The Economics of Science

Arthur M. Diamond, |r.

Increasing the “truth per dollar” of money spent or: science is one legiti-
mate long-run goal of the economics of science. But before this goal can be
achieved, we need to increase our knowledge of the successes and failures
of past and current reward structures of science. This essay reviews what
economists have learned about the behavior of scientists and the reward
structure of science. One important use of such knowledge will be to help
policy-makers create a reward structure that is more efficient in the fu-
ture.

Introduction

George Stigler has noted (1982a:112) that the scientific study of scien-
tists has been mainly undertaken by sociologists rather than by econo-
mists—there is an organized subdiscipline of sociology called “the sociol-
ogy of science” (Mulkay, 1980), but no organized subdiscipline of eco-
nomics called “the economics of science.” The scarcity of work on this
topic is surprising since the tools of economics might contribute to the
understanding of the behavior of scientists in several ways.

The primary thesis of this review essay will be that the economist’s
utility maximizing model of human behavior and econometric tools for
analyzing data are necessary for anyone who hopes to have a complete
understanding of the advance of science and the behavior of scientists.
Although I hope that this essay will be useful to economists, it is written
to be accessible to non-economists. The essay will have several related
goals. One will be to survey the literature and to examine how far econo-
mists have come in understanding science. A second will be to integrate
what non-economists and economists have learned about the reward
structure of science (including my own research on the economic value
of citations and on the career consequences to scientists of having chosen
a mistaken research project). A third will be to identify the areas where
work remains to be done.

Following Milton Friedman’s (1966) famous distinction between “posi-
tive” and “normative” economics, this research wi.l focus mainly on the
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“positive” side. Positive economics is the part of economics that focuses
on descriptive and causal knowledge as opposed to explicit policy pre-
scriptions. Stigler sometimes justified a focus on positive economics by
saying that whether you are a firefighter or an incendiary, you still need
to know what causes fire. The justification for the focus on positive eco-
nomics in this essay is partly that it allows the project to be narrowed
sufficiently so that it is tractable. But, mainly, the justification is my belief
that only limited progress can be made on normative or prescriptive
issues until a firmer analytic and descriptive foundation has been laid.
More concretely, we are more likely to effectively reform scientific insti-
tutions (or methodologies) when we have a clearer understanding of
which institutions (or methodologies) have been successful in the past.
The case studies that are discussed by the historian, the anthropologist,
and by some sociologists, are important for laying a firm positive foun-
dation. But the economist’s models of individual and institutional behav-
ior and the economist’s tools of systematic data analysis also have some-
thing important to contribute.

Another interpretation of “economics of science” that will largely be
absent from the current research is what might be called “economic im-
pact analysis” of particular (and usually controversial) scientific or tech-
nical developments. A primary exemplar of a study that makes use of
economics in this way is reported by Busch and his colleagues in Plants,
Power, and Profit (1991). While such work is undeniably valuable, it is
different from what I propose to undertake here. Busch is using econom-
ics to understand the impact of some “scientific results,” while we are
using economics to understand “scientists” and “scientific” institutions.

The review essay begins with a survey of the existing literature on
economic explanations of the behavior of scientists and scientific institu-
tions. The human capital and implicit contracts literatures of the behav-
ior of scientists are discussed, the latter elaborated in terms of the issue of
tenure. The most common theoretical economic analysis of the university
is the view that it is best thought of as a nonprofit organization. Variants
of this view are discussed, with special attention to the literature on rent-
seeking in academe.

In the second broad section of the essay, the econometric literature on
the economics of science is discussed in the areas of scientific institutions,
scientific production and earnings functions, and the earnings and status
of minority scientists.

The best known and appreciated research in the economics of science
concerns issues of how science contributes to technology and economic
growth. Theory, case studies and systematic econometric analysis have
all been brought to bear on these issues. Although we will sketch some of
the highlights of this literature in the third broad section of the essay, we
will not do the literature justice. To fully and fairly survey this literature
is not possible because of the space it would require, and perhaps not
necessary because the literature is already visible.
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Economic Theories of Science and Scientists
1. What Is the Scientist After?

