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Abstract 
 

Members of a rock and roll band are endowed with different creativity. They match and eventually 
obtain credit for song writing as well as a share of the returns from sales. More creative members 
increase the probability of success but may also claim a larger share of the pie. In our theoretical 
model, the nature of matching (postive or negative assortative) as well as the covariation between the 
probability of having a “hit” and the dispersion of credits given to individual members are a function 
of the completeness of contracting. When members adopt a “gentleman’s agreement” to share credits 
equally, the covariation between the probability of a hit and the dispersion of credits is negative, 
which is the consequence of positive assortative matching in creativity. The data show that the 
relation between dispersion and success is significantly negative, and that rock bands are thus likely 
to sign incomplete contracts. 
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1 Introduction
In his analysis of the “battle” between the Beatles and the Beach Boys, Clydesdale
(2006) suggests that the Beatles “should not be seen as creative geniuses but as a
creative process, [behind which] were two dominant forces. First was the importance
of rivalry with the Beach Boys and [secondly] the nature of the working team that
possessed high levels of exchange and complementary blends of expertise and thinking
styles.” Clydesdale also suggests “that the structure of incentives is important in
determining the nature of the creative output.”

Indeed, when production is joint, the charactersitics of partners and the nature
of contracts are crucial in explaining the success or the failure of the partnership.
Better partners increase the probability of success but may also claim a larger share
of the pie. If contracts are complete, for instance if partners can choose an output
contingent sharing rule ex ante, then the way they will match in partnerships is
efficient: it is not possible to rematch agents in a way to increase total surplus in the
industry. However, if contracts are incomplete, for instance if it is difficult to commit
to sharing rules that are sensitive to the types of the partners, the way agents match
is not necessarily surplus maximizing and can be quite different from the matching
under complete contracting.2

This suggests that the pattern of matching can be an indicator of the degree of
contract completeness. However, it is often difficult to measure directly the types of
agents and therefore the nature of the matching pattern. This is the case here since
we are concerned with how musicians endowed with different levels of creativity (for
song writing) form groups. Creativity is not observable directly but can be indirectly
measured by the number of credits that members of the band receive for writing
songs. We develop a model where agents with different levels of creativity match
and produce a joint output. When creativity within the group fails, the partnership
can purchase a song created by other creators (outsourcing). Songs created within
the group are more likely to succeed (think of them as specific to the group members’

2See Legros and Newman (2007) for a general analysis of matching models with nontransferabil-
ities.
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characteristics) than those created by outsiders. We consider two specifications of
the model, one in which the members of the group can sign complete contracts,
where, in case of success, the share of each partner can be specified freely, and
another specification in which members are limited to incomplete contracts and use
a “gentlemen’s agreement” to share equally the returns from the activity.

The composition of the group affects the probability of creating within the group
and the probability of outsourcing songs. When contracts are complete, musicians
match in a negative assortative way: the most creative match with the least cre-
ative. Under incomplete contracting, musicians match in a positive assortative way:
more creative musicians match with more creative musicians. This difference in the
matching pattern has also consequences for the relationship between an index which
measures the “dispersion of creativity” within the group (and is directly related to
the matching pattern) and the probability that the group will have a “hit.”

In the complete contract specification, there is a positive relationship between
dispersion and success while when contracts are incomplete, this relation is nega-
tive. The data show that the relation between dispersion and success is significantly
negative, and that rock bands are thus likely to sign incomplete contracts.

2 Specifying matchings
We consider groups where members are jointly involved in the creation and produc-
tion of songs. Musicians have a creative type that is distributed with distribution
F (a) on [0, 1]; to simplify, we restrict attention to symmetric distributions.

Each group tries to create one song and produce it. A song that is “normal”
brings a profit πL while a “hit” brings a profit πH > πL.

For a given group ⟨a, b⟩, the process of creation is such that

• with probability (1 − a)(1 − b) no member succeeds in creating a song. The
group can then buy a song at market price q. This song will become a hit with
a low probability pL.

• with probability a(1− b) member a creates the song and gets the credit while
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with probability (1− a)b member b creates it and gets the credit. Because the
song is created within the group, it becomes a hit with probability pH , where
pH > pL.

• with probability ab both members succeed in creating the song, which then
becomes a hit with probability pH . Because the creation is joint in this case,
each musician receives a credit.

