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Abstract

Many important economic and political decisions are made by teams. In the economic literature, however, the
decision units are frequently modeled as individual economic agents. The paper experimentally investigates the
question to what extent observed team decisions under risk are actually consistent with the principles of rational
choice, specificaly the principles of Expected Utility Theory (EUT) and of Portfolio Selection Theory (PST). The
experiment is performed with individual s and teams. We find almost no evidence for the greater compliance of team
decisions than of individual decisions with the principles of EUT. However, there is substantial evidence for the
consistency of team decisions with the PST. Compared to individuals, teams accumul ate significantly more expected
value at asignificantly lower total risk (measured in SD). Weintroduce ateam decision algorithm, excess-risk vetoing,
that combines simple majority voting with the right to veto alternatives providing additional risk that is not
compensated by additional expected value. We find that the results of our experiment are well explained by the
excess-risk vetoing.
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1. Introduction

Most important decisons are made by teams such as manageria boards, production units, faculties, or
families. Inthe economic literature, however, the decision units are frequently modeled asindividual
economic agentssuch as"thefirm”, "the department”, "theunion”, or "the political party”. Animportant
reason why the within team decision process is often not modeled, is to avoid conflicts between
economic rationaity and the aggregation of preferencesin agroup. Asthe seminal papers by Arrow
(1951) and Black (1958) have shown, the aggregation problemmay lead to situationsin which the
economic rationality underlying the decisionsof every singleteam member contradict the compliance
of the team'’s decisions with the sametype of rationality principles. Thisinherent difficulty with the
principles of rationality isoften bypassed by assuming that the team decisions (directly) conform to the
principles of rational decision making?.

The goa of our study isto experimentally investigate the compliance of team decisions with the
principles of rational choice. We have chosen to focus on decision making under risk, because it
provides an elementary but integral economic setting. Observed team decisions are compared to two
very influentia theoretic benchmarks: the Expected Utility Theory (EUT) of von Neumann and
Morgenstern (1944) and the Portfolio Sdlection Theory (PST) of Markowitz (1952).2 However, since
inmany experimentswith individua decision makers systematic deviations both from the principles of
EUT and of PST were observed,® we compare the team decisions not only to the theoretical
benchmarks, but dsoto the choicesmade by individual subjectsinacontrol treatment. Finding that team
decisonsareinlinewith the principlesof EUT and/or of PST, perhaps even whenindividua decisons
typically are not, will be astrong support for many of the results derived from applicationsof EUT
and/or PST.

Thenovelty of our research liesinintroducing an experimenta framework that isspecificaly tailored to

1 Apart from the extensive literature on socia choice theory, some effort has been made to model the within
team situation and, thus, to cope with the aggregation problem theoretically. Most papers follow Harsanyi's
cardina utility approach (1955). See for example Eliashberg and Winkler (1981), Keeney (1976), and Keeney and
Kirkwood (1975). A different line of research, originally due to Marschak and Radner (1972), is concerned with
the process of information exchange and decision making rules when all team members share the same
preferences.

2 Although the two models are based on very different foundations, they have neverthel ess been shown to
be compatible for certain ranges of specifications. Starting with Schneewei3 (1966), a number of papers have
described the types of utility functions and the types of risk and return measures that lead to a compatibility of
the two approaches (Bell 1995, Levy and Markowitz 1979, Markowitz 1991, Sarin and M. Weber 1993).

3 See Camerer (1995), Kahneman and Tversky (1979), and Schoemaker (1993) for surveys on the experimen-
tal work in the case of EUT. See Kroll, Levy, and Rapoport (1988a/1988b), Rapoport, Zwick, and Funk (1988), and
Weber and Camerer (1992) for experimental work in the case of PST.
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test for the compliance of team decisionswith the principlesof EUT and/or PST. Our experimental
protocol issmple. A number of pairwiselottery choicetasksand lottery evauation tasks are presented
to individual subjects as well as to teams of three in an across-subject design. Drawing on the
experimentd individud choiceliterature, we have constructed the tasks such that detecting inconssten-
ciesof observed choice patternswith the principlesof EUT and/or PST isnot only technically possible,
but dso quitelikely - at least in the control trestment with individua decision makers. Specificaly, we
test for three patterns of choicesthat areinconsistent with EUT and have regularly been reported in the
literature, namely the common ratio effect, the preference reversal effect®, and the reference point
effect. Detailed descriptions of the effectsare givenin section 4. At the sametime, thelottery pairsare
parameterized such that in half of the casesthelottery with the lower expected value hasthe higher
variance (gambler lottery pairs), while in the other half of the cases the constellation is reversed
(investor lottery pairs).® Obviously, choosing the lottery with the lower expected value in agambler
lottery pair contradicts the risk-value principle of PST.°

From the experimental datawe draw two main conclusions. On the one hand, we find almost no
evidencefor the compliance of team decisonswiththeprinciplesof EUT. The observed team decisons
are not distinguishable from theindividual decisionsin the cases of the common ratio effect and the
preferencereversal effect. Only concerning the reference point effect, do wefind significantly less
incong stent choi ce patternsinteam decisionsthaninindividual decisions. On the other hand, wefind
substantia evidence for the consistency of team decisions with the risk-value principle of PST.
Compared toindividual decision makers, teams accumulate significantly more expected value at a
sgnificantly lower total risk. In view of these results, we conjecture that team decision making may be
adequately represented by arisk-value model based ontheprinciplesof PST. Thisresult fals complete-
ly inlinewith the observation by Gooding (1975, p. 1301), that “whileinvestor groups average stock
perceptionsarehighly related to rel evant risk and return measures, significant differencesmay exist
between portfolio managers and nonprofessional investors average multidimensional perceptions.”

Inspired by the video taped discussions, we introduce ateam decision algorithm, the excess-risk

4 Note that preference reversals are neither in line with EUT nor with PST nor with any other theory that
assumes preference orderings that are independent of the presentation of the task. In the literature, however, this
effect isusually related to EUT.

