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Abstract

Belief elicitation methods based on proper scoring rules such as the quadratic scoring rule provide the
experimenter with little opportunity to control the incentives for optimal reporting behavior by experimental subjects.
Since subjects are typically risk averse, distortions in belief reports should be expected from any kind of proper scoring
rule. But how likely and how large are these distortions in practice? Can one correct for such distortions? And what
impact will corrections have on the incentives for optimal behavior? We approach these questions theoretically and
empirically.

Our theoretical model shows how the widely used quadratic scoring rule can be generalized and represented as
a contingent wealth opportunity set described by the indirect utility function of a CRRA agent in a competitive
contingent claims market. This representation has a naturally-occurring form, much like the markets that sports betting
agencies have developed. Optimal reporting behavior is logically equivalent to optimal pricing behavior against
compensated demand functions of a consumer whose certainty equivalent, in a dual perspective, has the form of a CES
utility function. The parameters of this utility function are the risk attitude (elasticity of substitution), distributional
weights, and endowment location in the space of available experimental funds. Critically, these parameters are all under
the control of the experimenter. We provide graphical examples to show how variations in the CRRA/CES patameters
of this constraint impact on the incentives for optimal reporting of beliefs by subjects. The class of incentive functions
we develop provide significantly stronger penalties for sub-optimal belief reporting behavior than the conventional
quadratic scoring rule.

The theory also suggests that belief reporting in the lab be framed for the subject as a pricing problem. Besides
having strong conceptual and analytical foundations in De Finetti/Savage type Bayesian statistics where probabilities are
viewed as prices, the idea of having a subject set odds or prices in a contingent claims market may help to overcome well
known difficulties subjects face in understanding the language of frequency and probability. Their odds-setting or pricing
behavior will reveal their beliefs even without them explicitly articulating their beliefs as probability distributions. We
provide experimental evidence evaluating the performance of this new approach to belief elicitation.
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Subjective beliefs play a role in many economic decisions. In individual choice settings, any
time the agent faces a lottery there is a role for subjective probabilities. Even when the probabilities
are “given” to the subject and the states of nature are objectively generated, the subject might
employ some psychological process to edit that information. Or the lottery might directly entail
probabilities that are subjective, such as health states or enjoyment of the characteristics of
consumer goods. In game theory settings with multiple agents, virtually all solution concepts hinge
on assumptions about consistency of beliefs.

It has been known for some time, at least since Good [1952; p.112] and Savage [1971], that
subjective probabilities can be elicited from individuals in a manner that offers incentives for
truthful revelation. Thus it is possible to turn an important unobservable determinant of behavior
into an observable.

Unfortunately, the standard implementations of these methods for eliciting beliefs of
individuals suffer from some serious design defects. The most important defect is that rewards for
truthful reporting are dismal. This does not mean that the reports themselves are poor, but it does
mean that it is hard to maintain the illusion that they have been elicited in a controlled manner. A
second defect is that many implementations of these elicitation methods do not control for the joint
unobservable of risk When the subject is not risk neutral, elicited beliefs will provide a
distorted estimate of true beliefs unless one undertakes calibrations for the non-linear utility function

of the subject. A third defect is that the incentives for truthful reporting are hard to explain to

subjects, anc\ use “proper scoring rules” that can appear like black boxes to some subjects. \

We provide a theoretical and practical framework for eliciting beliefs from individuals which
addresses all of these concerns to varying degrees. Our focus is directly on the elicitation of beliefs

in a laboratory setting, although our framework has broader implications and clear field
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counterparts. We develop an elicitation procedure which deliberately mimics the manner in which
belief elicitation is framed in the field of sports betting.! Quite apart from the fact that such frames
have obviously survived some market test of acceptance, they allow us to explain the task to subjects
in a natural manner. In addition, they provide surprising insights into the proper interpretation of
“market beliefs” that are elicited in markets. We show that there are some important subtleties when
drawing inferences from betting markets.

In section 1 we explain the basic elicitation procedure and some variants. Our basic
procedure has a striking familiarity with “multiple price list” procedures for the elicitation of risk
attitudes (Holt and Laury [2002]), discount rates (Harrison, Lau and Williams [2002]) and valuations
for goods (Andersen et el. [2006]). In section 2 we provide a more formal theoretical framework to
understand the procedure, which also helps see how traditional scoring rules fit in as special cases. In
section 3 we propose an experimental design to examine the behavioral properties of the procedure.

In section 4 we present the results of some initial laboratory experiments testing the procedure.

1. An Elicitation Procedure
Assume that the subject is risk neutral and is asked to state their belief that event A will
occur instead of event B, where A and B are mutually exclusive. Let the subject be told that there are
nine bookies willing to take a bet at stated odds. Table 1 shows the probabilities of each outcome
and the associated odds. The odds are stated in columns 3 and 4 in the for that they are naturally
stated in the field: what is the amount that the subject would get for a §1 bet if the indicated event

occurred? In columns 1 and 2 the same odds are represented in terms of the implied probability of

! Similar exercises have been undertaken in the area of betting markets: see Plott, Wit and Yang
[2003], for example.
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the event. Thus the odds of A occurring are simply the reciprocal of the probability of A, so a
probability of 0.1 implies an odds of $10 so that a §1 bet would return a gross payout of $10 and a
net payout of §9. Some peopld probabilities easier to understand, and some people
(everyone else) seems to find odds easier to understand, so we provide both.

We discuss an important difference between our approach and the field counterparts below:
we only state “competitive odds” in which the betting house “take” is zero. Allowing for the

take requires some simple arithmetic adjustments, which we discuss later.

The subject is Fsked to state their probability that A will occur/and then decide how they

want to bet for each of the nine bookies. For each bookie they need to decide what fraction of a $1
stake they would like to bet, and then whether they want to bet on A or B. Using this information,

the interface provides the subject with their expected income. This information is designed to show

the subject|the consequences of their choice/ so that we are not jointly eliciting beliefs and testing

cognitive prowess at such calculations.

