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Abstract 

I examine Hayek's 1968 hypothesis on competition as a discovery mechanism. This 

study attempts to create an experiment to support the work of Hayek in respect 

to how subjects discover their relative abil ity level, using a skill-based market entry 

games. I applied a variation of the market entry game which Camerer and Lovallo 

(1999) used to show overconfidence in subjects. B y adding feedback relating to 

their performance allowed subjects to 'discover' information concerning their relative 

abi l i ty level. A s the experiment progresses, there is clear evidence that ski l l level does 

influence the entry decision of subjects. This leads to the conclusion that Hayek's 

hypothesis is supported through this experiment. 
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Chapter 1 

Introduction 

According to Headd (2001), U .S . Census data show that approximately half of al l new 

businesses fail w i th in their first four years. These business failures reduce the overall 

efficiency of the economy as some resources could have been better used in another 

endeavour. 1 How companies make entry decisions, especially in new and emerging 

markets, is of great importance to the economy If there are too few entrants in a 

market, prices become relatively high and may lead to an inefficient level of economic 

surplus. 2 If there is excessive entry, then there wi l l likely be business failures. 3 Whi l e 

the business failures wi l l reduce the excess entry, the sunk costs wi l l be lost. 

Tradit ional economic decision making involves choosing the best possible alterna

tive from those available in which the rankings of alternatives are known. A n example 

is the classic entry decision firms make in an established market wi th known demand. 

In this environment firms calculate the expected benefit from entering the market 

and compare it to other possible uses of their resources. 

One interesting aspect of the Austr ian school of economics is it examines how 

1Despite this business failure rate, it should be noted that there may be some economic rationale 
for businesses to enter markets despite the high probability of failure. In many markets it may be 
assumed that the profits wil l be skewed towards only a few firms. Thus there may be positive 
expected profits, and thus a sound rationale for entering markets which have high business failure 
rates. 

2 Economic surplus is defined as the sum of both producer surplus (profits) and consumer surplus 
(the difference between what a consumer is willing to pay for a good and the price they are charged 
for that same good). 

3 Attempts by companies to coordinate and prevent excessive entry are contrary to most anti
trust laws which fear that lack of competition will be detrimental to the economy. 

1 
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available alternatives are identified and by what criteria these alternatives should be 

ranked. Market equil ibrium is no longer assumed. To this end Hayek (1978) devel

oped his theory of competit ion as a discovery procedure. 4 Information determining 

the availability and rankings of alternatives is discovered through competition. Also 

to be discovered through competition are innovations in the market and new ideas 

concerning efficiency. These new discoveries lead to an evolving and improving prod

uct market. 

According to Hayek, free markets (ones that do not prevent competition) w i l l 

allow for the discovery of facts concerning the true value of a product which u l t i 

mately leads to an efficient market in terms of maximizing the economic surplus. A 

problem arise when innovation is including as a factor in a market. It is possible for 

entrants of high abil ity or creativity to be init ial ly unprofitable, which could lead to 

their early exit from the market. In the long run it is essential for the best able or 

qualified entrants to remain in the market in order to achieve max imum long term 

surplus. 

Interestingly, many of those who have attempted to provide support for Hayek's 

hypothesis have not outlined why the hypothesis is important. Obviously evidence 

exists of efficient markets plus innovation and discoveries taking place within these 

markets. The importance of Hayek's hypothesis is that interference wi th the com

petitive aspect of markets does not only affect variables such as price, demand and 

supply in the near term, but may also have long term affects on how the product 

might be improved through innovation. 

4 Hayek initially discussed the hypothesis as part of a lecture given in 1968, the citation refers 
to a book of essays that Hayek published in 1978 which contained a reprint of his lecture. 
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This paper attempts to examine two implications of Hayek's hypothesis on com

petition as a discovery process. F irs t , does the experiment (explained below) produce 

an efficient number of entrants, in the long run? Second, do subjects discover their 

relative abil ity levels leading to the market selecting the best able entrants in the 

long run? This becomes important if subjects of high abil ity get early negative feed

back and must overcome their in i t ia l poor results. A practical example would be the 

adoption of inferior technology as the market standard, driving out or prevent an 

entrant wi th a superior technology, due to the early success of the proprietor of the 

inferior technology. 

In the experiment subjects are asked (over 10 rounds) if they want to enter a 

market wi th a payoff dependent upon their ranking in a quiz. The information sub

jects receive in this experiment concerns only their relative ranking, payoffs (which 

may be negative) from these quizzes, and the number of entrants in the previous 

round. 

Since this is a repeated game there are two key elements involved in the entry 

decisions. The first is the subjects' in i t ia l confidence level, or overconfidence, relat

ing to their chances of profitably entering. The second is how feedback, in terms 

of payouts and scores, influences future decisions. Thus it is essential to examine 

how overconfidence and learning affect repeated games when trying to determine 

if Hayek's theories are supported by the results. The theoretical prediction is that 

competition provides an incentive for subjects to learn. This learning about a sub

ject's relative ski l l level should be exhibited in the later rounds by subjects choosing 

to enter only if they are highly skilled. 

In chapter 2, I present a literature review focusing on four areas: a review of 
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Hayek's hypothesis; overconfidence and other biases; learning models; and market 

entry games. Chapter 3 follows with an outline of the experiment design and presents 

the hypotheses developed from the experiment. Chapter 4 examines how the data 

from the experiment compares to the hypotheses. Chapter 5 contains the general 

conclusions of the study and also some areas for potential research. The instructions 

for the experiment and technical aspect of the discussed learning models are found 

in the appendices. 



Chapter 2 

Literature Review 

2.1 Hayek 

Tradit ional economics describes the allocation of scarce resources based upon a mar

ket which has reached equil ibrium. Throughout his career Frederick von Hayek an

alyzed the philosophical underpinnings of traditional economics by focusing on the 

role that information plays in markets. In his seminal 1945 paper Hayek advanced 

the theory that a free decentralized market could produce efficient results s imply by 

having widely known prices which are flexible to changes in supply and demand. 1 

The market would be governed by negative feedback, resulting from the rejection of 

unsatisfactory offers. This stood as one of the great theories arguing against the need 

for a centralized authority who would direct the economic activities of the state. 

The experimental economist Vernon Smith demonstrated evidence to support 

Hayek's contention by showing a near 100% efficiency in terms of mutually beneficial 

transaction was obtained when subjects' knew their own valuation (either costs for 

the sellers or value for the buyers) and there was a free market for trading . 2 

In a 1968 lecture Professor Hayek extended his analysis of the role that infor

mation plays in the markets wi th his theory that competition acts as a discovery 

process. Through competition relevant facts such as: what items are good; which 

goods are scarce; and how valuable are these scarce good; are revealed to the public. 

1 Hayek (1945) 
2 S m i t h (1982) 

5 
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In fact, Hayek declared that competition serves no other purpose than to act as 

a discovery process. Hayek also stated that the competitive market would lead to 

innovation and new discoveries. If the information were known before hand, then 

it would be pointless to use a competitive system, which may have high costs, to 

determine market prices and who should act as a producer. 

Hayek outlined two different methods for testing his competition hypothesis. 

The first would be to compare the success rate for discoveries in economies which 

prevented competition against those that allowed competition. The second possible 

method would be to create an experiment in which the observer already knows the 

facts to be discovered, and examine the success rate for discovering these facts. 

Attempts to find support for this hypothesis have been less successful. Kirs te in 

and Schmidtchen(2004) attempted a similar experiment to Smith , which involved 

subjects having multiple units to buy or sell in a fixed time period. Similar to Smith's 

results, w i t h only the l imited information about their personal valuation or costs 

and a market wi th no trading restrictions, the subjects were able to achieve a highly 

efficient outcome. The authors claim this as a successful demonstration of Hayek's 

'Competit ion as a Discovery Process' hypothesis, however, their model does not 

attempt to include the any innovation aspect of the hypothesis. Furthermore, while 

the range for the transaction prices was reasonably consistent wi th the theoretical 

prediction, the subjects already new their own valuations. Whi le this may resemble 

the case where subjects are already in a market and can forecast their costs wi th a 

reasonable degree of accuracy, it is very different from the situation where subjects 

are contemplating the creation of a new product and are unable to predict its costs. It 

is the discovery or creation of a new product which ultimately is the most important 
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aspect. 

A further attempt to prove this hypothesis was Demmert and K l i e n (2003)'s 

experiment. In this experiment, the authors focused on the innovation aspect of the 

hypothesis. They conducted an experiment in which subjects were asked to transport 

as much water as they could from one location to another in a single tr ip. Subjects 

were paid based upon the amount of water they were able to transport and were 

provided with a stool and several empty cups. The innovation involved inverted the 

stool (which could hold water in the inverted position) and using that as a tool to 

transport the water. The authors concluded that their experiment was unable to 

show how competition was a discovery process, but claimed that it was due to a flaw 

in the design of their experiment. 

One of the concerns in economics is whether the markets select the most effi

cient companies in the long run to become suppliers. Basic economics teaches that 

producers wi l l enter the market only when price is greater than their costs. Thus 

markets should always have the lowest cost producers. This simplistic view does not 

consider types of imperfect competition and some of the advantages of being the 

first to enter the market such as: brand recognition and loyalty; an income stream 

which helps for expansion; or experience in cost cutting resulting in efficiency gains. 

These factors might enable a high cost producer to gain an established position in the 

market by entering first and prevent low cost producers from entering. Furthermore, 

it is possible for high abil ity or creative entrants to receive early negative feedback 

and thus be forced to exit the market. Either of these situations could result in 

the market not containing competitors wi th the best overall ability level. Unfortu

nately Hayek's paper does not examine the consequences or likelihood of these two 
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situations occurring. 