5 Also from a perception point of view it seems adequate to classify the lotteries in this way, since March
and Shapira (1987) report that managers actually "make a sharp distinction between taking risks and gambling."

6 We use variance as a measure of risk in the risk-value model, mainly becauseit is free of personalized
parameters and easily accessible in the context of lottery choices. However, it should be mentioned that a number
of experimental papers report other better suited measures of risk that typically require the assessment of an
personalized parameter. For asurvey of the risk measures literature see Brachinger and M. Weber (1997). An
overview of the risk-value modelsis contained in Sarin and M. Weber (1993).

2



vetoing, that combines smple mgority voting with theright to veto aternatives providing additiond risk
that isnot compensated by additiona expected vaue. Without implying generd validity of thisrulefor
theteam decision process, wefind that the resultsof our experiment arewell explained by the excess-
risk vetoing.

Although alarge number of experimenta studiesin socia psychology haveinvestigated group decison
behavior under uncertainty, we know of no study that addresses the discussed issues. Recently, interest
instudying the effectsof the socid dynamicsof informal discussonson group decision making hasalso
been growing in experimental economics. Most of this research, however, isfocused on topics other
than the concern of this paper.” In section 2 we give ashort overview of those aspects of the group
decision making literature that are of interest for our topic. In section 3 the experimental setup is
presented, beforetheresultsare discussed in sections4 and 5. In section 6 the excess-risk vetoing rule
isintroduced and compared to the experimental data. Findly, in section 7 we summarize and draw
conclusions.

2. Related Research on Group Decision Making

Insocia psychology agreat amount of research has been centered on the effect of the socia dynamics
of informal discussions on group decision making (Kerr, MacCoun, and Kramer 1996). In the
framework of decision situations with uncertain outcomes, an early finding, called the risky shift
phenomenon, caused much turmoil (Stoner 1961; Wallach, Kogan, and Bem 1962). Thefinding was
that groups confronted with achoice dilemma task® tended to make ariskier decision than the average
group members, to whom the same task was presented individually.® The phenomenon was first
explained with a presumed tendency of group members to use the group for "hiding" from their
responsibility and taking exaggerated risks (Wallach, Kogan, and Bem 1964).

After both risky and cautious shifts were observed (Stoner 1968), the social comparison theory
(Brown 1965; Myers, Bruggink, Kersting, and Schlosser 1980; Stoner 1968) emerged asthe leading
explanation for the genera choice shift phenomena. From the point of view of the social comparison

7 Cason and Mui (1997) and Bornstein and Y aniv (1998), for example, are both concerned with the effect of
informal group interaction on the extent of other-regarding behavior. Cox and Hayne (1998) investigate group
decision making in the setting of common value auctions.

8 These tasks consisted of a social context frame that included a risky action with superior outcome and a
cautious action with inferior outcome (e.g. a student choosing between a"risky" and a"safe" major in college or
atrainer choosing between a"risky" and a"safe" game strategy for afootball team).

9 Evidence of this kind was subsequently also reported in marketing papers, e.g. Woodside (1972 and 1974).
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theory, the direction of the choice shift depends on the social value of risk-taking or risk-avoidancein
thegivensituation: A risky (cautious) shift isobserved, because group membersdiscover and adapt to
therisky (cautious) dternativethat ismorehighly valued in their group. Thetheory wascriticized dmost
from the start. Using asimple binary choice task, Zgjonc, R. Wolosin, M. Wolosin, and Sherman
(1968) found asignificant cautious shift. They interpreted their result as evidence against the social
comparison theory, sSincethe task had been presented and run in acompletely context free setting. More
studies with context free decision situations followed, almost all finding choice shifts.*

Inthe mean time, Moscovici and Zavallini (1969) made the observation that group members often
reported more extreme judgements after group discussion than before. This effect, later called group
polarization (Myers and Lamm 1976), was suggested as an explanation for the choice shift
phenomenon. The concept was criticized (e.g. Davis 1992), however, becauseit |eft apuzzle unsolved:
if choice shiftsare caused by group polarization, what causesthelatter; if the causal chainisreversed,
what causesthe former. Burnstein, Vinokur, and Trope (1973) offered a partia explanation with the
persuasive argument theory. They suggested that the extent and the direction in which the group
members actudly adjust to the group, i.e. to each other, depends on the persuasiveness and the number
of the arguments related to the available alternatives.

Finally, another answer to the question of choice shiftsemerged after Zgonc et a. (1968) and other
authors suggested that the aggregation of the group members preferenceswill lead to arisky shift
(cautious shift), if mgority ruleisused and the median voter's preferenceisriskier (more cautious) than
theaverage preference of the group. Davis(1973) formalized thisargument and introduced the theory
of social decision schemes.™

Asthisbrief outline and the extensive overview by Davis(1992) of the socia psychology literatureon
group decision making under risk show, thefield hasmainly beeninterested in andyzing and describing
thereationship betweentheindividua team member's preference and theteam'sdecision. Thenotion
of consistency inthisliteratureisusually aself-referentia evaluation of theteam members choicesin
different Situations. Comparisonsto rational economic or decision theoretic models are extremely rare.

The only experiment we know of , that ison group decision making under risk and hasits main focuson

10 Davis, Kerr, Sussmann, and Rissman (1974) , for example, present an extremely elaborate experiment, in
which subjects had to evaluate "duplex bets’, lotteries that were split up into a"lose" and a"win" component,

on a 10-point scale. They observed risky shifts for lotteries with positive expected values and cautious shifts for

| otteries with negative expected values. Crott, Zuber, and Schermer (1986) also find risky shifts for ranking tasks
of lotteries with positive expected values.

11 See the overviews by Davis 1992 and Davis, Kameda, and Stasson 1992.
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testing economic theory isreported in Bone, Hey, and Suckling (1997). Asin our experiment, individua
subjectsand subject groupsare presented with lottery choicetasks. Boneet d., however, useawithin-
subject design, where subjectsfirst makeindividua choices, then decidein groups, before returning for
asecond round of individua decison making. Corresponding to their specific research god, their setup
only alowstesting for the common ratio effect pertaining to EUT and is not designed for testing the
compliance of choices with the principles of PST.

