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Scientific and Technical Human Capital: An Alternative M odel for
Resear ch Evaluation

Abstract:

We provide an dternative modd for evauatiing science and technology projects and
programs. Our gpproach, a "scientific and technica human capitd” (S&T human capitd)
modd, gives less atention to the discrete products and immediate outcomes from
scientific projects and programs- the usud focus of evauaions- and more attention to
scientits career trgectories and ther sustained ability to contribute and enhance their
capabilities.

S&T human cepitd encompasses not only the individud humen capitd
endowments but aso researchers tacit knowledge, craft knowledge, know-how. S&T
human capitd further includes the socid cepitd that scientists continualy draw upon in
cregting knowledge—for knowledge credtion is neither a solitary nor dngular event.  In
sum, it is this expanded notion of human capitd when pared with a productive socid
capital network that enables researchers to create and transform knowledge and ideas in
ways that would not be possble without these resourcess We review literaure
contributing to a S& T human capitd modd and consder some of the practicd data and
measurement issues entailed in implementing such an approach.
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Scientific and Technical Human Capital:

An Alternative M odel for Resear ch Evaluation

1 I ntroduction

An enduring srength of US science and technology policy over the five decades since
war ended its more laissez manifedtation, has been the great diversty and sheer
magnitude of government research and development (R&D) programs and invesments.
These prograns have amassed over time to include a broad range of objectives,
procedures, and designs—some intramurd, others extramura; some large, some smadl;
some academic, some indudrid; some fundamenta, others gpplied. Ther missons and
modes of operation are myriad. While this amorphous collection has yieded rich and
diverse habitais for the growth of science, it has aso provided policy andyss with a
well-stocked laboratory for the development of tools to evaluate R&D programs and
policies—at lead, thet is, in principle.

Despite such inducements to innovation in evaudion practice, advancements in
techniques for evauaing scientific research have been dow to come. For scientids
themsdlves, the one area of R&D evduaion policy that has historicaly enjoyed strong
support has been the incdluson of peer advice in making grant proposd funding decisons
within individua agencies and programs. In fact, the principles of peer review have
become 0 engrained in the cultures of science agencies—such as the (United States)
National Science Foundation and the Nationd Inditutes of Hedth—as to have become

rigid in the eyes of some [1,2,3]. Arguably, the rise of the peer review modd and



grongly held bdiegfs in the sanctity of the individud investigator gpproach have eroded
willingness within the sdentific community to congder nonpeer-based R&D evaudtion
approaches. Moreover, new devdopments in government accountability and
peformance requirements ensure that peer-based evaduations will need to be
supplemented by approaches providing discrete and more "objective’ evauation results.
The U.S. Congress passed the Government Performance and Results Act of 1993 [4],
mandating periodic evauation for al federa agencies and programs, even science-based
ones. This has set off a heated debate about science and technology program evauation,
atopic heretofore restricted to remote channels of academic discourse.

Severd agpproaches have developed as aternatives to peer-based methods for
evduating science and technology (see Bozeman and Mekers [5] or Kostoff, Averch,
and Chubin [6]for an overview). Mot of these have smply been adapted from other
fidds of evaudion, fidds with a more long-ganding tradition. In the United States,
professond evduation of science and technology policy has been dominated by
microeconomic models and their atendant tools, especialy benefit-cost andyss.  These
approaches have a strong apped, focusing as they do on discrete science and technology
outputs such as the number of articles or patents produced in R&D projects, jobs created
by technology transfer programs, and contributions of technology-based economic
development programs to regiona economies. Evauaion rooted in neoclassicd
economics seems to hold forth promise of "harder™ more rigorous anadyss and, thus,
matches well the policymaker's need for judtification of expenditures.  Raiondidt, "new

public management” approaches to government performance, such as is embodied in the



Government Performance and Results Act, seem quite compatible with evaduation based
on microeconomic modes, yielding amonetary value.

While economics-based approaches often prove useful, the focus on the discrete
products of R&D projects places sgnificant limitations on evauation. In the firs place,
the fact that such approaches work best when there are crisp boundaries (eg., a sngle
R&D project) is itsdf a mgor limitation. Second, the tendency to have science and
technology products disembodied from the individuas and socia context producing them
provides an unredigic overlay to evauation. Third, such evduations tend to be datic.
To be sure, many cost-benefit sudies modd streams of benefits over time but they rardy
take into condderation the mutability of the "products’ evauated, much less the changes
in the persons and inditutions producing them. Fourth, product-oriented evauations tend
to give short dhrift to the generation of capacity in stience and technology, and to the
ability to produce sustained knowledge and innovations.

Our god in this paper is to provide an dternative modd for evduating science
and technology projects and programs. Our gpproach, a "scientific and technicd human
copitd” (S&T human capita) modd, gives less atention to the discrete products and
immediate outcomes from scientific projects and programs and more aitention to
scientits career trgectories and their sustained ability to contribute and enhance their
capabilities.

S&T human capitd encompasses not only the individud human cepitd
endowments normdly induded in such modds [7,8], but dso the sum totd of
researchers tacit knowledge [9,10], craft knowledge, and know-how [11]. S&T human

capitd further includes the socid capitd [12,13,14,15] that scientists continudly draw



upon in creating knowledge—for knowledge credtion is neither a solitary nor singular
event. In sum, it is this expanded notion of human capitad when paired with a productive
socid capitd network that enables researchers to creste and transform knowledge and
ideas in ways that would not be possible without these resources. Before daborating out
mode, we firg turn to a brief discusson of the assessment of knowledge and its vaue

which beginsto lay the groundwork for our modd.

2 Research Value

Higorica disagreement over which evaduation tools are best suited to measure the vaue
of R&D outputs and outcomes stems more from what is measured than how. All of the
commonly used modes of R&D evduation—economic anadyses (eg., Link [16,17,18]);
counts of scientific outputs such as published works, citations, patents, and awards (e.g.,
Cozzens [19]); peer judgment (eg., So [20]); and higtoricd case andyses (eg., ITT
[21])—have come under fire for one reason or another at one time or another.

Economic approaches have been criticized for not effectively capturing the
totdity of scientific outcomes. And, in many instances, economic vauation does exclude
uses of knowledge that are not easily captured by markets and their pricing mechanisms
[22]. No matter how valid and reliable are the methodological and andytical means, such
as cost-benefit andyss some dimensons of vaue are inevitably shortchanged [23].
Scentigts intuitively undersand this when they dismiss such dudies as underestimating
some of the most important aspects and implications of ther work.  Furthermore,

economics tends to treat much of the product of science as an externdity, a spillover, or



as a maket “falure” The conception of knowledge in such terms is indicative of the
mismaich between neoclasscd economic theory and knowledge vaue theory, of the
ignus fatuus of the market paradigm as applied to science, and of the raw difficulties
inherent in the act of measurement.