2.2 M a r k e t E n t r y Games 

To investigate the Hayek's hypothesis, I altered the tradit ional market entry game 

to allow for relative abil ity to become a discoverable fact. Market entry games 

are used to analyze coordination in repeated decision making when subjects are 

prohibited from communicating with one another. They simulate the decision facing 

companies who have the opportunity to enter a new market where the company's 

success depends, in part, upon the number of its competitors who choose to enter. 

In a typical market entry game setup n subjects are faced with a decision of 

whether or not to enter a market wi th a known capacity c. Payoffs decline as the 

number of entrants increases and are negative if there are more than c entrants. A 

decision not to enter the market earns the subject a known, non-random payment 

(potentially zero), represented by v in the market entry game notation. Most market 

entry games use the following payoff structure for entrants: 

Payment = k + r(c — e) (2.1) 

where c is the announced capacity; e is the number of entrants; r and k are 

known values. W h e n the market is at capacity entrants receive k, which may be 

positive, negative or zero; however, its absolute value wi l l tend to be small . The 

over or under entry in the market is measured by c — e, and r > 0 is a magnifier of 

this over or under entry. The payment structure results in a greater penalty (loss) 
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when there is a large amount of over-entry 3 compared to only moderate or slight 

over-entry. Conversely there is a greater gain (profit) for entrants when there is 

excessive under-entry compared to moderate under entry. 

Th is leads to two possibilities for the number of Nash equi l ibr ia 4 depending if 

v — k + qr or v ^ k + qr w i th q being an arbitrary number. If v ^ k + qr then there 

are (™) different Nash equilibria, al l wi th z entrants and n — z non-entrants, wi th : 

If v = k + qr, then there exists (") equilibria w i th z entrants and n — z non-

entrants, and ( 2i) equilibria w i th z — 1 entrants and n — z + 1 non-entrants. 

Kahneman (1986) was one of the first to conduct the market entry experiment 

and compare it to the Nash equil ibrium. In his setup the Nash equil ibrium entry 

level equaled the capacity. He observed (even without communication) a convergence 

to the Nash equil ibrium and the number of entrants tended to be plus or minus two 

from the capacity level. Whi le it has been observed in the past that individual sub

jects may learn to play Nash, this was an example where a whole group coordinated 

to the Nash equil ibrium without communication. Kahneman said that to a psychol

ogist, this convergence to Nash equilibrium appeared to be "magic." This result was 

confirmed by many other studies with varied setups, which wi l l be discussed later. 

Camerer and Lovallo (1999) adjusted the typical market entry game to test for 

overconfidence. Different from most market entry games, instead of every entrant 

3 Over-entry is this case is when the markets continually have overall losses. This is comparable 
to the concept of excess capacity in markets where there are high sunk costs. This excess capacity 
wil l lead to business failures which result in the loss of the sunk costs. 

4 A Nash equilibrium is a situation where no competitor has an incentive to change strategies 
based upon the strategies of all other competitors. 
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receiving the same payoff, a l l entrants were ranked and received a payment based 

upon their respective rankings. They used two treatments during the experiment; 

one i n which subjects were ranked randomly and a second in which they were ranked 

according to a skill-based test. The skill-based treatment was ranked according to 

a t r iv ia contest; al l the subjects were made aware of this fact before the treatment 

began. In rounds where there was over-entry, al l those entrants ranked below the 

capacity level received the same negative payout. Each group of subjects was required 

to participate in both types of treatments, wi th the order of which treatment was 

first being varied between the different groups of students. Subjects were told that 

after all the rounds were completed, one round was selected at random to be used for 

payoffs. Only subjects who chose to enter in that round would then participate in the 

t r i v ia competition to determine the ranking for the ski l l treatment. In each round, 

regardless of their entry decision, subjects were required to forecast the number of 

entrants. These forecasts allowed for a distinction between overconfident entrants in 

the ski l l treatment and those entrants who believed that there would be under entry. 

What Camerer and Lovallo observed was that subjects entered more often when 

their payoffs were tied to their ranking in the ski l l based treatment as opposed to the 

randomly ranked treatment. Unlike the results of most other market entry games, 

Camerer and Lovallo observed no convergence towards that Nash equil ibrium in 

their ski l l treatment. They concluded that the forecasts made by the subjects were 

reasonably accurate and that over entry in the ski l l based treatment was the result 

of overconfidence. 5 From this evidence it is clear that any attempt to investigate 

Hayek's hypotheses using a ski l l based experiment must take into consideration the 

5Overconfidence is a biased prediction or perception regarding one's own ability 
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potential overconfidence level of subjects. 

The one major drawback with the Camerer and Lovallo experiment was that 

even though subjects were given feedback after each round concerning the number of 

entrants, the only t ime they received feedback with respect to their relative abilities in 

the ski l l treatment was after completion of the all the entry decisions. This prevented 

any analysis concerning how the levels of overconfidence changed as subjects learned 

about their relative abil ity level. In order to accurately model how overconfidence 

and changes in overconfidence affects the subjects in repeated games, learning models 

must be used to account for the experience of subjects. 

2.3 Overconfidence and Other Biases 

Since Camerer and Lovallo found that overconfidence was a factor in subjects' de

cisions, an examination is needed to understand how overconfidence might change 

with experience. There is an extensive literature examining the nature and extent 

of the illusions of control, self-selection and overconfidence biases. Langer and R o t h 

(1975) examined how the illusion of control affects subjects' own perceptions con

cerning outcomes. The general conclusion is that people attribute their success to 

their own ability, but failures are attributed to non-ability related factors, such as 

bad luck. Babcock and Loewenstein (1997) conducted experiments on how subjects 

would award damages in an auto accident (based upon a true case where the damages 

were awarded by a judge) with some subjects playing the role of the v i c t im while 

others played the role of the other driver, and found that there existed a self-serving 

bias. These self-serving biases showed that people tend to interpret events or infor-
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mation in a manner which is beneficial to their position. Camerer and Lovallo (1999) 

note that perception bias has been examined in numerous areas including driving 

abilities, income prospects and longevity, with the conclusions that people tend to 

overestimate or be overconfident about their own ability or attributes. Th is creates 

the problem that early successful feedback in ski l l based games may be interpreted 

as a measure of a subject's own skil l level, while early negative feedback may be 

attr ibuted to other factors. The incorrect interpretation of feedback may hamper 

subject's discovery of their relative ability level. 

Gervais and Odean (2001), examined how traders become overconfident due to 

early successes. A t the start of their trading session, traders did not know their own 

ability. These traders became overconfident about their abil ity as the result of a few 

early successful trades. This overconfidence could change dramatically w i th only a 

few gains or losses. Thus overconfidence levels are at their greatest early on in a 

trader's career, after some ini t ia l success has been exhibited. Gervais and Odean 

concluded that overconfident traders tended to overweight success, and underweight 

failure when analyzing their trading history. They also overweight success by more 

than they underweight failures. The model shows that success influences traders' 

conditional future expected profits in two ways: -first, success is indicative of higher 

abil ity and therefore greater expected future profits; second, the detrimental effects 

of the overconfidence of subjects may offset their ability. Barber and Odean (2000) 

found evidence to support the hypothesis of trader overconfidence after examining 

50,000 trading accounts at an on-line broker. 

The nature of overconfidence could relate to inaccuracies concerning interpreta

tion of information. According to Conlisk (1996), psychologist's hypothesize that 
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subjects make systematic errors by using decision heuristics instead of fully ana

lyzing al l possible outcomes. The reasoning is assumed to be that heuristics offer 

a cheap and quick solution for boundedly rational individuals. As P i t z and Sachs 

(1984) noted there is a tradeoff between judgmental accuracy and cognitive effort. 

Improvements upon this trade-off can be made as subjects learn and understand the 

effects of their actions through repeated trials. G a r v i n and Kagel (1994) showed that 

the winner's curse in auctions disappears as subjects become familiar wi th the game 

through repet i t ion. 6 Several models have been developed to examine subjects' learn

ing progression wi th experience being an important factor in some of the models. 

R o t h and Erev (1995) state that experimental data suggests that experience plays 

a major role in successful decision making. Thus overconfidence can be overcome 

by experience. The question arises, how do subjects interpret feedback in repeated 

games? 

2.4 Learn ing Mode ls 

A s stated before, the nature of how, and at what speed, people learn plays a critical 

role in the entrepreneurial discovery of unknown facts. Psychologists and economists 

have developed many different learning models w i th varying results. The two most 

obvious ways to categorize these learning models are based upon their information 

requirements and the manner in which the learning models update their 'attraction ' 

values. The attraction values are attempts to quantify the probability of choosing 

a particular strategy. These attraction levels are determined by numerous variables 

6 T h e winner's curse is the theory which states that the winner of an auction wi l l tend to overbid 
the item's true value. 
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such as an individual 's past decisions and payouts, or forgone payouts, depend

ing upon which learning model is applied. Table 2.1 shows three different learning 

models (Reinforcement Learning, Belief Based Learning, and Experience Weighted 

Attract ion Learning ( E W A ) ) and the required information for each model. 

Table 2.1: Information Requirements for different Learning Models 
Information Reinforcement Belief Based E W A 

i's choice X X 
-i 's choice X X 

i's received payoff X X X 
i's foregone payoff X X 

2.4.1 Reinforcement Models 

Reinforcement models require the least amount of information and are the easiest 

to comprehend. They are based upon the concept that players wi l l increase the 

probability of playing pure-strategies, if those strategies have had previous positive 

results. 7 This wi l l lead to successful strategies being played more often than un

successful strategies. In the reinforcement model, the value of the payoffs for each 

strategy affects the new probabilities for choosing a strategy. 