Themaininterest of theinvestigation by Boneet d. liesnot in the groups decisions, but in the effect of
thegroup interaction on theindividuals decision making. The questioniswhether theindividuasare
affected towards more compliance with the axioms of EUT through the informal group discussions.
Boneet d. find that neither group discussion nor task repetition lead to arisein the number of EUT-
consstent choices. Infact, the rate of cons stent choices even drops dightly from the pre- to the post-
discussion round of individual decision making. Typically, therate of consistent choices by groupsis
closer tothelower of thetwo individua rates. Our results seem compatiblewith the results of Bone et
a., becausewed so find amost no difference when comparing team and individua decisonsinthe case
of thecommonratio effect. Wedo, however, find sgnificant differences between team and individual
decision making with respect to other effects.

3. TheExperimental Setup

Ineach session of the experiment, sixteen lottery choicesand eight | ottery eva uationswere preformed
by either asingle subject (individual streatment) or ateam of three subjects (teamstreatment). The
lottery choicetaskswereall pairwise choices. For the lottery eval uations the method introduced by
Becker, DeGroot, and Marschak (1964) was used.*?

Table 1 containsall lottery pairsused in the choicetasks. Each of thelotteriesin the pairs9to 12 was
also evaluated in the evaluation task. In Table 1, the lottery pairs are presented in an order
corresponding to the behaviora regularitiesthey were designed to test for (see below). The sequence
inwhich the choi ce taskswere presented to the subjectsisindicated in the column Task of Table 1. The
evaluation tasks followed the choice tasks.

At the beginning of each session, theinstruction sheet (see appendix A) wasread a oud to the subject

12 In the selling price elicitation procedure used, the subject reported a minimum price p at which he/she was
willing to sell the lottery. Next a price p was randomly drawn from the range of zero to the highest payoff of the
lottery. The subject received p, if p $p. If p <, the subject played the lottery. It is dominant to report the cer-
tainty equivalent of the lottery as . The dominance argument was presented to the subjects in the instructions.
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or the subject group. Theinstruction sheetsfor both trestmentswereidentical except for the partsthat
were concerned with thetreatment variable, i.e. individua or team decision. After theingtructionswere
read, the subjects - done or asateam - were seated in front of acomputer screen on which the lottery
choice and evaluation tasks were displayed. The subjects viewed the screen, but did not operatethe
computer. In both trestments, the computer was operated by a student monitor, who wasingtructed in
using the experimental software™. The student monitorsweretold not to interferewith the decision
process.

The subjects had to record their decision on the decision sheet (see appendix A). Intheindividuas
treatment, the decision sheet was signed by the single subject. In the teams treatment, the decision sheet
was only accepted if all three team members had signed it. Apart from thisall-signaturesrule, the
mode of team decision making was not restricted. The Sgned decision sheet was handed to the student
monitor, who entered the decision to the computer.

All sessions were video taped. The subjectsin theindividual s treatment had been asked to make
commentson their decisons. The subjectsin theteamstreatment discussed their decisonsfredy. No
explicit timelimit was given in either trestment, but the postersfor subject recruitment had announced
aduration of one-and-one-half hours. The actud duration of the sessons, including ingtructions, varied
between aminimum of ca. 30 minutes to a maximum of ca. 50 minutes. The sessionsin the teams
treatment usually took alittle longer.

All decisonswere paid. By default, each team member received a payoff equa to the amount the team
had earned. The possibility of aninternd redlocation of the team earnings had neither been pointed out
nor excluded, but redistribution was not discussed in any team.** Thus, in every team, each team
member received the same payoff. No subject earned lessthan DM 20 or more than DM 26.%° All 32
sessions - 16 individuals and 16 teams - were run at the Laboratorium fur experimentelle
Wirtschaftsfor schung of the University of Bonn. Each subject wasonly permitted to participateina
singlesesson only. A total of 64 subjectstook part in the experiment, most of which were undergradu-

13 The software was programmed using Ratlmage (Abbink and Sadrieh 1995). Each lottery was presented
numerically and graphically, with the probabilities of outcomes as portions of awheel of fortune. Once alottery
was chosen, the corresponding wheel of fortune was turned and the outcome was determined by the stopping
point of the wheel. After a selling price was reported in an evaluation task, a random number between zero and
the highest outcome of the lottery was drawn in an on-screen slot machine style device. If the randomly drawn
number was greater than the chosen price, the number was the payoff for the task. If it was smaller than the price,
the lottery was played out with awhedl of fortune. (The random number generator of the computer software
determined the draws.)

14 The absence of payoff re-allocations amongst group membersis also reported by Bone et al. (1997).

15 At the time the experiment was conducted, the wage paid to student teaching aids at German universities
was roughly DM 15 an hour and the exchange rate US$ to DM was ca. US$ .60 for DM 1.00.
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ate students of law or economics. None of the subjects had taken part in alottery choice or evaluation
experiment before.

TaBLE1
Lottery pairs used in the 16 choice tasks

Endow- Lottery A Lottery B

No. Task Type

ment | A1 P(A1) A2 P(A2) EV SD | B1 P(B1) B2 PB2 EV SD
Common Ratio Tasks
1 1 1 0] 600 60% 0 40% 360 293.9( 320 90% 0 10% 288 96.0
2 15 | 0] 320 45% 0 55% 144 159.2( 600 30% 0 70% 180 275.0
3 9 | 0] 320 30% 0 70% 96 146.6( 600 20% 0 80% 120 240.0
4 5 | O] 600 10% O 90% 60 180.0( 320 15% 0 8% 48 1143
5 G 0] 640 60% 0O 40% 384 3135 500 80% 0 20% 400 200.0
6 16 G 0] 500 60% O 40% 300 245.0( 640 45% 0 55% 283 3184
7 11 G 0] 640 30% O 70% 192 293.3( 500 40% 0 60% 200 245.0
8 2 G 0] 500 20% O 80% 100 200.0( 640 15% 0 8% 96 2285
Preference Reversal Tasks
9 3 1 0] 200 80% 50 20% 170 60.0( 650 30% 0 70% 195 297.9
10 7 1 0| 200 90% 50 10% 185 45.0| 450 20% 150 80% 210 120.0
11 10 G 0] 250 90% 0 10% 225 75.0| 500 20% 100 80% 180 160.0
12 13 G 0] 150 90% 50 10% 140 30.0( 600 20% 0 80% 120 240.0
Reference Point Tasks

