience he will have gained before actually playing himself. All these factors can be 
compared individually to the bargaining outcome. The relative deviation from the group mean of 
the bargaining outcome can be ranked according to the various determinants to check for 
certain trends. This can give suggestions to whether or not there are relations between these 
variables. The analysis of the data from the simulation games can be found in appendix G. 
 
In the second round of the bargaining sub-game, the harvesters can form coalitions. The 
bargaining outcomes of these coalitions can be compared to the outcomes of the individual 
farmers. This way, the effect of coalitions on the bargaining process can be analyzed. Since the 
bargaining outcome is not normally distributed, a paired sample t-test is not possible for this 
comparison. Therefore a non-parametric Wilcoxon matched pairs signed rank test is preferred. 
This method can help to analyze the difference between the bargaining outcomes of the 
individual harvesters and the coalitions. This procedure can be repeated to check for the 
difference between the outcomes of coalition members and harvesters that defect on the 
coalition. It is important to notice that in case of a low number of observations it is preferable to 
execute an exact test, rather than an approximate test (Siegel 1956).  
 
After having compared the means, it is interesting to analyze how bargaining power is 
determined in the second round. The variables used to analyze this are comparable to those in 
round 1. However, in the second round, the harvesters have the opportunity to join a coalition. 
This can have an influence on their bargaining power. If they join a coalition, the harvesters do 
not have to bargain with their small individual quantity of gum arabic. Instead, they can bargain 
with the collective amount of gum, from the coalition. Therefore, the coalition members should 
have larger quantities for bargaining. Furthermore, the number of members of the coalition,  as 
well as the number of coalitions present in the second round can both have an effect on the 
outcome. These factors should therefore be taken into account. Moreover, farmers that 
defected on the coalition are supposed to have an even higher outcome.  
 
5.4.3 Coalition forming 
After investigating the bargaining power, this part will go into the process of coalition forming. In 
this part there are two interesting situations to investigate. The first situation studies the relation 
between the decision of a harvester to join a coalition or not and the factors that influence this 
decision. The second situation concerns the income equality inside the coalitions and the 
variables that can influence this. 
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If coalitions actually provide a bargaining advantage, then harvesters should have an incentive 
to join a coalition. Figure 4.5 (page 16) shows that there are several factors that influence the 
decision of a harvester to join a coalition or not. These factors include endowed quantity, age, 
experience and education. This equation can be estimated using regression analysis. All 
independent variables are derived from the questionnaire, except for the quantity. As this 
quantity is randomly determined (by the roll of a dice) this variable is assumed to have a normal 
distribution. This allows for the application of regression analysis to study this causal relation. 
As the outcome of the dependent variable (the decision to join a coalition) only takes the value 
1 (does join) or 0 (does not join), this model can be defined as a binomial choice model.  
 
Therefore, a Probit estimation will be used to estimate the following equation: 

 
 
The second situation of interest to the process of coalition forming concerns the income 
equality inside the coalition. Figure 4.6 (page 18) shows that this income equality is determined 
by reward allocation, representation and opportunistic behavior. Since these determinants are 
defined as nominal variables, the analysis of this process will have a more qualitative approach. 
The relatively low number of cases from the game and interview allow for a qualitative analysis. 
This should give sufficient insight into the stability of coalitions and the determinants of this 
stability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 29 

6. Research results 
 
This section will explain the findings from the different research methods that were used during 
this research. These results should help to provide an answer to the research questions. This 
section is divided into three parts. The first part will describe the research findings on the 
current situation of the gum arabic harvesters in Senegal. This part will analyze their bargaining 
situation. The second part will go further into the determinants of bargaining power. This part is 
supposed to provide insight into the factors that can influence bargaining power. This part will 
also analyze the effect of coalition forming on the bargaining outcome. The third and final part 
will go deeper into the process of coalition forming. It will discuss the factors that influence the 
decision of a farmer to join a coalition or not. Furthermore, this part will also pay attention to the 
reward allocation and stability of the coalitions. 
 
6.1 Current situation 
This part will describe the results of the research on the current situation of gum arabic 
harvesters in Senegal. First of all, this part will give a description of the characteristics of the 
harvesters in the research. Secondly, a description of the researched villages will be given. 
Finally, the current bargaining situation of the harvesters will be discussed. These analyses 
should provide an answer to the question if there are perspectives for coalition forming in 
Senegal.  
 
The data from the questionnaires can help to analyze the characteristics of the gum arabic 
harvesters in northern Senegal. The following part will characterize the farmers on a number of 
variables. These variables include gum profession, age, gum experience, ethnicity, education, 
livelihood activities, wealth, the period of activity in gum arabic and the quantity they harvest. 
The full list of descriptive statistics applied on these variables can be found in appendix F.  
 
From the statistical analyses it can be derived that the typical gum arabic harvester is likely to 
be a relatively poor, Peuhl pastoralist, with little or no formal education. On average, the 
harvesters spend between 6 and 7 months on the harvest each year. The period of intensive 
exploitation lasts about 3-4 months and, depending on the location, usually starts in November. 
The other months of activity depend on the location of the harvester. The quantity a harvester 

can collect per week depends 
on the effort he puts into 
harvesting. The data show that 
some harvesters are very 
interested and collect over 
100kg of gum, during the 
period of intensive production. 
Other harvesters are less 
interested or dependent and 
collect less than 10kg. The 
average collected quantity of 
gum per week lies between 40-
65kg, for the intensive period.  
 
 

 
 
 

Figure 6.1 Spot market price vs. Distance to major city 
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Besides the farmer specific characteristic, the characteristics of the village can also have an 
influence on the situation of gum harvesters. Figure 6.1 (page 29) suggests that the location of 
the village has an effect on the spot market price of gum arabic. When the villages are ranked 
according to traveling time to the nearest major city, it seems that this distance has a negative 
effect on the spot market price. The villages that are further away from a city have lower 
reported spot market prices. The spot market price in the most remote village is only 50% of 
the reported spot market price in the village that is closest to a major city.  
 
The data from the questionnaire also suggest that the majority of the harvesters depend on the 
local spot market. Most of the harvesters sell their gum either on the spot market, or to the local 
grocer. Some of the harvesters cannot afford to wait for the spot market and sell their gum to a 
local grocer. In turn, the local grocer also depends on the spot market for selling on his gum. 
This means that both grocers and harvesters depend on the traders that visit the local spot 
market. Apparently, the majority of the harvesters are not able to travel to other markets, or to 
wait for other traders and better offers.  
 
Most harvesters report that the traders determine the price in the negotiations. The data 
suggest that the traders fix their price, based on the wholesale price they face. Apparently, 
factors, such as quality and quantity, do not influence the price per kg. Accordingly, both 
harvesters and traders suggest that the traders fix prices and have a higher bargaining power.  
 
As described above, the gum arabic harvesters have low human capital and assets. As a 
consequence, they cannot afford to wait for the next market, or travel to another, if prices are 
not satisfactory. In some cases, the harvesters cannot even afford to wait for the weekly spot 
market and they have to sell to the local grocer. Therefore, the harvesters are dependent on 
the few traders that visit their local spot market. Considering this situation, it is not surprising 
that the traders are reported to have a high bargaining power and they are able to fix the prices. 
Moreover, the more remote villages report a lower spot market price for gum arabic. This 
suggests that local monopsonies exist and traders effectively exploit this situation, in order to 
get the best price, given the wholesale price they face. 
 
6.2 Bargaining power 
Besides describing the current situation of gum arabic harvesters in Senegal, this research also 
aims to analyze their bargaining power. This section will go further into the results that can help 
to explain the determinants of the bargaining power of harvesters and the effect of coalition 
forming on their bargaining power. The first part of this section will go into the determinants of 
bargaining power of individual harvesters. The second part will analyze the difference in 
bargaining power between individual harvesters and coalitions.  
 
As only nine simulation games have been played, it is possible to summarize the observations 
that were made during the game play. As this section explains the bargaining power, it will 
discuss the observations that were made during the bargaining sub-game. In the first round of 
the bargaining sub-game, the harvester had to negotiate individually with the trader. During the 
various sessions of the simulation game, there were three different scenarios observed in this 
round. The first scenario was observed in four games. In this first scenario the trader would 
mention a wholesale price that he receives from his client, the wholesaler. This price served as 
an argument for the trader, to negotiate a price below this wholesale price. Consequently, the 
bargaining outcomes of the harvesters in this round did not exceed the fictitious wholesale 
price. In three of the four games with this wholesale price scenario, the outcomes were equal 
for all harvesters. In this case, all players bargained the same price with the trader. This equal 
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outcome scenario does not allow for analyzing the determinants of bargaining power. However, 
this equal outcome scenario occurs often in real life bargaining in the research area.  
 