State-of-the-art vaduation often exists as a counterpoint to economic vauation.
This approach, usualy peer-based, may be effective in benchmarking some scientific
output or the development of a technology, but it is not particularly strong a illuminating
use and the implications of use toward socid and economic ends. State-of-the-art
assessments often make use of bibliometric analyses of various typeg24]. The principa
advantage of these approaches is in measuring the productivity of scientiss [24].
Although attempts have been made to address qudity qua productivity, bibliometrics
gengdly fdls short on this criterion.  Findly, while historical case anadyses may provide
rich indghts into the process of knowledge cregtion and its longer term outcomes, they
often fall to generdize in ways useful to more globd- scale policymaking [19].

In generd, these evauation methods tend to be too narrow in defining the unit of
andyss and far too limited in defining their outcomes—focusing genegrdly on ether a
monetary trandation of scientific and technica outputs or the outputs themselves. It is
not what is in these methodologies that is the problem, it is what has been left out. What
is needed is theory that incorporates these points directly into the evaduation modd, not
as patchwork  afterthoughts.

In recent research on the socia and economic effects of R&D projects supported
by the US Depatment of Energy [25,26], we came to the concluson that al of these

R&D assessment methodologies lack  recognition of the socidly-embedded nature of



knowledge credtion; transformation and use and the dynamic, capacity-generating
interchange between human and socid capitd. On this point, Zucker, Darby, and Brewer
[27] found, in dudying the growth of the biotechnology industry, tha the industry has
grown up literdly aound so-cdled scentific superdars of the fidd [28]. It was
investments in basc R&D—many of which were supported by the federd government—
that led to dart-up firms that clustered geographicaly around universities where these
biotech supersars worked. The human capitad capacity generated by government
invesments led to the economic wedth. But, in funding those projects, the government
was not making financial investments, but scientific capacity generating ones. Arguably,
then, public R&D evauation should center not on economic vaue or even improvements
in gtate- of-the-art, but on the growth of capacity [23].

While andyticdly and practicdly more difficult, the most important capacity
gquesions pertan not to individuds or research projects but to entire communities
[29,30,31,32,33,34,35,36]of researchers, technologits and users of scientific and
technical knowledge. In the Research Value Mapping project, our case sudies of
scientific projects helped us to develop the concept "knowledge vaue collectives” A
knowledge vaue collective is a set of individuas connected by their uses of a particular
body of information for a particular type of application [37,38,39]. It is a loosdly coupled
collective of knowledge producers and usars (eg., scientiss, manufecturers, lab
technicians, sudents) pursuing a unifying knowledge god (eg., underdanding the
physicd properties of superconducting materiadls) but to diverse ends (eg., curiosty,
goplication, product development, skills development). The “vaue’ of the knowledge

can be equated with the range and intengty of usesto which it is put.



With respect to S& T human capitd, the primary task in public support of science
and technology is to deveop and nurture the ability of groups (whether networks,
projects, or knowledge vdue collectives) to creste new knowledge uses, not smply to

develop discrete bits of knowledge or technology.

3 Scientific Careers, Human Capital, and the Life Cycles

Life cycde modes [40,41] view the carears of scientigs as a longitudind function of
individud skill levels and various incentives and disncentives to act productively, as
mitigated by the effects of human aging [42,43]. The concept of a career life cycle
originated in human capital theory from an economics tradition that dates to the late
1950s [44] [45]. Human capitd theory sought to rdate investments in human beings
(educetion, training, job and life experiences, persond hedth46]) to an individud’s
eanings trgectory. In brief, the theory podts that a younger ages, individuas will
forego short-term earnings from immediate work in favor of the longer-term potentid
wage gans derived from additiona years of schooling or from other forms of traning
[45,47,7,48,8,49,50,51]. As an individuad—who is assumed to act in utility maximizing
ways—qgrows older, the combined effects of age and ever more truncated career time
horizons act to curtail additiona human capita investments and so declines productivity.

In the scientific life cycde modd, Stephan and Levin [52] [53] report that
scientific productivity, usudly messured in publication or citation counts, follows one of
two generd patterns (depending on scientific discipline): “those in which output declines

with age and those in which output initidly increeses with age and then eventudly
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declines’ (p. 50). Although there is empiricd evidence to support this notion of
diminishing marginad rates of productivity{54], there is dso suspicion that perhaps more
powerful forces than age may be a work. In short, such modes fal to explan much
vaidion in productivity [55], and a multitude of potentidly spurious causd effects have
not yet been ruled out. Stephan and Levin argue that what is lacking in these models is
atention to the research process and the inditutional setting of the process [52]—
something, incidentally, more akin to S& T human capitd.

In human capita theory, both Becker and Schultz recognized the role of scientific
research in human capita formaion. Schultz [49] saw scientific research and education
as "indudries’ that produce new forms of capitd themsdves. He asserted that scientific
research yidds two forms of capitd: that which is tranformed into new skills and human
cgpabilities of economic vaue (human capita), and that which is trandformed into new
materials of economic vaue (nonhuman capital). Becker [48,56] argued that growth in
scientific knowledge has raised the productivity of labor and increased the value of
education and traning as embodied in scientids, technicians, managers, and other
workers.

What is missng from human cgpitd theory and life cycle theory, however, is
recognition of the full range of resources and behaviors that workers bring to their work,
or in our case, scientists bring to their collaborations. Unfortunately, for the most part,
human capitd theory has not advanced far from its origins that were laid out in the early
works of Becker, Schultz, Mincer, and others (see Sweetland [57] or Marginson [58]).
Indeed, further theory development has been passed over by scholas in favor of

empiricd studies that most commonly operationdize the concept as years of education or
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years of work experience and relate education to broad trends of productivity in the
economy. According to Nordhaug [59], human capitd theory gill comes up conceptudly
short:

The substance of human capital has been treated predominantly as a black
box, dthough rough diginctions between invesments in education,
traning, immigration, and hedth-relatled measures have been drawn.
However, it is bascdly the substance of the means of generating human
capital, rather than the subgtance of the human capitd itself that has been
discussed (p. 19).

We agree.  In human cepitd theory, it is far to say, that the human being is
regarded as a knowledge delivery mechanism into which inputs are added in the form of
education and training and outputs are received in units of productivity, higher earnings,
and expanding economic growth. It is the emphasis on the value of knowledge creation,
recombination, transformation, and application process that is missng. The process tha
takes place within the black box is inherently socid, it can be caled capacity generated
by S& T human capitd, and it is missng from theory.

With that said, how can human capita theory be talored to better suit the needs of
an S&T human capitd model? By reating education and experience with earnings and
productivity, human capita theory has contributed a great ded and it has proven itsdf a
useful  economic  concept through  empiricd  andyses time and  agan
[60,61,62,63,64,65,66,67,68]. Yet, for our purposes, it sometimes comes up theoreticaly
short. Its intuitive apped and face vdidity have not yet been trandated into operationd

and theoretical success, at least not within the realm of research evauation [69].