13 4 | Ol 300 100% 0 0% 300 0.0|] 500 40% 250 60% 350 1225
14 8 | 500| -200 100% O 0% -200 0.0 0 40% -250 60% -150 1225
5 12 G 0| 600 20% 100 80% 200 200.0( 250 100% 0 0% 250 0.0
6 14 G 500 -250 100% O 0% -250 0.0 -400 80% 100 20% -300 200.0

Note: The lotteries A and B of the pairs 9 - 12 were used in the 8 evaluation tasks, that followed the choice tasks.

4. Are Team Decisions Consistent with the Axioms of EUT?

Thelottery pairs of the choice tasks (see Table 1) were selected to test for three typical patterns of
choicethat are not consistent with axiomsof EUT. All three behavioral regularities are well-known
and have often been reportedin theliterature on individual decision making under risk.*® Thelottery pair
sequences1to 4 and 5to 8 were designed to test for the common ratio effect, whichisdueto Allais
(1953). Each of thelotteriesinthe pairs 9 to 12 was presented in both in achoice and in an evaluation
task. The combination of decisions was used to check for the preference reversal effect, a
phenomenon first reported by Lichtenstein and Slovic (1971) and separately by Lindman (1971).
Finally, the pairs 13 to 16 were devised to check for the reference point effect (Kahneman and

16 See Camerer 1995, Kahneman and Tversky 1979, and Schoemaker 1993.
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Tversky 1979), which is sometimes referred to as loss aversion or reflection effect and which was
aready informally mentioned much earlier by Markowitz (1952).

The Common Ratio Effect

In each of the two common ratio sequences (pairs 1 - 4 and 5 - 8), each lottery pair consists of a
lottery with ahigh and alottery with amedium prize. The other outcome of each lottery, thelow prize,
isawaysequd to zero. The probabilitiesof winning the high and the medium prizefall from pair to pair
in the sequence, but the ratio of the high prize probability to the medium prize probability remains
unchanged throughout the sequence. It can easily be shown that asubject following the EUT axioms
should ether choosethe lottery with the high prize or choosethelottery with the medium prizein every
oneof thefour tasks of asequence. Thecommon ratio effect, however, predictsthat subjectsaremore
likely to choosethe medium prizelottery, inthose pairsin which thewinning probabilities are perceived
high, but lesslikely to do so, if the probabilities of winning are perceived low. The explanation often
givenfor such behavior isthat the perceived difference between the probabilities of winning declinesas
the probatiilities of winning declinein absolute vaue. Hence, in pairswith high winning probabilitiesthis
differenceisdecisve, whilein parswithlow winning probabilitiesthe differencein prizesisdecisve. For
overviews see Kahneman and Tversky (1979) and Camerer (1995).

The Preference Reversal Effect

Each pair in the four preference reversa tasks (pairs 9 - 12) consists of adollar bet ($-bet), in which
alarge prize can bewon with asmall probability, and aprobability bet (P-bet), in which amedium
prize can bewon with ahigh probability. A predicted preferencereversa refersto the phenomenon that
subjectswilling to opt for the P-bet in the choice task, tend to eva uate the $-bet with ahigher selling
price than the P-bet in the evaluation task. The most prominent explanation for thistype of switchin
preferencesisthat subjects information processing varieswith theframing of thetask: choicesamong
pairsof |otteriesareinfluenced more by the probabilities of winning, while evauations of lotteriesare
strongly correl ated to the amountsthat can bewon. Obvioudy, any switch inthe preferencesthat isonly
dueto theframing of thetask isinconsistent with EUT, PST, and any other theory that assumesframing
independent preferences.!” The literature on preference reversals is abundant. See Slovic and
Lichtenstein (1983) and Camerer (1995) for overviews. In their rigorous examination of the
phenomenon, Grether and Plott (1979) found strong support for the cognitive hypothesis, especially
sincethey observed predicted preferencereversa ssignificantly more often than unpredicted ones (when

17 In arecent experimental study, however, E. Weber and Milliman (1997) find support for arisk-value model
that employs perceived risk (ameasure reported by the subjects themselves), instead of employing an objective
risk measure. The concept is interesting, because it allows for situational dependency of preferences. This opens
the door for certain preference reversals that can then be accounted for in the framework of arisk-value model.
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the $-bet is chosen, but the P-bet is evaluated with a higher price) in avariety of settings.

The Reference Point Effect

Thereference point effect, tested with thelottery pairs 13 - 14 and 15 - 16, refersto the inclination of
subjectsto accept risksinlosses, which they avoid in gains. Heretheterms*losses' and "gains' are used
inthe sense of Kahneman and Tversky's (1979) prospect theory, in which preferences are assumed
to be sensitiveto the variations of wedlth from aninitia reference point instead of to the variations of
total wedlth. Asindicated in Table 1, the subjectswerepaid aninitid endowment, before choosing from
thelottery pairs 14 and 16. It can be easily seen that the lottery pair 14 is constructed by subtracting
thisendowment from al outcomes of thelotteriesin the pair 13. The pair 16 is constructed anaogoudy
from the pair 15. Since thetasks 13 and 14, aswell as 15 and 16, are equivalent concerning changes
of total wealth, subjects complying with the EUT axioms should be consistent in their choices across
each pair, i.e. should choose the | ottery with the higher expected vauein either both or in neither of the
tasks. In contrast, the reference point effect predictsthat subjectswill select thelessrisky aternative,
when the choiceis presented in the domain of positive payoffs (pairs 13 and 15), but will choosethe
more risky aternative, when choiceis presented in the domain of negative payoffs (pairs 14 and 16).
Thisinconsistency in preferences seemsto stem from the subjects affinity for (almost) suregainsand
their aversion against (almost) certain losses. Thereference point effect hasbeen reportedinalarge
number of studies (for example see Bazerman 1983 or Hershey and Shoemaker 1980).

