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CHAPTER I 

INTRODUCTION 
 

1.1 Statement of the problems 

 

Two decades ago, products made in Japan were considered cheap and low-

quality products. The ability of Japanese firms to successfully compete in international 

markets depended critically on overcoming this image. A seemingly single-minded 

emphasis on reducing manufacturing defects and enhancing reliability enabled 

Japanese automobile and electronic companies to completely reverse consumers’ 

perceptions and to ultimately set the world standard to product quality. 

 

Most studies on the characteristics of product competition assume the products’ 

quality to be unchanged or assume that the qualitative differences are insignificant. 

Consequently, the competitive equilibrium is not realistic. However, a product’s quality 

has become one of significant variables of competition since this factor has gained an 

important role for high-income consumers. Shaked and Sutton (1990) showed that 

product quality in some industries will increase market size because the market remains 

concentrated at the product level. As such, there is a quality competition in the real 

market. The competitive strategy of firms has also changed toward increasing quality of 

products. As a result, the quality competition strategy has become increasingly 

important because the quality competition can raise sales volume, sustain market share 

and growth. A number of firms attempt to seek out niche markets; in other words, these 

firms attempt to differentiate themselves from others. This causes them to leave the 

mass market to the high-end market (or product differentiation market).  

 

Qualitative competition can complicate the competition model, but it will bring 

the model closer to reality. Under perfect competition, many firms would produce 

products according to the equilibrium between cost of production and marginal cost 

whilst the quality is very likely to be overlooked. Differently under oligopoly competition, 



both price and quantity at equilibrium are important to give information about the 

behavior of firms and the effect on the equilibrium of uncertainty in product quality. 

 

According to the sticky assumption, the reaction between two firms seems to be 

certain if all competitive strategies are known by both agents (consumers and firms). 

When one of the producers in the market changes its action and buyers in market 

realize the producers’ behavior, the equilibrium is not complicated. On the other hand, in 

a real world market, it would be difficult to recognize another side’s action as well as the 

reactions of each side. Whenever an uncertain circumstance arises in the market, the 

unpredictable variable could lead to some calculation difficulties in the market 

equilibrium and undoubtedly could lead to some serious problem (Akerlof, 1970). 

Accordingly many economists attempt to explain uncertainty variables in various forms 

such as uncertainty of information among buyers and sellers, or financial uncertainty. It 

is concluded in a similar direction that the equilibrium under uncertainty could be found 

only when some important condition are firstly achieved (Radner, 1968).  

 

The quality strategy is widely used. In some industries, companies react to 

information on the quality of competitors’ product. For example, (Besanko et al., 2003), 

in 2000 Airbus announced plans to launch the A 380, a super jumbo jet carrying 555 

passengers, to compete with Boeing’s new product, the 747X. Boeing’s managers 

subsequently decided to abandon the 747X and developed a 175-250 seat aircraft that 

could fly faster than any existing commercial aircraft. This new aircraft would be named 

the Sonic Cruiser with delivery envisaged in 2004. Boeing recognized that a small jet 

could shuttle from one point to another requiring less maintenance, while the jumbo jet 

operated under the hub-spoke system. These two companies compete in the quality 

(size of aircraft) of their products. The result of this competition was that Boeing received 

61 orders for the plane from high-profile customers such as Singapore Airlines, Quantas, 

Virgin Atlantic Airways and Federal Express while the first A380s could not fly until 2006.  
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Currently, differentiating product quality are a well-recognized strategy that firms 

use as a tool in order to create a competitive advantage in the market or to sustain 

market share and growth potential. Competitors attempt to keep development on quality 

or product innovations secret. Producers will use various levels of quality to capture a 

wide range market demand. Hence, changes in quality is increasing and growing 

rapidly. Firms that do not adopt other technologies will lose market share or cease to 

exist in the market. Finding the competitive equilibrium with quality uncertainty is 

therefore not only interesting, but also very important.  

  

1.2 Objectives and Research Questions 

 

Recently it is claimed that the product quality strategy could be one of the key 

strategies that allow the competitors to avoid the price-war strategy. This dissertation is 

intended to study the equilibrium of the quality uncertainty in the market. The central 

question is “What are the results among firms and consumers when they face the 

uncertainty in quality?” The objectives of this study are to set up the model of vertical 

product differentiation and to explain the behavior of both agents (firms and consumers) 

with the Nash equilibrium.  

 

1.3 Hypothesis 

 

In accordance with the dissertation objectives, a major hypothesis is created. It 

is that quality uncertainty can cause market failure. The market without the quality 

uncertainty will induce higher consumers’ utility. In today competition, firms use a quality 

strategy as a dominated strategy to react to others’ strategies. Then quality of product 

creates vertical product differentiated in the market. For consumer perspective, it is 

costly that consumers can learn the true quality of product. When the quality of product 

is no certainly known by consumers, it is highly probable to cause some serious 

problems in market mechanism. This is because consumers use prices as a signal of 

qualities. It is difficult for them to choose the product that has a proper quality with its 

3



price. Meanwhile, firms use the quality uncertainty to raise its profit (by deceive some 

uniformed consumers) and ignore the decreasing in consumers’ utility.  

 

1.4 Methodology of the study 

 

This study aims to create the quality competition model that can explain the 

behavior of both agents (consumers and firms) in the market. It is composed of three 

parts in this study. To find the important components of quality in duopoly firms with 

price and quantity competition, the first section establish the quality setting model with 

endogenous quality choices. This game is a competitive game that firms are certain to 

set their quality. As a result, the market does not have quality uncertainty. However, this 

part examines only firm side and then finds equilibrium results (both consumer surplus 

and firms’ profit margin). Methodology that uses to solve these results is sub-game 

perfect Nash equilibrium in static games of complete information by use backward 

induction method.  

 

Adding behavior of firms which tries to trick some consumers, the second part of 

this study assumes the uncertainty in quality in quality-setting model. Like the first part, 

this part has duopoly firms. However, both firms have two strategies to choose in 

competition: separating price strategy or pooling price strategy. Moreover, consumers in 

the market have two types: informed and uninformed consumers. Probability that firms 

successfully cheat uninformed consumers will be considered in this part.  

 

Lastly, to examine the behavior of both consumers and firms, this study uses 

Monte Carlo simulation to simulate the competition model when the market has 4 firms 

with four different levels of qualities and 1000 consumers. Then, the study finds the Nash 

equilibrium of different cases that have different fraction of uninformed and different 

probability that firms successfully cheated uninformed consumers in the market. 

 

 

 

4



1.5 Expected Benefits of the study 

 

The quality uncertainty will play important role in the future competitions in which 

have high technology innovation in product development. It is possible that the product 

suppliers could gain a greater competitive advantage or could monopolize the market if 

the majority of customers have insufficient information regarding relationships between 

products’ quality and prices. Subsequently, the social welfares are much likely to be 

depleted. The research therefore aims to specify the factors and agent’s behaviors that 

could arise if product quality seems to be increasingly differentiated.  

 

The research outcomes could provide the great benefits to those relevant 

parties, like, entrepreneur, business firms or organization’s chief executives. Policy 

makers will use these outcomes to set a policy to increase social welfare and construct 

the fair-play competition to market’s agents.  

5



CHAPTER II 
LITERATUE REVIEWS AND THEORY OF THE STUDY  

 
2.1 Literature Reviews 

 

This study focuses on the competition in product quality since this famous 

strategy has been recently used commonly in the market. The quality competition 

strategy does not only raise sale volumes, but it also helps sustain market share as well 

as increase profit growth of firms. Taking into account the significance of product 

quality, this study therefore sets the quality of product to be endogenous variable in the 

competition model. Mussa-Rosen (1978) and Motta (1993) examine the quality of 

product in the competition model, but both studies consider firms’ behavior only. Using 

some useful concepts from both studies, this study, on the other hand, considers both 

consumers’ and firms’ sides in order to find competitive equilibrium.  

 

Mussa-Rosen analyzes the model of vertical product differentiation by using a 

simple extension of the utility function: pvuU ��  and conclude that the quality of 

product is a significant variable in the competition model. In their study, the utility 

function is denoted by U and a taste parameter that lies between 0 and 1 is denoted by 

v, u refers to the quality of product in the market and p refers to the price of product. In 

supporting Mussa-Rosen’s idea, Motta uses the same utility function and includes 

product quality into the two-stage competition model, that is, firms firstly select product 

quality and then compete in the market by using either price-competition or quantity-

competition strategy. Moreover, Motta expands the model to cover product 

differentiation in an uncovered market and compares the quality equilibrium under the 

Cournot and the Bertrand frameworks. He analyzes how price competition and quantity 

competition affect the equilibrium solutions and proves that product differentiation is 

achieved at the equilibrium. In the last stage, the result contradicts previous findings of 

symmetric quality choice under the Cournot framework. The conclusion is that, by 

relaxing some assumptions of the competition market, firms can be more differentiated 

in the Bertrand model. This is what is expected in a more intense competition at the last 



stage of the game, which pushes firms to choose more differentiated products than 

under the Cournot competition. For the social solution, his study finds that social welfare 

is higher when firms compete in prices rather than in quantities.  

 

The utility concepts of both previous papers are used in this study, although the 

characteristics of cost function will be taken into account when the competition model is 

created.  Some studies point out the importance of the quality of product and hence add 

such factor in their cost functions.  

 

Unlike Mussa-Rosen, Motta includes a cost function into his model. However, the 

quadratic cost function: 2/)( 2
ii uF �  is not capable of solving for the equilibrium solution 

when more than two firms are in the market. Lederer-Rhee (1995) and Bonanno-Haworth 

(1996) support the idea of bringing the quality of product into the cost functions. All 

papers have the same conclusions that an innovation (or quality of products) is an factor 

of the cost function and had an effect on the outcomes of quality competition. However, 

they have different assumptions about characteristic of these costs. Lederer-Rhee 

(1995) explains that the quality of product is an important component of the cost 

function because if firms do not invest in new technology, it will be forced from market. 

Whereas firms that adopt new technology faster will be able to earn positive returns. 

More specifically, firms that invest more in quality-related technology can produce 

higher quality products with higher prices and earn higher profits.  

 

Bonanno-Haworth (1996) focuses on product innovation and process innovation. 

Product innovation (or the R&D expenditure) affects product quality directly; on the 

contrary, process innovation (or technology) affects the cost function directly.  Bonanno-

Haworth (1996) employ a vertical differentiation model and try to prove that product and 

process innovations have some effects that are pursued under the Cournot and the 

Bertrand competitions. The cost function is described in terms of variable cost rather 

than fixed cost in such a way that it has more effects on the competition. The results 

suggest that cost-reducing innovations are pursued under the Cournot competition but 

not under the Bertrand competition. In a situation where firms produce high-quality 
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products, they prefer product innovation. But if firms produce low-quality products, they 

prefer process innovation. When product and process innovations exist, they have direct 

effects on both the cost and the quality of product.  

 

All papers point to the importance of quality in the cost concepts. They agree 

that the quality of product is the main factor in the cost function. To consider the 

competition model on quality concepts, the quality is a main part of both the utility 

function and the cost function.  

 

To create a model of vertical product differentiation, this study refers to quality 

uncertainty that will affect the equilibrium solutions. There are many papers working on 

the issues of uncertainty, for examples, Akerlof (1970), Rothschild-Stigltz (1976),    

Rader (1968), Metrick-Zeckhauser (1999), Jansses-Rasmusen (2002), Carlton-Dana 

(2005) and Cavaliere (2005). To analyze the effects of uncertainty on the market 

equilibrium, this study applies Akerlof’s research article in which the used car market is 

as an example of the market having a presence of the uncertainty in the market 

mechanism. He defines that the problem of individuals in this market is buying new 

automobile without knowing whether the car they buy is good or bad. Individuals can 

only anticipate a probability of buying good used cars, q. Because of the asymmetric 

information on the quality of cars, good cars and bad cars are sold at the same price. 

Welfare, as a result, is decreasing and the loss in economic mechanism is occurred.  

 

Rothschild-Stigltz analyzes a competitive market in the context of insurance 

market which has uncertain situation about insurance-buyers income that depends on 

whether an accident occurs or not. Furthermore, the paper studies the utility function of 

insurance buyers with income varying with probability of an accident occurrence. This 

research shows that the imperfect information could have a significant effect on the 

competitive market. Rader (1968) examines the general equilibrium under uncertainty in 

information of environment. His results show that economic decision makers with 

different information bring to differ in all future market in conditional contracts can 

achieve an optimum allocation of resources.  
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To consider the uncertainty in quality of mutual fund and automobile industry, 

Metrick-Zeckhauser studies the market-clearing mechanisms about these products 

quality. High quality producers in the market where quality varies can reap superior 

profits by charging higher prices, selling greater quantities or both. The study of 

Jansses-Rasmusen examines the uncertainty in the number of active firms in the market. 

They assume that the competitor in this market does not know the probability of an 

active firm under the Bertrand competition. The result of their study show that the 

extreme market transition in the standard Bertrand model from the monopoly to the 

competitive ones disappears in this case also the expected profit of firm is positive, but 

declines with the number of firms in industry. The uncertainty in some factors creates the 

effect on the result in the market competition.  

 

For an uncertainty in the market demand, the paper of Carlton-Dana suggests 

that the demand uncertainty leads to a vertical product differentiation even when 

consumers are homogenous. When a firm anticipates that its inventory or capacity may 

not fully utilized, product variety can reduce its expected costs of excess capacity. 

When the firm offers a continuum of product varieties, the highest quality product has 

the highest profit margins with the lowest percentage margin while the lowest quality 

product has the highest percentage margin with the lowest absolute margin.  

 

Cavaliere considers the information disparities among consumers and firms that 

affect price competition and consumer externalities. The conclusion of this paper is 

information about quality differences undermines brands. If uninformed consumers are 

skeptical, adverse selection issue arises and market demands may be perfectly inelastic 

to prices. When information disparity happens, the adverse selection problem raises. 

Therefore, with skeptical consumers, firms may want either to signal quality or subsidize 

information provision to their consumers to decrease the problem.  
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2.2 Theory of the study 

 

2.2.1 Quality strategy theory 

 

In the present market, price is obviously not the only factor that drives consumer 

decisions and firm strategies. While product attributes such as performance and 

durability as well as matter, and firms may compete on this dimensions just as fiercely 

on these dimensions as they do on price (Besanko et al., 2003). More consumers 

concern about the quality of product before selection so many firms develop the quality 

of product to create the different levels among same product and present these to their 

consumers. 

 

In a competitive market, either all goods are identical, or they exhibit pure 

vertical differentiation. When products are vertically differentiated, in a set of prices, all 

consumers will agree on which products they most prefer. Firms may, therefore, offer 

different levels of quality at different prices. However, the market will force all firms to 

charge the same price per unit of quality. This means that market competition 

mechanism will adjust until the products that have the same quality will have the same 

price. If there are some products set their price higher than their proper quality, 

consumers do not choose them. Furthermore this adjustment mechanism will occur 

when consumers and sellers have full information about the product. If the consumers 

don’t have full information, the seller will be able to charge higher price which exceeds 

the real quality to consumers.    

 

In the case that some consumers have information about product quality and 

some others do not, it will be costly to be an informed consumer. This is because they 

must invest time and effort to identify seller who sell high-quality product. The 

uninformed consumers may be able to infer the type of sellers merely by observing the 

behavior of informed consumers. In the market with enough well-informed buyers, most 

buyers will be satisfied with the quality of what they buy. If uninformed consumers 

cannot gauge quality through observing informed consumers, then a lemon market can 

10



emerge (Akerlof, 1970). If consumers cannot determine the quality of what they buy, 

then some sellers might skip on quality and sell only low-quality products but still charge 

the going price. Consumers may realize that their ignorance of quality makes them 

susceptible to buying lemons. They may insist on paying less for a product. Figuring its 

quality is likely to be low. This poses a problem to sellers of high-quality products, who 

cannot get their money’s worth from suspicious consumers. High quality sellers may 

refuse to sell their product as the price cannot get a price to cover their opportunity cost. 

If they want to get a price commensurate with quality, they must rely on money-back 

guarantees to ensure that their products are not lemons. 

 

When firm increases its quality, these strategies have directly effect on the 

demand curve of market. The demand curve of high-quality product is steeper than that 

of low-quality product. From figure 1, firm increases its product quality, the demand 

curves shifts from DL to DH. Not only does the firm sell more of product at any given price 

when its raise quality, but its demand also becomes more inelastic to price. 

 

 

 

 

 

 

Figure 1 Market demand curve with different quality levels (DH and DL). 

 

Sellers with some market power view quality as critical to the demand for their 

product. When quality is high, demand is higher than when it is low. The vertical 

difference between high quality and low quality demand curves represents the 

additional value of quality. As shown in figure 1, the demand curve becomes steeper as 

quality increases. This will occur if consumers who are willing to pay the highest price of 

product will also pay for the highest quality improvement. Regarding firm behavior, 

some sellers with market power have to select a single level of quality for all of their 

products. The sellers will select the reliability across their products line. Although some 

Price

Quantity 
DL

DH

0 

D
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other firms will select strategies to produce more quality product in product line to cover 

all demands in market. When sellers select the quality they want to produce, they must 

compare the marginal cost of increasing in quality with the marginal revenue from more 

consumers that will consume their product when quality increases (Besanko et al., 

2003). As a result, rational firm should choose the quality level that will equalize the 

marginal cost of increasing quality and the marginal revenue obtained when products’ 

range cover higher-quality products. 

 

Concerning consumer, the product will be consumed based on their utility 

function. In a competitive market, firm that creates more value creation will receive more 

benefits (profit, market share or reputation) than others. The value creation concept is to 

find the maximum willingness to pay and also consumer surplus. Defining that w is the 

expect value of consumer in the term of one unit of product. It is equal to the maximum 

level that consumer prefers to pay for consuming product. Let p be money price that 

producer sets for each unit of product. The consumer surplus is therefore w-p; the 

consumers will buy the product only if the consumer surplus is positive. The competitors 

in market will publicize the more value of their product, so there are various quality in the 

product and consumer will select the product that get most value creation to them. 

 

Consumers can select the product that gives the maximum consumer surplus to 

them. If the selecting products give less consumer surplus, the producers will loss their 

market share to the competitor. So, the producers give more consumer surplus by 

reducing the price or increasing the value of product. These show that there are same 

relation between price and quality in each product. Thereby, the consumer surplus 

parity will occur. In the case that the quality of products is indifferent and consumer 

surplus parity holds, the price of product will be the same. On the other hand, if 

consumer surplus parity does not hold, the competition among producers will occur.  

 

Economic value added comes from the producer bring labor, capital and raw 

material to produce the product and then sell them to receive the advantage w that more 

than cost of product: c. The value creation of product can be partitioned into the 
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producer part and consumer part. The consumers receive the value of benefit that 

exceeds the price or so-called consumer surplus (w-p) and producer can receive the 

value of price that exceeds the cost of product or so-called profit (p-c).  

 

The product with negative value creation can not exist in the market. The 

negative w-c show that the producers are not set theirs products’ price that consumer 

prefers to pay and that can cover the cost. The positive created value is the main reason 

that allows product to stay in the market. In an aggressive competition among firms, the 

new competitors enter the market and sell the more value-created product until they can 

not receive economic profit while the consumers get all value creation. Nevertheless, the 

producer must increase the value to their product by increasing the quality to differ their 

product to the others’, especially for the group of consumer that has interested in quality 

specify. Firm try to increase the value in a special consumer group and create the differ 

level of quality among product to prevent the loss of market share. This market is called 

the market with vertical difference. 

 

From the real world market, two goods are never perfect substitutes. That is, all 

consumers are indifferent between the goods when they have the same price. Products 

are always differentiated by some characteristics. In contrast, a group of products 

always interacts to some extents of other goods in the market. The price of other goods 

outside the industry affects the demand for goods in the industry not only through 

income effects but also though substitution effects. Products can be described by 

several characteristics name as quality. The consumers can get information about the 

quality and then rank over the mix characteristic to find the relationship between price 

and quality. 
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2.2.2 Game theory 

 

The non-cooperate game theory has played an important role in analyzing the 

strategic interaction between players (firms). The game in the competition has many 

applications that relates to with the field of industrial organization. In this study the basic 

theory of normal-form games and Nash equilibrium are considered. 

 

2.2.2.1 Normal-form representation of games 

 

In this game, a player simultaneously chooses a strategy, and the combination 

of strategies chosen by the player determines a payoff for each player. The normal-form 

representation of game specifies: (1) the players in the game, (2) the strategies 

available to each player, and (3) the payoff received by each player for each 

combination of strategies that could be chosen by the player. This study discusses an n-

player game in which the players are numbered from 1 to n and an arbitrary player is 

called player i. Let Si denote the set of strategies available to player i (called i’s strategy 

space), and let si denote an arbitrary member of this set. The strategy si is a member of 

the set of strategies Si. Let (s1 ,…, sn ) denote a combination of strategies, one for each 

player, and let u i denote player i’s payoff function: u I (s1 ,…, sn ) is the payoff to player i 

if the players choose the strategies (s1 ,…, sn ). Collecting all of this information together, 

the definition of the normal-form presentation is for an n-player game specifies the 

players’ strategy space S1 ,…, Sn and their payoff functions u1 ,…, un. This game denotes 

by � �nn uuSSG �� ,;,, 11� . 