The psychic returns from advancing science have long been identified
as one of the primary components in the compensation of scientists. Al-
though Adam Smith was a cynical critic of the scientist’s devotion to
teaching, he was an idealist when it comes to the scientist’s devotion to
advancing the frontiers of knowledge (1976b:124):

Mathematicians, . . ., who may have the most perfect assurance, both of the
truth and of the importance of their discoveries, are frequently very indiffer-
ent about the reception which they may meet with from the public.. .. The
great work of Sir Isaac Newton, his Mathematical Principles of Natural Philoso-
phy, 1 have been told, was for several years neglected by the public. The
tranquility of that great man, it is probable, never suffered, upon that account,
the interruption of a single quarter of an hour.

Even though we now know that Smith was wrong about Newton’s al-
leged indifference to public recognition (see Hall, 1980, passim; Westfall
1980:698-780), Smith may still be correct in his more general claim that
scientists receive psychic returns from the belief that their research is true
and important.

More recently Tullock (1966:34-36) has agreed with Smith that curios-
ity is a primary motivation of some scientists (though many other scien-
tists are paid to be curious, and hence have income as their primary
goal). Usually, however, the economist assumes that the scientist is after
the same things as everyone else: fame and fortune (Levy, 1988). The
assumption is more due to methodological parsimony than to tempera-
mental cynicism. Rather than resort immediately to different values to
explain differences in human behavior, the economist proceeds to see
how much can be explained by differences in constraints. If some differ-
ences persist in resisting explanation in this way, then ultimately it may
be concluded that scientists are really different from the rest of us (per-
haps in intellectual curiosity, or love of knowledge).

Of fame and fortune, economists have undoubtedly emphasized for-
tune most. Ghiselin (1987:271) has exaggerated this focus when he says
that economic studies of science “ . . . have all but ignored the non-pecu-
niary aspects.” In part the emphasis on fortune may be because econo-
misfs see a higher cognitive return in modelling what they hope to ulti-
mately measure. Fortune is more obviously measurable than fame. (The
Merton/Price school of sociology of science may have influenced eco-
nomic studies of science more by showing that fame is measurable
[through number of publications and, more strongly, through number of
citations] than by functional or case-study arguments for “priority of
discovery” as a motivation for the scientist.)
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Other “non-pecuniary aspects,” such as Hagstrom’s emphasis of “gift-
giving” (1965:19) may be less congenial to the economic approach. But
even here, Posner (1988:174-176) has given an economic explanation of
gift-giving as a form of insurance against risk.

2. Human Capital

Much of the modern interest in the economics of knowledge began
with Gary Becker’s analysis of Human Capital (1st edition, 1964). Becker
argued that investment in human skills and knowledge was just as im-
portant a determinant of economic growth and prosperity as investment
in physical capital. He showed how education and on-the-job training
were important determinants of differences in earnings both between
persons and for the same person at different points in the life-cycle. The
theory and evidence were elegantly developed in Mincer’s Schooling, Ex-
perience, and Earnings (1974). These works and a few others initiated a
major change in the field of labor economics, transforming it from a field
concerned mainly with institutional description into one concerned with
the elaboration and testing of models of human behavior.

A survey of some of the traditional economics of education literature
based on the human capital concept can be found in Psacharopoulos
(1987). This literature usually did not explicitly model the behavior of
universities and scientists, but did serve to make the economics of educa-
tion a legitimate topic of scientific research.

