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Abstract

The paper deals with multiple decision problems, which are similar to the task of
guessing the color outcomes of #ve independent spinnings of a roulette wheel, 60%
of whose slots are red and 40% white. Each correct guess yields a prize of $1. The
guess of 5 Reds clearly #rst order stochastic dominates any other strategy. In contrast,
subjects diversify their choices when facing a multiple decision problem in which the
choice is between lotteries with clear objective probabilities. The diversi#cation is
stronger when the subjects face uncertainty without objective probabilities and weaker
when the choice problem involves real life actions. c© 2002 Elsevier Science B.V.
All rights reserved.
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1. Introduction

The starting point of this project was an observation made by Amos Tver-
sky and myself during the analysis of experiments we had conducted for a
very di=erent project (see Rubinstein et al., 1996). During the pilot stage of
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that research, we presented the subjects with sequences of similar games. In
each game, a subject had to guess the site where an opponent had hidden
a prize. The labels of the sites were arranged in a row. The problems dif-
fered only in the labels given to the various sites (e.g., A,B,A,A; 1,2,3,4;
or three smileys and one sad face). We observed that subjects employed
rules to play the game (such as avoiding edges, choosing the salient la-
bel or avoiding the salient label) but we got the impression that subjects
diversi#ed the rules they used during the sequence of games. Thus, after
employing a certain rule in, for example, three games, they switched to a
di=erent rule in the fourth. This phenomenon introduced a signi#cant amount
of noise into our data. There was no clear rationale for this diversi#cation.
We concluded that it was an expression of a more general phenomenon
in which people tend to diversify their choices when they face a sequence
of similar decision problems and are uncertain about the right action. This
observation prompted us in 1993 to investigate the issue of diversi#cation
experimentally. Amos Tversky died in 1996 and for a long time I was
reluctant to continue our joint research. Though all the experiments reported
here were conducted in 1998=9, the ideas originated in my joint work with
Amos.
The paper deals with decision problems, which are similar to the task of

guessing the color outcomes of #ve independent spinnings of a roulette wheel,
60% of whose slots are red and 40% white. Each correct guess yields a prize
of $1. The guess of 5 Reds clearly #rst order stochastic dominates any other
strategy. (Note that if a decision maker chooses white for, let us say, the
third outcome, he simply increases the probability that he will get the third
dollar from 0.4 to 0.6 if he changes his choice to red.)
In all the experiments reported in this paper the subject’s task was to

make #ve choices, each of which was a choice element in a #xed set of al-
ternatives. The consequence of each of the #ve choices was either ‘success’
or ‘failure’ according to the realization of a random factor. The best strat-
egy as determined by the rewards and the structure of the random fac-
tor was to choose #ve times that action which is most likely to achieve
success.
The results con#rm the hypothesis that subjects diversify their choices when

facing a multiple decision problem in which the choice is between lotteries
with clear objective probabilities. The diversi#cation is stronger when the
subjects face uncertainty without objective probabilities and weaker when the
choice problem involves real life actions. The results are quite strong con-
sidering the fact that all the subjects in this study were either undergraduate
or graduate students of economics who had completed at least a basic course
in statistics and the majority had taken a course in microeconomics or even
game theory.
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2. Methods

As stated, the experimental work for this paper was done with economics
students at Tel Aviv University. Some of the experiments were conducted via
the Internet as part of the assignments in an introductory course on game the-
ory (see Rubinstein (1999) for a description and assessment of that method).
The majority of surveys were conducted through forms #lled by the students
in class (the form was actually sandwiched between forms for two other
unrelated experiments).
No monetary rewards were o=ered. I am fully aware (see Rubinstein,

2001) of the reluctance of many experimentalists not to o=er monetary re-
wards. I am also aware of the fact that classroom experiments may not be
taken seriously by some of the subjects (the same may apply to real life
choices...). However, I do not believe that adding a prize of a few dollars
would induce students to take the situation much more seriously. It is my
view that the conventional experimental methods cannot provide a meaningful
quantitative assessment of real-life behavior and in any case can only indicate
the existence of certain patterns of behavior.