There are three components to most reinforcement models: the in i t ia l propensi

ties for each strategy, the updating of the attraction levels, and finally, the decision 

rule. First , subjects begin experiments wi th an in i t ia l propensities or likelihood of 

choosing each of the possible strategies (these likelihoods need not be equal to one 

another). These likelihoods could be from experience playing similar games, or can 

7 P u r e strategies are ones in which a subject would repeatedly choose the same option if the 
game were repeated. Mixed strategies involve subjects randomizing their decision based upon a set 
of determined probabilities 
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be simply based upon the player's understanding of the game and its payoffs. 8 

Let Qik(I) represent the value player i has assigned to the play of his kth pure 

strategy, at time 1. Since T i m e = 1, this represents player i's in i t ia l propensity. 

The next step of the model is reinforcement based upon the results of choosing a 

strategy. If player i plays his kth strategy at time t and receives a payoff of x, then 

he updates the attraction level of that strategy for the next round, by adding x to 

the current value. 

Let S represent the set of all possible strategies that player i may choose, and let 

j represent all strategies in S other than strategy k. 

In this model none of the unchosen strategies, j, are updated. Thus when player 

i chooses strategy k, there is no change in the value associated with the play of any 

of the j other strategies. 

The th i rd component of the model is a decision rule. This creates the probabil ity 

values of player i playing his strategies. Let Pjfc(i) be the probability of player i 

choosing strategy k and time t in the basic reinforcement model; 

Q%k(t + 1) = Qik(t) + x (2.3) 

Qij{t + i) = Qij{t) (2.4) 

(2.5) 

8Friedman(1999) notes that "most recent empirical learning models use up many of their free 
parameters to fit first period choices, with consequences extending over all periods ... init ial choice 
is a separate problem from how people learn from experience." 
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I shall call the model described above the one-parameter reinforcement model 

(the one parameter being the payouts used to update the attraction levels). To this 

basic model, R o t h and Erev (1995) added three modifications: a cut-off parameter 

which prevents the outcomes from being unduly influenced by events which are ex

tremely unlikely; an "experimentation" parameter "which prevents the probability 

of a strategy from going to zero if it is 'close' to a successful strategy" ; and a "for

getting" parameter which allows more recent decisions to have a greater weight than 

earlier decisions. Th is new Roth-Erev (RE) model is outlined in the Appendix . 

R o t h and Erev used the one parameter model to track behaviour in three ex

tensive form games w i t h similar sub-game perfect equilibria. In public goods and 

market games, they observed a quick convergence to the equilibrium prediction even 

with a variety of different setups. 9 The th ird type of game tested, the u l t imatum 

game, d id not show signs of convergence to the equil ibrium. 

In their conclusions R o t h and Erev (1995) note that the model makes no use of 

a best reply func t i on 1 0 , which is common in some learning models. They state that 

the success of the model shows that a substantial part of how players' knowledge 

and beliefs influence the game, is contained in the data from the first round of the 

game. This means that overconfidence may have lasting effects in repeated ski l l 

9 P u b l i c goods games involve subjects receiving an endowment and putting a portion of their 
endowment towards a community pot. Each amount entered in the pot pays a fraction to all the 
subjects. This fraction is less then one, thus for every dollar someone contributes, they receive 
back only a portion. The total return to all players from a dollar is greater then one. Thus the 
aggregate benefits are greater than the costs. This produces a social optimal outcome of everyone 
contributing their entire endowment. The Nash prediction in this game is everyone contributing 
zero to the community pot. Market games involve players being given a good to buy or sell and 
different valuation of these goods to each individual. These games tend to produce the equilibrium 
price. See Smith 1982) 

1 0 A best reply function is a Nash response function based upon game history 
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based games. 

In a follow-up paper Erev and R o t h (1998) expanded their tests to examine the 

robustness of the one parameter model and several other popular models, using 

games w i t h mixed strategy equilibria. They tested the learning models against 12 

different games and computed the mean-squared deviation. They compared both the 

one-parameter reinforcement model ( R M ) discussed above wi th the more complex 

three parameter reinforcement model which included reference points (RE(e)) , a 

Fictit ious P lay M o d e l ( F P ) , along with the Equ i l i b r ium Predict ion (EQ) , and a 

Random decision making model. The rest of these models are explained in the 

Appendix . 

Whi le the three parameter reinforcement model wi th reference points was the 

best predictor, 

the basic one-parameter model clearly outperforms the equil ibrium pre

diction in accounting for average choice probabilities and in i t ia l learning 

trends. Yet, the basic model fails to account for the late movement of

ten seen towards equil ibrium, and some characteristics of the individual 

learning curves. It seems that the basic model predicts a learning process 

that is less responsive to the opponent than the observed process. 

Whi le reinforcement models are very powerful tools, especially considering their 

l imited informational requirements, the final part of the quote reflects the major 

drawback of the basic reinforcement models: they usually do not contain any param

eters which involve predicting a change in opponents' play based upon unsuccessful 

previous plays. 
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2.4.2 Belief Based Learning 

The basic premise of belief based learning is that players track the choices of other 

players and form beliefs about the future behaviour of those players. A subject 

would then develop and play a best response to the anticipated actions of the other 

players. Bel iefbased learning models differ in how previous choices by opponents are 

updated and weighted. In fictitious play models a l l previous choices by opponents 

are equally weighted. In Cournot games, only the opponent's strategy chosen in 

the immediately prior round is considered. Between these extremes are weighted-

fictitious play models, which have declining weighted values for early experience. 

A natural drawback with using the belief based model is that it only tracks the 

decisions made by the other players, and not the relative success of each decision. 

Thus Player A , using a belief based method, wi l l give equal weight to an action of 

Player B which resulted in either a positive or negative outcome for Player B . It 

is clearly more realistic to assume that Player B wi l l have different likelihoods of 

choosing each strategy based upon their successes. 

The second major drawback of belief based learning models involves the complex

ity of tracking others' actions due to either large groups of individuals or games wi th 

incomplete information. The first aspect of this problem is that it may not actually 

be feasible for a player to track and remember the behaviour of all other players. 

The second aspect of this problem is that certain experiments (such as the market 

entry games explained later) have designs which produce only aggregate feedback 

to players concerning the decisions of others, not feedback specifically relating to 

each individuals ' decisions. This forces players using belief based learning to make 
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assumptions how to interpret the feedback. 

2.4.3 Experienced Weighted Attraction 

Camerer and Ho (1999) combine several attributes from reinforcement learning and 

belief based learning models. The two major components to the Experienced Weighted 

At trac t i on ( E W A ) model are, as the name suggests, an experienced weighting factor, 

and an attraction level. The experienced weighting is a formula that allows for al l 

past experience to be included, but to be discounted as new experiences occur. The 

attraction level updates not only the likelihood a strategy is chosen, but also the 

hypothesized payouts of all the strategies not chosen. 

The E W A method allows for the attraction level to vary in between that dictated 

by belief based models and reinforcement based models by having two different de

preciation rates - the model is explained in the Appendix. In the belief based model, 

attraction levels are tied to the potential payoffs and init ia l propensities. In rein

forcement based models, ini t ia l attraction levels are unrestricted. E W A , by having 

different depreciation rates for experience and attraction levels can mimic either 

approach by varying its parameters. 

Observations 

Camerer and Ho (1999)compared their E W A model against a random action model, 

a choice reinforcement model, and a belief based model in 4 constant sum games, 

2 median action games, and a P-beauty contest. 1 1 They concluded that the E W A 

1 1 A P-Beauty contest is a game in which subjects are asked to choose a number between 1 and 
100, knowing that the average of all the numbers guessed will be taken and then multiplied by 
a fraction less than one. The Nash prediction for this game would be for everyone to choose the 
number one, but this rarely happens, especially during the first round 
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model worked better than the reinforcement model in all cases and better than 

the belief based models in most cases. The major drawbacks of this model are its 

complicated nature and its reliance on complete information. In situations where 

subjects are not able to obtain information concerning the payoffs of other possible 

strategies, this models becomes essentially a reinforcement model. 

2.5 M a r k e t E n t r y Games Review 

A s stated before, Kahneman was one of the first to examine market entry games, 

and found convergence towards the Nash equil ibrium. Another observation made 

by Kahneman was based upon a post-experiment questionnaire. The strategies em

ployed by the subjects varied greatly, and in some cases, the strategy employed by 

a subject contradicted the explanation of their own strategy. This discontinuity was 

troubling because it d id not rule out the possibility that the equilibrium was the 

result of the subjects' preferences rather than the result of coordination. 

Sundali et al. (1995) extended the work of Kahneman to study large groups 

which prevented players from keeping track of the decisions of other players. In their 

experiment they used 20 subjects w i th 10 different capacity levels and 100 rounds of 

decision making. They analyzed the data by splitt ing it into ten blocks of time, each 

block containing 10 rounds of the experiment. W i t h i n each of these blocks of time, 

they randomized the order of the capacities used to prevent subjects from recognizing 

patterns in the capacities levels and using that information to aid in their decisions. 

They showed that when the payment for not entering was equal to an entrant's 

payment if the market was at capacity the equilibrium was usually reached very 
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quickly. Th i s result was achieved even with the capacity being varied from period 

to period, suggesting that equil ibrium was the result of convergence on behalf of 

the subjects as opposed to the subjects randomizing their entry decisions. Th is 

result showed that subjects are able to adjust their understanding of a game as the 

parameters change. 