2.1 Matchings and success

Let

W = pLπH + (1− pL)πL

V = pHπH + (1− pH)πL

be the expected profits when the group buys a song from an outsider and when it
produces a song created by one of its members. Clearly V > W since pH > pL and
πH > πL.

At the time of creation of the band, the expected total profit is

Π(a, b) = (1− a)(1− b)(W − q) + [a(1− b) + b(1− a) + ab]V.

In the complete contracting case, profits are fully transferable between members; in
the incomplete contracting case, profits are imperfectly transferable and we consider
the extreme situation where profits are shared equally.3 The other case corresponds
to what the industry refers to as a “gentlemen’s agreement”.

The set of feasible payoff allocations within a group reflects contract (in)complet-
eness. With full transferability, any allocation of (u,Π(a, b) − u) between the two

3Imperfect transferability arises if it is too difficult to contract on shares of profits as a function
of the characteristics of the agents. One explanation for this is the difficulty to prevent renegotiation
and hold-up (Grossman and Hart, 1986): once a song is created, the other musicians could threaten
to leave the group or not to produce the song if they do not get a higher share of the surplus. If
the song created within the group has no value outside the group, this leads to equal sharing.
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partners is on the Pareto frontier; with limited transferability, the Pareto frontier
reduces to the pair (Π(a, b)/2,Π(a, b)/2). An equilibrium specifies a matching func-
tion and a payoff allocation in such a way that two matched agents have a feasible
allocation for this match and there exist no feasible payoffs for any two agents that
are strictly greater than their equilibrium payoffs.

As is well know, in the complete contracting case, the ex-ante formation of groups
will maximize total profit in the band, and the way musicians match reflects their
comparative advantages. Here, since ∂2π(a,b)

∂a∂b
= W − q − V < 0, the marginal pro-

ductivity of a given type is decreasing in the type of the partner. There is therefore
negative assortative matching in equilibrium and if m(a) is the match of a, we must
have by measure consistency that F (a) + F (m(a)) = 1; since we assume that F

is symmetric, it must be the case that m(a) = 1 − a. In this case, the expected
probability of success is

S(a) = pH − a(1− a)(pH − pL), (1)

which is increasing in a for a ≥ 1/2 and decreases if a < 1/2. Because there is
negative assortative matching, the variance of types in the group varies with a, and
in particular the number of credits that each member receives also varies with a.
Note that the total number of credits in the group is a+m(a) = 1. It is independent
of a and therefore the shares of credits received by the partners in equilibrium are
(a, 1− a).4

By contrast, in the incomplete contracting case, each musician a wants to match
with the musician b that maximizes 1

2
Π(a, b): the process of matching is no longer

governed by comparative advantage but by absolute advantage. Since Π(a, b) is
strictly increasing in b, all musicians want to match with the highest possible type,
and this leads to positive assortative matching: now, m(a) = a.5 The probability of
success is then

S(a) = pH − (1− a)2(pH − pL) (2)
4a is the only one to receive credit with probability a2 and shares the credit with the other

member with probability a(1− a).
5This is true for any distribution F .

5



which is increasing in a.

2.2 Matchings, sharing and outsourcing

The “dispersion of creativity” measure that we use is a “normalized” Herfindahl
index: the sum of the squares of the shares of credits divided by the total expected
number of credits in the group. In the complete contracting case, this index is

D(a) = a2 + (1− a)2 (3)

which is increasing in a > 1/2 and decreasing in a < 1/2. There is therefore a
positive covariation between S and D in the complete contracting case.

If contracts are incomplete, the number of credits that go to each member is a

while the total number of credits is 2a. Hence each partner has an equal share of
credits, leading to

D(a) =
1

4a
(4)

which is decreasing in a. There is therefore a negative covariation between S and D

in the incomplete contracting case.
There also exists a covariation between outsourcing (buying a song instead of

creating it) and dispersion. It is easy to see that, in the case of complete contracting,
outsourcing is equal to

O(a) = a(1− a) (5)

which is increasing for a < 1/2, and then decreasing. By contrast, if contracts are
incomplete

O(a) = (1− a)2 (6)

which is decreasing in a.
This leads to the following proposition, which will guide our empirical strategy

in the next section.

6



Proposition In the complete contracting case, there is a positive covariation between
the expected probability of a hit and the dispersion of credits within the group. This
covariation is negative in the incomplete contracting case. The covariation between
outsourcing and dispersion is negative in the first case and positive in the second
one.