Consider a subject that has\revealed that they have'a personal belief that A will occur with

probability %4. Assume for the moment that the subject has to place a bet with each bookie, as
shown in panel A of Table 1. This assumption is reflected in the fraction to bet being set to 1 in
each row. Such a subject would bet on A for every bookie offering odds that corresponded to a
lower probability of A winning than %4, and then switch over to bet on B for every bookie offering
odds that corresponded to a higher probability of A winning than %4. These bets are shown in panel
A, and imply net earnings of $§9 or -§1 with the first bookie, $4.00 or -§1 with the second bookie,
and so on. The expected earnings from each bookie can then be calculated using the subjective
belief of % that the subject stated. Hence the expected earnings from the first bookie are (%4 X $9) +

(V4 X -§1) = $6.50, and so on for the other bookies. Expected earnings for some bookies are less
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than $1, a fact which we return to in a moment. Overall expected income is given by expected
income from bets laid with the bookies plus any stake not bet. Since all of the stake is assumed to be
bet in this case, total earnings are expected to be $14.20.

In panel B we relax the assumption that the subject has to place a bet with every bookie.
Since expected earnings for some bets are shown to be less than §1 in panel A, when given the
chance the subject would prefer to retain the $1 stake in those cases and not bet at all. The result is
the behavior and outcome shown in panel B, with expected income from betting being $15.25,
income from stake that was retained being $5.00, for overall expected earnings of §17.25. The risk
neutral subject is clearly better off not betting when allowed that option, and it is apparent that the
same would be true of any risk averse agent.

The absence of betting in panel B is worth pausing overiIn our elicitation mechanism we are

still able to recover the true belief of the subject, since that was needed to identify which bookies

were worth betting with. But if we simply observed the bets of the subject, what would be infer? We
could infer that the subject believed that A would occur with probability greater than 0.4 and less
than 0.9, which is not particularly informative.” It is not a wrong inference, since the true belief is ¥4
by assumption, but it is not very precise. Moreover, the sample selection that occurs as one moves
from panel A to panel B is suggestive of the difficulty of making inferences about true beliefs from
market odds based solely on realized bets, since this subject would not have had any impact on the
market within this wide range.

An additional point about the implication of allowing for the absence of betting concerns the

temporal difference between the investment in the bet (today) and the expected payoff (tomorrow).

? One could imagine a longer list of bookies, arrayed in finer increments of odds, but this would not
provide significant improvement on the possible inferences from the observed bets alone.
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When subjects place a bet today they give up the stake: virtually every betting house’ requires that
bets be covered immediately with transfers of funds. But the payout is defined in terms of future
dollars. So any bettor must discount the future payouts, conditional on outcome, to compare with
the current outlay. This implies that individual discount rates must play a role in inferring individual

beliefs from naturally occurring betss

What happens if the subject is not risk neutral? TO BE DONE. CRANK OUT SOME

MPIRICS FOR SPECIFIC UTILITY FUNCTIONS, THEN DISCUSS THE GENERAL CASE

As noted above, we simplify by stating competitive odds for the subject, such that each

house has a zero take if there are equal numbers of bettors on each side of the market. To see the
parallel to field betting odds, it is worthwhile translating field odds that include a house take into
implicit beliefs. Essentially, one has to define the exhaustive set of events, calculate the implied
house probability of all events, and normalize the probabilities by that sum. Consider the odds
quoted in May 2006 by one betting house, William Hill, for the winner of Group B of the 2006
World Cap. These were England at 1.57, Sweden at 3.00, Paraguay at 8.00 and poor old Trinidad &
Tobago at 34.00. The reciprocal of these odds on wagers of 1 unit are 0.64, 0.33, 0.13 and 0.03,
which sums to 1.125. So the house take here is 12.5%: if it ended up with a “balanced book” in
which equal dollar wagers were placed on each outcome, it would earn $1.125 for every $1 bet with

no risk. We can take the house take away, and re-normalize the implied probabilities of each outcome

> We exclude those houses interested in making exorbitantly priced loans and/or backed by the
Malfia, as any fan of The Sopranos can testify.

* In betting markets one might simply assume that these factors, risk attitudes and discount rates,
cancel out on both sides of the market. We have no sense of the veracity of this casual assumption. A lively
debate on these issues was initiated by Manski [2006], who formally challenged the claim that equilibrium
prices in prediction markets necessarily reflected the average belief of traders. Responses from Gijerstad [2005]
and Wolfers and Zitzewitz [2005] suggest that the two may be relatively close for plausible environments.
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to be 0.57 (= 0.64 +~ 1.125), 0.30, 0.11 and 0.03. This adjustment does not much help the chances of
the hapless Trinidad & Tobago team, but it does make a noticeable change for the England and

Sweden outcomes. With this adjustment, our experimental approach reflects practice in the field.

2. A Formal Model of Belief Elicitation as a Betting Game
This elicitation framework can be formally viewed from the perspective of a trading game
between two agents. This framework provides several insights. First, traditional scoring rules can be
interpreted consistently with field counterparts, and our laboratory implementation of those field

procedures. Second, the role of risk aversion can be identified systematically) MORE TO GO

HERE - JOHN?

3. Experimental Design
Our overall design is to embed the belief elicitation procedure in tasks that allow us to
identify some characteristics of the choice behavior of the subject, to be trained in the use of the
elicitation procedure, to apply the procedure to some naturally occurring event, and finally to use a

control procedure popular in the literature.’

A. Characterizing Attitudes to Risk
The first series of tasks are designed to tell us if the subject is better characterized as
following expected utility theory or prospect theory, and then to identify the specific attitudes to risk

or losses that the subject has. This will be useful when we evaluate performance in the elicitation

> Our experiments vary the order of tasks, to control for any procedural sequencing effects on
behavior.
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task, as explained later. For this

purpose we use a series of binary

choice tasks patterned after Hey

and Orme [1992], but with the

“mixed frame” implementation

of Harrison and Rutstrom [2005].