 

Although, this study stated in a normal-form game the players choose their 

strategies simultaneously, this does not imply that the parties necessarily act 

simultaneously: it suffices that each player chooses his or her action without knowledge 

of others’ choices. The normal-form games can represent both static game in which the 

players all move without knowing the other players’ choices and sequential-move game 

on dynamic issue.         
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	 Iterated elimination of strictly dominated strategies 

 

The definition of strictly dominated that use in this study is in the normal-form 

game � �nn uuSSG �� ,;,, 11� , let is
and is 

 be feasible strategies for player i. Strategy 

is
 is strictly dominant by strategy is 

  if for each feasible combination of the other players’ 

strategies, i’s payoff from playing is
  is strictly less than i’s payoff from buying is 

 : 

),,,,,,(),,,,,,( 111111 niiiiniiii sssssusssssu ���� ���� 

�
 for each ),,,,,( 111 nii ssss �� ��  

that can be constructed from the other players’ strategy space nii SSSS ,,,,, 111 �� �� .  

 

Rational players do not play strictly dominated strategies, because there is no 

belief that a player could hold (about the strategies the other players will choose) such 

that it would be optimal to player such as strategy. The use of such payoff-dominance 

criteria becomes much more interesting when it is applied iteratively. The iterative 

dominance method is used on the game where no player has a dominant strategy. This 

iterative dominance method is a concept to find the best strategy for each player, 

independently of what other opponents do (Vega-Redondo, 2003).        

 

2.2.2.2 Definition of Nash equilibrium 

  

 One way to motivate the definition of Nash equilibrium is to argue that if game 

theory provides a unique solution to a game theoretic problem then the solution must be 

Nash equilibrium. Suppose that game theory makes a unique prediction about the 

strategy each player will choose. In order for this prediction is correct, it is necessary 

that each player has willing to choose the strategy predicted by the theory. Thus, each 

player’s predicted strategy must be that player’s best response to the predicted 

strategies of the other players. Such a prediction could be called strategically stable or 

self-enforcing, because no single player want to deviate from his strategy. There are four 

stage of Nash equilibrium in game theory. 
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	 Nash equilibrium in static games of complete information 

 

The Nash equilibrium has q unique solutions to a game theory problem. The 

definition of this equilibrium is in the n-player normal-form game 

� �nn uuSSG �� ,;,, 11� . The strategies )*,*( 1 nss � are in Nash equilibrium if, for each 

player i , s*i  is at least tied for player i’s best response to the strategies specified for the 

n-1 other players, )*,,*,*,,*( 111 nii ssss �� �� : 

)*,,*,,*,,*()*,,*,*,*,,*( 111111 niiiiniiii sssssusssssu ���� ���� 
  

For every feasible strategy si in Si ; that is s*i solves, 

)*,,*,,*,,*( 111 niiii
Ss

sssssuMax
ii

�� ��
�

 

The Nash equilibrium in static games of complete information is the equilibrium under 

the simultaneous-move game that all players know about payoff function of each others. 

 

	 Sub game-perfect Nash equilibrium in dynamic games of complete information 

 

The situation of this game is that the players’ payoff functions are common 

knowledge. However, this equilibrium is under dynamic game that moving of player in 

the game is known by full history (perfect information). The stage of this equilibrium is 

sequential stage with the moves in previous stages observed before the next stage 

begins. This action differs from first equilibrium because the Nash equilibrium in static 

games is the simultaneous-move game. 

 

	 Bayesian Nash equilibrium in static games of incomplete information 

 

In the game of incomplete information the situation is different. There are some 

players having uncertain information about another player’s payoff function but they act 

simultaneously. The equilibrium under incomplete information is called Bayesian 

equilibrium. In the static Bayesian game of n-player, the players’ action spaces are 

nAA ,,1 � , and their type spaces are nTT ,,1 � . Their beliefs are npp ,,1 � , and their 

payoff function are nuu ,,1 � . From the assumptions, it can denoted that the static 

Bayesian game be � �nnnn uuppTTAAG ,,;,,;,,;,, 1111 ����� . The players’ strategies 
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)*,*(* 1 nsss ��  will be Bayesian Nash equilibrium if for each player i  and for each of 

si'  types it in iT  , )(* its solves 

)());(*,),(*,),(*,),(*( 111111
i

i
inniiiii

Tt
iAa t

tpttstsatstsuMax
ii

ii

�
����

�
�

�
��

��  

That is no player wants to change his or her strategy even if the change involves only 

one action by one type. 

 

	 Perfect Bayesian equilibrium in dynamic games of incomplete information  

 

The strongest equilibrium is Perfect Bayesian equilibrium in dynamic games of 

incomplete information that occur under incomplete information and dynamic game. The 

equilibrium was defined in order to refine Bayesian Nash equilibrium in the same way 

that sub game-perfect Nash equilibrium refines Nash equilibrium. 
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CHAPTER III 
QUALITY-SETTING MODEL   

 

An objective of this chapter is to construct a quality-setting model without quality 

uncertainty and then to find competitive equilibrium with duopoly firms. This chapter 

explains the characteristics of utility and cost functions used in the model. Then, the 

equilibrium outcomes in both price and competition are solved.  

 

Quality-setting model is competition model that firms will consider quality as their 

main strategy to compete other competitors when game begins. The concept of quality 

competition is based on Motta (1993) who created models of product differentiation in 

uncovered markets1. The competition model developed here is a two-stage model in 

which firms select the quality first and then compete in price or quantity in the market. To 

address these two issues, this study begins with a simple vertical utility function that 

relates to consumers’ taste parameters, quality and price of the product. Suppose that 

the utility to consumer i of product j is 

  jjiij pvu �� �       (1) 

where jv  is product quality and jp  is price. Note that this study assumes away about 

income effects, and utility can be measured in currency. The taste parameter: i�  is the 

consumer’s willingness-to-pay for quality. This study assumes that i� is distributed on 

the interval ),0( �  with �  being uniformly2 distributed with unit density. There are some 

consumers, with arbitrary high � , will pay for an increase in quality to any level of taste 

parameter. Consumers base their decision making upon their preferences. That is, they 

decide to buy certain goods if these goods satisfy their preference. The maximum 

acceptable price (or reserve price) will be used to make the decision. If the actual price 

of goods is higher than the reserve price, consumers will not buy anything. On the other 

hand, if the actual price is lower than or equal to the reserve price, consumers will buy at 

                                                 
1 In real word, there is a part of not buying consumers in the market namely uncovered market.  
  

2 From utility of Mussa-Rosen (1978) and Motta (1993) that both assumes the taste parameter of 

consumers has uniform distribution. To make the equivalent weight of consumers in all levels of 

income effect, then this study assumes taste parameter of consumers is uninformed distribution.  



Buy the best 

Goods 

ONE 

Compare the selections: Rule for selection 

Many 

How many goods that passes        
the criteria 

YES 

NO Product features pass the minimum level 
of price and quality constraints. 

YES 

Reserve price more than actual price NO 

Not buy 

Select the best one 

least one unit of goods. In the term of comparing utility function with consumers’ 

decision rule, jiv�  is a reserve price of product j for consumer i. If the actual price of the 

good is higher than this reserve price, then consumer i’s utility unit has a negative value 

and thus the consumer i will not buy the product. If instead, the actual price is lower than 

the reserve price, then the utility unit is positive and the consumer will buy goods. 

 

3.1 Firm’s quality of goods and costs concepts 
 

Product differentiation within a category of goods widens the decisions that 

consumers have to make. They make a decision to choose which goods to buy. Figure 2 

shows the process of decision making for consumers.  

 

 

 

 

 

 

 

 

 

 

Figure 2 Consumers’ decision making process 
 

This process starts with selecting a product that has a reserve price greater than 

its actual price. Next, consumers focus on the product characteristics that will be 

measured by two important factors: performance and how easy to use it. The consumers 

assess these features (of each product) and add them to be the score. Consumers and 

firms will set the attribute (or the score) of all goods in the market, namely as quality. 

Furthermore, there are the minimum levels of each feature that is defined by the fashion 

trend and basic requirements of buyers. The consumers will make sure that the selected 

products will pass the minimum levels. After that, they rank the remaining qualities and 
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select the best one based on their preference affected by their income. If there is only 

one product which satisfies both the price and quality constraints, then that product will 

be chosen. If there are none, the consumer will buy nothing. If there is more than one 

product, consumers will use the rule of selection to choose the appropriate one.  

 

There are three rules of selection. First, if only the price is important, the 

consumer buys the cheapest good that meets minimal quality requirements. Second, if 

only the quality is important the consumer buys the goods that have the overall highest 

quality. Last, consumers try to balance price and quality; they will choose the best value 

for money product. It means that consumers does not individual consider on price or 

quality. They choose the highest overall quality with respect to the price that is on the 

suitable range. In a market that has vertically differentiated product, the quality is 

important. Consumer will buy the best goods he can afford. Given a reserve price, he 

will buy the good of which overall quality is the highest and of which each feature has a 

sufficient score. 

 

With regard to the cost, some literatures emphasize on an increase in quality that 

involve increases in fixed and marginal costs. The relationship between market size and 

distribution of quality depends on whether the quality is produced primarily through 

fixed or variable costs. In particular, if fixed cost increases only slowly in quality and thus 

the cost of the quality is borne largely by variable cost, then high-quality products can 

use price to undercut lower quality products. It potentially drives the low-quality product 

out of the market and leads to a situation where there are a limited set of product 

qualities on offer, including at least one high-quality product. 

 

For simplicity, the model assumes that the cost of production is only variable 

costs. This study assumes that fixed cost is sunk costs and will not affect the profit of 

firms. Firms’ marginal costs are constant in quantities but increasing in qualities. In 

equation 2, firms’ marginal cost is denoted by c. It is constant in quantity ( jq ) and is 

increasing in quality ( jv ), so that the variable cost is  

)(),( jjjj vcqvqC �         (2) 
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When firms choose qualities, the marginal costs are also determined. The lowest quality 

in the market is set by the country’s regulation. The economy sets minimum quality 

requirement that the firm must produce to show the standard of industry. Then, the 

producers will select the price (or quantity) and enter into competition. This study 

examines the sub-game perfect Nash equilibrium in static games of complete 

information by using the backward induction method.  

 

3.2 Quality-setting competition models: Duopoly Firms 

  

From utility and cost concepts, this study considers quality-competitive models 

under both the Cournot and Bertrand models. This model is a two-stage model that firms 

select the quality first and then compete in price or quantity in the market. The utility 

function is related to consumers’ taste parameters, product quality and price. 

Concerning the cost function, the quality of the product plays the important role of the 

cost function because if firms do not invest in new technology at the first time, they are 

forced out from market. Firms that are fast to adopt a new technology will earn a positive 

return. The firms that invest more in quality-related technology will produce higher 

quality products, charge a higher price, and thus earning higher profits.   

 

Our basic models work in a partial-equilibrium framework, focusing on single 

consumption goods. In the model of this section, both consumers and firms have perfect 

information. The model assumes duopoly competitors in the market ( LandHj � ). 

Firm H has more ability to produce high-quality product than firm L. The competition 

model is a two-stage game. In the first stage, both firms make decisions on the quality 

that they want to produce with the possible capacity they have. The quality: jv  that both 

firms have chosen is greater than zero ( 0�jv ). Firm H produces a high-quality product 

and firm L produces a low-quality product, i.e. LH vv � . This study defines r as the ratio 

of high quality to low quality: r=
L

H

v
v

, hence r>1.   
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The taste parameters are generated to the utility function and the choice of the 

consumer. In duopoly firms, the market has two levels of taste parameters. The first one 

is HL�  that denotes the taste parameter of consumers who are indifferent between 

buying high or low quality goods. If consumers are indifferent between buying and not 

buying a product, they then have the taste parameter L0� . In the market, firm H 

produces a product with quality: Hv  and sells at price: Hp  and firm L produces a 

product with quality: Lv  and sells at price: Lp .  

 

The quality setting game assumes that firm H’s marginal cost is )( HH vc  

= )1( �ccvH . Firm L can copy firm H’s technology from existing products by reverse 

engineering. When it chooses a quality, it has the same cost function as firm H. Thus, its 

marginal cost can be written as )( LL vc = Lcv . Firms will never choose qualities beyond 

the domain of the linear function. So the marginal cost of firm will not be greater than its 

quality, i.e. jj vc � . This is an important assumption in this study. Because if the firm 

chooses a quality that bears a marginal cost and aims to make a non-negative profit, 

Consumers utility will be less than zero for all taste parameters. Consequently, the firms 

cannot sell any of their products in the market.             

 

From the utility function (equation 1), this study finds the level of taste 

parameters of consumers that shown in table 1. When consumer chooses to consume 

high-quality product, his unit utility function is HH pvu �� � and unit utility function of 

consumer who prefer low-quality product is LL pvu �� � . Consumer selects product by 

consider its quality and price. The utility function when select the product can write in 

the term of taste parameter that depending on price and quality of product.  
 

Table 1 Levels of taste parameters 

Selection of product   Taste parameter 

Buy good H                 �� �H     

Buy good H or good L              
LH

LH
HL vv

pp
�
�

��  

Buy good L or not buy                
L

L
L v

p
�0�  
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From levels of taste parameter, this study derives demand function of consumers 

who prefer high or low-quality products from the intersect region of the taste parameters 

level. This model allows that some consumers will not buy products when their 

preferences are below L0� . The characteristic of demand function can be written as 

� �

� � )(),,,,(

)(),,,,(
{

0
L

L

LH

LH
LHLLHiLHL

LH

LH
HLHLHiLHH

j

v
p

vv
ppvvppq

vv
ppvvppq

D
�

�
�

���

�
�

����
�

���

����
   (3) 

The uncovered market demand is a convex function that 1),,(� �jijj vpD �  and 

0),,( �jijj vpD �  for LHj ,� . From the demand function (Equation 3), this study 

examines cases of competition by considering both quantity and price determination in 

the second stage and backwardly inducing to the first stage choice of quality. Both firms 

want to maximize their profits of which function is  

)(),,( jjjjjjj cvpqpqv ���         (4) 

When both firms enter into the competition in the market with different qualities, the 

competitive equilibrium will be the Nash equilibrium.  

 

3.2.1 Quality-price Equilibrium: Bertrand Competition  
 

Solving for the Nash equilibrium, this study maximizes profits function by 

differentiating it with respect to price and finds the solutions at equilibrium. The results 

are as follows. 
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  (5) 

The competition outcomes show that the high quality firm makes a higher profit than the 

low one. Quality of firm H has a positive effect to profits. When the quality of product in 

firm H is raised, both profits of firm H and L will increases. This is because after firm H 

improves its technology, market will expand due to the positive relation between quantity 

produced by both firms and quality of firm H. Firms can sell more products and their 
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profits are raised. In contrast, the quality of product in firm L has only effect on profit of 

firm L. That is when quality of firm L increases, profit of firm L only will increase. The 

interesting factor is a degree of product differentiated: LH vv �  that has a positive effect 

to both firms’ profits. This implies that when products are more differentiated, producers 

can set up their prices apart with the others. Both firms will set the prices that give them 

higher profits. Profits of both firms will increases. As usual, firms’ profits decrease in 

marginal cost, this relation shows that when cost of production increases, and profit of 

firms will decrease.  

 

With price competition, this study tries to explain the behavior of both price 

functions with respect to the degree of product differentiated. By keeping the value of 

firm H’s quality constant, increasing in quality of firm L implies less degree of product 

differentiated.  Figure 3 plots both price ( LH pp , ) against Lv for the case of 1�Hv . At 

0�Lv , firm H effectively possesses a monopoly, and can set the monopoly price, 

2
* ��

�
cp H . This behavior shows the price of product is the perfect factor reflecting 

the quality. When the quality of the product is equal to zero, the price goes to zero too. 

In addition, as Lv rises, firm H faces increasing competition and the fall in its optimal 

price. There are two counteracting factors that affect the level of Lp  when Lv rises. First, 

increases in Lv raise the ratio of equilibrium prices 
L

H

p
p

in consumers’ view. Second, 

increases in Lv  cause Hp  to fall. As long as Hp  is high enough, the first effect will 

dominate, and Lp  will increase with Lv . When Hp  falls low enough so that increases in 

the ratio are insufficient to offset decreases in the level of Hp , then the second effect 

will dominate, and Lp  will decrease with Lv .  

 

However, in all cases, Hp  is greater than Lp . Firm H price will be zero when L’s 

quality rises to **Lv =
c
c

�
�

�
�

2
)(2 . This implies that firm L’s quality will rise until it does not 

differ from firm H’s quality in the view of consumers. Consequently, they will buy only 

firm L’s product and the price of firm H’s product will become zero. Nonetheless, if firm 

L’s quality will continues rising until it reaches ***Lv = 
�

� c3� , this is the point that the 
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quality of firm L will get higher than consumers expect and they will not consume firm L’s 

product, as a result, Lp  will fall to zero. In figure 3, both price functions intersect at point 

A where both firms have same quality (both qualities are equal to 1), and thus they give 

the same price *p that will be equal to the marginal cost of both firms: c. From figure 3, 

only firm L’s price function has local maximum, these optimal vales of price and quality 

are *Lp =
��

������

c

ccc

�

������
2

22

3

)3233)(32(  and *Lv  = 
�

��� )32(2
2
c�� .  

                     

 

 

 

 

 

 

   

Figure 3 Firm H’s and L’s prices functions on firm L’s quality 

 

As to describe about the relative market shares of high quality and low quality 

sellers, the total market quantity is given by 
LH

H
LH vv

cvqqQ
�
�

���
4

)(3 � . Both firms are 

forced by the other using quality strategy. At the equilibrium, firm H has a market share 

equal to %67.66�
Q
qH  and firm L has a market share equal to %33.33�

Q
qL . Firm H has 

a greater market share than firm L because firm H has set its product quality higher than 

firm L. In price competition, consumers will think that prices of both products are not 

much different, but qualities of both firms are much different. More consumers will, 

therefore, buy product from firm H. In this game, the high-quality product firms will then 

receive more benefit (higher prices and higher quantity) than the low-quality ones.    

 

Because of quality of product is an important factor that affects the equilibrium 

outcomes in price competition. However, both firms try to fight the others by use quality 
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strategy. To consider the relationship of profit and firms’ quality, this study finds the first-

order condition of profit with respect to its quality as follows.      
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Both profits rise with firm H’s quality as shown in equations 6.1 and 6.3 which have 

positive values. This is expected since firm H’s higher quality will raise demand and 

relaxes competition with more product differentiation. One also finds that equation 6.2 

has a negative value. In other words, if firm L’s quality increases by given a firm H’s 

quality, the market has less product differentiated. This leads to more intensive in 

competition so firm H’s profit decreases. The last equation is equation 6.4, this solution 

can not conclude that will be positive or negative. If LH vv 4
7� , then the relationship 

between profits of firms and its quality will be positive. Nevertheless, for any Hv , firm L 

has an incentive to set 0�Lv  because it’s marginal profit from a very low quality is 

always strictly positive ( 0lim
0

�
�
�

�
L

L

v vL

�
 for any Hv ). Both firms consider the ratio of high 

to low quality: r=
L

H

v
v

. For firm H, the prospect of reduced price competition as r is 

increased, taking Lv as fixed, given incentive to increase quality. The tradeoff is that an 

increase in Hv  has an increasing cost resulting from the rising marginal cost of 

investment in quality. 

 

From the above results, this study specifically analyze both profit function with 

firm L’s quality to see the clear behavior of competition. Figure 4 illustrates equilibrium 

profits against Lv  for the case of 1�Hv . When L’s quality is equal to zero, the profit of 

firm H is at its highest *H� = 
4

)( 2c�� . Then, as expected, H�  falls monotonically with 

Lv as firm H faces greater and greater competition. The relationship of L� and Lv is 

even more interesting, and is similar to the relationship of Lp and Lv . At first, 
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L� increases with Lv , as firm L is able to charge higher prices without losing market 

share. The local maximum of L�  is *L� =
8

)( 2c��  and L’s quality is equal to 4/7. 

Eventually, as L’s quality closes to H’s, the price competition becomes so intense that 

both Hp and Lp  fall to low levels. Then, L� diminishes. As Lv  keep increasing until 

equals to Hv (equal to 1), prices and profits for both firms will tend to zero.         

 

 

 

 

 

 

 

  

Figure 4 Firm H’s and L’s profits functions on firm L’s quality 

 

 To see the rate of increase in qualities to profits of both firms, the second-order 

conditions will be described as below 

)4.7(0
)4(

)78()(2

)3.7(0
)4(

)78()(2

)2.7(0
)4(

)5()(8

)1.7(0
)4(

)5()(8

4

22

2

2

4

22

4

22

4

22

2

2

�
�

���
�

�
�

�
�

��
�

��
�

�
�

��
�

��
�

�
�

���
�

�
�

LH

LHH

L

L

LH

LHLH

HL

L

LH

LHLH

LH

H

LH

LHL

H

H

vv
vvvc

v

vv
vvvvc

vv

vv
vvvvc

vv

vv
vvvc

v

��

��

��

��

 

Equations 7.1 and 7.4 have negative values. This behavior implies that both profits are 

concave to their quality. When its quality increases, the profit increases too, but in a 

decreasing rate. Shown in figure 5 are the reaction functions of both firms that denoted 

)()( HLLLHH vvandvv �� ��  from firm H and firm L respectively. Both functions have 

positive slopes that will make the product strategic complements in quality from 

equations 6.1 and 6.4. When the degree of price competition rises with the increase in 

Lv , firm H can reduce the degree of price competition by also increasing Hv . 
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Correspondingly, the reduced competition associated with an increase in Hv allows firm 

L to better position its product by rising Lv . The second order and stability condition in 

equations 7.1 and 7.4 ensure that firm L’s reaction curve is steeper than of firm H and 

hence the curves cross at a unique point (show as N). Since r>1, the reaction functions 

both lie above the 45° line.  

