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Abstract

We examine the risky choices of contestants irpthiular TV game show “Deal or No Deal” and
related classroom experiments. Contrary to theitioadl view of expected utility theory, the
choices can be explained in large part by previmutsomes experienced during the game. Risk
aversion decreases after earlier expectations baea shattered by unfavorable outcomes or
surpassed by favorable outcomes. Our results poiference-dependent choice theories such as
prospect theory, and suggest that path-dependsnegevant, even when the choice problems are
simple and well-defined, and when large real mayedanounts are at stake.
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A WIDE RANGE OF THEORIES OF RISKY CHoICcehave been developed, including the
normative expected utility theory of John von Neamand Oskar Morgenstern (1944) and
the descriptive prospect theory of Daniel Kahneraad Amos Tversky (1979). Although
risky choice is fundamental to virtually every bearof economics, empirical testing of these
theories has proven to be difficult.

Many of the earliest tests such as those by Maukitais (1953), Daniel Ellsberg
(1961), and the early work by Kahneman and Tverslere based on either thought
experiments or answers to hypothetical questiongh e rising popularity of experimental
economics, risky choice experiments with real marnestakes have become more popular,
but because of limited budgets most experiments langed to small stakes. Some
experimental studies try to circumvent this problesn using small nhominal amounts in
developing countries, so that the subjects fagelamounts in real terms; see, for example,
Hans P. Binswanger (1980, 1981) and Steven J. Kaeler and Mohamed Shehata (1992).
Still, the stakes in these experiments are typicadit larger than one month’s income and
thus do not provide evidence about risk attitudgarding prospects that are significant in
relation to lifetime wealth.

Nonexperimental empirical research is typicallygoled by what amounts to “joint

hypothesis” problems. Researchers cannot diretiberwve risk preferences for most real-life



problems, because the true probability distributismnot known to the subjects and the
subjects’ beliefs are not known to the researcher.example, to infer the risk attitudes of
investors from their investment portfolios, one ageé& know what their beliefs are regarding
the joint return distribution of the relevant assktsses. Were investors really so risk averse
that they required an equity premium of 7 percest year, or were they surprised by an
unexpected number of favorable events or worriedutitcatastrophic events that never
occurred? An additional complication arises becaishe possible difference between risk
and uncertainty: real-life choices rarely come vpithcise probabilities.

In order to circumvent these problems, some rebeacanalyze the behavior of
contestants in TV game shows, for example “Cardri@ha(Robert H. Gertner, 1993),
“Jeopardy!” (Andrew Metrick, 1995), “lllinois Insté Riches” (Philip L. Hersch and Gerald
S. McDougall, 1997), “Lingo” (Roel M. W. J. Beetsnamd Peter C. Schotman, 2001),
“Hoosier Millionaire” (Connel R. Fullenkamp, Rafaél. Tenorio and Robert H. Battalio,
2003) and “Who Wants to be a Millionaire?” (Rogeartiey, Gauthier Lanot and lan Walker,
2006). The advantage of game shows is that the at®i@i stake are larger than in experi-
ments and that the decision problems are oftenlemapd better defined than in real life.

The game show we use in this study, “Deal or Nol'Dbeas such desirable features that
it almost appears to be designed to be an econ@mp=iment rather than a TV show. Here
is the essence of the game. A contestant is shéwrigfcases which each contain a hidden
amount of money, ranging from €0.01 to €5,000,0@0t{e Dutch edition). The contestant
picks one of the briefcases and then owns its umknoontents. Next, she selects 6 of the
other 25 briefcases to open. Each opened briefeagsals one of the 26 prizes that actin
her own briefcase. The contestant is then presentbdnk offer” — the opportunity to walk
away with a sure amount of money — and asked thplsiquestion: “Deal or No Deal?” If
she says “No Deal”, she has to open five more ¢asds, followed by a new bank offer. The
game continues in this fashion until the contestatfter accepts a bank offer, or rejects all
offers and receives the contents of her own breefcdhe bank offers depend on the value of
the unopened briefcases; if, for example, the cbate opens high-value briefcases, the bank
offer falls.

This game show seems well-suited for analyzingyridhoice. The stakes are very high
and wide-ranging: contestants can go home as nillibinaires or practically empty-handed.
Unlike other game shows, “Deal or No Deal” invohady simple stop-go decisions (“Deal”
or “No Deal”) that require minimal skill, knowledger strategy, and the probability

distribution is simple and known with near-certgifthe bank offers are highly predictable,



as discussed later). Finally, the game show inwihaeltiple game rounds, and consequently
seems patrticularly interesting for analyzing pagfpehdence, or the role of earlier outcomes.
Richard H. Thaler and Eric J. Johnson (1990) catelihat risky choice is affected by prior

outcomes in addition to incremental outcomes dugetision makers incompletely adapting

to recent losses and gains. Although “Deal or NalDeontestants never have to pay money
out of their own pockets, they can suffer significgpaper” losses if they open high-value

briefcases (causing the expected winnings to falijd such losses may influence their
subsequent choices. (Throughout this study we wgdl the term “outcomes” to indicate not

only monetary pay-offs, but also new informatiorcbanged expectations.)

We examine the games of 151 contestants from thteeNands, Germany and the
United States in 2002 — 2007. The game originatetthe Netherlands and is now broadcast
around the world. Although the format of “Deal oo Weal” is generally similar across all
editions, there are some noteworthy differences.eikample, in the daily versions from lItaly,
France and Spain, the banker knows the amounkeibriefcases and may make informative
offers, leading to strategic interaction betweee banker and the contestant. In the daily
edition from Australia, special game options knoas “Chance” and “Supercase” are
sometimes offered at the discretion of the gamevghmducer after a contestant has made a
“Deal”. These options would complicate our analysiecause the associated probability
distribution is not known, introducing a layer afaertainty in addition to the pure risk of the
game. For these reasons, we limit our analysishéo games played in the Netherlands,
Germany and the United States.

The three editions have a very similar game formp#rt from substantial variation in
the amounts at stake. While the average prizecdrate won in the Dutch edition is roughly
€400,000, the averages in the German and US editierroughly €25,000 and €100,000,
respectively. At first sight, this makes the pootiadaset useful for separating the effect of the
amounts at stake from the effect of prior outcon(®¥ithin one edition, the stakes are
strongly confounded with prior outcomes.) Howewvengss-country differences in culture,
wealth and contestant selection procedure coultbood the effect of stakes across the three
editions. To isolate the effect of stakes on riskywice, we therefore conduct classroom
experiments with a homogeneous student populdticinese experiments, we vary the prizes
with a factor of ten, so that we can determindaf,example, €100 has the same subjective
value when it lies below or above the initial exjagions.

Our findings are difficult to reconcile with expedt utility theory. The contestants’

choices appear to be driven in large part by tleipus outcomes experienced during the



game. Risk aversion seems to decrease after eapctations have been shattered by
opening high-value briefcases, consistent with r@dk-even effect”. Similarly, risk aversion
seems to decrease after earlier expectations haga burpassed by opening low-value
briefcases, consistent with a “house-money effect”.

The orthodox interpretation of expected utilityvedalth theory does not allow for these
effects, because subjects are assumed to haveathe preferences for a given choice
problem, irrespective of the path traveled befareviag at this problem. Our results point in
the direction of reference-dependent choice thepsiech as prospect theory, and indicate that
path-dependence is relevant, even when large realetary amounts are at stake. We
therefore propose a version of prospect theory wigmath-dependent reference point as an
alternative to expected utility theory.

Of course, we must be careful with rejecting exgeattility theory and embracing
alternatives like prospect theory. Although thendad implementation of expected utility
theory is unable to explain the choices of loserd winners, a better fit could be achieved
with a nonstandard utility function that has conwegments (as proposed by, for example,
Milton Friedman and Leonard J. Savage, 1948, andyH\arkowitz, 1952), and depends on
prior outcomes. Therefore, this study does notctepe accept any theory. Rather, our main
finding is the important role of reference-depercdeand path-dependence, phenomena that
are not standard in typical implementations of exge utility, but common in prospect
theory. Any plausible explanation of the choicednabr in the game will have to account for
these phenomena. A theory with static preferenaasat explain why variation of the stakes
due to the subject’s fortune during the game hasieh stronger effect than variation in the
initial stakes across different editions of the §how and experiments.

The remainder of this paper is organized as folldwsSection |, we describe the game
show in greater detail. Section Il discusses oua daaterial. Section 1l provides a first
analysis of the risk attitudes in “Deal or No Dedélj examining the bank offers and the
contestants’ decisions to accept (“Deal”) or rej€tdo Deal”) these offers. Section IV
analyzes the decisions using expected utility thheaoth a general, flexible-form expo-power
utility function. Section V analyzes the decisionsing prospect theory with a simple
specification that allows for partial adjustmenttloé subjective reference point that separates
losses from gains. This implementation of prosplebry explains a material part of what
expected utility theory leaves unexplained. SectMn reports results from classroom
experiments in which students play “Deal or No Dedlhe experiments confirm the

important role of previous outcomes and suggedt tthe isolated effect of the amounts at



stake is limited compared to the isolated effectpdvious outcomes. Section VII offers
concluding remarks and suggestions for future reke#&inally, an epilogue gives a synopsis
of other “Deal or No Deal” studies that became ke after our study was first submitted to

the American Economic Review in October 2005.

|. Description of the Game Show

The TV game show “Deal or No Deal” was developed thg Dutch production
company Endemol and was first aired in the Netheldan December 2002. The game show
soon became very popular and was exported to dafesther countries, including Germany
and the United States. The following descriptiopliegs to the Dutch episodes of “Deal or No
Deal”. Except for the monetary amounts, the stmectf the main game is similar in the
German and US versions used in this study.

Each episode consists of two parts: an eliminagjame based on quiz questions in
order to select one finalist from the audience, andain game in which this finalist plays
“Deal or No Deal”. Audience members have not begdbjexted to an extensive selection
procedure: players in the national lottery spomgpthe show are invited to apply for a seat
and tickets are subsequently randomly distributedgplicants. Only the main game is the
subject of our study. Except for determining thenitity of the finalist, the elimination game
does not influence the course of the main game s€hexted contestant has not won any prize
before entering the main game.

The main game starts with a fixed and known s@6omonetary amounts ranging from
€0.01 to €5,000,000, which have been randomly alémt over 26 numbered and closed
briefcases. One of the briefcases is selected dydintestant and this briefcase is not to be
opened until the end of the game.

The game is played over a maximum of nine roundeakh round, the finalist chooses
one or more of the other 25 briefcases to be operaealing the prizes inside. Next, a
“banker” tries to buy the briefcase from the cotars by making her an offer. Contestants
have a few minutes to evaluate the offer and tadeeletween “Deal” and “No Deal”, and
may consult a friend or relative who sits nearfiihe remaining prizes and the current bank

offer are displayed on a scoreboard and need nohdraorized by the contestant. If the

! In the US version and in the second German setie=e or four friends and/or relatives sit on stagarby the
contestant. In the Dutch version and in the firstr®an series, only one person accompanies thestante
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I
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bank offer 8 |« 3 briefcases —»  open 1 case
I
v
bank offer 9 |« 2 briefcases —»{ open 1 case
I
v

open contestant’s briefcase

Figure 1. Flow Chart of the Main Game. In each round, the finalist chooses a number of
briefcases to be opened, each giving new informadtmout the unknown prize in the contestant’s
own briefcase. After the prizes in the chosen besés are revealed, a “bank offer” is presented to
the finalist. If the contestant accepts the off&e@l”), she walks away with the amount offered
and the game ends; if the contestant rejects tiee (fNo Deal”), play continues and she enters
the next round. If the contestant decides “No Déathe ninth round, she receives the prize in her
own briefcase. The flow chart applies to the Dwtad US editions and the second German series.
The first German series involves one fewer gameadand starts with 20 briefcases.

contestant accepts the offer (“Deal”), she walksaywith this sure amount and the game
ends; if the contestant rejects the offer (“No Degdhe game continues and she enters the
next round.