Frequency of Predicted and Unpredicted Inconsistencies

All three behaviora regularities have adirection, i.e. predict aspecific structura constellation of the
choicesthat isincong stent with theaxiomsof EUT. Thesearethe predicted inconsstencies. Inall three
cases, however, adifferent pattern of choices can also evolve that is not only inconsistent with the
axiomsof EUT, but d sowith thebehaviora explanation of the predicted inconsistencies. Thistypeof
choice patterniscdl an unpredicted inconsistency. The relationship between the frequency with which
predicted and unpredicted patterns of behavior are observed seemsto be asensible measure for the
explanatory power of the behavioral hypotheses discussed above. Onthelevel of individual decision
making, thereisplenty of experimenta evidence showing that predicted incons stenciesare observed
significantly more often than unpredicted ones.

Since in our setup observing both multiple predicted and multiple unpredicted inconsistenciesin
preferencesis possible, we classify each individual and each group in one of the following four
categories. no inconsistencies, more predicted inconsistencies, equally many predicted and
unpredicted inconsistencies, and more unpredicted inconsistencies. Table 2 contains the



corresponding data. (The tables B.2a and B.2b in the appendix B present the datain detail.)

Thedistribution of individuals over the four categoriesin Table 2 clearly supports the case for the
behaviora explanations of the common ratio and the preference reversal effects. Not only do most
subjectsviolate expected utility theory, but alarge mgority of them fallsin the category with more
predicted than unpredictedinconsistencies. Thebinomia test significantly rejectsthenull hypothesisthat
individudsareequdly likely to exhibit more predicted than unpredicted patterns of choice and viceversa
at the 1% level (one-sided) for the common ratio effect and at the 5% level (one-sided) for the
preference reversd effect. Thus, concerning these effects, our experimentad resultsfrom theindividuas
treatment support earlier findings.

The comparison of theindividuasto theteamsin Table 2 reveal sthat the treatment variable seemsto
have practically no influence on the emergence of the common ratio and preferencereversd effects. All
in all, teams exhibit patterns of inconsistencies that seem very similar to those of individuals. The
impression of Smilarity is supported by the fact that team and individua behavior cannot be proven to
besgnificantly different - neither concerning thetotal number of, nor the number of predicted, nor the
number of unpredicted inconsstencies. (We checked the differences using the U-test on the distribution
of individuals and teams across eech of these different dimensions) Findly, teams- just likeindividuas -
exhibit ggnificantly more predicted than unpredicted incons genciesin the common ratio and preference
reversal tasks (binomial test is significant at the 2% level, one-sided).

TABLE?2
Individuals (teams) classified by the relationship of exhibited predicted to unpredicted inconsistencies

Set of Tasks Common Ratio Preference Reversal Reference Point
Treatment individuals| teams individuals| teams [individuals| teams
Nno inconsi stencies 4 2 5 1 4 12
more predicted inconsistencies 10 10 9 12 6 2

equally many predicted and

unpredicted inconsistencies 1 2 0 1 1 0

more unpredicted inconsistencies 1 2 2 2 5 2

Note: Individuals (teams) exhibiting no inconsistencies are counted only in the first, but not in the third category.

Inthetasks concerning thereference point effect, thepictureisdifferent. Here, sgnificantly lessteams
than individuals made choicesthat were not consistent with the axioms of EUT (Fisher's exact test at
the1%level, one-sided). Infact, al teamsexhibited EUT-cons stent choice patternsin thelottery pair
combination (13 - 14), while 2 predicted and 2 unpredicted inconsistencies were observed in the
(15 - 16)-combination. In contrast, many choices madein the individua streatment were incons stent

10



with EUT: Weobserved 7 predicted and no unpredicted inconsistenciesin the (13 - 14)-combination,
but 2 predicted and 6 unpredicted inconsistenciesin the (15 - 16)-combination. Especially the latter
result is astonishing, since many of the exhibited patterns of choice not only contradict the axioms of
EUT, but also the behavioral explanation of the reference point effect. It ssemsthat the (15 - 16)-
combination has someunusua featurethat induces such alarge number of unpredicted choicesinthe
individuals trestment, but does not affect the choices of the teams.

Summarizing the results on the behaviora regularitiesin choices under risk, wefind the common ratio
andthepreferencereversa effectsare strongly present both in theindividual and theteam decision data.
In addition no differences are detectabl e between theindividual and the team decision datarelating to
these effects. Theresults concerning the reference point effect are somewhat different, becauseteams
exhibit sgnificantly lessinconsstenciesin thesetasksthan individuas. All inall, we must negate the
question whether team decisions are consstent with the axioms of EUT. Even the positive evidence from
thereference point lottery pairs, should only be cautioudy interpreted asrevealing atendency of team
decisions to be more compliant with the axioms of EUT than individual decisions.

5. AreTeam Decisions Consistent with the Principles of PST?

Totest for choice behavior with respect to different risk-value congtellations, we designed two different
types of lottery pairs. the investor lottery pairs and the gambler |ottery pairs. The classification is
based on the comparison of the expected values (EV) and standard deviation (SD) of thetwo lotteries
contained in the pair. Of the 16 lottery pairsthat were used in the experiment, 8 were investor |ottery
pairsand 8 gambler |ottery pairs. Table 2 contains an entry for the type of each lottery pair: investor
lottery pairs are marked with an | and gambler lottery pairs are marked with a G.

Aninvestor lottery pair resemblesatypical investment decision: thelottery with thehigher EV also
featuresthe higher risk (thehigher SD), whereasthe other | ottery has both thelower EV and thelower
risk (thelower SD). So thelottery with the greater EV (EVmax |ottery) can beinterpreted asarisky
investment, such asan investment in stocks, whereasthelottery with the smaler EV (EVmin lottery)
iscomparableto low risk asset, such asabond. Thus, choosing from an investor |ottery pair means
facing the trade-off between risk and value (EV).