12

4 Human Capital Theory and Resear ch Evaluation

As a tool for research evaluaion and sociology of science, human capitd theory needs
some fleshing out. Human capita theory generdly assumes that there is no variation in
its predominant proxy variable, educationa atanment, among scientigs [70]. S&T
human capitd mugt recognize variation in educational background: even no two physics
degrees are the same, and having a Ph.D. does not trump al other educationa attainment
in our edimation, it merdy adds to it. The forma human capitd of scientigs who
received dl of ther degrees in one discipline is quditativdy different from scientists who
obtained a liberad arts education, followed by master's work in biology, and a Ph.D. in
biochemidry. In addition to curricular differences, scientits are not educated dike
pedagogically and, thus, the tacit foundations of their understanding of science are not
the same.

This tacit dimenson of knowledge as articulated by Polanyi [9] is crucid to S&T
human capitd. "While tacit knowledge can be possessed by itsdf, explicit knowledge
must rely on being tacitly understood and gpplied. Hence dl knowledge is either tacit or
rooted in tacit knowledge" ([10] p.19) [71]. We argue that tacit knowledge is tied to its
broader context and becomes integra to S& T human capitd [72]. S&T human capitd
must be prepared to aticulate the many ways in which scientific careers are built tacitly
and experientidly. Because of the complexity of scientific jobs, it is criticd to assess the
content of the work tha yieds new experiences and competencies. For example, some

sientists  pursue poddoctord  training; some a mix of indudtrid, consulting, and
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academic work experiences;, and others, perhaps, international experiences. Moreover, a
vaigy of activites only indirectly relaed to publication productivity nevertheless
contribute to the work of scientigts. For example, the ability to write successful grant
proposas, manage complex funding streams, attract students and researchers, and
paticipate in professond discourse ae dl dements of S&T human capitd. Human
capitd is itsdf an output of S& T human capitd both in the forma and experientid senses
as wdl as in terms of scientis’s role as teacher, collaborator, and mentor of students.
Findly, human capitd can be conceptudized as a dynamic dement of scientific
production, evolving in plaoned and unplanned ways that leave lagting imprints on
science, inditutions, and other researchers. Careers, even of scientists who do not remain
in the sciences, lave longevity: they are products congantly in the make and remake, and

they are not forged in splendid isolation.

5 Social Networks and Social Capital Theory

Some of the earliet work recognizing the importance of the socia network to science
and stientists was performed by Derek de Solla Price [73] and Diana Crane [74,75] on
the concept of invishle colleges of scientiss—roughly what we cdl knowledge vdue
collectives. Invisble colleges [73,74,75,76,77,78,79] ae built on interpersond
relationships that facilitate various forms of collaboration [80] and communication
among groups of scientists and permit them to exchange ideas and keep tabs on research
within ther own or adjacent fidds. Invisble colleges depat conceptudly from

knowledge vadue collectives or other socid network theorieg81], in that they represent
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the “in-group” or prestige or power group within the fidd—the very core that those on
the outsde seek to emulate and who are enormoudy productive [82,83]. The invishle
colleges and the venues in which they operate—conferences, inditutes, working groups,
electronic  communications—conditute both socid inputs and outputs for individua
scientists as well as science as a whole.  This line of research recognizes that intellectud
and scientific development occurs before, during, and after publication, and stresses that
the dl three are criticd linksin the knomedge chain [84,85,86,73].

Because of logisticd complexities, empiricd work on invisble colleges is rare,
with few exceptions of note. Diana Crane [74,75] examined the communication patterns
of rurd sociologigts in the diffuson of agriculturd innovation. She traced direct and
indirect ties in delermining that a smdl group of productive scientigts are directly
interconnected with one another and attract an outer ring of less (or otherwise) productive
sentigs into indirect communication and influence. Mullins [87] concludes from his
comparison of communication ties among scientigds that disciplinary orientation has
obvious importance, but that scientigs often communicate informaly with scientigs from
other fidds as well. Crane [74], suggests such influences are cultivated by scientists who
wish to mantain exposure to new idess in other areas of science.  She found that
sentigs, in identifying others that influence their work, ae jus as likdy to sdect
scientists outside their disciplinary borders as within.

What is most interesting about the socia network [88] approach for our purposes
no matter how it is cad, is that it places the productivity of individuds in relaion to the
productivity of the larger community of scientits working on Smilar problems.  What

scholars like Price and Crane did not explore, however, is the nature and functioning of
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those links themsdves. Best known for ther congderation of this topic are Mark
Granovetter [89] and Ronald Burt [90,91,92]. Granovetter was interested in explaining
how people get jobs through socid networks and observed that they more often got them
through digant socid relations than proximate. He argued that “wesk ties’ (eg., friend
of a friend) represent socid resources not available through stronger ties (eg., family).
People who have drong ties tend to share mutud friends and professiona contacts,
people with week ties tend not to. “Intuitively spesking, this means that whatever is to be
diffused can reach a larger number of people, and traverse greater socid distance when
passed through week ties rather than strong.” ([89] p. 1366) [93].

In contrast, Burt [90,91,92] examines how entrepreneurid managers acting in
communication networks within and between companies make use of ther postion
within the dructure to their own advantage. Similar to Granovetter, Burt argues that
managers broker and bridge “sructurd holes’ in communication networks thereby
weeding out the redundancy of ther information networks and making themsdves
indigpensable to the organization. “The structurd hole is an opportunity to broker the
flow of information between people and control the form of projects that bring together
people from opposite sdes of the hole” ([92)]).

It was not until the 1980s tha scholars like Bourdieu [94,12,13] and Coleman
[14,15] began referring to “socid capitd.”[95] According to Bourdieu, “socid capitd is
the sum of resources, actua or virtud, that accrue to an individua or group by virtue of
possessing a durable network of more or less inditutiondized relationships of mutud
acquaintance and recognition” ([13] p. 119). Whereas human capitd theory has been

dominated by economic perspectives, socid capital theory has its roots in the sociology
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of community, neighborhood, and family [96,97]. As of yet, few studies have attempted
to gpply the concept to scientific research, some exceptions being Waker, Kogut, and
Shan [98]; Gabbay and Zuckerman [99]; Nahapiet and Ghoshd [100]; [101]; and Dietz
[102].

To Coleman [14,15], socid capitd is not a single entity but a variety of different
socid phenomena that possess some aspect of dructurad relations which  facilitates
actions of individuas or groups. Unlike human capitd which resdes within the brain of
its owner, socid cepitd “inheres’ in relaions between people and therefore cannot, itsdf,
be owned[103]. It is in this public goods cepacity that socid capitd governs human
behavior through the exercise of individud obligations and expectations and community
norms and sanctions [14,15,56,104,105].