In the first round, the finalist has to select lsnefcases to be opened, and the first bank

offer is based on the remaining 20 prizes. The rermilof briefcases to be opened in the



€ 13,000
€0.01 € 7,500
€0.20 € 10,000
€ 0.50 € 25,000
€1 € 50,000
€5 | T € 75,000
€10 Close-up of the € 100,000
€20 contestant Is € 200,000
€ 50 shown here € 300,000
€100 | = mmmmmmmmmmmommomooes € 400,000
€ 500 € 500,000
€ 1,000 € 1,000,000
€ 2,500 € 2,500,000
€ 5,000 € 5,000,000

Figure 2: Example of the Main Game as Displayed othe TV Screen.A close-up of the
contestant is shown in the center of the screea.pbssible prizes are listed in the columns to the
left and right of the contestant. Prizes eliminateearlier rounds are shown in a dark color and
remaining prizes are in a bright color. The top &laove the contestant shows the bank offer. This
example demonstrates the two options open to théestant after opening six briefcases in the
first round: accept a bank offer of €13,000 or gure to play with the remaining 20 briefcases,
one of which is the contestant’s own. This examefiects the prizes in the Dutch episodes.

maximum of eight subsequent rounds are 5, 4, B, 2, 1, and 1. Accordingly, the number of

prizes left in the game decreases to 15, 11,8, 4, 3, and 2. If the contestant rejects all nine
offers she receives the prize in her own briefcksgure 1 illustrates the basic structure of the
main game.

To provide further intuition for the game, Figurest2ows a typical example of how the
main game is displayed on the TV screen. A closefupe contestant is shown in the center
and the original prizes are listed to the left #mel right of the contestant. Eliminated prizes
are shown in a dark color and remaining prizesiara bright color. The bank offer is
displayed at the top of the screen.

As can be seen on the scoreboard, the initial praze highly dispersed and positively
skewed. During the course of the game, the disperand the skewness generally fall as
more and more briefcases are opened. In facte@mitfith round, the distribution is perfectly

symmetric, because the contestant then faces 8 §affble with two remaining briefcases.



Bank Behavior

Although the contestants do not know the exact bafifdrs in advance, the banker

behaves consistently according to a clear pattear simple rules of thumb summarize this

pattern:

Rule 1.

Rule 2.

Rule 3.

Rule 4.

Bank offers depend on the value of the anefd briefcases: when the lower
(higher) prizes are eliminated, the average remginprize increases
(decreases) and the banker makes a better (wdfse) o

The offer typically starts at a low pereg® (usually less than 10 percent) of
the average remaining prize in the first round gratiually increases to 100
percent in the later rounds. This strategy obviustrves to encourage
contestants to continue playing the game and tdugily increase excitement.
The offers are not informative, that igytltannot be used to determine which
of the remaining prizes is in the contestant’s foase. Only an independent
auditor knows the distribution of the prizes oves briefcases. Indeed, there is
no correlation between the percentage bank offdrthe relative value of the
prize in the contestant’s own briefcase.

The banker is generous to losers by offesimelatively high percentage of the
average remaining prize. This pattern is consistdgtit path-dependent risk
attitudes. If the game-show producer understandisribk aversion falls after
large losses, he may understand that high offexsnaeded to avoid trivial
choices and to keep the game entertaining to watsimg the same reasoning,
we may also expect a premium after large gains; ttowever, does not occur,

perhaps because with large stakes, the game &iglentertaining.

Section Il gives descriptive statistics on the lbafffers in our sample and Section IV

presents a simple model that captures the ruléisuofib noted above. The key finding is that

the bank offers are highly predictable.

[l. Data

We examine all “Deal or No Deal” decisions of 15ntestants appearing in episodes
aired in the Netherlands (51), Germany (47), aedthited States (53).

The Dutch edition of “Deal or No Deal” is calledMiljoenenjacht (or “Chasing

Millions™). The first Dutch episode was aired on deenber 22, 2002 and the last in our

sample dates from January 1, 2007. In this timen,sffee game show was aired 51 times,



divided over eight series of weekly episodes angr fiadividual episodes aired on New
Year’s Day, with one contestant per episode. Aitisiishing feature of the Dutch edition is
the high amounts at stake: the average prize eqoathly €400,000 (€391,411 in episode
1-47 and €419,696 in episode 48 —51). Contestauaty even go home with €5,000,000.
The fact that the Dutch edition is sponsored bytional lottery probably explains why the
Dutch format has such large prizes. The large grim@y also have been preferred to
stimulate a successful launch of the show and tee ghe way for exporting the formula
abroad. Part of the 51 shows were recorded on tageoby the authors and tapes of the
remaining shows were obtained from the Dutch brastilttg companyROS

In Germany, a first series oD€al or No Deal- Die Show der GlucksSpirélstarted
on June 23, 2005 and a second series began on28u006> Apart from the number of
prizes, the two series are very similar. The fgsties uses 20 prizes instead of 26 and is
played over a maximum of 8 game rounds instead &egause these 8 rounds are exactly
equal to round 2 — 9 of the regular format in tewhshe number of remaining prizes and in
terms of the number of briefcases that have togemed, we can analyze this series as if the
first round has been skipped. Both series haveséinge maximum prize (€250,000) and the
averages of the initial set of prizes are pradicaqual (€26,347 versus €25,003
respectively). In the remainder of the paper wed wohsider the two German series as one
combined subsample. The first series was broadesskly and lasted for 10 episodes, each
with two contestants playing the game sequentidlhe second series was aired either once
or twice a week and lasted for 27 episodes, with @ntestant per episode, bringing the total
number of German contestants in our sample to 4pieS of the first series were obtained
from TV stationSat.1and from Endemol’s local production compdfrydemol Deutschland
The second series was recorded by a friend ofutiess.

In the United States, the game show debuted on rbleee 19, 2005, for five
consecutive nights and returned on TV on Febru@rn2006. This second series lasted for 34
episodes until early June 2006. The 39 episodesbic@mu covered the games of 53
contestants, with some contestants starting inegigode and continuing their game in the
next. The regular US format has a maximum initidte of $1,000,000 (roughly €800,000)
and an average of $131,478 (€105,182). In the gavhes contestants, however, the top
prizes and averages were larger to mark the laandrthe finale of the second series. All US

2 An earlier edition calledDer MillionenDeal started on May 1, 2004. The initial average prizas €237,565
and the largest prize was €2,000,000. This editiowever lasted for only 6 episodes and is therefwe
included here.



shows were recorded by the authors. US Dollardrareslated into Euros by using a single
fixed rate of €0.80 per $ (the actual exchange wate within 5 percent of this rate for both
the 2005 and 2006 periods).

For each contestant, we collected data on the mdited and remaining prizes, the bank
offers, and the “Deal or No Deal” decisions in gvgame round, leading to a panel dataset
with a time-series dimension (the game rounds) andross-section dimension (the
contestants).

We also collected data on each contestant’s geratgr, and education. Age and
education are often revealed in an introductory éalin other conversations during the game.
The level of education is coded as a dummy varjatld a value of 1 assigned to contestants
with a bachelor degree level or higher (includiigdents) or equivalent work experience.
Although a contestant’s level of education is ulsuabt explicitly mentioned, it is often clear
from the stated profession. We estimate the missalges for age based on the physical
appearance of the contestant and information redeal the introductory talk, for example,
the age of children. However, age, gender and ¢iducdo not have significant explanatory
power in our analysis. In part or in whole, thisymaflect a lack of sampling variation. For
example, during the game, the contestant is pexthitb consult with friends, family
members, or spouse, and therefore decisions irgémse are in effect taken by a couple or a
group, mitigating the role of the individual corttas®’s age, gender or education. For the sake
of brevity, we will pay no further attention to thele of contestant characteristics. Moreover,
prior outcomes are random and unrelated to chaistoits and therefore the characteristics
probably would not affect our main conclusions dbgath-dependence, even if they would
affect the level of risk aversion.

Table 1 shows summary statistics for our samplen@oed to the German and US
contestants, the Dutch contestants on average tatmepr percentage bank offers (76.3
percent versus 91.8 and 91.4 percent) and playhipulree fewer game rounds (5.2 versus
8.2 and 7.7 rounds). These differences may reflecbserved differences in risk aversion due
to differences in wealth, culture or contestanes®bn procedure. In addition, increasing
relative risk aversion (IRRA) may help to explaimetdifferences. As the Dutch edition
involves much larger stakes than the German aneédit®ns, a modest increase in relative
risk aversion suffices to yield sizeable differemae the accepted percentages. Furthermore,
the observed differences in the number of roundgeal are inflated by the behavior of the

banker. The percentage bank offer increases witdiively small steps in the later game
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Table 1
Summary Statistics

The table shows descriptive statistics for our damp 151 contestants from the Netherlands (51;
panel A), Germany (47; panel B) and the United &ta(53; panel C). The contestants’
characteristics age and education are revealedh imteoduction talk or in other conversations
between the host and the contestant. Age is mahgugears. Gender is a dummy variable with a
value of one assigned to females. Education israndy variable that takes a value of one for
contestants with a bachelor degree or higher (thotu students) or equivalent work experience.
Stop Round is the round number in which the baméra$ accepted. The round numbers from the
first series of German episodes are adjusted byo+torrect for the lower initial number of
briefcases and game rounds; for contestants wheglthe game to the end, the stop round is set
equal to 10. Best Offer Rejected is the highester@age bank offer the contestant chose to reject
(“No Deal”). Offer Accepted is the percentage baifiler accepted by the contestant (“Deal”), or
100 percent for contestants who rejected all offarsount Won equals the accepted bank offer in
monetary terms, or the prize in the contestant’s) dwiefcase for contestants who rejected all

offers.

Mean Stdev Min Median Max
A. NetherlandsN = 51)
Age (years) 45.31 11.51 21.00 43.00 70.00
Gender (female = 1) 0.27 0.45 0.00 0.00 1.00
Education (high = 1) 0.55 0.50 0.00 1.00 1.00
Stop Round 5.22 1.75 3.00 5.00 10.00
Best Offer Rejected (%) 55.89 32.73 10.17 55.32 119.88
Offer Accepted (%) 76.27 30.99 20.77 79.29 165.50
Amount Won (€) 227,264.90 270,443.20 10.00 148,000.00 1,495,000.00
B. Germany N = 47)
Age (years) 36.47 8.17 20.00 35.00 55.00
Gender (female = 1) 0.34 0.48 0.00 0.00 1.00
Education (high = 1) 0.47 0.50 0.00 0.00 1.00
Stop Round 8.21 1.53 5.00 8.00 10.00
Best Offer Rejected (%) 89.07 33.90 37.31 88.22 190.40
Offer Accepted (%) 91.79 19.15 52.78 95.99 149.97
Amount Won (€) 20,602.56 25,946.69 0.01 14,700.00 150,000.00
C. United States\ = 53)
Age (years) 34.98 10.03 22.00 33.00 76.00
Gender (female = 1) 0.57 0.50 0.00 1.00 1.00
Education (high = 1) 0.49 0.50 0.00 0.00 1.00
Stop Round 7.70 1.29 5.00 8.00 10.00
Best Offer Rejected (%) 80.98 17.57 44.04 83.52 112.00
Offer Accepted (%) 91.43 15.31 49.16 97.83 112.50
Amount Won ($) 122,544.58 119,446.18 5.00 94,000.00 464,000.00

rounds and consequently a modest increase in welaisk aversion can yield a large
reduction in the number of game rounds played. Tkhus differences between the Dutch
contestants on the one hand and the German andobi®stants on the other hand are

consistent with moderate IRRA.
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Cross-Country Analysis
Apart from the amounts at stake, the game showdbimvery similar in the three

countries. Still, there are some differences in femmtestants are chosen to play that may
create differences in the contestant pool. In tlhcB and German episodes in our sample
there is a preliminary game in which contestantsaan quiz questions, the winner of which
gets to play the main game we study. One spea@#difie of the Dutch edition is the existence
of a “bail-out offer” at the end of the eliminatiggame: just before a last, decisive question,
the two remaining contestants can avoid losing leasting empty-handed by accepting an
unknown prize that is announced to be worth att 628,000 (approximately 5 percent of the
average prize in the main game) and typically tunmisto be a prize such as a world trip or a
car. If the more risk-averse pre-finalists are midtely to exit the game at this stage, the
Dutch finalists might be expected to be less rigkrge on average. In the United States,
contestants are not selected based on an elimingéime but rather the producer selects each
contestant individually, and the selection procaggears to be based at least in part on the
appearance and personalities of the contestartis. \(Web site for the show tells prospective
contestants to send a video of themselves and gheposed accompanying friends and
relatives. The show also conducts open “castintg’calContestants (and their friends) thus
tend to be attractive and lively. Another concerihat richer and more risk-seeking people
may be more willing to spend time attempting to geto large-stake editions than onto
small-stake editions. To circumvent these problegestion VI complements the analysis of

the TV shows with classroom experiments that usenaogeneous student population.

lll. Preliminary Analysis

To get a first glimpse of the risk preferences Deal or No Deal”, we analyze the
offers made by the banker and the contestantssides to accept or reject these offers in the
various game rounds.