An exception, one of the more extended applications of human capital
theory to explain the behavior of scientists, is due to McDowell (1982).
McDowell used data in professional directories and in sources such as
Physics Abstracts to estimate rates of depreciation for knowledge in vari-
ous fields. One use of his estimates is to test the hypothesis that in mid-
or late career, the opportunity cost! of becoming a department chair is
lower for scientists in fields that are advancing rapidly (and hence where
knowledge is depreciating rapidly). He also used his estimates to exam-
ine gender differences in choice of academic discipline and in research
productivity. McDowell argues that, since some women anticipate at least
partial withdrawal from academic research for a part of their child-bear-
ing years, they are likely to choose disciplines, such as the humanities,
where their investments in human capital are less likely to depreciate
rapidly. Using very rough evidence in the form of age-productivity pro-
files, McDowell believes that he sees convincing evidence that the aver-
age research productivity of female scientists temporarily declines be-
tween the ages of 28 and 31 (763-764).

A very different application of human capital theory to the behavior of
scientists appears in “Science as a Rational Enterprise” (Diamond 1978,
1988c). Diamond develops a utility maximizing model of the behavior of
scientists as a response to Kuhn’s claim (1970) that the acceptance or
rejection of theories is an irrational process. Diamond claims that scien-
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tists maximize a function that includes as arguments the scope and el-
egance of scientific theories. Because of different investments in human
capital (in the current theory), scientists may differ in when they accept a
new theory even if the scientists are all rational in the strong sense of
sharing the same values (in this case the scope and elegance of theories).

Human capital theory has also been applied to predict the scientist’s
optimal life-cycle investment in human capital and life-cycle productiv-
ity in terms of quantity and quality of research. These issues have been
addressed both theoretically (Diamond 1984, 1987) and empirically (Dia-
mond 1986a; Simonton 1988a, 1988b; Stephan and Levin 1988, 1992).

Human capital theory is not without its critics among economists. For
example, not all economists agree that the main function of college is to
increase the skills and knowledge (i.e., human capital) of college stu-
dents. Some have suggested (Spence 1973; see also Johnson 1973:33-34)
that the main function of college is to provide a screen that determines
which students will be able to obtain high-paying, challenging jobs.

Wolpin (1977) made a clever test of the screening hypothesis. He com-
pared the level of education of those self-employed in an occupation,
who presumably would have no screening motive to obtain a college
education, with the level of those in the same occupation who were
employed by a firm. He found that both groups obtained roughly the
same level of education. From this he inferred that the main value of the
education consisted in the skills obtained, an inference that supports the
standard human capital account.

Garner has applied the screening model to the case of scientists being
screened for initial employment and subsequent tenure and promotion.
He claims that the common practice of screening on the basis of quantity
of publications “ ... may bias research decisions toward orthodox, low-
risk projects, denying science the bold hypotheses and vigorous competi-
tion necessary for significant advance” (1979:575).

Sharing enthusiasm for the screening hypothesis are Holub and his co-
authors (1991), who hypothesize that most publishing is done in order to
pass a “publish or perish” screen. Based on citation, and other evidence,
they propose an “iron law of articles,” which states that the number of
“important” articles is equal to the square root of the total number of
articles. They conclude that very few published articles provide new and
useful information for readers.

Stigler (1982b) also agrees that many articles do not contain substan-
tive new knowledge. He suggests that rather than serving as a screen, the
research makes the researcher a better teacher by keeping her up-to-date
in the latest methods and substantive developments in the field.

3. Economic Theories of University Behavior

Scientists may be funded by universities, by government, by non-profit
foundations, or may be self-funded out of the scientist’'s own leisure.
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David Colander (1989a:229) made a rough estimate, looking only at as-
signed time for research, that U.S. university funding of economics in
1987 was roughly $250 million. This was approximately 20 times the NSF
support for economics in that year. So it is understandable that those
seeking to understand (and improve) the reward structure for science,
have spent considerable effort studying the behavior and incentive-sys-
tem of universities.

When W.W. Bartley wrote (1990: 114) that universities resemble
“ ... fiefdoms, guilds, cartels, and mutual-protection rackets . . . ” he might
have expected that Adam Smith, the founder of economics, would have
approved of his remarks. Smith believed that because universities such
as Oxford had large endowments, the professors’ income was not related
to how well they taught students. In the modern literature, Hansmann
has returned to the question of why universities have endowments (1990).
He concludes that endowments do not improve intergenerational equity,
but may serve as a buffer against financial adversity and may help pro-
tect the university’s intellectual freedom and reputation.

