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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.

1	  R. Merton, “The Matthew Effect in 
Science,” Science, 159(3810), 1968, pp. 
56–63.  
Return to Text
2	  J. S. Gans and F. Murray, “Credit 
History: The Changing Nature of Scientific 
Credit,” in A. Jaffe and B. Jones eds., The 
Changing Frontier: Rethinking Science 
and Innovation Policy, Chicago, University 
of Chicago, 2014, pp. 107–131. 
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3	  M. Bikard, F. Murray, and J. S. Gans, 
“Exploring Tradeoffs in the Organization 
of Scientific Work: Collaboration and 
Scientific Rewards,” NBER Working Paper 
No. 18958, April 2013, and Management 
Science, 61(7), 2015, pp. 1473–1495. 
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4	  J. S. Gans and F. Murray, “Markets for 
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for 80 percent of total Indian manufac-
turing employment in 2005. In Mexico, 
almost all manufacturing establishments 
are formal in the sense of being for-
mally registered, but if we define infor-
mal firms as those which are not paying 
Social Security taxes — either legally by 
only employing unpaid family workers 
or illegally by explicitly not paying the 
required social security tax — informal 
establishments accounted for 30 per-
cent of total Mexican manufacturing 
employment in 2008. Informal estab-
lishments in India and Mexico are sig-
nificantly smaller 
than formal 
establishments. 
Figure 3 plots 
the distribution 
of establishment 
size in India and 
Mexico for infor-
mal and formal 
establishments. 
The typical infor-
mal establish-
ment employs 
four workers in 
India and about 
10 workers in 
Mexico, while 
formal establish-
ments employ 
20 workers on 
average in India 
and about 50 in 
Mexico.

All of this suggests that a proximate 
reason poor countries are poor is that 
modern formal firms find it difficult to 
obtain resources and/or capture mar-
ket share. We still have a very limited 
understanding, however, of the exact 
forces behind the prevalence of infor-
mal and unproductive establishments. 
The Inter-American Development 
Bank, and Levy in particular, have 
argued that the patterns of informal-
ity, at least in Latin America, are due to 
the nature of the tax systems and social-
protection programs.12 A glance at the 
World Bank Doing Business indicators 
suggests that high costs of doing busi-
ness may also be a factor.

•	 Social Forces May Distort The 
Allocation of Talent across 
Occupations and Firms

These forces may reflect the leg-
acy of gender and race discrimina-
tion in the U.S., caste discrimina-
tion in India, discrimination based 
on economic and ethnic background 
in some Latin American countries, or 
the effect of second-generation man-
agers in family firms in many coun-
tries.13 In the U.S., for example, the 
fraction of white women who work in 
high-skilled occupations — lawyers, 

doctors ,  eng i-
neers, scientists, 
architects,  and 
executives or man-
agers — increased 
from six percent 
in 1960 to 21 per-
cent in 2008.14 
The share of 
black men who 
work in those 
high-skilled occu-
pations increased 
from three per-
cent in 1960 to 
15 percent in 
2008. By com-
parison, the share 
of white men in 
these occupations 
increased much 
more modestly, 

from 20 percent in 1960 to 25 per-
cent by 2008. We estimate that the 
convergence in occupations between 
white men and the other groups 
might explain around 15 percent of 
the growth in aggregate productivity 
in the U.S. from 1960 to 2008.

Such forces are surely present, 
and perhaps even more important, 
in other countries. In India a gen-
eration ago, women from disadvan-
taged castes completed 4.1 years less 
schooling than women in non-dis-
advantaged castes; disadvantaged-
caste men completed 2.3 years less 
school than men from non-disadvan-
taged castes.15 The gap is still pres-
ent today, but has shown a marked 

decline. In 2004, the caste school-
ing gap for women had declined to 
2.2 years; for men it had declined to 
1.7 years.

•	 Internal Trade Barriers Likely 
Play an Important Role in the 
Efficiency of Resource Allocation

Internal trade barriers can be very 
large in poor countries such as Ethiopia 
and Nigeria.16 In the agricultural con-
text, there is evidence that lowering 
transportation costs led to large gains 
in agricultural productivity in the U.S. 
historically, and in places such as Sierra 
Leone more recently.17 In the industrial 
sector, internal trade costs could be 
similarly costly. If access to input and 
output markets is critical for modern 
industrial firms, then barriers that make 
it difficult for firms to access these net-
works will affect the incentives of firms 
to invest in better technology. 