For our purposes, we conceptuaize socia capitd as the cooperative glue that
binds collaborators together in knowledge exchange. Like dl forms of capitd, socid
capitd mugt, firg and foremost, be used in order to become useful. Second, it must
exploit the complementary assets of scientists, mentors, students, administrators, and key
community figures who work together toward an agreed upon and mutualy beneficid
end [106]. Third, value must be created through the gppropriation of information into
knowledge in whatever of its many formad and informad manifedtations. Nahepiet and
Ghoshd [100] and Tsa and Ghoshd [107] argue that socid cepitd faclitates the
development of “new forms of associaion and innovative organization. The concept,
therefore, is centrd to our understanding of inditutiond dynamics, innovation, and vaue

cregtion” ([100] p. 245).
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Findly, Coleman's conception of the rdationship between human and socid
cepita serves as a criticd building block of our modd of S&T human capitd. For
Coleman [14,15,56], socid capitd acts to facilitate the exchange of human capitd among
people. A paticularly strong proponent of public education, Coleman demonstrated that
higher levels of socid capitad present in family and school settings was related to lower
levels of school dropouts.  Within the family, even if the parents possess large stocks of
human capitd, the child will not benefit if the socid capitd is absent [14,108,109,110].
We argue that the interplay between socid and human cepitd is so fundamentd, intimate,
and dynamic that nather concept is fully meaningful by itsdf, meking it nealy

impossible in the end to pinpoint where one leaves off and the other one picks up.

6 S& T human Capital and the Qualities of Scientific Work

Let us summarize where these theories leave us.  Firs, scientists do not exist in a socid
vacuum. They are members of various socid inditutions, and they are colleagues & a
vaiety of leves. It does not make sense to separate individud scientists from thelr
individud abilities, time-in-career, and interdependence with others.  We must apply the
dynamic tenson between human and socid capitd in understanding how both continue to
develop over the life of a stientid, the life of work groups, the life of fidds and maybe
even the progress of science.

The evduation of science requires an approach in touch with knowledge of the
socid context of scientific work.  An S&T human capitd modd is firgd a modd of

scientific work and its socid qudities (eg., Bozeman and Rogers [11,37,38,39)]); the
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evduaion methodology flows from this more fundamenta conceptudization.  Much of
this capital, especidly that aspect that is interpersona and socid, is embedded in socid
and professond networks, technologicd communities [111,112], or knowledge vaue
collectives. These networks integrate and shape scientific work, providing knowledge of
sientits and engineers work activity, helping with job opportunities and job mohility,
and providing indications about possble applications for scientific and technicd work
products. Since the production of scientific knowledge is by definition socid, many of
the skills are more socid or paliticad than cognitive.  An increasingly important aspect of
S&T human capitd is knowledge of the workings of the funding inditutions that may
provide resources for one' s work.

Let us emphasize that none of this discounts the more traditiond aspects of
individud scientists tdents, such as the ability to conduct computer smulaions of
geologicd fracture patterns or the ability to draw from knowledge of surface chemisry to
predict chemica reactions in new ceramic materids. Our concept Smply recognizes that
in modern science being scientificaly brilliant is only necessary, not sufficient. In most
fidds, a brilliant scientist who cannot recruit, work with, or communicate with colleagues
or who cannot attract resources or manage them once obtained, is not a heroic figure but
a tenure casudty or one or another variety of underachiever. Moreover, even in the more
focussed concern  of traditiond human cepita—pay levels as surrogates for
performance—we argue that this broader concept is useful. While the variance in income
among Ph.D. holders is less than for the generd population, much variance remains to be
explaned and forma credentids (since there are usudly none beyond the Ph.D.) and

additiond forma education cannot provide much help in the explanation.
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Our S& T human capita modd assumes:

Science, technology, innovation, and the commercid and socid vaue
produced by these activities depends upon the conjoining of equipment,
materid  resources  (induding  funding), organizationd ad inditutiond
arangements for work and the unique S&T human capitd embodied in
individuds.

While the production function of groups is not purdy an additive function of
the S&T human capitd and attendant norrunique eements (eg., equipment),
it resembles dosdy an additive function. (The “missng ingredient” in such
aggregetion is the qudity of the fit of the dements to the production
objectives a hand.)

At any levd (see bdow), from the individud scientist to the discipling fied
or network, the key focus is on capacity and capabilities. What factors
enhance cgpacity, diminish it or amply change the reservoir of cgpabilities
inherent in individuas and groups?

S& T Human Capital asa Multi-Stage M odel

19

Perhaps the best approach to fleshing out a S&T human capitd modd for research

evaduation is to devdop schematics for andyss At the individual S&T human capita

level, the modd includes the endowments (human capitd) of the individuad researcher

(cognitive, knowledge-based, skills-based) and the researcher's socia ties, both direct and

indirect (i.e, socid capitd). At the project S&T human capitd levd, the focus is on the

aggregate of dl project participants endowments and socid ties, as well as the physica
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and economic resources available to a project. Beyond the project and program levels,
one may condder S&T humaen cgpitd in virtudly any socid aggregation including fidd,
aubfied, informa network or discipline. We focus on the knowledge vaue collective
level because of its paticular reationship to questions of cepacity [11,37,38,39]. Each
levd of andlyss is dynamic and functions in response to a st of didinctive drivers and
events. Research evduation may focus on ether leve, examining the capecity (i.e, S&T
human capitd + physcad and economic resources) of the individud, the project (or a
gmilar organizationd unit), and the higher levels of socid organization (eg. knowledge
vaue collective, network, scientific field).

Regardless of the levd of andyds one assumes condantly changing S&T human
capitd indices. In the case of the individua, new ties emerge, new skills develop, but
there are aso decrements in skills and ties as one moves into different fidds and
abandons earlier career work. In the case of the project, smilar changes occur with new
and reformed combinations of project (or organizationa unit) members and new leves
and types of physicd and economic resources. Mogt important—and mogt difficult to
andyze—entire fidds, disciplines, and knowledge vaue collectives can be sad to be
condantly changing with respect to their cgpacity, defined in teems of (1) avalable
economic and physca resources, (2) aggregate S&T human capitd, (3) the
complementarity of S&T human capita, and (4) the patterns of deployment of resources,
including S& T human capitd. We expand on these assumptions in the remainder of the
paper, focusng on the individud- and project-levd only (we treat the knowledge vaue

collective leve in other papers[11,37,38,39].
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8 S& T human capital: The Individual

Figure One provides a modd of the individud's S& T human capitd, showing, within the
"box" (i.e, the individud researcher) unspecified dimensons of cognitive sKills,

scientific and technical subgtantive knowledge, and work-related or craft skills.

8.1 S& T Internal Resources

Let us begin by conddering the "interna resources' of the scientist or technologist. To
represent  those interna resources we have assumed that any individud's scientific
capabilities can be classfied into one or more of three presumably overlgpping internd
resources categories.

1. cognitive skills

2. substantive scientific and technical knowledge

3. contextual skills.