The second scenario was observed in only two games. In this scenario the harvesters argued 
that they had an alternative client, which would offer them a certain price. Therefore, the 
harvesters were able to bargain a price above this fictitious breakdown option. The third 
scenario was observed in the remaining three simulation games. In this scenario none of the 
players invented a breakdown option. This led to a more open bargaining process, with more 
variety in the outcomes. The observations of the simulation games were used to analyze the 
determinants of bargaining power and outcome. The results form the different simulation game 
sessions can be found in appendix G. 
 
When studying the determinants of bargaining power in the first round of the game, it makes 
sense to check for the effects of certain variables on the bargaining outcome. When studying 
the games in more detail it is possible to observe a relation between some variables and the 
bargaining outcome. Considering that three of the total of nine games have an equal outcome 
scenario, there are six games remaining to study the effect of certain variables on the 
bargaining outcome. Apparently only quantity and game sequence seem to be related to the 
bargaining outcome. They both seem to have an effect in four of the game sessions. The other 
variables (age, education, experience, wealth) do not seem to have an effect on the bargaining 
power. Besides, in some cases it might be possible that the effects of the quantity and the 
game sequence cancel each other out. This can happen when the randomly determined 
quantity is decreasing during the game, while the game play experience is increasing. 
Therefore it is useful to construct another variable, which combines these two variables. This 
variable can be used to check for any combined effect of play sequence and quantity. This can 
be done by dividing the game sequence through the total number of players in the game 
session and then multiply this by the quantity of each player. This produces a variable which 
can be used as a proxy for bargaining power. This variable seems to have an effect on the 
bargaining outcome in four of the games.  
 

Table 6.1 Observations in First Bargaining Sub-Game 

Game Scenario Outcome 

Observed Effects 

Play 
Sequence 

Quantity 
Proxy for 

B.P. 

1 Open Different    

2 Wholesale price Equal X X X 
3 Harvester alternative Different X  X 
4 Harvester alternative Different X X X 
5 Wholesale price Equal X X X 
6 Open Different    

7 Wholesale price Different  X  

8 Wholesale price Equal X X X 
9 Open Different    
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Table 6.1 shows that there are five games which, show an effect on at least one of the three 
variables. As mentioned before, three of the games had an equal outcome scenario, which 
does not allow for detecting effects of certain determinants. This leaves only one game (Game 
4) unexplained. This game has different bargaining outcomes, but none of the variables seems 
to have any effect. When taking a look at the observations in this game, it seems that there are 
outliers in this game. There are players with high game experience and high quantity that have 
bargained a lower outcome than other players. As a result, this game does not show any 
positive influence from the quantity or the play sequence. 
 
The in-depth analysis of the games has shown that there are three variables which seem to 
have an effect on the bargaining outcome: quantity, play sequence and the proxy for bargaining 
power. It is interesting to make further 
analysis on the effect of these variables 
on the bargaining outcome. Figure 6.2 
shows the relation between quantity and 
the bargaining outcome. This graph was 
constructed by ranking the relative 
deviation from the group mean of the 
bargaining outcome according to quantity. 
Then the average was calculated for each 
quantity (10kg, 20kg, 30kg, etc.). 
Furthermore the correlation coefficient 
that corresponds to the graph was 
calculated. In Figure 6.3 and 6.4 the 
same procedure was followed to check 
for the effect of sequence and the proxy for 
bargaining power. 
  
As shown in figures 6.2-4 there seems to 
be a positive trend in all three variables. 
Although there are some minor decreases, 
all three graphs show a general positive 
trend. Moreover, all three variables result 
in relatively high correlation coefficients. 
Although it is not possible to calculate the 
significance of these correlations, this still 
suggests that these variables are positively 
related to the bargaining outcome. The 
remaining variables (age, education, 
experience, wealth) do not show a clear 
trend. These variables cannot be assumed 
to influence the bargaining outcome. 
 
The above shows that only quantity and 
play sequence seem to have an influence 
on the bargaining outcome. The other 
variables that were tested (age, education, 
experience, wealth) do not appear to be 
related to the bargaining outcome. For 
education and wealth this might be caused 

 

Figure 6.2 The effect of quantity on 
bargaining outcome 

Figure 6.3 The effect of play 
sequence on bargaining outcome 

QUANTITY AND SEQUENCE COMBINEDQUANTITY AND SEQUENCE COMBINED

 

Figure 6.4 The effect of the proxy of bargaining 
power on bargaining outcome 

PROXY FOR BARGAINING POWER 

Correlation: 0.916 

Correlation: 0.904 

Correlation: 0.877 
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by the fact that there are many similar observations on these variables. As most gum arabic 
harvesters are relatively poor and have received little or no formal education, there are many 
low outcomes on these variables. The tiny differences between the harvesters might not be 
significant enough to cause any difference in bargaining power. Therefore, these variables 
cannot be discarded completely. In general, the observation from the first bargaining sub-game 
suggest that in the games, bargaining power is mainly determined by quantity and play 
sequence. Other factors do not seem to play a role in this phase. 
 
Between the first and the second round of the bargaining sub-game, the coalition forming sub-
game was held. All of the game sessions had a similar outcome in this coalition forming sub-
game. In all the game sessions a coalition was formed that included all harvesters in the game. 
The next section on the coalition forming process will go deeper into this sub-game. However, it 
is important to note that all games resulted in a coalition that included all harvesters. This is 
important for the analysis of the observations that were made in the second round of the 
bargaining sub-game. During the second round of the bargaining sub-game the harvesters 
could negotiate collectively with the trader. In all nine games, the coalition was able to 
negotiate a higher price than any of the individual harvesters in the previous round. In general, 
the negotiations between the trader and the coalition were more intense and static than the 
individual negotiations. The harvesters were able to put more pressure on the trader, 
threatening him with breakdown. This resulted in more aggressive bargaining and eventually, 
an improved bargaining outcome for the harvesters. Although the traders faced a decrease in 
bargaining power, they did not manage to break either of the coalitions. As a result, no 
defection was observed.  
 
After having investigated the factors that influence bargaining power in a setting without 
coalitions, it is interesting to compare these results to those of the second round. In the second 
round of each session, the harvesters could form coalitions. As mentioned before, in each 
session, the harvesters formed coalitions that included all players. Because all harvesters join 
the coalition, each simulation game has only one bargaining outcome in the second round, 
namely the outcome of the coalition. It is interesting to compare the bargaining outcome of both 
rounds of the game. Firstly it is important to notice that, because each game had only one 
coalition, there are only nine paired observations to compare. Due to this low number of 
observations it is preferable to execute an exact test, rather than an approximate test. The 
outcome of the Exact Wilcoxon Signed Rank Test shows that the outcome of the second 
bargaining sub-game is 30% higher than the average outcome of the first bargaining sub-game 
in the each session3. Furthermore, the outcome of the second bargaining sub-game is 10% 
higher than the highest individual outcome of the first bargaining sub-game in each 
session4.The results of the simulation game are confirmed by the information from the interview. 
The only Experna cooperative in Senegal reported an increase of producer prices of almost 
100%. Besides, The section on methodology suggested that it would also be interesting to 
compare the differences between farmers inside and outside coalitions. However, the 
simulation game did only provide cases of coalitions that included all harvesters. None of the 
simulation games has shown a scenario of defection. As a consequence, it is not possible to 
compare the results of these possible scenarios.  
 
The results that were mentioned in this session can give some suggestions about the 
bargaining power of gum harvesters in Senegal. First of all, it seems that skills do not play an 
important role in determining the bargaining power of harvesters in the simulation game. 
                                                
3 One tailed α = 0.05 
4 One tailed α = 0.05 
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Furthermore, the wealth and education of the harvesters do not appear to be significant factors 
in determining bargaining power. This might be caused by a lack of variation in these variables. 
The most important factors to determine the bargaining power seem to be the quantity of gum 
and the play sequence. In the second round, coalitions are formed in all games. These 
coalitions include all harvesters present in the session. These coalitions perform significantly 
better than the individual harvesters. All coalitions reach a higher bargaining outcome than any 
individual farmer in the first round of the same game. This increase in bargaining power is 
confirmed by the information from the interview. As all coalitions include all harvesters, it is not 
possible to analyze the determinants of bargaining power in the second round. Moreover, 
neither defection, nor exclusion is observed. 
 
