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Abstract
We examine the influence of team size on decision making in a beauty-contest experiment.
Teams with four members outperform teams with two members and single persons
significantly, whereas the latter two types of decision makers do not differ.

JEL-classification: C72, C91
Keywords:

team decision making, team size, beauty-contest experiment

This version: 16th March 2004

#

Max Planck Institute for Research into Economic Systems. Strategic Interaction Group. Kahlaische Strasse
10. D-07745 Jena. Germany. Phone: +49 3641 686 642. e-mail: sutter@mpiew-jena.mpg.de

I. Introduction
In recent years, economists’ interest in team decision making has been increasing
steadily, predominantly because many important economic decisions are rather taken by
teams (such as central bank boards, legislatures, political committees, or families) than by
individuals. In this paper, we are going to explore the influence of team size on economic
decision making. Even though the question ‘Are two heads better than one?’ has been
addressed repeatedly and has been given an affirmative answer (Blinder and Morgan, 2004;
Cooper and Kagel, 2003), the natural extension whether four heads are better than two has not
been addressed so far. Given that the size of decision-making teams within commercial or
political organizations varies considerably and can often easily be changed, it seems of high
relevance how teams should be organized with respect to number of members and whether
more heads are better in economic decision making than less heads.
Social psychology has long been interested in the question whether individual and team
decisions differ significantly, yielding rather inconclusive results, also with respect to the
influence of team size (Davies, 1992; Levine and Moreland, 1998). Experimental economics
has not explored the effects of different team sizes on decisions so far, since the main interest
has been put on general differences in the decisions of individuals and teams (of typically
three subjects), but it has been able to establish some stylized facts (for a more extensive
overview see Kocher and Sutter, 2005). For instance, teams have been found to behave more
in line with payoff maximization in strategic bargaining games like the ultimatum game
(where teams demand more than individuals in the role of proposer and accept lower offers in
the role of responder; Bornstein and Yaniv, 1998) or the trust game (where teams return
significantly smaller amounts than individuals do; Cox, 2002). In signaling games, teams
consistently play more strategically than individuals (Cooper and Kagel, 2003). In auctions,
teams seem to bid more competitive than individuals, which leads to more overbidding and
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worse results of teams than of individuals (Cox and Hayne, 2002; Kocher et al., 2004).
Concerning the performance of teams in (non-interactive) investment decisions, teams
accumulate a given level of expected payoffs at a significantly lower risk than individuals
(Rockenbach et al., 2001) or have higher expected payoffs at a constant level of risk (Sutter,
2004).
In this paper, we will use an experimental beauty-contest game to examine the influence
of the size of a team on its decisions. In section 2 we will introduce the game and our
experimental design. Section 3 is devoted to the experimental results. Section 4 concludes.

II. The beauty-contest game
In our version of the beauty-contest game – which was likened by Keynes (1936) to
professional investment activity – there are three decision makers: one individual, one team
with two members, and one team with four members. All decision makers choose
simultaneously a real number from the interval I ≡ [0,100]. The winner of the game is the
decision maker whose number is closest to two thirds of the average number chosen. Hence,
the target number is x* = 2 / 3 ⋅ xt , where xt denotes the mean of all choices in round t.
The process of iterated elimination of dominated strategies leads to the game’s unique
equilibrium at which all decision makers choose zero. The game-theoretic structure makes the
beauty-contest game an ideal tool to study how many iterations of eliminating dominated
strategies a decision maker actually applies. Textbook rationality would require the decision
maker to iterate infinitely. However, previous studies (see Nagel, 1995; Duffy and Nagel,
1997; Ho et al., 1998; Bosch-Domenech et al., 2002; Güth et al., 2002; Kovac et al., 2004)
found that decision makers iterate only a few steps, i.e. the depth of reasoning is rather limited
and there is only gradual convergence to the game-theoretic equilibrium.