Smith might have argued in response that “intellectual freedom” is
often a guise for pedagogical indolence. He believed that universities
would be more efficient if they were run like for-profit fencing academies
(1976a:760, 764). In modern times something very like the Smithian vi-
sion of higher education has been advocated by economist Ben Rogge
and philanthropist Pierre Goodrich (Rogge and Goodrich, 1973). They
advocate ending all government subsidies of university education and
propose the abolition of tenure on efficiency grounds. Smith makes some
assumptions that can be disputed. One is that good teaching is readily
measurable and appreciated by the students. Another is that teaching,
and not research, is the sole output of the university. A third is that
professors do not receive direct utility from teaching, but perform it only
to the extent that they are paid for it.

Sherwin Rosen (1987) has returned to Smith’s critique of higher educa-
tion to ask if we would be wise to follow Smith’s advice that an academic’s
salary should be more directly provided from student fees. Rosen con-
cludes that Smith might be right if the only output of the university was
teaching, but not necessarily right if research is also an important output.

The usual argument is that if research is not directly subsidized, or is
not jointly produced with some directly demanded good, such as teach-
ing, then it will be produced below the “socially optimal level.” The
problem is that it is difficult to devise institutions that permit the re-
searcher to receive compensation for the ultimate practical benefits of her
research. This “public good” aspect of the production of science has been
noted early and often (e.g., Nelson 1959:302; and Arrow 1962).

The problem in financing research has been compared by Harry Johnson
with the problem of rewarding those who stock a pond (1972:17; see also
1973). Some fish will never be caught. Even for those that are caught, it is
very difficult to determine how much of the value is contributed by the
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fisherman, how much by those who maintained the pond and how much
by those who originally stocked it. Similarly, pure research produces
ideas that may or may not produce practically useful effects.

Adam Smith may have been the first to focus on possible inefficiencies
in university education due to the reward structure set up by the
university’s status as a non-profit organization. Surveys of recent work
on the economics of non-profit organizations can be found in Weisbrod
(1988, 1989) and Holtmann (1988).

Although economists are not unanimous in their analysis of the profit
maximizing firm (see, e.g., Galbraith 1985; and Williamson 1967), there
tends to be a consensus on the general model that is apt to be most
useful. Unfortunately, no consensus exists on the most fruitful model for
non-profit organizations. This may be because work on non-profits is at
the early stage preceding the development of a general model. Or it may
be because non-profits differ sufficiently among themselves, so that no
general account will fruitfully apply to them all.

Most early accounts, and some recent accounts, emphasize the ineffi-
ciency of non-profit organizations. Some more recent accounts, although
admitting that non-profits may have less incentive to reduce costs, argue
that by responding to various sorts of “market failure” they may be the
most efficient form of organization under some situations.

For example, in some activities output may be very hard to measure,
at least by the consumer of the service. Profit-making organizations may
over-provide measurable aspects of their output as opposed to those
aspects that are not measurable. Of course this problem would also apply
to non-profits under models that do not have the managers caring di-
rectly about the mission of the organization. Some have argued (Ault et
al., 1979, 148; see also W. Becker 1979), for instance, that universities may
over-support research relative to teaching because research is easier to
measure.

Firms are usually assumed to be profit-maximizers. But some econo-
mists, perhaps most notably John Kenneth Galbraith and Oliver E.
Williamson, have argued that the diffusion of stock ownership allows
some managers to pursue objectives besides profits. Following Southwick
(1967), Kesselring and Strein have applied this model of the firm to the
behavior of universities (1986; see also Rothman and Strein 1982). In their
model, university administrators maximize a function of two variables:
the quality of their university and “hierarchical expense,” where “hierar-
chical expense” means “leisure or discretionary power” (104). These util-
ity-maximizing models of the university could be interpreted as being
elaborations of Culyer’s claim (1970) that universities are most fruitfully
viewed as clubs on the Buchanan model (Buchanan 1965; see also Sandler
and Tschirhart 1980).

