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Where do superstars come from?

The Economics of Superstars 


The phenomenon of Superstars, wherein 
relatively small numbers of people earn enor- 
mous amounts of money and dominate the 
activities in which they engage, seems to be 
increasingly important in the modern world. 
While some may argue that it is all an illu- 
sion of world inflation, its currency may be 
signaling a deeper issue.' Realizing that world 
inflation may command the title, if not the 
content of this paper, quickly to the scrap 
heap, I have found no better term to describe 
the phenomenon. In certain h n d s  of eco-
nomic activity there is concentration of out- 
put among a few individuals, marked skew- 
ness in the associated distributions of income 
and very large rewards at the top. 

Confidentiality laws and other difficulties 
make it virtually impossible to obtain sys- 
tematic data in this field. However, consider 
the following: 

(i) Informed opinion places the number 
of full-time comedians in the United States 
at approximately two hundred. This is per- 
haps a smaller number than were employed 
in vaudevillian days, though it hardly can be 
maintained that the demand for (intended) 
comic relief is in a state of secular decline. 
Some of the more popular performers today 
earn extraordinary sums, particularly those 
appearing on television. The capacity for 
television to produce high incomes is also 
manifest in the enormous salaries paid to 
network news broadcasters. 

(ii) The market for classical music has 
never been larger than it is now, yet the 
number of full-time soloists on any given 

*University of Chicago and NORC. I am indebted to 
the National Science Foundation for financial support, 
and to Gary Becker, David Friedman, Robert J. Gordon, 
Michael Mussa, Edward Prescott, and George Stigler for 
helpful discussion and comments. 

'That escalation is not confined to wars and prices is 
established by the fact that Stars would have sufficed 
not long ago. Academics have a certain fondness for 
Giants, while businessmen prefer Kings. Obviously there 
is a fair bit of substitution among all these terms in 
depicting related data in different contexts. 

instrument is also on the order of only a few 
hundred (and much smaller for instruments 
other than voice, violin, and piano). Per-
formers of first rank comprise a limited 
handful out of these small totals and have 
very large incomes. There are also known to 
be substantial differences in income between 
them and those in the second rank, even 
though most consumers would have diffi- 
culty detecting more than minor differences 
in a "blind" hearing. 

(iii) Switching to more familiar territory, 
sales of elementary textbooks in economics 
are concentrated on a group of best sellers, 
though there exists a large number of very 
good and highly substitutable alternatives 
in the market (the apparent inexhaustable 
supply of authors willing to gamble on 
breaking into the select group is one of the 
reasons why so many are available). A small 
number of graduate schools account for a 
large fraction of Ph.D.s. A relatively small 
number of researchers account for a large 
fraction of citations and perhaps even articles 
written. 

Countless other examples from the worlds 
of sports, arts and letters, and show business 
will be well known to readers. Still others 
can be found in several of the professions. 
There are two common elements in all of 
them: first, a close connection between per- 
sonal reward and the size of one's own 
market; and second, a strong tendency for 
both market size and reward to be skewed 
toward the most talented people in the activ- 
ity. True, standard theory suggests that those 
who sell more generally earn more. But that 
principle applies as well to shoemakers as 
to rock musicians, so something more is 
involved. In fact the competitive model is 
virtually silent about any special role played 
by either the size of the total market or the 
amount of it controlled by any single person, 
because products are assumed to be undif- 
ferentiated and one seller's products are as- 
sumed to be as good as those of any other. 

“The economics of superstars”
S. Rosen,
Am. Econ. Rev., 71, 845–858, 1981. [5]

Examples:
 Full-time Comedians (≈ 200)
 Soloists in Classical Music
 Economic Textbooks (the usual myopic example)

 Highly skewed distributions again...

https://pdodds.w3.uvm.edu//research/papers/others/everything/rosen1981a.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/rosen1981a.pdf
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Superstars

Rosen’s theory:
 Individual quality 𝑞 maps to reward 𝑅(𝑞).
 𝑅(𝑞) is ‘convex’ (d2𝑅/d𝑞2 > 0).
 Two reasons:

1. Imperfect substitution:
A very good surgeon is worth many mediocre ones

2. Technology:
Media spreads & technology reduces cost of
reproduction of books, songs, etc.

 Joint consumption versus public good.
 No social element—success follows ‘inherent

quality’.
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Superstars

“Stardom and Talent”
Moshe Adler,
American Economic Review, 75, 208–212,
1985. [1]

 “Consumption capital”: “Appreciation [of music]
increases with knowledge. But how does one know
about music? By listening to it, and discussing it with
other persons who know about it.”