Inagambler lottery pair one of the two | otteries contained has both the higher EV and the lower risk
(the lower SD), whereas the other lottery yields less EV at a higher risk. Gambling of any kind
resembl es this type of choice. For example, choosing to participate in anationa lottery instead of
keeping the price of thelottery ticket, meanschoosing alower EV a amuch higher risk. Thismay be
attractive, smply becausethelottery promises extremely high prizes, even if the chancesof winning are
extremely low. Inagambler lottery pair there obvioudy is no trade-off between risk and value, since
the EVmax lottery has the lower risk.

Thefirst questionto ask is, whether individua sand teams differ in theamount of expected valueandthe
amount of risk (measured in SD) they collect in the course of the experiment. To compare the data, we
cd culated the accumul ated expected va ues and the accumul ated standard deviations of the 16 lotteries
chosen by each individua and by each team. The result isthat the teams collect significantly more
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expected va uewith their choicesthan individuals (U-test 1% level, one-sided) and thisat asignificantly
lower risk (U-test 5% level, one-sided).

Obvioudy, theteamsare closer both to expected val ue maximization and risk minimization with their
choicesthan aretheindividuas. But, if teamsare doing better in both the risk and the value dimension,
we can infer that anumber choices by individuals are not on the efficient frontier of the risk-value
curve. To check for this, we break down thetotal accumul ated expected valueinto the part accumul ated
ininvestor lottery pairs and the part accumulated in gambler lottery pairs. We split up the accumulated
standard deviations similarly.

Intheinvestor lottery pairs, the difference between the choices of the teams and of the individuals
correspondsto theoverdl direction, but isrdaively smdl: teams accumulate Sgnificantly more expected
vauethanindividuas (U-test, 10% one-sided), however, at an accumulated risk that isnot sgnificantly
different from that of individuas (U-test with p > 20%, one-sided). Theresultsfor the gambler [ottery
parsarenot only inthe overdl direction, but even much more extreme: with their lottery choices, teams
accumul ate significantly more expected vaue than individuas (U-test, 1% leve, one-sded) a asignifi-
cantly lower risk (U-test, 1% level, one-sided).

To anayzethe extend to which team and individua decisions differ, normalized expected value and
standard deviation measures are studied. For each lottery choice task, we calculate the difference
between the expected value of the chosen | ottery and the minimum of thetwo | otteries expected values.
Thesevauesare summed up over al tasksand normalized over the maximal possibledifference. The
measure has the advantage of focussing on the rate of expected value accumulation that exceedsthe
default minimum. The standard deviation measureis derived in an ana ogous manner. Notethat applying
the U-test to these normalized measures|eadsto the same statistical inferences asreported above. Table
3 shows the averages of the observed normalized expected value and standard deviation measures.

TABLE3
Average normalized expected value (EV) and standard deviation (SD) measures

average normalized EV measure average normalized SD measure

individuals teams individuals teams
Investor lottery pairs 0.96 0.98 0.88 0.91
Gambler lottery pairs 05 0.75 0.46 0.23
All lottery pairs 0.91 0.96 0.75 0.69

Table3 showsthat individua and team choicesininvestor |ottery pairsaresmilar: in both casesdightly
less than the maximum expected value is accumulated at about 90% of the additiond risk. The picture
isdifferentinthe gambler lottery pairs, inwhich 100% EV accumulation could have been achieved at
minimal risk. Inthesetasks, teams on average collect 25% more of the additional EV thanindividuas
(75% to 50%). At the same time, teams on average only accumulate 23% of the risk that exceeds
default minimum risk, while individuals accumul ate doubl e as much (46%).

Thus, wefind that teams and individua stend to make smilar choiceswhen thereisatrade-off between
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thelottery with the higher expected val ueand thelottery with thelower risk, i.e. inainvestor lottery pair.
When it comesto gambling, i.e. when it comesto choosing the lottery with the lower expected value
a ahigher risk, however, teamstend to be significantly lessrisk seeking. Thismeansthat thelotteries
chosen by teamstend to be on the efficient frontier of the risk-vaue curve more often than the lotteries
chosen by individuas. Hence, the choices made by individud s areincongstent with the principles of PST
more often than the decisions by teams. It seems that the informal group discussions do increase the
frequency of decisonsthat are consstent with PST, dthough teams choices do viol ate the principles of
PST in about 25% of the possible cases.

6. Excess-Risk Vetoing

From the video protocolsit was quite apparent, that decision making in teamswas most frequently
based on the mgjority vote. It seems, however, that some teams added a specia type of veto to the
magority rulein order to hinder unreasonable gambling: the selection of arisky choice could be vetoed,
if therisk was not compensated by asubstantial gainin expected payoff. The notion underlyingsuch a
ruleisin the spirit of the risk-value principle of PST.

On the basis of this observation, we define the excess-risk vetoing algorithm as follows:

the team decides by magjority vote, unless one team member raises an excess-risk veto;
an excess-risk veto isthe proposal by ateam member to select an alternative lottery that hasa
higher expected value, but is not riskier than the one nominated;

3. oncean excess-risk veto is raised, the alternative proposed with the veto is chosen.

It canimmediately be seen, that in the context of our experimenta setup, teams deciding in accordance
withthe excess-risk vetoing rulewill chosethe high risk, low expected vauelottery of agambler lottery
pair only if thereisaunanimous vote for thet lottery. The sameteam, however, can sdlect either lottery
of aninvestor lottery pair with a ssmple majority vote.