This review only touches on a few 
of the myriad micro forces that may 
matter for macro productivity. Low 
allocative efficiency may be “death by a 
thousand cuts.”18 If so, no magic bullet 
or single policy reform is likely to trans-
form productivity. We suspect there 
is no substitute for investigating and 
quantifying the micro sources of low 
allocative efficiency one by one. 

1	 C. Hsieh and P. Klenow, “Misallocation 
and Manufacturing TFP in China and 
India,” NBER Working Paper No. 13290, 
August 2007, and Quarterly Journal of 
Economics, 124(4), 2009, pp. 1403–
1448. 
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Bottom Up, Inter-American Development 
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Macmillan, 2010. 
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3	 E. Bartelsman, J. Haltiwanger and 
S. Scarpetta, “Cross-country Differences 
in Productivity: The Role of Allocation 
and Selection,” NBER Working Paper 
No. 15490, November 2009, and the 

dynamic mis
allocation.5 Figure 
2 shows that, by 
the age of 40, U.S. 
firms grow by 
a factor of eight 
while Mexican 
firms only double 
and Indian firms 
do not appear to 
grow at all. 

The chal-
lenge that follows 
from these stud-
ies is to identify 
the precise poli-
cies and institu-
tions behind the 
revenue productivity gaps in the micro 
data. The potential list of explanations 
is large. We will limit our discussion to 
five forces that might be important and 
for which we have some evidence.

•	 Substantial Costs to Adjusting 
Labor and Capital Inputs 6

Evidence on whether adjustment 
costs might be responsible for the dif-
ferential gaps in revenue productiv-
ity between rich and poor countries 
is limited. Across a number of coun-
tries, the dispersion in capital produc-
tivity is correlated with productiv-
ity volatility, although the underlying 
sources of productivity volatility are 
not known.7 There is much less vola-
tility in employment in Indian than 
in U.S. manufacturing , almost as if 
Indian firms face large costs to adjust-
ing employment. This is consistent 
with evidence on the effects of rigid 
licensing laws in India.8 

•	 Ownership of Firms by the State 
or the Politically Connected

 State-owned firms in China had 
substantially lower revenue produc-
tivity in the late 1990s than their pri-
vately-owned counterparts, but the 
gap narrowed after the closure and 
privatization of many state-owned 
firms. A detailed study in India shows 

substantial gaps in labor productivity 
between state-owned firms and pri-
vately-owned firms in the same sec-
tor.9 In telecoms, labor productivity 
is three times higher in private than in 
state-owned firms. In the retail bank-
ing sector, labor productivity is more 
than five times higher in private than 
in state-run firms. 

•	 The Presence of a Large 
Informal Sector 10 

This is an important feature of many 
poor countries. Take retail trade. Modern 
firms account for 67 percent of retail 
employment in the U.S. The equivalent 
numbers are only 21 percent in Brazil, 
15 percent in El Salvador, 23 percent in 
Mexico, 15 percent in the Philippines, 
and 19 percent in Thailand.11 In all these 
countries, labor productivity in modern 
retail is significantly higher than in infor-
mal retail stores. The labor productivity 
of modern retailers is three times higher 
than that of informal retailers in Brazil, 
four times higher in El Salvador, three-
and- a-half times higher in Mexico, six 
times higher in the Philippines, and four 
times higher in Thailand. 

The pervasiveness and low produc-
tivity of the informal sector is also seen 
in manufacturing in India and Mexico. 
Informal manufacturing establishments 
in India, defined as establishments that 
are not formally registered, accounted 

Figure 2
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The members of the Conference 
on Research in Income and Wealth 
(CRIW ) have elected Research 
Associate Katharine Abraham of 
the University of Maryland, a for-
mer Commissioner of the Bureau of 

Labor Statistics (1993–2001) and 
member of the President’s Council 
of Economic Advisers (2011–13), 
to succeed Charles Hulten as CRIW 
chair.   The CRIW, whose members 
number more than 300 research-

ers from colleges and universities, 
think tanks, and government statis-
tical agencies, organizes an annual 
conference on economic measure-
ment as well as a session at the NBER 
Summer Institute.
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NBER News

CRIW Members Elect Abraham

2015 Awards and Honors
Alberto Alesina, Carlo Favero, 

and Francesco Giavazzi won the 
Addington Prize for Measurement for 
their paper on “The Output Effect of 
Fiscal Consolidations,” which is forth-
coming in the Journal of International 
Economics. 

