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OVERCONFIDENCE, HINDSIGHT BIAS and TRADING ACTIVITY in an 

EXPERIMENTAL ASSET MARKET 

 

Knowledge concerning the effect of cognitive biases in economic settings is an 

important prerequisite for understanding economic behavior.  Psychologists have 

catalogued many systematic departures from the perfect rationality behavioral 

assumptions used in classical Finance models.  Behavioral Finance researchers (see 

Hirshleifer (2001) for an overview) have responded with newer models that incorporate 

some of these biases. Overconfidence, in particular, has received a lot of attention.  One 

challenge facing experimental and other empirical researchers in this area is the problem 

of measuring overconfidence. 

 This paper develops and compares three measures of overconfidence in the 

context of an experimental asset market.  The first of these measures is based on a well-

documented behavioral bias called the hindsight bias.  Fischhoff and Beyth (1975) 

discovered that subjects incorrectly remembered probability estimates for events 

depending on whether the event actually took place. Subjects asked to remember their ex-

ante probability estimates usually give higher estimates if the event occurred.  But if the 

event did not occur, subjects asked to remember usually recall lower probability 

estimates.  This suggests that subjects remember or reconstruct probabilities in such a 

way as to make them seem to have “known it all along.”   It seems plausible that agents 

susceptible to the hindsight bias would learn to be overconfident.  In recalling their past 

performance at estimating probabilities, they would recall being right more often, and 

become overconfident.  In Irrational Exuberance, Schiller (2000, p. 143) says, “The 



reason for overconfidence may also have to do with hindsight bias, a tendency to think 

that one would have known actual events were coming before they happened… Hindsight 

bias encourages a view of the world as more predictable than it really is.”  The intuition is 

similar to that featured in a model by Rabin and Schrag (1999).  In their model, agents 

are susceptible to confirmatory bias, a tendency to interpret new evidence as confirming 

or supporting their current beliefs.  Rabin and Schrag show that confirmatory bias can 

induce overconfidence. 

 Winman (1999) conducts psychology experiments finding a link between 

hindsight bias and overconfidence.  However, his explanation of this link is that the 

cognitive process of recalling probabilities works such that people who are overconfident 

are more likely to exhibit hindsight bias.  However, for our purposes, it doesn’t matter 

whether hindsight bias causes overconfidence, or whether overconfidence causes 

hindsight bias, or both.  Using hindsight bias to measure overconfidence only requires a 

correspondence between the two. 

 We develop a hindsight bias measure using methodology based on Fischhoff and 

Beyth (1975).  Subjects are asked to estimate the probabilities for a series of events, each 

of which will be resolved over the next two weeks.  After the events are resolved, 

subjects are invited back, and again asked to recall their earlier estimates.  Differences 

between the initial and post-event probability estimates are used to calculate the existence 

and magnitude of the bias. 

 The second measure of overconfidence studied here is also based on revisions of 

probability estimates. As before, subjects are asked to estimate the probabilities for a 

series of events, each of which will be resolved over the next two weeks.  After these 



estimates are collected, the subjects participate in several experimental double auction 

markets.  The experimental assets in these markets are state-contingent claims based on 

the above-mentioned events.  Therefore, the trading process can allow the revelation and 

revision of traders’ ex-ante beliefs.  Immediately after trade, subjects are again asked to 

estimate the relevant probability.  If overconfident subjects are less likely to revise their 

estimates after the trading period, the difference between before-trade and after-trade 

probability estimates can be used to construct our “estimate adjustment measure” of 

overconfidence.  Finally, we develop a combined measure of overconfidence, computed 

using both the hindsight measure and the estimate adjustment measure.   

We document the presence of overconfidence in our experimental markets using 

each of the three measures, and then study whether overconfidence is correlated with 

forecast accuracy, profits, trading activity and gender. 

Our results to date indicate that hindsight bias is associated with poorer initial 

forecast accuracy. Subjects classified as more overconfident using the hindsight measure 

have worse initial forecasts.  We do not observe a similar correspondence between 

overconfidence and initial forecast accuracy when measuring with the estimate 

adjustment measure. 

With regard to profits we find that the estimate adjustment and the combined 

measures of overconfidence are associated with lower profits, but not the hindsight 

measure.  We find that none of the measures are correlated with trading volume, but that 

the combined measure is associated with roundtrips, a measure of trading activity that 

considers trading strategies involving both purchases and sales during the course of the 

double auction markets.  Finally, we find weaker evidence that males are more 



overconfident using the hindsight measure, but no evidence concerning gender and 

overconfidence using the estimate adjustment measure.  Taken together, these results 

suggest that overconfidence may be multidimensional.  More than one measure, or 

perhaps a combined measure, may capture overconfidence better than any single 

measure. 

Also, we find that forecasts imputed from market prices outperformed the average 

of subjects’ forecasts, and preliminary results suggest that prices may be less informative 

in markets where subjects are more overconfident. 

The remainder of the paper is organized as follows. Section 2 discusses relevant 

prior research.  Section 3 presents the experimental design and Section 4 develops our 

overconfidence measures. The experimental results are reported in Section 5, with 

discussion and concluding remarks following in Section 6.  

 

2. Background 

 Overconfidence, as well as other behavioral factors, has received a great deal of 

attention from Finance researchers in recent years.  There have been theoretical models 

(e.g., Odean (1998), Gervais and Odean (2001)) and empirical tests (e.g. Odean (1999), 

Barber and Odean (2000), Barber and Odean (2001), Statman, Thorley and Vorkink 

(2003)) connecting overconfidence to both increased trading activity and reduced profit.  

Hirshleifer (2001) reviews this literature. Psychology researchers have also extensively 

studied both overconfidence and the hindsight bias.  See Hawkins and Hastie (1990) for a 

review of the hindsight bias, and Camerer (1995) for an overview of behavioral biases in 



general.  As the literature in these areas is very large, we focus solely on relevant 

experimental work on overconfidence and hindsight bias in economic settings. 

2.1 Overconfidence Experiments in Finance 

 Several researchers have used experimental methods to study overconfidence in 

asset markets.  Biais, Hilton, Mazurier and Pouget (2005) measure overconfidence using 

a miscalibration technique.  Subjects are presented with a series of ten questions, and 

asked to estimate the “upper and lower limit such that they were 90 percent sure that the 

correct answer was between the two.”  For example, subjects were asked to provide a low 

and a high estimate of the length of the Nile River in miles such that they were 90 percent 

sure that the correct answer lies between the two.  Many subject’s answers were 

miscalibrated, that is, for the ten questions, the correct answers were inside the high and 

low estimate much less than 90 percent of the time.  

Subjects then participated in a standard experimental asset market, where the asset 

liquidation value was unrelated to the questions on the survey.  Their design assumes that 

overconfidence in the domain of answering the sorts of questions on their questionnaire 

carries over to trading behavior.  They report that overconfident subjects earn lower 

profits, but do not trade more frequently. 

Instead of simply measuring overconfidence, Deaves, Luders and Luo (2008), and 

Kogan (2008) both induce overconfidence through distribution of asymmetric 

information relevant to the liquidation value of the experimental asset.  Deaves, Luders 

and Luo ask subjects to provide confidence intervals to questions (the type is similar to 

that used in Biais, Hilton, Mazurier and Pouget (2005)).  In the subsequent asset market, 

subjects were asymmetrically informed, and told that more precise information was 



issued to subjects who answered the questionnaire more accurately.  Therefore, 

overconfidence with regard to answering general knowledge, trivia-style questions is 

linked to the belief that information regarding the experimental asset is more accurate.  

Their results support the view that overconfidence leads to lower profits and increased 

trading frequency. 

Kogan (2008) also induces overconfidence by issuing information.  In the 

framework of a multi-period, two-player game, subjects receive a private signal regarding 

the liquidation value of an experimental asset.  One player receives a perfect signal, and 

the other receives a noisy signal.  In one treatment, each player privately rolls a die, and 

the perfect signal goes to the high roller.  In the second treatment, subjects were asked to 

answer a 20-question quiz made up from SAT practice questions.  Subjects’ relative 

performance was used (but not reported to the subjects) in order to determine whether a 

perfect or noisy signal was issued.  Therefore, subjects who believe they performed better 

on the quiz will believe that their signal is more accurate.   

Subjects then play the first period, by simultaneously revealing value estimates, 

with payment based on estimate accuracy.  Subjects can then revise their estimates, for 

the next period.  After four periods, the game ends.  A dice treatment is then used to 

isolate the effects of overconfidence from other possible errors.  Kogan reports lower 

profits for overconfident traders. 