 Assumes extreme case of equal ‘inherent quality’

 Argues desire for coordination in knowledge and
culture leads to differential success

 Success can be purely a social construction

 (How can we measure ‘inherent quality’?)

https://pdodds.w3.uvm.edu//research/papers/others/everything/adler1985a.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/adler1985a.pdf
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Voting

Evidence from the web suggestions (Huberman et
al.)
1. Easy decisions (yes/no) lead to bandwagoning
 e.g. jyte.com

2. More costly evaluations lead to oppositional votes
 e.g. amazon.com

 Self-selection: Costly voting may lower incentives
for those who agree with the current assessment
and increase incentives for those who disagree.
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Voting

Score-based voting versus rank-based voting:
A theory of measuring, electing, and ranking
Michel Balinskia and Rida Laraki

École Polytechnique and Centre National de la Recherche Scientifique, 1 rue Descartes, 75005 Paris, France

Communicated by Ralph E. Gomory, Alfred P. Sloan Foundation, New York, NY, March 26, 2007 (received for review October 27, 2006)

The impossibility theorems that abound in the theory of social
choice show that there can be no satisfactory method for electing
and ranking in the context of the traditional, 700-year-old model.
A more realistic model, whose antecedents may be traced to
Laplace and Galton, leads to a new theory that avoids all impos-
sibilities with a simple and eminently practical method, ‘‘the
majority judgement.’’ It has already been tested.

The theory of social choice concerns methods for amalgamating
the appreciations or evaluations of many individuals into one

collective appreciation or evaluation. It has two principal applica-
tions. (i) Voting: electors in a democracy choose one among several
candidates, or committee members decide on one among several
courses of action. (ii) Jury decisions: judges evaluate competitors
(e.g., figure skaters, gymnasts, pianists, wines, etc.) and rank them
or classify them by level of excellence.b

The fundamental problem is to find a social decision function
(SDF) whose inputs are messages of judges or voters and whose
outputs are the jury or electoral decisions, usually rank-orderings of
competitors and winners. Much of the theory of social choice has
blurred the distinction between a judge’s complex aims, ends,
purposes and wishes, in short, his or her preferences or utilities, and
the messages he or she is allowed to send.c

In the traditional model, consecrated by some seven centuries of
use,d each individual judge’s or voter’s rank ordering of the com-
petitors is at once his or her message and his or her preferences.
Does it mean that the judge prefers this rank ordering above all
others; or, that the judge wishes the first competitor on his list to be
the winner, the second to be the winner if the first is not, the third
to be the winner if the first two are not, and so on down the list; or,
is the rank ordering required and chosen strategically by the judge
given his or her ‘‘true’’ rank ordering.

In the real world, a judge’s message is simply a message, nothing
more. It depends on the judge’s preferences, but it is not and cannot
be his or her preferences. In the real world, a judge’s or a voter’s
preferences or utilities depends on a host of factors that include the
decision (or output), the messages of the other judges (a judge or
voter may wish to differ from the others, or on the contrary
resemble the others), the social decision function that is used (a
judge may prefer a decision given by ‘‘democratic’’ function to one
rendered by an ‘‘oligarchique’’ function, or the contrary), and the
message he or she thinks is the right one (a judge may prefer honest
behavior, or not).

Kenneth Arrow (5), in the first deep theoretical analysis of the
theory of social choice, uses the traditional model: each judge’s
input message is a rank ordering, routinely interpreted to be a
complete expression of his ‘‘preferences’’ (strategic considerations
are absent); the output is a rank ordering and a winner (the
first-ranked competitor of the order). His celebrated ‘‘impossibil-
ity’’ theorem shows that there exists no social welfare function
(SWF) satisfying three reasonable properties for obtaining a deci-
sion given any inputs (unless there are only two competitors).
Amartya Sen (6) models each judge’s inputs as a numerical ‘‘utility’’
over the competitors, i.e., the judge assigns a real number to every
competitor; the output is a rank ordering whose utility to a judge
is not specified. The model has theoretical interest but no practical
significance because a voter’s individual utility is a much more
complex concept. In any case, Arrow’s theorem emerges again
unless the utilities are assumed to be comparable (that bugbear of

economists!). The model used to prove the well known Gibbard–
Satterthwaite (7, 8) impossibility theorem assumes the output is a
winner (indeed, how could preferences be modelled if the output
were a rank-ordering?); each judge has ‘‘true’’ preferences ex-
pressed as a rank ordering; but a judge’s input is a strategically
chosen rank ordering. The theorem states that there exists no social
choice function that makes it a dominant strategy for every judge
to report his true preferences.

Refined, extended, and reformulated in many variants, the
traditional approach has continued to produce a host of related
impossibility theorems. We add to this list a negative theorem of a
new kind: a fundamental incompatibility between winners and rank
orderings as outputs of the traditional model. It devolves from a
simple observation: if the output is to be a rank ordering and inputs
are interpreted as preferences, should not an individual’s input
message be his preferences over rank orderings rather than a single
rank ordering?

Given all of these negative results, it is not surprising that the
debate over what method of voting should be used in practice goes
on unabated. By and large, it may be said to pit the supporters of
Lull (alias Condorcet) against those of Cusanus (alias Borda),
though some argue for a new method, ‘‘approval voting’’ (9), and
diverse hybrids are regularly proposed.