The model developed here deals with two-member bands. In reality, the number
of members who are credited is sometimes larger than two, but the basic insight
concerning matchings and the (in)completeness would not be different.

3 Data
The database consists of albums created by all 151 bands that are listed in Dodd’s
(2001) Book of Rock and started their career between 1970 and 1979. Dodd’s def-
inition of rock includes not only the most important artists in the genre but also
musicians who had a significant influence on the pop/rock scene. Larkin’s (2006)
Encyclopedia of Popular Music is used to establish discographies. To treat each
band equally, we adopted a 25 years span limit for all of them. For example if a
band released its first album in 1975 we track its discography up to 2000. In most
cases, the lifetime of a group is shorter than 25 years and in any case 25 years is a
period long enough to be representative of a musician’s creative output. Compilation
or live albums which collect songs from different studio albums are excluded. The
final database consists of 1,494 albums released between 1970 and 2004 by 151 bands.
Since we are interested in bands where several members are active, we excluded al-
bums in which all credits go to a unique musician. This reduced the database to 107
bands and 982 albums.

Certifications awarded by the Recording Industry Association of America (R. I.
A. A.) are used as proxies for success. R. I. A. A. awards albums that reach a minimal
number of sales. Gold and platinum awards (introduced before 1976) certify sales of
500,000 and 1,000,000 units, respectively. Multi-platinum (2 million units sold) and
diamond (10 million) awards were introduced in 1984 and 1999 respectively. To avoid
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“backward spillover effects” due to awards given to new releases of old albums, the
only certifications taken into account are those obtained at most one year after the
date of the first release. This leads to 110 platinum (multi-platinum and diamond)
and 123 gold awards, while 749 out of the total of 982 albums received no award.

Two reasons led us to use albums instead of bands. First, bands are often unsta-
ble. Though the name of the band may remain the same, members change, and it
would have been difficult to deal with such changes, which amount to 37%. Second,
the number of albums is much larger than the number of bands. This turns out to
assume that each album is produced by a different band.

Following our theoretical model, two variables define the internal organization of
a band, or here, of an album: dispersion and outsourcing. Dispersion is defined as
the Herfindahl index divided by the total number of credits. Outsourcing measures
the share of songs that a band buys on the market for songs. On average, 6% of the
production is outsourced.6 Success is represented by a dummy variable that takes
the value 1 if the album received at least a gold award, and 0 otherwise.7

Table 1 gives an overview of the data. It is useful to note that the percentage
of awards is roughly the same for soloists (21%) and for groups (24%), but soloists
have to outsource three times more than groups.

4 Results and Conclusions
Proposition 1 provides an easy way to test which model (complete or incomplete
contracting) is relevant, since the sign of the correlation between success and dis-
persion, and between outsourcing and dispersion tells us which type of contract is
signed. Results are summarized in Table 2. Since success is a dichotomous vari-
able, we simply test whether the difference in mean dispersion is different in the
case of no success and success. The test shows that the difference is significantly
negative and has a very low probability (0.0002) of being positive. Similar results
are obtained with logit regressions, whether we introduce or not exogenous control

6Note that dispersion and outsourcing are calculated as above, but may differ across albums.
7Separating gold from platinum and multi-platinum, does not change the results.
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variables.8The coefficient of success on dispersion is significantly negative in all cases.
The correlation coefficient between outsourcing and dispersion is equal to 0.09 which
is significantly different from 0 at the 0.5% probability level. Both results lead the
conclusion that contracts are incomplete and there is positive assortative matching
of partners in a band.
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Table 1. Description of the database

Soloists Groups

No. of bands 44 107
No. of albums 512 982

No. of (multi-)platinum and diamond awards 66 110
No. of gold awards 41 123
No. of albums with no award 405 749

Average dispersion 1 0.04
% of changes in the composition of bands∗ 0 37
% of outsourcing 20 6

“Soloists” are bands where all the credits go to a unique member (Michael Jackson, for
example). “Groups” are those who distribute credits to several members (Led Zeppelin).We
assume that if the leader of a solo band changes, the name of the band changes.
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Table 2. Estimation Results (success and dispersion)
Groups Only

Comparison of means of dispersions
Success = 0 0.050
Success = 1 0.026
Difference of means -0.024 (-3.56)
H0 : Difference < 0 Pr = 0.9998