Several notable features of the game can be se€abile 2. First, the banker becomes
more generous by offering higher percentages agdhee progresses (“Rule 2”). The offers
typically start at a small fraction of the avergge&ze and approach 100 percent in the later
rounds. The strong similarity between the percesgag the Dutch edition (panel A), the
German edition (panel B) and the US edition (p&)esuggest that the banker behaves in a

12



Table 2

Bank Offers and Contestants’ Decisions

The table shows summary statistics for the pergentsank offers and contestants’ decisions in
our sample of 151 contestants from the Netherlgdtispanel A), Germany (47; panel B) and the
United States (53; panel C). The average bank afex percentage of the average remaining prize
(%BO), the average remaining prize in Euros (Stakesl the number of contestants (No.) are
reported for each game round=(1,1D). The statistics are also shown separately dotestants
accepting the bank offer (“Deal”) and for contessarejecting the bank offer (“No Deal”). The
round numbers from the first series of German efdsare adjusted by +1 to correct for the lower
initial number of briefcases and game rounds.

Unconditional “Deal” “No Deal”
Round %BO Stakes No. %BO  Stakes No. %BO  Stakes No.
A. NetherlandsN = 51)
1 6% 387,867 51 - - 0 6% 387,867 51
2 14% 376,664 51 - - 0 14% 376,664 51
3 34% 369,070 51 36% 409,802 10 33% 359,135 41
4 61% 348,820 41 69% 394,860 11 58% 331,939 30
5 77% 317,618 30 82% 557,680 7 76% 244,555 23
6 88% 234,877 23 90% 237,416 12 87% 232,107 11
7 98% 243,868 11 104% 414,106 6 91% 39,582 5
8 96% 50,376 5 100% 78,401 3 90% 8,338 2
9 106% 11,253 2 91% 17,500 1 120% 5,005 1

B. Germany N = 47)

1 8% 24,277 27 - - 0 8% 24,277 27
2 15% 24,915 47 - - 0 15% 24,915 47
3 34% 23,642 47 - - 0 34% 23,642 47
4 46% 21,218 47 - - 0 46% 21,218 47
5 50% 22,304 47 59% 29,976 2 59% 21,963 45
6 72% 20,557 45 67% 48,038 7 73% 15,494 38
7 88% 15,231 38 85% 21,216 5 88% 14,324 33
8 98% 15,545 33 91% 28,813 10 101% 9,776 23
9 103% 14,017 23 109% 13,925 11 99% 14,101 12
C. United Stated\ = 53)
1 11% 152,551 53 - - 0 11% 152,551 53
2 21% 151,885 53 - - 0 21% 151,885 53
3 36% 147,103 53 - - 0 36% 147,103 53
4 50% 148,299 53 - - 0 50% 148,299 53
5 62% 148,832 53 79% 118,517 1 61% 150,434 52
6 73% 150,549 52 74% 139,421 9 73% 152,879 43
7 88% 154,875 43 91% 204,263 15 86% 128,416 28
8 92% 114,281 28 96% 183,917 14 88% 44,644 14
9 98% 39,922 14 99% 53,825 8 97% 21,384 6

similar way across the three editich§he number of remaining contestants in every round
clearly shows that the Dutch contestants tenddp sarlier and accept relatively lower bank

offers than the German and US contestants do. Agasimay reflect the substantially larger

® A spokesman from Endemol, the production compaopfirmed that the guidelines for bank offers dre t
same for all three editions included in our sample.
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stakes in the Dutch edition, or, alternatively, lierved differences in risk aversion due to
differences in wealth, culture or contestant sedectprocedure. Third, the contestants
generally exhibit what might be called only “modefarisk aversion. In the US and German
sample, all contestants keep playing until the baiifdr is at least half the expected value of
the prizes in the unopened briefcases. In round 3heé Netherlands, 20 percent of the
contestants (10 out of 51) do accept deals thatgeeonly 36 percent of the expected value
of the unopened briefcases, albeit at stakes Ktaieel €400,000. Many contestants turn down
offers of 70 percent or more of amounts exceedib@0f00. Fourth, there can be wide
discrepancies, even within a country, in the stakas contestants face. In the Dutch show,
contestants can be playing for many hundreds afséwads of Euros, down to a thousand or
less. In the later rounds, the contestant is likelyface relatively small stakes, as a
consequence of the skewness of the initial setipép.

It is not apparent from this table what effect gagticular path a player takes can have
on the choices she makes. To give an example ofiebesions faced by an unlucky player,
consider poor Frank, who appeared in the Dutchoepi®f January 1, 2005 (see Table 3). In
round 7, after several unlucky picks, Frank opethedbriefcase with the last remaining large
prize (€500,000) and saw the expected prize turfibla €102,006 to €2,508. The banker
then offered him €2,400, or 96 percent of the ayeremaining prize. Frank rejected this
offer and play continued. In the subsequent rourdsnk deliberately chose to enter unfair
gambles, to finally end up with a briefcase wortilyo€10. Specifically, in round 8, he
rejected an offer of 105 percent of the averageaneimg prize; in round 9, he even rejected a
certain €6,000 in favor of a 50/50 gamble of €1&10,000. We feel confident to classify this
last decision as risk-seeking behavior, becauswaives a single, simple, symmetric gamble
with thousands of Euros at stake. Also, unless mwewalling to assume that Frank would
always accept unfair gambles of this magnitude, dhl reasonable explanation for his
choice behavior seems to be a reaction to his nisfe experienced earlier in the game.

In contrast, consider the exhilarating ride of $ueg an extremely fortunate contestant
who appeared in the German episode of August 2% P&ee Table 4). After a series of very
lucky picks, she eliminated the last small prize€@f000 in round 8. In round 9, she then
faced a 50/50 gamble of €100,000 or €150,000, tinbethree largest prizes in the German
edition. While she was concerned and hesitant endarlier game rounds, she decidedly
rejected the bank offer of €125,000, the expectddevof the gamble; a clear display of risk-
seeking behavior and one that proved fortuitouthis case as she finally ended up winning
€150,000.
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Table 3
Example “Frank”

The table shows the gambles presented to a Dutdtestant named Frank and the “Deal or No
Deal” decisions made by him in game rounds 1 — s Pparticular episode was broadcast on
January 1, 2005. For each game round, the tablevsshbe remaining prizes, the average
remaining prize, the bank offer, the percentagekh#fer and the “Deal or No Deal” decision.
Frank ended up with a prize of €10.

Game Roundrj

Prize (€) 1 2 3 4 5 6 7 8 9
0.01 X X
0.20 X X
0.50 X X X X X X X
1 X X X X X
5
10 X X X X X X X X X
20 X X X X X X X X
50
100
500
1,000 X
2,500 X X X
5,000 X X
7,500
10,000 X X X X X X X X X
25,000 X X
50,000 X X X X
75,000 X X X
100,000 X X X
200,000 X X X X
300,000 X
400,000 X
500,000 X X X X X X
1,000,000 X
2,500,000

5,000,000 X
Average (€) 383,427 64,502 85,230 95,004 85,005 102,00&,508 3,343 5,005
Offer (€) 17,000 8,000 23,000 44,000 52,000 75,002,400 3,500 6,000
Offer (%) 4% 12% 27% 46% 61% 74% 96% 105% 120%
Decision No Deal No Deal No Deal No Deal No Deal No Deal No Deal No Deal No Deal

Thus both unlucky Frank and lucky Susanne exhibrlylow levels of risk aversion,
even risk-seeking, whereas most of the contestarttsee shows are at least moderately risk
averse. Frank’s behavior is consistent with a “kreeen” effect, a willingness to gamble in
order to get back to some perceived reference p8Siumanne’s behavior is consistent with a
“house-money” effect, an increased willingness @mple when someone thinks she is

playing with “someone else’s money”.
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Table 4
Example “Susanne”

The table shows the gambles presented to a Geraorgastant named Susanne and the “Deal or
No Deal” decisions made by her in game rounds 1 ¥h& particular episode was broadcast on
August 23, 2006. For each game round, the tablevshthe remaining prizes, the average
remaining prize, the bank offer, the percentagekhfer, and the “Deal or No Deal” decision.
Susanne ended up with a prize of €150,000.

Game Roundrj

Prize (€) 1 2 3 4 5 6 7 8 9
0.01 X X X X
0.20 X X X
0.50 X X X X X X X
1
5
10
20 X X
50 X X
100 X X X X
200
300 X X X
400 X
500
1,000 X X X X X X X X
2,500 X X X X X X
5,000 X
7,500
10,000 X X
12,500 X X X
15,000 X
20,000 X X
25,000 X X X X X
50,000 X
100,000 X X X X X X X X X
150,000 X X X X X X X X X
250,000 X

Average (€) 32,094 21,431 26,491 34,825 46,417 ®@0,762,750 83,667 125,000
Offer (€) 3,400 4,350 10,000 15,600 25,000 31,4006,0@80 75,300 125,000
Offer (%) 11% 20% 38% 45% 54% 62% 73% 90% 100%
Decision No Deal No Deal No Deal No Deal No Deal No Deal No Deal No Deal No Deal

To systematically analyze the effect of prior omes such as the extreme ones
experienced by Frank and Suzanne, we first dev@laugh classification of game situations
in which the contestant is classified as a “losar'a “winner” and analyze the decisions of
contestants in these categories separately.

Our classification takes into account the downsisle and upside potential of rejecting
the current bank offer. A contestant is a loséreif average remaining prize after opening one

additional briefcase is low, even if the best-cesenario of eliminating the lowest remaining
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prize would occur. Using, for the current average, the average remainirgepn the best-

case scenario is:

1) BC =X ™X "

where n_ stands for the number of remaining briefcasesaimey roundr =1,--- 9 and x™

for the smallest remaining prize. Similarly, wingere classified by the average remaining

max .
r .

prize in the worst-case scenario of eliminatingl#rgest remaining prizex

) we, = 5

More specifically, we classify a contestant in gegi game round as a “loser” BC,
belongs to the worst one-third for all contestamthat game round and as a “winner'iC,

belongs to the best one-thitdame situations that satisfy neither of the twaditions (or
both in rare occasions) are classified as “neutral”

Of course, there are numerous ways one could &iquayers into winner and loser
categories. The results we show are robust to aflassification schemes, provided that the
classification of winners accounts for the downgidk of continuing play: the house-money
effect — a decreased risk aversion after priorgaiis weak if incremental losses can exceed

prior gains. For example, partitioning on just therent averageX, ) does not distinguish

between situations with different dispersion arouhdt average, and therefore takes no
account of the downside risk of continuing play.

Table 5 illustrates the effect of previous outcornaghe contestants’ choice behavior.
We see that, compared to contestants who are inetlieal category, both winners and losers
have a stronger tendency to continue play. Whilp&tent of all “Deal or No Deal” choices
in the neutral group are “Deal” in the Dutch sampihe “Deal” percentage is only 14 percent
for losers — despite the generous offers they aesepted (“Rule 4”). The low “Deal”

percentage for losers suggests that risk aversemredses when contestants have been

“ To account for the variation in the initial setpsfzes within an edition (see Section BC, andBW, are scaled
by the initial average prize.
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Table 5

“Deal or No Deal” Decisions after Bad and Good Forine

The table summarizes the “Deal or No Deal” decisifim our sample of 151 contestants from the
Netherlands (51; panel A), Germany (47; panel BJ #me United States (53; panel C). The
samples are split based on the fortune experiebgedntestants during the game. A contestant is
classified as a “loser” if her average remainingeafter eliminating the lowest remaining prize is
among the worst one-third for all contestants ia $ame game round; she is a “winner” if the
average after eliminating the largest remainingzepris among the best one-third. For each
category and game round, the table displays theeptage bank offer (%BO), the number of
contestants (No.) and the percentage of contestdnaissing “Deal” (%D). The round numbers
from the first series of German episodes are agljusy +1 to correct for the lower initial number
of briefcases and game rounds.