Our approach is closer to that of Biais, Hilton, Mazurier and Pouget (2005).  We 

try to measure overconfidence as opposed to inducing it.  However, our design sidesteps 

questions concerning whether general knowledge overconfidence applies to trading 

behavior. 



 

2.2 Hindsight Bias Experiments in Finance 

Biais and Weber (2008) run individual choice experiments where subjects are 

asked to provide confidence intervals for forecasts of several financial statistics (e.g. the 

share price of BASF corporation, or the Euro/Dollar exchange rate). Biais and Weber use 

confidence intervals to calculate variance estimates.  Subjects returned in one week, and 

were asked to both recall their previous estimates, and to provide new estimates for the 

coming week.  They find that hindsight biased subjects provide lower variance estimates 

for the coming week.  The implication is that hindsight bias could distort investors’ risk 

estimates and lead to suboptimal portfolio selection. 

Camerer, Loewenstein and Weber (1989) conduct market experiments to study 

the “curse of knowledge.”  One group of subjects was given financial information 

concerning a real-world company from 1980.  The 1980 earnings datum was withheld, 

and subjects were asked to estimate the 1980 earnings.  A second group of subjects 

participated in experimental asset markets, in which the experimental asset liquidation 

value was based on the earnings estimates provided by the first group.  The second group 

did not know the results from the first group, but instead saw the same financial data as 

the first group.  In one treatment, the second group was also provided with the actual 

1980 earnings for the company.  Subjects with knowledge of the actual dividend were 

poorer at estimating the first group’s earning estimates.  This curse of knowledge appears 

to be similar to the hindsight bias.  Camerer, Loewenstein and Weber’s study focuses on 

how participation in markets affects the curse, as opposed to applying it to measure 

overconfidence. 



Our experiments share several features with the Camerer, Loewenstein and Weber 

(1989) study.  We too use experimental assets that are based on real-world events as well 

as assets with values determined via random outcomes such as dice, cards, or draws from 

an urn.  As such we do not control the experimental asset value.  However, measuring 

hindsight bias is straightforward.  

 

3. Experimental Design, Subjects, and Procedures 

Each run of our experiment consists of two parts, a trading session, and a follow-

up session.  The trading session requires subjects to both complete questionnaires, and to 

participate in a computerized double auction market.  The follow-up sessions were 

conducted approximately two weeks after the trading session, and required subjects to 

complete an additional questionnaire.  Both the trading session and the follow-up session 

are described in detail below. 

3.1 The Trading Session: Pre-trade Questionnaire 

At the start of the trading session, subjects were asked to complete a pre-trade 

questionnaire. Subjects were asked to estimate the probability of specified outcomes of 

sixteen public events that will happen over the subsequent two-week period.  These 

events related to financial markets (stocks and exchange rates), sporting events, weather, 

and other events with high media exposure. The sixteen events also included two dice 

events, one playing card event and one public lottery event.  As such, the outcomes of 

these four events have an objective probability.  The questions from a pre-trade 

questionnaire are contained in Table 1.   

Insert Table 1 



Due to the nature of the events, many of the questions had to be modified for 

timeliness for the particular trading session.  Subjects independently completed the Pre-

trade questionnaire on a paper form, and submitted it to the persons conducting the 

experiment prior to the start of the experimental asset market. 

3.2 The Trading Session: Experimental Asset Market 

The experimental asset markets consisted of fifteen different market periods, each 

corresponding to one of the events in the questionnaires, and each lasting for three 

minutes. The first three market periods were practice periods.  Actual payments to 

subjects were calculated from shares and cash held only in the last twelve market periods. 

At the start of each market period an event was announced.  Every subject 

received an initial balance of six asset certificates (shares) and 400 trading dollars.  The 

asset certificates were state contingent claims based on whether or not the event for the 

period will occur. Specifically, if the announced outcome occurs, every asset certificate 

in that market will pay 100 trading dollars.  But, if the announced outcome doesn’t occur, 

then the corresponding asset certificates will be worthless. 

During the trading session, the subjects can buy certificates from or sell 

certificates to the other participants in a computerized double auction market.  Auctions 

are conducted on a series of networked personal computers with a program built using the 

z-Tree software package (Fischbacher, 2007). The computer screen in front of each 

subject contains continuously updated market information, including trade history, their 

cash balance, their share positions, all current bids and asks, and the time remaining in 

the current trading period. 



At anytime over the trading interval, each trader is free to post an offer for a 

single share, to remove outstanding bids or asks, or to accept an outstanding bid or ask. 

The quotes are displayed on each subject’s computer screen so that bids are in ascending 

order and asks are in descending order, with the inside quotes at the bottom of each list. 

A trader can move to the “inside” on either side of the spread by improving on the current 

inside quote. When a subject initiates a trade at the inside bid or ask, all subjects observe 

the transaction and the price, but they do not learn the identities of the buyer or seller.  

Asset certificates can be purchased as long as a trader’s cash balance is sufficient.  

Short sales (negative share balances) are also permitted, as long as the short seller’s cash 

balance was sufficient to prevent default.  Short sales are allowed as long as the seller has 

a cash balance of 100 trading dollars per short sale.  At the end of each market, the 

balance of certificates and cash for each trader is recorded. Balances from one market 

could not be transferred across to another market. 

At the conclusion of each period, just after the share and cash balances are 

displayed, each subject is again invited to estimate the probability of the event occurring.  

These responses are entered on the subjects’ terminals and recorded by our zTree 

program.  These post-trade estimates will be used to construct one of our overconfidence 

measures. 

3.3 The Follow-up Session 

Approximately two weeks after the trading session, subjects receive an email 

notifying them that the outcome of all of the events have occurred, and asking them to 

make an appointment to collect their payment.  Prior to payment, the follow-up 

questionnaire is administered.  This contained the same sixteen events, plus the outcome 



of each event.  Subjects were invited to recall the probabilities that they assigned earlier 

to the events, or to reconstruct their earlier estimates. The two dice events and the playing 

card event took place immediately after the trading session, and the outcomes were 

recorded. The event ordering on the questionnaires was randomized between subjects and 

between the initial and follow-up questionnaire.  

3.4 Subjects, Procedures and Payments 

The participants in the experiments were students at Aston Business School (20).  

Most of the students were either MSc Finance students or MBA students. Seven 

experimental sessions were conducted between June 2008 and February 2009. Prior to 

the double auction markets, the subjects completed the initial questionnaire, and then the 

rules and procedures for the trading session were reviewed. Thereafter, the subjects took 

part in three practice double auction markets before embarking on the twelve markets 

comprising the trading session. The three practice markets also had real events and 

outcome associated with them, but the cash and certificate balances had a zero conversion 

value from trading dollars to actual currency.  After two weeks, all the events had taken 

place, the outcomes recorded, and participants were invited back to collect their 

payments.  Before paying the subjects, the follow-up questionnaire was administered. 

Seventy subjects have participated in the study, with average earnings of 24.43 

GBP.  The maximum payout to a subject was 39.86 GBP and the minimum was 17.68 

GBP. 

 



4. Three Overconfidence Measures 

Our study develops three overconfidence measures. The first is based on the 

hindsight bias, the second measure is based on the idea that overconfident subjects will 

place less weight on new information, and the third measure is a combination of the first 

two.  All three measures use the Brier probability score (1950), a measure of forecast 

accuracy as a building block. 1 

The Brier score is calculated using: 

,   (1) 

where p is the subjects probability estimate for event i, and E is an indicator variable set 

to one if the event occurs, or set to zero if the event does not occur.  Lower values for the 

probability score signify greater forecast accuracy.  Further, a subject choosing the 

“correct” probability estimates will minimize the expected value of the score.  Some 

additional properties of the probability score are shown in Figure 1. 

Insert Figure 1 

The dashed line signifies the maximum possible value for the Brier score conditional on 

the probability estimate given by a subject.  The dotted line shows the minimum possible 

score.  The solid line shows the expected value of the Brier score if the subject’s 

estimates match the true probabilities of the events.  For example if a subject estimates 

the probability of all events to be 0.25 the minimum possible probability score is 0.0625, 

                                                
1 Although the Brier score is still widely used, there are some problems. Jewson (2004) 
discusses these problems as well as variants of the measure and competing measures.  
Some suggested refinements require more observations because the forecasts are grouped 
according to the probability estimates.  Since we only have 15 estimates per subject, we 
use only the basic measure. 



and the maximum possible score is 0.5625.  If the subject’s estimate of 0.25 is accurate 

so that the true event probability is 0.25, then the expected Brier score is 0.1875. 