Lee J. Alston was named President 
of the Economic History Association. 

Ernst R. Berndt was awarded an 
honorary doctorate by the Faculty 
of Economics and Business at the 
University of Basel. 

Francesco Bianchi was awarded the 
Wim Duisenberg Research Fellowship 
by the European Central Bank. 

David E. Bloom was named 
an Andrew Carnegie Fellow by the 
Carnegie Corporation of New York. 

Eric Budish received an Alfred 
P. Sloan Research Fellowship. He also 
received the 2015 Utah Winter Finance 
Conference Best Paper Award for “The 
High-Frequency Trading Arms Race: 
Frequent Batch Auctions as a Market 
Design Response,” with Peter Cramton 
and John Shim. 

Gary Chamberlain was named a 
Distinguished Fellow of the American 
Economic Association.

Wesley Cohen’s paper “Innovation 
and Learning : The Two Faces of R&D,” 
with Dan Levinthal, published in 1989, 
was named one of the 13 most impor-
tant papers published in The Economic 
Journal’s 125-year history. 

Janet Currie was elected President 

of the Eastern Economic Association. 
Angus S. Deaton was elected to 

the National Academy of Sciences and 
received the Sveriges Riksbank Prize 
in Economic Sciences in Memory of 
Alfred Nobel.

Manasi Deshpande received the 
2015 APPAM Best Dissertation Award, 
the 2015 Upjohn Institute Dissertation 
Award, and the 2016 NASI John Heinz 
Dissertation Award.

Susan Dynarski was named one 
of the Chronicle of Higher Education’s 
top 10 influencers. She also received 
the NASPAA’s Public Service Matters 
Spotlight Award, and a special tribute 
from Michigan Governor Rick Snyder.

Price Fishback was awarded the 
Jonathan Hughes Prize for Excellence 
in Teaching Economic History and the 
Arthur Cole Prize for Best Article in 
the Journal of Economic History for his 
paper with Valentina Kachanovskaya on 
“The Multiplier for Federal Spending 
in the States in the 1930s.” 

Kristin Forbes was awarded a 
Bicentennial Medal from Williams 
College, which recognizes “outstanding 
achievement in any field of endeavor.”

Don Fullerton was named a Fellow 
of the Association of Environmental and 
Resource Economists (AERE), which rec-
ognizes “outstanding contributions to the 
advancement of the profession of envi-
ronmental and resource economics.” 

Martin Gaynor was elected to the 
National Academy of Social Insurance. 

Matthew Gentzkow was elected 
a Fellow of the American Academy of 
Arts and Sciences.

Jeffrey Clemens and Joshua 
Gottlieb were awarded the Kenneth J. 
Arrow Award for Best Paper in Health 
Economics from the International 
Health Economics Association for 
their paper “Do Physicians’ Financial 
Incentives Affect Treatment Patterns 
and Patient Health?”

Gene Grossman was awarded The 
Onassis Prize in International Trade. 
The prize, which recognizes lifetime 
contributions to this field, is awarded 
by the Alexander S. Onassis Public 
Benefit Foundation, the Cass Business 
School of City University London, and 
the City of London.

Veronica Guerrieri was awarded 
the Bernácer Prize for her research 
applying search theory to explain the 
emergence of illiquidity and fire sales 
in different asset markets.

Takeo Hoshi received the Japanese 
Bankers Academic Research Promotion 
Foundation Award. This biennial award 
recognizes a Japanese economist who has 
made a significant academic contribution 
in the field of finance and economics.

Amit Khandelwal, Stelios 
Michalopoulos, and Jonathan Vogel 
received excellence awards in global 
economic affairs from the Kiel Institute 
for the World Economy.

Morris Kleiner was honored by 
the Labor and Employment Relations 
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