Each lottery consisted of 2 or more monetary prizes ranging from $8 down to -§7, with varying
probabilities. Each subject received an endowment at the start of the task to cover any losses. There
were 60 choices, and three were to be chosen at random for payment, so the endowment was $24.
Hence, if the subject ended up losing $7 three times, net earnings from these choices would be $3.
Some lotteries consisted of non-negative prizes, some of non-positive prizes, but most had a
mixture of positive and negative prizes. The screen shot displayed here illustrates a typical choice
task. An appendix shows the instructions provided to subjects, who also had a practice session of 6
hypothetical choices.

These choices allow one to estimate a parametric model of behavior that allows expected
utility theory (EUT) or prospect theory (PT) to explain behavior. Conditional on the choices being
generated by EUT we estimate a coefficient of relative risk aversion. Conditional on the choices
being generated by PT we estimate risk aversion coefficients for gains and losses, a loss aversion
coefficient, and a coefficient reflecting the extent of probability weighting. We also consider a
mixture model in which any observation may be generated by EUT or PT, and estimate the fraction
of choices consistent with each. This allows us to classify subjects by the strength to which we can

characterize their choices as EUT or PT.



USAversus Horocco in Viforld Cup soccer wami-up Game is on Hay 23, 2006
USAwins Payments made Hay 24, 2006
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USA Does Not Vin 0.9 0 07 06 05 04 03 02 01 | Probability by house

Net winnings if USA Wins

Net winnings if USA Does
Hot Vin

Bets in US dollars

B. Belief Elicitation With Odds

The second task is the elicitation task trainer. We use a simple event that can be resolved in
the laboratory to train subjects on the procedure. The instructions are presented in written form, and
read out aloud (they are provided in full in an appendix). Rewards for the trainer are hypothetical,
but our experience is that a hands-on trainer provides more information than written instructions in
many experiments.

The third task is the elicitation task of interest. We use a naturally occurring event as the
object of the elicitation, such as a football game. This event was one that was to be resolved in the
future, as explained below.

The basic task is illustrated in the screen shot shown above, which is the example used in the

instructions given to subjects. The event is a warm-up soccer match for the 2006 World Cup
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between the United States and Morocco. The bet is defined in terms of the USA winning or not
winning, so a draw would be the USA not winning,.

There are 9 betting houses offering different odds that the USA would win. Prior to this
interface the subject is provided information on 3 betting houses that offer odds on events ranging
from the winner of the U.S. Presidential race in 2008, the winner of the American 1do/ television show
in 20006, an Australian Rules football match, and the USA ». Morocco soccer match. The laboratory
interface was patterned after the field interface used by the New Zealand Totalisater Agency Board
(NZ TAB) shown above, so that the subjects would realize that there are numerous field referents to
the interface we were providing. The use of 4 field bets from 3 betting houses also served to show

the subjects that the available

To reinforce the fact that different betting houses in the field might offer different odds for

e same outcome, we also provided subjects with a screen shot from a web site that simply collects
these. This display is shown on the next page, and used the winner of the 2006 U.S. National
Basketball Association championship as the exemplar. Odds for the top 3 teams are displayed from

14 actiye betting houses, and the range of odds for the same team pointed out to subjects.

Our instructions are deliberate in using these graphics to provide subjects with field referents

to the nature of the task, without of course providing information on prevailing market odds for any
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of the bets that were to be used to reward subjects. Harrison and List [2004] argue that there are
many features of field experiments compared to conventional lab experiments, and that the use of
tield referents in instructions is one component, among many, that might encourage subject

behavior in an experiment that is closer to naturally-occurring behavior.

Returning to our lab interface, the subject is given a $10 stake with which to bet in each
betting house. The $10 from one house is not transferable to other houses, and one of the bets will
be selected to be actually played out (selected using a die that the subject throws). In the default
design we “force fed” the subjects by requiring that they place a bet with each house, and did not
allow them to change the $10 stakes: all the subject can do is decide if they want to bet on event A
or event B in each house. The interface updated the display showing net winnings conditional on
each event occurring. The alternative “free range” design also allows the subject to vary the stake

that is bet in each house, from $0 up to $10 in $1 increments.
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2006 \World Cup in soccer
Bradl Vins

Final game is on July 9, 2006
Payments made July 10, 2006

Stake you have to bet with
BET AHOUNT IN US § [ 10 = Submit Bets
:  $10 85 333 $25 7 167 143 C $125 © §1.41  Oddsbyhouse
EleED Ui 01 02 03 04 05 056 07 03 09  Probability by house
; CHn © $1.25 “ $143 * $1.67 “ 2 © 425 * $3.33 “ §5 @ $10  Ddds by house
Brail Does Not Win 19 0s 07 06 05 04 03 12 01 |Probability by house
Net winnings if Brazil Vfins 90 0 BT 0 BT 0 BT KT 0
Net winnings if Brazil Does A0 25 429 6.67 10 15 nn 10 %0
Hot ¥in
Stake you chose not to bet 0 0 0 0 0 0 0 0 0
Expected Bet Viinnings 10 ] 143 33 6 0 16.66 a0 70
Total Expected Eamings 10 0 143 33 6 10 16.66 30 70

Bets in US dollars

The other major treatment was to initiate the information display at the optimal response for

a risk-neutral bettor with a stated subject probability belief,/In this version the subject was initially

asked to provide a belief that event A would occur. This was accomplished by providing a slider,
illustrated here, that the subject could move between 0% and 100%. A numerical display identified

the exact percentages implied. Once the subject had

HOW LIKELY DO YOU THINK IT 18 THAT
entered this information, and confirmed it, the betting A. Brazil wins the 2008 Warld Cup in seccer

B. Brazil does not win the 2008 World Cup in soccer

sheet came up. This sheet is the same as the one displayed

eatlier, except that the bets are already filled in and there PREE . T

Brazil Does Mot Wwin ' ' . . . ! . . .)

is a display at the bottom of the expected bet winnings

and total expected earnings. These expectations reflect
20% percent chance that Brazil Wins

the belief that the subject had entered immediately prior, 80% percent chance that Brazil Does Not Win
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which is a 20% chance of Brazil winning. Consider the first bet, in which the subject wins $90 if
Brazil wins and loses the $10 wager if Brazil does not win. The expected winnings are then $18 (=
$90 X 0.2) minus $8 (= -$10 X 0.8), or $10 as shown. If the subject had entered a different belief,
the initial bets and numeric display of expected winnings would have changed. The subject can
change any bet, and the interface shows the effect on total expected earnings.