 If we have no prior knowledge concerning the true likelihood of the events and 

consider all possible probabilities as equally likely, the diffuse prior expected Brier 

Probability score equals 1/6 or 0.1667. 

Our design requires subjects to make three probability estimates for each event.  

The first estimate (IQ) is made via the initial questionnaire.  The second estimate is made 

immediately after the double auction market for assets whose value is based on the 

corresponding event (AT), and the third estimate is made during the follow-up 

questionnaire administered two weeks after the trader session (2W).  Recall that the 2W 

questionnaire includes the actual outcome and asks subjects to recall or reconstruct their 

probability estimates from the initial questionnaire.  Brier scores can be computed using 

each set of probability estimates.  Differences between these scores are used to construct 

our overconfidence measures. 

4.1 The Hindsight Measure 

 We define our hindsight measure, Δ(IQ,2W), as the Brier score computed using 

initial questionnaire probabilities  minus the Brier score computed with the reconstructed 

probabilities collected after the events’ outcomes are known. 

  (2) 

The intuition is straightforward.  Hindsight bias means that a subject will 

reconstruct probabilities to make them seem to be more accurate forecasters.  The 2W 

Brier score will therefore be lower than the IQ Brier score, so greater hindsight bias 



corresponds to a higher value of Δ(IQ,2W).  Rearranging equation 2 confirms this 

intuition: 

.  (3) 

If the event occurs, a subject very prone to hindsight bias would estimate P2W to be 

greater than PIQ.  So when Ei is one, Δ(IQ,2W) is higher for subjects with more hindsight 

bias.  If the event does not occur, hindsight bias means that P2W will be less than PIQ.  

When Ei is zero, Δ(IQ,2W) is again higher for subjects with more hindsight bias.  If our 

conjecture that hindsight bias is positively correlated with overconfidence is correct, 

Δ(IQ,2W) can serve an instrument to measure overconfidence. 

4.2 The Estimate Adjustment Measure 

Our second measure, the estimate adjustment measure will also be defined as the 

difference between two Brier scores. The estimate adjustment measure is defined as the 

difference between the AT Brier score (using the probabilities collected immediately 

after the double auctions) and the IQ Brier scores” 

  (4) 

This measure is based on the proposition that after participating in the double auctions, 

subjects will update their probability estimates to reflect new information about the 

likelihood of occurrence of the relevant event.  During the trading period a subject can 

learn something about other subjects’ beliefs by observing the sequence of bids, asks and 

trades.  If the double auctions serve as a mechanism to distribute useful information, then 

the AT forecasting accuracy should be greater than the IQ accuracy and a subject’s AT 



Brier scores should be lower than the subject’s IQ Brier scores, and Δ(AT,IQ) will be a 

negative number. 

 Now consider an overconfident subject.  If overconfidence implies that the subject 

places too little weight on the new market information, and too much weight on his or her 

initial IQ estimate, AT forecast accuracy will not improve as much as it would if the 

subject were not overconfident. On average, Δ(AT,IQ) will be higher (a lower magnitude 

negative number).  Therefore overconfidence and Δ(AT,IQ) should be positively 

correlated. 

 So the reasoning behind the estimate adjustment measure relies on the notion of 

overconfidence as placing too much weight on the initial estimate, and paying too little 

attention to information based on other subjects’ beliefs.  However, Δ(AT,IQ) may well 

be a very noisy measure if, for example, different subjects are more or less proficient at 

reading information from the sequence of bids, asks and trades.  A high value of 

Δ(AT,IQ) may not reflect overconfidence but rather a subject’s inability to process the 

information contained in trading activity. 

4.3 The Combined Measure 

The final measure considered here is the combined measure, Δ(AT,2W), defined 

as the difference between the AT and 2W Brier scores.  This measure is the hindsight 

bias if the subjects are remembering or reconstructing their after-trade probability 

estimates as opposed to their initial questionnaire probability estimates.  However, 

Δ(AT,2W)  can also be interpreted as combination of the previous measures.  Figure 2 

shows that the combined measure is simply the hindsight measure plus the estimate 

adjustment measure. 



Insert Figure 2 

By construction, subjects with both high values for Δ(IQ,2W) and high values for 

Δ(IQ,AT), will have high values for Δ(AT,2W).  If a subject exhibits a high degree of 

hindsight bias, and simultaneously does not utilize market information to improve his or 

her forecasts, the combined overconfidence measure, Δ(AT,2W) will be higher. 

 

5. Results 

 Before constructing and analyzing our three overconfidence measures, we first 

present some results concerning forecast accuracy in general. Table 2 contains the Brier 

probability scores calculated with IQ, AT and 2Q probability estimates.  Brier scores vary 

widely across subjects and sessions. 

Insert Table 2 
 

A. Miscalibration, Market Information and Hindsight Bias. 
 

Our first result is that subjects’ probability estimates are not well calibrated.  

Subjects’ probability estimates for the events do not match the observed frequencies of 

the events occurring.  We formally test this question by comparing subjects’ Brier scores 

to a value of 1/6th.  If a subject is well calibrated, and we view the “true” probabilities of 

events as unknown, with a uniform distribution over the unit interval, then the expected 

value of the Brier score is 1/6th. 

Insert Table 3 
 

Panel A of Table 3 contains hypothesis tests comparing subjects’ Brier scores to 

1/6th.  The null hypothesis of well-calibrated subjects is rejected in favor of 

miscalibration.  The null is strongly rejected using Brier scores computed with initial 



probability estimates (IQ), as well as using after-trade estimates (AT), or using the two-

week post experiment estimates (2W).  Subjects are miscalibrated prior to trade, 

immediately after trade, and are still miscalibrated two weeks later when asked to 

reconstruct their probability estimates. 

 Panel B of Table 3 compares forecast accuracy using the IQ, AT and 2W 

probability forecasts.  The null hypothesis that the IQ Brier score equals the AT Brier 

score is rejected with p = .01.  Subjects use information contained in prices and quotes 

from the double auctions to revise their probability estimates. The revised, post-trade 

estimates are on balance better than pre-trade forecasts.  As in other experimental market 

environments, the double auction is an effective means of transmitting information about 

asset values among participants. 

 Panel B also tests for hindsight bias.  Paired t-tests and Wilcoxon signed-rank 

tests both reject the null hypothesis that subjects’ IQ Brier scores equals their 2W Brier 

scores.  The p value is less than .0001.  Forecasts using remembered or reconstructed 

probability estimates elicited after subjects know whether the events occurred are more 

accurate.  Our subjects are prone to hindsight bias. 

 On the two-week follow-up questionnaire, subjects were asked to recall or 

reconstruct their original probability estimates.  Perhaps subjects are recalling the AT 

probability estimates.  If they can do this accurately, the AT Brier score will equal the 

2W score. However, we also reject the null hypothesis that subjects’ AT Brier scores 

equal their 2W Brier scores with probability less than .0001.  Even if some subjects are 

confused about which probability estimate to recall, they are still prone to hindsight bias. 



We next compare individual subjects’ forecast accuracy to market forecast 

accuracy.  Market forecast accuracy is measured using a Brier score computed using the 

average prices established during the double auctions.  Since the assets are worth $100 if 

the event occurs, or $0 if not, the price can be interpreted as the approximate market 

estimate of the probability of the event occurring.  The estimate is approximate since this 

measure ignores any possible risk premium built into prices. 

Insert Table 4 

Insert Table 5 

Market Brier scores, which use the average prices during each double auction as 

market probability estimates are tabulated in Table 4.  For comparison, the average of the 

participating subjects’ Brier scores are also displayed.  The Market Brier scores are lower 

than both the average initial estimates and the average after trade estimates.  These 

differences are statistically significant as shown in Table 5.  Prices forecast the likelihood 

of events better than average subject probability estimates.2 

B. Overconfidence Measures. 
 

We now use the Brier scores to construct and compare our three overconfidence 

measures.  The hindsight measure, Δ(IQ,2W), the estimate adjustment measure, 

Δ(AT,IQ), and the combined measure, Δ(AT,2W), are presented by subject in Table 2.  