Loser Neutral Winner
Round %BO No. %D  %BO No. %D  %BO No. %D
A. NetherlandsN = 51)
1 6% 17 0% 6% 17 0% 6% 17 0%

2 15% 17 0% 12% 17 0% 15% 17 0%
3 40% 17 12% 29% 17  41% 31% 17 6%
4 69% 14 14% 58% 13  46% 54% 14 21%
5 82% 10 10% 71% 10 20% 78% 10  40%
6 94% 8  50% 85% 7 43% 86% 8 63%
7 99% 4  25% 97% 3 67% 9% 4 75%
8 105% 1 0% 91% 3 67% 100% 1 100%
9 120% 1 0% - 0 - 91% 1 100%
2-9 72 14% 70 31% 72 25%

B. Germany N = 47)

7% 9 0% 7% 9 0% 8% 9 0%
16% 16 0% 13% 15 0% 14% 16 0%
35% 16 0% 33% 15 0% 33% 16 0%
46% 16 0% 44% 15 0% 47% 16 0%
65% 16 0% 54% 15 13% 57% 16 0%
83% 15 0% 67% 15 20% 66% 15 27%
107% 13 0% 80% 12 25% 76% 13  15%
117% 11 0% 89% 11 55% 86% 11  36%
107% 8 38% 106% 7 57% 98% 8 50%

2-9 111 3% 105 17% 111 13%
C. United States\ = 53)

© oo ~NOOTS WNPEP

1 9% 18 0% 10% 17 0% 13% 18 0%
2 19% 18 0% 19% 17 0% 25% 18 0%
3 41% 18 0% 29% 17 0% 39% 18 0%
4 57% 18 0% 42% 17 0% 51% 18 0%
5 69% 18 0% 55% 17 6% 62% 18 0%
6 78% 18 11% 68% 16 31% 73% 18 11%
7 92% 15 27% 87% 13  23% 84% 15 53%
8 94% 9 22% 95% 10 70% 87% 9 56%
9 92% 4 50% 101% 6 67% 9% 4 50%
2-9 118 8% 113 18% 118  14%
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unlucky in selecting which briefcases to open. #&ctf the strong losers in our sample
generally exhibit risk-seeking behavior by rejegtibank offers in excess of the average
remaining prize.

The low “Deal” percentage could be explained int fyr the smaller stakes faced by
losers and a lower risk aversion for small stakesncreasing relative risk aversion (IRRA).
However, the losers generally still have at leasusands or tens of thousands of Euros at
stake and gambles of this magnitude are typicadlsoaated with risk aversion in other
empirical studies (including other game show steidied experimental studies). Also, if the
stakes explained the low risk aversion of losems,would expect a higher risk aversion for
winners. However, risk aversion seems to decredsenwontestants are lucky and have
eliminated low-value briefcases. The “Deal” peregyet for winners is 25 percent, below the
31 percent for the neutral group.

Interestingly, the same pattern arises in all thoeeintries. The overall “Deal”
percentages in the German and US editions are |tveer in the Dutch edition, consistent
with moderate IRRA and the substantially smallekes. Within every edition, however, the
losers and winners have relatively low “Deal” pertages.

These results suggest that prior outcomes are partemt determinant of risky choice.
This is inconsistent with the traditional inter@ibn of expected utility theory in which the
preferences for a given choice problem do not deémenthe path traveled before arriving at
the choice problem. By contrast, path-dependence beaincorporated quite naturally in
prospect theory. The lower risk aversion after orisine is reminiscent of the break-even
effect, or decision makers being more willing t&etaisks due to incomplete adaptation to
previous losses. Similarly, the relatively low “Depercentage for winners is consistent with
the house-money effect, or a lower risk aversiderafarlier gains.

Obviously, this preliminary analysis of “Deal” pertages is rather crude. It does not
specify an explicit model of risky choice and itedonot account for the precise choices (bank
offers and remaining prizes) the contestants feaghermore, there is no attempt at statistical
inference or controlling for confounding effectsthis stage of our analysis. The next two
sections use a structural choice model and a mawiikelihood methodology to analyze the

“Deal or No Deal” choices in greater detail.
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IV. Expected Utility Theory

This section analyzes the observed “Deal or No 'Dehbices with the standard
expected utility of wealth theory. The choice oé thppropriate class of utility functions is
important, because preferences are evaluated orteamal from cents to millions. We do not
want to restrict our analysis to a classical pomeexponential utility function, because it
seems too restrictive to assume constant relaikeaversion (CRRA) or constant absolute
risk aversion (CARA) for this interval. To allowrfehe plausible combination of increasing
relative risk aversion (IRRA) and decreasing absohisk aversion (DARA), we employ a
variant of the flexible expo-power family of AtarlBaha (1993) that was used by Mohammed
Abdellaoui, Carolina Barrios and Peter P. Wakk&0{@2 and by Charles A. Holt and Susan
K. Laury (2002):

_1-exptaW +x)"™)
- a

3) u(x)

In this function, three parameters are unknown:rifle aversion coefficients and S,
and the initial wealth parameté. The classical CRRA power function arises as ithéihg
case wherer - 0 and the CARA exponential function arises as thexisp case wherg = 0.
Theoretically, the correct measure of wealth shdaddifetime wealth, including the present
value of future income. However, lifetime wealthnet observable and it is possible that
contestants do not integrate their existing weaith the payoffs of the game. Therefore, we
include initial wealth as a free parameter in owde.

We will estimate the three unknown parameters uaingaximum likelihood procedure
that measures the likelihood of the observed “[medlo Deal” decisions based on the “stop
value,” or the utility of the current bank offemdathe “continuation value,” or the expected

utility of the unknown winnings when rejecting tbéfer. In a given round, B(x,) denotes

the bank offer as a function of the set of remajrprizesx, . The stop value is simply:

(4) sv(x) =u(B(x))

Analyzing the continuation value is more complichté/e elaborate on the continuation

value, the bank offer model and the estimation @dace below.
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Continuation Value

The game involves multiple rounds and the contionavalue has to account for the
bank offers and optimal decisions in all later rdsinin theory, we can solve the entire
dynamic optimization problem by means of backwawdliction, using Richard E. Bellman’s
principle of optimality. Starting with the ninthuod, we can determine the optimal “Deal or
No Deal” decision in each preceding game roundowaaiing for the possible scenarios and
the optimal decisions in subsequent rounds. Thigragezh assumes, however, that the
contestant takes into account all possible outcoamss decisions in all subsequent game
rounds. Studies on backward induction in simpleralting-offers bargaining experiments
suggest that subjects generally do only one or steps of strategic reasoning and ignore
further steps of the backward induction process; && example, Johnsat al. (2002) and
Ken Binmoreet al. (2002). This pleads for assuming that the contéstadopt a simplified
mental frame of the game.

Our video material indeed suggests that contestgat®rally look only one round
ahead. The game-show host tends to stress whahapipen to the bank offer in the next
round should particular briefcases be eliminated #me contestants themselves often
comment that they will play “just one more roundltiough they often change their minds
and continue to play later on). We therefore assansgmple “myopic” frame. Using this
frame, the contestant compares the current barde @fith the unknown offer in the next
round, and ignores the option to continue playdater.

Given the current set of prizes, (), the statistical distribution of the set of psze the

next round &, ,,) is known:

n -1
(5) Pr[xrﬂ = yl Xr] :(n f ] = pr

r+

for any given subsey of n.,, elements fromx.. In words, the probability is simply one
divided by the number of possible combinationsgf out of n,. Thus, usingX(x,) for all

such subsets, the continuation value for a myopntestant is given by:

(6) ov(x,)= D u(B(Y)Pp,

yOX(x,)
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Given the cognitive burden of multi-stage inductitims frame seems the appropriate
choice for this game. However, as a robustnessk¢che have also replicated our estimates
using the rational model of full backward inductiand have found that our parameter
estimates and the empirical fit did not change nedtg. In the early game rounds, when
backward induction appears most relevant, the ntyomdel underestimates the continuation
value. Still, the myopic model generally corregbisedicts “No Deal”, because the expected
bank offers usually increase substantially durihg tarly rounds, so even the myopic
continuation value is generally greater than tbe salue. In the later game rounds, backward
induction is of less importance, because fewer gamaeds remain to be played and because
the rate of increase in the expected bank offenssdown. For contestants who reach round
nine, such as Frank and Susanne, the decisiongonablolves just one stage and the myopic
model coincides with the rational model. The lowopgensity of losers and winners in later
game rounds to “Deal” is therefore equally puzzlingler the assumption of full backward

induction.

Bank Offers
To apply the myopic model, we need to quantify lble@avior of the banker. Section |
discussed the bank offers in a qualitative manfer. a contestant who currently faces

remaining prizesx, and percentage bank offpr in game round =1,--- 9, we quantify this

behavior using the following simple model:

(7) B(Xr+1) = br+12r+l

(8) br+1 = br + (1_ br )p(g_r)

where p, 0< p<1, measures the speed at which the percentageguféex to 100 percent.
Since myopic contestants are assumed to look justround ahead, the model predicts the
offer in the next round only. The bank offer in first round needs not be predicted, because
it is shown on the scoreboard when the first “DealNo Deal” choice has to be made.
B(x,,) = X, andb,, = 1refer to the prize in the contestant’s own briséa

The model does not include an explicit premiumiésers. However, before misfortune
arises, the continuation value is driven mostlytbg favorable scenarios and the precise
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percentage offers for unfavorable scenarios donatérially affect the results. After bad luck,
the premium is included in the current percentagkextrapolated to the next game round.

For each edition, we estimate the valueooby fitting the model to the sample of
percentage offers made to all contestants in élvamt game rounds using least squares
regression analysis. The resulting estimates amg sienilar for each edition: 0.832 for the
Dutch edition, 0.815 for the first German series,38 for the second German series and
0.777 for the US shows. The model gives a remaykgbbd fit. Figure 3 illustrates the
goodness-of-fit by plotting the predicted bank offagainst the actual offers. The results are
highly comparable for the three editions in ourdgtand therefore the figure shows the
pooled results. For each individual sample, the eheaplains well over 70 percent of the
total variation in the individual percentage offeffie explanatory power is even higher for
monetary offers, with an R-squared of roughly 9&est for each sample. Arguably, accurate
monetary offers are more relevant for accurate @sfersion estimates than accurate
percentage offers, because the favorable scenaribshigh monetary offers weigh heavily
on expected utility. On the other hand, to analygk behavior following the elimination of
the largest prizes, accurate estimates for low maopeffers are also needed. It is therefore
comforting that the fit is good in terms of bothrgentages and monetary amounts. In
addition, ifp is used as a free parameter in our structuralcehwmiodels, the optimal values
are approximately the same as our estimates, fuctindirming the goodness.

Since the principle behind the bank offers becontear after seeing a few shows, the
bank offer model (7) — (8) is treated as deterrtimiand known to the contestants. Using a
stochastic bank offer model would introduce an axatyer of uncertainty, yielding lower
continuation values. For losers, the bank offees taardest to predict, making it even more
difficult to rationalize why these contestants con¢ play.