Coefficients of logit regressions, dependent variable is success
Dispersion only -8.46 (-3.81)
Intercept -0.88 (-8.99)

Dispersion -10.77 (-3.88)
USA group 0.91 (5.52)
Major label 2.10 (8.25)
Piracy -0.63 (-1.11)
Intercept -2.80 (-10.90)

No. of observations 982

Note: t-value for the comparison of means’ test; z-values for
the coefficients of the logit regression

11



Recent titles 
CORE Discussion Papers 

 
2010/34. Olivier DEVOLDER, François GLINEUR and Yu. NESTEROV. Double smoothing technique 

for infinite-dimensional optimization problems with applications to optimal control. 
2010/35. Jean-Jacques DETHIER, Pierre PESTIEAU and Rabia ALI. The impact of a minimum pension 

on old age poverty and its budgetary cost. Evidence from Latin America. 
2010/36. Stéphane ZUBER. Justifying social discounting: the rank-discounting utilitarian approach. 
2010/37. Marc FLEURBAEY, Thibault GAJDOS and Stéphane ZUBER. Social rationality, separability, 

and equity under uncertainty. 
2010/38. Helmuth CREMER and Pierre PESTIEAU. Myopia, redistribution and pensions. 
2010/39. Giacomo SBRANA and Andrea SILVESTRINI. Aggregation of exponential smoothing 

processes with an application to portfolio risk evaluation. 
2010/40. Jean-François CARPANTIER. Commodities inventory effect. 
2010/41. Pierre PESTIEAU and Maria RACIONERO. Tagging with leisure needs. 
2010/42. Knud J. MUNK. The optimal commodity tax system as a compromise between two objectives. 
2010/43. Marie-Louise LEROUX and Gregory PONTHIERE. Utilitarianism and unequal longevities: A 

remedy? 
2010/44. Michel DENUIT, Louis EECKHOUDT, Ilia TSETLIN and Robert L. WINKLER. Multivariate 

concave and convex stochastic dominance. 
2010/45. Rüdiger STEPHAN. An extension of disjunctive programming and its impact for compact tree 

formulations. 
2010/46. Jorge MANZI, Ernesto SAN MARTIN and Sébastien VAN BELLEGEM. School system 

evaluation by value-added analysis under endogeneity. 
2010/47. Nicolas GILLIS and François GLINEUR. A multilevel approach for nonnegative matrix 

factorization. 
2010/48. Marie-Louise LEROUX and Pierre PESTIEAU. The political economy of derived pension 

rights. 
2010/49. Jeroen V.K. ROMBOUTS and Lars STENTOFT. Option pricing with asymmetric 

heteroskedastic normal mixture models. 
2010/50. Maik SCHWARZ, Sébastien VAN BELLEGEM and Jean-Pierre FLORENS. Nonparametric 

frontier estimation from noisy data. 
2010/51. Nicolas GILLIS and François GLINEUR. On the geometric interpretation of the nonnegative 

rank. 
2010/52. Yves SMEERS, Giorgia OGGIONI, Elisabetta ALLEVI and Siegfried SCHAIBLE. 

Generalized Nash Equilibrium and market coupling in the European power system. 
2010/53. Giorgia OGGIONI and Yves SMEERS. Market coupling and the organization of counter-

trading: separating energy and transmission again? 
2010/54. Helmuth CREMER, Firouz GAHVARI and Pierre PESTIEAU. Fertility, human capital 

accumulation, and the pension system. 
2010/55. Jan JOHANNES, Sébastien VAN BELLEGEM and Anne VANHEMS. Iterative regularization 

in nonparametric instrumental regression. 
2010/56. Thierry BRECHET, Pierre-André JOUVET and Gilles ROTILLON. Tradable pollution permits 

in dynamic general equilibrium: can optimality and acceptability be reconciled? 
2010/57. Thomas BAUDIN. The optimal trade-off between quality and quantity with uncertain child 

survival. 
2010/58. Thomas BAUDIN. Family policies: what does the standard endogenous fertility model tell us? 
2010/59. Nicolas GILLIS and François GLINEUR. Nonnegative factorization and the maximum edge 

biclique problem. 
2010/60. Paul BELLEFLAMME and Martin PEITZ. Digital piracy: theory. 
2010/61. Axel GAUTIER and Xavier WAUTHY. Competitively neutral universal service obligations. 
2010/62. Thierry BRECHET, Julien THENIE, Thibaut ZEIMES and Stéphane ZUBER. The benefits of 

cooperation under uncertainty: the case of climate change. 
2010/63. Marco DI SUMMA and Laurence A. WOLSEY. Mixing sets linked by bidirected paths. 