Each measure is defined as a difference between Brier scores.  For the hindsight measure, 

the notation, Δ(IQ,2W), signifies the difference between IQ Brier scores (calculated with 

the initial questionnaire estimates) and 2W Brier scores (calculated with the two-week 

                                                
2 Our results are congruent with other evidence on prediction markets.  For example, 
Berg, Forrest and Rietz (2008) analyze the Iowa Electronic Market in which participants 
can trade assets whose value depends on the outcome of U.S. presidential elections.  
They show that the market outperforms polls in predicting vote shares. 



follow-up estimates).  The estimate adjustment measure, Δ(AT,IQ), and the combined 

measure, Δ(AT,2W),  can be interpreted correspondingly. 

Insert Table 6 

 Table 6 contains the correlation matrix for our three measures, and shows that the 

estimate adjustment measure is negatively correlated to the hindsight measure.  But if 

both the hindsight measure and the estimate adjustment measure reflect the same 

underlying phenomenon of overconfidence, the measures should be positively correlated.  

The negative correlation suggests that the hindsight measure and the estimate adjustment 

measure are not measuring the same underlying phenomena.3   

C. Overconfidence and Forecast Accuracy 
 

We now examine the relation between overconfidence and forecast accuracy.  

Correlations between subjects’ initial questionnaire probability estimates and our three 

overconfidence measures are presented in Table 7. 

Insert Table 7 

The estimate adjustment measure is negatively correlated with the initial Brier 

score. This result likely has little to do with overconfidence.  Poor initial forecasters tend 

to revise their forecasts more after completing the double auctions.  Further, the hindsight 

measure and the combined measure are both positively correlated with the initial Brier 

score.  Poor initial forecasting is associated with hindsight bias.  However, we cannot 

conclude that more overconfident subjects are worse forecasters.  Instead, poor 

forecasters may be more prone to hindsight bias.  Neither can we make conclusions 

                                                
3 If the AT forecast is more accurate than the initial forecast, and the 2W forecast is also 
more accurate than the initial forecast, then the estimate adjustment measure and the 
hindsight measure will tend to be negatively correlated.  



concerning the direction of causality.  Indeed both explanations are plausible, and not 

mutually exclusive.  

Another, perhaps more interesting question, concerns overconfidence and market 

forecast accuracy.   

Insert Table 8 

Insert Table 9 

Do markets with greater degree of overconfident subjects also have lower forecast 

accuracy?  Table 8 compares the market Brier score to subjects’ average values of each 

of our overconfidence measure for the corresponding session.  Correlations are in Table 

9.  The correlation between the hindsight measure and the market Brier score is very 

close to zero. However the signs of correlations between the market Brier and the other 

two measures suggests that markets with more overconfidence do not forecast as well as 

markets with less overconfidence.  To date, we haven’t run enough sessions to conduct 

reliable statistical tests. 

C. Overconfidence, Trading Activity and Profits 
 

Both empirical and experimental researchers have investigated the link between 

overconfidence and both excessive trading and lower profits.  In this section we will 

analyze this link using our measures of overconfidence. 

Insert Table 10 

Profits for each subject both in trading dollars and in relative terms are reported in 

Table 10.  A subject’s relative profit in a session is calculated as the subject’s profits in 

trading dollars divided by the total profits earned by all ten subjects in the session.  So, 

ten percent is the average of relative profits for each session by construction. 



Insert Table 11 

Results of hypothesis tests concerning the relation between overconfidence and 

profits are reported in Table 11.  We find no significant correlation between our measures 

and total profits, but do find some link between overconfidence and relative profits.  The 

correlation between relative profits and our estimate adjustment measure is negative and 

statistically significant.  Subjects who do not revise their probability estimates as much 

after the double auctions earn less.  But the hindsight measure does not support the link 

between profits and overconfidence.  The correlation is positive, that is subjects with a 

higher degree of hindsight are actually earning more, but this relationship is not 

statistically significant.  The correlation between the combined measure is negative, 

signifying a negative relation between overconfidence and profits, but the Spearman 

test’s p-value is only 0.11. 

Insert Table 12 

 Previous researchers have also linked overconfidence to trading activity.  Table 

12 shows several measures of trading activity by subjects during the double auction 

portion of our experiments.  Transactions, T, are the number of trades by each subject per 

market, averaged over the fifteen markets in the session. Relative transactions are 

calculated by first dividing the number of transactions by each subject in a market by the 

total number of trades by all subjects in that market, and then by averaging the result 

across the fifteen markets in the session.   

In the context of our experiment, trading volume may not be strongly related to 

overconfidence because of the design.  All subjects have the same initial position, 

holding six asset shares.  Suppose a subject has little confidence in his or her probability 



estimate concerning one of the relevant events will occur, and wishes to avoid holding 

shares.  This strategy would require six trades (sales), which is close to the average 

number of transactions in most of our double auctions.  Similarly, suppose a subject is 

very confident that the event will occur.  By purchasing six additional shares, he or she 

will have a “plus twelve share” overall position, a share balance far above average 

balances in our markets.  Intuition from these examples leads us to suspect difficulties in 

observing correlation between overconfidence and trading activity.  

For this reason, Table 12 shows two additional measures of trading activity, 

exposure and roundtrips. We define exposure as the absolute difference between wealth if 

the event occurs and wealth if it doesn’t occur.  We also define roundtrips as the 

minimum of the number of purchases or sales made by the subject during a market.  We 

hypothesize that roundtrips may be related to subject beliefs about their ability to profit 

through trading during the course of the double auctions. Again these measures are 

averaged across the fifteen markets in the session. 

Insert Table 13 

Results of hypothesis tests undertaken on the correlation between our 

overconfidence measures and the four measures of trading activity are reported in Table 

13.  We fail to find any significant correlation between transactions or relative 

transactions and either the estimate adjustment, the hindsight, or the combined measure 

of overconfidence.  Similarly we fail to find a connection between exposure and any of 

the overconfidence measures.  However, we find some evidence that roundtrips are 

correlated with overconfidence.   The estimate adjustment measure correlation ought to 

be positive if overconfidence is associated with more roundtrips.  Our data does not 



support this.  Similarly, the hindsight measure ought to be positively correlated with 

roundtrips.  Again, our data does not support this.  But we do find positive correlation 

between roundtrips and the combined measure, although the p-value is only 0.16.  The 

Spearman rank correlation, however, is significant with a p-value of 0.003. 

D. Overconfidence and Gender 
 

Finally, we analyze whether any of our overconfidence measures are correlated 

with gender. The null hypotheses that the overconfidence measures for male subjects 

equals the measures for female subjects are tested, and the results are reported in Table 

15. 

Insert Table 15 

We cannot reject the null for any of the measures, though the hindsight measure is 

closest, with a p-value of 0.15.  We fail to detect any significant difference in 

overconfidence across gender in our data. 

 

5. Summary 

The effect of behavioral biases on markets is an important question, and 

laboratory methods give researchers the ability to design markets to study these 

questions.  Developing better methods to measure biases is a prerequisite for researchers 

to be able to implement experimental markets.  Our study develops three measures of 

overconfidence.  The estimate adjustment measure is based on the degree to which 

forecast accuracy is improved after participating in the double auctions.  The intuition is 

that all else the same, overconfident subjects are less likely to alter their initial probability 

estimates after observing additional information contained in market data generated 



during the double auction.  The hindsight measure is the “improvement” in forecast 

accuracy between the initial probability estimates and the reconstructed estimates after 

the event outcomes are known.  This measures the well-documented hindsight or knew-

it-all-along bias.  If the hindsight bias and overconfidence are correlated, then the 

hindsight measure can also serve as an overconfidence measure.  Finally, our combined 

measure is constructed as the sum of the other two measures.  Overconfidence is 

therefore highest for subjects who simultaneously adjust only a little after the market and 

still believe they knew the right answer all along. 

Previous, theoretical and empirical research has linked overconfidence to trading 

activity, profits and gender.  Therefore we analyze our data to see whether or not our 

overconfidence measures are related to those variables.  We find that some of our 

measures, but not all three, are related to profits, trading activity and gender.  

 The estimate adjustment measure is not correlated with either trading activity or 

gender, but we do observe a negative relationship with relative profits.  The hindsight 

measure is not related to either trading activity or profits, but may be related to gender.  

The combined measure is not related to gender, and there may be a negative link with 

relative profits, but the combined measure is positively correlated with at least one 

measure of trading activity, the average number of roundtrips. 

These results suggest that the estimate adjustment measure and the hindsight 

measure are measuring different underlying behaviors.  Perhaps one or the other is not 

related to overconfidence, or perhaps they both are.  If we think of overconfidence as a 

combination of behavioral biases, then a multidimensional measure such as our combined 

measure may better capture what economists mean by overconfidence. 