M u c h like Kahneman, they were troubled by the fact that aggregate results 

showed convergence to the predicted equilibria, yet on the individual level the results 

sti l l contain a high degree of variability. 

After observing that even in large groups there was st i l l convergence to the Nash 

Equi l ibr ium, Rapoport et al. (1998) examined if manipulating the payoff structure 

would alter the result. They used two payoff structures. The first involved the 

payment a negative payment for not entering (v in market game notation) but a 

positive payment for all entrants if the market was at capacity (k in the notation). 

The second games structure involved the both types of payments being positive, but 

wi th the payment for not entering being larger than the payment for when the market 

is at capacity. Aga in , even wi th these different payment structures, convergence to 

equilibrium was observed. 

Rapoport et al. (1998) used three different payoff structures to examine if the 

convergence to the equil ibrium was dependent upon factors such as the magnitudes 

of payoffs. The three groups were given different endowments at the beginning of 

the experiment and different values for not entering (the three v levels were: +6, 

-6, -10). Endowments were chosen to equal one another if the players were never 

to enter during the experiment. Their results suggest that behavior in the market 

entry games was history dependant. Players who stayed out of the market for a 
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specific capacity and saw that they would have had an opportunity to increase their 

payoff by entering, were more likely to enter the next time the same capacity was 

used. Rapoport et al. (1998) saw, much like Sundali et al. (1995), that while on the 

aggregate level there was a rapid convergence to the predicted equilibrium outcome, 

the indiv idual decision making process was more puzzling. They concluded that 

subjects' lack of progress away from the Nash equil ibrium could be the result cutoff 

strategies such as "enter only if c is greater then a particular value". This potentially 

allowed for the use of random selection strategies to appear as equilibrium behavior. 

Rapoport et al. (1998) applied the Roth-Erev reinforcement learning model to 

their data which resulted in rapid convergence to the equil ibrium within in the first 

block (ten rounds). Th i s was the first successful result from applying a learning model 

to the market entry game. Despite not predicting the within-subjects variability, the 

model was st i l l deemed successful in its overall predictions. 

Expanding upon the work of Sundali et al. (1995), and Rapoport et al. (1998), 

Erev and Rapoport (1998) altered several aspects of the basic market entry game. 

The first change involved using a constant market capacity. In most of the previous 

work, the market capacity was announced to participants prior to the round but was 

changed after each round. The second major difference between this and previous 

studies was that information level concerning the payoff structures varied. Erev 

and Rapoport used three different levels of information: tr ia l one had a payoff rule 

that was not explained, and individual payoffs were privately given; tr ia l two had a 

payoff rule that was not explained but individual payoffs were publicly given; and 

tr ia l three had a payoff rule that was explained and individual payoffs were publicly 

given. Manipu la t ing the information structure in a between-subject design provided 



23 

a more stringent test of the basic one parameter reinforcement learning model ( R M ) . 

In addition they tested several different learning models. The comparison shows that 

for al l the models, Condit ion 1 (only private information is known) was the easiest 

to predict, followed by 2 (the payoffs for both decisions are known) and then 3. R E e 

was most accurate followed by R M , F P . B R , I M . 1 2 

Conforming to the predictions of a basic reinforcement model Erev and Rapoport 

conclude that even with a minimal amount of information (trial one), there was a 

rapid convergence to equil ibrium. However, when subjects were introduced informa

tion concerning the payoffs of others, there was a higher entry rate which would be 

a violation of the basic Roth-Erev reinforcement model. Equ i l ibr ium convergence 

being dependent upon knowledge concerning the payoffs of others suggests that a 

reference point is also affecting the subjects' decision making. 

Seale and Rapoport (2000) altered the traditional market entry game by introduc

ing the strategy method, as opposed to the specific decision method. The strategy 

method involves subjects, after they have had some init ial exposure to the game, 

making entry decisions for a list of capacities and not just any single capacity. 

There are two fundamental differences between the strategy and the decision 

methods. The first is that the strategy method removes the possible effects of the 

t iming of decisions relating to feedback in the course of the game. The second major 

1 2 Roth -Erev (REe) with external reference point, where information concerning other player's 
payoffs determines the player's reference point. In this case the reference point for a player was the 
mean of the payoffs of the subjects who had a different payoff. Imitation model (IM) subjects are 
assumed to choose the strategy which resulted in the highest payoff in the previous round. Best 
Reply (BR) is based upon the notion that the designated subject assumes that all other players 
wil l play the same strategy they played in the previous round, and now the subject wil l play a 
best response function. Fictitious Play (FP) model, the player's expectations are based upon the 
assumption that all other players decide to enter with the same fixed probabilities. Thus the player 
is predicted to assess this probability and then choose the appropriate best response. 
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change is how the subjects make their decisions. Decisions for any particular capacity 

would be easily compared to that entry decisions for other capacities. Th is abil ity 

to easily compare decisions for different capacities should provide a more consistent 

decision making strategy. 

A s in other market entry games, there was rapid convergence towards the equi

l ibr ium predictions and no attempt to move away from the equil ibrium, effectively 

they concluded that there was little difference between the two methods. 

Fischbacher and Thon i (2002) further altered the basic payoff structure of market 

entry games by using a winner-take-all design. The rationale for the study was the 

belief that winner-take-all markets tend to produce an inefficiently excessive number 

of entries. 

The winner-take-all market represents a major change from the standard market 

entry game, since even making the choice wi th the highest expected value (entering 

when there is less than the Nash number of entrants), may not result in a positive 

payout. A further complication, as seen in many real world winner-take-all markets, 

is that the differences in ability wi l l skew the chance of winning: 

[In a] winner-take-all market it is hard to know the number of (potential) 

entrants and their abilities, the payoff people expect to get, the winning 

probabilities, and the beliefs people hold about others' entry decisions. 

A s a consequence, we cannot determine the efficient number of entries. 

Likewise, it is impossible to calculate the Nash equilibria for that partic

ular winner-take-all market. 

They examined two groups with a random payoff for not entering (although 
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the range of possible payoffs was known to the subjects and uniformly distributed 

allowing for the expected value to be easily deduced) and varying payoffs for the 

winner (other entrants would receive nothing). The random payout for not entering 

made both payoffs uncertain. This prevented subjects from entering to avoid the 

boredom of a known payoff. Subjects were also required to forecast the number of 

entrants which would show if their behaviour was due to erroneous beliefs about the 

entry rates of other players. 

Two different sized groups were used in this experiment, n = 7 and the other 

wi th n — 11. The payoffs varied (both for entering and not entering) within a 

predetermined range, making the equil ibrium number of entrants always between 3 

and 3.8 for the whole experiment. 1 3 In both cases, was observed w i t h the average 

number of entries being 4.11 when n = 7, and 5.32 when n = 11. Thus over entry 

increased as the group size increased. This over entry was not due to underestimating 

the propensity of others to enter, since the forecasts appeared unbiased. 

Fischbacher and Thon i (2002) concluded that since both the payoffs for entering 

and not entering the market are random functions, the allure of winner-take-all 

markets lays in the competition against others nature of the market. Th is was the 

first major market entry game not to show convergence to the equil ibrium prediction. 

A s previously discussed, Camerer and Lovallo later showed this result in the ski l l 

treatment of their experiment. 

In their study of smoothed out response curves Goeree and Holt (2000) used 

a stochastic error term to transform a Nash equil ibrium into a quantal response 

1 3 E v e n though this is a winner-take-all experiment, since the chance of winning is random and 
based upon the number of entries, the expected value of entering can be obtained and compared 
to the expected value for not entering the market 
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equil ibrium. In the market entry game they assigned different error terms associated 

wi th choosing entry or not entry. I I e represents the expected payoff from entry and 

Q e represents the expected profit from not entering. After including the error terms 

and an error parameter, the entry decision becomes, enter if: 

rr +/^e 1 > e e + / J e 2 (2.6) 

The error parameter fi allows for different magnitudes of influence for the error 

term. A s p, —> 0, then the Quantal Response Equ i l i b r ium ( Q R E ) replicates the Nash 

equil ibrium. As fj, —> oo, then the Q R E becomes random. 

This can be transformed into a an entry probability equation: 

p _ 7 ^n e (p,iv-i)-e e (p,jv-i)j 

Where 7 represents the distribution between the two error terms. They concluded 

that when the mixed strategy Nash Equi l ibr ium percentage for entry is less then 0.5, 

over entry wi l l occur w i t h their model, and when the equil ibrium percentage is above 

0.5, under-entry wi l l occur. 

Their model was able to explain 

[The] under-entry in the Camerer and Lovallo (1999) baseline, the over-

entry with many potential entrants observed by Fischbacher and Thon i , 

and the systemic pattern deviations from Nash predictions reported by 

Sundali et al. 

They did not attempt to compare their model against other learning models to 

see which best predicted the observed data. The problem with Q R E for a ski l l 

based game is the difficulty of correctly predicting the outcome or rankings and thus 
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determining the Nash equil ibrium. If the relative abil ity level never varies, then 

this problem becomes t r iv ia l ; however, in most ski l l based competitions the relative 

abil ity level is not constant. 

Based upon the literature, there should exist a certain level of overconfidence in 

the ski l l treatment which can be overcome through experience. Furthermore, the 

non-skil l based market entry game has a strong likelihood to converge towards the 

Nash equil ibrium. 