We stress, and this is explained carefully to the subject, that these initial bets are optimal only
if the subject is neutral with respect to risk. We actually explain that if the subject is extremely averse
to any risks, the best thing they could do is to not bet at all and just collect $10 at some future date.
Or, if the subject is forced to bet, to bet as if they thought that Brazil would win with a 50% chance.

NEED TO THINK ABOUT THESE INSTRUCTIONS A BIT. We also point out that if they are

not so risk averse, doing either of these things would reduce their expected earnings.

The actual elicitation tasks involved a hypothetical trainer, one fact which could be resolved
during the session, and three natural events occurring in the future. The hypothetical trainer was
whether Mercury was the closest planet to the sun. This question was chosen since there is some
survey evidence that U.S. college seniors do not universally know that this is true, and it can be
verified with no time delay. Thus subjects could see the effect of their choices when compared to an
actual outcome. The fact used for real rewards was either (i) whether Spanish was the main language
of Brazil, or (ii) whether Lisbon was the capital of Spain. We varied these in two sessions to avoid
subjects in one session communicating the (revealed) fact to subjects in the next session.® The
natural events used for real rewards were (i) whether Brazil would win the 2006 World Cup outright,

(if) whether Donald Rumsfeld would resign by the end of 2006, and (iii) whether Tiger Woods

% This possibility was extremely unlikely. Our lab is structured to allow incoming subjects to be kept
separate from outgoing subjects, and the sessions were literally run after the other with no spare time in
between.
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would win the 2006 U.S. Golf Championship. The outcome of the two sporting events were to be

known in late June and early July, and subjects were to be paid mid-July. The political event was to

be known by the end of 2006, and subjects were to be paid at the beginning of 2007.

3. Results

4. Conclusions
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Assume subject has a

Table 1: Betting Choices Facing Subject

true belief tha] A will occur with probability %.

Probabilities Odds Earnings (given odds, choices and subjective belief)
Fraction
A B A B Stake toBet Beton A BetonB A wins B wins  Expected from bets Not Bet Total
A. Subject is Required to Bet
0.1 0.9 $10.00  $1.11 $1.00 1.00 1 0 $9.00 $-1.00 $6.50
0.2 0.8 $5.00 $1.25 $1.00 1.00 1 0 $4.00 $-1.00 $2.75
0.3 0.7 $3.33 $1.43 $1.00 1.00 1 0 $2.33 $-1.00 $1.50
0.4 0.6 $2.50 $1.67 $1.00 1.00 1 0 $1.50 $-1.00 $0.88
0.5 0.5 $2.00 $2.00 $1.00 1.00 1 0 $1.00 $-1.00 $0.50
0.6 0.4 $1.67 $2.50 $1.00 1.00 1 0 $0.67 $-1.00 $0.25
0.7 0.3 $1.43 $3.33 $1.00 1.00 1 0 $0.43 $-1.00 $0.07
0.8 0.2 $1.25 $5.00 $1.00 1.00 0 1 $-1.00 $4.00 $0.25
0.9 0.1 $1.11  $10.00  $1.00 1.00 0 1 $-1.00 $9.00 $1.50
$14.20
B. Subject Chooses Whether to Bet

0.1 0.9 $10.00  $1.11 $1.00 1.00 1 0 $9.00 $-1.00 $6.50
0.2 0.8 $5.00 $1.25 $1.00 1.00 1 0 $4.00 $-1.00 $2.75
0.3 0.7 $3.33 $1.43 $1.00 1.00 1 0 $2.33 $-1.00 $1.50
0.4 0.6 $2.50 $1.67 $1.00 0.00 $0.00 $0.00 $1.00
0.5 0.5 $2.00 $2.00 $1.00 0.00 $0.00 $0.00 $1.00
0.6 0.4 $1.67 $2.50 $1.00 0.00 $0.00 $0.00 $1.00
0.7 0.3 $1.43 $3.33 $1.00 0.00 $0.00 $0.00 $1.00
0.8 0.2 $1.25 $5.00 $1.00 0.00 $0.00 $0.00 $1.00
0.9 0.1 $1.11  $10.00  $1.00 1.00 0 1 $-1.00 $9.00 $1.50
$17.25
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John
Polygonal Line
glenn -  athought 
i think "true belief" might be misinterpreted and that the expression we are looking for is something like
"personal belief"
why??
the adjective true, when i read it, suggest some sort of corresponence with something external: eg subjects beilieves the urn ahs 75 re marbles and it really does have 75 red marbles under an objective operational count.....; so tru suggessts correspondence with soemthing outside of the subject and in particluar some "true probability" whatever that might mean in frequentist terms for one-off sports bets

John
Polygonal Line
Glenn: do we want the adjective "house" here?
again, to avoid confusion between someone interpreting probabilities as a subjects' probabilities or some correspondence theory of truth view of true probabilities.......
the term "odds" doesn't need a qualifier since in this version it is only bookies who place odds and ourt subjects aren't allowed to (yet!!) -but does the term probability??

John
Pencil
glenn
i attach a version of table 1 that has the circled cells highlighted - as i was reading your text discussion of the forced feeding, page, the colour coding made it easier for me to quickly see what and why this was so important - with all the black text i just didn't focus in on it
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Appendix A: Experimental Instructions
A. Binary Lottery Choice Task
YOUR INSTRUCTIONS

This is an experiment about choosing between lotteries with varying prizes and
chances of winning. You will be presented with a series of lotteries where you will make
choices between pairs of them. There are 60 pairs in the series. For each pair of
lotteries, you should indicate which of the two lotteries you prefer to play. You will
actually get the chance to play three of the lotteries you choose, and will be paid
according to the outcome of those lotteries, so you should think carefully about which
lotteries you prefer.

