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Abstract

The random lottery incentive system is widely used in experimental economics to motivate subjects. This pape
investigates its validity. It reports three experiments which compare responses given to decision tasks which ar
embedded in random lottery designs with responses in ‘single choice’ designs in which each subject faces ju:
one task for real. The experiments were designed to detect cross-task contamination effects in the random lotte
treatment. No significant differences between treatments, and no significant contamination effects, were founc
Over the three experiments, observed differences between the treatments are adequately explained as samp
variation.
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Economists generally maintain that, in order for experimental investigations of decision-
making to generate reliable data, subjects should be given incentives. A widely use
incentive mechanism for such experiments isrdmedom lotterydesign. In an experiment
with this design—we will call any such experimentandom lottery experimerteach
subject faces a number of tasks. Depending on the experiment, each task might be a choi
between consumption opportunities, between gambles, or between strategies in a gar
against other subjects; or it might be a valuation task; or participation in an auction; or
some other form of decision problem. Whatever the individual task, there is some nomina
reward structure, so that if the task were for real, the subject’s response (often in interactio
with other subjects’ responses, or with some random device) would determine his rewarc
Atthe start of the experiment, the subject is told that, after all the tasks have been complete
one of them will be selected at random (this selection process is the ‘random lottery’). The
nominal reward for that task will then be the subject’s payoff for the entire experiment.

This incentive system has proved useful because experimenters often want each of the
subjects to perform several tasks. In some cases, where within-subject comparisons are |
quired, each subject’s performing more than one task is an essential part of the experiment
design. In other cases, itis a way of economizing on the substantial fixed costs of recruitin
subjects. By using the random lottery system, it is possible to give an incentive for eact
task while avoiding the problem that if all tasks were for real, a subject’s endowment for
one task would vary according to the payment she received from other tasks. In this pape
we investigate whether the random lottery design generates reliable data. We focus on
potential problem first pointed out by Charles Holt (1986).
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Holt gives reasons for expecting that, in a random lottery experiment, the attitude to risk
that a subject reveals in one task may be affected by the other tasks in the experimen
and he shows how, in a particular class of experiments, such a ‘contamination effect’ coulc
systematically generate spurious results. This effect has the potential to distort the results
any experiment that uses the random lottery design and in which the tasks involve decisior
making under risk or uncertainty. For example, it could affect a game or auction task
in which a subject’'s payoff depends on the actions of other subjects. Clearly, however
the most controlled experimental environment in which to test for contamination effects
is one in which individuals make non-interactive choices between risky options. We shall
investigate whether, for decision problems of this kind, the random lottery design elicits
individuals’ true preferences.

To pose this question in a way that can be tested, we need an operational definition c
‘true’ preferences. We define true preferences with respect to a given task as those th
would be elicited by aingle choiceexperimental design in which each subject faces only
that task, and knows it to be for real. We investigate whether the responses to individua
tasks in random lottery experiments are systematically different from true preferences. I
such systematic differences exist, we shall say that the random lottery debigeed

To date, very few decision-making experiments with single choice designs have beel
reported in the literature. This paper reports three experiments, with a total of over 55(
subjects, which compare responses to random lottery and single choice treatments. The
experiments continue a programme of research which began with an experiment reporte
by Starmer and Sugden (1991). To our knowledge, the only comparable research is th
of Beattie and Loomes (1997), which also compares random lottery and single choice
treatments, but does not specifically investigate contamination effects. We discuss Beatti
and Loomes’s work in Section 6.

1. Theory: isolation, reduction and contamination

Consider a random lottery experiment in which a given subject fatekecision tasks;
each task requires a choice between pwaspects—that is, probability distributions over
monetary payoffs. We denote each tadhy {x, yi}, and use; € {X;, y;} to denote the
option actually chosen. We shall use the term ‘preference’ only for true preferences, i.e.
those that are revealed in single choice experiments. We-useand~ to denote strict
preference, weak preference and indifference, respectively. If the subject cRoosask
i in this random lottery experiment, can we infer that she has the prefexencg; ?

One possibility is that the subject treats each task in isolation, just as if it were the
only task, and for real. We shall call this tligolation hypothesis Clearly, it implies
that the random lottery design is unbiased. The isolation hypothesis is compatible witt
Daniel Kahneman and Amos Tversky’s (19fpspect theoryin which individuals use
various editing heuristics to simplify decision problems. One such operation applies to
choices between two-stage lotteries which have a common first stage; the simplificatiol
is to eliminate the first stage. Behaviour that is consistent with that operation has beel
found in several experiments (Kahneman and Tversky, 1979; Tversky and Kahnemar
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1981; Camerer, 1989). However, since none of those experiments used a single choic
treatment this evidence gives only indirect support to the isolation hypothesis.

Holt (1986) considers the polar opposite of the isolation hypothesis: the hypothesis tha
the subject treats the whole experiment as a single decision problem, reducing all compour
prospects to simple ones using the standard probability calculus. We shall call this the
reduction hypothesisConsider the position of a subject in a random lottery experiment,
who has made aNl decisions but does not yet know which task is to be for real. Suppose that
all tasks have the same probability of being selected in the random lottery. Then the subjet
faces a compound prospect made up of the prospects. , cy, each with a probability of
1/N. Such a prospect will be written &s;, 1/N; .. .; cn, 1/N). Now consider the same
subject at the start of the experiment. There are ndwlifferent ways in which she could
respond to the set df decision tasks in the experiment, each of which leads to a particular
compound prospect and thus (after reduction) to a particular simple prospect. The simpl
prospect which is generated by reducing any given compound progpeéltte written as
r (p). The reduction hypothesis is that the subject responds to the individual tasks so as t
arrive at the most preferred of thes® &imple prospects(ci, 1/N; ...; ¢y, 1/N).