2

The beauty-contest game has several attractive characteristics for studying differences in
the quality of decision making between individuals and teams. In contrast to most of the other
games that have been applied to analyse differences between team and individual decision
making, it does not confound effects of rationality and learning with the effects of social
preferences, like inequality aversion, fairness or reciprocity that always play a role in simple
bargaining games, but which are not the focus of our study. Furthermore, loss or risk aversion
cannot occur in the beauty-contest game.1 Despite these advantages the beauty-contest game
is still interactive (which is not the case in the experiment of Blinder and Morgan, 2004, for
instance), has a clear economic interpretation and is very simple to explain.
Kocher and Sutter (2005) have been the first to study team decisions in the beauty-contest
game. They have found that teams of three subjects each win the beauty-contest significantly
more often than individuals, thereby outperforming individuals in terms of payoffs. The
advantage of teams stems in particular from their ability to better anticipate the dynamics of
the game in the course of repetition. However, Kocher and Sutter (2005) have not varied the
size of a team to see whether larger teams are better than smaller teams and whether any kind
of team is better (i.e. more successful in winning the game) than an individual. We have
shaped our experimental design in order to address these questions.
Before proceeding to the design and the results, we would like to form some expectation
about the possible behavior of teams of different size. According to information load theory
(Chalos and Pickard, 1985), teams have higher decision consistency and are able to process
high information load better than individuals. In the context of the beauty-contest game,
information load consists of previous rounds data (distribution of numbers, mean, winning
number, development of winning numbers over rounds etc.) and expectations about current
round behaviour of other players. Given the need to process this information, information load
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Compared to the experiments of Bone et al. (1999, 2004) or Rockenbach et al. (2001), the beauty-contest
game is also not concerned with meeting or deviating from the axioms of expected utility theory.
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theory would predict that four heads are better than two, and that two heads are better than
one.
In order to test this prediction, we let three decision makers – one individual, a team with
2 members, and a team with 4 members – interact for four rounds in an experimental beautycontest game as described above (see the Appendix for the instructions). We invited 210
subjects from the University of Jena to participate, which yielded 30 independent
observations. The experiment was run at the Max Planck Institute for Research into Economic
Systems Jena in December 2003. Teams (as well as individuals) were seated in sound-proof
cabins so that they could discuss their decision without being heard by other decision makers.
Decisions were entered on a computer in each cabin, using the software z-Tree (Fischbacher,
1999).
The winner of each round received 5€ (about 6 US$ at that time). Note that if a team
won, all team members received 5€ in order to keep the marginal incentives for each
participant constant. After each round, subjects were informed about the other choices, the
mean number, the target number (i.e. two thirds of the mean) and whether they had won or
not. Chosen numbers of other decision makers could not be linked to the type of decision
maker (either individual or team with 2, respectively 4, members). The experiment lasted
about 40 minutes, with average payoffs of 11.7€ (including a show-up fee of 4€).

III. Experimental results
Figure 1 shows the average chosen numbers by type of decision maker. In each of the
four rounds, teams with 4 members choose on average the lowest number, whereas from
round 2 on individuals choose the highest numbers. A non-parametric Friedman test shows
that the numbers chosen by the different decision makers (individual vs. team with 2 members
vs. team with 4 members) are significantly different in each single round (p < 0.05; N = 30 in
4

each round). In particular, the numbers from teams with 4 members are smaller than those
from individuals or teams with 2 members from round 1 to round 3 (p < 0.05 in pairwise tests
in each round). In round 4, numbers from individuals are significantly higher than those from
teams of either 2 or 4 members (p < 0.05).
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Of course, choosing the lowest number in a beauty-contest game with three decision
makers need not necessarily lead to winning the game, because the minimum number might
be too low, resulting in the median number to win. Only the maximum number can never be
the winning number. Table 1 reports in the top row the total number of wins in the whole
experiment. Teams with 4 members win in 58 cases, individuals only in 31 cases and teams
with 2 members in 32 cases (χ² = 5.33, p = 0.07, df = 2).2 The number of wins in each single
round is displayed in Figure 2, showing that teams with 4 members win most often in every
round.