 

 

 

 

 

 

Figure 5 Quality reaction functions: Bertrand competition 

 

 Next, this study examines consumers’ preference in the equilibrium. Because 

there are two products in the market, so there are two levels of taste parameter: HL� and 

L0�  which consumers will consider when buying products. Theses taste parameters 

measure from the preferences of consumers. In Bertrand competition, both taste 

parameters are  
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4

)(2
0

������     (8) 

Both taste parameters are positive and depend upon qualities of firms, the marginal cost 

and the upper bound of taste parameter. As expected outcome, the value of Hl�  is 

greater than L0� . The gap between them is 
LH

H

vv
vc

�
�

4
)(� . This space is positive. It can 

explain the behavior of consumers in such a way that if preferences of consumers lie 

above HL� , they will choose high-quality product. If their preferences lie above L0� but 

below HL� , they will choose low-quality product. While consumers have taste parameter 

below L0� , they will not buy anything. 

  

The social welfare of consumers derived from integrating the utility function with 

both levels of taste parameters implies a consumer surplus for taste parameter: � . The 

consumer surplus here has two parts. The primary part is derived from the utility function 

vL0 

vH

45°

N

)( HLL vv ��
)( LHH vv ��
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of consumers preferring low-quality products. It integrates the area of taste parameters: 

HL�  to L0� . Another part is derived from the utility function of consumes preferring high-

quality products. This area is integrated between the highest level of the taste 

parameter: �  and HL� . 

LLLLLHHLLHHLHH

HHLL

pvppvvpv

dpvdpvCS
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Replacing the Nash solution (equation 5) into consumer surplus (equation 9) attains the 

consumer welfare in the case of Bertrand competition as follows.  
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Equation 10 has more unobserved variables. Although to consider the value of this 

consumer surplus, this study specially assumes that 1�� . The solution is 

0
)4(2

)54()1(
2
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vv
vvvcCS                      (11) 

The social welfare is positive and composed of qualities of both firms and the marginal 

cost. Consumer surplus has positive relation with quality of firm H. When the quality of 

product produced by firm H increases, consumers will then be better off due to 

consume technology enhancement. On the contrary, quality of firm L has uncertain 

about relation with this surplus. When quality of firm L increases, consumers gain more 

benefits from this innovation but the less differentiated products will decrease social 

welfare. If the former factor has greater effects than the latter, consumer surplus will 

increase when the quality of product produced by firm L increases. On the other hand, if 

effect of the latter, less differentiated products, is greater than the former, technology 

improvement, consumer surplus will decrease when the quality of product produced by 

firm L increases. Nonetheless, the marginal cost has opposite relation with the social 

welfare. If firms raise their marginal cost, consumers will pay for this increasing cost. 

Consumers’ surplus of buying products will then reduce. To sum, consumers will receive 

greater benefit from more differentiated product quality. Quality of firm H is a main factor 

that pushes the consumer surplus, in contrast with quality of firm L that has uncertain 

effect. This outcome is clearly driven by the choice of quality chosen by the producers.  
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3.2.2 Quality-quantity Equilibrium: Cournot Competition  
 

 Next, this section turns to examine the case of Cournot (quantity competition) in 

which firms choose quantities rather than prices at stage two after committing to quality 

levels at stage one.   
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Equation 12 is an inverse of demand function that is derived from equation 3. Like the 

Bertrand case, this study considers profit functions of both firms. The first order 

conditions with respect to quantities are derived. Then, this study finds the equilibrium of 

quantity competition. The Nash equilibrium results are shown below. 
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   (13) 

Like Bertrand conclusion, Cournot outcomes follow that higher quality products tend to 

command higher revenues. Firm H receives more benefit than firm L even though the 

game is quantity competition. Profits of both firms depend on both qualities and the 

marginal cost. Like Bertrand case, when product quality of firm H increases, both profits 

will increases whereas product quality of firm L has only effects on profit of firm L. The 

product differentiated degree is more important in both profits. Moreover, the increase in 

marginal cost of firms will decrease both profits. The conclusion of both price and 

quantity competition is product quality of product is conclusively important factor that 

effect the solutions at equilibrium, 

 

In the Cournot game, this study examines the effect of product differentiation on 

quantity of firms. Figure 6 illustrates quantity ( LH qq , ) against Lv for the case of 1�Hv . 

Unlike Bertrand case, at Lv =0, firm H cannot act like a monopoly because there are 

some consumers who will buy firm L’s product. That is when firms compete in quantities 

rather than price, consumers will not consider in quality alone. They consider both 

quantity strategy and product quality in theirs decision making.  
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Nonetheless, there exist some effects of product differentiation in quantities 

competition. When product quality of firm L is equal to zero, some consumers will buy 

this product based on quantity strategies. So, quantity of firm L is equal to *Lq  =
4
c��  

and that of firm H is equal to *Hq  =
2
c�� . When, Lv increases, the quality gap 

decreases. Firm H will sell fewer products whereas firm L will sell more products. The 

intersection between both quantities is point B where both qualities are the same 

( 1�� LH vv ). When consumers know that both qualities are the same, they will give the 

same price. This action makes both firms receive the same market share that is equal to 

*q  =
3
c�� . After the point of intersection, Hq  sharply decreases. If Lv  continues rising 

until its quality is double of firm H’s quality, consumers have not incentive to buy firm H’s 

product, Hq  goes to zero. In conclusion, consumers may care about quality in quantity 

competition less than price competition and when both firms produce the product with 

same quality, they will receive same market share in Cournot game.    

 

 

 

 

 

 

 
 

  Figure 6 Firm H’s and L’s quantities functions on firm L’s quality  

  

 To analyze price equilibrium in this game, the relative prices of high quality and 

low quality for sellers is 
L

H

p
p =

)3(
)22(

HLHL
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vcvcvv
vvcvv

�
��

��
�� . To simplify this result, this study 

substitutes the quality ratio: r of which the value is greater than one. Then, the relative 

price is 
�
�
rrc

rcr
��
��

)13(
)12(2 . This value is always positive and shows that the price of firm H 

will be higher than the price of firm L even in the Cournot competition. Regarding the 

market share, the high-quality product firms can sell more than the low quality ones. 

From price and quantity in quantity competition, firm H will gain more profit than firm L.   
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Because the quality is an important factor which affects both profits. The analysis 

examines the behavior of profits with both product qualities. To consider the first order 

condition of profit with respect to its quality, the solutions are 
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As shown above, equations 14.1 and 14.4 are positive and equations 14.2 and 14.3 are 

negative. One also finds that the profits of both firms rise with their product qualities but 

decrease with the other’s product qualities. When firm H increases its quality, the profit 

of firm H will increase whereas the profit of firm L decreases. Similarly, with a rise in firm 

L’s quality, the profit of firm L increases and firm H’s decreases.  

 

Profit function of Cournot competition (figure 7) differs from that of Bertrand 

cases (figure 4). Curves of firm H’s profits look alike but those of firm L’s profits look 

different. In Cournot game, firm L gains more profits when consumers think both 

products become more similar ( Lv  increase to near Hv ), Differently in Bertrand game, 

when both qualities are about the same, the profit of firm L goes down. To explain this 

behavior, let’s consider the quality ratio, r. If r increases by an increasing in Hv while Lv  

is fixed and keep both quantities unchanged, in both Bertrand and Cournot, this 

increase will shift up the demand curve for firm H’s product and raising the willingness 

of consumers to pay for high quality goods. However, the willingness to pay for low 

quality goods is unchanged. Under Cournot conditions, firm H responds to this higher 

demand due to greater separation of products expanding output and firm L then reacts 

by cutting output ( Hq and Lq are strategic substitutes). Since price and output for firm L 

fall and both rise for firm H, firm L’s revenue falls and firm’s H’s revenue increases 

(holding LH qandq fixed). Instead, under Bertrand condition, firm H raises the price to 
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respond to an increase in r. Because both Hp and Lp are strategic complements, firm L 

also raises the price causing the revenue of both firms to increase.  

 

Next, this study considers the characteristic of both profit functions. Figure 6 

illustrates equilibrium profits against Lv  for the case 1�Hv . When firm L’s product 

quality is equal to zero, profit of firm H is the highest at *H� = 
4

)( 2c�� . Then, as 

expected, H�  falls monotonically with Lv as firm H faces fiercer competition. The 

relationship of L� and Lv is positive. Both profit functions intersect at point C where the 

optimal profit is *� = 
9

)( 2c��  and at this point both firms have the same product quality 

( 1�� LH vv ). 

 

 

 

 

 

 

 

   

Figure 7 Firm H’s and L’s profits functions on firm L’s quality 

 

 Here, this study considers the second order condition of profits with respect to 

their qualities as follows.  
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Equation 15.1 is negative while equation 15.4 is positive. This implies that the profit of 

firm H is concave to its quality, but the profit of firm L is convex to its quality. The rate of 
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increases in profit of firm H with respect to its quality will decline but the rate of 

increases in profit of firm L with respect to its quality will raise. The positive cross 

differential in quality, equation 15.2 implies that firm H continues viewing Lv  as a 

strategic complement to Hv . In addition, the profit of firm H increases by a greater 

similarity of products. On the other hand, from the result of equation 15.3 shows that firm 

L views Hv  as a strategic substitute to Lv . Considering the choice of qualities, there is 

tradeoff between competitive effects arising from the extent of product differentiation 

from the rival’s product and the profitability from choosing quality based on revenues 

and investment cost for given quality ratio: r. Since firm L gains from narrowing of the 

quality gap, this gives firm L an incentive to raise its quality aims to reduce r, thus 

holding the rival quality fixed. For firm H, analogously to Bertrand competition, a greater 

differentiation of products raises revenue, so firm H raises its quality to increase its 

profit. However, profitability of increase in quality is limited by the rising marginal cost of 

quality investment. Thus, firm L’s reaction function (figure 8): )( HLL vv �� , has a 

negative slope whereas )( LHH vv �� has a positive slope.  

 

  

 

 

 

 

Figure 8 Quality reaction functions: Cournot competition 
 

 Then, this study examines the welfare of consumers in quantity game. 

Consumers set the level of taste parameter at a given price and quality of both products. 

These levels of taste parameters measure the preferences of consumers that make 

decision what product they want to buy. Both taste parameters in Cournot competition 

are  
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Like the case of Bertrand, both taste parameters are positive and HL� is larger than L0� . 

These taste parameters depend on qualities of both firms and the marginal costs. To 
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consider the gap between them, it has positive value and is equal to 
LH

H

vv
vc

�
�

4
)(� . It is 

interesting that the gaps of taste parameters (in price and quantity competition) are the 

same. This implies that percentage of low-quality product buyers is the same in both 

cases. Although the levels of both taste parameters in Cournot are higher than those in 

the Bertrand cases. 
 

Like Bertrand case, the measurement of social welfare in the Cournot case can be 

referred by equation 9. This consumer surplus for taste �  is  
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This equation is difficult to solve. Therefore, to simplify it, the model assumes that 1��  
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The positive social welfare depends on qualities of both firms and the marginal costs. 

Again, quality of firm H: Hv  is an important factor to increase consumer surplus. As 

shown in equation 18, consumers will receive more benefit if there is product quality 

differentiation.   

     

3.2.3 Compare equilibrium solutions in both competitions 
 

 When the market has vertical product differentiation, the competition results at 

equilibrium relate with qualities of product. Both price and quantity competitions have 

the same conclusion that quality of product as the important factor that affects profits of 

firms. However, consumer’s concerns about product quality in the Bertrand model are 

greater than those in the Cournot model. This is because consumers will use price as a 

signal of quality of product, and thus price has the direct effect to the quality. When 

firms compete in price rather than quantity, consumers will see the price as the 

products’ quality. If product quality of product goes to zero, firm cannot set its price, 

then its can not sell product to anyone. On the other hand, if firm compete in quantity 

that does not directly reflect quality. So, consumers have less concern about quality. 

When firm’s quality is equal to zero, firm is still able to sell some of their product.    
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Solving the Nash equilibrium of this study, all results (quantity, price and profits) 

have unique solution. Given some restricted parameters, the result shows that the 

Cournot output of firm H is smaller than the Bertrand output; however, output of firm L in 

both cases is the same. The Cournot price is higher than the Bertrand price, and the 

Cournot profit is higher than the Bertrand profit. In addition, the quantities are positive 

and equilibrium prices in both games are greater than the unit cost. The results also 

show that the product differentiation allows firms to relax price competition rather than 

quantity competition (Shaked and Sutton, 1982). The price and quantity criteria will 

mainly depend on the quality of both firms.  

 

 Concerning consumer preferences, given � , both taste parameters ( LHL 0,�� ) in 

the Cournot case are greater than those in the Bertrand case. Below is figure 9 showing 

the level of both taste parameters in both competitions. When the initial level of taste 

parameter is zero and the fixed value of upper bound of taste parameter of both 

competitions is the same, the gap of each bound can estimate the size of consumers 

that are buying products in the market. The level of L0�  in the Bertrand model is smaller 

than that in the Cournot model. That is, a number of consumers who do not buy a 

product in the price game is smaller than that in the quantity game. As a result, 

consumers in the price game consider more about the quality of the products and 

product differentiation will persuade more consumers to stay in the market than in the 

quantity game.  

 

The difference of both taste parameters represents the number of buyers 

preferring low-quality products. Because this difference is the same in both 

competitions, the numbers of buyers preferring low-quality products are equal too. The 
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00
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����  is the volume of consumers’ 

preference.  Meanwhile, the number of buyers who prefer high-quality products in 

Bertrand is more than that in Cournot. This implies that consumers have more concerns 

about the product’s quality differentiation in the price game than in the quantity game. 
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Figure 9 Levels of both taste parameters in price and quantity competition 

 

Regarding the social welfare, consumer surplus in the Bertrand case is higher than 

that in the Cournot case. Because more consumers will be interested in vertical product 

differentiation, they tend to choose the best quality of product they buy and thus social 

welfare increases. Nevertheless, the profit of both firms are in contradiction with 

consumer surplus, so policy makers have to make the decision based on the trade off 

between these solutions and select the better competition to both agents. 

 

In sum, this chapter has explored quality-setting model without considers the 

quality uncertainty concepts. The quality of products plays the important role on this 

competition model. Both the price and the quantity game have unique solutions when 

firms certain in the product’s quality they produce and thus consumers choose the best 

quality of product they want to buy. Although in the real world, quality uncertainty can 

happen when some consumers have incomplete information in product’s quality. While 

the next chapter will consider quality uncertainty that firm creates to deceive some 

uninformed consumers. Like this section, chapter 4 assumes duopoly firms and aims to 

explain only firm behaviors in the competition. 
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CHAPTER IV 
THE COMPETITIVE MODEL WITH QUALITY UNCERTIANTY   

 

The study in previous chapter shows the results of the Nash equilibrium in which 

consumers can distinguish between the product of which one has high quality and that 

another has low quality. Quality uncertainty does not exist. In fact, it is costly or 

impossible for some consumers to learn the true quality of an item before making a 

decision whether to buy it. They will use the products’ price as the signal of quality and 

make their decision based on the price strategy. The price competition results are more 

sensitive to changes from equilibrium when uncertainty can affect quality than in the 

quantity competition. For this reason, this section considers only the price competition 

and uses a very simple information structure for consumers who attempt to distinguish 

between high and low-quality products.  

 

There are two types of consumers, connoisseurs (informed consumers) and 

dilettantes (uninformed consumers). An informed buyer always knows the true quality of 

the firm that they are buying from. On the other hand, an uninformed buyer can only tell 

these firms apart if they are charging different prices; otherwise, uninformed buyer will 

face “quality uncertainty”. If two firms charge the same price, the dilettantes will be 

unable to distinguish the high-quality product from the low one, at least until after the 

purchase. This study allows uninformed consumers to infer information when different 

price are charged since quality may be learned much more easily in markets where 

prices convey information. Thus, quality is either positively or negatively related to their 

price. The assumption here is that when prices of both firms are the same, the 

uninformed consumers would need costly additional work to distinguish a high-quality 

product from a low quality one. 

 

Since there are two types of consumers in the market, this chapter analyzes 

firms’ profit and welfare of consumers at equilibrium in different conditions. First, all 

buyers in the market are informed. Second, all buyers are uninformed. Last, some of 

them are uninformed. Before finishing this chapter, the study randomly chooses some 



variables that have important effects on the equilibrium to investigate to find the pattern 

of competition outcomes.    

 

The fraction of uninformed consumers in the market is� , hence 10 �� � . 

Figure 10 shows that both types of consumers contain buyers’ who prefer either high 

quality or low-quality product. In terms of tastes, uninformed consumers are drawn 

uniformly preference like informed ones. This means both types of buyers may care 

about quality. For example, in the automobile market, all consumers care about safety 

and reliability. However, connoisseur consumers have better information about quality 

than dilettante consumers. The full-informed buyers can always tell the firms apart, 

whether the prices are the same or not. Only the situation where producers set different 

prices reflecting to the product’s quality, uninformed buyers can recognize the firms. 

 

 

 
 

 

Figure 10 Fraction of each type of consumers in high and low-quality products 
 

 Recall the results of the Bertrand competition in chapter 3, firm L has a lower 

profit than firm H because it sets its price differently from firm H. Consumers can notice 

the price signal and know that the quality is different. Therefore, firm L gets 

disadvantage outcomes in the game. Both firms know that consumers use price as a 

signal for quality. Thus, firm L uses price strategy to increase its profit. Firm L has two 

strategies to react firm H in game. One, firm L sets its price differently to consumers to 

reflect the quality difference (separating price strategy). Second firm L sets the same 

price with firm H to deceive some uninformed consumers (pooling price strategy). Let 

the superscripts P and S indicate pooling and separating, respectively.  When firm L 

uses pooling price strategy, there is quality uncertainty in the market. The uninformed 

buyers will face difficulty to recognize each product’s qualities. This uncertain in quality 

will affect on firm H’s outcomes of the competition because uninformed consumers does 

not have skill to distinguish both qualities. Firm H’s will lose some buyers to firm L.  
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Consequently, firm L’s strategies (separating price or pooling price) have a direct effect 

to firm H’s profit. 

  

When both firms know that firm L aims to make dissimilar profits’ of firm H. Then, 

the famous question will be what is strategy that firm L will use. Firm L must consider the 

fraction of uninformed consumers in the market before selecting its strategy. If market 

full contains of informed consumers, firm L will not choose pooling price strategy 

because consumers will know that firm L deceives them. On the other hand, if all 

consumers are uninformed, it is the best choice for firm L to choose pooling price 

strategy. Moreover, there is another significant factor should be considered together 

with fraction of uninformed. It is the probability that firm L will successfully deceive 

uninformed consumers. Therefore, this chapter aims to examine the effect of quality 

uncertainty on market with different fraction of uninformed buyers by simultaneously 

considering this probability. 

        

4.1 Competitive game with only informed consumers 
 

If the market has only informed consumers ( 0�� ), then both firms will know 

that all consumers have full information about quality. Firm L will not use pooling price 

strategy because no consumers willing buy its product. Both firms will set their price 

differently with their quality. The game has no quality uncertainty. However, the 

probability that firm L will successfully deceive uninformed consumers will not be 

considered because no consumers are deceived. This action will bring the equilibrium 

solutions will remain the same as in chapter 3. When all consumers are informed, firms 

will use separating price strategy. As a result, the firm that produces higher quality 

product will gain more profit than the one that produces low-quality product.  

 

4.2 Competitive game with only uninformed consumers 
 

When all consumers in the market are uninformed buyers ( 1�� ), consumers 

does not have the skill to differentiate between the qualities of the products. They will 

guess quality based on the products’ price and purchase goods according with their 
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preference. Firm L knows that all consumers are dilettantes. It, therefore, chooses price 

strategies to increase its profit.  

 

If firm L uses the separating price strategy, the dilettantes can only tell these 

producers apart because sellers charge different prices for different product qualities. 

The game has no quality uncertainty, and their purchase decisions will be the same as 

those of the connoisseurs. When separating price strategy is used for both types of 

consumers, the demand function for both firms is equation 3 because consumers can 

specify the quality clearly from different price. The results of competition when firm L use 

the separating price strategy are thus the same as in chapter 3. 

 

On the other hand, if firm L uses a pooling price strategy, HL pp � ,  in the 

market that all consumers are uninformed, they can recognize the producer. This is 

because consumers will not clearly see the difference of product quality and they are 

willing to pay the same price: Hp . So, consumers will expect the quality of both firms’ 

products to be the same and be equal to the average of high-low quality: 
2

LH
E

vvv �
� . 

The utility function is   

jEiij pvu �� �              (19) 

For this situation, the taste parameter of consumers will be one level: E0� . This 

taste parameter denotes the taste parameter of consumers who are indifferent between 

buying expected quality or not. Like the decision making above, consumers will select 

the products that have a reserve price greater than the actual price. More formally, when 

all consumers face a single price, Hp , an uninformed buyer will buy if HEE pv 
0� ; 

otherwise he will not buy it.   
 