Maximum Likelihood Estimation
In the spirit of Gordon M. Becker, Morris H. DeGtand Jacob Marschak (1963) and
John D. Hey and Chris Orme (1994), we assume HeatDeal or No Deal” decision of a

given contestani =1,---,N in a given game round =1--- & based on the difference
between the continuation value and the stop valuey(x ,) —s\x ), plus some error. The

errors are treated as independent, normally dig&thrandom variables with zero mean and

standard deviatiorw; . . Arguably, the error standard deviation shoulchlgher for difficult
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Figure 3: Predicted Bank Offers versus Actual BankOffers. The figure displays the goodness
of our bank offer model by plotting the predictezhk offers versus the actual bank offers for all
relevant game rounds in our pooled sample of 1fitestants from the Netherlands, Germany and
the United States. Panel A shows the fit for the@etage bank offers and panel B shows the fit
for the monetary bank offers (in Euros). A 45-degtime (perfect fit) is added for ease of

interpretation.
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choices than for simple choices. A natural indicaib the difficulty of a decision is the
standard deviation of the utility of the outcomesdito compute the continuation value:

9) a(x,) = \/ D (u(B(Y)) —ev(%, ) B,

yOX(% 1)

We assume that the error standard deviation isgptiopal to this indicator, that is,

o, =9(x,)o, whereog is a constant noise parameter. As a result ofdegimption, the

simple choices effectively receive a larger weighthe analysis than the difficult ones. We
also investigated the data without weighting. Tiner¢ported) results show that the overall fit
in the three samples deteriorates. In additionhaut weighting, the estimated noise
parameters in the three editions strongly divengtl the Dutch edition having a substantially
higher noise level than the German and US editi®hs. increase in the noise level seems to
reflect the higher difficulty of the decisions inet Dutch edition relative to the German and
US editions; contestants in the Dutch edition tgfpycface (i) larger stakes because of the
large initial prizes and (ii)) more remaining prizescause they exit the game at an earlier
stage. The standard deviation of the outcomes {@kspup these two factors. The
deterioration of the fit and the divergence of #stimated noise levels provide additional,
empirical arguments for our weighting scheme.

Given these assumptions, we may compute the lixetihof the “Deal or No Deal”

decision as:
q)(cv(x,r) —sv(x,r)j £ “No Deal
(10) )= 0%
G{SV(M) -CV(m)] it “Deal”
o(x,)o

where ®()) is the cumulative standard normal distributioncfion >

® This error model allows for violations of firsteer stochastic dominance (FSD). The probabilitylal” is
predicted to be larger than zero and smaller thaty,ueven when the bank offer is smaller than shellest
outcome (“No Deal” dominates “Deal”) or larger thtre largest outcome (“Deal” dominates “No Deal}
pointed out by an anonymous referee, a truncated srodel can avoid such violations of FSD. In dataset,
however, the bank offer is always substantiallgdarthan the smallest and substantially smaller the largest
outcome, and violations of FSD do not occur.

25



Aggregating the likelihood across contestants owerall log-likelihood function of the
“Deal or No Deal” decisions is given by:

N R
(12) In(L) =" > In(I(x,, )

i=1lr=

whereR; is the last game round played by contestant

To allow for the possibility that the errors of imdlual contestants are correlated, we
perform a cluster correction on the standard erfges, for example, Jeffrey M. Wooldridge,
2003). Note that the summation starts in the segamde roundr(=2). The early German
episodes with only eight game rounds effectivedytsn this game round and in order to align
these episodes with the rest of the sample, waudadhe first roundr(= 1) of the editions
with nine game rounds. Due to the very conservabaerk offers, the choices in the first
round are always trivial (no contestant in our skmgver said “Deal”); including these
choices does not affect the results, but it woalddly make the early German episodes look
more “noisy” than the rest of the sample.

The unknown parameters in our mode] B, W, and g) are selected to maximize the
overall log-likelihood. To determine if the modelosks significantly better than a naive

model of risk neutrality, we perform a likelihooatio test.

Results

Table 6 summarizes our estimation results. Apannfrcoefficient estimates anut
values, we have also computed the implied certaqtyivalent as a fraction of the expected
value, or certainty coefficient (CC), for 50/50 dalas of €0 or €19z = 1,---,6. These values
help to interpret the coefficient estimates bysthating the shape of the utility function.
Notably, the CC can be interpreted as the criti@k offer (as a fraction of the expected
value of the 50/50 gamble) that would make the estant indifferent between “Deal” and
“No Deal”. If CC =1, the contestant is risk nelitravhen CC > 1, the contestant is risk
seeking, and as CC approaches zero, the contdstaeomes extremely risk averse. To help
interpret the goodness of the model, we have atlethit percentage”, or the percentage of
correctly predicted “Deal or No Deal” decisions.

In the Dutch sample, the risk aversion parameterand £ are both significantly

different from zero, suggesting that IRRA and DARFe relevant and the classical CRRA
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Table 6
Expected Utility Theory Results

The table displays the estimation results of egubattility theory for our sample of 151
contestants from The Netherlands (51), Germany &6 the United States (53). Shown are
maximum likelihood estimators for the and S parameters and the wealth levél, (in Euros) of
the utility function (3), and the noise parameterThe table also shows the overall mean log-
likelihood (MLL), the likelihood ratio (LR) relatir to the naive model of risk neutrality, the
percentage of correctly predicted “Deal or No Deadécisions (Hits), and the total number of
“Deal or No Deal” decisions in the sample (No.)naly, the implied certainty coefficient (CC;
certainty equivalent as a fraction of the expestalde) is shown for 50/50 gambles of €0 or €10
z=1,--,6.p-values are shown in parentheses.

Netherlands Germany United States
a 0.424 (0.000) 1.58e-5(0.049) 4.18e-5(0.000)
B 0.791 (0.000) 0.000(1.000) 0.171(0.000)
w 75,203 (0.034) 544 (0.481)  101,898(0.782)
o 0.428 (0.000) 0.467 (0.000) 0.277(0.000)
MLL -0.365 -0.340 -0.260
LR 24.29 (0.000) 3.95 (0.267) 15.10(0.002)
Hits 76% 85% 89%
No. 214 327 349
CC (0/10) 1.000 1.000 1.000
CC (0/10) 0.999 1.000 1.000
CC (0/106) 0.994 0.996 0.998
CC (0/10) 0.946 0.960 0.984
CC (0/16) 0.637 0.640 0.859
CC (0/16) 0.141 0.088 0.302

power function and CARA exponential function are testrictive to explain the choices in
this game show. The estimated wealth level of €% sdgnificantly exceeds zero. Still, given
that the median Dutch household income is rougly,@0 per annum, the initial wealth
level seems substantially lower than lifetime weahd integration seems incomplete. This
deviates from the classical approach of definintityiover wealth and is more in line with
utility of income or the type of narrow framing tha typically assumed in prospect theory. A
low wealth estimate is also consistent with Matthieabin’s (2000) observation that plausible
risk aversion for small and medium outcomes impimaplausibly strong risk aversion for
large outcomes if the outcomes are integrated Vifigime wealth. Indeed, the estimates
imply near risk neutrality for small stakes, witaghe CC of 0.994 for a 50/50 gamble of €0
or €1,000, and increasing the wealth level woulglymear risk neutrality for even larger
gambles.

Rabin’s point is reinforced by comparing our restittr large stakes with the laboratory
experiments conducted by Holt and Laury (2002) gishre lower stakes typical in the lab.

Holt and Laury’s subjects display significant reskersion for modest stakes, which, as Rabin
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notes, implies extreme risk aversion for much laggakes — behavior our contestants do not
display. Indeed, contestants with Holt and Laupasameter estimates for the utility function
would generally accept a “Deal” in the first ganoeimd, in contrast to the actual behavior we
observe. We conclude, agreeing with Rabin, thateetga utility of wealth models have
difficulty explaining behavior for both small anartje stakes.

The model also does not seem flexible enough tdaaxphe choices for losers and
winners simultaneously. The estimated utility fuoictexhibits very strong IRRA, leading to
an implausibly low CC of 0.141 for a 50/50 gambfe£® or €1,000,000. Indeed, the model
errs by predicting that winners would stop earliean they actually do. If risk aversion
increases with stakes, winners are predicted t@ l@astronger propensity to accept a bank
offer, the opposite of what we observe; witnessefcample the “Deal” percentages in Table
5. However, strong IRRA is needed in order to expthe behavior of losers, who reject
generous bank offers and continue play even witk td thousands of Euros at stake. Still,
the model does not predict risk seeking at smakest; witness the CC of 0.946 for a 50/50
gamble of €0 or €10,000 — roughly Frank’s riskyickdn round 9. Thus, the model also errs
by predicting that losers would stop earlier tHagytactually do.

Interestingly, the estimated coefficients for ther@an edition are quite different from
the Dutch values. The optimal utility function regs to the CARA exponential function
(8= 0) and the estimated initial wealth level becenmsignificantly different from zero. Still,
on the observed domain of prizes, the two utilitymdtions exhibit a similar pattern of
unreasonably strong IRRA and high risk aversion viamners. Again, the model errs by
predicting that losers and winners would stop eathan they actually do. These errors are so
substantial in this edition that the fit of the exfed utility model is not significantly better
than the fit of a naive model that assumes thataitestants are risk neutral and simply
“Deal” whenever the bank offer exceeds the averag®ining prize.

Contrary to the Dutch and German utility functionthe US utility function
approximates the limiting case of the CRRA powaerction (@=0). The CC is again very
high for small stakes. For larger stakes, the eoefft decreases but at a slower pace than in
the other two countries, reflecting the relativielw propensity to “Deal” for US contestants
with relatively large amounts at stake. The deengggattern stems from the estimated initial
wealth level of €101,898, which yields near riskitnality for small stakes. Still, initial wealth
is not significantly different from zero, becaussimilar pattern can be obtained if we lower
the value of beta relative to alpha and move in divection of the CARA exponential

function.
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To further illustrate the effect of prior outcomé@&ble 7 shows separate results for
losers and winners (as defined in Section Ill). {@onng the low “Deal” percentages found
earlier, the losers and winners are less risk avansl have higher CCs than the neutral group.
The losers are in fact best described by a modeskfseeking, which is not surprising given
that the losers in our sample often reject bank&refin excess of the average remaining prize.
The same pattern arises in each of the three pdjtotespite sizeable differences in the set of
prizes. For example, the Dutch losers on average lEager stakes than the contestants in the
US and German neutral groups. Still, risk seeki@@ & 1) arises only in the loser group.
Overall, these results suggest that the expectlty atodel fails to capture the strong effect

of previous outcomes.

V. Prospect Theory

In this section, we use prospect theory to analyeeobserved “Deal or No Deal”
choices. Contestants are assumed to have a naocws fnd evaluate the outcomes in the
game without integrating their initial wealth — gpical assumption in prospect theory.
Furthermore, we will again use the myopic framd ttmanpares the current bank offer with
the unknown offer in the next round. Although myops commonly assumed in prospect
theory, the choice of the relevant frame in thisngais actually more important than for
expected utility theory. As discussed in Section thé myopic frame seems appropriate for
expected utility theory. For prospect theory, hogrevt can be rather restrictive. Prospect
theory allows for risk-seeking behavior when in teemain of losses and risk seekers have a
strong incentive to look ahead multiple game routadallow for the possibility of winning
the largest remaining prize. Indeed, contestants sefect high bank offers often explicitly
state that they are playing for the largest remgimurize (rather than a large amount offered
by the banker offer in the next round). Preliminaoynputations revealed that prospect theory
generally performs better if we allow contestamtdaok ahead multiple game rounds. The
improvements are limited, however, because riskisgetypically arises at the end of the
game. At that stage, only a few or no further gaowmds remain and the myopic model then
gives a good approximation. Thus, we report ongy/risults with the myopic model in order
to be consistent with the previous analysis uskpeeted utility theory.

The stop value and continuation value for prospieebry are defined in the same way
as for expected utility theory, with the only diéace that the expo-power utility function (3)
is replaced by the prospect theory value functighich is defined on changes relative to

some reference point:
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Table 7
Path Dependence

The table shows the maximum likelihood estimatiesutts of expected utility theory for our
sample of 151 contestants from the Netherlands §ahgl A), Germany (47; panel B) and the
United States (53; panel C). The samples are bpfied on the fortune experienced during the
game. A contestant is classified as a “loser” (‘war) if her average remaining prize after
eliminating the lowest (highest) remaining prizeasong the worst (best) one-third for all
contestants in the same game round. The resulfg@sented in a format similar to the full-sample
results in Table 6.