Given this hypothesis, it is true, in general, that responses to individual tasks in randon
lottery experiments coincide with single-choice responses if and only if the subject’s pre-
ferences satisfy the independence axiom of expected utility theory (EUT). To show this,
suppose the reduction hypothesis is true. Take anyjtask random lottery experimentin
which all tasks have equal probability of being selected, and consider what inferences cant
drawn from the observation that (sagj)was chosen in that task. Let; be the compound
prospect§, 1/(N —1);...;¢j_1, 1/(N—1); ¢j+1, 1/(N—=1); ...; ¢cn, 1/(N = D)]. That
is, c_; is an equally weighted mixture of ti¢— 1 prospects chosen in all tasks other than
We can infer that the subject has the true preferm?og y} wherex; andy} are the simple
prospects formed by reducing;[ 1/N; c_j, (N —1)/NJand [y;, 1/N; c_j, (N —1)/N],
respectively. Thus, a decision task which ostensibly involves the prospeesd y;
actually elicits the subject’s preference betweerandy;. The random lottery design
elicits true preferences if and only xf §yj < X Ey; The proposition that this impli-
cation is true for allx;, y; andc_; is equivalent to the independence axiom. Thus, if the
reduction hypothesis is true, systematic violations of independence will cause biases in th
random lottery design. This bias will take the formanbss-task contaminatierthat is,
responses to a given task in a random lottery experiment are influenced by the nature of tt
other tasks.

Starmer and Sugden (1991) show that if the reduction hypothesis is true, the commol
consequence form of the Allais paradaill not be observed in a random lottery experi-
ment, irrespective of whether individuals’ true preferences satisfy the independence axion
They also report an experiment which tested for a common consequence effect in thre
treatments: a two-task random lottery design, a single choice design, laymbthetical
choicedesign (i.e., a design in which there are no financial incentives, subjects merely
being asked to say what they would do, if faced with the relevant decision). A significant
common consequence effect was found in all three treatments.

This result allows us to reject the reduction hypothesis in the strong form in which we
have formulated it, but it does not establish that the random lottery design is immune tc
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cross-task contamination. The reduction hypothesis represents the extreme case of su
contamination, just as the isolation hypothesis represents the opposite extreme case in whi
there is no contamination at all. Between those extremes is a range of cases in which cros
task contamination occurs to varying degrees; Starmer and Sugden’s results do not allo
us to reject these possibilities.

For example, suppose there are two types of individual—those who behave accordin
to the isolation hypothesis and those who behave according to the reduction hypothesis.
the subject pool contains a sulfficiently large number of individuals of the first type, tests
which aggregate across subjects will reject the reduction hypothesis; but if the second typ
of individual is also represented in the subject pool, the random lottery design is still subjec
to bias.

Perhaps a more realistic possibility is that, for each subject, there is some degree
cross-task contamination, but less than is implied by the reduction hypothesis. From ¢
psychological point of view, the reduction hypothesis seems to require too much menta
effort on the part of the subject; it seems more plausible to suppose that subjects tackle or
task at a time than that they treat the whole experiment as a single decision problem. Bt
when tackling any one task, a subject might still be influenced by some of the more genere
and easily recalled properties of the experiment as a whole. Thus, even if the extreme forr
of the reduction hypothesis is false, there maysbenecross-task contamination of the
kind suggested by Holt. This weaker hypothesis will be calledcthrgamination hypo-
thesis The experiments reported in this paper were designed to test for such contaminatio
effects.

2. Theory: incentive effects

Although our primary concern is to test for contamination effects, our experiments also
allow us to investigate another challenge to the random lottery design. In a frequently
quoted paper, Smith (1982) argues that for an economic experiment to be valid, the rewarc
must be sufficiently large to dominate the subjective costs and benefits to the subject c
participating in the experiment. Thus, in experiments which investigate decision-making
behaviour, incentives should be sufficiently large that subjects do not economize on ment:
effort by taking short cuts that they would not take when making ‘real’ economic deci-
sions. Harrison (1994) uses this precept as the basis of a critique of the random lotter
design.

Harrison points out that in a random lottery experiment, the apparent incentives offerec
by the face values of the options are diluted by the fact that each task has only a sma
probability of being for real. Thus, thexpectednoney payout per subject per task is
usually very small. Harrison argues that in such cases, the random lottery design is biase
towards those responses that are most likely to result from error: for a given task, randon
lottery responses will contain more errors than single choice responses. If we are to tes
this claim, we need to combine the principal hypothesis, that the frequency of errors is
negatively related to the strength of incentives, with some auxiliary hypothesis about the
properties of true preferences and/or the nature of errors. We consider two such auxiliar
hypotheses.
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Some economists have suggested that true preferences satisfy the axioms of EUT, al
that the violations of EUT found in experiments are a product of the weak incentives for
correct reasoning offered by those experiments (e.g., Hirshleifer and Riley, 1992, pp. 33-
41). On this view, systematic deviations from EUT result from subjects’ using simpli-
fying heuristics to economize on mental effort. The stronger the incentives associatec
with a decision task, the less such heuristics will be used. One implication of this hy-
pothesis is that violations of EUT, such as the common consequence and common rati
effects, should be more pronounced in random lottery experiments than in single choic
experiments. Wilcox (1993) presents a version of this argument. He hypothesizes that
the greater the dilution of incentives in a random lottery design, the less ‘accurate’ will
be the heuristics used by subjects. As a first approximation, he assumes that fully accura
decisions maximize expected value. He reports an experiment whose results provide son
support for his hypothesis when decision tasks require choices over compound prospect
but no support in the case of choices over simple prospects.