Although, if product quality of firm L is lower than the expected quality, firm L will 

try to mislead some consumers that its quality is the same as expected. The techniques 

to trick an uninformed consumer include advertisement or giving misleading information 

to consumers. The probability that firm L will successfully deceive consumers is � . If 

� =0, it means that no uninformed consumers will be deceived by firm L. On the other 

hand if 1�� , it means that all uninformed consumes will be deceived by firm L. This 
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probability is an important factor that firm L concerns before choosing its strategy. Even 

though all consumers are uninformed, but this probability can be equal to zero, and no 

one will buy product from firm L. So, the probability of firm L’s deceive should be 

considered into profit functions. These profit functions are 
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At equilibrium both prices are similar and equal to 
2

)( cve �� . The equilibrium profits of 

firms depend on the value of � , the upper bound of taste parameter, the marginal costs 

of firms, the expected quality and its actual quality. If probability of firm L’s deceiving: �  

is equal to 0.5, so both firms will receive the same market share but the cost for both 

firms is different. Firm H will have higher costs than firm L, and then firm H gain less 

pooling profits than firm L.  

 

In this situation, a surplus of consumers depends on the value of �  too. If the 

value of �  is high, more consumers will be deceived by firm L. They actually receive the 

products that have a lower quality than the expected quality. They will suffer more from 

consuming the low-quality product with higher price. This utility of consumers will be 

negative. Consumer surplus is worse off.  

 
4.3 Competitive game with some uninformed consumers  

 

When the market has both types of consumers and �  is the fraction of 

uninformed consumers, the competition game will have two parts. The first part is for 

connoisseur consumers who behave in a certain way. They choose truly quality of firms 

because they have full information about quality. And they do not purchase a product of 

which price is higher than its proper quality. Although, the second part is for dilettante 

consumers who will be faced a situation where both producers set the same price. This 

group of consumers will face the quality uncertainty and are possible deceived by firm 

L. The dilettantes are forced to choose a producer randomly, and only purchase the 
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goods if their expected utility of this random purchase is non negative. The probability 

that firm L will successfully trick some dilettante consumers is �.  

 

In this framework, the sequential price-setting rule is appropriate to explain the 

behavior of both firms. With the possibility of firm L fooling some consumers, firm L has 

an incentive to wait until firm H has already set its price and then firm L will set its price. 

In the extreme case that all consumers are dilettantes, firm L has nothing to lose by 

waiting for firm H to set its price first since no dilettante will buy from firm L if the prices 

are different. While firm H often has little to lose by going first. This instance is price 

leadership by firm H in the market. Thus, in the next step firm H will consider firm L’s 

strategy and set the price to maximize its profit against firm L’s price strategy (firm H’s 

re-response). This game is called sub-game competition equilibrium of both firms where 

firm L sets its strategy based on firm H’s historical price first and then firm H takes 

account of firm L’s strategy to maximize its profits.   

 
4.3.1 Firm L’s response 

      

About firm L’s benefits, when it is firm L’s turn to set prices, it knows that it can 

choose a pooling or separating equilibrium. If firm L chooses a separating equilibrium, 

then all consumers (both informed and uninformed) will be able to tell the producers 

apart, and firm L’s profits will then be the same as what is shown in chapter 3. Then, firm 

L’s price and profit in terms of firm H’s price are   
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If firm L deceives consumers by setting the same price equal to firm H’s price, the 

equilibrium will be a pooling equilibrium. Uninformed consumers who count for � , a 

ratio to all consumers have a utility function shown in equation 19 and the profit function 

of firm L that is made up of uninformed will be 
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This profit function depends only on the purchase of uninformed consumers. 

Informed consumers that prefer low-quality product will not buy product of firm L as they 

think that the price of a low-quality product is too high relative to its quality. There is no 

maximum in equation 23 since there is only one pooling price, HL pp � . If firm L selects 

the pooling price, it will only sell to uninformed buyers who have positive expected utility 

for purchasing the good. The (1-�) of these uninformed consumers will not be deceived 

by firm L as they choose high-quality products. The proportion � of the uninformed 

consumers will be deceived by firm L as they choose low-quality product.  

 

 Firm L’s decision, then, is made on whether to choose the separating profits 

given in equation 22 or the pooling profits given in equation 23. With the ratio of high to 

low product quality: r, defined that LH vrv � , firm L will choose the separating profits, 

and a separating equilibrium will result if P
L

S
L �� 
 . This condition implies that 

))1(81(
}})]1(2))1(41([

)]1(4)][1(81)[1({{

)1(2)1(4)1(

22

4

2222

���
#
#
#
#

$

%

&
&
&
&

'

(

�����

��������

������



rrrv
rrrcr

rcrrrrrcrv

rrvrrvcrcrv

p
L

L

LLL

H ��
�����

�����

�����

       (24) 

As equation 24 is very complicated, so this study tests for the positive value in 

parentheses. The results show that if 
�

�� 25.019.12 
)
)
 cr , the value in 

parentheses will be positive that means equation 24 would be positive, too. That is, there 

will be a cut-off level of Hp , with above which firm L will always prefer to separate price 

strategy. At below the cut-off level firm L will prefer pooling price strategy while at the 

cut-off level firm L will be indifferent. The intuition for this is straightforward: firm L’s 

optimal separating price is always a proportion of Hp , so when Hp  is low, firm L’s 

separating profits will be low as well.  

 

 Figure 11 shows the optimal separating profits compared to pooling profits as a 

function of Hp  as a special case. As Hp rises, the separating profits with stand at 

cpp S
HH �� * and then it rises monotonically, whereas the pooling profits first rises and 

then falls as is typical for a monopoly. Although the pooling profits will set the price at 

cpp P
HH 5.0* �� . When the price of high-quality product increases 
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until �75.0*** �� p
HH pp , the separating profit will be a large amount and firm L will not 

choose the pooling price strategy. As shown in figure 11, the pooling profits reach their 

maximum at 2* )5.1(02.0 cP
L �� �� where

4
)5.1(** ��

��
cpp P

HH .  

 

 

 

 

 

 

 

 

  Figure 11 Profits for firm L as a function on firm H’s price 

Theses two curves intersect at point D where *
HH pp �  . At this point both 

separating profit and pooling profit of firm L will be the same and have profit value are 

equal to 
2

22* 55.125.214.021.043.025.0 *
+
,

-
.
/ ����� cccL ���� .  

 

Because S
L� is the profit of firm L when the market does not have quality 

uncertainty. For the low levels of Hp , firm L is better off to use pooling price strategy 

because the low price set by firm H does not leave much room for firm L to earn profits 

by attracting low preference customers with a spill lower price. Firm L is thus better off at 

the old equilibrium. 

 

4.3.2    Firm H’s re-response 
  

The next step is to solve for firm H’s optimal Hp , given firm L’s known optimal 

response. Firm H knows that its act can bring about either a pooling or separating 

equilibrium, depending on its choice of Hp . Firm H’s optimal price is defined by solving 

its for the maximum profit of both separating and pooling equilibriums. When firm H 

chooses an optimal separating price of firm L, it maximize 

*))(( HHHH
LH

S
LHS

H pptosubjectcvp
vv
pp


�
�
�

�� ��     (25) 

0 

S
L�

P
L�

HppricesH :'

P
L

S
Lofit �� ,:Pr

D

*S
Hp

*P
Hp

**P
Hp

***P
Hp

*P
L�
*
L�

*
Hp

45



The constraint must be included because if firm H sets its price lower than *
Hp  

(that is too low), then firm L will choose to use the pooling price strategy. If firm L 

chooses this strategy, firm H will have part of both informed and uninformed consumers 

in its profits function. All informed consumers that have  )1( ��  ratio to all consumers 

will purchase the high-quality products and )1( �� of uninformed consumers will buy 

the low-quality product because these consumers can be deceived by firm L. To 

simplify the analysis on equation 25, the equation is rewritten with the ratio of high to low 

quality. Then, firm H’s price and profit when firm L applies separating price strategy are 
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This separating price of firm H will be greater than the constraint price. This ensures that 

if the price of firm H is over *
Hp , firm L will use a separating price strategy to get a 

higher profit. To attain optimal pooling profits, firm H must maximize 
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The first term in equation 28 is firm H’s profits obtained from selling products to 

connoisseurs. The lower bound of taste parameter in this term changes from 
LH

LH

vv
pp

�
� (as 

it was in chapter 3), to 
H

H

v
p . The second term is firm H’s profits obtained from selling 

products to dilettantes, another group of consumers in the market. Firm H has to share 

this market with firm L. Here, the constraint ensures that firm H chooses a price low 

enough to have firm L will actually choose to pool. A pooling (separating) equilibrium is 

a constraint if firm H’s profits cannot be pushed higher without inducing firm L to 

separate (pool). The pooling price when firm L uses a pooling price strategy is 
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The profit of firm H when a pooling price strategy is 

� �
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If firm H’s separating profits as shown in equation 27 are higher than its pooling profits 

(equation 30), then firm H will choose the higher price in a separating equilibrium. If 
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separating profits are lower, then firm H choose the optimal pooling price, and quality 

will beget quantity. Whenever the duopolies have relatively close qualities, the 

equilibrium will be a pooling equilibrium. The intuition is simple. As qualities converge, 

the competition becomes more intense in the separating equilibrium. Both firms will set 

the prices lower, and profits for both firms will fall. At the limit, profits fall to zero due to a 

sequential-move variant of the Bertrand competition. Thus, firm H has an incentive to try 

to reduce this competition by avoiding the low-profit separating equilibrium. Firm H does 

this by setting a price so low that firm L might as well engage in a pooling equilibrium.  

 

4.3.3  Social welfare with quality uncertainty  
 

The social welfare of consumers is derived by integrating the utility function 

depending on levels of taste parameter. If firm L uses a separating price strategy, 

consumer surplus is in the same as equation 9. However, if firm L wants to cheat 

uninformed consumers by using a pooling price strategy. Informed consumers who 

prefer a high-quality product will buy from a high quality firm selling high-quality 

products but the people who prefer a low-quality product will leave go out from the 

market because the price is high but the quality is low. For uninformed consumers, 

consumers face E0�  as the taste parameter that consumers will be faced with. Then, the 

consumer surplus can be divided into three parts. First is connoisseurs depended part 

holding a fraction equal to )1( �� . The last two parts are dilettantes depended part that 

have firm L’s deceived probability in the functions. Especially, the second part explains 

the effect of uninformed consumers who cannot be deceived by firm L. They buy a 

product having reasonable quality than they expected, EH vv � . On the other hand, the 

third part explains the effect of uninformed consumers who are deceived. These 

consumers buy a product that has a lower quality than they expected. 
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The consumer surplus equation contains more unobserved variables, so this 

study uses imitation methods to simulate these unobserved variables by setting the 

value with in a possible range. And then, both profits and consumers surplus are found 

for each situation that will occur in the market  

 

4.4 Competitive equilibrium with quality uncertainty 

 

As have just been mentioned, the outcomes in the section above include 

unobserved values. So, it is difficult to explore their influence on equilibrium. Therefore, 

this section aims to replicate the values of these unobserved variable at different level of 

firm H’s price to find competitive equilibrium with quality uncertainty as well as the 

effects on both firms’ profits and social welfare shown in equations 22, 23, 27, 30 and 

31. When this study simulates all variables that will be in their possible range, the 

behavior of equilibrium outcomes will be explained. There are 6 unnoticeable factors in 

both profits and consumers surplus equations, namely �� ,,,, rvc L and � . The detail, 

meaning and possible ranges of them are listed in table 2.      

 

Table 2 Detail of unobservable variables in profits functions and consumers surplus 

Variables Description Range 

�  Upper bound of consumer’s taste parameter �1 

c  Firms’ marginal cost that fixed with period 0<c<1 

Lv  Quality of firm L >0 

r  Ratio of high-low quality >1 

�  Fraction of dilettantes 10 �� �  
�  Probability that firm L will success trick some uninformed 10 �� �  

 

From previous results, the effects of Lvandc,� are exogenous unobserved 

variables that both consumers and firms do not decide to force them. These variables 

will only increase or decrease the absolute value of profit and welfare. They do not 

change the curves. They do not have the outstanding effects on the competitive 

equilibrium. To reduce the unknown effects, this section sets the value of Lvandc,� . 

After giving the certain value to these variables, both firms’ profits and social welfare 
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equations have become simpler. Providing the unobserved values, the detail, meaning 

and range of them will be considered. The upper bound of consumers’ taste parameter: 

� , represents the highest preference of consumers in the market, so firms can not be 

directly forced to it. This section will mark this value to simplify the model by fixed � =1. 

In addition, the marginal cost: c is kept constant in a short period of production. The 

main factors that change marginal cost are major change in engine and reformation of 

factory. This section assumes that marginal cost in this period is fixed with the value 0.1.  

 

Another exogenous variable is the products quality of firm L, Lv . This variable is 

the minimum quality in market so it is a qualitative variable. However, many studies try to 

measure the quality of product into the quantitative variable. Confirmatory factor analysis 

is a method to measure this attribute. When computing quality choice, there are serious 

problem about the unit measurement to measure this variable. To find the behavior of 

firms’ quality to profit results, this study uses a special case that sets 1�Hv . It means 

that this study mentions the fixed in the highest quality and then allows the flexible in the 

low quality. So in this section, the effect of firm’s qualities can be explained through the 

ratio of high to low qualities: r instead of direct value of quality.  

         

Regarding other variables �,r , and � , these variables are interested because 

they have direct effect on pooling profits of both firms and can change the curve of 

firms’ profits. In the imitation process, their values are varied to find the behaviors of 

equilibrium outcomes. Because of there are three variables to be considered, this study 

investigates four cases of imitation. In case 1, the value of r which can affects all profits 

is simulated by setting value of both � and � are equal to 0.5. That is, the proportions of 

informed and uninformed consumers in the market are assumed to be the same. 

Additionally, the probability that firm L will successfully deceive the dilettantes is set at 

0.5. In case 2, this study replicates � ’s values is replicated by fixing the value of r equal 

to 2.35 at which separating and pooling profits of firm H are the same, and �  is equal to 

0.5. From this case, there are two extreme points of imitation that are so interesting. 

These two extreme points are� =0 and � =1. When � =0, all consumers are informed 

consumers. The equilibrium solutions will be the same as in section 4.1. The result 
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shows that the probability that firm L will successfully deceive uninformed consumers 

cannot affect these outcomes. In the game that all consumers are uninformed (� =1), 

changing value of � will have more influence to the equilibrium.  

 

Emphasizing the effect of � on competition results, its value are imitated in case 

3 and the fluctuation of profits and welfare of consumers are found. In this case, this 

study sets both values of r and �  are equal to 2.35 and 0.5, respectively. Changing the 

value of �  represents the deceiving power of firm L to uninformed consumers. High 

values of �  represents more success of firm L in deceiving dilettantes. If � is equal to 

zero, it means that firm L will not able to deceive anyone in the market. When all 

consumers are uninformed, the outcomes can be affected more. Case 4 is thus a 

special case where ( � =1) and then switch value of � to analyze the competition 

solutions.   

 

As a result of imitation, the value of r (case 1) is shown in figure 12. Assuming 

value of r is equal to 1.1, this small value demonstrates that the gap from high quality to 

low quality is very small (only 0.1). In figure 12(a), firm L’s pooling profit is a pink line and 

separating profit is a red line. The curve of both pooling and separating profits of firm L 

agree with figure 11 (the mathematic approach).   

 

At point *
HH pp � , the pooling profit of firm L is greater than the separating 

profit. On the other hand, after point *
HH pp 
 , the separating profit sharply increases 

and is greater than the pooling profit. When 1.1�r , the quality ratio is too small, and 

thus the separating profit of firm H (a dark blue line) is less than zero. When the price of 

high-quality products increases, the separating profit of firm H is lower. As consumers 

know that the high quality is not much different from the low one, consumers will buy the 

low-quality product instead when the price of high-quality product is very high.  

 

 

 

 

50



(a)  r = 1.1 (b)  r = 1.11 

(c)  r = 1.3 (d)  r = 2 

(e)  r = 2.35 (f)  r = 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 12 Profits and consumers surplus with imitation in r given 5.05.0 �� �� and  

�
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In figure 12 (b), this study slightly raise the value of r to explore the effect on 

separating profit of firm H:  (r=1.11). The result shows that the separating profit of firm H 

become positive value when value of r is slightly increased. When consumers 

acknowledge a distinct between high to low qualities, they will begin to buy products 

from both firms. However, the separating profit of firm L is little decreased because firm 

L loses their share  to firm H when the increasing quality gap is realized by consumers.   

 

Figures 12(c)-(f) show the effects of increases in value of r on both separating 

profits. When value of r rises, a little gap between both qualities will clearly affect 

consumers. Still, consumers notice the difference between these two qualities. The 

slope of the separating profit of firm H is increased but that of firm L’s is decreased. 

Some high-quality products are more preferred by high preference consumers because 

they think a high price is reasonable for a high-quality product. The gap of separating 

profit of both firms will increase along with the qualities differentiation. When the degree 

of product differentiation is high, firm L gains less profit. The results on both separating 

profits agree with the result in chapter 3. More specifically, the profit of the firm that 

produces high-quality products is greater than the firm that produces low-quality 

product when price are not the same. 

 

Figure 12(d) shows the result of setting firm H’s pooling profit (a green line) is 

equal to its separating one. In this situation (r=2.35), there is a point where firm H is 

indifferent between choosing a separating and a pooling profit. To consider the curve of 

firm L’s separating profit in this situation, is nearly horizontal. With a continuous raise in 

value of r to 3, the results shows that firm H’s only strategy is to choose a separating 

profit because the entire range of the pooling profit is less than the separating profit. The 

gap of the separating profits of both firms is very wide. It shows that consumers 

acknowledge the difference of quality. Thus, firm H can set its price high concurring with 

its product quality, and make more profit.  

 

When firm L uses a pooling price strategy and if both qualities are little different, 

the pooling profits for both firms look similar. Both pooling profits (firm H and firm L) 
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increase when the firms’ product qualities increase ( LH vorv increase). Given a fixed 

value of firm H’s quality ( Hv ), when value of r is increased, there will be a decrease in 

Lv . Both pooling profits will decrease a little when Lv decreases. However, in all cases, 

the value of firm H’s pooling profit is greater than firm L. These are caused by two 

factors: the fraction of uninformed consumers and the probability that firm L will 

successfully deceive uninformed consumers. Half of the consumers cannot distinguish 

the differences in qualities. Therefore, the shapes of both pooling profits are the same 

caused by the deceived dilettantes part in equations, but the higher level of pooling 

profit of firm H comes from the connoisseurs and non-deceivable dilettantes part. 

   

To simulate consumers’ surplus, this study considers both consumer surpluses 

when firm L uses a separating price, denoted by CS_separating (a purple line) and 

when firm L uses a pooling price denoted by CS_pooling (a light blue line), especially 

with the possible range of the taste parameter ( 1�i� ). If the taste parameters are not in 

the possible area, the graph of the consumers’ surplus will not exist. The consumer 

surplus imitation in figure 12 explains the behavior of r when value of � and �  are equal 

to 0.5. Both consumers’ welfares are found to have negative slopes. The surpluses will 

decrease when the price of firm H’s product increases. While the cost of purchase 

increases, consumers’ wealth decreases as does their welfare.  

 

By fixing value of Hv , increases in value of r induce a decrease in Lv . Figures 

12 (a)-(f) show the characteristics of welfares. CS_seperating has not changed when 

value of r increases because firms will set the price according to its quality (price is 

different) and consumers will be clearly able to define both qualities (high or low). When 

quality decreases, price will decrease too. CS_seperating in all figures are the same. On 

the other hand, CS_pooling is different. If the value of r increases, the product quality of 

firm L and welfare of consumers will decreases. Due to firm L’s adopting a pooling profit 

strategy, some uninformed consumers will be deceived by low quality firm. When firm 

L’s product quality decreases while keeping its price is constant, consumers will suffer 

more by consuming bad quality product. The consumers’ surplus will decrease more 

when they realize that the product quality they buy is worth less than they expected.   
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(a) � = 0 (b) � = 0.1 

(c) � = 0.3 (d) � = 0.5 

(e) � = 0.75 (f) � = 1 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Figure 13 Profits and consumers surplus with imitation in value of  �  given 5.035.2 �� �andr  

��
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Considering figure 13, it shows the imitation the value of a fraction of uninformed 

consumers: �  that will affect the equilibrium results. Range of these� ’s values is 

between zero and one. Concerning the actions of � , the study sets the value of r equal 

to 2.35 at which the situation where firm H’s separating and pooling profits are the same 

and the value of �  is set to equal to 0.5. Changing value of �  can only change pooling 

profits of both firms and CS_pooling. When 0�� , consumers in the market are 

informed consumers. Firm L therefore cannot use a pooling price strategy. Because 

there are no consumers will buy its product. This firm may be stubborn by using a 

pooling price strategy, but its pooling profit will be equal to zero. However, when the 

market has all informed buyers, the pooling profit of firm H will be the largest because 

when the price is the same, all informed buyers will buy from firm H.  

 

On the other hand, when 1�� , all consumers are uninformed. Then, the effect 

of firm L’s deceiving power will be concerned. This case assumes that � is equal to 0.5. 

A half of uninformed consumers will be deceived by firm L. Thereby, when firm L uses a 

pooling price strategy in this situation, half of them will buy form the deceiving firm. 

Moreover, both firms will receive the same market share. From figure 13(f), the pooling 

profit of both firms looks alike. The difference in profits comes from the different costs. 