Loser Neutral Winner
A. Netherlands
a -244.904 (0.022) 0.044 (0.204) 0.125(0.831)
B 0.993 (0.000) 0.687 (0.000) 0.736(0.011)
w 0 (1.000) 304 (0.671) 3,061 (0.824)
o 0.627 (0.000) 0.323(0.000) 0.309 (0.000)
MLL -0.300 -0.383 -0.325
Hits 89% 81% 83%
No. 72 70 72
CC (0/10) 1.330 0.994 0.999
CC (0/10) 1.338 0.945 0.992
CC (0/16) 1.347 0.723 0.928
CC (0/1d) 1.355 0.392 0.630
CC (0/16) 1.363 0.150 0.216
CC (0/16) 1.371 0.032 0.035
B. Germany
a -7.914 (0.117) 0.364 (0.000) 0.087 (0.000)
B 0.814 (0.000) 0.759 (0.000) 0.651 (0.000)
w 930 (0.825) 50,926(0.481)  113,582(0.180)
o 0.659 (0.000) 0.241 (0.000) 0.454 (0.000)
MLL -0.276 -0.257 -0.278
Hits 90% 87% 88%
No. 111 105 111
CC (0/10) 1.012 1.000 1.000
CC (0/10) 1.113 0.999 0.999
CC (0/16) 1.584 0.990 0.995
CC (0/1d) 1.823 0.911 0.949
CC (0/16) 1.891 0.485 0.614
CC (0/16) 1.929 0.072 0.101
C. United States
a -203.512 (0.006) 1.96e-5(0.000) 0.938 (0.000)
B 0.995 (0.000) 0.086 (0.000) 0.998 (0.000)
w 54 (0.691)  934,904(0.331) 29,468(0.107)
o 0.193 (0.000) 0.308 (0.000) 0.326 (0.000)
MLL -0.194 -0.275 -0.253
Hits 92% 86% 91%
No. 118 113 118
CC (0/10) 1.004 1.000 1.000
CC (0/10) 1.023 1.000 0.999
CC (0/16) 1.054 0.999 0.992
CC (0/1d) 1.071 0.986 0.927
CC (0/16) 1.081 0.863 0.646
CC (0/16) 1.089 0.252 0.289
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(12) V(x| RP) = {_ ("X(_R';;;) xi sR EP

where A >0 is the loss-aversion paramet&F is the reference point that separates losses
from gains, andr > (measures the curvature of the value function. driggnal formulation

of prospect theory allows for different curvaturargmeters for the domain of losses
(x< RP) and the domain of gainsx@& RP). To reduce the number of free parameters, we

assume here that the curvature is equal for bathaétts®

Reference Point Specification

Kahneman and Tversky's (1979) original treatmentpodspect theory equates the
reference point with the status quo. Since “DeaNorDeal” contestants never have to pay
money out of their own pockets, the reference puwiotild then equal zero and contestants
would never experience any losses. The authorgneo®, however, that “there are situations
in which gains and losses are coded relative texgectation or aspiration level that differs
from the status quo” (286). They point out thatg&rson who has not made peace with his
losses is likely to accept gambles that would bacuaeptable to him otherwise” (287). This
point is elaborated by Thaler and Johnson (199@udh neither team offers a formal model
of how the reference point changes over time. @oent effort along these lines is by Botond
Kdészegi and Rabin (2006, 2007).

The specification of the subjective reference po{ot the underlying set of
expectations) and how it varies during the gamerusial for our analysis, as it determines
whether outcomes enter as gain or loss in the Valetion and with what magnitude. Slow
adjustment or stickiness of the reference pointytaldl break-even and house-money effects,
or a lower risk aversion after losses and aftengdf the reference point adjusts slowly after
losses, relatively many remaining outcomes areepldn the domain of losses, where risk
seeking applies. Similarly, if the reference patitks to an earlier, less favorable value after
gains, relatively many remaining prizes are placetthe domain of gains, reducing the role of

loss aversion.

® Empirical curvature estimates are often very simibr gains and losses. Tversky and Kahneman {1962
example, find a median value of 0.88 for both dareakFurthermore, the curvature needs to be the gambeth
domains in order to be consistent with the definitof loss aversion; see Veronica Kdbberling andkki#a
(2005).
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Figure 4: Break-Even and House-Money Effects in Prgpect Theory. The figure displays the
prospect value function (12) for three differenvdis of the reference poinRP) and the
associated certainty equivalen@E§) for a 50/50 gamble of €25,000 or €75,000. Vdlretion
Vn(X|50,000) refers to a neutral situation WRRy = €50,000 ancCEy = €44,169v,(x|25,000) to a
winner with RR, = €25,000 andCEy = €47,745, and (x|75,000) to a loser witRP_ = €75,000
andCE_ = €52,255. All three value functions are basedhenparameter estimates of Tversky and
Kahneman (1992), ar = 0.88 andl = 2.25. The crosses indicate the certainty egentalfor the
50/50 gamble.

Figure 4 illustrates these two effects using a @0gamble of €25,000 or €75,000.
Contestants in “Deal or No Deal” face this typegamble in round 9. The figure shows the
value function using the parameter estimates ofskyeand Kahneman (1992), ar=0.88
andA = 2.25, and three alternative specifications lfigr teference point. In a neutral situation
without prior outcomes, the reference point mayagtfue expected valu&®py = €50,000). In
this case, the contestant frames the gamble agyl€&5,000 (€50,000 - €25,000) or winning
€25,000 (€75,000 - €50,000). The certainty equivtalef the gamble iCEy =€44,169,
meaning that bank offers below this level would regected and higher offers would be
accepted. The risk premium of €5,831 is causedokg hversion, which assigns a larger
weight to losses than to gains.

Now consider contestant L, who initially faced muelhger stakes than €50,000 and

incurred large losses before arriving at the 5@&tble in round 9. Suppose that L slowly
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adjusts to these earlier losses and places hisergfe point at the largest remaining prize
(RP. = €75,000). In this case, L does not frame theldamas losing €25,000 or winning
€25,000 but rather as losing €50,000 (€75,000 —0&®H or breaking even (€75,000 —
€75,000). Both prizes are placed in the domailosges where risk seeking applies. Indeed,
L would reject all bank offers below the certaimtyuivalent of the gambl&E_ = €52,255,
which implies a negative risk premium of €2,255.

Finally, consider contestant W, who initially facedich smaller stakes than €50,000
and incurred large gains before arriving at thes60gamble. Due to slow adjustment, W
employs a reference point equal to the smallesair@ng prize RRy = €25,000) and places
both remaining prizes in the domain of gains. lis tase, W frames the gamble as one of
either breaking even (€25,000 — €25,000) or gai®ib@,000 (€75,000 — €25,000). Since loss
aversion does not apply in the domain of gains,risle aversion of W is lower than in the
neutral case and W would reject all bank offersoweCEy = €47,745, implying a risk
premium of €2,255, less than the value of €5,83hémneutral case.

It should be clear from the examples above thatpgr specification of the reference
point and its dynamics is essential for our analysi fact, without slow adjustment, prospect
theory does not yield the path-dependence fourttiighnstudy. Unfortunately, the reference
point is not directly observable and prospect theslone provides minimal guidance for
selecting the relevant specification. We therefoged to give the model some freedom and
rely on the data to inform us about the relevarmcsjation. To reduce the risk of data
mining and to simplify the interpretation of thesuéis, we develop a simple structural model
based on elementary assumptions and restrictioriedaeference point.

If contestants were confronted with the isolatedbfgm of choosing between the
current bank offer and the risky bank offer in tiext round, it would seem natural to link the
reference point to the current bank offer. The baiifdr represents the sure alternative and the
opportunity cost of the risky alternative. Furtherey the bank offer is linked to the average
remaining prize and therefore to current expeataticegarding future outcomes. A simple
specification would b&P, = 8, B(x,). If & = 0, then the reference point equals the statos qu
(RP = 0) and all possible outcomes are evaluated es;gé 6, > 0, the reference point is
strictly positive and contestant may experience@épglosses, even though they never have to
pay money out of their own pockets. A referencenpbelow the current bank offer, ér < 1,
is conservative (pessimistic) in the sense thaitixaly few possible bank offers in the next

round are classified as losses and relatively nmsgible outcomes are classified as gains.
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By contrast, an “optimistic” reference point, é > 1, involves relatively many possible
losses and few possible gains.

The actual game is dynamic and the bank offer obmingevery round, introducing the
need to update the reference point. Due to slowsaaent, however, the reference point may
be affected by earlier game situations. We may oreathe effect of outcomes after earlier
round j, 0<j<r, by the relative increase in the average remainprge, or
d? =(x, -x;)/x% . Forj =0, d{” measures the change relative to the initial awgragx, .

Ideally, our model would include this measure fibiearlier game rounds (and possibly
also interaction terms). However, due to the stromgelation between the lagged terms and
the limited number of observations, we have to tlithe number of free parameters. We
restrict ourselves to just two termg‘ 2 and d©. The termd " is the longest fixed lag
that can be included for all observations (our sial starts in the second round) and
measures recent changes? , or the longest variable lag, captures all chamgksdive to the
initial game situation. Adding these two laggedrterto the static model, our dynamic model

for the reference point is:
(13) RP = (6, +6,d? +6,d®)B(x,)

In this model,& < 0 or & < 0 implies that the reference points sticks tdieravalues
and that it is higher than the neutral va8(x;) after decreases in the average remaining
prize and lower after increases.

It is not immediately clear how strong the adjusitneould be, or if the adjustment
parameters would be constant, but it seems reatistassume that the adjustment is always
sufficiently strong to ensure that the referencenfpis feasible in the next round, i.e., not
lower than the smallest possible bank offer andhigiter than the largest possible bank offer.
We therefore truncate the reference point at theiifuim and maximum bank offer, i.e.

mi(n)B(y) < RP < max B(y). This truncation improves the empirical fit of omodel and
yOX (%, yOX (%)

the robustness to the specification of the refexgrant and its dynamics.

Our complete prospect theory model involves fiveefparameters: loss aversidn
curvaturea, and the three parameters of the reference padeh#, & and&. We estimate
these parameters and the noise paran@teith the same maximum likelihood procedure

used for the expected utility analysis. We alsdyfipe same bank offer model.

34



Our analysis ignores subjective probability transfation and uses the true
probabilities as decision weights. The fit of presptheory could improve if we allow for
probability transformation. If losers have a sticigference point and treat all possible
outcomes as losses, they will overweight the pribibalof the smallest possible loss,
strengthening the risk seeking that stems fromdbrevexity of the value function in the
domain of losses. For example, applying the Tverakg Kahneman (1992) weighting
function and parameter estimates to a gamble with équally likely losses, the decision
weight of the smallest loss is 55 percent rathen thO percent. Still, we prefer to focus on the
effect of the reference point in this study andigreore probability weighting for the sake of
parsimony. This simplification is unlikely to be taaal, especially in the most important
later rounds, when the relevant probabilities aetlionm to large and the decision weights

would be relatively close to the actual probalgt(as illustrated by the 50/50 gamble).

Results

Table 8 summarizes our results. For the Dutch aditihe curvature and loss aversion
parameters are significantly different from unifjhhe curvature of the value function is
needed to explain why some contestants reject bHaks in excess of the average remaining
prize; loss aversion explains why the average steut¢ accepts a bank offer below the
average prize. Both parameters take values that@rgarable with the typical results in
experimental studies. Indeed, setting these pammegual to the Tversky and Kahneman
(1992) parameter values does not change our cootus

The parameter@, is significantly larger than zero, implying thabntestants do
experience (paper) losses, consistent with the tah the reference point is based on
expectations and that diminished expectations septe losses. The parameter is also
significantly smaller than unity, indicating thahet reference point generally takes a
conservative value below the current bank offer.

The adjustment paramete#isand & are significantly smaller than zero, meaning that
the reference point tends to stick to earlier valaed is higher than the neutral value after
losses and lower after gains. In magnitu@as much larger thafs, suggesting that the effect
of recent outcomes is much stronger than the efféchitial expectations. However, the
changes in the average remaining prize duringdbetivo game rounds are generally much

smaller than the changes during the entire gammitjrig the effect of the parameter value. In
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Table 8
Prospect Theory Results

The table shows the estimation results of prosiiexiry for our sample of 151 contestants from
The Netherlands (51), Germany (47) and the UnitadeS (53). Shown are maximum likelihood
estimators for the loss aversiol) @nd curvatured) of the value function, the three parameters of
the reference point modél, & and &, and the noise parameter The table also shows the
overall mean log-likelihood (MLL), the likelihoodhtio (LR) relative to the naive model of risk
neutrality, the percentage of correctly predict®addl or No Deal” decisions (Hits), and the total
number of “Deal or No Deal” decisions in the sam{Ne.). p-values are shown in parentheses.