We contend that (i) Arrow’s and all the other impossibility and
incompatibility results show that the fundamental problem has no
acceptable solution in the context of the traditional model. (ii) The
traditional approach does not adequately model the messages or the
purposes of the judges and voters. (iii) A new model is necessary.

Practice, curiously enough, suggests a different formulation of
the inputs. Olympic competitions in figure skating and gymnastics,
wine competitions, competitions among pianists, flautists, or or-
chestras, etc., all use measures or grades. As Lord Kelvin pro-
claimed, ‘‘If you cannot measure, your knowledge is meager and
unsatisfactory.’’ Indeed, Arrow (5) himself states ‘‘there are essen-
tially two methods by which social choices can be made, voting, . . .
and the market mechanism’’; the second uses a measure: price
expressed in terms of money.

A measure or grade is a message that has strictly nothing to do
with a utility. A judge may dislike a wine and yet give it a high grade
because of its merits; he or she may also like a wine and yet, with
great satisfaction, give it a low grade because of its demerits. A
measure provides a common language, be it numerical, ordinal or

Author contributions: M.B. and R.L. designed research, performed research, and wrote the
paper.

The authors declare no conflict of interest.

Abbreviations: SWF, social welfare function; SGF, social grading function.

aTo whom correspondence should be addressed. E-mail: michel.balinski@shs.
polytechnique.fr.

bOur thesis is capsuled in this article. A complete account, including proofs, many other
results, and references, is given in a forthcoming book: One-Value, One-Vote: Measuring,
Electing and Ranking.

cThe word ‘‘preferences’’ misleads: voters do not merely express what they prefer, they may
well express what they believe is right (1); a judge in a court of justice is supposed to
evaluate conformity with the law, not merely express his preferences. In fact, the real, deep
preferences of a judge or voter is a complicated function that depends on the SDF itself.

dRamon Lull proposed a refinement of Condorcet’s method in 1299: it is known today as
Copeland’s method. Nicolaus Cusanus put forth what is today known as Borda’s method
in 1433 (2–4).

© 2007 by The National Academy of Sciences of the USA

8720–8725 � PNAS � May 22, 2007 � vol. 104 � no. 21 www.pnas.org�cgi�doi�10.1073�pnas.0702634104

“A theory of measuring, electing, and
ranking”
Balinski and Laraki,
Proc. Natl. Acad. Sci., 104, 8720–8725,
2007. [2]

https://pdodds.w3.uvm.edu//research/papers/others/everything/balinski2007a.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/balinski2007a.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/balinski2007a.pdf
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Physica A 345 (2005) 705–712

Aggregating partial, local evaluations to
achieve global ranking

Paolo Laureti, Lionel Moret�, Yi-Cheng Zhang

Department of Physics, University of Fribourg, Chemin du Muse 3, CH 1700 Fribourg, Switzerland

Received 27 July 2004

Available online 11 September 2004

Abstract

We analyze some voting models mimicking online evaluation systems intended to reduce the

information overload. The minimum number of operations needed for a system to be effective

is analytically estimated. When herding effects are present, linear preferential attachment

marks a transition between trustful and biased reputations.

r 2004 Elsevier B.V. All rights reserved.

PACS: 89.70.+c; 89.65.Gh

Keywords: Reputation systems; Electronic communities; Sorting

1. The general problem

Electronic communities of all kinds, transaction systems in particular, bring
together users otherwise unknown to each other. In order for expressed opinions to
be trusted or for transactions to materialize, rating systems are often crucial to rely
upon [1,2]. They collect information about participants’ past behavior, aggregate
them and display the result. Such systems become most effective if posted ratings are
weighted according to raters’ reputation, the prototype application of this feedback
technique being Epinions.

ARTICLE IN PRESS

www.elsevier.com/locate/physa

0378-4371/$ - see front matter r 2004 Elsevier B.V. All rights reserved.

doi:10.1016/j.physa.2004.08.012

�Corresponding author.
E-mail address: lionel.moret@unifr.ch (L. Moret).

“Aggregating partial, local evaluations to
achieve global ranking”
Laureti, Moret, and Zhang,
Physica A, 345, 705–712, 2004. [4]

 Model: participants rank 𝑛 objects based on
underlying quality 𝑞

 Assume evaluation of object 𝑖 is a random variable
with mean 𝑞𝑖

 Choose objects based on votes:

𝑝𝑖(𝑡) ∝ 𝑣𝑖(𝑡)𝛼 or 𝑝𝑖(𝑡) ∝ 𝑞𝑖𝑣𝑖(𝑡)𝛼.
 If 𝛼 < 1, correct quality ordering is uncovered
 If 𝛼 > 1, some objects are never evaluated and

mistakes are made...
 Related to Adler’s approach

https://pdodds.w3.uvm.edu//research/papers/others/everything/laureti2004b.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/laureti2004b.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/laureti2004b.pdf
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Dominance hierarchies
Individual differences versus social dynamics in the
formation of animal dominance hierarchies
Ivan D. Chase*†‡, Craig Tovey§, Debra Spangler-Martin¶, and Michael Manfredonia¶

