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reputation. The equilibrium should eliminate 
the misjudging. If disproportionate rewards 
persist, it is possible that there is an efficiency 
explanation for this outcome. 

How To Organize?

It was with such challenges in mind that 
we examined choice of potential collaborators 
regarding team production. Do two collabora-
tors team up or go their own way?2 Our first 
approach imagined an asymmetry between col-
laborators akin to that which arises in lab set-
tings in the natural sciences. A project was, 
initially, controlled by a pioneer scientist who 
could improve the project by eliciting the con-
tribution of a junior scientist (or postdoc or 
graduate student). Like any good outsourcing 
arrangement, the pioneer would happily pay 

for value. Thus, 
if the junior sci-
entist contrib-
utes enough 
to outweigh 
any lost share 
in value accru
ing to the pio-
neer, then the 
pioneer would 
enter into the 
arrangement. 

Of course, 
the collabora-
tion could also 
take another 
form. The pio-

neer might publish interim results while the 
junior scientist might publish separately his or 
her own follow-on results. The entire corpus 
would add the same increment to the knowl-
edge frontier as an integrated collaboration. The 
difference lies in how the contributions of each 
party would be valued in the market for scien-
tific attribution.

The most significant thing we found in our 
analysis of the organizational choices made by 
scientists was that if “the market” designated 
who gets what share in a co-authored work, it 
would favor an attribution rule that did not 
sum to more than one. Why? Because any other 
attribution rule would lead to scientists choos-
ing to co-author rather than publish separately 
when it was otherwise less efficient to do so. In 
other words, when a full range of organizational 

choices is considered, the market for attribu-
tion may not freely reward all contributors, but 
rather must allocate attribution sparingly so as 
not to overly distort the decision to collabo-
rate rather than to work separately on a scien-
tific project.

Are Teams Optimal?

If economists had the luxury of designing 
attribution shares, they might ask what type of 
attribution shares would be optimal. In reality, 
there is no central designer and who gets what 
is resolved by norms — and evolving norms 
at that. So what norms have evolved and how 
might we measure them?

That was the question we explored with 
Bikard.3 We analyzed a unique dataset of the 
annual research activity of 661 MIT faculty sci-
entists over three decades and examined their 
choices of whether to collaborate or not. The 
idea was that by observing their publication 
outcomes, we could infer, in any given year, a 
particular scientist’s portfolio of collaboration 
choices. If, in turn, we assumed that the scientist 
was maximizing the total volume of attributed 
citations less the costs, if any, associated with 
collaborating, we might be able to understand 
whether their choices were optimal.

The figure at left illustrates our findings. 
It shows that if scientists were (i) maximiz-
ing the total attributed number of citations 
their output generated per year and (ii) attrib-
uted a share 1/n of the credit for papers with 
n authors, then any collaboration with more 
than three authors would be, on average, sub-
optimal for them. This suggests that the sci-
entists were facing large costs in terms of time 
wasted and drawn from other projects when 
they were part of large teams. 

Our data show that scientists made contin-
ual “mistakes” in engaging in large team collabo-
rations. We therefore had to ask if their revealed 
preference in this regard might suggest a differ-
ent attribution rule than the simple 1/n rule. 
Using this insight, we fit our data to a number of 
alternatives of the form (1/n)b. We found that 
the best fit for b that would explain the behav-
ior as optimal was b = ½. In other words, scien-
tists in our MIT sample appeared to behave as if 
the attribution rule allocated 1  ⁄√n share of the 
total value of a publication to each coauthor. 
Importantly, with this rule, the sum of the attri-
bution shares would exceed one. This suggests 

Team performance in many settings has 
long challenged economic thinking. Even 
when monetary incentives are present, it is 
hard to structure those incentives to over-
come moral hazard and other issues of free 
riding, especially when team tasks interact 
with one another. This is especially true for 
scientific teams, where the challenges are 
multiplied: The rewards tend to be non-
monetary and thus principals — to the extent 
they even exist — face additional complexity 
in structuring those rewards. To add to the 
challenges, in recent decades science has 
become more complex and the knowledge 
frontier is now harder to expand than ever. 
This manifests itself in many changes, among 
the most important being a change in the 
life cycle of scientific careers and an increase 
in the prevalence and size of research teams.

Along with our coauthor Michael 
Bikard, we have looked at the choices sci-
entific teams make, both in terms of how 
they form and in how they signal to the 
outside world the contributions of individ-
ual team members. 