Chapter 3 

Experiment Design 

M y market entry game experiment was based upon the Camerer and Lovallo market 

entry game, w i t h a major structural change added to incorporate feedback relating 

to a subjects' relative abil ity level. This required that subjects be ranked in each 

round they enter - as opposed to only once after al l entry decisions were made. I 

conducted two treatments. 1 In the random treatment, entrants' ranks in the market 

were randomly determined. In the skil l treatment, entrants' ranks were based on 

their performance on a five question quiz using questions from G R E and G M A T 

practice exams. 

Two different capacities were used throughout this experiment, c = 2 and c = 4, 

wi th $10 of aggregate profits being available in each round and with a $2 penalty for 

any subject who enters but is ranked below the capacity level. The following rank 

dependentpayoff schedules were used 

Table 3.1: Payout Schedule 
Rank Capacity = 2 Capacity = 4 

1st 6 4 
2nd 4 3 
3rd -2 2 
4th -2 1 

al l other rankings -2 -2 

1Sessions refers to each time the experiment was conducted. Treatment refers to the nature of 
the way rankings are determined, either by skill or randomly. The nature of the treatment was 
determined before the session began, and the subjects were informed before the session began. 

28 
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The subjects were selected from a list of students who signed up to participate 

in economic and behavioural experiments at the University of Calgary. The stu

dents who signed up for the experiments were primari ly from the departments of 

economics, psychology and the school of business. N o controls (ages, sexes and years 

of schooling) were used for this experiment. 

Unl ike the Camerer and Lovallo experiment, the subjects only participated in 

one of the two treatments. The reasons for this were the length of the experiments 

and the way in which experience would affect decision making. 

Each tr ia l involved 12 subjects situated at separate desks. Subjects were informed 

at the start of the experiment which ranking system (skill or random) would be used. 

Subjects were then instructed about the rules and procedures of the experiment and 

also were required to answer several questions to confirm they understood the payoff 

schedules for each capacity. 

A n indiv idual round proceeded as follows 

1. The capacity for the round was announced. In the first session the capacities 

were determined randomly (by a coin flip) before being announced. In al l other 

sessions, the capacities for each round were the same as the one used in the first 

session. 

2. Subjects were given individual data sheets listing the round number; the 

capacity for that round; the number of entrants in the previous round; the rank 

of the subject in the previous round (if the subject entered); the earnings of that 

individual subject in the previous round (including both the amount for a correct 

forecast and also any amount from entering the previous round) ; and the cumulative 

earnings by the subject to that point in the experiment. Those in the ski l l treatment 



30 

were also given their score if they entered the previous round. 

3. Subjects were asked to forecast the number of entries that they anticipated in 

the up-coming round. 

4. Following the forecasting decision, subjects were required to make entry 

decisions. The subjects made these decisions privately and simultaneously. 

5. Entrants obtained a score in one of two ways; those in the ski l l treatment 

completed a short quiz, while those in the random treatment were given a randomly 

generated score from a uniform distribution. The scores were then ranked and pay

outs in the round were determined. 

In the ski l l treatment, subjects who chose to enter the market completed a quiz 

consisting of five multiple choice questions. Subjects received 1 mark for each correct 

answer and lost 1/3 of a mark for each incorrect answer. The subjects were told 

they need not answer al l of the questions. The 1/3 of a mark deduction for incorrect 

answers allowed for more rank differentiation among the entrants and acted as an 

incentive against guessing. Th is completes a full round. 

A t the end of the 12 rounds, those in the ski l l treatment took a 20 question 

exam, scored w i t h no penalty for incorrect answers. Th is was used as a proxy for 

the subject's abil ity level. 

Each subject was informed that he or she would be granted $10 before the exper

iment began. This allowed them to participate in the experiment since there would 

be a $2 penalty if the subject entered a round and failed to be ranked within the 

capacity l imit . A running total of the subject's total earnings (including the ten 

dollars they were granted) was given to each subject after every round. Subjects 

were informed that if their total earnings fell below $2, then they would be classified 
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as bankrupt and could not enter the next round. 2 They were also informed that if 

their cumulative earnings (including the in i t ia l 10 dollars) fell below $2, they could 

sti l l attempt to raise it to the $2 level by using the gains from correctly forecast

ing the number of entrants. For each correct forecast, regardless of if the subject 

chooses to enter the market, the subject received 25 cents. B y having the subjects 

make forecasts, it allowed for distinguishing between subjects who only enter if they 

believe that there are relatively few competitors in that round, and subjects who 

believe that their ski l l level (or luck in the case of the random trials) would allow 

them to win the round regardless of the number of entrants. 

Since subjects were working wi th real money (subjects were actually paid their 

final total including the in i t ia l $10) it would be improper and unethical to charge 

them money if they went bankrupt. This required that subjects be prevented from 

obtaining negative balances. If subjects were able to play wi th negative balances and 

were not require to reimburse for any loses, than there would be no risk for entering, 

and this would compromise the data. 

Different from the experiments of Smith (1982) and Kirs te in and Schmidtchen 

(2004) is that the subjects do not know their own information (ability level in this 

experiment) at the start of the experiment. Furthermore, the questions used for 

each quiz wi l l change in each round and thus the subjects are constantly required to 

update their views of their own ability level. 

The Nash equil ibrium for the random treatment is determined through an anal

ysis of the subject's expected payoffs based upon the forecasted number of entries. 

2 I f a subject was bankrupt, then all subjects would be informed of this fact but not of the 
subject's identity. 
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The payment for not entering is always $0. The expected payoff for entering when 

entrants > capacity is equal to: 

$10 — $2 * (entrants — capacity) 
entrants 

and when entrants < capacity the expected pay for entering equals: 

- 2 2 - (3.2) entrants 

When c = 2 a subject should enter when they forecast 7 or fewer entries. W h e n 

c = 4, subjects should enter when they forecast 9 or fewer entries. 

In the ski l l treatment determining the Nash equil ibrium involves a different analy

sis. If the relative abil ity levels are consistently reflected in the rankings for entrants, 

then the Nash equil ibrium number of entrants is equal to the capacity, wi th only the 

top two or four (depending on capacity) ranked subjects entering. If there is a lack 

of consistency, such that one subject wi l l out score another most but not all of the 

time, then it is possible for the Nash equilibrium to be above the capacity level. 

3.1 Hypotheses 

M y first hypothesis is that the subjects in the random treatment wi l l behave similarly 

to those in other market entry experiments, w i t h an entry level that approximates the 

Nash Equi l ibr ium. The difference between my experiment and most other market 

entry games, is that in my experiment the entrants are al l ranked and only some 

wi l l receive positive profits, while in most other experiments all entrants receive the 

same payout. If risk neutrality of subjects is assumed, then this difference in game 
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structure should not affect the result. The success of this hypothesis would establish 

a basis for comparing these experiments wi th those from the literature concerning 

market entry games. 

Hypothesis 1 The entry level in the random treatment should approximate the Nash 

equilibrium. 

Assuming risk neutral subjects in the random treatment and based upon the 

results of other market entry games, the distr ibution of total earnings by subjects 

should have a mean approximately equal to zero and take a form resembling a normal 

distribution. 

Even though the scores in the random treatment are based upon a uniform distr i 

bution, the central l imit theorem states "if S is the sum of m mutually independent 

random variables then the distribution of S is well-approximated by ... a normal dis

tr ibut ion . " 3 Since there wi l l only be a l imited number of entries and thus potential 

for earnings, it is important to state that the distribution wi l l likely only approach 

a normal distr ibution, but wi l l not necessarily have fully become a normal distr ibu

tion. Earnings are used instead of the underlying variable (rank or its underlying 

variable score) since there are two different payout schedules used depending upon 

the capacity. Also , the earning variables are directly tied to the income the subjects 

receive, which is of interest to this study. 

The distr ibution of earnings in the ski l l treatment wi l l not be random and thus 

should take on a different distribution. If there is learning about relative abil ity levels 

in the ski l l treatment, then highly skilled players wi l l conclude that it is profitable for 

3 Grmdstead and Snell (1997) pg 325 
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them to enter repeatedly throughout the experiment. Th is wi l l lead to the majority 

of the profits being won by only a few subjects. If the top two subjects entered each 

round and always placed first or second, then combined they would have earned 

82% of al l profits. The result of these high ability subjects capturing the majority 

of payoffs wi l l be a much longer right ta i l of the earnings distribution in the ski l l 

treatment compared to the random treatment. 

One of the problems with most market entry games is that they pay all entrants 

the same amount (the two exceptions to this were Camerer and Lovallo (1999), and 

Fischbacher and T h o n i (2002)) which is not realistic for the business world. If the 

ski l l treatment shows a skewed payout, then it would be a parallel to the intuition 

that some, perhaps most, markets distribute profits unevenly. 

Hypothesis 2 The distribution of the cumulative earnings will differ between the 

two treatments. Specifically, in the skill treatment the majority of the earnings will 

be concentrated among a few subjects, while in the random treatment the distribution 

of earnings will resemble a normal distribution. 

M y ini t ia l hypothesis concerning the entry levels in the ski l l treatment, i n line 

wi th that from Camerer and Lovallo, is that subjects in the ski l l based treatment wi l l 

have a higher entry rate in the in i t ia l rounds than subjects in the random treatment. 4 

This would be the result of subjects in the ski l l treatment being overconfident about 

their relative ski l l level . 5 The definition of overconfidence is that subjects have a 

4 T h e definition of ' init ial rounds' may vary between experiments due to the uncontrollable 
distribution of skill and learning between groups, but based upon the results of other market entry 
games, it should not be more than half the experiment (5 rounds). 

5 There is a secondary factor which could cause over-entry in the initial stages. The information 
obtained in the first round is of considerably more value than information obtained later in the 
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biased probabil i ty of receiving positive profits from entering. This can be seem by 

comparing the entry levels in the random treatment wi th those in the ski l l treatment. 