Another view of universities, often casually expressed, but not yet
fully explored by economists, is that universities are best viewed as la-
bor-managed firms, or as a form of partnership. This view may be what
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Clark Kerr had in mind when he facetiously defined a “university” as “a
series of individual faculty entrepreneurs held together by a common
grievance over parking” (Honan, 1994:16).

4. Implicit Contract Theories

The traditional economic theory of labor markets suggested that, in
any period, workers would receive the value of their productive output
(in technical language: their “marginal revenue product”). Actual com-
pensation in real-world labor markets often has not seemed to corre-
spond with what has been predicted in the traditional theory. It is often
observed, for instance, that the variation in productivity of scientists far
exceeds the variation in their compensation. To account for such anoma-
lies, some economists have contributed to a growing literature some-
times loosely called “implicit contracts theory.” The basic ideas in im-
plicit contracts theory have been well-summarized in Rosen’s (1985) sur-
vey article.

The implicit contracts literature generally argues that on average, over
their life-cycle, workers are paid the value of their marginal product,
although in any single period the worker may be paid more or less. The
models differ in the explanation they offer. One common explanation is
that workers are risk-averse and that the firm provides earnings insur-
ance by paying the worker more than productivity merits during periods
of low worker productivity and less than productivity merits during
periods of high worker productivity. Smith Freeman (1977) specializes
this model to the case of research scientists.

Freeman suggests that scientists are paid higher than their average
productivity early in their careers because their productivity is uncertain,
and they are being insured against the possibility that their productivity
is low. Frank (1984, 1985) has an alternative explanation based on a com-
pensating differentials argument. He argues that scientists (and others)
receive psychic satisfaction from being at the top of the pay distribution,
and receive psychic pain from being at the bottom. In order to accept
employment, the university must offer the “little fish” added compensa-
tion. Conversely, the “big fish” will accept employment at a lower salary
than indicated by productivity alone, because she is receiving psychic
compensation from knowing that she is “big.”

Ransom (1993) offers yet another explanation for the phenomenon. He
argues that because of low mobility (high moving costs) the university is
able to act as a monopsonist (sole hirer of the scientists). In accord with
the well-known economic theory of monopsony, this implies that the
senior scientists would be paid less than if the scientific labor market was
competitive. Newly minted scientists, with lower moving costs, face a
more competitive labor market.

Kahn, Landsburg and Stockman (1996; 1992:510-513) and Landsburg
(1993) assume that scientists are of two qualities, talented and untalented
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(or “good” and “bad,” as Landsburg calls them in his book). They claim
that “ . .. the talented type i scientists, knowing that they are often suc-
cessful, might be willing to risk making novel predictions, while the less
talented type j scientists would elect the safer course of looking first.”
(1992:510) Since scientific institutions are ignorant of whether a scientist
is talented or untalented, the institutions induce the scientists to reveal
their talent. Less prestigious institutions will offer flat salaries that over-
pay for the social value of research. Untalented scientists will choose these
institutions. More prestigious institutions will offer a contingent fee based
on the success of the research. Talented scientists will choose these insti-
tutions. The authors are confident that “ . .. this solution bears some re-
semblance to our casual observations of the real world” (1992:513). Other
researchers whose observations are not quite so casual have observed,
contrary to Kahn and co-authors, that scarce slots at the prestigious insti-
tutions are not allocated on the basis of a scientist’s “choice”: which is to
say that at the offered rate of compensation, there is a surplus of scien-
tists willing to fill the limited number of slots. Alvin Roth (1994) and
Aloysius Siow (1993) have discussed these features of the “real world” in
academic and other labor markets.