Itisimportant to point out, that we are not suggesting that teamsexplicitly used such arule. Werather
believethat excess-risk vetoing implicitly arisesfrom the positionsin the debate. The vetoing team
member needsastrong argument to prevail. Evidently, asubstantial gain in expected payoff at ano
greater risk is such a strong argument. In the Persuasive Argument Theory (PAT), proposed by
Burnstein, Vinokur, and Trope (1973), the group decisionisinfluenced by the strength and number of
persuasive arguments for the competing aternatives. Thus, if dominance in therisk-value spaceisa
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persuadve argument, then ateam member pointing out the existence of arisk-vaue dominant dterndive,
will easily convince the other team membersto avoid the excess risk pertaining to the dominated
aternative.

Wetest the explanatory power of the excess-risk vetoing rulein comparison to thethree sandard voting
schemes, Minority for EVmax, Majority for EVmax, and Unanimity for EVmax. For the test, we
form dl possible 3360 hypothetica groups of three subjects from the 16 subjectswho participated in
our individua streatment. In each of these hypothetica "teams', welet thethree members"vote' for a
lottery choice, whereeach "vote" isdetermined by the observed decision of the corresponding subject
inthat task of the experiment. The decision of the hypothetical team is cal culated by combining the
individual votes with one of the following voting schemes:

Minority for EVmax: If a least onevoteiscast for thehigh EV lottery, thenit is selected; otherwise
thelow EV lottery is selected.

Majority for EVmax: If at least two votes are cast for the high EV lottery, then it is selected;
otherwise the low EV lottery is selected.

Unanimity for EVmax: If dl threevotesare cast for the high EV lottery, then it is selected; otherwise
thelow EV lottery is selected.

In the investor lottery pairs, the excess-risk vetoing rule coincides with the Majority for EVmax,
because an excess-risk veto isnot possible. Inthe gambler [ottery pairs, however, excess-risk vetoing
ispossible, since any team member can veto the EVminlottery and propose the aternativelow risk
lottery with the higher expected vaueinstead. Hence, thelow EV lottery isonly sdlected, if none of the
team member castsavote against it. Thus, in the gambler lottery pairsthe excess-risk vetoing rule
coincides with the Minority for EVmax rule.

To check whether the excess-risk vetoing rule explains our experimental datawell, we comparethe
relative frequencies of observed and hypothetical EVmax |ottery choices. Table4 containsthe observed
relativefrequenciesof individua sand teamschoosing the EV max |ottery. Thefrequenciesaregivenfor
investor and for gambler lottery pairs separately, aswell asover al pairs. The lower part of thetable
containsthere ative frequenciesof EVmax choicesthat would follow from each of thefour voting rules
in the hypothetical teams.®

18 Obvioudly, if al 16 subjectsin the individual s treatment had chosen the EVmax lottery (asin the pairs 4
and 14), 100% of the hypothetical teams select the EVmax lottery under al three voting rules. Conversely, if no
individual had chosen the EV max lottery - which never occurred -, 0% of the hypothetical teams select the EV max

lottery.
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AsTable4 clearly show, thereisno substantia difference between the number of teams and the number
of individualschoosing the EV max | ottery in theinvestor | ottery pairs. The main difference betweenthe
choice behavior of individuas and teamsis evidently due to the divergence of behavior in the gambler
lottery pairs. On average about 17% more teams choose the EVmax |ottery in these tasks than
individuals do.

TABLE4
Relative frequencies of observed and hypothetical EVmax lottery choices

investor lottery pairs gambler lottery pairs al pairs

Observed individuals 0.81 0.56 0.69
Observed teams 0.88 0.73 0.8
Hypothetical teams, if ...

... minority for EVmax 0.98 0.88 0.93
... majority for EVmax 0.86 0.57 0.72
... unanimity for EVmax 0.59 0.23 0.41
... excess-risk vetoing 0.86 0.88 0.87

The comparison of the observed team decisions and the hypothetical team decisionsin Table 4 seems
to provide support for the excess-risk vetoing rule. The number of teams choosing the EVmax lottery
intheinvestor lottery pairstendsto be closer to the number of the hypotheticad teamsusing the Majority
for EVmax rule. But, inthe gambler lottery pairs, the actual number of teams choosing the EV max
lottery tendsto be closer to the number of the hypothetical teams using the Minority for EVmax rule.
Thisobservation is confirmed by the following Table 5, which containsthe sum of the squared deviations
of therelativefrequency of EVmax choicesby the observed teamsfrom rel ative frequency of EV max
choices by the hypothetical teams. The deviation measure is smallest for the excess-risk vetoing rule.

TABLES
Sum of the squared deviations of observed teams' from hypothetical teams EVmax choice frequencies

" (rel. freg. EVmax choices by observed - by hypothetical teams)?
Decisionrule investor lottery pairs gambler lottery pairs al pairs
Minority for EVmax 0.33 0.29 0.63
Majority for EVmax 0.23 0.53 0.76
Unanimity for EVmax 1.25 2.25 35
Excess-risk vetoing 0.23 0.29 0.52

Morerigorousstatistical testsof the excess-risk vetoing hypothes s cannot by applied using thismethod,
sncetheresultsof the hypothetica groups, which wereformed from the observed 16 subjects decisons
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inthe individual s treatment, are statistically interdependent. But, the effect of the excessrisk, i.e. the
difference between the SD of the EVmin lottery and the SD of the EVmax lottery, on team decisions
can be tested in a different way.

Thedifference between the number of tesmsand the number of individua schoosing thelottery with the
higher EV isquitelarge for somelottery pairs (e.g. the pairs 11, 12, and 15), whereas this difference
israther small for other lottery pairs. An explanation for thisvariability can be that the persuasiveness
of the excess-risk vetoing argument grows with the magnitude of the excessrisk. If thisconjectureis
true, then we should observe apositive corrd ation between the excessrisk and the differencein EVmax
choicefrequenciesbetween teamsand individual . Cal cul ating Spearman'srank correlation coefficient
for the two measures, over the 8 gambler lottery pairs, indeed yields apositive correl ation coefficient
of .679, that issignificantly unequal to zero on a5% level, one-sided. Thus, we can conclude that the
magnitude of excessrisk inalottery pair positively influencesthe degree to which moreteam decisions
than individual decisions comply with the risk-value principle.