Davis and Holt (1993, pp. 449-457) suggest the hypothesis that subjects’ risk-aversion i
positively related to the strength of incentives. As evidence, they refer to an experiment con
ducted by Battalio et al. (1990), which found that decisions were less risk-averse in a hypo
thetical choice treatment than in a random lottery treatment. Davis and Holt conjecture that
similarly, decisions may be lessrisk-averse inrandom lottery treatments than in single choic
treatments. In other words, if true preferences are defined in terms of single choices, the ral
dom lottery design induces systematic errors: subjects understate their real aversioh to risk

3. Strategy

Our strategy is to take as the maintained hypothesis that the random lottery design i
unbiased. We test this hypothesis in situations in which we have a priori expectations tha
individuals’ preferences violate the independence axiom in ways which, if the contaminatior
hypothesis were true, would induce observable biases.

Two kinds of violation of independence are widely regarded as particularly robust: the
common consequenead common ratioeffects, discovered by Allais (1953). Latb
be money consequences such thatb > 0. Consider the prospecl = (a, +; 0,1 — 1),
Re=(@ Ap;b,1-p;0,[1-2]p), Re=(a,Ap; 0,1-1p), S =S = (b, 1), S = (b, p;
0,1— p), such that 6< » <1 and O< p < 1. The independence axiom implies tHat%
S < RXS < R%S. The common consequence effect is a tendency for preferences
over the paif R;, S3} to be less risk averse than preferences ¢Rgr S}; the common ratio
effectis atendency for preferences o{/Bg, S3} to be less risk averse than preferences over
{R1, S}. Preferences which violate independence in a way that is consistent with these tw
tendencies will be calledllais preferences

Our first two experiments are designed around these effects—the common consequen
effect in the case of Experiment 1, the common ratio effect in the case of Experiment 2
In each of these experiments, given the auxiliary hypothesis that individuals have Allais
preferences, we can make qualitative predictions about the direction of bias that woulc
be implied by cross-task contamination. The null hypothesis is that there is no bias; the
alternative hypothesis is that there is some bias in the predicted direction.
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If we are to test the contamination hypothesis we have no option but to build experiment:
around some particular expected violations of independence. In view of their status in the
literature of non-expected utility theory, the common consequence and common ratio effect
seem obvious choices for the role of ‘expected violation’. However, we cannot be com-
pletely confident that even these effects are to be found in true preferences—for two reason

First, almost all the evidence of common consequence and common ratio effects come
from hypothetical choice and random lottery experiments. Since the purpose of our researc
programme is to test whether the random lottery design is biased, and since some of tf
hypotheses we wish to test imply that the hypothetical choice design is biased too, w
cannot treat the existing evidence as definitely establishing that individuals have Allais
preferences. Second, at least in relation to the common consequence effect, the eviden
from hypothetical choice and random lottery experiments is mixed. While some experi-
ments have found that effect (e.g., Kahneman and Tversky, 1979; Starmer and Sugde
1991), others have not found it at all, or have found it in some pairs of problems but not
in others (e.g., Chew and Waller, 1986; Camerer, 1989; Starmer, 1992). In contrast, th
evidence from hypothetical choice and random lottery experiments is generally consister
in confirming the existence of the common ratio effect (e.g., Kahneman and Tversky, 1979
Tversky and Kahneman, 1981; Starmer and Sugden, 1989; Battalio et al., 1990; Bernascor
1994). Because we cannot be sure that our subjects have Allais preferences, Experiment:
and 2 include controls which allow us to test this auxiliary hypothesis.

The common consequence and common ratio effects are defined in terms of very spe
cific classes of decision problem. By using random lottery designs with only two tasks,
we are able to build Experiments 1 and 2 around those particular effects. In the third ex
periment, however, our aim is to test for bias in a many-task random lottery design, more
typical of actual applications. In this case, we need an auxiliary hypothesis about viola-
tions of independence which applies to a wider class of problems. Here we follow Holt in
using Machina’s (1982) hypothesis fainning-out This hypothesis, which is explained in
Section 5, imposes a particular pattern on violations of the independence axiom; among it
implications are the common ratio and common consequence effects.

4. Experiments 1 and 2

Experiment 1 is built around five decision tasks. Each task requires a choice between tw
simple prospects. The pair of options in a task is eiffi®r S} (i =1, 2, 3) or {A;, B}
(i=1,2):

R = (£10, 15/60; £6, 40/60; 0,5/60) S, = (£6, 60/60)

R, = (£10, 15/60; 0, 45/60) S, = (£6, 20/60; 0, 40/60)
Rs = (£10, 45/60; 0, 15/60) S; = (£6, 60/60)

A = (£6, 60/60) B, = (£7, 5/60; —£5, 55/60)
A, = (0, 60/60) B, = (£7, 5/60; —£5, 55/60)

Negative payoffs represent payments from the subject to the experimenters.
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Each{R;, S} task requires a choice between a ‘riskier’ optignand a ‘safer’ option
S. Each{A;, B;} task is constructed so thBf, while not stochastically dominated #y,
would appeal only to a person with strongly risk-loving preferences. The intention was that
subjects should think of these as genuine decision tasks, but that almost all of them woul
chooseA .

Notice that the pair of tasksR;, S}, {Ry, S} is an instance of the class of problem pairs
in which the common consequence effect has been observed. (In terms of the notatio
introduced in Section 3 = £10,b = £6, 1 = 3/4, p = 1/3.) If subjects have Allais
preferences, decisions will be less risk-averse in the cagd®knofS;} than in the case
of {R1, S;}. The other three tasks are linked {B;, S} and {R,, S} by virtue of the
facts thatR; = r (Rs, 1/3; A1, 2/3), St = r(Ss, 1/3; A1, 2/3), Ry = r(Rs, 1/3; Az, 2/3),
and S = r(Ss, 1/3; Az, 2/3). Our experiment exploits these relationships to test for
contamination effects.