Other results pertain to forecast accuracy.  We find that participation in the double 

auctions helps subjects to improve forecast accuracy, and that forecasts implicit in market 

prices are more accurate than the average of individual subjects’ forecasts.  Finally, we 

report preliminary evidence that markets comprised of more overconfident subjects may 

be associated with less informative prices.  Forecasts based on prices in these markets 

were less accurate than in markets with fewer overconfident subjects. 
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Figure 1 
Properties of the Brier Score 

The Brier Score is a measure of forecast accuracy, and is calculated using a series of probability estimates for N events. The graph shows the minimum and the 
maximum possible Brier scores for a subject making a series of estimates with a specified probability.  The E(Calibrated) line shows the expected value of the 
Brier score for a calibrated subject, that is a subject whose probability estimate equals the actual probability of the events occurring. 
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Figure 2 
Overconfidence Measures 

The estimate adjustment measure, Δ(AT,IQ), is the difference between the Brier score computed with 
revised after-trade probability estimates and the Brier score computed with probabilities from the initial 
questionnaire.  The hindsight measure, Δ(IQ,2W) is the difference between the Brier score computed with 
probability estimates from the initial questionnaire and Brier score computed with reconstructed probability 
estimates collected two weeks after the markets.  The combined measure, Δ(AT,2W), is equal to the 
hindsight measure plus the estimate adjustment measure. 
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TABLE 1 
Sample Events 

Events from Session C, November 11, 2008. 
 

Event Category 
The probability that the temperature in Birmingham will exceed 16o Centigrade on 
18/11/08. Weather 

The two-week return on purchasing £100 of Vodaphone shares will exceed the 
return on purchasing £100 of shares in Shell. The return is defined as the 
percentage increase in the closing price of the stock from yesterday 10/11/08 to 
24/11/08. 

Finance 

The gross takings for the new James Bond film, Quantum of Solace will exceed 
$300 million worldwide by 24/11/2008. Entertainment 

That the UK National Lottery result, main lotto draw, on Saturday 15th of 
November will be a jackpot rollover (i.e., there is no jackpot winner). Obj. Hard 

That England will beat Germany in the World Cup Friendly football match on 
Wednesday November 19th 2008. Sports 

That the Australian team will win their semi-final of the Rugby league world 
championships to be held between Saturday November 15th, 2008 and Sunday 16th 
November, in Australia. 

Sports 

That tennis player Rafael Nadal will win his Davis cup final singles match. This 
match will be played sometime between November 21st and 23rd, 2008, in Madrid, 
Spain. 

Sports 

That, from among balls numbered between 1 and 49, the number 42 ball will be one 
of the seven balls drawn for the UK National Lottery (main draw) on Saturday 22nd 
November 2008 

Obj. Hard 

That Manchester United will beat Aston Villa in the UK Premier League football 
match, at Villa Park, on Saturday 22nd November, 2008.  Sports 

That the result of rolling a six-sided die twice will result in two ones. Obj. Easy 
The price of GlaxoSmithKline shares will be higher on the 18th of November than 
on the 11th of November, 2008. Finance 

That the film Mamma Mia will be in the top 10 in the UK film chart in the week 
beginning 17th of November.  Entertainment 

That  a female singer (soloist)  will be number 1 in the UK pop chart on November 
24th. Entertainment 

That one draw from a pack of cards is a picture card. Obj. Easy 
That the exchange rate between the British Pound and the US Dollar will fall below 
$1.50/£1 during the period 11th of November to 24th of November. This estimate 
will be based on quotes published in the Financial Times. 

Finance 

 



TABLE 2 
Brier Probability Scores 

IQ Brier scores are calculated using probability estimates from the initial questionnaire.  AT scores use the 
estimates given after the double auction market for assets whose value is based on the corresponding event.  
2W scores use estimates from the follow-up questionnaire, which includes the actual outcome and asks 
subjects to recall or reconstruct their probability estimates from the initial questionnaire. The degree to 
which a subject uses market information to revise his or her forecasts is measured by Δ(AT,IQ), the AT 
Brier score minus the IQ Brier score. Hindsight Bias is measured by Δ(IQ,2W) which is the IQ Brier score 
minus the 2W Brier score. Better forecasting accuracy using the reconstructed probability estimates than 
accuracy using the initial questionnaire estimates will cause the magnitude of Δ(IQ,2W) to be higher. 
Δ(AT,2W) is an analogous measure using the after-trade probability estimates instead of the initial 
questionnaire estimates. 
 
 

Subject IQ  AT 2W   Δ(AT,IQ) Δ(IQ,2W) Δ(AT,2W) 
A1 0.292 0.243 0.175  -0.049 0.117 0.068 
A2 0.246 0.194 0.119  -0.052 0.127 0.075 
A3 0.268 0.278 0.167  0.010 0.101 0.111 
A4 0.247 0.183 0.190  -0.064 0.057 -0.007 
A5 0.213 0.205 0.187  -0.008 0.026 0.018 
A6 0.265 0.277 0.196  0.012 0.069 0.081 
A7 0.209 0.146 0.223  -0.063 -0.014 -0.077 
A8 0.166 0.121 0.149  -0.045 0.017 -0.028 
A9 0.241 0.146 0.158  -0.095 0.083 -0.012 

A10 0.202 0.121 0.112  -0.081 0.090 0.009 
All A 0.235 0.191 0.168  -0.044 0.067 0.024 

B1 0.116 0.185 0.158  0.069 -0.042 0.027 
B2 0.178 0.182 0.142  0.004 0.036 0.040 
B3 0.191 0.190 0.213  -0.001 -0.022 -0.023 
B4 0.261 0.245 0.258  -0.016 0.003 -0.013 
B5 0.205 0.196 0.164  -0.009 0.041 0.032 
B6 0.166 0.253 0.193  0.087 -0.027 0.060 
B7 0.234 0.228 0.209  -0.006 0.025 0.019 
B8 0.296 0.162 0.178  -0.134 0.118 -0.016 
B9 0.207 0.204 0.21  -0.003 -0.003 -0.006 

B10 0.286 0.492 0.305  0.206 -0.019 0.187 
All B 0.214 0.238 0.203  0.020 0.011 0.031 

C1 0.270 0.232 0.246  -0.038 0.024 -0.014 
C2 0.320 0.258 0.260  -0.062 0.060 -0.002 
C3 0.241 0.230 0.167  -0.011 0.074 0.063 
C4 0.370 0.295 0.264  -0.075 0.106 0.031 
C5 0.308 0.298 0.278  -0.010 0.030 0.020 
C6 0.356 0.327 0.293  -0.029 0.063 0.034 
C7 0.208 0.265 0.231  0.057 -0.023 0.034 
C8 0.323 0.232 0.202  -0.091 0.121 0.030 
C9 0.330 0.375 0.298  0.045 0.032 0.077 

C10 0.252 0.363 0.212  0.111 0.040 0.151 
All C 0.298 0.288 0.245  -0.010 0.053 0.042 

D1 0.211 0.221 0.291  0.010 -0.080 -0.070 
D2 0.333 0.292 0.231  -0.041 0.102 0.061 
D3 0.345 0.552 0.266  0.207 0.079 0.286 
D4 0.293 0.253 0.209  -0.040 0.084 0.044 
D5 0.350 0.365 0.286  0.015 0.064 0.079 
D6 0.311 0.240 0.172  -0.071 0.139 0.068 
D7 0.442 0.305 0.346  -0.137 0.096 -0.041 



D8 0.249 0.314 0.218  0.065 0.031 0.096 
D9 0.324 0.277 0.223  -0.047 0.101 0.054 

D10 0.418 0.356 0.229  -0.062 0.189 0.127 
All D 0.328 0.318 0.247  -0.010 0.081 0.070 

E1 0.261 0.199 0.134  -0.062 0.127 0.065 
E2 0.214 0.278 0.152  0.064 0.062 0.126 
E3 0.236 0.238 0.171  0.002 0.065 0.067 
E4 0.225 0.216 0.159  -0.009 0.066 0.057 
E5 0.200 0.221 0.207  0.021 -0.007 0.014 
E6 0.278 0.28 0.173  0.002 0.105 0.107 
E7 0.173 0.204 0.198  0.031 -0.025 0.006 
E8 0.287 0.248 0.350  -0.039 -0.063 -0.102 
E9 0.218 0.314 0.299  0.096 -0.081 0.015 