The exact ways in which these cgpabilities relate to one another is, to us, an open
empiricd question, though sudies in the psychology of science have begun to point the
way (eg., Prpic [113], Smonton [114,115]. We are less concerned with the detaled
gpecification of these interna resources than with their recognition as a component of
S&T human capitd. Nevertheess, we can provide a succinct description of each. By
"cognitive <ills' we refer to the those cognitive abilities (such as mathematicd
reasoning, memory, ability to synthesze) that are largely independent of context or, more
likely, interact with context but are not determined by context. The &bilities in the

cognitive skills category pertain to science but not exclusvely to science.  "Subdtantive
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stientific and technicad knowledge' is best described as the type of knowledge one
obtains through forma scientific education and reading-knowledge of particular theories
and explanations, specific experimentd and research findings.  Findly, the category
"context skills' refers to knowledge gained by doing and creating and includes tecit
knowledge, craft skills and knowledge gpecific the desgn and implementation of
goecific research or experimentation plans (such as, for example, building of sngle-
purpose equipment configurations). It is important to emphasize that context kills are
not less vaduable because of thar specificity [116]. Context skills cannot, by definition,
be directly brought to new scientific and technical problems, but they provide the basis
for problem solving heuristics and comprise an action repertoire that is trandferable to
other contexts.

We assume that each of these three overlapping categories of internd resources
has n dimendgons (varying according to the individuad) and that each individud can be
sad to have a "loading’ on each dimenson (possessng more or less of the ability
asociated with that dimension).  Some individuds, generdids, tend to have many more
dimensions, with lower leved loadings, others, specidids, tend to have few dimensions
and load high on a least some of them. Smilarly, there is an expectation of imbaance
among the categories Thus some individuds will typicaly have more capecity (i.e,
more dimengons and higher loadings) in forma knowledge while others will have more
capacity in context-specific knowledge. These levels of capacity typicaly relae to career
trgjectories, such that individuas tend to possess proportionately more forma substantive

knowledge a the beginning of the scientific career and incressng, over time, their
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context knowledge (and perhgpos in many cases subdtituting it for diminishing forma
knowledge [see Groot [117] on depreciation of human capital]).

It is important to note that the capabilities we refer to as internad resources are not
completely coincident with human capitd.  Typicdly, human capitd focuses on forma
educational endowments (see Griliches [118]) for an overview of recent research) and
pays little or no atention to contextua skills and not much more to cognitive skill, even

ones subject to enhancement through training.

82 X T Social Capital

Figure One depicts not only the interna resources of the scientist but aso those externd
resources directly relevant to the production of knowledge and technology—socia capita
and embedded network ties.  The different shapes of nodes implies the convenience of
recognizing quditatively different types of linkeges. Those differences may be based on
the inditutiona setting of the network partner (eg., indudria, academic) or the role (eg.,
entrepreneur, funding agent, scientific colleegue). While we are less concerned at this
point with the drength of ties or the dendty of networks, research on scientists and
technologists and their networks (eg., Meyer-Krahmer [119]; Pickering and King [120];
Congant, Sproull, and Kieder [93]; Beckmann [121]; Liberman and Wolf [122];
Liebeskind, et a., [123]) shows that these and other structural features of the network
may predict network members behavior and, presumably, the accumulation of S&T
human cgpitd. Our point is a Smple one sientits employ a wide variety of network-
mediated resources to enable their work [124] and these resources—this scientific,

technicd and commercid socid capitd—is uniqudy configured for any particular
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sientit.  As  such, it is pat of the uniqgue S&T human capita he or she brings to any
project or work task.

In Figure One, the broken line and shaded area represents the intersection of the
research project with the individud's S&T socid cepitd (network ties) and internd
resources. Our focus is on evduation of research projects and, thus, our socia
organization compass points toward the ways in which the individud's S&T human
capitd tracks agangt the project's boundaries. But any socid configuration can be
mapped againg the individud's S& T human capitd resources to depict their deployment.
A dmila map could be drawvn for a ressarch program, a sngle ressarch study, a

laboratory or virtualy any socia organization or set of socid interactions.

8.3  Individual S& T Human Capital and Life Cycles

An important aspect of the S& T human capitd approach to evauation is recognition of
the evolution of the scientist throughout his or her productive life cycle  Figure Two
represents a pat of the individuad scientis's productive life cycle, focusng specificadly
on ascientific project as atime anchor.

S&T human capitd is congtantly changing. Depending on the individud, there
may be more or fewer dimensons of eech a any paticular point in time and the
individua may "load" & a different leved on the dimengon a any particular point in time.
Thus, a time t the individud may have three dimendons of context skills which, for
example, might include the &bility to operate a combugtion chamber, the ability to

interpret amulations programs, and the ability to insulate burners. At time t+1 those
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skills may be enhanced or diminished or logt; new skills may be added a a particular
levd of cgpability. Smilaly, a any paticular time, we can identify socid ties, direct
and indirect ties with scientific and technica academic colleagues, but dso ties relevant
to the use of scientific and technica knowledge from industria settings.

In Fgure Two, a time t-1 (pre-project) the individud, at least in this example, has
fewer network ties and fewer dimensons of knowledge, skills, and craft. But in time t+1
the individud has more dimensons of knowledge, skills, and craft, and a grester number
of socid ties. In this case, the task for the evalustor would be to determine the
relationship between shiftsin S& T human capita and participation in the project.

The "evaduaion problem" a the individud levd is to determine the extent to
which the project or program has enhanced the S& T human capitd of participants. As a
result of the project, are the participants better able to contribute to future scientific and
technica endeavors? Has thaer S& T human capitd increased, has it increased in ways
for which there is likdy a future demand, and has it increased because of participation in
the poject or program? The laiter issue is methodologically most troublesome.  Since, as
we have dready discussed, the individud's S& T human cegpitd is virtudly in a congtant
date of flux, isolating the influence of projects and programs cannot be done, d least in
mogt indances, with great precison.  But the problem is not quditatively different from
determining the impact of a project on the creation of any other output (such as a
technological device, a research publication, or new jobs). Indeed, determining the
impact of a project on the individud's S&T human capitd will likdy involve fewer
assumptions and a somewhat less complex modd.  More troublesome is determining the

utility of S&T human capitd endowments on future work gnce it is impossible to know
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the skills needed for technologicd advance apat from a knowledge of the advances
themsdves. Once again, however, the task is not quditatively different from tasks
dready undertaken. Human resources planning in stience and engineering is done
routindy, abet through a glass darkly. An S&T human capitd modd renders the glass
no darker and, perhaps, by focusing on a wider array of capacity variables, may even let

in abit more light to the forecadting task.

9 S& T Human Capital at the Project L evel

Figure Three depicts the resources employed for two projects by the entire project team.
A redidic map would, of course, be infinitdy more complicated, but a least this
schematic provides the fundamentd idea  Project teams can be viewed as the
amagamation and "fit" of the S& T human capitd assats of al project members.