Netherlands Germany United States

A 2.375 (0.013) 4.501 (0.008) 4.528(0.001)
a 0.516 (0.000) 0.486 (0.000) 0.836 (0.000)
6 0.474 (0.000) 1.096 (0.000) 1.163(0.000)
6 -0.285 (0.000) -0.026 (0.000) 0.031(0.329)
& -0.028 (0.000) -0.052 (0.000) -0.093(0.023)
g 0.345 (0.000) 0.533(0.000) 0.193(0.000)
MLL -0.309 -0.303 -0.228

LR 48.41 (0.000) 27.44(0.000) 37.28(0.000)
Hits 85% 89% 91%

No. 214 327 349

addition, in case of large changes, the referenad pften falls outside the range of feasible
outcomes. In these cases, the reference point isgs@l to the smallest or largest possible
bank offer (see above), further limiting the effetthe parameter value.

The slow adjustment of the reference point lowbesgropensity of losers and winners
to “Deal”. Not surprisingly, the prospect theory deb yields substantially smaller errors for
losers and winners and the overall log-likelihosdaignificantly higher than for the expected
utility model. While the expected utility model cectly predicted 76 percent of the “Deal or
No Deal” decisions, the hit percentage of the peostheory model is 85 percent.

The results for the German and US samples are sbatalifferent from the results for
the Dutch sample, but still confirm the importanter of slow adjustment. The difference
seems related to the relatively large stakes am@skociated high propensity to “Deal” in the
Dutch edition. In the German and US samples, therence point is substantially higher in
relative terms than in the Dutch sample. The netfyihigh reference point helps explain why
the German and US contestants stop in later roandsdemand higher percentage bank
offers than the Dutch contestants. Relatively manicomes are placed in the domain of
losses, where risk seeking applies. In such atsituaa relatively strong loss aversion is
needed to explain “Deals”. Indeed, the loss avarsgiimates are substantially higher than for
the Dutch sample. Again, stickiness is highly digant. However, the most recent outcomes

seem less important and the reference point nakssprimarily to the initial situation. This
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seems related to the German and US contestantgeoaga playing more game rounds than
the Dutch contestants. In later rounds, many hkasds have already been opened, but
relatively few briefcases have been opened indkefew rounds. The last two game rounds
played in the German and US edition therefore gdlyereveal less information than in the
Dutch edition. The model again materially redudes errors for losers and winners and fits
the data significantly better than the expectelityitnodel in these two samples.

These results are consistent with our earlier figdhat the losers and winners have a
low propensity to “Deal” (see Table 5). Clearlypgpect theory with a dynamic but sticky
reference point is a plausible explanation for gash-dependent pattern. Still, we stress that
our analysis of prospect theory serves merely tploe® and illustrate one possible
explanation, and that it leaves several questioamswered. For example, we have assumed
homogeneous preferences and no subjective prdyabdinsformation. The empirical fit may
improve even further if we would allow for heterogeus preferences and probability
weighting. Further improvements may come from allmgyfor a different curvature in the
domains of losses and gains, from allowing fored#ht partial adjustment after gains and
losses, and from stakes-dependent curvature arsdalesrsion. We leave these issues for

further research.

VI. Experiments

The previous sections have demonstrated the stéiagt of prior outcomes or path-
dependence of risk attitudes. Also, the amounstadte seem to be important, with a stronger
propensity to deal for larger stakes levels. Paotcomes and stakes are, however, highly
confounded within every edition of the game showfauorable outcomes (opening high-
value briefcases) lower the stakes and favorabteoowes (opening low-value briefcases)
raise the stakes. The stronger the effect of stalkes easier it is to explain the weak
propensity to “Deal” of losers, but the more ditficit is to explain the low “Deal” percentage
of winners. To analyze the isolated effect of timeoants at stake, we conduct a series of
classroom experiments in which students at Erasomirgersity play “Deal or No Deal”. We
consider two variations to the same experiment tisat monetary amounts that differ by a
factor of ten, but draw from the same student pafpan.

Both experiments use real monetary payoffs to avwo@entive problems (see, for
example, Holt and Laury, 2002). In order to compédwe choices in the experiments with

those in the original TV show and to provide a camnbasis for comparisons between the
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two experiments, each experiment uses the origicetharios from the Dutch editidrt the
time of the experiments, only the first 40 episo@es available. The original monetary
amounts are scaled down by a factor of 1,000 d@dQ1D,with the smallest amounts rounded
up to one cent. Despite the strong scaling, thaltieg stakes are still unusually high for
experimental research. Although the scenarios aeslepermined, the subjects are not
“deceived” in the sense that the game is not mdatipd to encourage or avoid particular
situations or behaviors. Rather, the subjectsamdamly assigned to a scenario generated by
chance at an earlier point in time (in the origieplsode). The risk that the students would
recognize the original episodes seems small, beddwsscenarios are not easy to remember
and the original episodes are broadcast at leashenths earlier. Indeed, the experimental
“Deal or No Deal” decisions are statistically uated to which of the remaining prizes is in
the contestant’s own briefcase.

We replicate the original game show as closelyassiple in a classroom, using a game
show host (a popular lecturer at Erasmus University live audience (the student subjects
and our research team). Video cameras are poihtbeé aontestant, recording all her actions.
The game situation (unopened briefcases, remaprizgs and bank offers) is displayed on a
computer monitor in front of the stage (for the thasd the contestant) and projected on a
large screen in front of the classroom (for thei@ock). This setup is intended to create the
type of distress that contestants must experiencthe TV studio. Our approach seems
effective, because the audience is very excited emtiusiastic during the experiment,
applauding and shouting hints, and most contessinaw clear symptoms of distress.

All our subjects are students, about 20 years &. &g total of 160 business or
economics students are randomly selected fromgerdgsopulation of students at Erasmus
University who applied to participate in experimgenduring the academic year 2005 — 2006.
Although each experiment requires only 40 subje®@sstudents are invited to guarantee a
large audience and to ensure that a sufficient murobsubjects are available in the event that
some subjects do not show up. Thus, approximatalydi the students are selected to play
the game. To control for a possible gender effeet,ensure that the gender of the subjects
matches the gender of the contestants in the atigpisodes.

At the beginning of both experiments we hand ot itistructions to each subject,
consisting of the original instructions to contestain the TV show plus a cover sheet

" Original prizes and offers are not available whesubject continues play after a “Deal” in the Tpisede. The
“missing outcomes” for the prizes are selected oamg (but held constant across the experiments) tlam bank
offers are set according to the pattern observélemriginal episodes.
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explaining our experiment. Next, the games staathEindividual game lasts about 5 to 10
minutes, and each experiment (40 games) lasts lpughours, equally divided in an
afternoon session with one half of the subjects gares, and an evening session with the
other half.

Small-Stake Experiment

In the first experiment, the original prizes andkbaffers from the Dutch edition are
divided by 10,000, resulting in an average prizeafghly €40 and a maximum prize of
€500.

The overall level of risk aversion in this experithés lower than in the original TV
show. Contestants on average stop later (roundvé&fus 5.2 for the TV show) and reject
higher percentage bank offers. Still, the changesnsmodest given that the initial stakes are
10,000 times smaller than in the TV show. In theShéw, contestants generally become risk
neutral or risk seeking when “only” thousands arstef thousands of Euros remain at stake.
In the experiment, the stakes are much smaller,thitaverage contestant is clearly risk
averse. This suggests that the effect of stakesskrmattitudes in this game is relatively weak.
By contrast, the effect of prior outcomes is vergisg; witness for example the (untabulated)
“Deal” percentages (for round 2 — 9 combined) oR3B,and 19 for “loser”, “neutral” and
“winner”, respectively.

The first column of Table 9 shows the maximum likebd estimation results. The
estimated utility function exhibits the same pattef extreme IRRA as for the original
shows, but now at a much smaller scale. See, fample, the CC of 0.072 for a 50/50
gamble of €0 or €1,000. It follows from Rabin’s (@) observation that plausible levels of
risk aversion require much lower initial wealth éév for small-stake gambles than for large-
stake gambles. Indeed, initial wealth is estimatede €11 in this experiment, roughly a
factor of 10,000 lower than for the original TV galmn As for the original episodes, the
model errs by predicting that the losers and wismwesuld stop earlier than they actually do.
Prospect theory with a sticky reference point fite data substantially better than the

expected utility model, both in terms of the logelihood and in terms of the hit percentage.
Large-Stake Experiment

The modest change in the choices in the first exyme relative to the large-stake TV

show suggests that the effect of stakes is limitedhis game. Of course, the classroom
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Table 9
Experimental Results

The table shows the maximum likelihood estimatiesuits for our choice experiments. The first

column (Small stakes) displays the results forgkgeriment with the original monetary amounts

in the Dutch TV format of “Deal or No Deal” dividda 10,000, the second column (Large stakes)
displays the results for the experiment with prigealed down by a factor of 1,000, and the third
column (Pooled) displays the results for the twmgl@s combined. Panel A shows the results for
expected utility theory. Panel B shows the redaltgprospect theory. The results are presented in
the same format as the results in Table 6 and Tablespectively.

Small stakes Pooled

A. Expected utility theory

Large stakes

a 0.019 (0.000) 0.002 (0.001) 0.002 (0.001)
B 0.000 (1.000) 0.000 (1.000) 0.000 (1.000)
W 11 (0.920) 50 (0.930) 0 (1.000)
o 0.306 (0.000) 0.294 (0.000) 0.354(0.000)
MLL -0.342 -0.337 -0.351
LR 10.17 (0.017) 10.14(0.017) 9.37 (0.025)
Hits 81% 83% 80%
No. 231 234 465
CC (0/10) 0.953 0.995 0.995
CC (0/16) 0.583 0.953 0.953
CC (0/16) 0.072 0.588 0.586
CC (0/1d) 0.007 0.074 0.074
CC (0/16) 0.001 0.007 0.007
CC (0/16) 0.000 0.001 0.001

B. Prospect theory

P 2.307 (0.000) 2.678(0.000) 2.518(0.000)
a 0.732 (0.000) 0.695 (0.000) 0.693 (0.000)
6 1.045 (0.000) 1.024(0.000) 1.023(0.000)
6 -0.119 (0.000) 0.019 (0.000) 0.013(0.250)
6, -0.086 (0.000) -0.046 (0.000) -0.049 (0.000)
o 0.267 (0.000) 0.196 (0.000) 0.218(0.000)
MLL -0.275 -0.265 -0.272

LR 40.94 (0.000) 44.04 (0.000) 83.29 (0.000)
Hits 87% 88% 87%

No. 231 234 465

experiment is not directly comparable with the T¥rsion, because, for example, the
experiment is not broadcast on TV and uses a diifetype of contestant (students). Our
second experiment therefore investigates the eftéctstakes by replicating the first
experiment with larger stakes.

The experiment uses the same design as beforethveitbnly difference being that the
original monetary amounts are divided by 1,000emthan by 10,000, resulting in an average
prize of roughly €400 and a maximum prize of €5,8608xtraordinarily large amounts for
experiments. For this experiment, 80 new subjeasewdrawn from the same population,

excluding students involved in the first experiment
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Based on the strong IRRA in the first experimehg expected utility model would
predict a much higher risk aversion in this expernm However, the average stop round is
exactly equal to the average for the small-stak@egment (round 6.9), and subjects reject
similar percentage bank offers (the highest regeti@nk offer averages 82.5 percent versus
82.4 percent for the small-stake experiment). Tioeee the isolated effect of stakes seems
much weaker than suggested by the estimated IRRAeimdividual experiments.

The second column of Table 9 displays the maximikalihood estimation results.
With increased stakes but similar choices, the ebegeutility model needs a different utility
function to rationalize the choices. In fact, thiraated utility function seems scaled in
proportion to the stakes, so that the 50/50 ganufle€0 or €1,000 now involves
approximately the same CC as the 50/50 gamble @i €100 in the small-stake experiment.
By contrast, for prospect theory, the estimatecap@ters are roughly the same as for the
small-stake version and a substantially betteisfachieved relative to the implementation of
expected utility theory.

In both experiments, risk aversion is strongly etféel by prior outcomes, which are
strongly related to the level of stakeghin the experiments, but the stakes do not materially
affect risk aversioracrossthe experiments. Since the stakes are increasedfégtor of ten
and all other conditions are held constant, they ghhusible explanation seems that prior

outcomes rather than stakes are the main driveslofiversion in this game.