3. Strong diversi�cation in lottery-type decision problems

A strong tendency to diversify was observed in multiple decision problems
in which the prospects of making the right decision were speci#ed in terms
of objective probability and the choice was clearly framed as being a choice
between ‘lotteries’.
Subjects were asked to answer the following question (in Hebrew):

Problem 1 (‘Guess the colors’). You are participating in the following game:
Five cards are chosen randomly from a deck of 100 cards. The deck is
composed of colored cards according to the following breakdown: 36 of them
Green, 25 Blue, 22 Yellow and 17 Brown. The #ve cards are then placed
into #ve separate envelopes marked A, B, C, D and E. You have to guess the
color of the card in each envelope (by marking an X in the matrix below).
Imagine that you will receive a prize for each correct guess (you can receive
up to #ve prizes).
(The subject is then presented with a 5× 4 matrix where each row corre-

sponds to one guess).

In two separate undergraduate classes (numbering 50 and 74 students),
only 42% and 38% of the students, respectively, chose #ve Greens. A pop-
ular alternative strategy is that of ‘probability matching’, in which a subject
diversi#es by choosing a mixture of actions in proportions similar to the
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probabilities of success (in our case, a choice of 2 Greens, 1 Blue, 1 Yellow
and 1 Brown). About 30% of the subjects (52% of those who diversi#ed)
chose the ‘probability matching’ strategy.
I also conducted a modi#ed version of Problem 1 experiment in which

the subjects were told that one of the #ve envelopes had already been selected
and he could win only one prize if and only if his guess regarding that
envelope was correct. I had expected that this modi#cation would signi#cantly
increase the proportion of subjects choosing ‘#ve Greens’. I had conjec-
tured that the subjects would use the following reasoning: (i) construct a
‘representative event’ and then (ii) respond optimally to this event. While
the representative event for Problem 1 is “the colors in the #ve envelopes
are two greens, one blue, one yellow and one brown”, the representative event
in the modi#ed version is “the card in the chosen envelope is Green”.
In one graduate economics class a large proportion of students indeed chose

(via the Internet) ‘5 Greens’ (61% of the total 49 participants and 33% of the
subjects who used the ‘matching probabilities’ strategy). However, a di=erent
class of 46 undergraduates, only 43% chose ‘5 Greens’. Thus, more research
is needed to con#rm the conjecture.

4. Extreme diversi�cation in problems with subjective probabilities

When subjects did not receive explicit information about the chances of
success of the various alternatives, almost all of them diversi#ed their choices.
In other words, they did not follow the rational rule of ‘assess the chances
of success of each action and choose the most likely one’.
The following problem was presented, via the Internet, to two undergradu-

ate game theory classes in consecutive years (in this case, a very small prize
was awarded to a few of the subjects):

Problem 2 (‘Guessing a student’s major’). We received a list of all the
third-year students (numbering approximately 250) taking a double major
in economics and another subject. We selected #ve of them at random. You
have to guess the second major of the #ve students. You will receive a lottery
ticket for each ‘hit’ (up to a maximum of #ve tickets). One of the tickets
will award the holder a gift coupon of 50 shekels towards the purchase of
books.
Beside each guess, a ‘window’ opened and the subject chose from among

the eight most popular second majors and an ‘other’ option (see ... http:==www.
princeton.edu= ∼ ariel=99= failures2 q.html).

In the 1998 class, 28% of the total of 65 students responded with #ve
identical majors and in 1999, only 7% of the 41 students made #ve identical
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selections. Thus, the vast majority of subjects diversi#ed thereby demonstrat-
ing irrational behavior.

5. Weak diversi�cation in task-type problems

Once the problem was phrased as the choice of a sequence of #ve actions,
diversi#cation almost completely disappeared.