Subjects were randomly divided into four groupEach subject faced 20 decision tasks
involving choices between two (or in some cases three) prospects with money outcome:
At the start of the experiment, subjects in Groups 1.1 and 1.2 were told that the first 18 o
these tasks were hypothetical. The payment they received for taking part in the experimer
would depend entirely on the last two tasks; one of these tasks, to be selected by a rando
device at the end of the experiment, would be for real. After subjects had responded to th
first 18 tasks, they were reminded that one of the two final tasks would be for real, and the
probability of selection for each task (see below) was explained. Subjects in Groups 1.
and 1.4 were told that the first 19 tasks were hypothetical and that the final task was fo
real; they were reminded of this before facing the final task.

The hypothetical choice tasks have no significance for our tests of the random lottery
design. The first 18 of these tasks did not differ between the four groups; for Groups 1.3 an
1.4, the nineteenth task was a repeat of one of the first 18. Leaving aside these hypothetic
choice tasks, Groups 1.1 and 1.2 faced a two-task random lottery design while Groups 1.
and 1.4 faced a single choice design. The relevant tasks for the four groups are describe
below:

Group 1.1.Random lottery design with two tasks: Task=1{ R3;, S3}; Task 2= {A;, B;}.
Task 1 is for real with probability A3; Task 2 is for real with probability /3.

Group 1.2.Random lottery design with two tasks: Task=1{R;, S3}; Task 2= {A,, By}.
Task 1 is for real with probability A3; Task 2 is for real with probability /3.

Group 1.3.Single choice design with the tagk;, S }.

Group 1.4.Single choice design with the tagR;, $}.

Notice that the taskRs, S} is common to Groups 1.1 and 1.2. If the random lottery
design is unbiased, the expected proportion of subjects choBsiwdl be the same in both
groups. However, if the reduction hypothesis is true antl dfptions are always preferred
to B options, Task 1 in Group 1.1 is equivalent to a choice betwéRBg, 1/3; A4, 2/3) and
r(Ss, 1/3; Aq, 2/3), i.e., to the choic¢Ry, S}, while Task 1 in Group 1.2 is equivalent to a
choice between(Rs, 1/3; A, 2/3) andr (S, 1/3; Az, 2/3), i.e., to{ Rz, $}. This implies
that the expected distribution of responses betweerRtlagd S options is the same in
Group 1.1asin Group 1.3, and the samein Group 1.2 asin Group 1.4. If subjects have Allai
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preferences, decisions will be more risk-averse in the ca$B0fS;} than in the case of

{R1, S}. Thus, we can predict the direction of any contamination effect for Groups 1 and 2:

the expected frequency 8% choices will be greater in Group 1.2 thanin Group 1.1. Groups

1.3and 1.4 provide atest for the presence of acommon consequence effect in single choice
Experiment 2 has a similar design, adapted to the common ratio effect instead of the

common consequence effect. It uses the following three tasks:

Ry = (£24,80/100 0,20/100 S = (£15, 100/100)
Rs = (£24, 20/100, 0, 80/100 S; = (£15, 25/100, 0, 75/100)
As = (0, 100/100) Bs = (£1, 40/100 —£2, 60/100)

Here, the pair of task§R4, &}, {Rs, S5} is an instance of the class of problem pairs in
which the common ratio effect has been observed. (In the notation introduced in Section 3
a = £24,b = £15 1 = 4/5, p = 1/4.) In addition, Rs = r(R4, 1/4; A3, 3/4) and
S =1 (S 1/4; As, 3/4).

In Experiment 2, subjects were divided at random into three groups. Each subject face
20 decision tasks. The first 19 of these for Groups 2.1 and 2.2, and the first 18 for Group 2.-
were hypothetical. The remaining, non-hypothetical tasks are described below.

Group 2.1.Single choice design with task{R,4, $}.

Group 2.2.Single choice design with task{Rs, S5}.

Group 2.3.Random lottery design with two tasks: Task=1{ R4, &}; Task 2= { Az, Bs}.
Task 1 is for real with probability M; Task 2 is for real with probability 3.

Notice that{ Ry, &} is common to Group 2.1 (where itis faced as a single choice) and Group
2.3 (where it is faced in a random lottery treatment). Thus, if the random lottery design is
unbiased, the expected proportion of subjects chod?jngll be the same in the two groups.
However, if the reduction hypothesis is true and\ifis always preferred t®s, Task 1 in
Group 2.3 is equivalent to a choice betwe&Ry, 1/4; Az, 3/4) andr (&, 1/4; Ag, 3/4),

i.e., tothe choicéRs, S} This implies that the expected distribution of responses between
R andSis the same in Group 2.3 as in Group 2.2. If subjects have Allais preferences, any
contamination effect will make the expected frequenciRgthoices greater in Group 2.3
than in Group 2.1. Groups 2.1 and 2.2 provide a test for the presence of a common rati
effect in single choices.