7. Summary and Conclusions

The present paper reports an experiment designed to test for the compliance of team decisions under
risk with the principles of two influentia theoretic benchmarks: Expected Utility Theory (EUT) and
Portfolio Selection Theory (PST). The experiment relieson an across-subject design. A seriesof [ottery
choice and eval uation tasks was presented to 16 individua subjects and to 16 teams, each consisting
of 3 subjects. The tasks were designed to allow for three typical patterns of behavior that are
incons stent with theaxiomsof EUT and areall well-known fromtheliterature onindividual decision
taking under risk: the common ratio effect, the preference reversa effect, and the reference point effect.
Furthermore, the lottery pairs were chosen such that in half of the cases the lottery with the lower
expected value had the higher variance (gambler |ottery pairs), whilein the other half of the casesthe
congtellation wasreversed (investor lottery pairs). Thisalows atest of the risk-vaue principle of PST,
because choosing the low expected value, high risk [ottery of agambler lottery pair means selecting a
portfolio that is not on the efficient frontier of risk and return.

Thefirst result of the experiment isthat the number of team decisionsincons stent with the axioms of
EUT isonly dightly lower than thenumber of suchindividua decisions. We observed both the common
ratio effect and the preference reversal effect in the team decisions to the same extent asin the
individuals choices. The two effects were robust, in the sense that predicted inconsistencies were
significantly morefrequent than unpredi cted inconsistencies. In oneof thetwo lottery pairstesting for
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thereference point effect, however, theindividua subjectsexhibited an unexpectedly high number of
unpredicted inconsstencies, athough many predicted incons gencies were exhibited by them in the other
pair. Itisremarkablethat in thesetwo tasks, theteamsexhibited sgnificantly fewer incons stenciesthan
the individuals.

The second result of the experiment isthat the teams accumul ated significantly more expected value
(EV) than theindividuds and thisa asgnificantly lower totd risk (SD). The effect was mainly driven
by the difference between theteam and theindividud decisonsinthegambler lottery pairs. By choosing
the high EV, low risk lottery significantly more often in these pairs, the teams exhibited a greater
compliance with the risk-return principle of PST than the individuals. In the light of thisevidence, it
seemsthat team decision making can adequatdly be represented by arisk-vaue model, of which many
have been suggested for individual decision makersin the literature (see Sarin and M. Weber 1993).

Thelast result of the paper pertainsto the process of decision making within the team. Our experimentd
setup had avoided imposing aformal decision protocol on the group interaction. Based on cluesfrom
the video taped team discussions, we constructed adecision rule, called excess-risk vetoing, and
compared its predictionsto the observed team decisions. Excess-risk vetoing is an enhanced magjority
rule, which alowseach team member to veto anominated prospect, by naming adifferent progpect with
ahigher EV a alower risk (lower SD). Sincethelatter prospect dominates the former prospect inthe
risk-val ue space, the vetoing team member has a persuasive argument, by pointing out that the old
candidate entailed an excess-risk, i.e. arisk that can be reduced without asacrifice of EV. Comparing
the predictions of the excess-risk vetoing rule aswell asthe predictions of the minority, the mgjority,
and the unanimity rules, to the observed team decisions, we find that the excess-risk vetoing rule
organizes our data best.

Two aspects of the results point at directions for future research. We conjectured that excess-risk
vetoing is driven by the persuasiveness of the argument that one prospect dominates the other in the
risk-value space. A different hypothesis, however, can also serve as a plausible explanation of the
phenomenon. Team members may have preference orderings that not only depend on the features of
thelotteries, but also on features of the decison environment, eg. on being loneor inateam. A family
mother, for example, may have different preferencesfor the driving speed of her car, depending on
whether sheisdriving alone or accompanied by her children. Separating these different explanations
remains to be examined by future research.

Another open question is directed towards the method of risk measurement. In our study, we have
taken the conventiona position of measuring risk only on the basis of objective characteristics of the
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lotteries, specificaly by employing thestandard deviation measure. Someauthors, however, haveargued
that measures of perceived risk are better suited to explain decision making under risk®®. Unlikethe
obj ective measures of risk, it seemsplausibleto conjecture that the perception of risk isinfluenced by
the team discussions. The difference in risk perception could possibly account for the differences
between individual and team decisions. For future research in thisdirection, however, the problem of
establishing an accurate and meaningful measurement of risk perception, especially in the context of
teams, has to be mastered.

19 See E. Weber and Milliman (1997) for an excellent recent paper on the topic.
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Appendix A: Handouts

INSTRUCTION SHEET

Y our are asked to make 24 decisions on |otteries:
16 choices between two lotteries each
and 8 decisions on selling prices of lotteries

LoTTERY CHOICES

C Ineach round, you will be asked to choose between two different lotteries, labeled lottery A and
lottery B

C thelottery you have chosen isthen played

C therealized prizeisyou round payoff

SELLING LOTTERIES

C Ineach round onelottery will be presented
C you have to specify aminimal price, which you would accept for selling this lottery
C arandom priceisdetermined in the range of 0 and the maximal prize of the lottery

C inthe casethat the random priceis equal to or exceeds you specified minimal price, you "sell" the
lottery for the random price

C inthe case that the random price is below your specified minimal selling price, you do not sell the
lottery and it isinstead played for you

PAYOFFs

C Your total payoff isthe sum of all points you gained in the different tasks

C every 10 point are converted into 4 Pfennigs

FIGUReA.1 English Translation of the Instruction Sheet
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LOTTERY CHOICE TASKS

SELLING LOTTERIES

Round

L ottery Choice

Signature of the
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FIGURE A.2 English Translation of the Decision

Sheet for Lottery Choice Task (Individuals)

FIGUREA.28 English Translation of the Decision
Sheet for Lottery Evaluation Task (Individuals)
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LOTTERY CHOICE TASKS
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FIGUREA.2a English Tranglation of the Decision Sheet for Lottery Choice Task (Teams)

SELLING LOTTERIES
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FiIGURe A.2B English Trand ation of the Decision Sheet for Lottery Evaluation Task (Teams)
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