Lazear (1996) has specialized some of the implicit contract models that
he and others have developed, in order to find the optimal criteria for an
agency such as the NSF to use in funding research. A primary result of
his analysis is that the NSF should provide a small number of large
grants (as opposed to a large number of small grants), so that the more
able scientists have sufficient incentive to invest heavily in the proposal
process. Another result is that the NSF should reduce the weight it places
on past accomplishment, if it wants to increase the effort put forward by
the more able. Finally, Lazear argues (based on the Black-Scholes model
of option pricing from finance) that for a given expected level of re-
search, the field with the higher variance of research outcomes should be
funded in preference to the field with lower variance. (Yes, he identifies
economics as a field with high variance.)

Lazear’s advocacy of large grants to the able few may not be fully
consistent with his argument elsewhere (1989) that when team produc-
tion allows the opportunity for some members to sabotage the work of
others, the incentive to sabotage is reduced by compressing salary differ-
entials. Accepting this argument of Lazear’s, Ehrenberg and co-authors
conclude (1990) that work environments where sabotage exists are “not
conducive to tournament-type pay structures” (1323). (Discussions of aca-
demic “sabotage” can be found in the sections on “Tenure” and on “Rent-
seeking” that follow.)

Many models of the scientific labor market (e.g., Freeman, Siow, Lazear),
assume differing quality of scientists, initial ignorance of a scientist’s
quality by the scientific institution, and gradual revelation of quality as a
scientist’s research outcomes become known. All recognize, at least as a
casual caveat, that the information in a positive or negative outcome
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depends on how much the outcome was due to ability (or effort) and
how much it was due to chance. Camerer and co-authors (1989:1245-
1246) suggest that, ex post, we systematically exaggerate the predictabil-
ity of outcomes. They base this view on their experimental evidence for
what psychologist Baruch Fischoff calls “hindsight bias.” If hindsight
bias is an important factor, it would seem to imply that scientific institu-
tions misallocate resources by underinvesting in information about the
quality of scientists (i.e., by reaching judgments about quality before qual-
ity has been accurately revealed).

In addition to the authors discussed above, a growing number of econo-
mists in recent years have modeled aspects of the labor market experi-
ence of academic scientists (W. Becker 1975, 1979; Harris and Weiss 1984;
Weiss and Lillard 1982; Diamond 1984; Carmichael 1988; Ito and Kahn
1986; Diamond 1987; Siow 1991, 1993; Diamond 1993b). More general
implicit labor contract models may possibly be specialized to explain
some of the features of the labor market for scientists (e.g., Lazear and
Rosen 1981; Harris and Holmstrom 1982).

5. Tenure and Related Issues

In 1958 Armen Alchian was one of the first economists to try to ex-
plain academic tenure. He argued that in non-profit organizations (in-
cluding many universities) the management has little incentive to reduce
costs, since the savings will not result in higher management salaries (at
least not to the same extent as in for-profit firrns). As a result, Alchian
expects that non-profits will invest more in aspects of the work environ-
ment that make the work environment more pleasant. One of these is job
security, that in the academic world takes the extreme form of tenure.?

As an outgrowth of the implicit contracts literature, several labor econo-
mists in the past several years also have begun to develop models of the
tenure phenomenon in the academic labor market. Abba Schwartz (1988),
for instance, examines the possibility that tenure is a kind of “efficiency
wage,” defined as a higher-than-usual wage that is paid in order to in-
crease the worker’s incentive to be productive.

In a different implicit contracts model of tenure, Carmichael (1988)
argues that faculty are much better informed than is the administration
about the quality of new job candidates. If the size of the current com-
pensation pie is fixed, then the current faculty will suffer salary cuts if
they correctly identify able new hires. Tenure, in the Carmichael account,
provides current faculty a degree of job and salary security that increases
the likelihood that they will correctly identify the best new hires.

Waldman observes (1990) that the awarding of tenure serves as a sig-
nal to outside institutions of the ability of the scientist. The main value to
the scientist is not the salary increase that directly accompanies tenure,
which is often small, but rather the increased salary and mobility that
results from outside offers in response to the signal.