We now turn to the mechanics of the experiments. 201 subjects took partin Experiment 1
and 150 new subjects took part in Experiment 2. Subjects were recruited on the campu
of the University of East Anglia. Decision tasks were presented as visual displays on &
computer monitor, and responses were entered at a keyboard. A typical display (of Task
for Group 1.1) is shownin figure 1. When a decision task was played out for real, the subjec
drew a disc from a bag of 60 (or, in Experiment 2, 100) nhumbered discs, and the numbe
of the disc drawn determined the payoff. In the display, each option is represented by «
box. The entries in the box are payoffs. The numbers along the top of each box refer to th
discs associated with each payoff, and the numbers along the bottom show the probabilit
of each payoff (in units of 260 or 1/100). The widths of the subdivisions of the boxes
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A £10 0

45 15

60

Figure L A typical task display.

are proportional to the relevant probabilities. For each task, the location of options as ‘top’
and ‘bottom’ was randomized, independently for each subject. The left-right orientation
of payoffs in the boxes was also randomized, subject to the constraint that the two option
were always comonotonfc.For subjects in Groups 1.1, 1.2 and 2.3, the order of Tasks 1
and 2 was randomized. To ensure that these subjects were able to act on the reducti
hypothesis, if they chose to do so, the software required them to look at both tasks at lea:
once before responding to either. The selection of the task to be for real was implemente
by rolling a six-sided die (Experiment 1) or by drawing a card from a pack (Experiment 2).

The results are shown in Tables 1 and 2. The first thing to notice is that, as expectec
A options were almost always chosen in preferend® tptions. Each of the six subjects

Table 1 Results of Experiment 1.

Number (percentage) of subjects choosing

Task 1 Task 2
Group n R S A B
1.1 57 28 (49.1) 29 (50.9) 57 (100.0) 0(0.0)
12 62 31 (50.0) 31 (50.0) 57 (91.9) 5(8.1)
1.3 38 25 (65.8) 13(34.2) N/A N/A
14 44 24 (54.5) 20 (45.5) N/A N/A

Table 2 Results of Experiment 2.

Number (percentage) of subjects choosing

Task 1 Task 2
Group n R S A B
2.1 51 21(41.2) 30 (58.8) N/A N/A
2.2 46 24 (52.2) 22 (47.8) N/A N/A

2.3 53  20(37.7)  33(62.3)  52(98.1) 1(1.9)
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who chose & option in his Task 2 also chose the option in Task 1. This evidence

is consistent with the subject pool’s containing a small minority of strongly risk-loving
individuals. We cannot eliminatB-choosing subjects from our analysis without biasing
our between-group comparisons. However, it seems reasonable to assume that any subj
who was so risk-loving as to choo&ein his Task 2 would still have choseRin Task 1

if he had been constrained to choodén Task 2. On this assumption, we can test for
contamination effects in Experiment 1 by comparing the Task 1 responses of all subjects i
Groups 1.1 and 1.2; for Experiment 2, the corresponding comparison is between the Task
responses of Groups 2.1 and 2.3.

In the case of Experiment 1, the proportion of subjects choodRirgyvirtually the same
in the two groups (49.1% in Group 1.1, 50.0% in Group 1.2). In the case of Experiment 2,
the proportions choosinB are very similar (41.2% in Group 2.1, 37.7% in Group 2.3); the
difference is not statistically significant. In neither case, then, is there any evidence of any
contamination effect.

However, these comparisons are appropriate tests of the contamination hypothesis on
if subjects’ true preferences violate the independence axiom. Our experiments allow direc
tests of this property of true preferences within our subject pools. For Experiment 1, we
can compare Groups 1.3 and 1.4. There is no significant difference between the proportior
of R choices in the two groups (65.8% in Group 1.3, 54.5% in GroupZ-41.04). For
Experiment 2, the relevant comparison is between Groups 2.1 and 2.2. Here too, the prc
portions ofR choices in the two groups (41.2% in Group 2.1, 52.2% in Groupzx21.08)
are not significantly different. Thus, in neither case can we reject the null hypothesis tha
true preferences satisfy the independence axiom.

The implication is that the comparisons between Groups 1.1 and 1.2, and betwee
Groups 2.1 and 2.3, are not appropriate tests of the contamination hypothesis. Howeve
since Experiment 2 presented the same choice profRrs,} in both random lottery and
single choice treatments, wanuse the data from that experiment to test the hypothesis that
random lottery responses are less risk averse than single choice responses. That hypothe
implies that the expected frequencyR®thoices is greater in Group 2.3 than in Group 2.1.
Our data do not support that hypothesis.

5. Experiment 3

The designs of Experiments 1 and 2 were premised on the expectation that strong commc
consequence and common ratio effects would be found in single choices; but we failed t
find these effects. In the case of the common consequence effect, the results generated
our single choice treatment are not out of line with the findings of other experiments which
have used hypothetical choice and random lottery designs. As noted in Section 3, previol
evidence concerning the common consequence effect is mixed. Why some experimen
have found this effect while others have not remains an unsolved problem; but we see n
particular reason to attribute the absence of a common consequence effect in Experiment
to the single choice design.

In the case of the common ratio effect, the evidence from previous hypothetical choice
and random lottery experiments is much less ambiguous. In this respect, our failure tc
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find a significant common ratio effect is more surprising. One possible explanation is
that, although individuals in our subject pool have preferences of the kind that generatt
the common ratio effect, our statistical tests were not powerful enough to pick this up.
Notice that single choice designs require between-subjects tests, while most random lotte!
experiments produce within-subject data. Inevitably there is more stochastic variation ir
between-subjects data, making it harder to detect underlying patterns. However, ther
is another possibility: that the common ratio effect is not, in fact, a propertyuef
preferences, even though itis found in hypothetical choice and random lottery experiments
That interpretation would be consistent with the hypothesis that the stronger incentives are
the less deviation there is from EUT.