*Department of Sociology, State University of New York, Stony Brook, NY 11794-4356; †Department of Ecology and Evolution, State University of New York,
Stony Brook, NY 11794-5245; §School of Industrial and Systems Engineering, Georgia Institute of Technology, Atlanta, GA 30332-0205; and ¶Division of
Biological Sciences, State University of New York, Stony Brook, NY 11794-5110

Communicated by A. Kimball Romney, University of California, Irvine, CA, February 21, 2002 (received for review February 28, 2001)

Linear hierarchies, the classical pecking-order structures, are
formed readily in both nature and the laboratory in a great range
of species including humans. However, the probability of getting
linear structures by chance alone is quite low. In this paper we
investigate the two hypotheses that are proposed most often to
explain linear hierarchies: they are predetermined by differences in
the attributes of animals, or they are produced by the dynamics of
social interaction, i.e., they are self-organizing. We evaluate these
hypotheses using cichlid fish as model animals, and although
differences in attributes play a significant part, we find that social
interaction is necessary for high proportions of groups with linear
hierarchies. Our results suggest that dominance hierarchy forma-
tion is a much richer and more complex phenomenon than previ-
ously thought, and we explore the implications of these results for
evolutionary biology, the social sciences, and the use of animal
models in understanding human social organization.

L inear hierarchies, classic pecking-order structures, are
formed readily in nature and the laboratory by many species:

some insects and crustaceans and various fish, birds, and mam-
mals including human children and adolescents (1–10). How-
ever, the probability of generating linear hierarchies by chance
alone is low. We do not know how these social structures develop
their linear form, and even the types of mechanisms that might
produce linearity are controversial. In this paper we evaluate
hypotheses concerning the two most commonly proposed factors
for explaining the formation of linear hierarchies through a
series of experimental studies using cichlid fish.

Two individuals have a dominance relationship if one chases,
threatens, or bites, but receives little or no aggression, from the
other. Dominance hierarchies, known in the mathematical lit-
erature as tournaments, are social structures consisting of dom-
inance relationships between all pairs of individuals in a group.
In a linear hierarchy one individual dominates all the other
individuals in a group, a second dominates all but the first, and
so on down to the last individual who is dominated by all the
others. Dominance relationships in a linear hierarchy are always
transitive. For any three individuals (triad) in the group, if A
dominates B and B dominates C, then A also dominates C. If a
hierarchy is not linear, it contains at least one intransitive triad
(A dominates B, B dominates C, but C dominates A), and the
more intransitive triads there are, the further the hierarchy is
from linearity (by many measures of linearity). Perfectly linear
hierarchies are most common in groups under 10 members, and
as groups grow larger, irregularities may appear (11). Rank in
hierarchies influences such important things as behavior, phys-
iology, health, and ability to produce offspring (12–16).

The first and most often suggested hypothesis concerning the
mechanisms accounting for linearity is that individuals’ positions
in hierarchies are predetermined by differences in dominance
ability. We term this the ‘‘prior attributes’’ hypothesis. It pro-
poses that the ladder-like structure of linear hierarchies can be
explained by another, preexisting ladder-like structure, one on
which individuals about to form a hierarchy are ranked by
attributes indicative of their dominance ability. According to this

hypothesis, the animal highest in dominance attributes takes the
top position in the hierarchy, the animal second-highest takes the
next position, and so on.

General support for this hypothesis comes from the many
studies that demonstrate the association, sometimes quite high,
between various attributes of individuals and their positions in
hierarchies (2, 17, 18). The attributes that are correlated with
rank are varied sorts, depending on study and species, but age,
sex, physical size and strength, physiology, and level of aggres-
siveness are among the most common (12–16, 18). More spe-
cifically, some researchers have shown that in groups of three
animals with great discrepancies in prior attributes (e.g., A, a
recent winner and 30–40% larger than the others; B and C of
similar size, but B a recent winner; and C a recent loser),
individuals more often form hierarchies according to their rank
in attributes than expected by chance alone (19, 20). Other
researchers have argued that attribute differences ultimately
determine the rank order of individuals in hierarchies by dic-
tating the behavioral strategies used during hierarchy formation
(21, 22).

The second hypothesis is that processes of social interaction
among group members are the mechanisms that generate linear
hierarchies, and these processes are not predetermined by
differences in individuals’ attributes (23, 24). We term this the
‘‘social dynamics’’ hypothesis. Although researchers have not yet
demonstrated experimentally which specific dynamics actually
generate linear hierarchies, possibilities include (i) winner ef-
fects, with individuals winning earlier contests increasing their
probability of winning later ones (25, 26), (ii) loser effects, with
individuals losing earlier contests, increasing their probability of
losing later ones (25, 26), and (iii) bystander effects, with
individuals observing others’ encounters and adjusting their
behavior accordingly (27–29). In this hypothesis, if social inter-
action in a group context were prohibited, hierarchies should not
develop their usual linear structures. Thus the behavior that
occurs when groups are assembled would be central to explain-
ing the structure of hierarchies rather than being derivative. In
this case, dominance hierarchies would be ‘‘self-organizing’’ or
‘‘self-structuring’’ systems, the overall structures of which are
determined by interaction among the elements comprising the
systems (30–32).