Firm H has higher costs than firm L, so it can make less profit. When all consumers in 

the market are dilettantes and the price is the same, both pooling profits will almost be 

the same. Even though the price of firm H’s product is very high and marginal cost is 

equal to 0.1, both pooling profits’ graphs are overlapping. Then, the different of both 

graphs caused by cost effect is decreasing. Pooling profits for both firms become equal 

at the firm H’s high price, as shown in figure 13(f).   

 

Figure 13(b)-(e) show the equilibrium outcomes when the value of �  increases. 

All graphs demonstrate that the pooling profit of firm H will decrease when the fraction of 

uninformed consumers increases. This can be explained in such a way that when more 

consumers do not have the complete information about qualities. They are misled easily 

by firm. The pooling profit of non-cheating firms will reduce whereas that of firm L will 

increase. 
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Without uninformed consumers in the market: 0�� , CS_separating and 

CS_pooling are the same (the difference in both graphs at high price of firm H results 

comes from the decimal calculating). Like profits, �  will only affect the CS_pooling. If 

the number of uninformed buyers rises, CS_pooling will be more different from 

CS_separating. Its’ value will sharply decrease. In a situation that all consumers in the 

market are dilettantes: 1�� , the value of CS_pooling will be a half of CS_separating. 

This is caused by the deceiving power of firm L is 0.5. 

 

  Next, case 3 (figure 14) considers the effect on profits by simulating values of 

the probability that firm L will successfully deceiving dilettantes:� . Like behavior of � , 

�  only affects the pooling profit of both firms and its range is between zero and one. 

Like case2, this study sets both values of r and � are equal to 2.35 and 0.5, 

respectively. If 0�� , no dilettantes can be deceived by the fooling quality of firm L. 

From figure 14 (a), firm L cannot cheat anybody. The result shows that there is only a 

pooling profit of firm H. When prices are the same and consumers are not cheated, 

everybody will buy the product from firm H because of its higher quality. Although, for 

this situation, the value of firm H’s pooling profits is less than case 2 (figure 13(a)).  

 

Figures 14(b)-(d) show the increase in value of � due to an increase in the 

pooling profit of firm L, and a decrease in pooling profit of firm H. The deceiving power 

of firm L is raised by doing an advertisement or giving misleading information to 

consumers. This causes firm L gains more profit and due to less profit for firm H. In the 

extreme situation where 1��  shown in figure 14(e), all dilettantes can be deceived by 

firm L. The pooling profit of firm H will be a little higher than the pooling profit of firm L. 

This is because the pooling profits of firm H will contain the part of informed consumers 

purchasing. At the low level of Hp , the pooling profit of firm L is greater than that of firm 

H. This is because the lower price of firm H nearly fits with its’ low-quality product. More 

consumers will choose the low-quality product.  
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(b) � = 0.25 

(c) � = 0.5 

(a) � = 0 

(e) � = 1 

(d) � = 0.75 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 14 Profits and consumers surplus with imitation in value of �  given 5.035.2 �� �andr  

��
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(a) � = 1 and � =0 (b) � = 1 and � =0.25 

(c) � = 1 and � =0.5 (d) � = 1 and � =0.75 

(e) � = 1 and � =1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 15 Profits and consumers surplus with imitation in value of �  (only uninformed market) given 35.2�r  

��
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Welfare of consumers when a  half of the buyers are uninformed will depend on 

the cheating power of firm L. When � =0, both surpluses will be the same. However, 

there are some uninformed consumers in the market that firm L can not deceive. So 

buyers can buy true quality with a reasonable price. Like behavior of� , increasing in the 

value of �  will affect only on CS_pooling. With an increase in � ,  pooling profits of firm 

L increases but that of firm H decreases. 

 

The special case: case 4 (figure 15) that considers the profits and welfare 

outcomes when the value of �  is replicated for the market that has only uninformed 

consumers ( 1�� ) given value of r is equal to 2.35. This situation does not have quality 

uncertainty. If the price is different, both separating profits are unchanged. But if firm L 

deceives its consumers by setting the same price, the solutions will depend on the 

deceiving power of firm L. When firm L can not cheat anybody, 0�� (figure 15(a)) and 

the prices are the same, there exists only a pooling profit of firm H in the market which 

value is less than case 3 (figure 14(a)), because there are not any informed consumers 

in this situation. 

 
When value of �  increases, firm L’s pooling profit will increase. If � is less than 

0.5, the pooling profit of firm L will be less than firm H but if � is greater than 0.5, the 

pooling profit of firm L will be larger. At the point that � =0.5, both pooling profits look 

alike. The slight difference between both graphs results comes from different costs of 

both firms. Firm H has higher costs than firm L, so it has less profit. In the extreme 

situation (figure 15(e)), firm L has full cheating power ( 1�� ), so only the pooling profit 

of firm L will exist. The pooling profit of firm H is equal to zero because there is no 

informed consumer that knows the true qualities in the market and firm H cannot 

successfully show its quality to all uninformed buyers. In this case, the interesting issue 

is the value of firm H’s pooling profit when � =0 as it is less than firm L’s pooling profit 

when � =1. Because firm H has higher costs than firm L, so firm L has a big higher 

profit when there is only its product in the market. 
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When all consumers are dilettantes ( 1�� ) is when value of� is greater than 

0.5. It means that firm L can deceive more than half of all consumers. When the price of 

firm H is high, firm L therefore can deceive consumers with high price. Then, the 

mismatch between price and quality of firm L is much larger. Consumers will suffer, and 

the consumer surplus will tend to be reduced.  

 

From all behavior of consumer surplus, the results show that most of consumers 

surpluses when both firms use separating price strategy is greater than consumers 

surplus when firm L use pooling price strategy. These actions will concern the 

policymakers to consider the factor that affects the consumer welfare when both firms 

use separating price strategy. Analyzing this surplus, all graphs of consumer surplus are 

look alike. Only an increase in Hp  can decrease this welfare. In addition, an adjusting in 

quality of firm L’s product has only small effect on the consumer welfare.  

 

Figure 16 (a) shows that modifying the value of Lv does not change 

CS_separating in each level of Hp . Curve of this welfare at low Hp  is linear in all level 

of quality of firm L. However, if Hp  is high, CS_separating will be sharply decreasing 

with increases in Lv . That is, when firm H set a high price to find more profits, 

consumers in the market have less ability to consume them. They thus change their 

behavior to buy the low price product. If firm L tries to increase its quality to gain more 

profits simultaneously. Some consumers who have a very low preference cannot buy 

any product. Consequently, consumers surplus will decrease. 

   

 

 

 

 

(a)      (b) 

Figure 16 Consumers surplus of firm H with quality of firms H and L 
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Considering the product quality of firm H instead of firm L, figure 16 (b) shows 

the relationship between CS_separating at each price of firm H and the product quality 

of firm H. All curves’ slope is upward. This implies that when the quality of firm H 

increases, CS_serparating will increase.  

 

  All imitation result shows the possible situations that may occur in the real 

market. Quality of product will directly affect both the separating and pooling profits of 

both firms. The ratio of high to low quality is the main deciding factor that firm L will use 

in choosing between  separating or pooling profit strategy. If the value of r increases, the 

degree of product differentiation will increase, firm L will try to use a pooling price 

strategy because its separating profit is very low. As a result, firm L will apply a pooling 

price strategy. As discussed in chapter 3, the possible range that firm L can apply 

pooling price strategy is limited by the price of firm H’s product.  

 

With regard to the effect of fraction of uninformed consumers, � , and the 

probability that firm L is successfully cheat uninformed consumers, � , both factors only 

affect pooling profits of both firms. When value of � increases, the pooling profit of firm 

H will decrease but that of firm L will increase. The value of� will be rising until all of the 

market has only uninformed consumers ( 1�� ), both pooling profits will be the same. 

Firm H and L will have the same profits. On the other hand, if the market has some part 

of informed consumers, the pooling profit of firm H will exist in the market at all levels of 

� . In contrast, if there is an extreme case that the market has only uninformed 

consumers and firm L has full deceivable power, firm H does not gain any profit from the 

competition.    

 

The study above shows the characteristics of both profits and welfare of 

consumers with at each levels of firm’s H price. The pattern of pooling profit and 

separating profits of both firms agrees with the mathematic approach shown in figure 

11. If price of both firms are at equilibrium as shown in equation 29, the profits and 

consumers surplus are affected by the ratio of high to low quality, the fraction of 
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uninformed and the probability of firm L will successfully deceive uninformed 

consumers.  

 

The competitive equilibrium when the price of firm H is set with the Nash 

equilibrium condition is illustrated in figure 17. It shows the plots of equilibrium profits, 

consumer surplus and welfare for social. The x axis in each graphs show the effects of 

increases in the ratio of high to low quality. When r increases, all profits increases with 

the decreasing rate. Each column of graphs shows the cases with the same value of the 

fraction of uninformed. The first column shows the case of that all consumers are 

informed (� =0). The second and third columns show the case of that a half of 

consumers are uninformed and the case of that all consumers are uninformed. The 

horizontal rows of graphs show the case with the same value of the cheating power of 

firm L. The first, second and thirds rows refer the case that no uninformed consumers 

will be deceived by firm L, that a half of them will be deceived by firm L and that all of 

them will be deceived by firm L.  

 

Regarding the consumers’ perspective at the Nash equilibrium, consumer surplus 

will decrease when the degree of product differentiation increases. Moreover, the 

consumer surplus when firm L uses a separating price strategy is certain in all stage 

and its value is more than the consumer surplus when firm L uses a pooling price 

strategy. Even though in firm L’s view, it is different. Meanwhile, firm L considers both 

the fraction of uninformed consumers in the market and the power of deceiving 

uninformed consumers. As shown in the graph, if all consumers are informed or the 

power of cheating is equal to zero, firm L will use a separating price strategy. This is 

because at the equilibrium firm L’s separating profit is greater than firm L’s pooling profit 

at all levels of product differentiation. Moreover, if firm L chooses a pooling price 

strategy, it will lose some consumers to firm H. This is because consumers who have full 

information about both qualities will not choose firm L’s product. Then, firm H will be 

forced to have separating profits, too. Welfare of both agents is high in this case and 

has a certain value across all degrees of product differentiation. 
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Figure 17 Profits and consumer surplus at competition equilibrium
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.    When the market has a half of uninformed consumers and the power of 

deceiving is more than zero. Firm L has motivation to select a pooling price strategy. A 

main reason is that its separating profit is less than pooling profit in all value of r. When 

firm L uses a pooling price strategy, firm H does not have a choice to react. Then, firm H 

will gain pooling profits. However, if the degree of product differentiation is low, (r is too 

low), pooling profits of firm H are not much different from separating profits. Beside, 

when firm L uses a pooling price strategy, consumer surplus will decrease. Buyers will 

suffer more from consuming low-quality products with such a high price because they 

have incomplete information about quality. If the degree of lack of information is very 

high (the situation that � =1 and � =1), consumer surplus with the high degree of 

product differentiation will be negative. 

 

In conclusion, information knowledge of both qualities is important. The problem 

that both agents (consumers and firms) have unequal qualities is brought about by 

many reasons called asymmetric information. This asymmetric information on quality will 

only happen when the market has uninformed consumers. If these consumers purchase 

goods at period one and at the end, firm H will be worsen. Although, there are repeated 

purchases by consumers in the market, so consumers will adjust their expectation about 

qualities of product they purchase in the last period. This behavior will create the famous 

question that if uninformed consumers can adjust their expectation about qualities in the 

next period, what equilibrium outcomes will be?  
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CHAPTER V 
MARKET RESULTS BY MONTE CARLO SIMULATION  

 

In the next chapter, this study will increases more product that have different level 

qualities in the market (firms are more than two), and then finds the competition 

equilibrium. Finally this study tries to explain the equilibrium of firms’ profit and 

consumers’ welfare when uninformed consumers adjust their preference already. 

 

In fact, there are many firms competing in the market. Each firm will individually set 

its quality and price. If firms do not have some motivation to deceive, they will set their 

price according to their products’ quality. So, consumers in the market use price as a 

signal of quality. Again, there are two types of consumers: informed and uninformed 

consumers. The informed consumers that have complete information about the quality 

so they do not need to estimate the quality based on product’s price. They would 

examine the true property of products, compare with their price and then choose giving 

the best value by considering an income effect. On the other hand, consumers who do 

not have complete information about the quality of products have to use the price of 

product as a signal of product quality. Because all firms know this, some of them will use 

the pooling price strategy to increase their profits. They can trick some buyers who have 

poor information. Uncertainty about quality occurs. This study uses simulation 

techniques to estimate the results of equilibrium when the market has four firms. 

 

5.1 Simulation by the Monte Carlo method 

 

The competition model with quality uncertainty that has four firms in the market is 

too complicated to explain. This study use simulation method to reproduce the behavior 

of agents and find the equilibrium outcomes. The Monte Carlo method is one of the 

popular simulation methods. This procedure uses a random number to find out the 

solution when there is uncertainty action in the model. This study uses the Monte Carlo 

technique to generate data set that has an assumed distribution. The procedure of 

Monte Carlo simulation begins with generating the random numbers. These random 



numbers have a uniform distribution and range between zero and one. Each random 

number set has a dependent correlation to others. Then, these numbers is applied to 

create random variables that have the desired distribution. Next, this study applies these 

random variables into the model of competition to find the solutions at equilibrium.  

  

Using a simulation technique, this study runs the simulation 500 times of each 

case and assumes the number of both agents (firms and consumers). The model that 

used in this section is the quality-setting model. Although in this chapter, the model will 

concern both sides of agents (consumers and firms) in an agent-based model. Like the 

previous chapter, to simplify the results, this study sets the upper bound of the taste 

parameter: �  is equal to 1 and marginal costs of each firm are the same and equal to 

0.1. This study uses a standard model of quality differentiation in which consumers 

purchase at most one unit of a differentiated product. At beginning, this study explains 

the behavior of consumers with taste parameters and the firms’ product qualities. 

 

5.2 Consumers’ behavior  
 

Consumers in the market make a usual decision to choose products. Because 

both firm and consumer are the typical agents in a basic agent-based model, this model 

considers consumers to be bounded rational with given information. The basic choice of 

a consumer is, once he has a need and he knows that a certain good could satisfy his 

needs. Then he makes a decision whether to buy the good or not. The maximum 

acceptable price (or reserve price) will be considered to make a decision. The quantity 

that the individual will buy is zero or one according to the distribution of the reserve 

prices that affects all consumers. The distribution of reserve price can influences the 

shape of the demand curve. This study mentions reserve prices to quality, so the 

equation of demand will have quality choice in it. The relationship of the reserve price 

and the income of consumers will be positive (Besanko et al., 2003). Higher reserve 

prices would thus be the willing-to-pay prices of the rich people, whereas lower reserve 

prices would be that of the poor. If people equally shared their budget for a different 

class of goods, then a higher income would mean a higher reserve price in each class.  
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In a simulated market, this study generates one thousands consumers’ taste 

parameters randomly with uniform distribution as shown in figure 18. Then, consumers 

make the decision rule by examining the product features and its price. The levels of the 

taste parameter that comes from the consumers’ decision are related with the number of 

firms in the market, products’ qualities and prices.  
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Figure 18 Uniform distribution of 1000 taste parameters of consumers 

 

Like chapter 4, this section denotes that the fraction of uninformed buyers by� . 

Because uninformed consumers have a lack information that comes from they can not 

go to gain fruitful data from external sources such as advertisements or personal advice. 

So, these consumers will be easily deceived. Recall that the power of cheating an 

uninformed consumer is denoted by� .    

 

5.3 Firms’ quality 

 
There are four firms in the market that have various qualities. The product of firm 1 

has the highest quality in the market followed by product of firm 2, firm 3 and firm 4. 

Furthermore, the numbers of firms in this section are not ranked by type of qualities but 

by the order of qualities in the consumers’ view. When competition rises, all firms 

present their product quality and prices to consumers. Consumers arrange these 

product qualities with the product they produce from highest quality as firm 1 and down 

to the others as firm 2-4. This study will assume the possible range that all firms can 

choose their qualities between 0.75 and 1.65. However, the selecting process that a firm 

will use to choose its product quality assumes to be a random process (see appendix A) 
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All firms compete in the market with price competition and all firms have two 

strategies: separating price strategy and pooling price strategy to react to competitors. 

A separating price strategy is when a firm will set its price according to its product 

quality. When a firm uses this strategy, all informed and uninformed consumers can tell 

these firms apart because they are charging different prices (the separating price 

strategy). Because of the lower quality firms will gain less profit, so some of the firms 

have try to deceive some consumers by using a pooling price strategy. The deceitful 

firms will set the same price for its product as the higher quality firms. However, this 

study assumes that a lower quality firm wants to use the same price as a higher quality 

firm, they will not jump to use price of next higher quality firm because consumers would 

easily to detect the lies. Then in each situation, all firms have to choose to use a 

separating price strategy or use a pooling price strategy to compete higher quality firms. 

 

 Because there are four firms in the market, there are 8 possible situations (A-H) as 

shown in figure 19. Situation A is that all firms use a separating price strategy, and that 

they thus set different prices for their product quality. Situation B is that firm 2 tries to 

deceive uninformed consumers by using a pooling price strategy and that it thus sets its 

price equal to the price of firm 1 by not changing its quality. Firm 2 makes quality 

uncertainty in the market. Situation C is that firm 3 using a pooling price strategy by 

setting its price equal to firm 2 by not changing its quality; however, others firms use a 

separating price strategy. Furthermore, situation D is that both firms 2 and 3 use a 

pooling price strategy at the same time. Nonetheless, both firms do not exactly know 

others strategy. They expect that others opponents will use separating price strategy. 

Then firm 2 sets price equal to price of firm 1 but firm 3 set price equal to price of firm 2 

by not knowing that firm 2 change its price. Quality uncertainty from firm 2 and 3 exist in 

the market. Situation E is that firm 4 deceives uninformed consumers by using pooling 

price strategy. Like situation D, situations F is that both firms 2 and 4 try to deceive 

uneducated buyers by using others price as their price. In this situation, there are still 

two price-level, p1 and p3 in competition. Situation G, two of low quality producing, firms 

3 and 4, try to deceive uneducated buyers. The last one is situation H where all firms 

except firm 1 use a pooling price strategy to deceive consumers. This situation is the 
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serious situation that many firms make quality uncertainty to their consumers. More 

products in the market are deceiving products. Uninformed consumers will suffer more 

when consume these products.  

 

From all situations, only firm 1 has a single strategy that is a separating price 

strategy because firm 1 produces the highest-quality product in the market. So, it does 

not need to trick anyone by charging an unreasonable price. Firm 1 will set its price 

according to its quality. But for the other firms, in some situations they use a separating 

price strategy, and in some situations they use a pooling price strategy. This behavior 

causes the quality uncertainty in the market.  

 

 

 

  

 

 

 

 

 

 

 

Figure 19 Strategy of firms in price competition with qualities differentiation 

 

5.4 The process of simulation with an agent based model 

 

 This study applies the Monte Carlo simulation to an agent based model that 

considers both consumers’ and firms’ behavior. The simulation process is not 

complicated but it creates competition in the market with some random numbers that 

can represent the actions of both sellers and buyers. This agent based model (figure 20) 

will generalize the reaction of both sides of agents in the competition model.  
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Figure 20 Agent based model of quality competition
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The computer simulation of this study uses an MS excel worksheet to generate 5 

sets of random numbers. The first one is to generate consumers’ taste parameters. The 

second set is composed of the consumers’ types. If the second set of random numbers 

is greater than� , this study assumes that consumers will be informed. The third series is 

a set of probabilities that consumers will be deceived by firms. This number will be 

involved with the second set in such a way that the third set of random numbers will be 

applicable only on a condition that the second series is less than�  (only uninformed 

buyers). When informed shoppers buy a product, they will not be deceived. Whereas, 

when uninformed consumers are buying products and if the third sequence is less 

than� , they will be cheated. Forth set is a set of random qualities (rqi in appendix A) of 

products that are assumed to have normal distribution. The last one is a set of 

adjustment of consumers’ preference. When consumers buy a product in the first 

period, if they know that the product quality is not proper for its price, they will adjust 

their taste in the next period. The loop will continue until consumers buy the appropriate 

goods at criteria time. 

 

The simulation process begins with generating 1000 consumers’ preferences 

(taste parameter) with a uniform distribution and the four firms’ product qualities with a 

normal distribution by randomizing numbers with random numbers set 1 and 4. The type 

of each consumer will be marked with randomly numbered in set 2 and 3. Then, both 

consumers and firms enter the competition at time t0. The game will continue and in 

each period is adjusted the preference of consumers by the random index in set 5 until 

it reaches the steady stage where no one will be cheated by firms. The example of the 

four firms’ qualities and consumers’ preferences that are used in the Monte Carlo 

simulation are in appendix B. 

 

Inside the game, consumers choose a product following a decision making 

process (figure 2). Consumers will compare their reserve price with the actual price and 

make a decision to choose the goods of which quality is the overall highest and each 

feature has a sufficiently high score. In the competition, there are different cases that 

firms will face depend on types of consumers in the market. From chapter 4 in which the 
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outcome of equilibriums with duopoly firms is found by imitation methods, the results 

can be grouped in 6 cases. 