Who Gets What?

When entrepreneurs found startups, 
they agree on a division of equity between 
themselves and investors. Regardless of the 
ultimate value of the venture, the division 
of shares determines what each party owns. 
When teams form a scientific collaboration, 
one could imagine the same thing occur-
ring. Two collaborators put their names on 
a paper and then whatever the paper’s scien-
tific value, credit would be divided equally 
between them.

However, while equity allows for a 
definitive and legally binding split of future 
profits, things are not so simple with scien-
tific output. For starters, the total value cre-
ated by a publication is not necessarily fixed 
and independent of the number of authors 
(say, in terms of citations and impact). The 
total value to the career prospects of authors 

from a two-author publication may be more 
than twice what they would receive had they 
produced two single-author publications, 
even of the same quality. Likewise, the value 
of the publication may be much greater for a 
team of younger scientists than for an older, 
more-established group of collaborators. In 
other words, there is nothing to stop “the 
market” — a shorthand for the complex pro-
cess that determines the incremental effect 
of a new paper on the professional standing 
of its authors — from assigning shares of the 
publication’s 
value that 
sum to more 
than one for 
the output 
of scientific 
teams. 

The 
composition 
of teams also 
matters in 
the market 
for scientific 
attribution, 
which may 
look at who 
is part of the 
team and be influenced in assigning credit 
by their prior reputations and skills. Thus 
while attribution may split evenly among 
authors, it may also be unevenly distributed 
by outside observers. The great sociologist 
of science Robert Merton noted that often a 
Matthew effect arose in that those scientists 
who had the better reputation upon enter-
ing a collaboration would seem to receive a 
disproportionate share of the benefits from 
collaborative output.1 

These issues of attribution introduce a 
number of complexities. For instance, it is 
difficult to envisage an economic equilib-
rium in which a scientist actually contrib-
utes less to a project and yet is persistently 
rewarded more because the market mis-
judges his contribution on the basis of prior 
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The starting point of a large body of 
recent research on economic growth is 
the notion that differences in aggregate 
total factor productivity (TFP) may not be 
driven solely by technology but rather in 
part by allocative efficiency. The key build-
ing block of this literature is the idea that 
firms differ, and we do not necessarily want 
all the resources to be allocated to one firm. 
For example, suppose that there are a num-
ber of firms in a country and the output Yi 
of each firm is given by a standard produc-
tion function, Yi = AiF(Ki,Li),  where Ki 
is the firm’s capital stock (equipment and 
structures), Li  is the firm’s labor input (skill-
weighted hours worked by its employees), F 
is the production function which combines 
capital and labor, and Ai is residual firm 
productivity.

If each firm produces different prod-
ucts, we do not want all the inputs allo-
cated to the firm with the highest Ai, as we 
value having access to a variety of differenti-
ated products. Instead, what we want is for 
resources to 
be allocated 
across firms to 
equalize the 
revenue pro-
ductivity of the 
firm, or Pi Ai . 
Resources are 
misallocated 
when revenue 
productivity 
differs between 
firms. Reallocation increases aggregate TFP 
and generates growth when resources flow 
to firms with high revenue productivity. 

Micro-data from manufacturing cen-
suses suggest substantial gaps in revenue 
productivity across firms within India and 
China.1 The gaps are also present in U.S. 
data, but are much smaller. Figure 1 plots 
the dispersion of revenue productivity in the 
three countries. In India and China, revenue 
productivity of firms in the 90th percentile 

exceeds that of firms in the 10th percentile 
by a factor of five. In the U.S., the equiva-
lent gap in revenue productivity is a factor 
of three. These gaps in revenue productivity 
between firms may contribute to substantial 
gaps in aggregate TFP. In a standard model, 
aggregate TFP would increase by 43 per-
cent in the U.S. in 1997, by 115 percent in 
China in 1998, and by 127 percent in India 
in 1994 if resources were to be reallocated to 
equalize revenue productivity across firms.

We now have a large body of evidence 
on gaps in revenue productivity at the micro-
economic level, largely thanks to the detailed, 
firm-level data available for a growing num-
ber of countries. A project spearheaded 
by Santiago Levy at the Inter-American 
Development Bank provides detailed evi-
dence on these gaps for a large number of 
countries in Latin America.2 There is simi-
lar evidence from microeconomic data for a 
number of countries in Europe.3 These stud-
ies find wide gaps in revenue productivity, 
consistent with substantial misallocation. 