Landau (33) and Chase (34) provided some initial support for
this hypothesis by demonstrating that stringent mathematical
conditions were required to generate highly linear hierarchies on
the basis of prior differences among individuals: extremely high
correlations between ranking on prior attributes and rank in
dominance hierarchies and highly skewed distributions for the
probabilities of winning encounters among the members of
groups. Examination of the relevant data indicated that such
conditions were rarely fulfilled.

In his ‘‘jigsaw puzzle’’ model, Chase (23) classified various
sequences by which dominance relationships could form in triads
of animals. Some of these sequences ensured the development of

‡To whom reprint requests should be addressed. E-mail: Ichase@notes.cc.sunysb.edu.

5744–5749 � PNAS � April 16, 2002 � vol. 99 � no. 8 www.pnas.org�cgi�doi�10.1073�pnas.082104199

“Individual differences versus social dynamics
in the formation of animal dominance
hierarchies”
Chase et al.,
Proc. Natl. Acad. Sci., 99, 5744-5749, 2002. [3]

 The aggressive female Metriaclima zebra:

 Pecking orders for fish...

https://pdodds.w3.uvm.edu//research/papers/others/everything/chase2002a.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/chase2002a.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/chase2002a.pdf
https://pdodds.w3.uvm.edu//research/papers/others/everything/chase2002a.pdf
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Dominance hierarchies

Fish forget—changing of dominance hierarchies:

(one-sided binomial test: n ! 22, P " 0.001 and P " 0.03,
respectively). In this light, 27% of the groups with identical
hierarchies is very small.

Discussion. When we rewound the tape of the fish to form new
hierarchies, we usually did not get the same hierarchy twice. The
linearity of the structures persisted and the individuals stayed the
same, but their ranks did not. Thus our results differ considerably
from those predicted by the prior attributes hypothesis. The fact
that more identical hierarchies occurred than expected by chance
alone supports the hypothesis that rank on prior attributes
influences rank within hierarchies but not the hypothesis that

rank on prior attributes of itself creates the linear structure of the
hierarchies. Although 50% of the fish changed ranks from one
hierarchy to the other, almost all the hierarchies were linear in
structure. Some factor other than differences in attributes seems
to have ensured high rates of linearity. In the next experiment,
we tested to determine whether that factor might be social
dynamics.

It might seem possible that ‘‘noise,’’ random fluctuations in
individuals’ attributes or behaviors, could account for the ob-
served differences between the first and second hierarchies.
However, a careful consideration of the ways in which fluctua-
tions might occur shows that this explanation is unlikely. For
example, what if the differences were assumed to have occurred
because some of the fish changed their ranks on attributes from
the first to the second hierarchies? To account for our results,
this assumption would require a mixture of stability and insta-
bility in attribute ranks at just the right times and in just the right
proportion of groups. The rankings would have had to have been
stable for all the fish in all the groups for the day or two it took
them to form their first hierarchies (or we would not have seen
stable dominance relationships by our criterion). Then, in three-
quarters of the groups (but not in the remaining one-quarter)
various numbers of fish would have had to have swapped ranks
on attributes in the 2-week period of separation so as to have
produced different second hierarchies. And finally, the rankings
on attributes for all the fish in all the groups would have had to
have become stable once more for the day or two it took them
to form their second hierarchies.

Alternatively, instead of attribute rank determining domi-
nance rank as in the prior attribute model, dominance in pairs
of fish might be considered to have been probabilistic, such that
at one meeting one might dominate, but at a second meeting
there was some chance that the other might dominate. The
problem with this model is that earlier mathematical analysis
demonstrates that in situations in which one of each pair in a
group has even a small chance of dominating the other, the
probability of getting linear hierarchies is quite low (34). And
even in a more restrictive model in which only pairs of fish that
are close in rank in the first hierarchies have modest probabilities
of reversing their relationships, such as the level (0.25) we
observed in this experiment, the probability of getting as many
linear hierarchies as we observed is still very low (details are
available from the authors).

We know of only one other study (47) in which researchers
assembled groups to form initial hierarchies, separated the
individuals for a period, and then reassembled them to form a
second hierarchy (but see Guhl, ref. 48, for results in which
groups had pairwise encounters between assembly and reassem-
bly). Unfortunately, their techniques of analysis make it impos-
sible to compare results, because they examined correlations
between the frequency of aggressive acts directed by individuals
in pairs toward one another in the two hierarchies rather than
comparing the ranks of individuals. With these techniques it is
possible to get a positive correlation and thus a ‘‘replication’’ of
an original hierarchy in situations in which several animals
actually change ranks from the first to the second hierarchies.