6.3 Coalition forming 
This part will go further into the results that were found on the process of coalition forming. 
These results are derived from the simulation games, as well as the interview. As discussed 
before, the limited number of simulation games does not allow for a quantitative analysis. 
Therefore, this part will give a more qualitative description of the observations that were made. 
First of all this part will go into the factors that influence the decision of a harvester to join a 
coalition. After this, the stability of the coalitions will be discussed. 
 
The observations made during the simulation game are supposed to shed light on the 
determinants of the decision to join a coalition. Between the first and the second round of the 
bargaining sub-game, the coalition forming sub-game was held. All of the game sessions had a 
similar outcome in this coalition forming sub-game. In all the game sessions a coalition was 
formed that included all harvesters in the game. During the process of coalition forming there 
were always two or three harvesters who understood the possible benefit of a coalition. In all 
sessions, these few harvesters were able to convince the other harvesters in the game to join 
the coalition. As a result all the game sessions had one large coalition that included all 
harvesters. Unfortunately, this result means that it is impossible to estimate Equation 1. 

 
Because in each game all the harvesters joined a coalition, there is only one observed outcome 
in the dependent variable join coalition. Therefore this binomial choice model cannot be 
estimated.  
 
Apparently, the harvesters decide to join, regardless of their individual characteristics. Besides, 
the results suggest that the harvesters do not tend to exclude each other. Considering the 
model of Figure 4.5 (page 16), this would mean that the economic incentive for the harvesters 
to join, is so strong that all harvesters join the coalition, irrespective of their individual skills, 
education and quantity of gum. The results of the simulation game are confirmed by the 
information from the interview. Apparently, the only existing gum arabic cooperative in Senegal 
includes all harvesters in its region.  
 
After having discussed the decision of harvesters to join a coalition, this part will go into the 
income equality within the coalition. The first issue that will be treated is the reward allocation. 
The observations from the simulation games indicate that all observed coalitions apply 
distributive justice. When it comes to the reward allocation, all coalitions use the same price per 
kg for each member. This means that the reward of each member is directly proportionate to 
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his input. The interview shows that the Experna cooperative also applies distributive justice. 
The Experna cooperative applies a fixed price per kg (after overhead costs) for all harvesters.  
 
Besides the reward allocation, the representation of the coalitions does also affect the income 
equality inside the coalition. During the simulation game the harvesters always applied an 
egalitarian representation scheme. In all of the observed games, either one or two harvesters 
represented the coalition in the negotiations with the trader. After having negotiated a price the 
representatives turned back to the rest of the members to discuss whether or not they would 
agree with the price. Using this way of representation, each member has a voice in the price 
negotiations. The information from the interview shows that the Experna cooperative also 
applies an egalitarian way of representation. In the Experna cooperative the director negotiates 
a price with the trader. The harvesters need to agree on the price. Moreover, the harvesters 
have the power to fire the director and choose a new one. All major decisions need to be 
agreed on by the harvesters. This egalitarian representation should have a positive influence 
on the income equality inside the coalition. 
 
The third issue that can affect the income equality inside the coalition is opportunistic behavior 
and more specifically, defection. During the simulation games not a single case of defection 
was observed. The coalitions remained stable in all nine sessions of the game. Although the 
traders faced decreased bargaining power, they were not able to break the coalitions. The 
information from the interview shows that the Experna cooperative did not have any reported 
cases of defection so far. Although some traders without contract tried to go into the villages to 
buy the gum of the coalition members, they did not succeed. These actions were reported to 
the direction of the cooperative. The local government does also support the stability of the 
cooperative. Officially, traders require licenses to buy gum arabic from harvesters. These 
licenses are issued by local government officials. In the area of the Experna cooperative, these 
licenses are only issued to traders that have a contract with the cooperative.  
 
The absence of defection in the game suggests that the coalitions are difficult to break. One of 
the factors that might cause this absence of defection is the observability of the actions of the 
members. In the games all players were negotiating in the same room. This means that a 
defector could easily be detected. This defector could face some kind of punishment for his 
defection. In real life, the harvesters live in small villages. Social ties are very short and 
therefore, the actions of the harvesters are easily observable to the other harvesters. This 
might explain the absence of cases of defection.  
 
The information from the simulation games and the interview suggests that the harvesters have 
high incentives to join a coalition. This research has only observed positive cases of harvesters 
that did join a coalition. This suggests that the incentive to join is high, but it does not allow for 
an analysis of other possibly influential factors. The observed coalitions seem to be stable as 
no defection occurs. Both the interview and the simulation games show that distributive justice 
and egalitarian representation are preferred. This is supposed to have a positive effect on the 
income equality inside the coalition, meaning that all members can benefit equally from the 
coalition. 
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7. Review on simulation games 
 
Before heading to the discussion on the outcomes of this research in the next chapter, this 
chapter will give a review on the use of simulation games as a research method. Since this is a 
relatively new research method, it might be relevant to discuss its functioning. This section will 
go into the advantages and disadvantages of this method. Firstly an explanation of the 
practicalities that were required to execute the simulation games will be provided. And after this, 
the quality and reliability of the data that were generated with the simulation games will be 
discussed. This should lead to a number of conclusions about the effectiveness of this research 
method. 
 
7.1 Practicalities 
Using simulation games as a research method poses various practical problems. The main 
practical problem in this research was to gather a sufficient number of participants at the same 
time and the same place. The simulation game requires 4-7 gum harvesters and 1 trader to 
play together for a session of about three hours. Due to the highly dispersed farmer population 
in the research area, it proved difficult to arrange these sessions. First of all, the research area 
had to be narrowed down to only seven villages. This already limited the number of game 
sessions and hence, the number of observations. Besides, these villages needed to be visited 
on their market day, in order to find enough people available. In some of the villages it was 
difficult to find enough harvesters and/or traders for a successful run. Because the villages 
were visited on market days, most (potential) participants only had come to the village for 
commercial activities. As these activities can easily take all day, it was difficult to draw these 
people away from the market, to have them participate in the research for three hours. That is 
why, a modest monetary compensation was offered to the participants, in order to convince 
them to participate. This incentive proved useful, but it was still difficult to find enough 
participants. Most potential participants had only come to the market for a commercial reason. 
The potential benefit of this commercial activity could not be topped by the research 
compensation. Although it was difficult to gather enough people, it was still possible to run at 
least one session in each of the villages. Nevertheless, the organization of these sessions and 
the efforts of finding participants proved very costly and time consuming.  It is obvious that 
these practicalities had a negative effect on the randomness of the sample. As a consequence, 
the generalizability of the results is affected in a negative way. 
 
Besides the troubles with finding participants, there were also some linguistic difficulties. As 
most of the participants had received little or no formal education, they did not speak French. 
Therefore, interpreters were used to facilitate the research. However, in some of the villages, 
the variety of dialects and accents required a chain of two or even three translators. This 
provided some difficulties when it came to explaining the procedure of the simulation and the 
interpretation of the responses. Although very close attention was paid to the common 
understanding of the game rules, these lingual differences could have had a negative effect on 
the quality of the data.  
 
7.2 Reliability of the data 
One of the most important issues concerning the reliability of the data from simulation games is 
the artificiality of the game. Like any simulation game, the game used in this research consists 
of a set of incentives that were invented by the researcher and imposed on the participants. As 
explained in the game design, a lot of attention was spent on designing a game that would 
correspond as closely to reality as possible. As a result, the game that was used in this 
research consisted of a set of incentives that corresponded rather well to the incentives of a 
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real life gum arabic bargaining situation. However, it is still not proven that the participants of 
the game behaved in the same way in which they would behave in reality. This is also shown in 
the significant effect that the play sequence has on the bargaining outcome. It is theoretically 
impossible to prove that the harvesters would show exactly the same behavior on their spot 
market, as in the simulation game. As a consequence it is always disputable whether or not the 
results of a simulation game can tell something about a real life situation. Anyhow, the data 
from the simulation can at least help to give a suggestion on the behavior of participants in 
reality. 
 
When looking more specifically to the simulation game that was applied in this research, more 
drawbacks can be identified. As explained above, in a simulation game the researcher 
specifies a set of incentives. This means that some of the factors in the simulation game are 
fixed by the researcher, whereas other factors are left open. In the simulation game that was 
used in this research, the players were free to negotiate any price. The test runs of the game 
had shown that negotiating with fixed price bands would lead to the same result in each game. 
Because this would lead to useless information, it was preferred to use open bargaining, 
without price bands. This meant that the harvesters were free to negotiate any price. As a 
result, there were large differences in negotiated prices between villages. As the sample size 
was already limited due to practical reasons, it could not be assumed that the bargaining 
outcome was characterized by a normal distribution. Consequently, it was not possible to apply 
regression analysis on the bargaining outcome. This limits the generalizability of the results 
from this research. 
 