E10 0.214 0.185 0.197  -0.029 0.017 -0.012 
All E 0.236 0.238 0.204  0.008 0.027 0.034 

F1 0.173 0.178 0.158  0.005 0.015 0.020 
F2 0.298 0.21 0.163  -0.088 0.135 0.047 
F3 0.225 0.166 0.180  -0.059 0.045 -0.014 
F4 0.289 0.357 0.170  0.068 0.119 0.187 
F5 0.265 0.276 0.221  0.011 0.044 0.055 
F6 0.162 0.166 0.154  0.004 0.008 0.012 
F7 0.360 0.198 0.183  -0.162 0.177 0.015 
F8 0.183 0.163 0.207  -0.020 -0.024 -0.044 
F9 0.171 0.185 0.14  0.014 0.031 0.045 

F10 0.192 0.216 0.215  0.024 -0.023 0.001 
All F 0.232 0.212 0.182  -0.020 0.053 0.032 

G1 0.224 0.182 0.196  -0.042 0.028 -0.014 
G2 0.294 0.159 0.152  -0.135 0.142 0.007 
G3 0.310 0.293 0.321  -0.017 -0.011 -0.028 
G4 0.275 0.189 0.211  -0.086 0.064 -0.022 
G5 0.232 0.188 0.161  -0.044 0.071 0.027 
G6 0.161 0.234 0.217  0.073 -0.056 0.017 
G7 0.225 0.193 0.225  -0.032 0.000 -0.032 
G8 0.249 0.152 0.248  -0.097 0.001 -0.096 
G9 0.234 0.185 0.217  -0.049 0.017 -0.032 

G10 0.278 0.250 0.206  -0.028 0.072 0.044 
All G 0.248 0.203 0.215  -0.046 0.033 -0.013 

All 
Sessions 0.255 0.240 0.209  -0.015 0.046 0.032 

 



TABLE 3 
Comparing IQ, AT and 2W Brier Scores 

Paired t and Wilcoxon signed rank hypothesis tests comparing subjects’ IQ, AT and 2W Brier scores.  The 
expected Brier score for a calibrated subject is one sixth, given diffuse priors concerning the true event 
probabilities.   

Panel A: Comparing Brier scores to 1/6th 

 n=70 t Prob Wilcoxon 
SR Prob 

Ho: Subjects’ IQ Brier scores equal 1/6 11.65 <.0001 1208.5 <.0001 

Ha: Subjects’ IQ Brier score are greater than 1/6     

Ho: Subjects’ AT Brier scores equal 1/6 7.95 <.0001 1130.5 <.0001 

Ha: Subjects’ AT Brier score are greater than 1/6     

Ho: Subjects’ 2W Brier scores equal 1/6 6.64 <.0001 932.5 <.0001 

Ha: Subjects’ 2W Brier score are greater than 1/6     

 

Panel B: Comparing IQ, AT and 2W Brier scores 

 n=70 t Prob Wilcoxon 
SR Prob 

Ho: Subjects’ AT Brier scores are equal to their IQ 
Brier scores 1.80 0.04 392.0 0.01 

Ha: Subjects’ AT Brier Score are less than their IQ 
Brier scores     

Ho: Subjects’ 2W Brier scores are equal to their AT 
Brier scores 4.06 <.0001 661.0 <.0001 

Ha: Subjects’ 2W Brier Score are less than their AT 
Brier scores     

Ho: Subjects’ 2W Brier scores are equal to their IQ 
Brier scores 6.44 <.0001 880.5 <.0001 

Ha: Subjects’ 2W Brier Score are less than their IQ 
Brier scores     

 



TABLE 4 
Comparing Market and Individual Forecasts 

IQ Brier scores are calculated for each subject using the initial questionnaire probability estimates.  AT 
scores are calculated using the probability estimates collected immediately after the corresponding double 
auction market.  Average scores are the average Brier scores across subjects in each session.  The Market 
Brier score is calculated using probability estimates derived from the average prices from the double 
auctions. 

Session Average IQ 
Brier Score 

Average AT 
Brier Score 

Market Brier 
Score 

A 0.235 0.191 0.134 

B 0.214 0.238 0.221 

C 0.298 0.288 0.309 

D 0.328 .318 0.245 

E 0.236 0.238 0.209 

F 0.232 0.212 0.197 

G 0.248 0.203 0.175 

 



TABLE 5 
Comparing Market Forecasts to Average Subject Forecasts 

Paired t- tests and Wilcoxon signed-rank tests comparing market Brier scores to the corresponding session 
average subject Brier scores. 

Panel A: Comparing Average IQ and Market Brier scores 

 n=7 t Prob Wilcoxon 
SR Prob 

Ho: The session market Brier scores equal the 
corresponding average IQ Brier scores 2.59 .02 11.0 .04 

Ha: The session market Brier scores are less than the 
corresponding average IQ Brier scores     

 

Panel B: Comparing Average AT and Market Brier scores 

 n=7 t Prob Wilcoxon 
SR Prob 

Ho: The session market Brier scores equal the 
corresponding average AT Brier scores 2.46 .02 11.0 .04 

Ha: The session market Brier scores are less than the 
corresponding average AT Brier scores     

 



TABLE 6 
Correlation Between Overconfidence Measures 

Our three measures of overconfidence are the estimate adjustment measure, Δ(AT,IQ), the hindsight 
measure, Δ(IQ,2W), and the combined measure, Δ(AT,2W).  Each is defined as the difference between the 
corresponding Brier scores.   
 

 n=70 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between the Δ(AT,IQ) and the 
Δ(IQ,2W) equals zero -.49 .0005 -.47 <.0001 

Ha: Correlation between the Δ(IQ,AT) and the 
Δ(IQ,2W) is not equal to zero     

Ho: Correlation between the Δ(IQ,2W) and the 
Δ(AT,2W) equals zero .41 <.0001 .45 <.0001 

Ha: Correlation between the Δ(IQ,2W) and the 
Δ(AT,2W) is not equal to zero     

Ho: Correlation between the Δ(AT,IQ) and the 
Δ(AT,2W) equals zero .59 <.0001 .43 .0002 

Ha: Correlation between the Δ(AT,IQ) and the 
Δ(AT,2W) is not equal to zero     



TABLE 7 
Overconfidence and Forecast Accuracy 

Correlations between the estimate adjustment measure, Δ(AT,IQ), the hindsight measure, Δ(IQ,2W), and 
the combined measure, Δ(AT,2W), and the initial questionnaire probability estimates are calculated and 
tested for statistical significance. 

 

 n=70 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between the IQ Brier Score and the 
Δ(AT,IQ) equals zero -.31 .009 -.40 .0007 

Ha: Correlation between the IQ Brier Score and the 
Δ(AT,IQ) is not equal to zero     

Ho: Correlation between the IQ Brier Score and the 
Δ(IQ,2W) equals zero .64 <.0001 .65 <.0001 

Ha: Correlation between the IQ Brier Score and the 
Δ(IQ,2W) is not equal to zero     

Ho: Correlation between the IQ Brier Score and the 
Δ(AT,2W) equals zero .26 .03 .29 .02 

Ha: Correlation between the IQ Brier Score and the 
Δ(AT,2W) is not equal to zero     



  
TABLE 8 

Overconfidence and Market Brier Scores 
The market Brier score is calculated using probability estimates derived from the average prices from the 
double auctions. The estimate adjustment measure, Δ(AT,IQ), the hindsight measure, Δ(IQ,2W), and the 
combined measure, Δ(AT,2W), are all averages across subjects from the corresponding session. 
 

Session Market Brier 
Score 

Average  
Δ(AT,IQ) 

Average  
Δ(IQ,2W) 

Average  
Δ(AT,2W) 

A 0.134 -0.044 0.067 0.024 

B 0.221 0.020 0.011 0.031 

C 0.309 -0.010 0.053 0.042 

D 0.245 -0.010 0.081 0.070 

E 0.209 0.008 0.027 0.034 

F 0.197 -0.020 0.053 0.032 

G 0.175 -0.046 0.033 -0.013 

 

 
  



TABLE 9 
Correlation between Market Forecasts and Overconfidence 

Hypothesis tests comparing market Brier scores to the average overconfidence measure for each session. 
The market Brier score is calculated using probability estimates derived from the average prices from the 
double auctions. The estimate adjustment measure, Δ(AT,IQ), the hindsight measure, Δ(IQ,2W), and the 
combined measure, Δ(AT,2W), are all averages across subjects in the corresponding session. 
 