1. All consumers are informed ( 0�� ) for all level of �  
2. A half of consumers are uninformed (� =0.5) and firm producing low-quality 

product can deceive a  half of them (� =0.5) 
3. A half of consumers are uninformed (� =0.5) but firm producing  low-quality 

product can deceive all of them (� =1) 
4. All consumers are uninformed (� =1 but firm producing  low-quality product 

can deceive a half of them (� =0.5) 
5. All consumers are uninformed (� =1) and firm producing  low-quality product 

can deceive all of them (� =1) 
6. Firm producing  low-quality product has no deceiving power (� =0) for all 

fraction of �  
 

These 6 cases are different in the fraction of informed and uninformed consumers 

and the probability that firm will successfully deceive the uninformed consumers. 

Because of the behavior of these variable can affect the competitive equilibrium and 

welfare of consumers. This study will analyze the solution of each case in each situation. 

It finds that case 6’s results will be the same as that of case 1, so this study examines 8 

situations within 5 cases and finds the results of each case.  

 

 The example of the excel simulation result of case 2 in situation B is shown 

appendix B. The competition simulation starts at t0. This study randomly chooses 

qualities of firms and consumers and then goes to the stage of competition. From the 

price signal, each consumer selects the product according with their level of the taste 

parameter. The sales volumes, profits and utility at t0 are calculated. In situation B, firm 

2 will deceives uninformed consumers by setting its price equal to price of firm 1’s 

product but it does not change its quality. At t0, cheated consumers will suffer from 

buying the deceiving products and trying to adjust their taste parameter to buy other 

products at t1. This study assumes that deceived consumers will adjust their taste 

parameter with 10% of the random number in set 5. The game will continue until no one 
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buys a product from firm 2 in the 13th period. This is a steady stage period where every 

one will move from this point.   
 

For the whole outcome of simulation, this study constructs 500 tests for each case 

and finds the average values of quality and prices of the four firms, levels of taste 

parameters, and ratios of qualities, profits and utility. The example of simulation results 

of case 2 under situation B are in appendix B.    

 

5.5 Results of simulation  

 

Situation A: All firms use a separating price strategy  
 

When all firms choose their own strategy to set the price according to their product 

quality, there exist four qualities and prices in the market. Consumers can distinguish 

the products with their different prices. They arrange the qualities of each product and 

bring these qualities and prices to set the level of the taste parameter. Because there 

are 4 products in the market, so there are 5 levels of taste parameters. The first one is 

the upper bound of taste parameter,�  which is this study assumes it equal to 1 since 

the distribution of the taste parameter is a uniform distribution. Other taste parameters: 

12�  , 23�  and 34� denote the taste parameters of consumers who are indifferent between 

buying product’s 1 or 2, 2 or 3 and 3 or 4, respectively. The last taste parameter is 

04� that denotes the taste parameter of consumers who are indifferent between buying 

product’s 4 or not buying. Both informed and uninformed consumers will face the same 

level of taste parameters because all firms set different prices according to their product 

quality. Consequently, no one has been deceived in this case.   

 

Situation A is the normal situation of the competition without quality uncertainty 

discussed in chapter 3. The number of consumers who buy a product, profits of firms 

and the welfare of consumers will not be related with both � and � because consumers 

can differentiate the qualities from dissimilar priced. Figure 21 shows firms’ profits and 

the percentage of buying goods in situation A. From the left-side graph of figure 21, bar 

graphs denoted profits and line graph denoted product quality of each firm. Decreasing 

73



0

50

100

150

200

250

Firms 1 Firms 2 Firms 3 Firms 4
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Profit
Quality

8% 2%
15%

35%

40%

Goods 1 Goods 2 Goods 3 Goods 4 Not buy

in the line graph dues to decreases in the bar graphs. That is, like the results in chapter 

3, firms that have the highest product quality will get the highest profit, followed by the 

firms that have next lower product quality. 

 

 

 

 

 

 

 
 

Figure 21 Firms’ profits and percentage of buying all products in situation A 

  

 For the right-side graph of figure 21 as shown the percentage of buying products, 

goods 2 has the largest market share, followed by goods 1, 3 and 4. The percentages of 

buying products come from the level of taste parameter of consumers. However firm 1 

gains more profits since its quantity is less than quantity of goods 2. It implies that 

product quality of goods 1 is higher than product quality of goods 2, so firm 1 can set its 

price higher than price of goods 2, so firm 1 gain higher profit than firm 2.  

 

Regarding the level of the taste parameters, 12� is about 0.6276, 23� is about 

0.2408, 34� is about 0.1524 and 04� is about 0.1363. Assuming that � and �  are equal 

to 0.5, the level of taste parameter is graphed in figure 22 (a). The flat line between 

products represents the level of taste parameter. From this figure 22 (a), goods 4 has 

the smallest range of taste parameter. This is due to fewer consumers who want to buy 

this product (only 2% in the pie graph). The bigger range of taste parameter describes 

more consumers will purchase these goods. In this situation, more consumers will 

purchase from firm 2 (40%) because it has product with middle-to-high quality, followed 

by firm 1 (35%), firm 3 (8%) and firm 4 (2%). Interestingly, the percentage of consumers 

who not buy the products is about 15%. This group has the level of 04� is about 0.1363. 

The solutions at equilibrium of situation A is shown in table C1 in the appendix C. The 

table shows that all cases have a similar solution. 
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Figure 22 Taste parameters in different situation 
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Even if � and � do not affect the results of competition in situation A, there still are 

informed and uninformed buyers in the market. Table C2 in the appendix C shows the 

number of both types of consumers in each case. For case 1, all consumers are 

informed consumers. Case 2 and case 3 have a half of the consumers are uninformed. 

However, case 2 shows that a half of the uninformed consumers are deceived whereas 

case 3 shows that all the uninformed consumers are deceived. Cases 4 and 5 have all 

consumers in the market are uninformed. Nonetheless, case 4 has a half of them 

deceived while case 5 has all of them are deceived. 

 

 

 

  

 

 

 

 

 

Figure 23 Portion of informed and uninformed consumers in 5 cases 

 

Bar graph in figure 23 shows the portions of informed and uninformed consumers 

in 5 cases. Case 1 has only uninformed buyers with 351 consumers buying goods 1, 

401 consumers buying goods 2, 81 consumers buying goods 3, 15 consumers buying 

goods 4 and 151 consumers do not buy at all. When having a half of the consumers are 

uninformed in case 2, there are numbers of informed consumers buying goods 1, 2, 3, 

and 4, and not buying are equal to 190, 202, 44, 9 and 59, respectively. Non-deceivable 

uninformed buyers who buy goods 1, 2, 3, and 4, and not buy goods are 88, 95, 20, 5 

and 50, respectively. Meanwhile, cheated uninformed buyers who buy goods 1, 2, 3, 

and 4, and not buy any of these products are 73, 103, 17, 2 and 42, respectively. The 

proportion of informed and uninformed consumers will spread over products.  
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Like case 2, case 3 has the same ratio of informed and uninformed consumers 

buying the products but there are full weights in cheated uninformed consumers. Case 3 

has informed consumers who buy goods 1, 2, 3, and 4, and not buy the products at all 

are 187, 203, 46, 9 and 59, respectively. Beside, deceived uninformed buyers buying 

goods 1, 2, 3, and 4, and not buying any products are 159, 198, 39, 7 and 92, 

respectively. In case 4, all consumers are uninformed. In this case, non-deceivable 

buyers buying goods 1, 2, 3, and 4, and not buying the products are 182, 197, 48, 10 

and 75, respectively. Whereas, cheated buyers who buy products 1, 2, 3, and 4, and not 

buying are 166, 205, 35, 5 and 76, respectively. Case 5 is an extreme case that has only 

deceived uninformed buyers. Numbers of these consumers buying goods 1, 2, 3, and 4, 

and not buying at all are 348, 401, 84, 16 and 151, respectively. The total of consumers 

in each case can is equal to 1000. 

 

The important analysis in this study is to consider the utility of consumers when the 

market has product differentiation. As shown in table C1 in appendix C, social welfare of 

situation A is high. The average welfare of all cases is about 121.89 but the range is very 

wide (162.78). This means that there are some tests of simulation that give a low utility. 

When the simulation generates the qualities of four firms as tiny values that is near the 

lower bound of the quality, the utility is so small. The lowest welfare of consumers is in 

case 3 (35.02) in which the simulation produces the quality of firm 1 is equal to 0.9560, 

quality of firm 2 is equal to 0.8967, quality of firm 3 is equal to 0.7822 and quality of firm 

4 is equal to0.7631. Although, these qualities do not reach the lower bound of quality but 

they have a value near it in the same time. The utility of consumers is the lowest. For the 

highest utility, it is in case 4 (229.42) in which the simulation generates the quality of firm 

1 is equal to 1.6480, quality of firm 2 is equal to 1.6167, quality of firm 3 is equal to 

1.4391 and quality of firm 4 is equal to 1.0411. All qualities have a value close to the 

upper bound of quality in the same time. As a result, the utility is the highest. This study 

concludes that when all firms have an increasing trend of their qualities, this also favors 

for buyers. Policy maker will plan the policy that aims to motivate all firms in the market 

to increase their qualities which would lead to increase in social welfare. 
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Figure 24 Sales profits of all firms in each cases of all situations 
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Figure 24 shows that all firms’ profit in each situation. In situation A, profit of firms 

will be similar in all cases. This means both �  and�  do not have any effect on firms’ 

market share when they set the reasonable price (a separating price strategy), the 

market does not have quality uncertainty. In situation A, firm 1 earns a profit of about 

216.73, firm 2 earns about 177.44, firm 3 earns about 29.87 and firm 4 earns about 4.67. 

Like the chapter 3’s results, firm 1 gains more profit than the others because it produces 

a product that has the highest quality. This top quality is not enough to create the high 

profit. The large gap between the highest quality and the lowest quality introduce the 

high ratio of highest quality, and the others will guarantee the higher profit. For example 

the highest profit of firm 1 is in case 5 (322.80), this high profit comes from the widest 

gap of quality (0.87) and the highest ratio between the quality of firm 1 and 2 (2.14). 

Both factors drive the profit of firm 1. Similarly with other firms, when the gap of its 

quality and the lowest quality in the market is the biggest and the ratio between its 

quality and the lower is the highest, the firm’s profit is also the highest.   

 

Regarding the average utility as shown in figure 25, the utility levels of situation A 

are similar because all firms use a separating price strategy. Both informed and 

uninformed consumers can distinguish these producers. Consumers can buy the 

products that have reasonable prices relating to the qualities. All consumers’ utilities in 

this situation will thus be high. Here, case 1 has little higher utility due to all consumers 

in the market being informed. They buy the product that is suitable for their income and 

do not have to adjust their preferences to buy the right thing. The preferences in this 

case will be fully used.  

 

In the market that has quality uncertainty; uninformed consumers will adjust their 

preferences to eliminate this effect. They finish this adjustment at criteria time. At this 

time the market does not have quality uncertainty. The line graph of figure 25 shows the 

level of utility at criteria time. In situation A, consumers does not face quality uncertainty. 

Moreover, the utilities of all cases at time t0 are the same with utilities at criteria time. 
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Figure 25 Utilities at t0 and criteria time in each situation      
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Situation B: Firms 1, 3 and 4 use a separating price strategy but firm 2 uses a pooling 

price strategy  

  

In this situation firm 2 wants to gain more profit, so it applies a pooling price 

strategy by setting its price equal to the price of firm 1’s product. From figure 19 that 

shows qualities and prices in situation B, all qualities are the same as situation A but firm 

2 tries to deceive uninformed consumers. It sets the price equal to firm 1 (p1) to act like 

its quality is high; however, the other firms set their price according to their qualities. 

When this situation occurs, informed and uninformed consumers will face different levels 

of the taste parameter (shows in figure 22(b)). Because informed consumers have full 

information about all firms’ qualities, they also know that firm 2 sets its price over its 

quality. None of the informed consumers will buy firm 2’s product. They cut firm 2’s 

product out of their buying decision. The levels of taste parameters for informed 

consumers are 13� , 34�  and 04� . On the contrary, uninformed consumers do not have 

complete information about all qualities. When firm 2 increases its price equal to the firm 

1’s product price, uninformed buyers do not know the true qualities of firm 1 and 2. 

These consumers will only expect the qualities of both firms by averaging them and then 

compare this expected quality with others that have true qualities (firm 3 and 4 because 

the price is different). The expected quality between firm 1 and 2 is 2
21 vv � . This 

expected quality will be considered in the uninformed consumers’ decision making. The 

levels of taste parameters for uninformed are 3_12e� , 34�  and 04� . The new level of taste 

parameter 3_12e�  denotes the taste parameter of consumers who are indifferent between 

buying products that have expected quality between firm 1 and 2, or buying product 3. 

Table C3 shows the simulation results of situation B that contain the average of taste 

parameters’ level from simulation. The values are as follows 13�  is about 0.3707 

while 34�  is about 0.1554, and 04� is about 0.1367. Finally, 3_12e� is about 0.4850.  

 

In case 1, all consumers are informed, the set of uninformed consumers’ level of 

taste parameter has disappeared and it agrees with shown in the bar graph of figure 22 

(b). That is, no one will buy the product of firm 2. Table C3 shows the simulation results 

of situation B. When the market has only informed consumers, firm 1 gets maximum 
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profit (367.26); whereas, firm 2 gains nothing. The utility when there is no uncertainty 

effect is the highest (120.18). As shown in figure 24, the much higher profit of firm 1 in 

this case is irregular compared with situation A that is standard behavior when it does 

not have quality uncertainty. It results from firm 2 deciding to abandon its position in the 

market. It wants to raise its profit by seizing firm 1’s market share. However, if the market 

has informed consumers, the results will change. Firm 1 will gain some of the market 

share of firm 2 that connoisseurs will not consider it. The profit of firm 1 is thus extremely 

high. Surprisingly, a number of consumers who buy product 3 is increasing as well. A 

rise in the market share of firm 3 will lead to the growth in its profit. This action comes 

from the expanding of taste parameter from 13� . This is because informed consumers 

cut product 2 out of their decision. Consumers that usually prefer product 2 will no 

longer choice to choose. They select product 1 or 3 instead. Thus 13�  in situation B is 

less than 12�  in situation A and more consumers choose goods 3. 

 

For case 2 of this situation where a half of consumers are uninformed and a half 

of them are deceived by firm 2, this firm will increase its buyer by catching some market 

share of firm 1. Comparing case 1 with case 2 the bar graphs are shown in figure 24. It 

shows that in case 2 profits of firm 1 is decreasing but profits of firm 2 is increasing. Firm 

2’s higher profit is due to firm 1 losing its consumers to firm 2 when the number of 

uninformed consumers and power of deceiving increases. This action diminishes the 

profit of firm 1 from case 1 (367.28 to 271.49) which will continue decreasing when the 

fraction of uninformed increases (case 4 and 5) or the power of deceiving increase 

(case 3). In contrast, when the numbers of uninformed consumers increase or firm 2 can 

deceive more consumers, its profit will continue to increase. Again, the profit of firm 3 

increases and it is greater than firm’s 3 profit in case 1. Considering the level of taste 

parameter of uninformed block (right block of figure 22 (b)), 3_12e�  is greater than 13� . 

An uninformed consumer rather than an informed one will tend to choose product 3.  

This behavior causes by the uninformed consumers can not exactly know both qualities 

(firm 1 and 2). They only expect these qualities that will be below the highest ones: 

2
21

1
vvv �� .  Thus, consumers make the new levels of taste parameter, they will make 

13�  less than 3_12e� . More uninformed consumers will switch to consume product 3 
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instead the approximate ones. In the same way, when the probability of success in 

deceiving is rising to 1 (case 3), firm 2 can deceive all uninformed consumers. In case 

3, there will be more increases in buying firm 2’s goods. The profit of firm 2 will increase 

when the power of deceiving increases. However, firm 1’s profit decreases as no ones 

buy product of firm 1 because all uninformed consumers are deceived, they buy 

products from firm 2. Hence, profit of firm 3 in case 3 is similar with case 2, because the 

fraction of uninformed is the same. 

 

Cases 4 and 5 are the cases that all consumers are uninformed. For case 4, then 

going back to the level of taste parameters, if all consumers are uninformed, the left 

block is disappearing. Firm 2 can only deceive a half of uninformed consumers, the 

profits of firm 1 and firm 2 will be the same. It is not surprising that firm 3 will gain have 

more consumers. However, its average profit is less than firm 2. Consumers consume 

more products 3 because they are not certain in quality of product 1 and 2. Choosing 

the certain quality of product 3 is the safe way when quality is uncertainty. If the power 

of deceiving is raised to 1 (case 5), firm 1 cannot sell its product. On the contrary, firm 2 

can sell to all of consumers that have high preference. It results in the profit of firm 2 

becoming the highest in this case (294.40), on contradict with consumers’ utility that will 

be the lowest (70.75). The utility of consumers will decrease when fraction of uninformed 

or power of cheating increases. Although, the utility of case 4 in nearly similar to that of 

case 3 because the number of cheated consumers is similar. The low utility is due to 

quality uncertainty. It causes a more serious problem in the market. Consumers will 

change their behavior to avoid this problem. 

 

The above results are about competition at t0. Firm 2 will deceive some 

uninformed consumers. Although when consumers already buys product 2, they know 

that this product does not have the right quality compared with its price. This study 

assumes that all firms will not change their product qualities and price strategy. 

Consumers use the price signal to update their perceptions by reducing their 

preferences and buy products in t1. However, these consumers do not receive full 

information about qualities. They only reduce their taste and can be easily deceived by 
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firm 2. In period t1, consumers who buy product 2 at t0 adjust their preferences. If these 

new preference are less than 3_12e� , they will buy goods 3 and then gain the proper 

utility since product 3 sets its price along with its quality. These consumers stop 

reducing their preference and concede to consume goods 3. The quality uncertainty for 

this group disappears. However, if consumers cannot change their preference to find 

the right quality, they will suffer from buying goods 2 again. The process of simulation 

will continue until convergence to the period that nobody buys firm 2’s product. This 

time is called criteria time or steady stage. Table C4 shows the number of buying 

consumers, firms’ profits and consumers’ utility at time t0 and at criteria time. For all 

cases except case 1 that does not have quality uncertainty, the utility at the criteria time 

is greater than the utility at time t0. This shows that all consumers will be better off when 

the quality uncertainty does not exist. Not only are the profits of firm 3 increasing 

because consumers will adjust theirs preferences to consume the product that has a 

reasonable price, firm 3’s product will also support the consumers’ needs. Firm 3 gains 

more margin while firm 1 profit are unchanged when t0 but it will still gain higher profits 

than others. 

         

 The interesting issue is the order of convergence. All cases have the similar 

convergent period (about 16 periods), except case 1 that does not have quality 

uncertainty. This means that there are some consumers who will slowly adjust their 

choice of taste. They know that buying goods 2 is inappropriate but they will use heavy 

force to change their behavior. Situation B can be concluded that if there is quality 

uncertainty in the market and only firm 2 will deceive uninformed consumers, case 2 and 

4 will then need 15 periods to converge to the stage that does not have quality 

uncertainty. Case 3 needs 17 periods and case 5 needs 16 periods. The utilities at time 

t0 and at criteria time of situation B are shown in figure 25. The utilities after criteria time 

are increasing and tend to near highest point. This point is where the market does not 

have quality uncertainty. It means that consumers will be better off when quality 

uncertainty is gone. Although, consumers who adjust their preference and switch to 

consume goods 3 (situation B) will receive lower quality product than they will receive in 

situation A. Nevertheless, from line graph of figure 25 that show utility at criteria time, 
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there are some little different utilities of case 2, 3, and 4 compared with case 1. At 

criteria time, the utility after the adjustment of consumers’ preference is smaller than 

utility of case that no one change their preference (case1). There are some lost of 

adjusting preference.   

 

Situation C: Firms 1, 2 and 4 use a separating price strategy but firm 3 uses a pooling 

price strategy  

 

Like situation B, there is one firm trying to cheated uninformed consumers. Firm 

3 sets its price equal to firm 2 (p2) but it does not change its quality. Again, both types of 

consumers will face different levels of taste parameter. Therefore, informed consumers 

are not interested in firm 3’s product because its price is over fit. The levels of taste 

parameters for theses consumers are that 12� =0.6313, 24� =0.1903 and 04� =0.1364. On 

the contrary, uninformed consumers do not have complete information about all 

qualities. When price of firm 2 and 3 are the same, they only expect the average quality 

of firm 2 and 3. Furthermore, the levels of taste parameters for uninformed will differ from 

informed consumers. These levels are 12� =0.6313, 4_23e� =0.2660 and 04� =0.1364. 

Both different taste parameters’ indices are shown in figure 24 (c).             