In designing Experiment 3, we had two main objectives. First, as in the case of Experi-
ments 1 and 2, we wanted to test the contamination hypothesis in a context in which w
could expect the independence axiom to be violated. For Experiment 3, however, we chos
a somewhat different approach. In Experiments 1 and 2, the random lottery treatment
involved only two tasks. In practical applications of the random lottery design, there are
usually many tasks, and we wished to test the contamination hypothesis in such a settin
There are some reasons for expecting the extent of any bias in the random lottery design
depend on the number of tasks. On the one hand, it might be argued that, the more tasl
there are in a random lottery experiment, the more likely subjects are to use the simplifying
heuristic of treating each task in isolation. On the other hand, the more tasks there are, tt
more incentives are diluted; thus if bias is a product of dilution, its extent will increase with
the number of tasks.

Our predictions about the direction of contamination effects in the many-task design are
derived from Machina’s (1982) fanning-out hypothesis. In Machina'’s theoretical frame-
work, preferences in a sufficiently small neighbourhood of probability space around any
given prospecp can be represented as expected utility maximizing, relativéoiedutility
function defined fop. The fanning-out hypothesis is that, for any prospects’ wherep’
(first-order) stochastically dominat@s the local utility function forp’ is more risk-averse
than that forp. We recognize that this hypothesis is not completely successful in organising
all the data that have been generated by experiments to date; but it would seem that ai
general theory of preferences that is to explain that evidence must have some fanning-o
tendency (see Camerer, 1995). Given the objective of predicting the direction of potentia
bias in random lottery experiments, Machina’s theory proves to be particularly tractable.

Our second objective was to test whether the common ratio effect is eliminated wher
a single choice design is used in place of a random lottery design. As noted above, th
contrast between the results of Experiment 2 and the mass of evidence from random lo
tery experiments suggests that violations of independerigktbe less frequent in single
choices; but to reach firm conclusions, we need an experimental design in which single
choice and random lottery treatments are applied to the same tasks and to the same subj
pool. In such an experiment, the random lottery treatment should be as similar as possibl
to those which, in previous experiments, have induced common ratio effects. It is particu-
larly important to replicate the degree to which the random lottery designs used in those
previous experiments have diluted incentives. The two-task random lottery designs used i
Experiments 1 and 2 are clearly inappropriate for this purpose. In Experiment 3 we used
more typical 20-task design.
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Experiment 3 was built around the two tasis, S}, {Ry, S}, where the relevant
prospects are:

Rs = (£15,80/100, 0, 20/100 & = (£10, 100/100
R; = (£15, 20/100, 0, 80/100 S; = (£10, 25/10G, 0, 75/100).

This pair of tasks is typical of those in which the common ratio effect has been found, and
is very similar to the pair of tasks around which Experiment 2 was built. (In the notation
introduced in Section 3a = £15,b = £10,» = 4/5, p = 1/4.) In this context, the
common ratio effect is a tendency for decisions to be less risk-averse in the ¢&5e 8

than in the case dfRs, ).

The experiment also used two sets of 18 additional decision tatw,\slueset and a
high valueset. There is a one-to-one relation between tasks in the two sets. For every higl
value task{x, y} and the corresponding low value tasK, y'}, x stochastically dominates
x" andy stochastically dominatgg. Inthe high value set, the expected values of the options
range fromg7.20 to£12.50, with a mean d10.63; in the low value set, the range is from
£2.36 to£5.00, with a mean of3.54. The values of the possible payoffs are similar in the
two sets, with a maximum df25 in each case; differences in expected value between the
two sets are mainly due to differences in the probabilities associated with given payoffs
Thus, the payoffs and expected values of the high value options are similar to thege of
andSs, while the low value options are similar & andS;.

The experiment involved 202 subjects, none of whom had taken part in the previous
two experiments, randomly divided into four groups. Each group faced 20 tasks. The se
of tasks, and the incentive system applied to particular tasks, varied across groups in th
following way:

Group 3.1.
{Rs, S}: for real
{R7, $}: hypothetical choice
18 high value tasks: hypothetical choice
Group 3.2.
{Rs, S}: hypothetical choice
{R7, $}: forreal
18 high value tasks: hypothetical choice
Group 3.3Random lottery design with 20 taskids, S}, {R7, S}, and 18 high value tasks.
Each task has/R0 probability of being for real.
Group 3.4.Random lottery design with 20 taskidzs, S}, {R7, S7}, and 18 low value tasks.
Each task has/R0 probability of being for real.

Notice that each of the two common ratio tasks is faced in four different treatments: as
a single choice (i.e., as the task which is for real in a treatment in which one task is for
real and all the other tasks are hypothetical), as a hypothetical choice, in a random lotter
design along with 18 high value tasks, and in a random lottery design along with 18 low
value tasks. This allows us to carry out two different kinds of test. First, we can test for
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common ratio effects in hypothetical choice, random lottery and single choice treatments
Second, by comparing responses to the common ratio tasks between the two random lotte
groups, we can test for a contamination effect.

Consider a subject in Group 3.3 or Group 3.4, facing one of the common ratio tasks, sa)
{Rs, S}. The reduction hypothesis implies that this task will elicit the subject’s true pref-
erence between(Rg, 1/20; m, 19/20) andr (S, 1/20; m, 19/20), wherem is an equally
weighted mixture of the options chosen in the other 19 tasks. Recall that for the 18 non:
common-ratio tasks, each option in each of the high value tasks faced by Group 3.3 stoch:
stically dominates a corresponding option in the low value task faced by Group 3.4. The
nineteenth option, i.e{R7, S}, is common to both groups. Thus, we can expect that the
m of a typical Group 3.3 subject will stochastically dominate itef a typical Group 3.4
subject. If the fanning-out hypothesis is true, preferences in the regiomalf tend to be
less risk-averse for Group 3.4 subjects than for Group 3.3 subjects. Thus, any contaminatic
effect will tend to make Group 3.4’s responses to the common ratio task less risk-avers
than those of Group 3.3.