Table 1. Percentage of groups with different numbers of fish
changing ranks between first and second hierarchies (n ! 22)

No. of fish changing ranks Percentage of groups

0 27.3
2 36.4
3 18.2
4 18.2

Fig. 1. Transition patterns between ranks of fish in the first and second
hierarchies. Frequencies of experimental groups showing each pattern are
indicated in parentheses. Open-headed arrows indicate transitions of rank.
Solid-headed arrows show dominance relationships in intransitive triads; all
the fish in an intransitive triad share the same rank.
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(one-sided binomial test: n ! 22, P " 0.001 and P " 0.03,
respectively). In this light, 27% of the groups with identical
hierarchies is very small.

Discussion. When we rewound the tape of the fish to form new
hierarchies, we usually did not get the same hierarchy twice. The
linearity of the structures persisted and the individuals stayed the
same, but their ranks did not. Thus our results differ considerably
from those predicted by the prior attributes hypothesis. The fact
that more identical hierarchies occurred than expected by chance
alone supports the hypothesis that rank on prior attributes
influences rank within hierarchies but not the hypothesis that

rank on prior attributes of itself creates the linear structure of the
hierarchies. Although 50% of the fish changed ranks from one
hierarchy to the other, almost all the hierarchies were linear in
structure. Some factor other than differences in attributes seems
to have ensured high rates of linearity. In the next experiment,
we tested to determine whether that factor might be social
dynamics.

It might seem possible that ‘‘noise,’’ random fluctuations in
individuals’ attributes or behaviors, could account for the ob-
served differences between the first and second hierarchies.
However, a careful consideration of the ways in which fluctua-
tions might occur shows that this explanation is unlikely. For
example, what if the differences were assumed to have occurred
because some of the fish changed their ranks on attributes from
the first to the second hierarchies? To account for our results,
this assumption would require a mixture of stability and insta-
bility in attribute ranks at just the right times and in just the right
proportion of groups. The rankings would have had to have been
stable for all the fish in all the groups for the day or two it took
them to form their first hierarchies (or we would not have seen
stable dominance relationships by our criterion). Then, in three-
quarters of the groups (but not in the remaining one-quarter)
various numbers of fish would have had to have swapped ranks
on attributes in the 2-week period of separation so as to have
produced different second hierarchies. And finally, the rankings
on attributes for all the fish in all the groups would have had to
have become stable once more for the day or two it took them
to form their second hierarchies.

Alternatively, instead of attribute rank determining domi-
nance rank as in the prior attribute model, dominance in pairs
of fish might be considered to have been probabilistic, such that
at one meeting one might dominate, but at a second meeting
there was some chance that the other might dominate. The
problem with this model is that earlier mathematical analysis
demonstrates that in situations in which one of each pair in a
group has even a small chance of dominating the other, the
probability of getting linear hierarchies is quite low (34). And
even in a more restrictive model in which only pairs of fish that
are close in rank in the first hierarchies have modest probabilities
of reversing their relationships, such as the level (0.25) we
observed in this experiment, the probability of getting as many
linear hierarchies as we observed is still very low (details are
available from the authors).

We know of only one other study (47) in which researchers
assembled groups to form initial hierarchies, separated the
individuals for a period, and then reassembled them to form a
second hierarchy (but see Guhl, ref. 48, for results in which
groups had pairwise encounters between assembly and reassem-
bly). Unfortunately, their techniques of analysis make it impos-
sible to compare results, because they examined correlations
between the frequency of aggressive acts directed by individuals
in pairs toward one another in the two hierarchies rather than
comparing the ranks of individuals. With these techniques it is
possible to get a positive correlation and thus a ‘‘replication’’ of
an original hierarchy in situations in which several animals
actually change ranks from the first to the second hierarchies.

Table 1. Percentage of groups with different numbers of fish
changing ranks between first and second hierarchies (n ! 22)

No. of fish changing ranks Percentage of groups

0 27.3
2 36.4
3 18.2
4 18.2

Fig. 1. Transition patterns between ranks of fish in the first and second
hierarchies. Frequencies of experimental groups showing each pattern are
indicated in parentheses. Open-headed arrows indicate transitions of rank.
Solid-headed arrows show dominance relationships in intransitive triads; all
the fish in an intransitive triad share the same rank.
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 22 observations: about 3/4 of the time, hierarchy
changed
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Dominance hierarchies

Experiment Two
We took fish from their stock tanks, weighed them, and made up
groups of four and five fish using weights at isolation; in a set of
four the largest was no more than 7% heavier than the smallest,
and in a set of five, no more than 9% heavier. After 2 weeks of
isolation, as in Experiment One, we formed hierarchies by
round-robin competition and group assembly.