 

Figure 25 show the sales profits at t0 of situation C. For case 1, all consumers 

are informed, no one will buy from firm 3.  Profit of firm 3 is then equal to zero. Although 

in others case when both � and �  are increasing, consumers will buy more goods 3 

and decrease their purchase of goods 2. This is caused by that firm 3 is deceiving some 

uninformed consumers and stealing some market share from firm 2 that due to increase 

in profit of firm 3 and decrease in profit of firm2. Even though, profits of firms 1 are the 

highest in overall cases but sale volume is fewer than the sale volume in situation B. Firm 

1’s profit in situation C is the standard profit (when compared with situation A). The 

irregular action is on the profit of firm 2 and 4 that profit of firm 2 in case 1 has extremely 

increased and sharply reduced with case 2-5 because the catching market share of firm 

3. Once again, firm 4 will receive some higher profit coming from the expanded range of 

taste parameter in the uninformed group. Profit of firm 4 thus continues rising.   
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 Table C5 shows the simulation results of situation C. All over again, case 1 has 

the biggest utility because all consumers are informed. In this situation, this utility is less 

than that in situation B. Firm 2 produces a product which has higher quality than the 

product of firm 3. The number of consumers who want to buy this higher quality is 

greater. The welfare loss when firm 2 cheats the uninformed consumers in situation B 

will be greater than when firm 3 cheats the uninformed consumers in situation C. Social 

will be worse off when the firm producing a high-quality product tries to deceive some 

consumers. Furthermore, the interesting result is the utilities in case 4 nearly similar to 

case 2 and case 5 nearly similar to case 3. This implies that the fraction of uninformed 

consumers in this situation does not have a greater effect on the utility. There are some 

gaps of utilities at t0 and at criteria time that comes from adjusting preference of 

consumers. This caused from consumers will change their preference from consuming 

goods 3 to not buying any products. Especially in case 5 that more consumers will 

adjust their taste, so consumers who not buying any products will increase. 

 

At t0 competition, some consumers who buy firm 3’s product will suffer more. 

They change the preference and find a new product. The process to eliminate the 

quality uncertainty continues until no one will buy from firm 3. Like situation B, the orders 

of convergence of all cases are near but the period in this situation is shorter than that in 

situation B. It means that consumers adjust their preferences quickly to get rid of the 

quality uncertainty. The graphs of figure 25 shows all cases when quality uncertainty is 

gone have utility at criteria time increase and tend toward the point where all consumers 

are informed (case 1). 

 

Situation D: Firms 1 and 4 use a separating price strategy but firms 2 and 3 use a 

pooling price strategy  

 

Both firm 2 and 3 try to cheat some uninformed consumers. However both firms 

do not know who wants to cheat consumers. They have only information about what are 

suitable prices at which others firms will set if they use a separating price strategy. 

When this situation occurs, firm 2 will set its price equal to p1 and will not change its 
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quality. Although firm 3 does not known that firm 2 will change its price, so it thinks that 

firm 2 will use a separating price strategy. Consequently, it sets the price equal to p2. 

The different levels of taste parameter are shown in figure 22 (d). For informed 

consumers, these levels are 14� =0.3271 and 04� =0.1373 because consumers that have 

full information will cut the product of firm 2 and 3 out off their decision. For uninformed 

consumers, these levels are 23_12e� =0.5894, 4_23e� =0.2950 and 04� =0.1373. Figure 24 

of situation D show that in case 1, sale volume firm 2 and firm 3 is zero because all 

consumers have full information about qualities of firms. Profit of firms 1 and 4 are 

irregular high because they receive market shares from firms 2 and 3. Like other 

situations, when fraction of uninformed or power of cheating increases, profits of 

cheated firms increase. In case 2, some consumers who do not have complete 

information buy product from firms 2 and 3 and do not buy from firm 1. Thereby, profits 

of firm 2 and 3 increase and firm 1’s profit decreases. And this behavior will continue 

occur with other cases.  

 

The interesting point of firm 4’s profit from figure 24 is the sales profits of firm 4 

vary. This is caused by the levels of taste parameter in each case being different due to 

the fluctuated number of the product 4’s buyers in each case. In case 4, profit of firm 4 

reaches the highest level because this case has only uninformed buyers and the 

probability that firm will successfully cheat uninformed consumers is 0.5. The left block 

level of taste parameter (figure 22 (D)) has disappeared. Firm 4 has more consumers 

buying its goods. Its profit is therefore high. For non-cheated uninformed consumers that 

the lose product of firm 2 and 3 in their mind will choose the product of firm 4. The 

preference range of buying goods 4 for these buyers is widened (between 23_12e�  

to 4_23e� ). When firm 2 and 3 try to deceive uninformed consumers, firm 4 will gain more 

benefit from firm 3 abandoning its position. Market share of firm 4 will increase causing 

a rise in its profit.  

 

The utilities of the game at time t0 in all cases are very little and less than the 

situations discussed before. The message of this behavior tells us that consumers will 

suffer more when firm producing product in the middle-high quality range try to deceive 

87



them. It is so terrible when all consumers do not have complete information about 

qualities (case 5). This case gives the lowest utility that is close to zero. Although when 

buyers adjust their preference to avoid having the negative utility, they use about 20 

periods to relieve this pain. The utility when quality uncertainty is gone will become 

higher.   

 

The order of convergence in this situation is about 20 times. More consumers 

slowly adjust their taste to eliminate the quality uncertainty. When the number of 

cheating firms increases, the iteration that consumers will change their action to the 

steady stage become longer. 

 

Situation E: Firms 1, 2 and 3 use a separating price strategy but firm 4 uses a pooling 

price strategy  

 

 In this situation, firm 4 produces the lowest quality of product and tries to cheat 

uninformed buyers. Firm 4 always receives little profit in the competition. Then, firm 4 is 

motivated to increase its profit by setting its price equal to firm 3’s price even though it 

does not change its quality. Like the previous case, both types of consumers will face 

different levels of taste parameter which is shown in figure 24 (e). For informed 

consumers, they will cut firm 4’s product out of their choice. They face the levels of taste 

parameters that 12� =0.6367, 23� =0.2526 and 03� =0.1385. For the group of uninformed 

consumers, some consumers cannot truly anticipate the qualities of firm 3 and 4 

because they set the same price. They only estimate the average qualities of both firms’ 

product and the levels of taste parameter they face are 12� =0.6367, 23� =0.2526 and 

34e� =0.1512. The indices of preference between buying products of firm 1 and that of 

firm 2 will not differ for both informed and uninformed buyers. So, both firms 1 and 2 are 

not affected in this situation. The sales profits of both firms in all cases are the same as 

shown in bar graph of figure 24.      
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Only firm 3 will get benefit or loss when firm 4 tries to deceive consumers. In 

case 1, no one buy from firm 4 because they have full information about quality, so firm 

3 earns irregular profit. On contradict with other cases, when � and� increase, profit of 

firm 3 continues decreasing while the profit of firm 4 continues increasing. Table C9 

shows simulation results of situation E. The utilities of the game at time t0 in all cases are 

quite high and greater than that in other situations if only firms 2 or 3 deceive. This 

means that the situation of high quality producing firm deceiving will cause consumers 

to suffer more than situation with low quality producing firm deceiving. When buyers 

adjust theirs preference to avoid bad action, they take about 5 periods to learn this 

deception. The utility will increase and tend to reach the same levels as other cases 

when quality uncertainty is gone. 

 

Situation F: Firms 1 and 3 use a separating price strategy but firms 2 and 4 use a 

pooling price strategy  

 

 Like the fourth cases, there are two firms trying to cheat uninformed consumers: 

firm 2 and 4. Now, firm 2 applies the price of firm 1’s product as its own price and firm 4 

applies the price of firm 3’s product. The levels of taste parameter that informed 

consumers face are 13� =0.3916 and 03� =0.1393. Uninformed consumers face different 

levels of taste parameters. These index are 13e� =0.5195 and 34e� =0.1515. The 

simulation results of this situation are in table C11 in appendix C. This situation is unique 

in such a way that informed and non-cheated uninformed consumers will have only two 

goods to buy: goods 1 and 3. On the other hand cheated uninformed consumers will 

have only goods 2 and 3 to buy. No product will cross with other consumers. To clarify 

see this, figure 22 (f) shows the levels of taste parameters that grouping four goods into 

two groups. The bar graph in figure 24 also supports this action. When all consumers 

are informed (case 1), only goods 1 and 3 are still sold in the market because no one 

will buy from deceiving firms. Profit of firm 1 is higher than profit of firm 3 since buyer 

think goods 1 has a higher quality than goods 3. Nonetheless, both profits are irregularly 

high compared with in situation A. For the opposite case, when all uninformed 

consumers are cheated (case 5), the market has only goods 2 and 4. Consumers suffer 
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more in this case because they buy the product that does not have proper quality. 

Although, firms 2 and 4 can sell their product at time t0 because no one knows that the 

products have lower quality relative to their price, profit of firm 2 is higher than firm 4 

because firm 2 set its price higher than firm 4.  

 

For cases 2, 3 and 4, all products can be sold in the market but their profits 

change in different direction. Profits of firms 1 and 3 decrease along these cases. This is 

caused by increase in the fraction of uninformed and the power of deceiving. Firms 2 

and 4 have more probability to cheat more consumers successfully. Firm 2’s and firm 4’s 

profits thus increase, unlike firm 1’s and firm 3’s profits.   

 

 This study examines utilities that have positive values at time t0 of all cases 

except case 5. This implies that when there is more than one firm cheating consumers, 

the consumers will suffer more from buying products. The utilities tend to have negative 

values. Welfare of buyers at time t0 in case 1 is the highest because all consumers have 

complete information about the qualities of products. They select the right products. The 

utility will not be negative in this case. When the number of uninformed consumers 

increases, some consumers will be deceived by firms 2 or 4. They get negative utilities 

when consuming these products. The utilities of cases 2, 3 and 4 are less than case 1. 

The serious case is case 5 where the market has all consumers uninformed and 

deceived. Market has only deceived products. The utilities of all consumers will be 

negative. In the next periods, consumers will change their preference to avoid negative 

utilities. Because firm 2 produces the middle-high quality, buyers take a long time to 

reach the steady stage. The convergence of this situation takes about 24 periods. This 

time-consuming result come from the wide range of taste parameters of product 2 that 

will use more periods to go out from it. The utility after the criteria time of case 1 is same 

as the utility at t0 because no consumers will adjust their preferences. For cases 2, 3 

and 4, these utilities increase a little after learning through adjustment. If consumers buy 

goods 2 first, after criteria time they will buy from firm 3 or will not buy anything. If 

consumers first buy goods 4, at the end they will not buy anything. The percentages of 

not buying will rise. Note that the utility of not buying product is equal to zero. Therefore, 
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utilities after criteria time have a tiny increase because some consumers will not buy a 

product at the end.      

 

 The interesting case is case 5 in which the utility at t0 is negative. It takes 25 

periods to remove quality uncertainty. Because this case has only deceiving products in 

the market, at the steady stage buyers want to get rid of the negative utility by not 

consuming the product. They leave the terrible market. The utility after criteria time is 

zero. No firms in the market can sell products and all profits are equal to zero. 

 

Situation G: Firms 1 and 2 use a separating price strategy but firms 3 and 4 use a 

pooling price strategy  

 

 Firms 3 and 4 try to cheat uninformed consumers to increase their profit. Like the 

previous case, both firms do not know who want to cheat consumers. They have only 

information about what is a proper price that others firms should set if they use a 

separating price strategy. When this situation occurs, firm 3 will set its price equal to p2 

but not change its quality. Although firm 4 does not know that firm 3 will change its price, 

it thinks that firm 3 will use a separating price strategy. Thus, it sets price equal to p3. 

Similar to other cases, both types of buyers will face different levels of taste parameters. 

The taste parameters for informed consumers are 12� =0.6367 and 02� =0.1509. 

Whereas, the taste parameters for uninformed consumers are 12� =0.6367, 

34_23e� =0.5052 and 34e� =0.1521.    This situation is better than situation F because the 

high-quality and middle-high-quality will not cheat consumers. Firm 3 and 4 that try to 

cheat consumers do not produce the high-quality one. From levels of taste parameters 

(figure 22 (g)), goods 1 is sold out to all consumers in all cases. Then, a serious case 

where the market has only deceiving products will not occur. While, the percentage of 

not buying will increase because two of four products try to cheat uninformed 

consumers, both products are for low preference consumers. These consumers have no 

product to consume when they know that goods 3 and 4 do not have a proper quality 

compared with the price. They go out form the market as the utility of not buying is equal 

to zero.   
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 Considering firms’ profits (figure 24) and consumers’ welfare at time t0 (figure 

32), all consumers are informed in case 1. They cut goods 3 and 4 out off their choices 

because they are deceiving products. It is a surprise that the profit of firm 2 is close to 

that of firm 1. Described the simulation results (Table C13 in appendix C), the number of 

consumers buying goods 1 is little less than of consumers buying goods 2. This is 

caused by the wide range of 12� and 02� . Although the price of product 2 is less than 

that of product 1, more consumers consume goods 2. The bar graph of figure 24 in case 

1 shows the same shape of both profits. For other cases, profits of firm 1 are stable, 

unlike profits of firm 2 that decreases when the fraction of uninformed and the power of 

cheating increase. The reduction of firm 2’s profit result comes from firm 3 stealing its 

market share. Profit of firm 3 thus increases instead. The interesting point is the profit of 

firm 4 also sharply increases. When firm 3 abandons its position to compete with firm 2, 

firm 4 gain benefits by selling their products to buyers who do not have enough money 

to buy goods 3. Firm 4 raises its price to equal to firm 3 and receives more profits, 

especially when the number of uninformed consumers and power of cheating increase. 

As some consumers with very low preferences do not have a proper product that they 

could buy. They go out from the market. The number of not buying consumers then 

increases. 

 

 For the utilities at time t0, all firms have positive average utilities in all cases. 

Case 1 has the highest utility and followed by case 2, 4, 3 and 5. Some consumers who 

are deceived will adjust their preference in the next period of buying. The average 

convergence order of this situation is about 15 times. This short period results from the 

characteristic of the deceitful product. Both are not be the high quality ones. Therefore, 

consumers take a little time to eliminate the quality uncertainty. The utilities after criteria 

time are again increased.         
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Situation H: Only firm 1 uses a separating price strategy but firms 2, 3 and 4 use a 

pooling price strategy  

 

 The serious situation is situation H where all firms except firm 1 try to deceive 

uninformed consumers. Like other case, cheating firms do not know who want to cheat 

consumers. They have only information about what is a proper price that others firms 

should set if they use a separating price. When this situation occurred, firm 2 will set its 

price equal to p1 by not changing its quality. Although firm 3 does not know that firm 2 

will change its price, it thinks that firm 2 will use a separating price strategy. As a 

consequence, firm 3 sets price equal to p3. Analogously, firm 4 does not know that firm 3 

will change its price. It sets its price equal to p3. Informed consumers have only goods 1 

to consume or choose not buying. There is one level of taste parameter that show in 

figure 22 (h) for informed buyers is 01� =0.1856. This wide range of taste parameter 

causes more informed consumers to buy goods 1. The bar graph of figure 24 in case 1 

shows that only firm 1’s profit exists in the market. For uninformed buyers, the levels of 

taste parameters are 23_12e� =0.4974, 4_23e� =0.2147 and 04e� =0.1609. In other cases, 

profits of firm 2, 3 and 4 increases when the fraction of uninformed and the power of 

cheating increases, contradict with firm 1 that profit decreases. Firm 2 tries to catch the 

market share of firm 1. When the market has more uninformed, firm 2 has more chance 

to gain more profits. The sharply increasing profits of firm 3 and 4 result from an 

abandon the position of firm 2 and 3 in the market. Like situations F and G, the 

percentage of not to buying rises. This is caused by informed buyers and non-cheated 

uninformed buyers having only goods 1 or not to buy as their choice. Furthermore, the 

level of 01�  is very small, so there are only few informed consumers who do not buy 

anything. However, for non-cheated uninformed buyers is contradict. The level of 23_12e�  

is big. There are more consumers who will not buy anything when competition starts.            

 

 Like situation F, case 5 is a serious case here. When all uninformed consumers 

are deceived, the market is full of deceitful goods (goods 2, 3 and 4). Consumers suffer 

more in this case where the products they buy do not have a proper quality. 

Nonetheless, firms 2, 3 and 4 can sell their product at time t0 because no one knows 
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that the products are worse. Profit of firm 2 is therefore higher than others because its 

price is the highest.   

 

 Considering the utilities at time t0 (figure 25), all cases have positive utilities 

except case 5. This negative value is bigger than that in situation F. That is, when all 

firms except firm 1 try to deceive consumers, buyers will suffer more from buying their 

products. The utilities tend to be even more negative values. Again, welfare of buyers at 

time t0 in case 1 is the highest because all consumers have complete information about 

qualities of product. They select the right products. The utility will be non-negative in this 

case. When uninformed consumers increase, some consumers will be deceived by firm 

2, 3 or 4. They get negative utilities when they consume these products. The utilities in 

case 2, 3 and 4 are less than that in case 1. In case 5, the market is full of all uninformed 

consumers who can be cheated. The market has only deceitful products. The utilities of 

all consumers are negative. In next periods, consumers adjust their preference to avoid 

negative utilities. Because firm 2 produces middle-high quality, buyers need a long time 

to go to the steady stage. The convergence time of this situation take about 24 periods. 

Time-consuming is due to the wide range of taste parameter of product 2 that will use 

more periods to go out from it. The utility of case 1 after the criteria time is the same as 

that utility at t0 because no consumers will adjust their preferences. For cases 2, 3 and 

4, theses utilities will increase little after adjustment. If consumers first buy goods 2, after 

criteria time they will buy from firm 3 or not buying. . If consumers first buy goods 3, after 

criteria time they will buy from firm 4 or not buying. If consumers first buy goods 4, at the 

end they will not buy anything. The percentages of not buying will rise. The utility of not 

buying product is equal to zero. Therefore, utilities after criteria time have a tiny increase 

because some consumers will not buy product at the end.      

 

 The interesting case is case 5 where utility at t0 is negative. It takes 24 periods 

to go out from quality uncertainty. Because this case has only deceitful products in the 

market, at steady stage buyers avoid having the negative utility by not consuming 

products. They leave the terrible market. The utility after criteria time tends to zero. No 

firms in the market can sell products and all profits are equal to zero. 
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Figure 26 shows all convergence order of each situation. The line graphs 

demonstrate that situation F and H have the highest order of convergence periods 

(except case 5 that only situation F is the highest). This implies that in situation with more 

high quality producing firm try to deceive uninformed consumers, theses consumers 

takes a long time to eliminate quality uncertainty. Nonetheless, in case 3 and 5 have 

high convergence order, this means that the power of deceiving has more effect on the 

convergence periods than the fraction of uninformed consumers in the market.    

0

5

10

15

20

25

A B C D E F G H

A 0 0 0 0 0
B 0 15 17 15 16
C 0 11 11 11 11
D 0 19 22 19 22
E 0 4 4 5 5
F 0 21 25 23 25
G 0 14 15 14 15
H 0 21 25 23 24

Case 1 Case 2 Case 3 Case 4 Case 5

 
Figure 26 All convergence order of each situation 

 

5.6 Nash equilibrium of competition 

 

  All firms in the market are interested in profits that they will receive when 

competition occurred. Although, the fraction of uninformed consumers: �  and power of 

cheated: �  are information that firms could anticipate before competition begins. 

Beside, all producers will expect the percentage of uninformed buyers in the market. 

Then, they set their strategy (separating or pooling price) to have the optimal output. All 

strategies that firms choose will be combined to be the situation that will happen and are 
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referred to calculate the utility that social will gain. To find the Nash equilibrium, this 

study finds the dominance strategy of each firm or use iterative dominance method to 

specify the results. However, from the examination above, there are five cases that 

distinguished by the number of �  and �  that present the types of consumers in the 

market. 

 

If firms know that all consumers have complete information about qualities of 

products, producers know that the results of case 1 will happen. Payoffs matrix (table 3) 

shows the earning profits of firms in all cases. The superscripts at the right upper corner 

of each result present the strategy where S refers separating price strategy and P refers 

pooling price strategy. For case 1, table 3 (a) shows the dominant strategy of all firms 

are separating price strategy because the separating profits of all cases are greater 

than pooling profits. When all firms use a separating price strategy that means the Nash 

equilibrium is situation A. 

 

Table 3 Payoffs matrix of firms in all cases 

 

 
 
 
 
 
 
 
 
 
 

 (a) Case 1   (b) Case 2   (c) Case 3 
 
 
 
 
 
 
 
 
 
 
 

(d) Case 4   (e) Case 5 
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The equilibrium when all consumers are informed (case 1) is that all firms will 

use a separating price strategy as their main strategy and receive profits as follows. 

Each firm set its price according to its quality. From simulation outcomes, the profit of 

firm 1 is 216.07, that of firm 2 is 177.67, that of firm 3 is 29.33 and that of firm 4 is 4.57. 

For utilities in case 1, situation A that does not have quality uncertainty will have the 

highest utility: 123.16. Nonetheless, the utility at criteria time is the same as the 

beginning. Both consumers and firms gain more benefit from this competition and no 

ones are motivated to leave from this point. Therefore, situation A in case 1 is the Nash 

equilibrium and the best point for social. 
    

Table 4 Utilities of all cases at time t0 and criteria time 
 

 

 

 

 

 

 

When the market has a half of uninformed consumers (� =0.5) and the 

probability that firm will successfully deceive uninformed consumers is equal to 0.5 

(� =0.5), case 2 will happened. The payoffs of each firm in this case are shown in table 

3 (b). Only firms 1 and 2 have a dominant strategy. Both firms use a separating price 

strategy as their main strategy. However, firms 3 and 4 do not have a dominant strategy 

because some of their pooling profits are greater than their separating profit. Therefore, 

when firms 1 and 2 use a separating price strategy, it means that only situations A, C, E 

and G will take place. This study uses iterative dominance methods to cut off some 

situations from the decision range. Considering only 4 situations mentioned before, firm 

4 will have a pooling price strategy as dominant strategy because pooling profits 

(situations E and G) are greater than separating profits (situations A and C). Firm 3 

knows that from iterative dominance method, firm 4 will use a pooling price strategy. 