 

 n=7 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between the market Brier Score and 
the average of subjects’ Δ(AT,IQ) equals zero .53 .21 .67 .10* 

Ha: 
Correlation between the market Brier Score and 
the average of subjects’ Δ(AT,IQ) is not equal to 

zero 
    

Ho: Correlation between the market Brier Score and 
the average of subjects’ Δ(IQ,2W) equals zero .03 .95 .00 1.00* 

Ha: 
Correlation between the market Brier Score and 

the average of subjects’ Δ(IQ,2W) is not equal to 
zero 

    

Ho: Correlation between the market Brier Score and 
the average of subjects’ Δ(AT,2W) equals zero .56 .19 .82 .02* 

Ha: 
Correlation between the market Brier Score and 

the average of subjects’ Δ(AT,2W) is not equal to 
zero 

    

* The sample size is too small for reliable hypothesis tests with the Spearman Rank ρ



TABLE 10 
Overconfidence and Profits 

Profits are average payouts per period for each subject.  Relative profits are profits as a percentage of the 
total profits for all subjects in the corresponding session. Our three measures of overconfidence are 
Δ(AT,IQ), Δ(IQ,2W) and Δ(AT,2W).  Each is defined as the difference between the corresponding Brier 
scores.   
 

Subject Δ(AT,IQ) Δ(IQ,2W) Δ(AT,2W) Profit Relative 
Profit 

A1 -0.049 0.117 0.068 544 9.71% 
A2 -0.052 0.127 0.075 594 10.61% 
A3 0.010 0.101 0.111 553 9.87% 
A4 -0.064 0.057 -0.007 504 9.00% 
A5 -0.008 0.026 0.018 550 9.82% 
A6 0.012 0.069 0.081 558 9.96% 
A7 -0.063 -0.014 -0.077 555 9.91% 
A8 -0.045 0.017 -0.028 595 10.62% 
A9 -0.095 0.083 -0.012 551 9.84% 

A10 -0.081 0.090 0.009 597 10.66% 
All A -0.044 0.067 0.024 560 10% 

B1 0.069 -0.042 0.027 650 10.83% 
B2 0.004 0.036 0.040 798 13.30% 
B3 -0.001 -0.022 -0.023 570 9.50% 
B4 -0.016 0.003 -0.013 493 8.22% 
B5 -0.009 0.041 0.032 562 9.37% 
B6 0.087 -0.027 0.060 585 9.75% 
B7 -0.006 0.025 0.019 572 9.53% 
B8 -0.134 0.118 -0.016 725 12.08% 
B9 -0.003 -0.003 -0.006 514 8.57% 

B10 0.206 -0.019 0.187 531 8.85% 
All B 0.020 0.011 0.031 600 10% 

C1 -0.038 0.024 -0.014 729 10.13% 
C2 -0.062 0.060 -0.002 730 10.14% 
C3 -0.011 0.074 0.063 720 10.00% 
C4 -0.075 0.106 0.031 721 10.02% 
C5 -0.010 0.030 0.020 652 9.06% 
C6 -0.029 0.063 0.034 722 10.03% 
C7 0.057 -0.023 0.034 751 10.43% 
C8 -0.091 0.121 0.030 958 13.31% 
C9 0.045 0.032 0.077 616 8.56% 

C10 0.111 0.040 0.151 600 8.33% 
All C -0.010 0.053 0.042 720 10% 

D1 0.010 -0.080 -0.070 761 10.57% 
D2 -0.041 0.102 0.061 713 9.90% 
D3 0.207 0.079 0.286 768 10.67% 
D4 -0.040 0.084 0.044 682 9.47% 
D5 0.015 0.064 0.079 670 9.31% 
D6 -0.071 0.139 0.068 752 10.44% 
D7 -0.137 0.096 -0.041 760 10.56% 
D8 0.065 0.031 0.096 707 9.82% 
D9 -0.047 0.101 0.054 693 9.63% 

D10 -0.062 0.189 0.127 694 9.64% 
All D -0.010 0.081 0.070 720 10% 

E1 -0.062 0.127 0.065 677  9.95% 
E2 0.064 0.062 0.126 703  10.34% 



E3 0.002 0.065 0.067 699  10.28% 
E4 -0.009 0.066 0.057 671  9.86% 
E5 0.021 -0.007 0.014 672  9.88% 
E6 0.002 0.105 0.107 646  9.50% 
E7 0.031 -0.025 0.006 694  10.20% 
E8 -0.039 -0.063 -0.102 662  9.73% 
E9 0.096 -0.081 0.015 654  9.61% 

E10 -0.029 0.017 -0.012 724  10.64% 
All E 0.008 0.027 0.034 680 10% 

F1 0.005 0.015 0.020 596  9.93% 
F2 -0.088 0.135 0.047 604  10.07% 
F3 -0.059 0.045 -0.014 602  10.04% 
F4 0.068 0.119 0.187 583  9.72% 
F5 0.011 0.044 0.055 559  9.32% 
F6 0.004 0.008 0.012 602  10.04% 
F7 -0.162 0.177 0.015 593  9.88% 
F8 -0.020 -0.024 -0.044 595  9.92% 
F9 0.014 0.031 0.045 642  10.70% 

F10 0.024 -0.023 0.001 623  10.39% 
All F -0.020 0.053 0.032 600 10% 

G1 -0.042 0.028 -0.014 633  9.89% 
G2 -0.135 0.142 0.007 703  10.98% 
G3 -0.017 -0.011 -0.028 618  9.66% 
G4 -0.086 0.064 -0.022 628  9.81% 
G5 -0.044 0.071 0.027 653  10.20% 
G6 0.073 -0.056 0.017 575  8.98% 
G7 -0.032 0.000 -0.032 664  10.38% 
G8 -0.097 0.001 -0.096 669  10.45% 
G9 -0.049 0.017 -0.032 638  9.97% 

G10 -0.028 0.072 0.044 619  9.67% 
All G -0.046 0.033 -0.013 640 10% 

All 
Sessions -0.015 0.046 0.032 646 10% 

 
  



TABLE 11 
Hypothesis Tests Relating Overconfidence and Profits 

Hypothesis tests on the correlation between profits and the estimate adjustment measure, Δ(AT,IQ), the 
hindsight measure, Δ(IQ,2W), and the combined measure, Δ(AT,2W). 
 
Panel A:  Profits and Δ(AT,IQ) 

 n=70 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between subjects’ profits and the 
Δ(AT,IQ) equals zero -0.12 .30 -0.12 .34 

Ha: Correlation between subjects’ profits and the 
Δ(AT,IQ) is not equal to zero     

Ho: Correlation between subjects’ relative profits and 
the Δ(AT,IQ) equals zero -0.28 .02 -0.27 .03 

Ha: Correlation between subjects’ relative profits and 
the Δ(AT,IQ) is not equal to zero     

 
 
Panel B:  Profits and Δ(IQ,2W) 

 n=70 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between subjects’ profits and the 
Δ(IQ,2W) equals zero 0.19 .12 0.18 .12 

Ha: Correlation between subjects’ profits and the 
Δ(IQ,2W) is not equal to zero     

Ho: Correlation between subjects’ relative profits and 
the Δ(IQ,2W) equals zero 0.19 .11 0.14 .26 

Ha: Correlation between subjects’ relative profits and 
the Δ(IQ,2W) is not equal to zero     

 
 
Panel C:  Profits and Δ(AT,2W) 

 n=70 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between subjects’ profits and the 
Δ(AT,2W) equals zero 0.04 .72 0.03 .78 

Ha: Correlation between subjects’ profits and the 
Δ(AT,2W) is not equal to zero     

Ho: Correlation between subjects’ relative profits and 
the Δ(AT,2W) equals zero -0.12 .31 -0.19 .11 

Ha: Correlation between subjects’ relative profits and 
the Δ(AT,2W) is not equal to zero     



TABLE 12 
Measures of Trading Activity 

T is the average number of transactions per market.  Relative Transactions is calculated as follows.  For 
each market period, the number of transaction for each subject is divided by the total transactions made by 
all subject in the market period.  The result is then averaged over the 15 market periods.  Exposure (Exp) is 
defined as the absolute difference between wealth if the event occurs and wealth if it doesn’t occur. The 
subject’s number of roundtrips is the minimum of the number of purchases or sales by the subject in the 
corresponding market.  All measures are averaged over the 15 markets in the subjects’ respective session. 
 