In round-robin competition we randomly selected two pairs of
fish from a set for the first round of encounters. Each pair was
transferred to a 21-liter observation tank separated by a partition
and given 2 h to acclimate to the tank. We then removed the
partition and observed them through a one-way mirror. Again,
all instances of nips, chases, and mouth fighting were recorded
until one fish reached dominance over the other (a total of 15
consecutive, aggressive acts against the other without retalia-
tion). Of these 15 we scored only nips for the first seven acts and
any combination of nips and chases for the remaining eight. As
before, we considered mouth fighting as a mutually aggressive
act and began recounting consecutive acts by either fish after
such an incidence. When one fish reached the dominance
criterion, we separated them and returned them to their isolation
tanks.

We continued the rounds of encounters until all fish in a set
had met one another. Each fish in sets of four had 2 days between
encounters, and in sets of five each had 1 day except for the odd
fish out, which had 2 days. Where possible, we matched winners
to winners and losers to losers.

In group assembly we simultaneously transferred all fish in a
set from their isolation tanks to a 76-liter aquarium; observations
began 24 h later. We observed the fish and determined stable
dominance relationships and hierarchies using the same proce-
dures as described for experiment one.

We used six rather than 15 consecutive aggressive acts in group
assembly to determine stable dominance relationships, because
upon first meeting, as in round-robin competition, fish often
exchange aggressive acts before one clearly establishes domi-
nance and initiates all aggressive activity; such contests require
a fairly large number of consecutive acts to ensure a stable
relationship. In contrast, after some time together, relationships

are often in place, fish do not trade acts back and forth, thus
fewer acts suffice to determine which fish in a pair is dominant.

Results. As indicated earlier in the discussion of our experimental
design, both hypotheses predicted that the hierarchies formed
through group assembly should be linear, but they disagreed
about the extent of linear hierarchies formed via round-robin
competition. Although the prior attributes hypothesis antici-
pated linear structures, the social dynamics hypothesis fore-
casted nonlinear ones, because round-robin competition did not
allow interaction in a group context.

Fig. 2 shows the various hierarchy structures and frequencies
of sets of fish forming them in round-robin competition and
group assembly. Most of the hierarchies formed under group
assembly were linear, and the few others tended to show
relatively simple structural deviations from linearity. In contrast,
many hierarchies formed with round-robin competition were not
linear, including several with quite complicated structures.

In Table 2, the probabilities of linear and nonlinear hierarchies
in sets of four and five fish expected by chance alone (if each fish
had an independent 0.5 probability of dominating each other)
are compared with the proportions observed in round-robin
competition and group assembly. Although round-robin com-
petition only produced significantly higher proportions of linear
hierarchies than expected by chance in sets of five fish, group
assembly did so in sets of both sizes (one-sided binomial tests:
round robin competition, n ! 16, P ! 0.10 in sets of four fish,
and n ! 12, P " 0.005 in sets of five; group assembly, n ! 25,
P " 0.001 in sets of four and n ! 11, P " 0.001 in sets of five).

Fig. 2. The structure of hierarchies forming in group assembly and round-robin competition for sets of four and five fish. An animal dominates all those listed
below it except as indicated by heavy arrows; three fish in an intransitive triad sharing the same rank are placed on the same level in a hierarchy. Frequencies
of experimental groups showing each structure are indicated in parentheses.

Table 2. Percentage of linear structures expected in random
hierarchies and observed in round-robin competition and group
assembly in sets of four and five fish

Size of set

Method of forming hierarchy

Random, % Round robin, % Group assembly, %

4 37.5 56.2 (n ! 16) 92.0 (n ! 25)
5 11.7 50.0 (n ! 12) 90.9 (n ! 11)

Chase et al. PNAS ! April 16, 2002 ! vol. 99 ! no. 8 ! 5747
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Music Lab Experiment

48 songs
30,000 participants

multiple ‘worlds’
Inter-world variability

 How probable is the world?
 Can we estimate variability?
 Superstars dominate but are unpredictable. Why?
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Music Lab Experiment

Experimental Study of Inequality and
Unpredictability in an Artificial
Cultural Market
Matthew J. Salganik,1,2* Peter Sheridan Dodds,2* Duncan J. Watts1,2,3*

Hit songs, books, and movies are many times more successful than average, suggesting that
‘‘the best’’ alternatives are qualitatively different from ‘‘the rest’’; yet experts routinely fail to
predict which products will succeed. We investigated this paradox experimentally, by creating
an artificial ‘‘music market’’ in which 14,341 participants downloaded previously unknown songs
either with or without knowledge of previous participants’ choices. Increasing the strength of
social influence increased both inequality and unpredictability of success. Success was also only
partly determined by quality: The best songs rarely did poorly, and the worst rarely did well, but
any other result was possible.

H
ow can success in cultural markets be

at once strikingly distinct from aver-

age performance (1–4), and yet so

hard to anticipate for profit-motivated experts

armed with extensive market research (4–8)?

One explanation (9) for the observed inequality

of outcomes is that the mapping from Bquality[
to success is convex (i.e., differences in quality

correspond to larger differences in success),

leading to what has been called the Bsuperstar[
effect (9), or Bwinner-take-all[ markets (10).