You will be given $24 before you make a choice. Any losses will be deducted
from that $24. You cannot lose more than $24, no matter what choice you make in this
experiment.

Here is an example of what the computer display of such a pair of lotteries will
look like. The display on your screen will be bigger and easier to read.

. DEX
38in 100 chances of recieving -$8 75in 100 chances of recieving -$8
62 in 100 chances of recieving -$3 25 in 100 chances of recieving $8 .
Don't
Care
Choose Chose
Left Right
Confirm
Choice

4 start € G [80zwndows.. -l epsion k [ wordperfec... | /A Proffiles - Mi... | & Inbex - Outl..
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The outcome of the lotteries will be determined by the draw of a random number
between 1 and 100. Each number between (and including) 1 and 100 is equally likely to
occur. In fact, you will be able to draw the number yourself using a special die that has
all the numbers 1 through 100 on it.

In the above example the left lottery pays minus eight dollars (-$8) if the random
number on the ball drawn is between 1 and 38, and pays minus three dollars (-$3) if the
number is between 39 and 100. The yellow color in the pie chart corresponds to 62% of
the area and illustrates the chances that the ball drawn will be between 39 and 100 and
your payoff will be -$3. The white area in the pie chart corresponds to 38% of the area
and illustrates the chances that the ball drawn will be between 1 and 38 and your payoff
ill be -$8.

We have selected colors for the pie charts such that a lighter color indicates a
lower prize. White will be~used when the prize is minus eight dollars (-$8).

Now look at the pie in‘the chart on the right. It pays minus eight dollars (-$10) if
the nu 1 and 75, and eight dollars ($8) if the number is between
76 and 100. As with the lottery on the left, the pie slices represent the fraction of the
possible numbers which yield each payoff. For example, the size of the -$8 pie slice is
75% of the total pie.

Each pair of lotteries is shown on a separate screen on the computer. On each
screen, you should indicate which of the lotteries you prefer to play by clicking on one of
the three boxes beneath the lotteries. You should click the LEFT box if you prefer the
lottery on the left, the RIGHT box if you prefer the lottery on the right, and the DON'T
CARE box if you do not prefer one or the other.

You should approach each pair of lotteries as if it is one of the three that you will
play out. If you chose DON'T CARE in the lottery pair that we play out, you will pick one
using a standard six sided die, where the numbers 1-3 correspond to the left lottery and
the numbers 4-6 to the right lottery.

After you have worked through all of the pairs of lotteries, raise your hand and an
experimenter will come over. You will then roll a 20 sided die three times to determine
which pairs of lotteries that will be played out. One lottery pair from the first 20 pairs will
be selected, one from the next 20 pairs, and finally one from the last 20 pairs. If you
picked DON'T CARE for one of those pairs, you will use the six sided die to decide
which one you will play. Finally, you will roll the 100 sided die to determine the outcome
of the lottery you chose.

For instance, suppose you picked the lottery on the left in the above example. If
the random number was 37, you would lose $8; if it was 93, you would lose $3. If you
picked the lottery on the right and drew the number 37, you would lose $8; if it was 93,
you would gain $8.

Therefore, your payoff is determined by three things:
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Pencil
just a question
in the 60 tasks are the prizes always some conbination of white (-8), yellow (-3), black ($8)


. by which three lottery pairs that are chosen to be played out in the series of 60
such pairs using the 20 sided die;

. by which lottery you selected, the left or the right, for each of these three pairs;
and
. by the outcome of that lottery when you roll the 100 sided die.

This is not a test of whether you can pick the best lottery in each pair, because
none of the lotteries are necessarily better than the others. Which lotteries you prefer is
a matter of personal taste. The people next to you will have difference lotteries, and
may have different tastes, so their responses should not matter to you. Please work
silently, and make your choices by thinking carefully about each lottery.

All payoffs are in cash, and are in addition to the $5 show-up fee that you receive
just for being here. In addition to these earnings you will also receive a randomly
determined amount of money before we start. This can be any amount between $1 and
$10 and will be determined by rolling the 10 sided die. You will also receive $24 to cover
any losses.

When you have finished reading these instructions, please raise your hand. We
will then come to you, answer any questions you may have, let you roll the 10 sided die
for the additional money, and start you on a short series of practice choices. The
practice series will not be for payment, and consists of only 6 lottery pairs. After you
complete the practice we will start you on the actual series for which you will be paid.

As soon as you have finished the actual series, and after you have rolled the
necessary dice, you will be paid in cash and are free to leave.

Practice Session

In this practice session you will be asked to make 6 choices, just like the ones
that you will be asked to make after the practice. You may take as long as you like to
make your choice on each lottery.

You will not be paid your earnings from the practice session, or incur any losses,
so feel free to use this practice to become familiar with the task. When you have
finished the practice you should raise your hand so that we can start you on the tasks
for which you will be paid.
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B. Belief Elicitation Task With No Information About Expected Earnings
YOUR INSTRUCTIONS

This is an experiment that allows you to place bets on the outcome of events that
will happen in the future. For example, who will be the next U.S. President? Or who will
win the next U.S. Masters Golf Championship? Or will interest rates in the United States
go up? You can make more money if you have better estimates about these outcomes.

Our bets today will be similar to those that you can find in any number of betting
houses around the world. So we begin by showing you how some of these houses offer
their bets. William Hill is one of the world’s largest betting houses, and is based in the
United Kingdom. They offer legal off-course betting on a wide range of events,
illustrated on their web site at http://www.willhill.com. For example, here are the odds
that they had on May 23, 2006, for the first question posed above: who will be the next
U.S. President?