Problem 3 (‘Catch the messenger’). Imagine you are a detective at a shop-
ping center. You know that every day at noon, a messenger arrives with an
envelope. The identity of the messenger is unknown; he is one of dozens
of messengers who work for a delivery company. The shopping center has
four gates and you have only one video camera, which you have to install
each morning in one of the four gates. Your aim is to take photos of the
maximum number of messengers as they enter the shopping center.
You have to choose a plan determining where to install the camera every

morning. You have in hand the results of a reliable statistics on the entry of
messengers according to gate: 36% use the Green gate, 25% the Blue gate,
22% the Yellow gate and 17% the Brown gate.

Your plan :
Day : Sun Mon Tue Wed Thu
Gate :

From a class of 50 undergraduates, 70% selected #ve Greens. When the
problem was modi#ed so that the messenger would arrive only once, the
percentage of ‘#ve Greens’ was maintained: 72% (in a group numbering 46).

Comment. In Problem 2, the subjects faced subjective probabilities which en-
courages diversi#cation. In Problem 3, the problem was a practical one, with
objective probabilities and diversi#cation almost disappeared. What happens
if the problem is ‘practical’ one and uncertainty is not objectively speci#ed?
Undergraduates in economics were asked the following question (in Hebrew):

Problem 4 (‘Choice of shirt color’). Imagine that you are working for a
company and your manager asks you to purchase an elegant shirt for each of
#ve men who provide services to your company. All #ve are Tel Aviv-type
yuppies in their thirties. The shirts are available in two colors: Burgundy and
Black. Their tastes are unknown to you and you must try to choose shirts for
the men according to their favorite color.
You estimate that % of Tel Aviv’s yuppie population aged 30–40 would

choose a Burgundy shirt and % would choose a Black shirt.
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Your choice of colors for the #ve men is:
(A) (B) (C) (D (E)

Of the 48 students who responded to this question, only 8% chose the same
color for all #ve. Since I asked the subjects to estimate the frequencies of the
preference for Burgundy and Black, we were able to observe the alternative
‘strategies’ used by the subjects more precisely. Eighty percent of the subjects
who diversi#ed, did so in proportions approaching the estimated probabilities
(± 10%), an outcome which is similar to that of the ‘probability matching’
strategy.

6. Diversi�cation and randomization

I can think of two reasons for comparing the above results with the behav-
ior of subjects in one-stage decision problems. First, the results can provide
a benchmark for comparing the frequencies of diversi#ers in the population.
Second, it is interesting to compare the diversi#cation phenomenon with its
‘twin’ harmful randomization in a single stage decision problem.
The following question was presented (via the Internet) to a group of 56

third-year students in a course on game theory:

Problem 5 (‘Meet your friend’). The mall where you wish to meet your
friend has four gates. According to a statistical survey, visitors entering the
mall choose their gate according to the following proportions:

Gate North East South West
% 21 27 32 20

You want to meet your friend at the mall but you do not know which
gate he is going to use. You can wait for him at only one gate. What are
you going to do? (Choose one of the two options and #ll in the appropriate
details.)

• I will wait at Gate
• I will choose the gate randomly according to the following
probabilities: North: %; East: %; South: %; West: %

About 69% of the subjects said that they would wait at the South gate.
Almost all the others (28%) chose the gates randomly according to the given
probabilities. Thus, in spite of the fact that the wording of the question could
have suggested to the subjects that they should use a ‘mixed strategy’, about
70% of the subjects made the ‘optimal choice’. I conclude that one cannot
expect a higher percentage of ‘correct answers’ in a multiple-choice problem.
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The following similar question was presented to a group of students in
1999:

Problem 5′ (‘Arrest the suspect’). You are a police oOcer wishing to arrest
a suspect in a crime. He is about to enter a mall through one of four gates.
A statistical survey shows that the proportion of people using each gate is as
follows:

Gate Blue Green Red Yellow
% 21 27 32 20

You have only one policeman to assign to one of the gates according to
the outcome of a spin of a roulette wheel. You must assign the proportions
of the outcomes to each gate. What will you do?
I will assign the proportion of the outcomes of the spin of the roulette as

follows:

Blue: %; Green: %; Red: %; Yellow: %

In Problem 5′, the pressure on the subjects to choose non-degenerate prob-
abilities was even stronger than in Problem 5 since subjects were forced to
divide 100% among the four colors. (Of course, they could still choose a
‘pure action’ by assigning 100% to one option.) In Problem 5′, only 33% of
the 43 participants assigned the full 100% to the most likely gate. The rest
randomized: 30% chose the matching probabilities and 14% attached equal
probabilities to each of the four gates. However, it is quite plausible that the
strong tendency to randomize in Problem 5′ was triggered by the fact that
the subjects perceived the situation as a zero-sum game (in which the subject
wants to escape from the police oOcer) and not as a decision problem.