Recent titles 
CORE Discussion Papers - continued 

 
2010/64. Kaz MIYAGIWA, Huasheng SONG and Hylke VANDENBUSSCHE. Innovation, antidumping 

and retaliation. 
2010/65. Thierry BRECHET, Natali HRITONENKO and Yuri YATSENKO. Adaptation and mitigation 

in long-term climate policies. 
2010/66. Marc FLEURBAEY, Marie-Louise LEROUX and Gregory PONTHIERE. Compensating the 

dead? Yes we can! 
2010/67. Philippe CHEVALIER, Jean-Christophe VAN DEN SCHRIECK and Ying WEI. Measuring the 

variability in supply chains with the peakedness. 
2010/68. Mathieu VAN VYVE. Fixed-charge transportation on a path: optimization, LP formulations 

and separation. 
2010/69. Roland Iwan LUTTENS. Lower bounds rule! 
2010/70. Fred SCHROYEN and Adekola OYENUGA. Optimal pricing and capacity choice for a public 

service under risk of interruption. 
2010/71. Carlotta BALESTRA, Thierry BRECHET and Stéphane LAMBRECHT. Property rights with 

biological spillovers: when Hardin meets Meade. 
2010/72. Olivier GERGAUD and Victor GINSBURGH. Success: talent, intelligence or beauty? 
2010/73. Jean GABSZEWICZ, Victor GINSBURGH, Didier LAUSSEL and Shlomo WEBER. Foreign 

languages' acquisition: self learning and linguistic schools. 
2010/74. Cédric CEULEMANS, Victor GINSBURGH and Patrick LEGROS. Rock and roll bands, 

(in)complete contracts and creativity. 
 

Books 
 
J. GABSZEWICZ (ed.) (2006), La différenciation des produits. Paris, La découverte. 
L. BAUWENS, W. POHLMEIER and D. VEREDAS (eds.) (2008), High frequency financial econometrics: 

recent developments. Heidelberg, Physica-Verlag. 
P. VAN HENTENRYCKE and L. WOLSEY (eds.) (2007), Integration of AI and OR techniques in constraint 

programming for combinatorial optimization problems. Berlin, Springer. 
P-P. COMBES, Th. MAYER and J-F. THISSE (eds.) (2008), Economic geography: the integration of 

regions and nations. Princeton, Princeton University Press. 
J. HINDRIKS (ed.) (2008), Au-delà de Copernic: de la confusion au consensus ? Brussels, Academic and 

Scientific Publishers. 
J-M. HURIOT and J-F. THISSE (eds) (2009), Economics of cities. Cambridge, Cambridge University Press. 
P. BELLEFLAMME and M. PEITZ (eds) (2010), Industrial organization: markets and strategies. Cambridge 

University Press. 
M. JUNGER, Th. LIEBLING, D. NADDEF, G. NEMHAUSER, W. PULLEYBLANK, G. REINELT, G. 

RINALDI and L. WOLSEY (eds) (2010), 50 years of integer programming, 1958-2008: from 
the early years to the state-of-the-art. Berlin Springer. 

 
CORE Lecture Series 

 
C. GOURIÉROUX and A. MONFORT (1995), Simulation Based Econometric Methods. 
A. RUBINSTEIN (1996), Lectures on Modeling Bounded Rationality. 
J. RENEGAR (1999), A Mathematical View of Interior-Point Methods in Convex Optimization. 
B.D. BERNHEIM and M.D. WHINSTON (1999), Anticompetitive Exclusion and Foreclosure Through 

Vertical Agreements. 
D. BIENSTOCK (2001), Potential function methods for approximately solving linear programming 

problems: theory and practice. 
R. AMIR (2002), Supermodularity and complementarity in economics. 
R. WEISMANTEL (2006), Lectures on mixed nonlinear programming. 


	Introduction
	Specifying matchings 
	Matchings and success
	Matchings, sharing and outsourcing

	Data
	Results and Conclusions
	References