The setting of the simulation game did also have an influence on the outcomes. Because in 
reality the harvesters bargain in an open setting on the market, this open setting was preferred 
for the simulation game. Because the harvesters were able to observe the actions of the other 
players, the order of play affected the outcome. The open bargaining setting caused a learning 
effect. The players that played later in the game had an advantage over the players that had 
played earlier. 
 
Another drawback of simulation games occurred in the coalition forming sub-game. As this 
research aimed to analyze the determinants of the decision to join a coalition or not, this sub-
game should have provided useful information on this process. However, during the sessions 
of the game it turned out that all harvesters joined a coalition. As a consequence, analyzing the 
determinants of this decision was not possible. Moreover, the same problem was observed 
when it came to analyzing the effects of defection. This shows that, when using simulation 
games, the variety of the data depends on the actions of the players. Other methods can 
provide the possibility of selecting a sample with specific outcomes on certain variables. On the 
contrary, using simulation games, the researcher is dependent on the outcomes that are 
provided by the game. 
 
An important advantage of the simulation games is that they enable researchers to study 
complicated processes with many interrelations. The advantage of the simulation games is 
their holistic character. Simulation games allow for a snapshot of the entire situation, grasping 
all its elements and interrelations at once. Although there were practical difficulties in finding 
players and explaining the games to them, it provided a good opportunity to observe the 
bargaining process. This would have been more difficult in a real life setting. Moreover, the 
simulation games also provided the opportunity to study a situation which did not yet exist. With 
other methods it would have been very difficult to study the effect of coalitions on the 
bargaining process. 
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7.3 Conclusion 
This research has shown that the use of simulation games brings about considerable practical 
difficulties. Once taken out of the laboratory into the field, this method proves time consuming 
and hence, expensive. This limits the opportunities for simulation games to gather large 
numbers of observations. Besides, the reliability of the data from simulation games is always 
disputable, since the games are artificial. The observations from simulation games can give at 
most a suggestion about the behavior in reality. Moreover, the quality of the data is largely 
dependent on the outcome of the game. There is always an aspect of uncertainty in the 
application of simulation games. The proceeding of the games influences the quality and 
usefulness of the data. This underlines the importance of good preparation and executing 
various test runs of the simulation game. But even after a good preparation, the actual 
proceeding of the game in the field is uncertain. 
 
However, although this method has some major disadvantages, it can still be a useful method. 
In some complicated processes with many interrelations, other methods would only allow for 
studying separate fragments of the process. Moreover, in this research the games were used 
to study a situation which is not yet present. In this case the simulation games provide an 
interesting opportunity to find information about the possible behavior in this new situation.  
In general it can be said that, this method brings about many practicalities and the reliability of 
the data is disputable. However, if this method is used in combination with other methods, it 
can still make a valuable contribution to research on complicated processes and inexistent 
situations. 
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8. Discussion and policy recommendations 
 
This section will provide a discussion of the results of this research. This discussion should give 
conclusive answers to the research questions. This should lead to a set of policy 
recommendations, as well as points for further research. Firstly, this section will discuss the 
current situation of the gum arabic harvesters in Senegal. After this, the second part will go 
further into the bargaining power and the effect of coalition forming on this bargaining power. 
The third part will discuss the process of coalition forming. The answers from these three parts 
should provide an answer to the general research question of this research. 
 
8.1 Current situation 
This section is supposed to provide an answer to the first specific research question5. The 
results of this research show that most gum arabic harvesters in Senegal are relatively poor. 
They have received little or no formal education. Therefore the harvesters have limited 
possibilities when it comes to selling their gum. Due to the poor infrastructure and large 
distances the harvesters are largely dependent on the gum price on the spot market in their 
specific village. The few traders that visit each market are reported to fix the prices. Moreover, 
the more isolated a village is, the lower the reported spot market price. This suggests that the 
harvesters face local monopsonies or oligopsonies, which are successfully exploited by the 
traders. Such a situation is supposed to give perspectives for coalition forming. Theoretically, 
coalition forming should provide the harvesters with a better bargaining position.  
 
8.2 Bargaining power 
This section will provide an answer to the second specific research question6. The results of the 
simulation games suggest that the most important determinants of bargaining power are the 
endowed quantity and the play sequence. Personal factors do not seem to play a significant 
role in determining bargaining power. This indicates that the quantity of gum available is an 
important determinant of the price per kg. The insignificance of the factors wealth and 
education may be caused by a lack of variety in the data. Both these variables show many 
similar outcomes. The remaining factors age and gum experience do not play a significant role 
in determining the bargaining power. This outcome contradicts the literature on this topic. It 
might be that the simulation games were too synthetic and players did not play according to 
their personal characteristics. However, it might also be that these factors do not play a role in 
the bargaining process in Senegal. The reason why these four personal factors were not 
significant provides ground for further research. The outcomes of the simulation games show 
that coalition forming has a significant positive effect on the bargaining outcome of harvesters. 
This increase in bargaining outcome suggests that the coalitions have higher bargaining power 
than the individual harvesters. These results are confirmed by the experiences of the Experna 
cooperative. The findings strongly indicate that the coalitions can provide harvesters with an 
increase in bargaining power and outcome. This should provide the harvesters with a strong 
incentive to join up and form coalitions. 
 
8.3 Coalition forming 
This section will answer the third specific research question7. The results of the simulation 
games and interview show that the coalitions tend to include all available harvesters. The 
coalitions in the simulation game, as well as the Experna cooperative, include all the harvesters 

                                                
5 What are, currently, the major problems that limit the bargaining power of the gum arabic harvesters? 
6 Can these problems be neutralized by forming coalitions? 
7 Can harvesters benefit from the advantages of coalition forming? 
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present. This suggests that the harvesters have a very strong incentive to join a coalition. 
Although this might be a convenient outcome, it does not allow for studying other determinants 
of the decision of a harvester to join the coalition, or not. Although this research suggests that 
the harvesters have a high incentive and cooperative spirit, further research could help to map 
the influence of other factors in this decision process. 
 
The coalitions in the simulation games and the experiences of the Experna cooperative show a 
preference for egalitarian representation. This has a positive effect on the continuity and 
stability of the coalitions. Since all members are represented equally, this will influence the 
income equality inside the coalition in a positive way. Moreover, all the studied cases showed a 
preference for distributive justice as reward allocation. This reward allocation contributes to the 
stability of the coalition. More importantly, distributive justice allows all the participants of the 
coalition to benefit from the increased bargaining power of the coalition, proportionate to their 
input. This means that all members can profit from the improved price per kg, bargained by the 
coalition. Finally, the results of this research suggest that there is little incentive for defection on 
the coalition. None of the studied cases showed any form of defection on any of the coalitions. 
This might suggest that there is high observability of actions of the members. Future research 
could help to shed more light on this outcome. 
 
8.4 Conclusion 
After having answered the three specific research question, it is possible to answer the general 
research question8. The results of this research have shown that the current, monopsonistic 
situation of the gum arabic trade provides good perspectives for coalition forming. It seems that 
the coalitions provide their members with an increase in bargaining power and bargaining 
outcome. Since the coalitions tend to include all harvesters and since the coalitions tend to 
apply distributive justice and egalitarian representation, it seems that many gum arabic 
harvesters in Senegal can profit directly from coalition forming. The possible benefit, as well as 
the organization of the coalitions provides the members with little incentive to defect. This has a 
positive influence on the stability and continuity of the coalition. In general, this research 
suggests that coalition forming can improve the bargaining power and outcome of gum arabic 
harvesters in Senegal. 
 
8.5 Policy recommendations 
The first policy recommendation that is suggested by this research is the formation of gum 
arabic coalitions in Senegal. This research indicates that the gum harvesters in Senegal can 
benefit from coalition forming. Therefore it can be advised to facilitate the creation and 
formation of coalitions. 
 
Evidently, more research is required on the formation of coalitions. The current research has 
only focused on the bargaining aspects of coalition forming. There are many other possible 
advantages and disadvantages from coalition forming, which need to be studied, in order to 
create successful coalitions. Other studies might help to design an effective implementation of 
these coalitions.  
 