7. Related literature

The body of literature most closely related to this paper discusses exper-
iments in which subjects make a sequence of choices without getting any
feedback during the process. Gal and Baron (1996) conducted an experiment
very similar to Problem 1. They asked subjects to consider the following task:
“A die with four red faces and two green faces will be rolled several times.
Before each trial the subject will predict which color will show up once the
die is rolled”. Subjects were asked to choose a strategy from a list of four
possibilities. About 60–75% of the subjects chose the ‘rational strategy’.
In Loomes (1998), subjects were asked to evenly divide 40 balls, 20 Greens

and 20 Whites between two bags, A and B. They were told that one of the
bags would be randomly selected (bag A with probability 0.65 and bag B with
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probability 0.35) and that one of the 20 balls in that bag would be picked. If
the chosen ball is green, the subject will receive a prize. Less than 15% of
the subjects put all 20 green balls in bag A. The vast majority of subjects put
12–14 green balls in bag A. If one thinks about their choice as the selection
of a bag for each of the 20 green balls, then this problem is similar to the
modi#ed version of problem 1 in which one of the #ve envelopes is selected
and the subject receives a prize if he chooses that envelope.
Read and Loewenstein (1995) (see also Simonson, 1990) found that when

subjects have to select, between products A and B in advance, for a period
of several days, they diversify their choices much more than if they had
to choose for just one day at a time. The current study diverges from this
literature in some fundamental ways. First, in our case, there is always a
unique rational answer. This fact rules out the possibility of challenging the
results with the simple conjecture that ‘individuals diversify because they
prefer diversi#cation’. Second, the current study allows us to compare the
frequencies of the responses to the rational choice problem with the strategy
of ‘probability matching’.
There is a large body of literature, which investigates decision makers’

strategies in multiple decision problems when the probabilities of ‘success’ are
#xed but unknown to the decision-maker. In this case, subjects get feedback
about the outcome of their previous choice before making the next one. This
literature actually deals with learning. (See, for example, Lee, 1971; Myers,
1976; Vulkan, 2000; Shanks et al., 1999.) The literature identi#es two main
strategies:
(1) Diversify in the #rst few stages and eventually ‘converge’ to always

choosing what you perceive as the current option;
(2) Start by ‘learning’ the probabilities and eventually use the ‘probability

matching’ strategy.

8. Discussion

The main conclusion of this paper is that individuals making a ‘multiple
decision’ very often diversify their choices even though the optimal behavior
would clearly require them not to diversify. This tendency is stronger (about
90% of the subjects) in the presence of uncertainty without objective prob-
abilities. The diversi#cation is reduced (to about 60%) when the choice is
between ‘lotteries’ with speci#ed objective probabilities. The proportion of
diversi#ers is further reduced to about 30% when the subjects have to for-
mulate a plan for a sequence of actions. Most of the subjects who diversify
follow the ‘probability matching’ strategy.
As far as I can ascertain, the source of this diversi#cation is a system-

atic mistake. It is my experience that once I have explained the situation to
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subjects, they realize that they have made a mistake. The behavior reported
in the paper is, in this respect, similar to non-transitivity, which is consid-
ered by subjects to be mistaken once a cyclical choice has been pointed out.
However, the fact that a choice reveals a systematic mistake does not make
it uninteresting, especially when its appearance is related to characteristics
of the problem and when it is committed by subjects who are quite familiar
with formal decision problems and probabilistic terms.
Why do we observe a stronger tendency to diversify when uncertainty