Pooled Sample

The last column of Table 9 shows the results far pooled sample of the two
experiments. As noted above, the choice behavitliertwo samples is very similar, despite
the large differences in the stakes. The impontalat of the stakes in the individual samples
and the weak role across the two samples leaddovesy different utility functions. Stakes
appear to matter more in relative terms than irolas terms. Combining both samples will
cause problems for the expected utility model, esitt,e model assigns an important role to
the absolute level of stakes. Using a single wutilitnction for the pooled sample indeed
significantly worsens the fit relative to the ingival samples. The prospect theory model
does not suffer from this problem because it aitab the low “Deal” propensity of losers and
winners in each sample to the slow adjustmentreference point that is proportional to the
stakes in each sample. In this way, the modelsai® changes in the relative level of the
stakes rather than the absolute level of the stakéeether outcomes are gains or losses

depends on the context. An amount of €100 is likelge placed in the domain of gains in the

41



small-stake experiment (where the average priz@ughly €40), but the same amount is
probably placed in the domain of losses in thedatgake experiment (with an average prize
of roughly €400).

VII. Conclusions

The behavior of contestants in game shows canmayal be generalized to what an
ordinary person does in her everyday life when mgkisky decisions. While the contestants
have to make decisions in just a few minutes imtfiaf millions of viewers, many real-life
decisions involving large sums of money are neithh@de in a hurry nor in the limelight.
Still, we believe that the choices in this partasujame show are worthy of study, because the
decision problems are simple and well-defined, #m& amounts at stake are very large.
Furthermore, prior to the show, contestants hawkdwasiderable time to think about what
they might do in various situations, and during shew they are encouraged to discuss those
contingencies with a friend or relative who sitghie audience. In this sense, the choices may
be more deliberate and considered than might agtdast glance. Indeed, it seems plausible
that our contestants have given more thought to ¢heices on the show than to some of the
other financial choices they have made in theiedivsuch as selecting a mortgage or
retirement savings investment strategy.

What does our analysis tell us? First, we obseomeaverage, what might be called
“moderate” levels of risk aversion. Even when haadr of thousands of Euros are at stake,
many contestants are rejecting offers in excesgb5opercent of the expected value. In an
expected utility of wealth framework, this level gk aversion for large stakes is hard to
reconcile with the same moderate level of risk sieer found in small-stake experiments —
both ours, and those conducted by other experirgistaSecond, although risk aversion is
moderate on average, the offers people accept g@agtly among the contestants; some
demonstrate strong risk aversion by stopping in ¢lagly game rounds and accepting
relatively conservative bank offers, while otherghibit clear risk-seeking behavior by
rejecting offers above the average remaining pamd thus deliberately entering “unfair
gambles”. While some of this variation is undoubtedle to differences in individual risk
attitudes, a considerable part of the variation lsarexplained by the outcomes experienced
by the contestants in the previous rounds of theegaviost notably, risk aversion generally
decreases after prior expectations have been sdthttg eliminating high-value briefcases or
after earlier expectations have been surpassedbbwging low-value briefcases. This path-
dependent pattern occurs in all three editionhefgame, despite sizeable differences in the
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initial stakes across the editions. “Losers” andnfvers” generally have a weaker propensity
to “Deal” than their “neutral” counterparts.

The relatively low risk aversion of losers and vmnis hard to explain with expected
utility theory and points in the direction of redece-dependent choice theories such as
prospect theory. Indeed, our findings seem condisteth the break-even effect (losers
becoming more willing to take risk due to incompletdaptation to prior losses), and the
house-money effect (a low risk aversion for winnéue to incomplete adaptation to prior
gains). A simple version of prospect theory witstiaky reference point explains the “Deal or
No Deal” decisions substantially better than exgeaittility theory. These findings suggest
that reference-dependence and path-dependencema@tant, even when the decision
problems are simple and well-defined, and wherelaegl monetary amounts are at stake.

Of course, we must be careful with rejecting exgeattility theory and embracing
prospect theory. We use the flexible expo-powelitytiunction, which embeds the most
popular implementations of expected utility theaapd find that this function is unable to
provide an explanation for the choices of loserd &wmners in this game show. However, a
(nonstandard) utility function that has risk segkgegments and depends on prior outcomes
could achieve a better fit. Such exotic specifaadi blur the boundary between the two
theories, and we therefore do not reject or acoeetof the two.

Our main finding is the important role of referertmpendence and path-dependence,
phenomena that are often ignored in implementatmiexpected utility theory. Previous
choice problems are a key determinant of the frgmina given choice problem. An amount
is likely to be considered as “large” in the comtex a game where it lies above prior
expectations, but the same amount is probably ateduas “small” in a game where it lies
below prior expectations. For contestants who ebgoeto win hundreds of thousands, an
amount of €10,000 probably seems “small”; the sam®unt is likely to appear much
“larger” when thousands or tens of thousands wepeded.

To isolate the effect of the amounts at stake, wedacted two series of choice
experiments that use a homogeneous student papukatd mimic the TV show as closely as
possible in a classroom. We find that a tenfoldrease of the initial stakes does not
materially affect the choices. Moreover, the chsitcethe experiments are remarkably similar
to those in the original TV show, despite the theit the experimental stakes are only a small
fraction of the original stakes. Consistent witk thV version, the break-even effect and the
house-money effect also emerge in the experimditisse experimental findings reinforce

our conclusion that choices are strongly affectegitevious outcomes. The combination of
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(i) a strong effect of variation in stakes causgdlsubject’s fortune within a game and (ii) a
weak effect of variation in the initial stakes a&sogames calls for a choice model that
properly accounts for the context of the choicebfgm and its dynamics.

This study has focused on episodes from the Nethésl Germany, and the United
States, because these episodes have a very gyauitee format. For further research, it would
be interesting to collect more international dataider to obtain more degrees of freedom to
analyze the effect of prior outcomes in greateaitl@eind to examine the role of the cultural,
social or economic background of the contestamtolild also be interesting to further extend
our choice experiments. While the stakes are muuhller, experiments do allow the
researcher to control contestant characteristiglgsrand situations, and to more closely
monitor contestants and their behavior. Our expemisi were designed to mimic the TV
studio and used real monetary payoffs, but furthgreriments may also take place in the
behavioral laboratory and employ some sort of ramdiuttery incentive system to reduce the

costs.

Epilogue

Following the success of “Deal or No Deal” in thetherlands, the game show was
sold to dozens of countries worldwide. Other redea@roups have investigated episodes of
editions other than those used in this study. Taealyses employ not only different datasets,
but also different research methodologies and mdiffe (implementations of) decision
theories, and the results sometimes seem contoaglid®econciling the seemingly disparate
results will be a valuable exercise, but is beydinel scope of this study. We will limit
ourselves at this point to a synopsis of the ablélatudies, which are presented below in
alphabetical order, and some concluding remarks.

Using the UK edition, Steffen Andersenal (2006a) estimate various structural choice
models, assuming a homoskedastic error structuce atounting for forward-looking
behavior. Their expected utility estimates suggeRRA and initial wealth roughly equal to
average annual UK income; their rank-dependent aggeutility estimates indicate modest
probability weighting along with a concave utilifynction; their prospect theory estimates
indicate no loss aversion and modest probabilitighteng for gains, using several plausible
specifications of the reference point. Anderséml (2006b) study the UK television shows
and related lab experiments using a mixture madelhich decision makers use two criteria:

one is essentially rank-dependent expected utdityl the other is essentially a probabilistic
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income threshold. They find evidence that bothedatare used in the game show and that lab
subjects place a much greater weight on the indbneshold.

Guido Baltussen, Thierry Post and Martijn J. van dssem (2007) compare various
editions of DOND. Their sample includes editionsnfrthe same country that employ very
different initial sets of prizes. Comparing edisofrom the same country can separate the
effect of current stakes and prior outcomes withotrbducing cross-country effects, in the
same way as changing the initial stakes in our mxm@ats. Consistent with reference-
dependence and path-dependence, they find thagstants in large- and small-stake editions
respond in a similar way to the stakes relativehir initial level, even though the initial
stakes are widely different across the variousatit

Pavlo Blavatskyy and Ganna Pogrebna (2007a) shailtdlian and UK contestants do
not exhibit lower risk aversion when the probapildaf a large prize is small, and they
interpret this as evidence against the overweightih small probabilities. Blavatskyy and
Pogrebna (2007b) find that the fit and relativefgrenance of alternative decision theories
depends heavily on the assumed error structurdanitblian and UK datasets. Pogrebna
(2008) finds that Italian contestants generallyndod follow naive advice from the audience.
Blavatskyy and Pogrebna (2006a) analyze the UKndfreand Italian editions, which
sometimes include a swap option that allows coatgstto exchange their briefcase for
another unopened briefcase. Blavatskyy and Pogré&tfi@6b) conduct a nonparametric test
of ten popular decision theories using the UK aalian edition.

Matilde Bombardini and Francesco Trebbi (2007) tneeItalian edition to estimate a
structural dynamic CRRA expected utility model dmdi that the risk aversion is moderate
on average and shows substantial variation acrmbgidual contestants. They also find that
contestants are practically risk neutral when fasgtth small stakes and risk averse when
faced with large stakes. Accounting for strategiteraction between the banker and the
contestant (the Italian banker knows the contehtseounopened briefcases) does not change
their conclusions.

Fabrizio Bottiet al (2007) estimate various structural expectedtutitiodels for the
Italian edition, assuming that contestants ignaresequent bank offers and compare the
current bank offer with the set of remaining priZélsey find that the CARA specification fits
the data significantly better than the CRRA andoegpwer specifications, and they also
report a gender effect (males are more risk avensd)substantial unobserved heterogeneity

in risk aversion.
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Cary A. Deck, Jungmin Lee, and Javier A. Reyes §2@3timate structural CRRA and
CARA expected utility models for Mexican episodds‘Deal or No Deal”. They consider
both forward-looking contestants and myopic comtest who look forward only one game
round, and they vary the level of forecasting ssiptation by the contestants. They find a
moderate level of average risk aversion and coradie individual variation in risk attitudes,
with some contestants being extremely risk avetsiéewothers are risk seeking.

Using the Australian edition, Nicolas de Roos andn¥ Sarafidis (2006) estimate
structural dynamic CARA and CRRA expected utilityodels using random effects and
random coefficients models. Their models produ@gble estimates of risk aversion, and
suggest substantial heterogeneity in decision ngalkinoth between contestants and between
decisions made by the same contestant. They aidotliat rank-dependent expected utility
substantially improves the explanatory power. Iditoh to these main-game results, they
also investigate contestants’ choices in specidiati¢e” and “Supercase” game rounds,
which are specific for the Australian edition. Riskitudes elicited in these additional game
rounds seem to be similar to risk attitudes elitite the main game. Also using Australian
data, Daniel Mulincet al. (2006) estimate a structural dynamic CRRA exjkatdity model.
Their estimates reveal moderate risk aversion @ara@e and considerable variation across
contestants. They also find that risk aversion ddpen contestant characteristics such as age
and gender, but not on wealth. Like De Roos andftels, they investigate the choices in the
“Chance” and “Supercase” rounds, but they do findifeerence in risk attitudes between
these special rounds and the main game.

Clearly, “Deal or No Deal” can be studied for selaresearch purposes and with a
variety of methodologies and theories, and diffestndies can lead to different, sometimes
opposing conclusions. Some final remarks may b&lte evaluate the existing studies and
to guide further research. First, to analyze rigkuales without the confounding effect of
ambiguity and strategic insight, it is useful toabuze the basic version of the game. Of
course, the more exotic versions with special gapteons and informative bank offers are
interesting for other purposes, as demonstratedome of the above studies. Second, to
disentangle the effect of the amounts at staketlam@ffect of previous outcomes, it is useful
to analyze multiple game show editions or choiceeexnents with different initial amounts
at stake. Within one edition or experiment, currstakes and prior outcomes are perfectly
correlated, and the two effects cannot be separatadd, when using parametric structural
models, it seems important to analyze the robustfiesthe assumed mental frame and error

structure. For example, we found a relatively piitoior models that assume that contestants
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focus on the set of remaining prizes rather thanrbxt round’s bank offer, and also for
models that assume that the error variance is équall choice problems, irrespective of the

level of the stakes or the variation in the prizes.
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