Because models of this type, however, assume

that the mapping from quality to success is

deterministic and that quality is known, they

cannot account for the observed unpredict-

ability of outcomes. An alternate explanation

that accounts for both inequality and unpre-

dictability asserts that individuals do not

make decisions independently, but rather are

influenced by the behavior of others (11, 12).

Stochastic models of collective decisions that

incorporate social influence can exhibit ex-

treme variation both within and across realiza-

tions (4, 13, 14), even for objects of identical

quality (3, 15). Unfortunately, empirical tests of

these predictions require comparisons between

multiple realizations of a stochastic process,

whereas in reality, only one such Bhistory[ is

ever observed.

We adopted an experimental approach to the

study of social influence in cultural markets. We

created an artificial Bmusic market[ (16) com-

prising 14,341 participants, recruited mostly

from a teen-interest World Wide Web site

(17), who were shown a list of previously

unknown songs from unknown bands (18).

In real time, arriving participants were ran-

domly assigned to one of two experimental

conditions—independent and social influence—

distinguished only by the availability of in-

formation on the previous choices of others. In

the independent condition, participants made

decisions about which songs to listen to, given

only the names of the bands and their songs.

While listening to a song, they were asked to

assign a rating from one star (BI hate it[) to five
stars (BI love it[), after which they were given

the opportunity (but not required) to download

the song. In the social influence condition,

participants could also see how many times

each song had been downloaded by previous

participants. Thus, in addition to their own

musical preferences, participants in the social

influence condition received a relatively weak

signal regarding the preferences of others,

which they were free to use or ignore. Fur-

thermore, participants in the social influence

condition were randomly assigned to one of

eight Bworlds,[ each of which evolved inde-

pendently of the others. Songs in each world

accumulated downloads only from participants

in that world, and subsequent participants could

only see their own world_s download counts.

Our experimental design has three advan-

tages over both theoretical models and observa-

tional studies. (i) The popularity of a song in the

independent condition (measured by market

share or market rank) provides a natural measure

of the song_s quality, capturing both its innate

characteristics and the existing preferences of

the participant population. (ii) By comparing

outcomes in the independent and social influ-

ence conditions, we can directly observe the

effects of social influence both at the individual

and collective level. (iii) We can explicitly

create multiple, parallel histories, each of

which can evolve independently. By studying a

range of possible outcomes rather than just one,

we can measure inherent unpredictability: the

extent to which two worlds with identical songs,

identical initial conditions, and indistinguishable

populations generate different outcomes. In the

presence of inherent unpredictability, no mea-

sure of quality can precisely predict success in

any particular realization of the process.

We report the results of two experiments in

which we study the outcomes for 48 songs by

different bands (18). In both experiments, all

songs started with zero downloads (i.e., all ini-

tial conditions were identical), but the presen-

tation of the songs differed. In the social

influence condition in experiment 1, the songs,

along with the number of previous downloads,

were presented to the participants arranged in a

16 � 3 rectangular grid, where the positions of

the songs were randomly assigned for each

participant (i.e., songs were not ordered by

download counts). Participants in the indepen-

dent condition had the same presentation of

songs, but without any information about

previous downloads. In experiment 2, partic-

ipants in the social influence condition were

shown the songs, with download counts, pre-

sented in one column in descending order of

current popularity. Songs in the independent

condition were also presented with the single

column format, but without download counts

and in an order that was randomly assigned for

each participant. Thus, in each experiment, we

can observe the effect of social influence on

each song_s success, and by comparing results

across the two experiments, we can measure the

effect of increasing the Bstrength[ of the rel-

evant information signal.

1Department of Sociology, 413 Fayerweather Hall, Colum-
bia University, New York, NY, 10027, USA. 2Institute for
Social and Economic Research and Policy, Columbia
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Fig. 1. Inequality of success for social
influence (dark bars) and independent
(light bars) worlds for (A) experiment 1
and (B) experiment 2. The success of a
song is defined by mi, its market share

of downloads (mi 0 di=
PS

k01

dk , where di

is song i’s download count and S is the
number of songs). Success inequality
is defined by the Gini coefficient

G 0
PS

i01

PS

j01

kmi j mj k=2S
PS

k01

mk , which

represents the average difference in
market share for two songs normalized
to fall between 0 (complete equality)

and 1 (maximum inequality). Differences between independent and social influence conditions are
significant (P G 0.01) (18).
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“An experimental study of inequality and
unpredictability in an artificial cultural
market”
Salganik, Dodds, and Watts,
Science, 311, 854–856, 2006. [6]
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Sensible result:
 Stronger social signal leads to greater following

and greater inequality.

Peculiar result:
 Stronger social signal leads to greater

unpredictability.

Very peculiar observation:
 The most unequal distributions would suggest the

greatest variation in underlying ‘quality.’
 But success may be due to social construction

through following. (so let’s tell a story... [8, 9])
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