is not quanti#ed? One possible explanation follows Read and Loewenstein
(1995). When uncertainty is vague, people have a strong instinct to ‘seek
information’. In this case, diversi#cation, although it does not in fact provide
information, may be a residual of the instinct to diversify for the sake of
learning about the environment in which individuals and groups operate.
Why do we observe a weaker tendency to diversify in problems involving

a choice of a string of actions? One possible explanation is that once we
consider plans of action, the instinct of preferring a simple course of action
begins to work in favor of a constant strategy.
The wide use of the ‘probability matching’ strategy may be related to the

use of the following reasoning: In the face of uncertainty, people construct
an event which represents a typical outcome of the random factors involved,
following which they optimize given that event. As we know from the liter-
ature on the perception of randomness (see Kahaneman and Tversky, 1974),
‘People expect that a sequence of events generated by a random process will
represent the essential characteristics of that process even when the sequence
is short’. People #nd the typical random sequence of #ve realizations of un-
certainty not to be the one which is the most likely string of events but one
which matches the given probabilities (see also Bar-Hillel and Wagenaar,
1991).
As always, an improved understanding of the circumstances in which diver-

si#cation appears important should only be the #rst step towards the construc-
tion of economic models that explain phenomena which cannot be explained
by standard decision theories. Reaching this goal is indeed a challenge.

Acknowledgements

The work on this project was started in 1993 by Amos Tversky and myself.
Amos’ death caused the long delay in completion. I can only hope that Amos
would not have disapproved of his contribution being mentioned.
My gratitude to research assistants Dana Heller and Michal Ilan who as-

sisted me in 1994 and 1999 accordingly. Thanks to Tzachi Gilboa, George
Loewenstein, Daniel Read, Yossi Spiegel, Rani Spiegler, an editor and two
referees of this journal for their comments.



1378 A. Rubinstein / European Economic Review 46 (2002) 1369–1378

References

Bar-Hillel, M., Wagenaar, W.A., 1991. The perception of randomness. Advances in Applied
Mathematics 12, 428–454.

Gal, I., Baron, J., 1996. Understanding repeated simple choices. Thinking and Reasoning 2,
81–98.

Kahaneman, D., Tversky, A., 1974. Judgment under uncertainty: Heuristics and biases. Science
185, 1124–1131.

Lee, W., 1971. Decision Theory and Human Behavior. Wiley, New York.
Loomes, G., 1998. Probabilities vs. money: A test of some fundamental assumptions about

rational decision making. The Economic Journal 108, 477–489.
Myers, J.L., 1976. Probability learning and sequence learning. In: Estes, W.K. (Ed.), Handbook

of Learning and Cognitive Processes: Approaches to Human Learning and Motivation,
Vol. 3. Erlbaum, Hillsdale, NJ, pp. 171–205.

Read, D., Loewenstein, G., 1995. Diversi#cation bias: Explaining the discrepancy in variety
seeking between combined and separated choices. Journal of Experimental Psychology:
Applied 1, 34–49.

Rubinstein, A., 1999. Experience from a course in game theory: Pre- and post-class problem sets
as a didactic device. Games and Economic Behavior 28, 155–170 (see a ‘Second Edition’
on line at: http:==www.princeton.edu= ∼ariel=99=gt100.html).

Rubinstein, A., 2001. A theorist’s view of experiments. European Economic Review 45,
615–628.

Rubinstein, A., Tversky, A., Heller, D., 1996. Naive strategies in zero-sum games. In: Guth,
W., et al. (Eds.), Understanding Strategic Interaction – Essays in Honor of Reinhard Selten.
Springer, Berlin, pp. 394–402.

Shanks, D., Tunney, J., McCarthy, J., 1999. A re-examination of probability matching and
rational choice. Mimeo., University College, London.

Simonson, L., 1990. The e=ect of purchase quantity and timing on variety seeking behavior.
Journal of Marketing Research 32, 150–162.

Vulkan, N., 2000. An economist’s perspective on probability matching. Journal of Economic
Surveys 14, 101–118.