Hypothesis 3 In the skill treatment, participants will be overconfident in their abil

ities during the initial rounds. Therefore, in early rounds there should be a higher 

number of entrants in the skill treatment relative to the random treatment. 

Working wi th the hypothesis that the ski l l based groups wi l l show overconfidence 

by excessive entry i n in i t ia l rounds, the next question is: To what extent wi l l this 

change as the experiment progresses? 

If the right ta i l distribution of hypothesis 2 holds, subjects in the ski l l treatment 

wi l l see the majority of profits won by only a few players. Those successful subjects 

wi l l learn that they are highly skilled compared to the rest of their competitors. 

Upon discovery of this fact, these players should continue to enter the market. 

Subjects who have received negative feedback (losses instead of gains) should 

discover that their relative abil ity level is not high enough to gain positive profits. 

This should result in a decrease in the entry rate for those subjects with relatively 

low levels of ability. 

There is no similar manner in which subjects in the random treatment wi l l be 

able to extrapolate their expected pay from entering. The overall result should be 

that in the later rounds the level of entry for the ski l l treatment wi l l be below the 

level of entry for the random treatment. 

experiment. As an example, suppose a subject enters the first round and possesses no bias relating 
to his own skil l level. If the subject is of low skil l , then he would lose 2 dollars and could decide 
never to re-enter. However, if after the first round the subject realized that he was highly skilled 
- this would lead to entry in subsequent rounds. Thus the potential profits are not only from the 
first round but for the rest of the experiment. This would raise the expected value of entering in 
the first rounds. 
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Hypothesis 4 Participants in the skill treatment should learn their relative skill 

level and enter accordingly. Therefore, in later rounds the number of entrants in the 

skill treatment should be lower relative to the random treatment. 

The feedback received by the subjects wi l l have different implications for learning 

models depending upon the treatment. In the ski l l treatment the subjects' rankings 

and scores (and thus payouts) wi l l reflect their relative ability. There is no compa

rable learning in the random treatment, although it is possible for subjects in the 

random treatment to show learning in other areas (such as the optimal number of 

entrants and entering only if they forecast less than the Nash level of entrants). Thus 

feedback received in the random treatment wi l l not prove to be as information rich 

compared to feedback received in the ski l l treatment. Since the information in the 

ski l l treatment is more useful, learning models based upon this information should 

prove to be more accurate in the ski l l treatment compared to the random treatment. 

In the ski l l treatment a subject who enters the market receives his payout and 

also knows that had he not entered he would have received zero dollars. However, 

a subject who chooses not to enter for a round has no way to accurately determine 

what payment he would have earned had he entered the market. W i t h this l imited 

information, the reinforcement models are the only learning model which may be 

compared in both treatments. Since the payments in the ski l l treatment more accu

rately reflect future payments (since the ski l l levels should wi l l not change during the 

experiment), the reinforcement model should more accurately predict the behaviour 

in the ski l l compared to the random treatment. 

Hypothesis 5 The basic reinforcement learning models will prove to be more accu-
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rate in the skill treatment than in the random treatment. 

If Hayek hypothesis applies to the ski l l treatment of the market entry game, 

subjects should discover their relative ability and act accordingly. Th is means that 

overall, and particularly in the latter half of the experiment, entry should be pr imari ly 

undertaken by those subjects with relatively high ski l l levels. B y using the rankings 

from the exam at the end of the experiment, I am able to compare the number 

of entries by subject to a proxy of their abil ity level. The relationship between 

the number of entries and the exam rank wi l l show how efficient the market is at 

attracting the best qualified candidates. 

Hypothesis 6 Hayek's hypothesis that competition is a discovery process will be 

demonstrated by a positive relationship between the unknown fact (ability using the 

subject's test rank as a proxy) and an individual's number of entries in the experi

ment. 



Chapter 4 

Results 

4.1 Hypotheses 1 

Hypothesis 1 stated that there should be approximately the same number of entrants 

in random treatment as the Nash equil ibrium. The Nash prediction number of 

entrants is capacity plus 5, which means that for rounds 1,3,4,5,8,9 where capacity 

is 4, the Nash prediction is 9, and for the remain rounds where the capacity is 2, the 

Nash prediction is 7. 

The average number of entrants in the random treatment was ± 1 in 8 of the 

10 rounds. Focusing on the second half of the experiment shows that the number 

of entrants in the random treatment was ± 1 in 4 of the 5 final rounds. Figure 4.1 

graphically demonstrates this results. 

Thus it is reasonable to conclude that the random treatment entry level ap

proximates the Nash equil ibrium. B y having the quick convergence to the Nash 

equil ibrium, it demonstrates that my market entry game shares one of the major 

characteristics of most other market entry games. 

4.2 Hypothesis 2 

Hypothesis 2 stated that the earnings distribution w i l l be different in the two treat

ments. Figure 4.2 shows the relationship between earnings in the two treatments. 
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Figure 4.1: Average E n t r y level in the Random treatment and the Nash prediction 



Earnings Distribution 
Skill vs Random Treatment 

Figure 4.2: Earnings Distr ibution in the two Treatments 
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There are two distinct observations in figure 4.2. The first is the difference in 

the size of the right tails between the two distributions. The earnings distribution 

in the random treatment is similar to a normal distribution wi th a mean of 1.25 and 

almost no right t a i l ; the highest earning level was $15 and only four subjects earned 

$10 or more. T h e earnings distribution in the ski l l treatment is skewed with a long 

right t a i l , reaching to a high of $30 with four subjects earnings above $20. Th is 

occurred despite both distributions having a nearly identical mean values (1.23 for 

the ski l l treatment; the standard deviations for the ski l l and random treatments are 

11.04 and 6.70). Th is graph shows a "big winner" effect in the ski l l treatment which 

is not observed in the random treatment. 

The next difference of figure 4.2 concerns the modes for the two treatments. 

The random treatment has a mode at zero dollars, while the ski l l treatment has 

a mode at approximately -$8. The difference in the right tails and the modes of 

the distr ibution implies that the results from the two treatments belong to different 

distributions. Support for this was obtained by applying a Jarque-Bera skweness and 

kurtosis test for normality. The earnings distribution in the random treatment failed 

to reject the nul l hypothesis that it was normally distributed (P — 0.3742), and the 

earnings distribution in the ski l l treatment rejected the null hypothesis that it was 

a normal distribution (P = 0.0083). B y showing that the two earnings distributions 

are different, and in particular by showing that the earnings in the ski l l treatment 

are skewed towards a few 'big winners' the earnings in the ski l l treatment take on a 

distribution that would be expected in most markets. 
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4.3 Hypothes is 3 

Hypothesis 3 states that there wi l l be overconfidence during the in i t ia l rounds in the 

ski l l treatment, represented by a higher number of entries compared to the random 

treatment. To test this hypothesis the Wilcoxon matched-pair sign rank test is 

applied. 

The Wilcoxon matched-pair sign-rank determines if two sets of data are from 

different distributions. The data is paired across samples (in my experiment, it is 

paired by round) and the difference within each pair is determined. The absolute 

values of these differences are then ordered from smallest to largest. These newly 

ordered ranks are then given a positive or negative value (equal to their rank) depend

ing upon if the difference calculated from the original pair was positive or negative. 

Separately, al l the positive and negative ranks are then summed and then compared. 

The nul l hypothesis for this test is that the difference within each pair has a 

median value of zero. Thus if the ski l l treatment had a higher level of entry, then 

the median value of this test would be statistically different from zero. 

Using the average number of entrants per treatment from the first five periods, I 

fai l to reject the null hypothesis that there is no difference between the level of entry 

in the ski l l treatment compared to the random treatment during the in i t ia l rounds 

(P = 0.3430). Thus, in contrast to the result from Camerer and Lovallo, hypothesis 

3 - that subjects in the ski l l treatment wi l l exhibit overconfidence through over-entry 

- is not supported by the data. Even when the 3 skil l sessions are compared against 

the 2 random sessions, none of the 6 match-ups produce a statistically significant 

result showing overconfidence. 
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Figure 4.3: Average Entry Levels per Round by Treatment 
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Despite the statistical result, it is st i l l informative to observe the entry levels 

graphically. Figure 4.3 shows the average number of entries by round for both treat

ments. In 4 of the first 5 rounds the ski l l treatment shows a higher entry rate than 

the random treatment. This reverses itself in the second half of the sessions where 

a l l five rounds shows less entry in the ski l l treatment than the random treatment. 

Even when a comparison is done between each session, the result is st i l l the same 

although less pronounced. There were 3 sessions of the ski l l treatment and 2 sessions 

random treatment, allowing for a comparison of 60 rounds. In the first 30 rounds, 

the skil l treatment was lower then the random treatment 8 times, equal 6 times, and 

above 16 times. 

Even though the overconfidence results are not supported statistically it may be 

due to the small sample size - only the first 5 rounds are used. 

4.4 Hypothes is 4 

Hypothesis 4 was that subjects in the ski l l treatment would learn about their relative 

abil ity levels, and those subjects with low relative abil ity levels would not enter as 

often in the latter part of the experiment. Th is was to be represented by the overall 

entry level for the ski l l treatment falling below that of the random treatment. 

The Wilcoxon matched-pair sign-rank test was used again to compare the entry 

level in the two treatments for the latter half of the experiment. It showed that 

the entry level for the ski l l treatment was statistically less than that of the random 

treatment (P = 0.0422). In the final 30 rounds (comparing the last 5 rounds of 

each session individual ly) , the ski l l treatment was lower 21 times, equal 6 times, 
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and above only 3 times. A s mentioned before, Figure 4.3 shows that in al l 5 of the 

latter rounds the average number of entries in the ski l l treatment is below that of 

the random treatment. 