The mechanics of Experiment 3 were very similar to those of Experiments 1 and 2.
The main difference was that the order of the complete set of 20 tasks was randomizec
independently for each subject. Thus, for subjects in Groups 3.1 and 3.2, the position o
the single choice task in the series of 20 tasks was random. At the start of the experimen
each of these subjects was told the position of her single choice task (e.g., that it was th
thirteenth in the series); immediately before facing this task, the subject was reminded the
it was for real. The reason for this modification was to ensure that any differences betwee
random lottery and single choice responses to the common ratio problems could not b
attributed to differences in the order in which tasks were faced.

The software allowed subjects in all groups to backtrack at any point in the experiment,
going back to previous tasks and changing their responses if they wished. After they hal
made all 20 responses they were reminded of this option. Inthis way, and asin Experiments
and 2, we gave subjects the opportunity to treat the whole experiment as a single decisic
problem if they so wished.

The main results are shown in Table 3. First, we test for a contamination effect. Given the
auxiliary assumption of fanning-out preferences, the contamination hypothesis implies that
for each of the two common ratio tasks, Group 3.4 will be less risk averse than Group 3.3
In fact, for each task, there idawer proportion of R choices in Group 3.4 (the differences
are not significant): there is no evidence of any contamination.

Table 3 Results of Experiment 3.

Number (percentage) of subjects choosing

Group n Rs S R7 S

3.1 49 14 (28.6) 35 (71.4) 29 (59.2) 20 (40.8)
3.2 56 22 (39.3) 34 (60.7) 25 (44.6) 31 (55.4)
33 52 13 (25.0) 39 (75.0) 31 (59.6) 21 (40.4)

3.4 45 8(17.8) 37(82.2) 21 (46.7) 24 (53.3)




128 CUBITT, STARMER AND SUGDEN

Could our failure to find contamination be due to the failure of the fanning-out hypothesis?
We can test this possibility by comparing responses to high value and low value tasks ir
the random lottery groups. Eight of these pairs of tasks have the special property that th
relevant optiong, y, x’, y’ are different probability distributions over the same three money
consequences; if these prospects are plotted in a Marschak-Machina triangle disiram,
linesxy andx’y’ are parallel. In each case, the fanning-out hypothesis implies that true
preferences oveix’, y'} will be less risk-averse than true preferences ¢xer}. We can
test for fanning-out by comparing Group 3.3 responses to pacf} task with Group 3.4
responses to the correspondiixg y’} task. Since both tasks were faced in random lottery
treatments, we must of course allow for the possibility of contamination effects. But
notice that in Group 3.3, the principal source of potential contamination is from other high
value tasks, while in Group 3.4 it is from other low value tasks. Thus if true preferences
have the fanning-out property, then whatever the extent of contamination, we can expec
Group 3.4 responses to eaft, y'} to be less risk averse than Group 3.3 responses to
{x,y}.

In seven of the eight pairs of tasks, the difference between the responses of the tw
groups is in the direction predicted by the fanning-out hypothesis (in the eighth case, the
distributions of choices are virtually identical); this difference is significant at the 5% level
in five cases. Averaging over all eight pairs, the riskier option is chosen in 24.8% of
cases in Group 3.3 and in 42.2% of cases in Group 3.4. It seems, then, that our subject
preferences did have the fanning-out property, but that this property did not generate cros:
task contamination.

We now turn to the question of whether the common ratio effect is observed in each
of the four treatments. To test for this effect in single choices, we compare Group 3.1's
responses tpRs, S} with Group 3.2's responses {®;, S;}. The proportion oRR; choices
is significantly greater than the proportion B§ choices(z = 1.70), although only just
so: the critical value of for a one-tail test is 1.65. On this basis we can reject the null
hypothesis of no common ratio effect for the single choice treatment. That hypothesis cal
also be rejected for the hypothetical choice treatment (comparison between Group 3.2’
responses t¢Rs, S} and Group 3.1's responses {B7, S;}; z = 2.04), for the random
lottery treatment with 18 high value tasks (Group Z.3; 3.57), and for the random lottery
treatment with 18 low value tasks (Group 3z4:= 2.93) !

Finally, we test the hypothesis that the random lottery treatment induces less risk-avers
responses than does the single choice treatment. In the ca&g, &}, the proportion
of Rs choices is slightlylessin the two random lottery treatments (21.6%) than in the
single choice treatment (28.6%). In the cas¢Ryf, S;}, the difference in the proportion of
R; choices is in the right direction (53.6% for the random lottery design, 44.6% for single
choices), but not significariz = 1.07).%?

The net effect of these differences is to make the common ratio effect more pronounce
in the random lottery treatments than in the single choice treatment. However, it doe:
not seem plausible to explain this fact in terms of the stronger incentives in the single
choice treatment, as the common ratio effect is also more pronounced in the random lof
tery treatments than in the hypothetical choice treatment—where there are no financie
incentives at all.
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6. Conclusions

The three experiments reported in this paper can be seen as belonging to a set of fi\
related experiments; the other two are those reported by Starmer and Sugden (1991) and
Beattie and Loomes (1997). These experiments involved a total of over 850 subjects. Eac
experiment included both single choice and random lottery treatments, and offered ven
substantial incentives—expected payoffs of ug1®.20, equivalent to around five hours
labour at a typical unskilled wage rate—for very straightforward decision tasks. They are
by far the most sustained attempt to date to test for potential biases in the random lotter
incentive system. In summarizing our present results, it is useful to put them in this wider
context.