Furthermore, the approach that was used in this research can be relevant for studies on similar 
forestry products (e.g. monkey bread, aboghar, etc.). As gum arabic might not be the only 
secondary product that is produced by poor pastoralists, it is interesting to study the 
opportunities of other products too.  
                                                
8 Can coalition forming improve the bargaining power and outcome, of gum arabic harvesters in Senegal? 
 



 41 

Reference list 
 
Internet Sources 
 
1. Wikipedia on Senegal 
    http://en.wikipedia.org/wiki/Senegal (July 5, 2008) 
 
2. USAID: Senegal 
    http://www.usaid.gov/policy/budget/cbj2006/afr/sn.html (July 5, 2008) 
 
3. ISS Senegal – Economy 
    http://www.iss.co.za/af/profiles/Senegal/Economy.html (July 5, 2008) 
 
4. CIA world factbook on Senegal 
    https://www.cia.gov/library/publications/the-world-factbook/geos/sg.html (July 5, 2008) 

 
5. http://earthtrends.wri.org/text/population-health/country-profile-157.html (July 18, 2008) 
 
 
Literature 
 
6. Asyila Gum (Unpublished) Sylviculture Du Gommier, Production de Gomme Arabique 
 
7. Binmore, K. Rubinstein A, Wolinsky A. 1986. The Nash bargaining solution in economic modeling. Rand Journal 
of Economics, Vol. 17, No 2.  
 
8. Caplow T.C. (1968) Two against one, Prentice Hall 
 
9. Charness, G. Corominas-Bosch, M & Frechette, G.R. (2005) Bargaining and network structure: An experiment, 
Penn Institute for economic Research 
 
10. Chern, WS. Just, RE. 1978. Econometric analysis of supply response and demand for processing tomatoes in 
California. Giannunu Foundation Monograph Number 37. 
 
11. Chretin, Chikamai, Ekai Loktari, Ngihili, Loupa, Odee and Leseur (2007), Gum arabic in Kenya,      current 
situation and prospects: a promising sector for pastoralists living in arid lands 
 
12. Dávila, J. & Eeckhout, J. (2004) Competitive bargaining equilibrium, Penn institute for economic research 
 
13. Duke R.D. & Geurts J.L.A. (2004) Policy games for strategic management. Dutch university press 
 
14. Ellis, F., 1988. Peasant economics, farm household and agrarian development. Cambridge University Press 
 
15. Folkes V.S. & Weiner, B. (1976) Motivational determinants of coalition formation, Journal of experimental 
social psychology 
 
16. Henrich, J., Boyd R., Bowles S., Camerer C., Fehr, E. & Gintis, H. (2004) Market Integration and Fairness: 
Evidence from Ultimatum, Dictator, and Public Goods Experiments in East Africa, Foundations of Human Sociality 
 
17. Hofstede, G.J., Pedersen, B.P., Hofstede, G. 2002 Exploring Culture, Intercultural Press 
 
18. Kagel, J. & Roth, A.E. (1995) The handbook of experimental economics, Princeton University Press 
 
19. Komorita, S.S. Aquino, K.F., Ellis, A.L. 1989. Coalition Bargaining: A Comparison of Theories Based on 
Allocation Norms and Theories Based on Bargaining Strength. Social Psychology Quarterly, Vol. 52, No. 3, (Sep., 
1989), pp. 183-196 
 
20. Maisharou, A & Elhajdi Hassane, N. (2004) Presentation “Résultats des enquêtes filières gomme dans les trois 
bassins de production de la gomme du Niger  
 

http://en.wikipedia.org/wiki/Senegal
http://www.usaid.gov/policy/budget/cbj2006/afr/sn.html
http://www.iss.co.za/af/profiles/Senegal/Economy.html
https://www.cia.gov/library/publications/the-world-factbook/geos/sg.html
http://earthtrends.wri.org/text/population-health/country-profile-157.html


 42 

21. Meijer, S., Hofstede, G.J., Beers, G & S.W.F. Omta (2006) Trust and Tracing Game: Learning about 
transactions and embeddedness in a trade network, Taylor and Francis Group 
 
22. Ministère de l‟environnement et de la protection de la nature du Sénégal (January 2005) Etude     
Diagnostique de la Filière des gommes et résines et plan décennal de développement du   projet, Projet opération 
Acacia. 
 
23. Muthoo, A. (2001) The Economics of Bargaining, In Knowledge for Sustainable Development: An Insight into 
the Encyclopedia of Life Support Systems, UNESCO and EOLSS: EOLSS Publishers 
 
24. Nagarajan, M. (2006) Game theoretic analysis of cooperation among supply chain agents: Review and 
extensions, University of British Columbia 
 
25. Park, H.M. 2008. Linear Regression Models for Panel Data Using SAS, Stata, LIMDEP, and SPSS. The 
Trustees of Indiana University 
 
26. Ray, D. (1998) Development economics, Princeton university press 
 
27. Rodgers, J. L. Nicewander, W. A. (1988). "Thirteen ways to look at the correlation coefficient". The American 
Statistician 42: 59–66. 
 
27. Saenz-Segura, F. (2006) Contract Farming in Costa Rica: Opportunities for smallholders? Wageningen 
University 
 
28. Siegel, S. (1956) Non parametric statistics for the behavioral sciences, McGraw-Hill, New York, P75-83 
 
29. Sivramkrishna, S. Amalendu, J. 2008. Monopsonistic exploitation in contract farming. Journal of International 
Development 20, 280–296 
 
30. Stähler, F (1998) Economic games and strategic behaviour, Edward Elgar Publishing Ltd. 
 
31. Taylor, C.R. (1995) The long end of the market and the short end of the stick: Bargaining power and price 
formation in buyers‟, sellers‟ and balanced markets, The Quarterly Journal of Economics. Vol. 110, #3 
 
32. Varian, H.R. (2005) Intermediate Micro Economics, W.W. Norton & Co 
 
33. de Vaus, D.A. (2001) Research design in social research, London 
 
34. Wickens, G.E. Seif E.L. Din, A.G., Sita, G. and Nahal I. 1996. Rôle des acacias dans l'économie rurale des 
régions sèches d'Afrique et du Proche-Orient. Cahiers FAO : conservation 27. 1-56 
 
35. Williamson O. 1981 The Economics of Organization: The Transaction Cost Approach American Journal of 
Sociology November 1981, Vol. 87, No. 3: pp. 548. 
 
36. Williamson, O.E. 1987. The economic institution of capitalism. The Free Press, New York 
 
37. World Bank. 2008. Export marketing of gum arabic from Sudan. World bank policy note 
 
38. Zuñiga-Arias, G. (2007), Quality management and strategic alliances in the mango supply chain from Costa 
Rica, Wageningen Academic Publishers 
 
39. Zuñiga-Arias, G., Meijer, S., Ruben, R. & Hofstede G.J.(2007) Bargaining power and revenue distribution in 
the Costa Rican mango supply chain, Journal on Chain and Network Science 
 
 
 
 
 
 
 



 43 

Appendix A: Research villages 
 

 
SOURCE: http://www.iss.co.za/Af/profiles/Senegal/senegal_rel89.jpg 

 

A: Dahra 
B: Tambacounda 
1: Barkedji 
2: Dodji 
3: Thièl 
4: Vélingara 
5: Louggéré Tiolly 
6: Ranerou 
7: Ndiayène Fouta 
 
 

http://www.iss.co.za/Af/profiles/Senegal/senegal_rel89.jpg
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Appendix B: Questionnaire  
(Translated from French) 
Name:………………………………………………………. 

 
Age:……………    Ethnicity :…………………………….                
 

What education have you received ?   

       Formal                    Number of years :…….. 

       Informal                     Which ?......................... 

 
What is your primary livelihood activity ?:………………………………………… 
 
What are your secondary activities ? : 
 

- …………………………………  

- …………………………………  

- …………………………………  

Herd size             Herd type 

       Large (>100)         Large 

       Average (50-100)                    Mixed 

       Small (26-50)                                            Small 

       Very small (<25)  

 

How many years of experience do you have with gum arabic?……………… 

 

What is your profession related to gum arabic ?  

       Harvester        Wholesaler 

       Grocer                      Other :……………………. 

       Mobile trader                         Other :…………………….   

 

Is there currently a gum arabic cooperative in your village? 

       Yes     What type of cooperative :…………………… 

       No  

 

Are you part of this cooperative ? 

       Yes      

       No                Why ?....................................................... 

 
What is your period of activity in gum arabic each year ? 
 

High intensity : from ………………………………… to ………………………………… 

Low intensity :  from ………………………………… to ………………………………… 

 

 
 

Game tracking number 
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Frequency of harvest exploitation   

 Weekly Monthly 

High intensity   

Low intensity   
 

Frequency of commercialization 

 Weekly Monthly 

High intensity   

Low intensity   

 
Average quantity of gum harvested at each occasion 

 
High intensity :…………........ 
 
Low intensity : …………….. 
 