One important implication of the S& T human capitd modd s its implications for
management. At the individud levd, the management task is to properly assess the
individud's S&T human capitd and then to ensure that it is deployed in a way tha
maximizes the project's (organization's, program's) goas. Thus, the interna resource
dimensons must be tapped and socid resources must be exploited effectivdy. A
beginning point, then, is a good knowledge of the individud's unique resources as
represented in the S&T human capitd modd. Then more "generic' management
activities become important—providing incentives, digning individua and project gods,
providing funds, equipment and other resources needed to fully exploit S&T human

capitd.
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At the project (or any group) levd, the management task is chiefly one of fitting
together S&T human capitd assets of unique individuas. Once one moves beyond the
individua level, the degree of fit in knowledge, skills, and craft becomes vitd. To wha
extent does the interna resource profile of one project member complement that of
others? Smilarly, the S&T socid capitd aspects of the project become much more
complicated. In the firgt place, there is likely to be some overlap in network ties such that
(in this respect only) the whole may be less than the sum of its pats. Second, the
command and alocation of resources becomes a mgor issue once one focuses on he
project level and, generdly, the management dructure (forma and informa) tekes its
place dongsde S&T human capitd issues  Thus, an S&T human capita-based
evaduation of a project implies a focus on the increment of S& T human capitd (both with
respect to the individud members of the projects and their role in networks or scientific
specidties), but the determinants of S&T human capitd changes are not easly modeded,
flowing as they do, not only from project resources and their deployment but from a
series of complicated precursors which determine ex ante S& T human capitd. For
example, sudies (eg., McGinnis [125]) in the sociology of science have shown that the
productivity of postdoctord research postions are contingent on a variety of precursor

issues including the socid capita the postdoc brings to the new position.
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10 Scientificand Technical Human Capital Evaluation: Data Sour ces

and M easurement | ssues

We have not as yet gpplied a S&T human capitdl modd to actua data accumulated
(though application is underway). Nonetheless, we have a consderable body of empirica
work that led us to the concluson that an S& T human capital modd is required. Having
recently conducted extensve case studies [25,26] of more than 20 public-sponsored basic
research projects we have devel oped some ideas about data requirements.

These diverse case dudies, some set in universties, some in federd laboratories,
some involving large teams of scientits, some just a couple, showed us how much is
missed by focussng on “the products’ or even on sharp boundaries of projects.  For
example, one of case studies [23] showed us that the course of molecular biology has
been drongly influenced by two spouses interacting over a career collaboration that
began with intdlectud discussons and romance in Parisan Left Bank cafes. In another
case, breakthroughs in superconducting materids are best accounted for by the ongoing
rdaions between a team of multidiscplinary scentids held together by an
entrepreneurid - science manager. The development of management, politica, and
network-based <kills in the project were just as important to its outcome as the
educational or cognitive endowments of the parties involved. In ill another case, one
involving devdopment of date-of-the-art software, a work group’s productivity could
only be understood in terms of the entry/exit patterns of laboratory personnd and the
goecific tdents ganed and lost. None of these projects secrets could be revealed via

traditional benefit-cost anadlysis, product metrics, or cost-accounting. Each requires an
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goproach to evduation that (1) is longitudind, (2) examines networks or some other
conceptua apparatus implying socid connection, and is (3) capacity-oriented rather than
product-oriented.

Having outlined a S& T human capitd modd for evaudion, let us consder more
systematicaly the ways in which it differs from related models. Table One contrasts two
models of evaduation and two modes for the sudy of science. One may infer from this
table that the evauation methods flowing from an S&T human capitd modd ae not
radicdly different from other gpproaches but their implications are.

In goplying an S& T human capita approach to evauation, useful data sources can
come from a vaiety of places For example, those wishing to understand the
development of S& T human capitd can examine contracts and the ties they enable [126]
or dructured activity diaries [127]. But sudents of S& T human capitd can use one
important and fertile data source not typicadly used in traditiond human and socid capitd
dudies. the scientis’s curriculum vitae or resume. The CV is a reasonably standard
means of recording career guideposts and accomplishments. It provides an excellent
source of information pertinent to career trgectories and, when accompanied by probing
guestionnaires or interviews, can give an account of both the “what” questions and “why”
questions as wdl. Most important, the CV is readily avallable. Many scientists provide
them online in web pages but even if not dready publicly available, scientists customearily
provide their ready-to-distribute CVs without any “talloring” or additional burden beyond
putting them in an envelope or an emall atachment. Nor is ther much need for taloring
in mogt cases. The information in a CV is exactly what one would wish in an andyss of

S&T human cepital and scientific careers. It may not be utterly complete. For example,
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it typicdly says little about the acquistion of tacit knowledge or about particular
interactions with commercia usars.  But it dmost dways is a good darting point for
gathering information about how the scientist tas developed S& T human capital. It dso
provides some information relevant to network andyss by giving a lig of collaborators
and student advisees.

The CV is only a dating point. To measure capecity in projects, groups,
networks, and knowledge value collectives, one must examine ties. These are reveded to
a limited extent though the unobtrusve measures of citation and patent andyss but many
vitdly important ties are not reflected in formdly discernible collaboration patterns.
Thus, interviews and questionnaires are likely an indispensable aspect of S&T human
capita evauetion.

The S&T human capitd approach is inherently longitudind and focuses on
longer-term changes in capacity. In some cases it is even amenable to retrospective
andyss (eg., by examining the guideposts provided in curriculum vitag).  If one takes
an event history perspective on S&T human capitd, one is drawn to the critical events

that shape the productivity of individuas and groups over lifetimes.

11  Conclusions

The complexities of an S&T human capitd approach to evauation ae prodigious
because the approach is holigic. Rather than focusing on discrete products produced by
projects, the focus is on the capacities generated by projects which, in turn, require

knowledge of the full complement of human resources brought into the project and some
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idea as to the determinants of those resources. This capacity can either be appreciated on
its own grounds or it can be interpreted as a set of scientific and technica footprints that
say more, not only about knowledge vaue than would traditiond monetary vauation of
outputs, but of science policy investment-vaue than would date-of-the-at vauaion or
any other of the host of traditiond gpproaches. This is inherently a more difficult task
than enumerating discrete products or even counting the market vaue (or shadow prices)
of discrete products.  Thus, given the difficulties of the S& T human capitd modd for
evauation, why pursueit?

The S&T human capitd mode for evaduation seems to have a least four
advantages (1) it deds with the life cycle dynamics and the evolution of scientific and
technica fidds, (2) it conforms more closdly to scientists own conceptions of their work
and exploits knowledge developed in the socid sudy of science, (3) it can act as a
counterweight againgt policymakers needs to "rush to judgment,” (4) it provides an
dternative based on something other than monetized vaue of science.

R&D evduaions usng other modds and assumptions raredly enter into
condderation the dynamism of scientific careers and scientific and technical networks.
The S&T human cepitd modd inexorably draws dtention to the change dynamics of
individud scientits and technologists and the socid organizations in which the work is
performed. Other gpproaches, including those based on microeconomic theories of value,
pay little or no atention to "the long run" or to change dynamics except as they pertain to
edimating streams of economic benefit over time.