Consequently, it chooses the separating price strategy because its strategy because it 

gives the higher profit than the pooling price strategy.     
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The Nash equilibrium is situation E that firms 1, 2 and 3 apply a separating price 

strategy but firm 4 applies a pooling price strategy with firm 3’s price. Firm 1’s profit is 

221.12, firm 2’s profit is 176.16, firm 3’s profit is 28.94 and firm 4’s profit is 7.22. The 

lowest quality producing firm 4 gains more benefit because it’s only one firm deceiving 

consumers. The utility of this case is equal to 112.18 lower than the quality the steady 

stage. Although situation E is Nash equilibrium of competition, there is no guarantee that 

it is the best point for the social. Some consumers will suffer more from consuming bad 

goods (goods 4). They adjust their preference. The utility when quality uncertainty is 

gone is higher than the utility at time t0. No one buys a product from firm 4 and welfare 

of buyers at criteria time is increased (equal to 116.85).     

 

In case 3, a half of consumers are uninformed whereas the probability that firms 

will successfully cheat consumers is equal to 1 ( 1,5.0 �� �� ). All firms know that the 

power of deceiving is increasing that means if firms try to cheat consumers; the 

percentage of success is high. From the pays off matrix table 3 (c), only firm 1 has a 

separating price strategy as a dominant strategy. The other firms are not certain about 

their strategies. To find the equilibrium, the iterative dominance method is used again. 

When fixing a strategy for firm 3, this study examines the profits of firms 2 and 4. If firm 3 

uses a separating price strategy, firm 2 will use a separating price strategy as the 

dominant strategy, but firm 4 will use a pooling price strategy as the dominant strategy. 

The solution is situation E where firms 1, 2 and 3 use a separating price strategy while 

firm 4 uses pooling price strategy. On the other hand, if firm 3 uses a pooling price 

strategy, firm 2 switches to use the pooling price strategy. For firm 4 then picks the 

separating price strategy instead. The outcome changes to situation D that firms 1 and 4 

use the separating price strategy while firms 2 and 3 use a pooling price strategy. 

Examining result of both situations, firm 3 is the main sudden behavior. If firm 3 chooses 

a separating price strategy, the result is situation E. If firm 3 uses the pooling price 

strategy, the result will be situation D. To consider firm 3’s behavior, situation D gives 

more profit to it than situation E. Thus, firm 3 will choose a pooling price strategy and the 

Nash equilibrium is situation D.  
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This iterative dominance method is a concept to find the best strategy for each 

player, independently of what other opponents do. The use of such payoff dominance 

criteria becomes much more interesting when it is applied iteratively. This method can 

be used to find the results when each player does not have a dominance strategy at first 

time. In situation D, profit of firm 1 is 231.03, that of firm 2 is 121.82, that of firm 3 is 

67.06 and that of firm 4 is 45.47. The results of this situation show that both the highest 

quality producing firm (firm 1) and the lowest quality producing firm (firm 4) select a 

separating price strategy because their qualities can be easily to distinguish from 

others. When there are more than two firms in the market, consumers especially 

uninformed buyers are not easily able to distinguish the mid quality product. As a result, 

firms 2 and 3 choose to trick some uninformed consumers. However, from loosing 

market share to firm 3, firm 2 gains less profit than expected. The utility of situation D is 

56.70. Many consumers suffer from being deceived. They adjust their preferences to 

remove quality uncertainty. Eliminating goods 2 and 3 out of the market will increase 

utility to 69.75 at criteria time.  

 

Similar to case 3, case 4 has all consumers are uninformed but the probability 

that a firm will successfully cheat consumers is 0.5. Firms know that all consumers 

cannot access the source of data. They do not have the complete information about 

product qualities in the market. But a half of them are lucky to choose good products. 

Form table 3 (d), only firm 1 has a dominant strategy (a separating price strategy). The 

other firms are not certain about their strategies. Like above results by using iterative 

dominance method, this study start with setting the strategy for firm 3 to find outcome of 

this case. If firm 3 uses a separating price strategy, firm 2 will use a separating price 

strategy while firm 4 will use a pooling price strategy as the dominant strategy. Again, 

the solution is situation E. Changing strategy of firm 3, only firm 2 will switch to a pooling 

price strategy. Meanwhile firm 4 picks the separating instead. Situation D will happen. 

Firm 3 has the famous behavior that stimulates the equilibrium. Situation D give more 

profit to firm 3 than situation E. Thus, the Nash equilibrium is situation D. Results of 

equilibrium is that firm 1 gains 123.14, firm 2 gains 120.64, firm 3 gains 78.81 and firm4 

gains 90.09. The utility of this case is 63.43 that increase when consumers change their 
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taste. The utility at criteria time is 85.20. Although, if case 3 and case 4 have the same 

pattern of Nash equilibrium but case 4 gives more welfare to consumers than case 3.  

 

The serious case is case 5 that all consumers are uninformed and the probability 

that firm will successfully cheat uninformed consumers is equal to 1.  Figure 32 (e) 

shows the pay offs profits in this case. Even if firms 1 and 2 have the dominant strategy 

at beginning, but the strategy of both firms are different. Firm 1 chooses a separating 

strategy but firm 2 chooses a pooling price strategy. With both dominant strategies of 

both firms, situation B, D, F and H are possible to occur. Firms 3 and 4 will set theirs 

pays off in the range of these four situations. Firm 3 has an iterative dominant strategy (a 

pooling price strategy) and firm 4 knows that firm 3 will choose a pooling price strategy. 

Because both firms 2 and 3 present unclear product qualities to their consumers, firm 4 

will choose a separating price strategy to clearly split its quality out off the others and 

receive more profit. The Nash equilibrium is situation D where firms 1 and 4 use a 

separating price strategy and firms 2 and 3 use a pooling price strategy. Firm 1 cannot 

get anything in this situation. Firms 2, 3 and 4 receive more profit than expected when 

there is no quality uncertainty. Their profits are 251.87, 160.57 and 41.44. The utility of 

this case is the lowest at 24.55. However, the utility after consumers modify their 

preferences is very high 107.30. That is when uninformed consumers change their 

behavior to buy the good product (goods 4), social welfare is much better off. Even 

though this situation is not the best points for social, consumers will relief the pain 

compared with what they have at beginning time.  

 

In situation D, The uninformed consumers are easily cheated by firms. When all 

producers know that some consumers do not have complete information about quality. 

The middle quality firms have motivated to create the unclear quality to consumers by 

using a pooling price strategy to make higher profits. On contrast with the highest 

quality firm and lowest quality firm, they can not use a pooling price strategy because 

there are the top and bottom quality in consumers minds. It is so difficult to cheat some 

consumers. These producers will use a separating price strategy. The utility of 

consumers in this situation is not be the best point because some consumers suffer 
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more from consuming low quality with higher price. Consumers will adjust their taste to 

eliminate quality uncertainty. They use about 20 times to relief this pain. Welfare of 

buyers at criteria time is better although there are some losses from cheating action get 

by firms. This utility is lower than utility of market that does not have quality uncertainty.  

 

In sum, from the previous result, there are three types of Nash equilibrium due to 

the fraction of uninformed consumers and the deceiving power of low quality firms. First, 

if all consumers are informed, the best situation is all firms will set reasonable price with 

their quality (separating price strategy). The Nash equilibrium of case 1 is situation A. 

The utility is the highest compared with other cases. Second, if the market has fewer 

fractions of uninformed consumers and low deceiving power of firm, the Nash 

equilibrium is only the lowest quality producing firm will use pooling price strategy. The 

Nash equilibrium of case 2 is situation E. The utility is decreasing. There are some profit 

distortion among firm 3 and firm 4. Last, in the market with more uninformed consumers 

or high power of deceiving, the Nash situation is firms that produce the highest quality 

and the lowest quality will use separating price strategy. However the firms that produce 

medium quality products will use a pooling price strategy. The Nash equilibrium of case 

3, 4 and 5 is situation D. The middle quality firms have incentives to create the unclear 

quality to consumers by using a pooling price strategy to increase profits. The utility of 

consumers in last two situations are not maximized because some consumers suffer 

from consuming low-quality products with high price. They will adjust their taste to 

eliminate quality uncertainty. Welfare of buyers at criteria time that no ones will be 

deceived is better although there are some losses from deceiving. This utility is lower 

than in a utility of market that does not have quality uncertainty. 

 

 In a real world, all consumers are difficulty to have full information about product 

quality. They use simple ways to get the information such as reading a guide book, 

searching in internet or asking the specialists. Although, there is impossible that all 

consumers can attain these sources, therefore the market that buyers have complete 

information (case 1) does not exist. Usually, case 1 will exist in the market that product 

quality is common knowledge and easy to detect the different. This caused the less 
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percentage of uninformed consumers and low power of deceiving. The example of 

market that has close to case 1 is vegetable and fruit market. Fruit that comes from the 

famous source can set higher price than that comes from unknown one. Durian from 

East side of Thailand can set the high price than that come from others. Because 

consumers know that its quality is the best. All producers set its price according to its 

quality. 

 

 When the market has less fraction of uninformed consumers and low power of 

deceiving, the Nash equilibrium is only the lowest quality producing firm will use pooling 

price strategy. The example of this market is durable market such as automobile, mobile 

phone and computer. Because these products show income status of buyers, so 

consumers does not appreciate to buy the lowest product quality. Then, firm that 

produces the lowest product quality will make an unclear quality to deceive uninformed 

consumers.       

 

 An emerging market is the example market of case with more uninformed 

consumers or high power of deceiving. The new launching product will make the 

incomplete information to consumers. More consumers will be uninformed and easily to 

be deceived. The producer who aims to launch a new product will not set its quality to 

be the lowest. He sets the product quality in the highest or medium range. If he sets the 

highest product quality, he will set its price according to its quality to signal to 

consumers. However, if he sets product quality in the medium range, he can easily 

deceive consumers by give the misleading information. Thus, this producer gains more 

profit. 

 

The quality competition when there are more than two firms in the market is so 

complicated, especially when quality uncertainty appears in the market. However, both 

consumers’ utilities and the Nash equilibrium can be found by using iterative dominance 

methods. For the case that all consumers are informed, the outcomes are the best point 

for social. Other cases have some bad effects due to quality uncertainty that makes 

lower utilities than the best point. 
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CHAPTER VI 
CONCLUSION OF THE STUDY  

 

 This study develops a quality–setting model (derived from utility and costs 

functions) that explains firms’ and consumers’ behavior in the Nash equilibrium. The 

major conclusion is that the quality of a product is a significant factor determining 

equilibrium outcomes of the competition. When firms compete in either price or quantity 

competition, they will concern with the quality of product that they want to produce since 

high-quality product firms will receive more benefit (higher price and higher quantities) 

than the low quality ones. However, the effect of product differentiation in the Cournot 

model is less than that in the Bertrand model. This cause from consumers will use the 

price of a product as a signal of quality. When firms compete in price, consumers more 

directly consider the products’ quality.  

 

Solving for the Nash equilibrium for in a market without quality uncertainty shows 

that both prices and profits are greater in the Cournot case than in the Bertrand case, 

while the opposite is true for outputs and consumers surplus. More consumers are 

interested in vertical product differentiation. They will choose the best quality for 

themselves. The social welfare will then increase. Since profits of both firms are in 

contradiction with consumer surplus, policy makers will trade off between these 

solutions and select the better competition to both agents. 

 

A simulated situation, with two types of consumers namely informed and 

uninformed, is analyzed. An informed buyer always knows the true quality of the 

product. Whereas, an uninformed buyer will face quality uncertainty if two firms are 

charging the same price since consumers use price as a signal of quality. If some 

consumers do not have complete information about the quality of products, firms have 

the opportunity to deceive uninformed consumers by increasing price without changing 

its quality to increases profit. Again, these unfair profits will exist because consumers 

cannot see that the true quality of firm L which is lower than the quality of firm H. Firm L 

suffers a disadvantage in the game when it sets a different price. Therefore, to increase 



its profits, firm L will make a decision to choose the separating or the pooling price 

strategy. Before the beginning of the game, firm L will consider the fraction of 

uninformed consumers and the probability that firm L will successfully cheat uninformed 

consumers. If the market contains only informed consumers, firm L does not choose the 

pooling price strategy because consumers will know that firm L deceives them. On the 

other hand, if all consumers are uninformed, it is the best choice for firm L to choose the 

pooling price strategy.  

 

If the market has some uninformed consumers and the power of deceiving 

success of firm L increases, firm L is likely to choose the pooling price strategy because 

more consumers will choose its products.  The results of all imitation markets show that 

the quality of a product will directly affect both separating and pooling profits of both 

firms. However, the fraction of uninformed consumers and the probability that firm L can 

successfully cheat uninformed consumers will only affect the pooling profits. The ratio of 

high to low product quality is the main deciding factor that firm L will consider in 

choosing the strategy. If this ratio increases, the degree of product differentiation 

increases and firm L will try to use a pooling price strategy because its separating profit 

would be very low. The possible range in which firm L can use a pooling price strategy 

is, however, limited by the price of firm H.  

 

Regarding the effect of the fraction of uninformed consumers and the probability 

that firm L can successfully cheat uninformed consumers, if all consumers are informed 

or the power of cheating is equal to zero, firm L will use a separating price strategy . 

This is because at the equilibrium firm L’s separating profit is greater than its pooling 

profit at all levels of product differentiation. In addition, if firm L chooses a pooling price 

strategy, it will lose some consumers to firm H because consumers have full information 

about both qualities and will not choose firm L’s product. When the number of uniformed 

consumers increases, the pooling profit of firm H will decrease, but that of firm L 

increases. Increasing this fraction until the market has only uninformed consumers, 

results in both firms’ pooling profits being the same. Furthermore, if the market has only 

informed consumers, the pooling profit of firm H will exist at all levels of the probability 
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that firm L will successfully to cheat uninformed. In contrast, assuming that there are 

only uninformed consumers and firm L has full deceitful power, firm H will not receive 

any profit from the competition.  

  

Turning to consumer welfare, the consumer surplus will decrease when the 

degree of product differentiation increases. Moreover, the consumer surplus when firm L 

uses a separating price strategy is the same in all stages and its value is higher than the 

consumer surplus under the pooling price strategy. The lower welfare under the pooling 

price strategy is due to the harm caused to buyers that consume low-quality products 

purchased at a high price, given they have incomplete information. In the extreme case 

which all consumers are uninformed and firm L has full deceiving power; the consumer 

surplus will be negative with the high level of product differentiation. 

 

Information knowledge of consumers is important. The problem that both agents 

(consumers and firms) have different perception on product quality is due to asymmetric 

information. This unbalanced information of quality will only affect uninformed 

consumers though. If these consumers purchase goods in period one and at the end, 

firm H will become worse off. If there are repeated purchases by consumers in the 

market, consumers will adjust their expectations based on the quality they purchased in 

the last period. This study uses the Monte Carlo simulation method with 1000 consumers 

and four firms to simulate the competition in the market. Competition will repeat until 

there is no consumers will be deceived by firms. There are 8 situations which are 

different regarding the numbers of deceiving firms and 5 cases which have different 

fractions of uninformed consumers and cheating power of firms.     

 

When the market does not have quality uncertainty, the firm that produces the 

highest quality product will gain the largest profits, followed by the firms that produce 

lower quality product. However, when the competition begins and the market has 

characterized by quality uncertainty, informed and uninformed consumers face different 

levels of taste parameters because some firms will deceive uninformed consumers.  
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The results show that there are three situation of Nash equilibrium. First, if all 

consumers are informed, the best situation is all firms will set reasonable price with their 

quality. The utility is the highest. Second, if the market has fewer fractions of uninformed 

consumers and low deceiving power of firm, the Nash equilibrium is only the lowest 

quality producing firm will use pooling price strategy. The utility is decreasing. Last, in 

the market with more uninformed consumers or high power of deceiving, the Nash 

situation is firms that produce the highest quality and the lowest quality will use 

separating price strategy. However the firms that produce medium quality products will 

use a pooling price strategy. Uninformed consumers are easily deceived by firms when 

all producers know that some consumers do not have complete information about 

quality. The middle quality producing firms have incentives to create the unclear 

information on quality to consumers by using a pooling price strategy to increase profits. 

In contrast to the highest quality producing firm and the lowest quality producing firm, 

they cannot use a pooling price strategy because consumers are aware of the top and 

bottom quality, making the firms find difficulty to deceive them. The producers will use a 

separating price strategy. The utility of consumers in last both situations are not 

maximized because some consumers suffer more from consuming low-quality products 

but purchasing at a higher price. Consumers will adjust their taste to eliminate quality 

uncertainty. Welfare of buyers at criteria time that no ones will be deceived by firms is 

certainty higher although there are some losses from cheating. This utility is lower than 

the utility in the market that does not have quality uncertainty.  

 

 When the market has more firms deceive uninformed consumers, consumers 

use a long convergence periods to eliminate quality uncertainty. Because this agent-

based model assumes that no communication between buyers, so consumers cannot 

learn from others. The order of convergence will be extended. This is the limitation of this 

study. In real world, consumers share the information about product quality with each 

others. Then the order of convergence will be faster than appear in this model. The 

behavior of sharing the information about product quality will decrease the welfare loss 

from competition. Moreover, the researchers that want to develop their works from this 

model will consider the leaning between consumers on their model. 
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  Quality uncertainty will lead to market failure, which decreases welfare of 

consumers and distorts profits among firms. Especially in the market with more 

uninformed consumers or higher probability that firm successfully deceives consumers, 

consumers experience a decreasing value of utility. Policymakers can solve this 

problem by giving information about quality to buyers before they make a decision. 

Government would construct the producer’s rule to show their products’ quality compare 

with others opponents or provide the consumers guide book to explain the feature of 

products. These policies will help to eliminate the quality uncertainty for uninformed 

consumers and raises social welfare of the market.  
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APPENDIX



APPENDIX A: THE PROCESS OF GENERATE FIRMS’ RANDOM QUALITIES 
 

The method that generates the quality of firms starts with creating the variance 

matrix of random quality. This variance matrix has 4 parameters and 4 random errors to 

be estimated. To define the number in these 3 matrices, the methods try to find matrix � 

and find the value of each equation. 
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In the next step, this method generates vector random number: � that has a normal 

distribution: N (0, 1). There are matrix A that is matrix of coefficient in linear combination 

between quality and random number.      
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There are four firms in the market, rq1-4 are random quality of firm 1 to 4. The pattern of 

random quality vector is 
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Random quality variance depends on variance of random number and coefficient 

matrix: TT
i IVarrqVar AAAA �� )()( 1 .And then this study transforms matrix A into a low 

triangular matrix. To simplify the results, this study define 2�TAA  that 
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Converting from variance matrix and given �, this study solves matrix A and random 

qualities vector (set 4) as 
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To find the quality of both firms, this study assumes variances and covariance of each 

random quality as shown in the variance-covariance matrix.  

 

Table A1 Variance-covariance matrix of firms’ qualities 
 V1 V2 V3 V4 

V1  0.021482  0.016068  0.010747  0.005517 
V2  0.016068  0.032231  0.021721  0.010840 
V3  0.010747  0.021721  0.033403  0.016564 
V4  0.005517  0.010840  0.016564  0.021925 

 

The next step is to generate random number: �, and find random qualities and qualities 

of both firms. This study uses a random process method to make the qualities of firms in 

each test of simulation of which detail is in table A2.   

 

Table A2 Detail of firm’s qualities in simulation procedure 
 V1 V2 V3 V4 

 Mean  1.469814  1.292157  1.112312  0.931289 
 Median  1.506846  1.307867  1.095289  0.894864 
 Maximum  1.649985  1.642867  1.597445  1.566199 
 Minimum  0.855033  0.788134  0.754860  0.750077 
 Std. Dev.  0.146593  0.179561  0.182796  0.148095 
 Observations  3000  3000  3000  3000 
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In vertical differentiated product market, firms will have some positive relation in 

production technique. This causes the quality of all firms have positive correlation in 

qualities. However, this relation will be high or low positive correlation that depends on 

product adjustment technique of each firm. In simulation market, this study assumes that 

the qualities of all firms are quite similar. The correlation matrix is shown in table A3.  
 

Table A3 Correlation matrix of each firms in simulation process 
 V1 V2 V3 V4 

V1  1.000000  0.610632  0.401176  0.254232 
V2  0.610632  1.000000  0.661969  0.407762 
V3  0.401176  0.661969  1.000000  0.612070 
V4  0.254232  0.407762  0.612070  1.000000 

 

From correlations of quality, this study constructs the variance matrix of quality and 

then creates random quality from generate random process method. The quality 

production behavior of each firm is set by random quality (rqi). To create the qualities of 

both firm, this study set the behavior of both firm in the range (table A2) that firm 1 has 

maximum quality and minimum quality with a wider range than the others and followed 

by firm 2, 3 and 4, respectively. Figure A1 shows all qualities that generate from random 

process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A1 Generated qualities of firms with random process methods 
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Table B2 Consumers’ preferences used in Monte Carlo simulation (1000 consumers) 
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Table B3 Example of Monte Carlo simulation result at t0 and next times (Case 2, situation B) 
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Table B4 Example of Monte Carlo simulation result at t0 and next times (Case 2, situation B) 
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APPENDIX C: MONTE CARLO SIMULATIONS RESULTS 
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