 
Who are your principal clients ? 

 

- …………………………………  

- …………………………………  

- …………………………………  

What reasons do you have for this choice of client ? 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

Who determines the price in the negotiations? 

         The trader / grocer 

         The harvester 

         The wholesaler / processor 

         The price is determined through bargaining 

         Other…………………………………………………. 

 

What are the most important factors that determine the price (per kg) in the 

negotations? 

        The quality of the gum                           The season 

        The quantity of the gum                         The relation with the client 

        Other……………………… 

 

Who has the best bargaining position? 

        The trader                         Why ?............................................... 

        The harvester                    Why ?.............................................. 

        Both parties are balanced 

        Other……………………………………………………… 
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Appendix C: Variables derived from questionnaire and simulation game 
 

VARIABLES FROM QUESTIONNAIRE 
VARIABLE NAME TYPE DESCRIPTION 

Tracking Number Nominal Personal tracking number of the player 

Game Role Nominal 
Role of the player in the game (Trader = T / 
Harvester = 1,2,3, etc.) 

Date Nominal Date of the questionnaire and game 

Place Nominal Place of the game 

Name Nominal Name of the respondent 

Age Ratio Age of the respondent 

Ethnicity Nominal Ethnical group to which the respondent belongs 

Education Nominal Type of education received (Formal / Quran School / 
Alphabetization) 

Formal Education Ratio Number of years of formal education received 

Primary Activity Nominal Primary livelihood activity 

Secondary Activity Nominal Secondary livelihood activities 

Herd Size Ordinal 
Number of livestock animals the respondent owns. 
Divided into four groups (1: <25   2: 25-50   3:51-100   
4: >100) 

Herd Type Ordinal 

Type of animals in the livestock of the respondent. 
Divided into three groups (1: Large = cows, camels, 
horses, etc.   2: Mixed =mix of large and small   3: 
Small = sheep, goats, etc.) 

Wealth Ordinal 
Combination of Herd Size and Herd Type, divided 
into 5 groups 

Gum Profession Nominal The respondent's profession in gum arabic 

Gum experience Ratio 
Number of years the respondent is working in gum 
arabic 

Existing Coalition Nominal 
Is there a coalition of gum arabic harvesters in the 
village? 

Type of Coalition Nominal Type of coalition, in case there is one present 

Participation Nominal Does the respondent participate in the coalition, in 
case there is one present 

Participation Reason Nominal Reason of the respondent to participate, or not, in 
case there is a coalition 

High Intensity Period Nominal Period of highly intensive activity in gum arabic 

Low Intensity Period Nominal Period of low intensive activity in gum arabic 

HI Harvest Frequency Ratio Number of days per week spent on harvesting gum 
arabic, during high intensity period 

LI Harvest Frequency Ratio Number of days per week spent on harvesting gum 
arabic, during low intensity period 

HI Quantity Ratio 
Average quantity harvested per week, during the high 
intensity period 

HI Commercial 
Frequency 

Ratio Number of times per week the gum is sold, during 
high intensity period 

LI Commercial 
Frequency 

Ratio Number of times per week the gum is sold, during 
low intensity period 

Client Nominal Clients that buy the gum arabic of the respondent 

Client Reason Nominal Reason for the choice of client 

Price Determination Nominal 
Which party determines the price during the 
negotiations? 

Price Factors Nominal 
Factors that determine the price of the gum, during 
the negotiations. 
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Bargaining Position 1 Nominal Which party has the best bargaining position 
according to the respondent? 

Bargaining Position 2 Nominal Why does the above mentioned party have a better 
bargaining position? 

Market Price Ratio 
Current producer price of gum arabic at the local spot 
market 

Distance to Major City Ordinal 
This variable ranks the villages on their proximity to 
the nearest major city, considering distance and road 
quality (Linguère)  (1 = Closest, 7 = Furthest away) 

 

VARIABLES FROM SIMULATION GAME 
VARIABLE NAME TYPE DESCRIPTION 

Play sequence Ratio Order number of the player, indicating which turn he 
had in the simulation game 

Game Tracking Number Nominal Tracking number of each game.  

Local Market Price Ratio Local market price (only in case this is used by players 
as an argument or alternative) 

Wholesale Price Ratio Wholesale price (only in case this is used by players 
as an argument or alternative) 

Farmers Ratio Number of farmers in this specific game 

Quantity Endowed 1 Ratio Quantity of gum arabic endowed to the harvester in 
Round 1 (determined by roll of dice) 

Quantity Sold 1 Ratio Quantity of gum arabic sold in Round 1 

Outcome 1 Ratio Price per kg agreed with trader in Round 1 

Quantity Endowed 2 Ratio Quantity of gum arabic endowed to the harvester in 
Round 2 (determined by roll of dice) 

Bargaining Quantity 2 Ratio 
Quantity of gum arabic the harvester bargains with in 
this round. In case he joins a coalition, this variable 
equals the total amount of the coalition. 

Join Coalition Nominal 
Did the farmer join a coalition in this round (1 = yes,   0 
= no) 

Number Coalitions Ratio Number of coalitions created in this specific game 

Coalition Members Ratio 
Number of members in the coalition to which the 
respondent belongs 

Quantity Coalition Ratio 
Total quantity of gum of the coalition to which the 
respondent belongs 

Reward Allocation Nominal Reward allocation within the coalition 

Coalition 
Representation 

Nominal 
Type of representation within the coalition 

Coalition Position Nominal Does the respondent have an influential position within 
the coalition? (1 = yes,   2 = no) 

Quantity Sold 2 Ratio Quantity of gum arabic sold in Round 2 

Outcome 2 Ratio Price per kg agreed with trader in Round 2 

Defection Nominal 
Did the respondent defect on the coalition? (1 = yes,   
2 = no) 
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Appendix D: Game procedure 
 
 
1. The game is played with one trader and 4-8 harvesters. Before the game all players 

are supposed to complete a questionnaire. All players are handed out a tracking 
number, which links them to their questionnaire.  

 
2. Before the first round, each player has to throw a dice. The outcome determines their 

endowment for this round. The possible outcomes are 10, 20, 30, 40, 50 and 60 kilos 
of gum.  

 
 
3. In the first round the harvesters have to negotiate a sales price (per kg) for their gum, 

with the trader. In this round all harvesters have to negotiate individually. In order to 
pick up learning effects, the harvesters should go up and negotiate with the trader in a 
fixed order, according to their tracking number. The outcome of the negotiations is 
reported to the researcher. 

 
4. After the first round the harvesters have to throw the dice again, to determine their 

quantities for the second round. The possible outcomes are the same as in the first 
round. 

 
5. Before the second round of negotiations, the harvesters have some time to try to form 

a coalition. If a coalition is formed, this should be reported to the researcher. The 
members of the coalition have to agree on a reward allocation and a representational 
structure. This should also be recorded by the game leader. 

 
6. In the second round of negotiations the harvesters have to negotiate again with the 

trader. If there is a coalition, it should negotiate collectively. The coalition should 
bargain one price for the total quantity they have. If a member defects on the coalition, 
this should be indicated to the researcher. The outcomes of the negotiations are, once 
again, recorded by the researcher. 
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Appendix E: Case study on the Experna cooperative  
          (Source: Interview with Mr. O. Cissokho) 
 
Being the only gum arabic cooperative in Senegal, Experna comprises of 80 villages and 1200 
members. The cooperative was founded in 2005, as an initiative of local populations and it 
includes all gum producers in the region. The mission of Experna is to improve the revenues 
from forestry production, most notably, gum arabic and monkey bread, as well as to preserve 
the forestry resources in the long run. The objective of Experna is to create dynamic rural 
communities that can exploit natural resources in a sustainable way. Besides, the cooperative 
also aims to improve harvesting methods and commodity prices for farmers. Moreover, the 
cooperative also focuses on active protection and preservation of forestry resources. Because 
the cooperative is still in its initial stages, it operates with help from the government, as well as 
from NGO‟s. However, this young cooperative has already established some notable 
achievements. The cooperative has successfully installed a forest-fire-department. Besides, the 
cooperative employs a team of forest guards, which supervise the extraction of natural 
resources from the forest and protect the forest from illegal exploitation. Moreover, the 
cooperative has facilitated a reforestation program of 400ha and they have recently installed 
machinery that will allow the local community to process raw monkey bread into powder.  
 