2

The total sum of 121 instead of 120 wins is due to a single draw between a team with 2 members and a team
with 4 members, in which case each team member received 2.5€.
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Table 1. Overall frequency of winning and chosen numbers
Decision maker

Individuals

Teams with 2 members

Teams with 4 members

31

32

58

Minimum number chosen (won with minimum)

35 (27)

28 (19)

58 (44)

Median number chosen (won with median)

25 (4)

44 (13)

47 (14)

60

48

15

Number (round 2) / mean number (round 1)

0.60

0.53

0.41

Number (round 3) / mean number (round 2)

0.94

0.51

0.34

Number (round 4) / mean number (round 3)

0.46

0.33

0.28

Frequency of winning

Maximum number chosen

Figure 2. Absolute win frequency
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Table 1 also shows the overall frequency of each type of decision maker choosing the
minimum, median or maximum number in the set of three decision makers. Teams with 4
members choose the minimum number with 58 times most often, of which it was 44 times the
winning number. The other 14 wins are due to choosing the median number. Teams with 2
members win relatively often with the median number (namely in 13 out of 32 winning
cases). Individuals choose most often the maximum number, but win – if at all – almost
always with the minimum number.
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In the bottom part of Table 1 we show the average relation of a decision maker’s number
in round t to the mean number in round t–1. If this relation were two thirds, that would mean
that a decision maker chooses in round t the target number of round t–1. Teams with 4
members have the lowest relation in any round, falling from 0.41 in round 2 to 0.28 in round
4. That means that teams with 4 members have the fastest convergence towards the gametheoretic equilibrium (which the relation being weakly significantly smaller than the one of
individuals, p < 0.1 in any round, based on a Friedman test for general differences across
types of decision makers).

IV. Conclusion
Team decision making has caught considerable interest in economic research in recent
years. So far, economics has concentrated on the differences between individual and team
decision making, summarized in the question whether two heads are better than one.
However, economics has devoted no attention to the possible effects of team size on team
decision making.
We have shown that four heads are better than two heads or one head in an experimental
beauty-contest game. Thus, the affirmative answer to the title question of this paper indicates
that team size has, indeed, an effect on team decision making, at least in a context where
information processing is an important aspect of the decision.
We have also found that two heads are not better than one head. However, this finding
should not be misinterpreted as a contradiction to the previous findings that two heads are
better than one (Blinder and Morgan, 2004; Cooper and Kagel, 2003). In particular, it is no
contradiction to the earlier findings of Kocher and Sutter (2005) who had found that teams of
three subjects outperform individuals in a beauty-contest game. In their experiment, they only
had teams of size three, meaning that they were not able to judge the performance of teams of
7

different size. In our experiment, we have confirmed the basic message that teams are better
than individuals. However, only the large teams with four members have been more
successful than individuals, but not the small two-person teams. Whether this pattern holds
also in other economically interesting situations, such as when teams of different size bargain
with each other, is an open question for future research.
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Appendix (NOT for publication – Instructions will be made available on a webpage)

In this experiment, three decision makers will interact with each other in a way described below. The three
decision makers are seated in separate cabins. In each of the three cabins, there will be a different number of
subjects, either a single person, two persons, or four persons. The persons inside a cabin will have to come up
with a single decision. I.e. if there are two or four persons in a cabin, they can discuss their decision and have to
agree on a single decision.
Each decision maker i has to decide on a number xi in the interval [0,100]. Zero and one hundred are also
possible choices. The number need not be integer. The winning number is the one who is closest to a target
number

x , the latter being defined as:
3

2 ∑
x = ⋅ i =1
3 3

xi

I.e., winner is whose number is closest to two thirds of the average of all chosen numbers. The winner receives a
prize of 5€. Note that if a team of two or four persons wins, each person will get 5€. If there are two or three
decision makers equally close to

x , then the prize is split equally among these decision makers.

After all cabins have entered their decision on the computer screen, you will be informed about the three
numbers (in random order; that means that you don’t know which number was chosen by which decision maker),
the average number, the target number and whether your cabin has won or not.

There will be four rounds, so that each cabin has to make four separate decisions on xi. After each round you
will be informed about the other number, the target and the winning number and about your accumulated
payoffs.

In each round, you should come up with a decision within 8 minutes. In case you have not entered your decision
after 8 minutes, there will be a red sign on the screen which asks you type in a decision soon.

Please stay in your cabin until the experimenter enters your cabin at the end of the experiment, when you will be
paid your earnings from the experiment (plus a show-up fee of 4€).
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