Cinline Sports Betting I Sports l Casino [ Poker l Games IT‘J&Radin l Ahoutls | Help

Qne Account Results

World Cup 2006

Live Betting Diary Mohile Services

Outright & Match Prices Available

Open Accaunt IJsarmarmie Passwiord LostYour Lagin®?
Home Bet Finder : | Flease Select a Coupon - Decimal Odds
All Sports i . . .
Politics : U S Presidential Election 2008 - Winner

Antepost Dogs
Athletics Bet Until : 17:30 31/05/2006
Baseball Competitor Price Unit Stake
Basketball Hilary Clintan 3.00
Boxing ]
Cricket John Mecain 6.00
Darts John Edwards 8.00
Football

hark Warner 11.00
World Cup 2006
Gaelic Football G Allen 11.00
Golf

Rudolph Gidliani 145.00
Greyhounds
Horse Rﬂcing C Rice 15.00
UL Bill Frist 26.00
Ice Hockey
Motor Racing Mitt Romney 34.00
Motorbikes Ewan Bayh 34.00
Palitics
Rugby League Arnold Schwarzenegger 34.00
Rugby Union Sam Brownback 41.00
Snooker

) Russ Feingald 41.00

Specials
Speedway John Kerry 41.00
Tennis

Jeb Bush 41.00

U S Football
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You see that the odds that they quote imply that Hilary Clinton is the favorite,
followed by John McCain and then John Edwards. Clinton is listed as having a price of
3.00. This means that for every $1 that you bet on Clinton winning, you will get back $3
if she does win — but you lose your $1 if she does not win. If you think that Clinton is
virtually certain to win, this is a good bet for you to take on. But if you think that Clinton
has no hope of winning, you would not take this bet.

The odds quoted here suggest that it is less likely that McCain or Edwards will
win. If McCain wins you would get $6 for every $1 bet, compared to $3 if you bet on
Clinton and she won. Similarly, if Condaleeza Rice wins you would get $15 for every $1
bet.

You can also see on the left hand side that they offer bets in a wide range of
sports, including blockbuster events such as Hurling and Darts! They even have some
special events in the entertainment field. Here are the odds that Taylor Hicks and
Katherine McPhee will win the American Idol competition on TV:

Specials : Outright

Bet Until : 22:00 23/05/2006

Competitor Price Linit Stake
Taylor Hicks 1.40
katherine Mc Phee 274

Win Only Bet M ow

So Hicks was the favorite a few hours before the show aired. If you bet $10 on Hicks
and he won you would earn $14.00 in winnings. If you bet $10 on McPhee and she won
you would earn $27.50. Of course, this final is now over and you probably know that
Hicks won, but these were the odds being offered before the show aired. Do you believe
that these were good odds to bet on or not? That is what our experiment asks you to
decide for several events yet to occur.
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Another popular betting site is CentreBet, at http://sports.centrebet.com/. This is
a large betting house based in Australia. Here you can bet on a similar range of sporting
events from around the world, as well as some local Australian sports. For example, the
screen shot below shows their odds for the round #9 match between Hawthorn and
Sydney in the Australian Football League. The odds are $3.50 for Hawthorn to win and
$1.30 for Sydney to win, each on a wager of $1. The orange box on the right shows the
bet and payout for each outcome.

((i\:‘ CENTREBET  srorts - RacING « POKER « CASIND

Home » Sports

A 1|
1 Sports 2 Select Bet Method

n Log In [T
o #

3]
+ TODAY'S (2] Ssingle Mul Baxad Mul 2 https:isports.centrebet.com - Centrebet... |._IIE\F‘S__<| I ——
+ CLOSING
(30 mins) 2 pI v o i AFL Round 9 & Totals: Wager Payout
ALL EVENTS deennouiets 171 2.00 4.80
Fixture HAWTHORM v SYDNEY i 2
P Eu:antt_ < [aDDTOsLIP » single Bets &' 1=
FOOTBALL LS T 27 May 2006 odds Wager Payout
Fixture Start Time 12140 CST AFL Round 9 o 1%
_ Sport: AUSTRALTAN RULES pe HO THoni  SInHE
port:
Venue M.C.G,, Melbourne, VIC fesciotinae
AFL Round 9 Win HRWTHORN
27 May 2006
AFL Season 2006 AUSTRALIAN RULES CLEETE EnaE SET -1 1% 2,50 1 2.50
AFL Round 9 05:09
AFL Brownlow AFL Round 9 hix|
Medal 2006 Filtering by:HAWTHORM v SYDNEY [CLEAR] HAWTHORN u STDMET
T Head to Head
Comments g
Medal 2006 SELECT MU XDNER
Pay on final result. Betting incdudes extra tims, 1.30 1 1.30
+ : !
SASEEALE Head to Head if raquired. I=11=1
sub Total: 2,00 4,80
+ BASKETBALL P vin ub To
+ CRICKET =
S[eET] 1] 27 May 2006 05:02 Multi Bet & & I+
o b CENTREBET sub 0.00 0.00
+ ELECTIONS HAWTHORN (asa Total:
+ ENTERTAINMENT J— Pl Boxed Multi Bet B I+
+ FLOORBALL K €] Done 2 Intemet Sub . D00 0.00
PR Total: : :

One last example is the New Zealand TAB (Totalisater Agency Board), which is
in New Zealand of course. Their betting web sit is at http://www.tab.co.nz/. They are
offering the following odds on a soccer match between the United States and Morocco,
a warm-up for the World Cup later this year:

RESULTS  CALENDAR  MULTIBET

Intl Soccer
USA W Morocco

OPTION
279

SPORT

TIPS & NEWS

SPORTS ODDS  CLUBROOM

Head To Head

Intl Soccer BET AMOUNT (NZF)

USA V Morocco

SUBMIT BET >>

Head to Head ! G #1.80 usa
. O $5?5 i
24 May 2006 11:00 3 @ P —

Updated 01:17

Odds Displayed Are For N2$4. Minimum Bet N2$5. Use Units OF $4

So these odds suggest that the NZ TAB believes that the US is more likely to win than
Morocco is, and that a draw is more likely than Morocco winning.
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As you can see, there are many betting houses around the world. Each one
offers odds on a wide range of outcomes, including local events and events in other
countries. It is common to see some differences in the odds quoted by different betting
houses.