Furthermore by looking at the graphs it is apparent that there is a downward 

trend for each capacity level in the ski l l treatment. It is important to remember that 

rounds 2,6,7,10 had a capacity of two, while the remaining rounds had a capacity 

of four. In no case i n the ski l l treatment is there every a round which had a higher 

average entry level then a previous round with the same capacity. This supports 

hypothesis 4 and shows that the subjects are learning about their relative abil ity 

levels. 

4.5 Hypothes is 5 

Hypothesis 5 stated that since subjects in the ski l l treatment receive feedback which 

more accurately reflects possible future payouts, then the one parameter reinforce

ment model should more accurately predict behaviour in the ski l l treatment than in 

the random treatment. 

To apply the model, I began by assigning (in both treatments) equal in i t ia l 

attraction values for the strategies of entering and not entering. The attraction 

levels would be updated according to the payoff received when a subjected entered 

the market. The attraction level for entering would update according to 

Q(t + 1) = Q{t) + s*x (4.1) 

wi th Q(t) being the value (attraction level) assigned to entering in the current round, 
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X being the payoff for entering, and s a weighting measure for the payoff value. In 

the first period equal probabilities were assigned for entering and not entering with 

the attraction level Q ( I ) . There is no updating for not entering since not entering 

received zero payoff - thus the attraction level always remain at Q(I ) - Th is made 

the probability of entry for any given round: 

P(t) = Q(t) (4.2) 
Q{t) + Q(I ) 

I performed a grid search of the Q(I ) and s values which would minimize the 

mean squared deviation from the actual choices of the subjects (with entering = 1 

and not entering = 0). 

The results showed that the reinforcement model was more accurate in the ski l l 

treatment than in the random treatment as documented in table 4.1. However, 

counter to my intuit ion, the accuracy of the last five predictions only improved 

marginally in both models. 

Table 4.1: A comparison of the accuracy for one-parameter reinforcement model in 

Treatment Percent of Correct predictions 
Random 54.55 

Random for the last 5 rounds 55.86 
Sk i l l 65.03 

Sk i l l - last 5 rounds 66.67 

This supports the hypothesis that a reinforcement model would be more accurate 

when applied to experiments involving ski l l as opposed to where rankings, and thus 

pay, are randomly determined. 
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4.6 Hypothesis 6 

Hypothesis 6 stated that there should be a positive relationship between the subject's 

abil ity level and their cumulative number of entries in the ski l l treatment. Since 

a subject either chooses to enter or nor enter for a given round, determining how 

variables affect the entry decision requires that a l imited dependent variable model be 

used. For this model the Prob i t function was chosen wi th entry being the dependent 

variable (entry = 1 if the subject chose to enter and O otherwise). The Probit model 

is reported here as opposed to and ordinary least squares (OLS) regression since the 

probit does not assume that there is a linear relationship between the dependent and 

independent variables as O L S does. 

The Probi t equation is: 

Where $ is the cumulative density function of a standard normal distribution, 

X is the vector of independent variable and (3 is the vector of coefficients. This 

translates to a Probi t equation of: 

For this experiment the Capacity, E x a m Rank, and Earnings were used as inde

pendent variables. 1 Capacity is the capacity used in each round, either 2 or 4. E x a m 

rank was the ranking the subject received on the 20 question E x a m administered to 

the ski l l treatment as a proxy for ability. A n E x a m rank of 1 implies the subject was 

top in his session, thus a negative coefficient for E x a m rank implies that the lower 

1 T h e results do not change significantly when variables for time or experience are included 

PriYl = 1) = <¡>(Xip) (4.3) 

(4.4) 
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a subject's ability, the less likely he is to enter. E x a m rank is used instead of the 

subjects' exam score since earnings is tied to the relative abil ity within a treatment 

as opposed to absolute ability. Earnings was the total amount of money earned (not 

including the in i t ia l $10) prior to the round. Unfortunately the random treatment 

was not given a final exam. In retrospect this was an error as it would have allowed 

for a direct comparison between the two treatments. 

When the marginal effects (calculated at the mean value of the variables) of the 

Probit model are computed the following results are obtained: 

Table 4 .2: Probi t for Entry 
E n t r y Coefficient Standard Error Z - value P - value 

Capacity 0.1115 0.0277 4.02 < 0.001 
Earnings 0.0324 0.0062 5.00 < 0.001 

E x a m Rank -0.0231 0.0101 -2.29 0.022 

The results indicate that all three independent variables are statistically signifi

cant and al l are consistent with basic intuit ion. The results reported here are from 

a marginal effects probit, the results from the basic probit model are reported in the 

appendix. 

The marginal effects model allows for computations of the percent change in the 

probability that a subject would choose to enter the market for variations in the 

independent variables. A n increase of $1 in the earnings a subject had accumulated 

is associated with a 3.2% increase in the subject's probability of entering the market. 

Each increase in the subject's exam rank (meaning a decrease in ability) is associated 

with a 2.3% decrease in entries. Th is is consistent wi th the hypothesis that there 

wi l l be some correlation between ability and entry level. 

When only the last five rounds are examined, there is an increase in the effect that 
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abil ity has on the entry decision. Table 4.3 shows the result in the last five rounds, 

each increase i n the exam rank is associated wi th a 3.73% decrease in the probability 

of entering. Th i s increase in the percent change associated with a change in exam 

rank shows that abil ity becomes a stronger factor as the experiment progresses. 

Table 4.3: Probi t for Entry - only the last 5 rounds 
E n t r y Coefficient Standard Error Z - value P - value 

Capacity 0.0909 0.0426 2.13 0.033 
Earnings 0.0221 0.0070 3.13 0.002 

E x a m Rank -0.0373 0.0165 -2.26 0.024 

Figure 4.4 shows the relationship between subjects' rank in the final exam and 

their number of entries (with a fitted value included in red). The graph shows that 

the more skil led the subject (towards the left of the graph) the more likely they were 

to enter. The graph is itself somewhat misleading, due to ties on the final exam, there 

were actually 6 subjects tied for 1st in their respective trials. Of these, 3 entered 10 

times and 2 entered 9 times. 

This is consistent wi th the hypothesis that the Hayek principle w i l l be supported 

in terms of the highly skilled players discovering their relative ability level and en

tering more often. 

4.7 Other results 

Working against the hypothesis that subjects would discover their relative ski l l levels 

are the following: There were three bankruptcies (players whose total net income, 

including the in i t ia l 10 dollars, fell below 2 dollars) in the ski l l treatment and there 

were no occurrences of bankruptcy in the random treatment. This happened even 
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Figure 4.4: E x a m Rank compared to Cumulative Entries 
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though the subjects' forecasts proved to be unbiased. Th is is strong evidence that 

some subjects d id not discover their relative ability level. One of the bankruptcies 

occurred after round eight was completed and two of the bankruptcies after round 

nine was completed. Even if these subjects had not gone bankrupt it would not have 

significantly affected the results. 

Figure 4.5 shows that a number of the subjects who ended at or close to the 

bankruptcy level had done reasonably well on the final exam. There were three 

players ranked between 3rd and 5th and one who was in a four way tie for first in his 

tr ia l , who had lost more than $6 during the experiment. This peculiar result might 

have occurred because the subjects' ski l l level may have allowed them to deceive 

themselves. They might routinely be on the verge of receiving positive profits and 

always think that 'the next t ime' they are sure to win . 

A n even more interesting result is from observing the subjects who had high 

abil ity (as determined by their exam rank) but had some init ial ly poor results. Of 

the 7 subjects who placed in the top 2 for the E x a m in each session (there was a tie 

resulting in one extra tied for first in his ranking) 4 had negative feedback (loses) 

from one of their first two entries. Three of these four entered at least 8 times, but 

the fourth only entered 5 times during the experiment. This fourth subject had poor 

results during most of his entries and nearly went bankrupt. Th is suggests that this 

subject's exam rank might be have been unrepresentative of his relative ability level. 

Of the 5 subjects who placed in third or fourth in the three treatments, 4 had 

early negative feedback. Of these four subjects, three of them entered the market less 

than the overall average. Th is shows that early negative feedback may be more of a 

potential problem for those subjects who are only moderately qualified to enter the 
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Chapter 5 

Conclusion 

The premise of this paper was to answer two questions. First , does a market where 

the relative abil ity levels of the subjects are unknown at the start produce an effi

cient level of entry? Second, does the market attract the best able candidates wi th 

particular attention being given to cases where subjects of high ability level receive 

early negative feedback. 

A s for the first question, there is definitely support showing that the market 

(skill treatment) is moving towards the efficient level of entries. The combined three 

ski l l sessions were profitable for the final eight rounds. O n an individual basis each 

skill-based session was profitable for at least the final four rounds. Furthermore, the 

overall result in the ski l l treatment was that the average number of entries trended 

towards the capacity level, which would be the overall most profitable level. 

The data also shows support for the theory that competition acts as a discovery 

process, since there was a positive relationship between the cumulative number of 

entries for a subject and their ability level. Furthermore, the strength of the i n 

fluence that abil ity has on entry levels became more pronounced as the experiment 

progressed. The discovery of relative ability through competition would suggest 

that firms which enter similar multiple-markets, such as chain stores and fast food 

restaurants, should experience fewer failures after their business has been established 

compared to first time entrants. 