When it comes to gum arabic, the cooperative treats about 40-50 metric tons of gum arabic a 
year. The cooperative assists in the transport the storage and the sale of the gum. In some 
cases, harvesters can make use of advanced payments. In practice, the coalition has only one 
client each season. Before the start of the season, the cooperative negotiates with various 
potential clients. The client that offers the best condition gets a permit to buy the gum from the 
region covered by the cooperative. The price per kg is fixed for the entire season. This means 
that the client goes into the villages on a weekly basis to buy the gum directly from the 
harvesters. The harvesters receive a fixed price per kg of gum arabic.  
The cooperative deducts about 20% of the negotiated price, in order to cover the operational 
and overhead costs. In recent years, the price per kg (after costs) received by the harvesters 
varied between 500XOF and 700XOF9. These prices are roughly the double of the prices the 
harvesters received before the start of the coalition.  
 
The increase in price has led to an increased interest in the production of gum arabic. The 
production has grown every year since the installation of the coalition. This increase is 
stimulated by the annual Day of the Gum, which is organized by the cooperative. On this day, 
the three harvesters that have produced the highest quantity during the past year receive an 
award and a monetary reward. The cooperative also encourages the participation of women in 
the exploitation of forestry resources. Traditionally, the gum harvest is a strictly male activity, 
but in last years‟ Day of the Gum, the second prize was won by a woman.  
 
The representation of the cooperative resembles an egalitarian structure. Each member is 
supposed to acquire a member card. This member card has the symbolic value of 100XOF10. 
Each of the 80 villages has a periodic assembly, where problems can be discussed. These 
assemblies are also used to elect a village head. In their turn these village heads gather in a 
large assembly. This assembly of village heads can choose the president of the cooperative. 
Besides, this assembly has to agree upon the contract with the client of the cooperative.  
 

                                                
9 500XOF – 700XOF equals 0,76€ - 1,07€ 
10 100XOF equals 0,15€ 
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Once the cooperative has a contract with a client, the members are obliged to sell their gum to 
this client, for the fixed price. As this price is roughly the double of the price the harvesters used 
to receive, they have hardly any incentive to defect on the cooperative and sell individually. 
However, the traders that did not manage to get a contract with the cooperative face a sudden 
loss of business. Some of these traders go into the villages anyway. They try to persuade the 
members to sell their gum outside of the cooperative. So far, these attempts have failed. The 
members refuse to trade outside the cooperative and they report the attempts of the traders. 
The local government structure assists the cooperative in this sense. Traders need to purchase 
a permit, in order to buy gum legally from a certain village. The local government officials only 
issue permits to the trader that has a contract with the cooperative. This makes the attempts, of 
traders to break the coalition, officially illegal. 
 
In general, the experiences of Experna are hopeful. They have achieved an increase in the 
price of gum arabic for harvesters. This has lead to an increase in production. All members can 
benefit equally from this increase, as the cooperative applies distributive justice. The 
representation of the cooperative follows an egalitarian pattern and there are no reported 
defections on the cooperative. However, the cooperative can still not do without external 
support from governments and NGO‟s.  
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Appendix F: Analysis of data from questionnaire 
 
Part 1: Farmer characteristics 
 

HARVESTERS (43 obs) HIGHEST LOWEST MEAN 
STD. 
DEV. 

95 % CONFIDENCE INTERVAL 

AGE (in years) 23 72 46 12.78 41.58 49.45 

GUM EXPERIENCE (in 
years) 

3 50 19 12.29 15.15 22.71 

QUANTITY 
HARVESTED PER 

WEEK (in kg) 
125 9 54 31.81 40.98 67.85 

PERIOD OF INTENSE 
ACTIVITY (in months) 

7 2 3.79 1.79 3.24 4.34 

PERIOD OF NORMAL 
ACTIVITY (in months) 

9 3 6.44 1.75 5.9 6.98 

 
 

TRADERS/GROCERS 
(15obs) 

HIGHEST LOWEST MEAN 
STD. 
DEV. 

95 % CONFIDENCE INTERVAL 

AGE (in years) 25 76 40 13.93 31.95 47.38 

GUM EXPERIENCE (in 
years) 

4 35 14 9.32 8.7 19.03 

 
 

HARVESTERS (43obs) 
TRADERS/GROCERS 

(15obs) 

ETHNICITY Number Percentage Number Percentage 

Peuhl 41 95% 5 33% 

Wolof 2 5% 9 60% 

Serer 0 0% 1 7% 

Total 43 100% 15 100% 

 
 

HARVESTERS (43obs) TRADERS/GROCERS (15obs) 

EDUCATION Number Percentage 
Avg.     

Duration 
(years) 

Number Percentage 
Avg. 

Duration 
(years) 

Formal 
Education 

1 2% 2 4 27% 8 

Quran School 6 14% 5.17 9 60% 11 

Alphabetization 4 9% 2.25 0 0% 0 

None 32 74% 0 2 13% 0 

Total 43 100%   15 100%   
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HARVESTERS (43obs) TRADERS/GROCERS (15obs) 

PRIMARY LIVELIHOOD 
ACTIVITY 

(before gum activities) 
Number Percentage Number Percentage 

Agro pastoralist 36 84% 2 13% 

Arable farmer 5 11% 1 7% 

Local Grocer 0 0% 9 60% 

Mobile Trader 0 0% 3 20% 

Other 2 5% 0 0% 

Total 43 100% 15 100% 

 
 

HARVESTERS (43obs) TRADERS/GROCERS (15obs) 

SECONDARY 
LIVELIHOOD ACTIVITY 
(besides gum activities) 

Number Percentage Number Percentage 

Agro pastoralist 0 0% 3 20% 

Arable farmer 14 32% 6 40% 

Local Grocer 0 0% 1 7% 

Trader 0 0% 2 13% 

Other 3 7% 1 7% 

None 26 61% 2 13% 

Total 43 100% 15 100% 

 
 

WEALTH OF 
HARVESTERS 

                HERD TYPE 
 
 
HERD SIZE Large Mix Small Total 

Large >100 1 3 0 4 

Medium 51-100 0 4 4 8 

Small <50 0 4 19 25 

Total 1 11 23 35 

NO PRIVATE HERD 1 

Harvesters that are 
not pastoralists 

7 

TOTAL 43 
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PERIOD OF ACTIVITY 
MONTH 

Oct Nov Dec Jan Feb Mar Apr May June 

Harvester (43 obs) 21 41 43 43 42 39 19 14 11 

Traders (15 obs) 2 5 15 15 15 15 3 2 2 

Total 23 46 58 58 57 54 22 16 13 

 
 

PERIOD OF  
INTENSE ACTIVITY 

MONTH 

Oct Nov Dec Jan Feb Mar Apr May 

Harvester (43 obs) 21 31 43 20 19 16 2 1 

Traders (15 obs) 2 5 13 10 9 9 1 0 

Total 23 36 56 30 28 25 3 1 

 
 
Part 2: Village characteristics 
 

Remoteness of village 
and local market price 

Village 
Distance to 
major City 

Reported 
Market Price 

Barkedji 1 600 

Dodji 2 550 

Thièl 3 450 

Vélingara 4 450 

Louggéré Tiolly 5 450 

Ranerou 6 375 

Ndiayène Fouta 7 300 

 
 

Spot Market Price vs Distance to Major City
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Part 3: Current bargaining situation 
 
 

HARVESTERS’ CLIENTS (43obs) 

Client Number Percentage Reason Number Within Percentage 

Only local grocer 
  
  

9 
  

21%  
  

Long existing relation 6 67% 

Grocer gives advances 2 22% 

Grocer buys anytime 1 11% 

Both local grocer 
as spot market 

  

23 
  

53% 
  

If they can afford to wait, they 
prefer to sell on spot market 

2 9% 

Looks for best price 21 91% 

Only spot market 
  

9 
  

21% 
  

Looks for best price 7 78% 

Looks for best and sometimes 
waits until next spot market 

2 22% 

One specific 
trader 

2 5% Long existing relation 2 100% 

Total 43 100%   43   

 
 
 

LOCAL GROCERS CLIENTS (11 obs) 

Client Number Percentage Reason Number Within Percentage 

Only mobile trader 
  
  

6 
  
  

55% 
  
  

Looks for best price 2 33% 

Only available client 3 50% 

Trader gives advances 1 17% 

Both mobile trader 
and wholesaler 

5 45% Looks for best price 5 100.00% 

Total 11 100%   11   

 
 
 

PERCEIVED PRICE DETERMINATION 
HARVESTERS (43obs) TRADERS (15obs) 

Number Percentage Number Percentage 

Harvester determines price 2 5% 0 0% 

Trader determines price 36 84% 7 47% 

Price is determined by wholesalers/processors/exporters 2 5% 6 40% 

Trader determines price, but harvester has some influence 
on price 

3 7% 2 13% 

Total 43 100% 15 100% 
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FACTORS THAT DETERMINE THE 
PRICE IN NEGOTATIONS 