A second advantage of the S&T human cepitl model of evaudion is that it

conforms to scientists and engineers concepts of their work, at least as described in
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socid dudies of science. With the possble exception of some industry-based R&D
projects, scientists do not see their careers in terms of particular products developed for
paticular purposes but more often view ther work as reatively seamless and
interconnected.  Those interconnections rardy track well againgt specific forma projects
and programs. Indeed, our own dudies [25,26] show that researchers often cannot
partition their work according to project or funding agent.

A third advantage is that the S& T human capitdl modd provides an dterndive to
evauation approaches that require monetized vdue. While it is certainly gppropriate to
edimate the returns from research in economic terms, everyone involved in research and
ressarch evaluaion readily accepts the limitations of assessments based exclusvey on
narrow conceptions of economic value. An approach based on andyss of capabilities
can, of course, present new possihilities for assessng economic vaue [128], but clearly a
S& T human capital modd can stand on its own.

Finadly, there is a practicd politicad advantage to a S& T human capitd model—it
provides an approach that cannot possbly be datic and camot ignore the time
requirements of projects and programs. Policymakers have pressures for quick results
but often recognize the difficulties of goplying a "what-have-you-done-for-me-lady”
goproach to evduating science. By pursang an S&T human capitd model, perhaps as a
companion to a more conventional approach, policymakers have an dternative to quick

results—demonstrable improvements in capacity.



33

References and Notes

10.

11.

12.

13.

14.

15.

Roy, R. (1984), 'Alternatives to review by peers. A contribution to the theory of
scientific choice Minerva 22, No.3-4, pp.316-328.

Roy, R. (1985), 'Funding science: The real defects of peer review and an
dternativetoit,’ Science, Technology, & Human Values 10, No.3, pp.73-81.

Goodstein, D. (1995), 'Peer review after the big crunch,” American Scientist 83,
No.Sept-Oct, pp.401-402.

103rd Congress (1993), ‘Government Performance and Results Act of 1993,
Public Law 103-62,

Bozeman, B. and Mdkers, J. (1993), ' Evaluating R& D impacts. Methods and
practice,' Boston, Kluwer Academic Publishers.

Kostoff, R., Averch, H., and Chubin, D. (1994), 'Research impact assessment:
Introduction and overview,' Evaluation Review 18, No.1, pp.3-10.

Becker, G. (1962), 'Investment in human capital: A theoretica analyss,' Journal
of Palitical Economics 70, No.5, pp.S9-$49.

Schultz, Theodore W. (1963), 'The economic value of education,” New Y ork,
Columbia University Press.

Polanyi, M. (1967), The tacit dimension,' London, Cox & Wyman.

Polanyi, M. (1969), 'The logic of tacit inference. Knowing and being," London,
Routledge & Kegan Paul.

Bozeman, B. (1986), The credihility of policy andyss. Between method and
use.,' Policy Sudies Journal 14, No.4, pp.519-539.

Bourdieu, P. (1986), The forms of socid capitd,’ In Richardson, J. G. ed.,
Handbook of theory and research for the sociology of education New Y ork,
Greenwood.

Bourdieu, P. and Wacquant, L. (1992), 'An invitation to reflexive sociology,'
Chicago, University of Chicago Press.

Coleman, J.C. (1988), 'Socid capitd in the creation human capitd,” American
Journal of Sociology 94, pp.S95-S120.

Coleman, J.C. (1990), 'Foundations of social theory," Cambridge, The Belknap
Press of Harvard University Press.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Link, A. (1987), 'Technological change and productivity growth,” New Y ork,
Harwood Academic Publishers.

Link, A. (1996), 'Evaluation public sector research & development,’ New Y ork,
Greenwood.

Link, A. (1997), 'Early stage impacts of the printed wiring board. Report to the
Advanced Technology Program,’

Cozzens, S., Popper, S., Bonomo, J., Koizumi, K., and Flanagan, A. (1994),
'‘Methods for evaluating fundamental science. Report prepared for the Office of
Science and Technology Policy,” RAND Coporation, Critical Technologies
Indtitute.

So, C.Y K. (1998), ‘Citation ranking versus expert judgment in evaluating
communication scholars. Effects of research specidty Sze and individud
prominence,’ Scientometrics 41, No.3, pp.325-333.

lllinois Indtitute of Technology (11T) Research Indtitute (1968), "'Technology in
retrospect and critical eventsin science,' Washington, Nationa Science
Foundation.

Tolley, G. S. and Fabian, R. G. (1998), 'Issues in improvement of the valuation of
non-market goods," Resource and Energy Economics 20, No.2, pp.75-83.

Bozeman, B. and Rogers, J. (1998), 'Knowledge vaue collectives: A theory of
research evaluation,” Submitted for Publication. [sdrent.pp.gatech.edu/bes)

vanRaan, A. F. J(1996), 'Advanced bibliometric methods as quantitative core of
peer review based evauation and foresight exercises,” Scientometrics 36, No.3,
pp.397-420.

Bozeman, B. and et d. (1999), 'The Research Value Mapping Project:
Qualitative--quantitative case studies of research projects funded by the Office of
Basic Energy Sciences. Final report to the Department of Energy, Office of Basic
Energy Sciences.,’ Atlanta, Georgia Indtitute of Technology.

Bozeman, B., Roessner, J. D., Rogers, J,, and Klein, H. (1997), 'The R& D Value
Mapping Project: Annual Report, 1997. Report to the Department of Energy,
Office of Basic Energy Sciences.,” Atlanta, Georgia Indtitute of Technology.

Zucker, L. G., Darby, M. R., and Brewer, M. G. (1998), 'Intellectud human
capitd and the birth of US biotechnology enterprises,’ The American Economic
Review 88, No.1, pp.290-306.

Zucker, L. G., Darby, M. R., and Armstrong, J. (1998), ‘Geographically localized
knowledge: Spillovers or markets?, Economic Inquiry 36, No.1, pp.65-86.



29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

35

Cdlon, M., Courtid, J. P., Crance, P., Laredo, P., Mauguin, P., Rabeharisoa, V.,
Rocher, Y. A., and Vinck, D. (1991), 'Tools for the evauation of technological
programmes. An account of work done at the Centre for the Sociology of
Innovation," Technology Analysis & Strategic Management 3, No.1, pp.3-41.

Cdlon, M. and Law, J. (1989), 'On congtruction of sociotechnica networks:
Content and context revisited,’ Knowledge and Society: Studies in the Sociology
of Science Past and Present 8, pp.57-85.

Callon, M. (1991), 'Techno-economic networks and irreversibility,' In Law, J. ed.,
A sociology of monsters. Essays on power, technology and domination

Cdlon, M. (1992), 'The dynamics of techno-economic networks, In Coombs, R.,
Saviatti, P., and Wash, V. eds., Technological change and company strategies
London, Academic Press.

Cdlon, M. (1993), 'Variety and irreversbility in networks of technique
conception and adoption,’ In Foray, Dominique and Freeman, Christopher eds.,,
Technology and the Wealth of Nations London, Francis Pinter.

Cdlon, M. (1994), 'Four models for the dynamic of science,' In Jasanoff, S. and et
al. eds., Handbook of science and technology studies London, Sage.