Interesting results arose when examining the how the best qualified subjects 
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dealt w i th early negative feedback. In the cases of the most qualified (using the 

exam result as a proxy) there was little evidence of a problem for overcoming early 

negative feedback. Only one of the four subjects entered significantly less than would 

be expected. It should be noted that this subject was in a session where three people 

tied for first on the exam, thus the fact that the other two subjects entered almost 

every round suggest the market was sti l l able to attract the best candidates. The 

problem arises when examining the subjects of moderate ability. Those subjects 

who placed th ird or fourth on the exam should enter in the six rounds when capacity 

is four. Of the four subjects in this category who had early negative feedback, 

three subjects failed to enter for more than the average number of entries for al l 

subjects. Two of these subjects only entered for three rounds each. This suggests 

that competitors who are only marginally qualified to enter a market may easily be 

turned off by early negative feedback. The fact that these moderately-able subjects 

could be dissuaded from entering a market which has no compounding effects for 

success, such as brand recognition and loyalty, is a l itt le disturbing. 

One of the major l imitations of this study is that is does not readily test innova

tion in the market. It can be theorized that the most likely competitors to innovate 

and discover new properties in a market would be those who have shown the high

est abil ity level. Thus the abil ity of a market to select the most able candidates 

should, in the long run, produce new discoveries. However, this aspect of Hayek's 

hypothesis deserves it own test. At tempt ing to combine innovation in a market entry 

game would be a very difficult. A better attempt to show that competition produces 

innovation and new discoveries would be to alter the experiment of Demmert and 

Klien(2003) where there are discoverable facts known to an outside observer. O n the 
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Appendix A 

Experiment Instructions 

This is an experiment on economic decision making. Based upon the decisions you 

and others make during the experiment, you may receive payoff in real money. 

This experiment consists of two phases (described in detail below). In the first 

phase there is a series of ten rounds in. which you must make a decision and, poten

tially, take a short quiz. The first phase wi l l last approximately one hour. In the 

second phase a short test is administered. The two phases are independent of each 

other. Thus, your success in the first phase wi l l have not effect your eligibility or 

standing in the second phase. The payoffs in each phase are independent. In a l l , the 

experiment is designed to last approximately 90 minutes. 

Other information regarding the experiment, including information regarding 

withdrawal and confidentiality, is discussed on the confidentiality form. 

Phase One 

Phase one wi l l consist of 10 rounds of decision-making. A t the start of phase one 

you wi l l each be allocated an in i t ia l endowment of 10 dollars. 

In each round you wi l l be asked if you wish to enter or not enter a simulated 

market. A t the start of each round, a capacity wi l l be announced. This capacity 

(either 2 or 4) wi l l indicate the number of market participants such that all entrants 

earn positive payoffs. 

A t the beginning of each round, you w i l l be given a piece of paper with the follow

ing information: the round number; your participation number; your accumulated 
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earnings to that point in the game. 

Based on the market's capacity, you must decide whether or not you wi l l enter. In 

addition, you w i l l be asked to forecast how many individuals wi l l enter the market. 

Profits in the market wi l l be allocated based on individuals ' relative performance 

on a five question quiz. O n the paper provided, please indicate your decision to 

enter the market (circle Y E S or N O ) . You wi l l also be asked to forecast how many 

individuals (of the twelve participants) wi l l enter the market. In addition to any 

other earnings, you w i l l win 0.25 dollars for every correct prediction you make. Y o u 

wi l l lose nothing for incorrect predictions. 

If you choose not to participate in a round (by circling N O ) , you are asked to 

remain silent and seated for that round. Y o u are st i l l asked to make your prediction 

of the number of entrants for that round, and you w i l l s t i l l be paid 0.25 dollars for 

every correct prediction. 

If you choose to participate in a given round (circling Y E S ) , you wi l l take a short 

quiz to determine your ranking among the market entrants. Your payoff in each 

round wi l l depend solely upon your ranked score among the entrants. Individual 's 

scores and ranks in each round wi l l be private information and not be carried into 

subsequent rounds. The quiz consists of 5 questions similar to the sample questions. 

Y o u wi l l have three minutes per quiz. After the quiz is complete, a monitor wi l l 

come around and retrieve your answer sheet. Y o u w i l l receive O N E mark for every 

correct answer on the quiz, and you wi l l L O S E 1/3 of a mark for each wrong answer. 

Y o u are not required to answer al l questions on the quizzes. 

Once your score has been calculated, you wi l l be ranked relative to other entrants. 

The payoff charts in the appendix details the payoffs available to market entrants. 
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Note that the entrants ranked wi th in the market's capacity w i l l earn positive profits. 

In the event of a tie (i.e. two entrants with the same rank) , the associated profits 

wi l l be split. For example, if two people tie for first and second rank in the round, 

the sum of the first and second payoff w i l l be divided among those individuals. 

It is possible for you to lose money in any given round. Specifically, if too many 

people enter the market, those ranked outside of the market's capacity wi l l lose 2.00 

dollars. If you lose all of your endowment and earnings (i.e. bankruptcy) , then you 

wi l l not be allowed to participate in future rounds. However, you may st i l l earn 

money by forecasting the number of market entrants and partic ipating in the second 

phase of the experiment. 

Once the quizzes have been scored, you wi l l be notified by a monitor of your 

rank in the market, your earnings for that round, and the total number of market 

entrants. This wi l l be done as follows: after the round is complete (i.e. entrants 

have completed the quiz), you wi l l receive a new piece of paper wi th the following 

information: the round number; your participation number; your rank (if you chose 

to enter) in the round; the number of market entrants in the round; your accumulated 

earnings to that point in the game (including any market profits and payoffs for 

correct forecasts). Aga in , only you and the experimenter w i l l know your quiz score, 

rank and earnings. 

Th is wi l l conclude a single round. This process wi l l be repeated for each of the 

ten rounds. 

Phase Two 

After the 10 rounds (in phase one) are complete, you wi l l be asked to complete 

an exam with questions similar to those asked in each round of phase one. For each 
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correct answer, you wi l l receive 0.25 dollars; you wi l l not lose any money for incorrect 

answers. The exam consists of 20 questions and you wi l l have 10 minutes to complete 

the exam. 

After phase two is complete, you w i l l receive your earnings. Earnings wi l l be paid 

in private and you must sign a receipt to receive any monies. 

A . l M o d e l : R o t h - E r e v Add i t i ons 

R o t h and Erev (1995) added three additions to their earlier model: a cut-off param

eter which prevents the outcomes from being unduly influenced by events which are 

extremely unlikely; an "experimentation" parameter "which prevents the probabil 

ity of a strategy from going to zero if it is 'close' to a successful strategy" ; and a 

"forgetting" parameter which allows more recent decisions to have a greater weight 

than earlier decisions. 

If player i plays his Kth pure strategy at time t and receives non-negative pay 

out x, then the propensity to play any strategy j is updated by setting 

Quit + 1) - max[v, (1 - f)Qi3{t) + Ek(j, Rt(x))] ( A . l ) 

F is the forgetting or recency parameter which slowly reduces the importance of 

past experience 

R is a function which translates payoffs into rewards 

E is a function which determines how the experience of playing strategy K and 

receiving reward R(x) is generalized to update strategy (j) 
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A . 2 E W A M o d e l 

This is the E W A model: 

Let N(t) be the number of observation equivalents of past experience 

The experience level updates as follows: 

N(t) = p*N(t-l) + l 

with p representing a discounting factor for past experience 

A3 (t) is the attraction level of player (i) to strategy (j) after T i m e (t). 

The attraction levels become: 

• <m - 1) * m - 1) + [a + (1 - a) * !(s3, SiJt))] * UjJsji S I I 1 Q Q ) ( A O , 
Mt)- — (A.2) 

<j>N(t — \)*A\(t — 1) is the attraction level to strategy (J) in the last time period. 

IIj(s¿, S-i(t)) is the payoff matr ix for strategy (J) 

I(S3
i, S1 (t)) is an identity matr ix wi th a value of one for the chosen strategy and 

zero for the strategy not chosen. Thus the model gives the weight of a*Uj(s3, s_¿(f)) 

to the expected payoffs for all unchosen strategies and a value of Iij(Si, s_¿(í)) if 

Strategy (J) is chosen. 

A . 3 Other Stat ist ical Test 

Hypothesis 6 

The ordinary probit results 

It can also be observed the effect that earnings has on entry in the two treatments. 

B y mult ip ly ing a dummy variable for the treatment (0 for the random treatment and 
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Table A . l : Ordinary Probit for E n t r y 
E n t r y Coefficient Standard Error Z - value P - value 

Capacity 0.3061 0.0765 4.02 < 0.001 
Earnings 0.0891 0.0178 5.00 < 0.001 

E x a m Rank -0.0636 0.0278 -2.29 0.022 

Table A . 2 : Ordinary Probit for E n t r y in the last five rounds 
E n t r y Coefficient Standard Error Z - value P - value 

Capacity 0.2304 0.1082 2.13 0.033 
Earnings 0.0561 0.0180 3.13 0.002 

E x a m Rank -0.0946 0.0418 -2.26 0.024 

1 for the ski l l treatment) against the earnings of it is possible to create a variable 

that w i l l show if there are different marginal effects in the two treatments. This new 

variable was called skilled earnings and its effect are shown in the following table. 

Table A . 3 : Effect of Earnings in the two Treatments on E n t r y 
E n t r y Coefficient Standard Error Z - value P - value 

Capacity 0.09189 0.0207 4.40 < 0.001 
Earnings 0.01842 0.0072 2.57 0.010 

Ski l l Earnings 0.02151 0.0093 2.30 0.022 




