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Human group behavior: the ideal free distribution
in a three-patch situation�
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Abstract

A group of 15 college students was exposed to repeated trials of a task in which money was available for choosing among
three colors (blue, red, and green). The amount of winning tokens for each color was varied across phases to test whether group
distribution would track the ratio of winning tokens between patches. Confirming previous reports on ideal free performance
in humans, group choice proved sensitive to the available resources but tended to undermatch the ratio of winning tokens.
The difference-equalization rule of Sokolowski, Tonneau, and Freixa i Baqué [Psychonom. Bull. Rev. 6 (1999) 157] gave a
satisfactory fit to the data.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

No foraging animal gathers resources in complete
isolation (Begon et al., 1996). When two or more for-
agers share the same pool of limited resources, com-
petition is likely and may decrease individual gains.
The ideal free distribution (IFD) describes how for-
agers should distribute themselves in the environment
so as to maximize individual gains in conditions of
competitive exploitation (Pianka, 1994). The simplest
IFD model assumes foragers with equal competitive
abilities, moving freely from one patch to another,
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and exploiting resources with maximal efficiency. If
these conditions are fulfilled, foragers should dis-
tribute themselves so as to equalize their gains across
patches (Fretwell and Lucas, 1970). If an individual’s
gain in a patchi is Wi/ni, whereWi is the amount of
resources in patchi and ni the number of foragers
present in this patch, then the IFD model, applied to
two patchesi and j, implies thatWi/ni = Wj/nj, or,
equivalently:

ni

nj

= Wi

Wj

, (1)

a relation known as habitat matching (seePulliam and
Caraco, 1984).

Numerous reports of IFD-like behavior in ani-
mals have been published (Kennedy and Gray, 1993;
Tregenza, 1995). As compared to the predictions of
the IFD model, two-patch studies often reveal an
overexploitation of the patch with lesser resources
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(Houston et al., 1995; Kennedy and Gray, 1993). A
similar phenomenon occurred in an experiment by
Sokolowski et al. (1999)in which college students
competed for money. In the latter study, groups of
college students made repeated choices among two
colors (red versus green). On each trial of the exper-
iment, Wi winners were drawn randomly among the
ni players choosing the red color, andWj winners
were drawn randomly among thenj players choosing
the green color. Across trials, the results approxi-
matedEq. (1); the ratio of players choosing the red
and green colors (ni/nj) varied as a function of the
ratio of resources for these colors (Wi/Wj). How-
ever, consistent with animal studies, overexploitation
of the less profitable color (i.e. the color with the
smallest number of winning draws) was observed.
Other human studies employing discrete-trial pro-
cedures have demonstrated overexploitation of the
less profitable patch (Kraft and Baum, 2001; Kraft
et al., 2002; Madden et al., 2002, experiments
1 and 2).

Sokolowski et al. (1999)proposed a simple rule to
explain the deviations from the IFD predictions ob-
served in discrete-trial experiments: on each trial, the
players were supposed to choose a color so as to equal-
ize the number of losing tokens across colors. In the
experiment bySokolowski et al. (1999), for exam-
ple, the number of losers on any trial for the red and
green colors wereni − Wi andnj − Wj, respectively.
Equalizing these numbers across colors implies that
ni − Wi = nj − Wj, or, equivalently:

ni − nj = Wi − Wj (2)

Clearly, this difference-equalization rule (Eq. (2)) is
not optimal in terms of maximizing payoffs. The aims
of the present experiment were to extend the gener-
ality of this rule and to evaluate if it could account
for the overexploitation of less profitable patches in a
situation with more than two patches.

2. Materials and method

A group of 15 college students participated as sub-
jects. The procedure was similar to that described
in Sokolowski et al. (1999), with the exception that
three different colors (red, green, and blue) were
used. On each trial of the experiment, each subject

chose one of these three colors, indicating his or her
choice by showing the corresponding color to the
whole group. The experimenter collected one token
per subject (a token being either red, green, or blue,
depending on the subject’s choice) and randomly
drew WB, WR, andWG winners in the blue, red, and
green color, respectively.