 

Subject T Relative 
Transactions Exposure Roundtrips 

A1 3.27 0.077 593 0.53 
A2 4.40 0.100 600 0.40 
A3 4.93 0.110 667 1.53 
A4 5.00 0.121 647 0.60 
A5 3.40 0.074 527 0.40 
A6 3.53 0.078 487 1.00 
A7 5.53 0.117 660 0.27 
A8 3.73 0.089 413 0.27 
A9 5.60 0.109 960 0.80 

A10 5.13 0.126 540 0.60 
All A 4.45 0.100 609 0.64 

B1 5.33 0.090 547 0.40 
B2 9.93 0.168 1113 0.73 
B3 15.60 0.256 1107 4.00 
B4 4.00 0.065 440 0.07 
B5 6.47 0.108 687 0.87 
B6 2.80 0.044 587 1.07 
B7 3.13 0.051 300 0.07 
B8 3.53 0.056 673 0.47 
B9 4.47 0.071 193 0.07 

B10 5.40 0.086 673 1.40 
All B 6.07 0.100 632 0.92 

C1 3.20 0.066 560 0.60 
C2 2.53 0.052 640 0.80 
C3 2.07 0.041 660 0.13 
C4 8.13 0.155 960 1.13 
C5 5.07 0.095 440 1.00 
C6 2.00 0.045 613 0.47 
C7 4.80 0.094 453 0.27 
C8 5.47 0.101 853 0.40 
C9 10.40 0.221 320 2.80 

C10 7.00 0.131 780 1.20 
All C 6.07 0.100 628 0.88 

D1 1.27 0.023 607 0.07 
D2 5.07 0.098 680 1.40 
D3 11.53 0.201 1140 2.40 
D4 6.20 0.117 433 1.93 
D5 2.87 0.055 593 0.20 
D6 7.40 0.138 340 2.13 
D7 5.47 0.103 627 0.73 
D8 7.00 0.135 473 2.13 
D9 2.40 0.045 640 0.00 

D10 4.40 0.085 520 1.00 



All D 5.36 0.100 605 1.20 
E1 5.60 0.132 527  1.13 
E2 4.87 0.121 500  0.73 
E3 3.27 0.082 513  0.67 
E4 3.00 0.074 500  0.33 
E5 4.00 0.095 547  1.07 
E6 3.73 0.094 653  1.07 
E7 4.20 0.096 793  0.47 
E8 3.07 0.076 787  0.33 
E9 5.67 0.134 653  1.07 

E10 3.87 0.096 533  0.27 
All E 4.13 0.100 601  0.71 

F1 5.40 0.098 553  0.73 
F2 6.07 0.109 527  1.47 
F3 3.00 0.053 380  0.00 
F4 2.40 0.044 507  0.47 
F5 3.07 0.058 587  0.73 
F6 2.40 0.049 560  0.67 
F7 2.87 0.053 393  0.00 
F8 16.20 0.272 900  5.07 
F9 4.87 0.084 767  0.87 

F10 10.53 0.181 1267  0.47 
All F 5.68 0.100 644  1.05 

G1 5.13 0.090 887  0.40 
G2 6.20 0.108 647  1.53 
G3 2.60 0.044 487  0.20 
G4 7.33 0.126 533  3.06 
G5 5.60 0.092 867  0.33 
G6 9.47 0.166 333  3.00 
G7 6.13 0.108 400  0.67 
G8 3.33 0.058 560  0.00 
G9 4.33 0.076 453  0.53 

G10 7.53 0.132 860  2.00 
All G 5.77 0.100 603 1.17 

All 
Sessions 5.22 0.100 617 0.94 

 
  



TABLE 13 
Hypothesis Tests Relating Overconfidence and Trading Activity 

T is the average number of transactions per market.  Rel T is the relative number of transactions. Exposure 
(Exp) is defined as the absolute difference between wealth if the event occurs and wealth if it doesn’t occur. 
RT is the number of roundtrips, which is the minimum of the subjects buy and sell transactions for the 
market. Δ(AT,IQ) is the AT Brier score minus the IQ Brier score, Δ(IQ,2W) is the IQ Brier score minus the 
2W Brier score, and Δ(AT,2W) is the AT Brier score minus the 2W Brier score. 
 
Panel A:  Trading Activity and Δ(AT,IQ) 

 n=70 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between subjects’ transcations and the 
Δ(AT,IQ) equals zero -0.08 .51 -0.04 .75 

Ha: Correlation between subjects’ transactions and the 
Δ(AT,IQ) is not equal to zero     

Ho: Correlation between subjects’ relative transactions 
and the Δ(AT,IQ) equals zero -0.11 .37 -0.09 .44 

Ha: Correlation between subjects’ relative transactions 
and the Δ(AT,IQ) is not equal to zero     

Ho: Correlation between subjects’ exposure and the 
Δ(AT,IQ) equals zero -0.07 .54 0.02 .84 

Ha: Correlation between subjects’ exposure and the 
Δ(AT,IQ) is not equal to zero     

Ho: Correlation between subjects’ roundtrips and the 
Δ(AT,IQ) equals zero -0.17 .16 -0.34 .004 

Ha: Correlation between subjects’ roundtrips and the 
Δ(AT,IQ) is not equal to zero     

 
 
Panel B:  Trading Activity and Δ(IQ,2W) 

 n=70 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between subjects’ transcations and the 
Δ(IQ,2W) equals zero -0.12 .31 0.01 .94 

Ha: Correlation between subjects’ transactions and the 
Δ(IQ,2W) is not equal to zero     

Ho: Correlation between subjects’ relative transactions 
and the Δ(IQ,2W) equals zero -0.09 .46 0.05 .69 

Ha: Correlation between subjects’ relative transactions 
and the Δ(IQ,2W) is not equal to zero     

Ho: Correlation between subjects’ exposure and the 
Δ(IQ,2W) equals zero -0.04 .76 0.02 .84 

Ha: Correlation between subjects’ exposure and the 
Δ(IQ,2W) is not equal to zero     

Ho: Correlation between subjects’ roundtrips and the 
Δ(IQ,2W) equals zero -0.04 .76 0.15 .20 

Ha: Correlation between subjects’ roundtrips and the 
Δ(IQ,2W) is not equal to zero     

 



 
Panel C:  Trading Activity and Δ(AT,2W) 

 n=70 ρ Prob Spearman 
Rank ρ Prob 

Ho: Correlation between subjects’ transcations and the 
Δ(AT,2W) equals zero 0.08 .51 0.04 .75 

Ha: Correlation between subjects’ transactions and the 
Δ(AT,2W) is not equal to zero     

Ho: Correlation between subjects’ relative transactions 
and the Δ(AT,2W) equals zero 0.11 .37 0.09 .44 

Ha: Correlation between subjects’ relative transactions 
and the Δ(AT,2W) is not equal to zero     

Ho: Correlation between subjects’ exposure and the 
Δ(AT,2W) equals zero 0.07 .54 -0.02 .84 

Ha: Correlation between subjects’ exposure and the 
Δ(AT,2W) is not equal to zero     

Ho: Correlation between subjects’ roundtrips and the 
Δ(AT,2W) equals zero 0.17 .16 0.34 .0036 

Ha: Correlation between subjects’ roundtrips and the 
Δ(AT,2W) is not equal to zero     

  



 TABLE 14 
Overconfidence and Gender 

Pooled t tests to compare overconfidence across gender. Overconfidence measures are the estimate 
adjustment measure, Δ(AT,IQ), the hindsight measure, Δ(IQ,2W), and the combined measure, Δ(AT,2W). 

 

 n=26 male, 44 female 
t 

equal 
variance 

Prob 
t 

unequal 
variances 

Prob 

Ho: Δ(AT,IQ) for male subjects equals Δ(AT,IQ) for 
female subjects 0.59 .28 0.54 .30 

Ha: Δ(AT,IQ) for male subjects is greater than 
Δ(AT,IQ) for female subjects     

Ho: Δ(IQ,2W) for male subjects equals Δ(IQ,2W) for 
female subjects 1.05 .15 1.04 .15 

Ha: Δ(IQ,2W) for male subjects is greater than 
Δ(IQ,2W) for female subjects     

Ho: Δ(AT,2W) for male subjects equals Δ(AT,2W) 
for female subjects 0.35 .36 0.34 .37 

Ha: Δ(AT,2W) for male subjects is greater than 
Δ(AT,2W) for female subjects     

 