To illustrate, consider bets on which U.S. NBA basketball team is going to win
the NBA Championship for 2006. This event attracts odds-makers from many betting
houses. The web site http://www.oddschecker.com/ lists odds for the same event from
most of the big online betting houses. Here are the odds being quoted for the top 3
teams. The teams are listed in each row, and each betting house is listed in each
column.

We see that there are differences in the odds quoted by different betting houses.
For comparability, these odds are all taken for the same day and time: May 24 at 5pm.
They are also taken for the same level of wager, shown here as £100 (about $187),
since the odds can vary with the size of the bet. The odds for the Dallas Mavericks
range from $2.49 up to $3.04 for every $1 wagered. The odds for the Detroit Pistons
range from $1.98 up to $2.88 for every $1 wagered. And the odds for the Miami Heat
range from $3.50 up to $5.20 for every $1 wagered.

checker Play with football legend, ony@® (vc)poker.con

sporting .com

Home Feedhackaadiu GCalendar Casino Poker Select 3 Power Tool | %

) Home > Baskethall = NBA > MBA Championship - Ta Win
5 NBA Championship Odds Exchange Settings | O Fractional
v Stake: @ Decimal
& View Bet Basket
= Set Commission Cusa
> win Marketl
3 Cifck on odds to bet; Best odds in bold; Updated 24th May - 17:00 == Show US ber-takers only @ Hide left meny @ Hew window @) Refresh Q) Help
5 selections Show: Best Odds All 0dds Exchanges 0dds shartening Odds drifting
¥ — = =
e N4 & ] o 5 EF 3 ] - e =2 3

33; Faveurite J:—’Z ! E o 'é" [ = 5 0 G uy EE u ! .3 zﬁ - =] “-\- @

: i s : e £ g u z a3 E il H H sB &
H S = g 4 i} = < L.
’ 5 g 3 e = : E ik £ B i B 1o S 8 R &
v Dallas Mavericks 25 il 275 263 il 27 244 25 275 283 277 | 104 278 255 [+]
o Detroit Pistons 275 263 288 275 263 27 265 263 275 (283 25 [ 208 |[ 188 27 [+]
0 Miami Heat 4.3 43 35 4 43 4 5.2 43 35 4 a7 5 =623 53 Q
o PhoenixSuns 8 ] i 7 ] 8 10.9 10 8 ] 7E 10 =876 11 [+]
1 1

3 -
: each-way terms 10 11
The beting odds we show come divectly from the onfine bookmakers, Whilst every effort is made to ensure that the betting odds are corvec?, i# is your responsibility fo check before you place & bet,
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Lets go through an example of the betting tasks we will ask you to do. These are
patterned after the display shown above for the NZ TAB. All of the screen shots below
were taken from the betting screens you will use. The choices were ones we made just
to illustrate. Your computer will provide better screen shots that are easier to read.

Our betting tasks will differ in several ways:

. First, we will provide you with odds from several betting houses. There may just
be one betting house, or there may be several. Think of these as just alternative
places you can place your bet. You need to decide what to bet for each betting
house.

. Second, you will have a stake of $10 to bet with for each betting house. In some
cases you will have to use the whole $10 to place a bet. In other cases you can
decide what fraction of the $10 to bet, or bet none of it. The computer will tell you
which case applies to you today. You cannot use your stake in one betting house
and apply it to a bet in another betting house.

. Third, if there are several betting houses offering you odds, we will pick one of
them to actually pay you. You will be asked to “place your bets,” or “not bet,” for
each house. Then we will pause and come over and you can roll a die to decide
which betting house we will actually use.

. Finally, all payments will be made on a date specified on the betting screen.
Some events are over in a few weeks, and some are over in a few months. You
will then be paid all earnings, including any money you decide not to bet (if you
have that choice).

Here is the opening page, telling you the setup for your choices. This setup will
apply to all of your choices today. The information on your screen may differ from
this display, so be sure to read it before making any choices.

INSTRUCTIONS

In this case you are told
that you will be quoted odds from
9 betting houses. You have a $10
stake for each betting house, and
you can decide how much to bet You have up to $10 to bet with each house.
for each house. Click on Begin, in
the bottom of the screen (not
shown below) to start...

You will be quoted odds from NINE betting houses.

You are free to bet with each betting house or not, as you choose.

You can decide how much to bet with each house.




To illustrate we will use the USA versus Morocco soccer match as an example.
The event that you will be asked to bet on will be whether the USA wins or not. Note
that you are betting either that the USA wins or that the USA does not win. Thus, if there
is a draw, that is the same as the USA not winning. This screen provides you with the
betting form you will use...

USA versus Horocco in YWorld Cup soccer warm-up
USA Vifins

Game is on Hay 23, 2006
Payments made Hay 24, 2006

Stake you have to bet with 10 1 T 10 10 10 10 10 10
BET AHOUNT IN US $ [ o [ o H [ o H [ o [ o [0 [0 =[]0 =] = Subnmit Bets
C$10 145 " $333 I §25 2 " $1.67 $1.43 .25 " $141  0dds by house
Ll 01 02 03 04 05 056 07 08 08  Probability by house
M  $1.25 " $143 " $1.67 - §2 25 " $333 " $5 " $10 0dds by house
USA Does ot in 0.9 08 07 05 05 04 03 02 01 Probability by house

Net winnings if USA Wins

Net winnings if USA Does
Not Vifin

Bets in US dollars

On this screen you will first see the event listed in the top left hand corner. We
also list the bet, in this case that the USA wins. In the top right hand corner you see
when the event is to occur, and when we would pay out any earnings. We will obtain an
address and/or e-mail contact for you at the end of the experiment, so that we can send
you a check for your earnings. Of course, you will receive all other earnings from
today’s session in cash, paid out at the end of the session.

You will next see the stake amounts you can bet at each of the 9 betting houses.

You choose how much to bet, or if you prefer not to bet at all. Then you choose whether
you want to bet on USA winning or on USA not winning.
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You will see that each betting house offers different odds. The first betting
house, for example, pays $10 for every $1 that you bet on the USA winning, if in fact the
USA wins, or $1.11 for every $1 that you bet on the USA not winning.