The litera-
ture has largely 
focused on 
measuring the 
static effects of 
firm-level gaps 
in revenue pro-
ductivity, but 
the firm-level 
gaps are likely 
to also have 
important 

dynamic effects. If more-efficient establish-
ments face larger distortions, it under-
mines firms’ incentives to invest in better 
technology. Put differently, there are two 
effects of resource misallocation — the 
static effect and the dynamic effect of 
resource misallocation on growth in firm 
productivity. This has been highlighted 
in several case studies.4 Evidence from 
firm-level censuses in India and Mexico 
is also consistent with the presence of 

that the prevailing norms were encouraging 
collaboration disproportionately to indi-
vidual publication.

What Drives Attribution?

We know from our own experience 
in evaluating our peers that the process of 
dividing credit for joint work is not formu-
laic. In particular, when we are presented 
with the work of a team, we try to parse the 
contributions of individual members.

In another collaborative paper, we 
explore this process by considering again 
a pioneer and a follow-on scientist.4 Both 
can contribute to a project. However, it is 
the pioneer who determines the prevailing 
sharing arrangements. When both actu-
ally contribute, this increases the likelihood 
that the project is of high quality. Indeed, 
we assume that to get very high quality 
you need both scientists to make a substan-
tive contribution. In this event, the market 
knows what is going on and so divides attri-
bution between the authors. 

Things get tricky if the project is good 
but not of the highest quality. In that sit-
uation, by looking at the output alone, 
the market for scientific attribution cannot 
work out the underlying process. The pio-
neer alone surely could have generated that 
work. If the pioneer had been a sole author, 
the market would have given him all of the 
attribution. But what if there are two names 
on the paper? 

If one scientist has contributed con-
siderably more than the other, “the mar-
ket” would like to find out who contrib-
uted more and attribute more credit to that 
author. Interestingly, this gives rise to two 
potential equilibria. In each one, all credit 
is given to one author or the other. In one 
of these, the follower scientist only puts in 
effort if the pioneer has already achieved a 
promising result, as the follower will share 
in the reward by also making a significant 
contribution. However, if the pioneer has 

not achieved such a result, the follower puts 
in no effort and guarantees a low quality 
result precisely because the market would 
not attribute any share to either of them. 
Of course, that assessment is self-fulfilling 
precisely because the follower does not 
deserve any credit. A mirror equilibrium 
holds where the follower receives all of the 
credit. In each case, the market assessments 
turn out to be correct because they shape 
the incentives of scientists to conform to 
those assessments.

Our principal purpose in this paper is 
not to consider whether to invite another 
researcher to become a coauthor but, rather, 
when to do so. One degree of flexibility pio-
neer scientists have — if they lead their own 
labs with some autonomy — is that they can 
employ junior scientists but can potentially 
separate that working relationship from the 
credit or formal attribution that junior sci-
entists receive. Senior scientists might wait 
until they see their own contribution and 
that of the junior scientist before inviting 
the junior scientist to be a coauthor. The 
senior scientist may never choose to do this, 
but suppose, perhaps to send a signal to oth-
ers in their lab, that they commit to putting 
a junior scientist on the paper only if the 
junior’s contribution is significant.

While this arrangement might seem 
precarious for the junior scientist, it facili-
tates attribution in “the market.” If the mar-
ket for scientific attribution understands 
that the junior scientist is only a coauthor 
on the paper if the junior made a signifi-
cant contribution, then in the ambiguous 
range where it would otherwise be hard 
to tell who was the main contributor, “the 
market” can now tell. What is more, this 
all adds up to maximal incentives for the 
junior scientist to put effort into generating 
a significant contribution. The junior sci-
entists are better off for this arrangement. 
We show that, of all of the organizational 
arrangements that could have been chosen, 
leaving the decision of whether to credit 

the junior scientist until the end is Pareto 
optimal. 

Conclusion

The research presented here is an initial 
foray into understanding how the choices 
of scientific teams are shaped by market 
assessments of individual performance. It 
is part of a broader agenda that we think 
of as the organizational economics of sci-
ence. By demonstrating that such market 
assessments are likely to be important, it 
presents initial insights but also conjectures 
about what “the market” is. That remains 
an open theoretical and empirical ques-
tion. Our work yields some insights but 
in many respects only highlights the real-
ity that understanding scientific work — in 
academia and in industry — will require 
much more research, both theoretical and 
empirical.
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