The experiment started with 10 control trials with-
out draws, followed by five phases or games of 20 tri-
als each. The numbers of winning tokens across games
were: in Game 1,WB = 2,WR = 2,WG = 6; in Game
2, WB = 7, WR = 2, WG = 1; in Game 3,WB = 0,
WR = 2, WG = 8; in Game 4,WB = 5, WR = 2,
WG = 3; in Game 5,WB = 3, WR = 2, WG = 5.
At the end of each game, 52 French francs (about 8)
were assigned to the subject with the highest num-
ber of winning choices; the corresponding amount of
money was given to this player at the end of the exper-
iment. Before the session, each subject received writ-
ten instructions that described the material, the task to
perform, and the conditions required to obtain mone-
tary gains. The instructions were similar to those em-
ployed bySokolowski et al. (1999).

3. Results and discussion

In the control trials that started the experiment, the
subjects distributed themselves approximately equally
among the three colors. During the five games, how-
ever, the group distribution tracked the distribution of
winning tokens, the speed of adjustment being sim-
ilar to that observed in theSokolowski et al. (1999)
study. The top left panel ofFig. 1 shows how the ob-
served distribution of players (computed over the last
five trials of each game: seeSokolowski et al., 1999)
compared to the predictions of the IFD. The IFD ac-
counted for 97% of the variance in the data. However,
as the residuals show (Fig. 1, bottom left panel), the
subjects tended to choose the less profitable colors
more, and the more profitable colors less, than what
the IFD would predict. This tendency to undermatch
the distribution of gains (seeKennedy and Gray, 1993)
confirms previous reports of deviations from the IFD
in humans (Kraft and Baum, 2001; Kraft et al., 2002;
Madden et al., 2002; Sokolowski et al., 1999).

The top right panel ofFig. 1 compares the distri-
bution of players observed in the experiment with the
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Fig. 1. Top panels: observed numbers of players (pooled across all colors and games) as a function of the numbers predicted by the IFD
model (left) and difference equalization (right). In each panel, the diagonal line indicates perfect predictions. Bottom panels: residuals of the
IFD model (left) and difference equalization (right) as a function of the observed numbers of players (pooled across all colors and games).

predictions of the difference-equalization rule.1 Eq. (2)
accounted for 99% of the data variance, confirming
the superiority of difference equalization over the nor-
mative version of the IFD. The better fit ofEq. (2)was
especially evident at the level of the residuals (Fig. 1,
bottom right panel).

Various mechanisms might produce difference
equalization. The subjects might react to the overall
number of losing tokens in a patch and avoid the patch
with the highest number of losers (seeSokolowski
et al., 1999). Alternatively, difference equalization
might arise from individual win-stay/lose-shift strate-
gies. For example, if losers switch colors whereas
winners do not, on any trial the number of players
leaving a patchi should be equal to the number of
losers in this patch,ni − Wi. At the equilibrium, the

1 BecauseEq. (2)assumes that all patches contain resources, we
had to modify it in the case of Game 3, in which the gains in the
blue color were zero (and in which players had no incentive to
chose this color). In this case, the number of players in the blue
color was set equal to zero, andEq. (2) was applied to the green
and red colors only.

numbers of switches must be equal in all patches
(ni − Wi = nj − Wj), from which Eq. (2) follows.
Examining individual, win-stay and lose-shift proba-
bilities provided only weak support for this hypoth-
esis, however; across subjects, win-stay probabilities
averaged 0.63 (range: 0.25–0.87) and lose-shift prob-
abilities averaged 0.60 (range: 0.41–0.84).

Furthermore, a win-stay/lose-shift strategy cannot
explain all of the aspects of choice observed in our
experiment. In a three-patch procedure, the players
who leave a given patch have two destinations at their
disposal. A win-stay/lose-shift strategy implies that a
player should switch patches after a loss, but predicts
nothing as to which of the remaining patches the player
should chose. In our study, however, when leaving a
patch after a loss, 14 players over 15 preferred the
richer of the two available destinations.

Thus, it seems unlikely that difference equalization
(at least in situations such as the present one, in which
the subjects have ample opportunity to observe each
others’ choices) could be explained entirely in terms of
individual lose-shift strategies or private information
(that is, information available solely at the level of the
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individual). Additional studies of IFD-like situations
are needed to evaluate the respective roles of public
and private information (cf.Valone, 1989), as well as
the range of applicability of difference equalization
and its relation to other accounts of the IFD.
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