Beside each set of odds, we also display the probability that each event will
occur. This is just another way of thinking about the odds. Some people understand
odds better, and some people understand probabilities better. The probabilities are just
the inverse of the odds. So if the odds say that you will be paid $5 for every $1 bet if the
USA wins, as in betting house 2, then this implies a probability for the USA winning of
$1 + $5 = 0.2. This is the same things as there being a 20% chance of the USA winning.
We have rounded some of the probabilities to make the screen easier to read, and you
will be paid according to the odds.

Here is an example of how you place a bet, using betting house 1. In this case
we chose to bet all of the $10 stake, and we bet that the USA would win. The betting
screen then tells us what our net winnings would be if either outcome occurs. If the USA
wins we get $10 for every $1 we bet, and we bet $10, so we earn $100. But that cost us
our $10 bet, so the net winnings in this case are $90. But if the USA does not win, we
lose our $10 bet.

Stake you have to bet with 10
In this case we would place this bet if we were T =
confident that the USA has a better chance of winning HETZHOUNDINUS:S 0=

than the 10% implied by the odds that this betting house is

quoting. If we thought that the USA had less than a 10% o, e o $10
chance of winning, we could (a) bet $10 that the USA o
does not win, (b) bet nothing, or (c) bet something 11
between $1 and $10 that the USA does not win. U Dose Mty 09
Het winnings if USA Vfins 90
Net winnings if USA Does -0
Not WWin
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In the screen below we have filled in bets for every one of the 9 betting houses,
to illustrate how you fill in the complete sheet. You do not have to place the same bet for

every betting house, or bet the same amount:

USA versus Horocco in World Cup soccer wami-up
USA Vifins

Game is on Hay 23, 2006
Payments made Hay 24, 2006

Stake you have to bet with 10 10 10 10 10
BETAMOUNTINUSS | 10 H | 10 = [ 0 = [ 0 = | 0 = Ho e H 0 H | 0 R
* $10 i~ $5 * $3.33 i+ $25 i+ $2 i+ $1.67 ©$143 $1.25  $111 | Odds by house
URANETE 01 02 03 04 05 056 07 08 09  Probability by house
Hn © $1.25 143 9167 « $2 " $25 @ $3.33 * $5 & §10 | Odds by house
USA Does Not Viin 0.9 08 07 056 05 04 03 02 01 | Probability by house
Net winnings if USA Wins 90 40 2333 15 10 0 -10 -10 -0
Net winnings if USA Does -10 -10 -10 -10 -10 0 2333 40 90
Not Wiin
10 10 10 10 10
| 10 ] s =] o i 3 ] o
|
i+ $25 + %2 r* $1.67 r$143 r$1.25
04 05 0.6 0 0.3
" $1.67 i §2 i $25 f+ $3.33 f* §5
If we wanted to bet less than $10 for any .4 - 4 . e
betting house, we simply click on the amount we
want to bet. The display changes to show the
change in net winnings. In this case we bet $5
with one betting house, $0 with another, $3 with
another, and $10 with the remaining houses. 7S 7 5 5 gT
-0 5 ] 7 40
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USA versus Horocco in YWord Cup soccer warm-up
USA Vifins

Game is on Hay 23, 2006
Payments made HMay 24, 2006

Stake you have to bet with 10 10 10 10 10 10
BETAMOUNTINUSS | 10 = | 10 = | 10 = | 1 = : : e BT N BETS | submit Bets
310 [+ §5 + $333 v §25 O 7] + $167  $143 $1.25 " $111  0dds by house
LEArins 01 02 03 4 05 056 07 08 09  Probability by house
M  $1.25 " $1.43 " $1.67  $2 " $25  $3.33  $5 @ $10 | Odds by house
USA Does Hot Viin 0.9 08 07 05 05 04 03 02 01 Probability by house

FPlease signal the experimenter ko come over and select your bet,

Net winnings if USA Wins 90 40 oK | Cancel 10 10
Net winnings if USA Does A0 A0 A0 -10 A LI} 7 40 a0
Not Vifin

When you have entered all of your
bets, and you are happy with your choices,
you click on the green SUBMIT BETS tab,
and you will be asked to signal the
experimenter to come over. We will then roll
a die to determine which betting house you
will actually place your bet with.

After you click OK, a special box will come up which the experimenter uses to
unlock the screen with a super-secret
password. Please do not type anything
here. The experimenter will do that when
he or she comes over.

The experimenter will then have
you roll a die to determine the betting
house you will place your bet with. The
experimenter will enter this, and then
another password.
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In this case we selected betting house 8, so the screen displays that bet. This
information will then be recorded on your payment sheet.

USA versus Horocco in Vorld Cup soccer wami-up
USA Wins

Game is on Hay 23, 2006
Payments made Hay 24, 2006

Stake you have to bet with 10 10 10 10 10

10 10
BET AMOUNT IN US § |1llj||1ﬂj|\1llj||1nj||5j|uj||3i|\1ni||1ni|

125 0dds by house
USAYins 032 Probability by house
= §5 0dds by house

USA Does Hot vin 0.2 Probability by house

Please wait untill your bets have been recorded on your payment shest

Netwinnings it USA Wins Cancel -0

Netwinnings if USA Does 40
Hot Vin

You will be asked to place bets on several events. When you finish one event
you will be given a new betting sheet for the other event. In a moment we will provide
you with a sheet listing the events that you will be asked to place bets on.

Remember that we will pay you all earnings from these bets on the dates
specified. We will also then pay you any money that you choose not to wager, if you
have that option.

At the very end we will have a series of questions about you. Your responses will
be confidential, and will not be connected with your name or any other identifying 1D
such as a SSN.

There are no right or wrong choices. Which choices you make depends on your
personal preferences and your beliefs about what the chances are that each event will
actually occur. The people next to you will have different tasks, and may have different
preferences or beliefs, so their responses should not matter to you. Nor do their choices
affect your earnings in any way. Please work silently, and make your choices by
thinking carefully about the odds being offered in relation to how likely you believe each
outcome is.

Do you have any questions?
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