The main purpose of the three experiments reported in this paper was to test for cross-ta:
contamination effects in the random lottery design. One of the experiments (Experiment 2
was designed so that, if contamination effects were at work, there would be systematit
differences between responses to single choice and random lottery treatments. Two oth
experiments (Experiments 1 and 3) were designed so that contamination effects would sho
up as systematic differences between two random lottery treatments. Since the contamin
tion hypothesis predicts bias only when subjects’ true preferences violate the independen
axiom, we designed the experiments so that the violations necessary to induce such bias
were those that are most commonly predicted: the common consequence and common ra
effects, and the general property of fanning-out preferences. Surprisingly, in Experiments
and 2 we failed to find significant violations of independence in the single choice treatments
we used as controls. However, in the case of Experiment 3, there was clear evidence ¢
fanning-out, but no evidence that this induced contamination. Our main conclusion, then
is that there is no evidence of cross-task contamination in the random lottery design.

Two of our present experiments (Experiments 2 and 3) allow direct comparisons betweel
single choice and random lottery responses to the same decision problems. Starmer al
Sugden’s and Beattie and Loomes’s experiments also allow such comparisons. All but on
of the relevant decision problems in these four experiments is a choice between two simpl
prospects. In each of these cases, no significant difference between the two treatments
found. Further, when one looks at the whole body of data for such tasks, the observe!
differences in the distributions of choices between treatments seem to show no consiste
pattern. In particular, there is no evidence of any general tendency for random lottery
responses to be less risk-averse than single choices; and there is no evidence of any gene
tendency for violations of expected utility theory to be more frequent in random lottery
treatments than in single choice treatments. After allowing for normal sampling variation,
the hypothesis that there is no difference between responses to random lottery and sing
choice experiments seems adequate to organize the data—that is, the data concerning chc
among simple prospects.

The qualification about simple prospects is significant. Beattie and Loomes find a sig-
nificant difference between random lottery and single choice responses to one of the fol
decision tasks they study; this task differs from the others in that it requires a choice be:
tween compound prospects. Here random lottery responses are less risk averse than sin
choices'® Thus, thegeneralvalidity of the random lottery incentive system remains an
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open question. What can be said on the basis of our findings is that this system does appe
to be unbiased when applied to choices among simple prospects.
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Notes

1. There are some variants on the system. For example, in some experiments, a ssilisiectds selected
at random after a task has been completed, and only those subjects are rewarded. This method raises simi
issues to those discussed in this paper.

2. Camerer (1989) reports a random lottery experiment in which, after the random mechanism had determine
which task was for real, each subject was allowed to change his decision for that task. Out of 80 subjects, onl
two opted to change their decisions. Camerer interprets this as evidence that single choices are very similc
to random lottery choices. However, this result might also be explained by status quo bias, or by subjects no
wanting to acknowledge having made errors.

3. The common consequence effect is defined in Section 3.

4. An experiment carried out by Conlisk (1989) is sometimes quoted as evidence that violations of EUT are
less frequent in single choice than in random lottery designs. Conlisk investigated the common consequenc
effect using a single choice design. In each of the two relevant tasks, almost all subjects (26 out of 27 in one
case, 24 out of 26 in the other) chose the riskier option. Clearly, this distribution of responses between riskie
and safer choices is far too asymmetric for the experiment to be a satisfactory test for systematic deviation
from EUT.

5. In Wilcox's experiment, a tendency in the direction of expected value maximization can be distinguished from
a tendency towards lower risk aversion. Our experiments cannot distinguish between these tendencies, as
our decision tasks, the riskier options always have the higher expected values.

6. In Starmer and Sugden’s (1991) experiment, single choice responses were somewhat more risk-averse th
random lottery responses, although the difference was not statistically significant. Davis and Holt (1993,
pp. 449-457) interpret this evidence as giving some support for their conjecture.

7. Each subject was assigned to one of Groups 1, 2, 3, 4 with probability 0.3, 0.3, 0.2, 0.2. We were principally
interested in differences between Groups 1 and 2; the other two groups were controls.

8. That s, there is a ranking of states of the world, the same for both options, such that larger payoffs occur ir
the higher ranked states. If prospects are not comonotonic, apparent violations of independence can be di
to the juxtaposition effects predicted by regret theory.

9. The number of times each subject used the “backtrack” key was recorded. In all four groups, about a thirc
of subjects used this option. An analysis of the data suggests that this option was most commonly used afte
all tasks had been faced once; subjects in Groups 1 and 2 tended to backtrack to the single choice task, whi
subjects in Groups 3 and 4 tended to go back to the beginning and review all their decisions. We do not knov
how far subjects changed their original decisions.

10. This diagram represents all probability distributions over three given consequences as a unit triangle ir
probability space. The horizontal axis measures the probability of the least-preferred of the three consequenc:
while the vertical axis measures the probability of the most-preferred consequence.



RANDOM LOTTERY INCENTIVE SYSTEM 131

11. Beattie and Loomes (1977) report a similar finding. They find a common ratio effect, significant at the 1%
level, in all three of their treatments: single choice, random lottery, and hypothetical choice.

12. There does seem to be a tendency for responses to be less risk-averse in the hypothetical choice treatm
than in the random lottery treatment. In addition to the data shown in Table 3, there are 15 high value decisior
tasks in which one option is unambiguously riskier than the other. Aggregating across these 15 tasks, th
riskier option was chosen in 40.1% of cases in the hypothetical choice treatment (Groups 1 and 2), compare
with 29.2% of cases in the random lottery treatment (Group 3). Each of the other three high value tasks
involved choices between a stochastically dominating and a stochastically dominated option. The dominate
option was chosen in 8.6% of cases in the hypothetical choice treatment, compared with 3.2% of cases in th
random lottery treatment. This latter result suggests that incentives may reduce the frequency of errors the
result from carelessness.

13. And, contrary to Wilcox’s (1993) results, further from expected value maximization.
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