HARVESTERS (43obs) TRADERS (15obs) 

Number Percentage Number Percentage 

Quantity 2 5% 2 13% 

Quality 1 2% 0 0% 

Wholesale price 21 49% 10 67% 

Trader fixes the price 14 33% 3 20% 

Total 43 100% 15 100% 

 
 

PERCEIVED 
BARGAINING POWER 

HARVESTERS (43obs) 

Number Percentage Reason Number 
Within 

Percentage 

Harvester has highest 
bargaining power 

1 2% Harvester can fix price 1 100% 

Trader has highest 
bargaining power  

39  91%  

Traders use a fixed price 36 92% 

Trader faces wholesale 
price 

3 8% 

Bargaining power is equal 
  

3  7% 

both parties have equal 
bargaining power 

1 33% 

Trader faces wholesale 
price 

2 67% 

Total 43 100%   43   

 
 
 

PERCEIVED 
BARGAINING POWER 

TRADERS (15obs) 

Number Percentage Reason Number 
Within 

Percentage 

Harvester has highest 
bargaining power 

2 13% 
Harvesters can choose 
between different clients 

2 100% 

Trader has highest 
bargaining power 

  
  

11 
  

73% 
   

Because there are few 
traders, they can fix the 
price 

3 27% 

Traders have better 
transport and therefore 
better breakdown option 

6 55% 

Trader faces wholesale 
price 

2 18% 

Bargaining power is equal 2 13% 
both parties have equal 
bargaining power 

2 100.00% 

Total 15 100%   15   
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Appendix G: Analysis of data from simulation game 
 
 
 

Wilcoxon test: Price2=Average Price1*1.30 

Sign Obs Mean Rank Sum of Ranks 

Positive 6 6.17 37 

Negative 3 2.67 8 

Zero 0   

All 9 

z 1.718 

Prob>z (one tailed) 0.049 

 
 

Wilcoxon test: Price2=Maximum Price1*1.10 

Sign Obs Mean Rank Sum of Ranks 

Positive 6 5.17 31 

Negative 2 2.50 5 

Zero 1   

All 9 

z 2.136 

Prob>z (one tailed) 0.039 
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Game I 
Village Barkedji 

Distance 1 

Market Price 600  Players 

G
en

eral 

Player Number 1 2 3 4 

Age 40 52 41 46 

Education 10 0 0 0 

Wealth  1  2 

R
o

u
n

d
 

1 

Scenario Open 

Quantity 1 10 30 20 60 

Play sequence 1 2 3 4 

Bargaining Outcome 1 1250 1550 1550 2250 

Average Outcome 1 1650 

Deviation from Average -400 -100 -100 600 

R
o

u
n

d
 

2
 

Quantity 2 30 10 10 20 

Quantity Coalition 70 

Bargaining Outcome 2 2500 

 
 
 
 

Game II 
Village Barkedji 

Distance 1 

Market Price 600  Players 

G
en

eral 

Player Number 5 6 7 8 

Age 27 32 34 36 

Education 2 16 0.08 0 

Wealth 1 4 1 2 

R
o

u
n

d
  

1 

Scenario Wholesale price 1000 

Quantity 1 60 20 60 60 

Play sequence 1 2 3 4 

Bargaining Outcome 1 1000 1000 1000 1000 

Average Outcome 1 1000 

Deviation from Average 0 0 0 0 

R
o

u
n

d
 

2 

Quantity 2 20 30 30 20 

Quantity Coalition       100 

Bargaining Outcome 2 1500 
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Game III 
Village Dodji 

Distance 2 

Market Price 550  Players 

G
en

eral 

Player Number 9 10 11 12 

Age 56 42 28 48 

Education 0 0 0 0 

Wealth 1 1 1 1 

R
o

u
n

d
  

1 

Scenario Harvester's alternative 500 

Quantity 1 40 50 20 30 

Play sequence 1 2 3 4 

Bargaining Outcome 1 700 700 650 650 

Average Outcome 1 675 

Deviation from Average 25 25 -25 -25 

R
o

u
n

d
 2 

Quantity 2 30 10 25 20 

Quantity Coalition 85 

Bargaining Outcome 2 950 

 
 

Game IV 
Village Dodji 

Distance 2 

Market Price 550  Players 
G

en
eral 

Player Number 13 14 15 16 17 

Age 35 60 67 50 54 

Education 4 0 0 0 0 

Wealth 1 1 1 1 3 

R
o

u
n

d
  

1 

Scenario Harvester's alternative 500 

Quantity 1 40 30 50 30 50 

Play sequence 1 2 3 4 5 

Bargaining Outcome 1 750 750 550 700 750 

Average Outcome 1 700 

Deviation from Average 50 50 -150 0 50 

R
o

u
n

d
 

2 

Quantity 2 20 10 10 30 30 

Quantity Coalition 100 

Bargaining Outcome 2 2000 
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Game V 
Village Thièl 

Distance 3 

Market Price 450  Players 

G
en

eral 

Player Number 18 19 20 21 22 23 

Age 45 44 41 32 55 70 

Education 16 23 15 14 0 0 

Wealth     1 1 

R
o

u
n

d
  

1 

Scenario Wholesale price 500 

Quantity 1 30 50 60 60 30 40 

Play sequence 1 2 3 4 5 6 

Bargaining 
Outcome 1 

400 400 
Break 
down 

400 400 400 

Average Outcome 
1 

400 

Deviation from 
Average 

0 0 -400 0 0 0 

R
o

u
n

d
  

2 

Quantity 2 20 30 50 60 20 20 

Quantity Coalition 200 

Bargaining 
Outcome 2 

450 

 
 

Game VI 
Village Vélingara 

Distance 4 

Market Price 450  Players 

G
en

eral 

Player Number 24 25 26 27 

Age 38 37 29 37 

Education 0 3 0 5 

Wealth 4 3 3 2 

R
o

u
n

d
  

1 

Scenario open 

Quantity 1 60 20 50 30 

Play sequence 1 2 3 4 

Bargaining Outcome 1 1750 1900 2025 1700 

Average Outcome 1 1843.75 

Deviation from Average -93.75 56.25 181.25 -143.75 

R
o

u
n

d
 

2 

Quantity 2 50 20 50 60 

Quantity Coalition 180 

Bargaining Outcome 2 2125 
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Game VIII 
Village Ranerou 

Distance 6 

Market Price 375  Players 

G
en

eral 

Player Number 35 36 37 

Age 36 35 34 

Education 0 2 0 

Wealth   0 

R
o

u
n

d
  

1 

Scenario Wholesale price 400 

Quantity 1 50 30 50 

Play sequence 1 2 3 

Bargaining Outcome 1 400 400 400 

Average Outcome 1 400 

Deviation from Average 0 0 0 

R
o

u
n

d
 

2 

Quantity 2 60 40 50 

Quantity Coalition 150 

Bargaining Outcome 2 2000 

 

Game VII 
Village Louggéré Tiolly 

Distance 5 

Market Price 450 Players 

G
en

eral 

Player Number 28 29 30 31 32 33 34 

Age 56 46 38 58 72 60 43 

Education 1 0 0 0 2 3 0 

Wealth 4 2 1   5 1 

R
o

u
n

d
  

1 

Scenario Wholesale price 1000 

Quantity 1 40 60 10 10 10 60 10 

Play sequence 1 2 3 4 5 6 7 

Bargaining Outcome 1 
80

0 
850 700 700 900 1000 1000 

Average Outcome 1 850 

Deviation from 
Average 

-
50 

0 -150 -150 50 150 150 

R
o

u
n

d
 

2 

Quantity 2 20 50 50 40 30 10 60 

Quantity Coalition 200 

Bargaining Outcome 2 1100 
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Game IX 
Village Ndiayène Fouta 

Distance 7 

Market Price 300  Players 

G
en

eral 

Player Number 38 39 40 41 42 

Age 38 42 30 52 38 

Education 0 0 0 0 0 

Wealth 2 1 1 1 1 

R
o

u
n

d
  

1 

Scenario open 

Quantity 1 10 40 60 60 50 

Play sequence 1 2 3 4 5 

Bargaining Outcome 1 1000 1500 1800 1800 1700 

Average Outcome 1 1560 

Deviation from Average -560 -60 240 240 140 

R
o

u
n

d
 

2 

Quantity 2 10 60 50 20 60 

Quantity Coalition 200 

Bargaining Outcome 2 2500 

 
 
 
 
 
 