Cdlon, M. (1997), 'Anaysis of drategic reations between firms and universty
|aboratories,' Conference on the Need for a New Economics of Science, Notre
Dame.

Liyanage, S. (1995), '‘Breeding innovation clusters through collaborative research
networks," Technovation 15, No.9, pp.553-567.

Bozeman, B. and Rogers, J. (1999), 'Strategic management of government-
sponsored R& D portfalios. Project Outputs and " Scientific and Technical Human
Capitd", Submitted for publication. [sdrcnt.pp.gatech.edu/bes)

Bozeman, B. and Rogers, J. (1999), 'Knowledge vaue collectives. A capacity-
focused dternative for research evauation,” Submitted for publication.
[sdrent.pp.gatech.edu/bes]

Rogers, J. and Bozeman, B. (1999), "Knowedge vaue dliances’: An dternative
to R&D project evauation,” Submitted for publication. [sdrcnt.pp.gatech.edu/bes]

Elder, G.H. J. (1994), 'Time, human agency, and socia change: perspectives on
the life course,' Social Psychology Quarterly 57, pp.4-15.

Elder, G.H. Jr. and Pavalko, E. K. (1993), 'Work careersin men's later years
trangitions, trgjectories, and historica change,' Journal of Gerontology 48, No.4,
pp.S180-S191.



42.

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

55.

56.

36

Diamond, A.M. (1984), 'An economic modd of the life-cycle research
productivity of scientists,’ Scientometrics 6, No.3, pp.189-196.

Diamond, A.M. (1986), 'The life-cycle research productivity of mathematicians
and scientigts," Journal of Gerontology 41, No.4, pp.520-525.

We recognize that the intellectua foundations of human capital trace back to 18"
century Britain. For agood historical review of human capita theory, see Kiker,
1971 and/or Swestland, 1996.

Mincer, J. (1958), 'Investment in human capita and persona income didtribution,’
Journal of Political Economy Aug,

Schultz (19714), in his definition of human capita dso includes migration
patterns, which to us seems to pose something of an attribution problem.

Mincer, J. (1997), The production of human capital and the life cycle of earnings:
Variations on atheme," Journal of Labor Economics 15, No.1, pp.S26-$47.

Becker, G. (1964), 'Human capital: A theoretical and empirical analysis, with a
special reference to education,’ Chicago, University of Chicago Press.

Schultz, T.W. (1971), 'Investment in human capital,’ In Kiker, B. F. ed.,
Investment in human capital Columbia, University of South Carolina Press.

Bartel, A.P. and Sicherman, N. (1993), "Technol ogica-change and retirement
decisons of older workers,' Jounal of Labor Economics 11, No.1, pp.162-183.

Heckman, J. and Vytlacil, E. (1998), 'Insdrumenta variables methods for the
correlated random coefficient modd-- Estimating the average rate of return to
schooling when the return is correlated with schooling,’ Journal of Human
Resources 33, No.4, pp.974-987.

Stephan, P.E. and Levin, S.G. (1997), 'The critical importance of careersin
collaborative scientific research,’ Revue d'Economie Industrielle 79, pp.45-61.

Levin, S.G. and Stephan, P.E. (1991), 'Research productivity over the lifecyde:
Evidence for academic scientists,” American Economic Review 81, No.1, pp.114-
132.

Reskin, B.F. (1977), 'Scientific productivity and the reward structure of science,’
American Sociological Review 42, June, pp.491-504.

Stephan, P.E. (1996), The economics of science,' Journal of Economic Literature
34, pp.1199-1235.

Coleman, J.C. (1993), The impact of Becker, Gary on sociology,” Acta
Sociologica 36, N0.3, pp.169-178.



57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

37

Sweetland, S.R. (1996), 'Human capital theory: Foundations of afidd of inquiry,
Review of Educational Research 66, No.3, pp.341-359.

Marginson, S. (1997), 'I's economics sufficient for the government of education?,
New Zealand Journal of Educational Studies 32, No.1, pp.3-12.

Nordhaug, O. (1993), 'Human capital in organizations. Competence, training,
and learning," New Y ork, Oxford Universty Pressfor Scandinavian University
Press.

Mankiw, N.G., Romer, D., and Well, D.N. (1992), 'A contribution to the empirics
of economic growth,’ Quarterly Journal of Economics 107, pp.407-437.

Romer, P.M. (1999), 'Endogenous technological change," Journal of Palitical
Economy 98, No.5, pp.S71-S102.

Lucas, R.E. Jr. (1988), 'On the mechanics of economic development,’ Journal of
Monetary Economics 22, pp.3-42.

In, F. and Doucouliagos, C. (1997), 'Human capita formation and US economic
growth: A causdity andyss' Applied Economic Letters 4, pp.329-331.

Behrman, J., Kletzer, L., McPherson, M., and Schapiro, M. O. (1998),
'Microeconomics of college choice, careers, and wages,” Annals of the American
Academy of Political and Social Science N0.559, pp.12-23.

Dinopolous, E. and Thompson, P. (1999), 'Reassessing the empirical vaidity of
the human capitd augmented neoclassica growth mode,' Journal of Evolutionary
Economics 9, No.1, pp.135-154.

Gemmell, N. (1995), 'Endogenous growth, the Solow Modd and human capita,’
Economics of Planning 28, No.2-3, pp.169-183.

Grammy, A.P. and Assane, D. (1997), 'New evidence for an effect of human
capital on economic growth,” Applied Economic Letters 4, No.2, pp.121-124.

Veum, JR. (1999), Training, wages, and the human capita modd," Southern
Economic Journal 65, No.3, pp.526-538.

Roy, U. (1997), 'Economic growth with negative externditiesin innovation,
Journal of Macroeconomics 19, No.1, pp.155-173.

Allen, T. J. and Katz, R. (1992), 'Age, education and the technical ladder,' |IEEE
Transactions on Engineering Management 39, No.3, pp.237-245.

Senker, J. (1997), The contribution of tacit knowledge to innovation, Al &
Society 7, pp.208-224.



72.

73.

74.

75.
76.

77.

78.

79.

80.

81.
82.

83.

85.

86.

87.

38

Choo, C.W. (1998), 'The knowing organization: How organizations use
information to construct meaning, create knowledge, and make decisions,’ New
Y ork, Oxford, Oxford University Press.

Price, D.J. de Solla (1963), 'Little science, big science,’ New Y ork, Columbia
Univerdty Press.

Crane, D. (1968), 'Socid dructurein agroup of scientigs: A test of the "invisble
college" hypothesis' American Sociological Review 34, pp.335-352.

Crane, D. (1972), 'Theinvisible college,' Chicago, University of Chicago Press.

Chubin, D. (1985), '‘Beyond Invisble Colleges: Ingpirations and aspirations of
post-1972 socid studies of science,” Scientometrics 7, N0.3-6, pp.221-254.

Carley, K. M., Hummon, N. P., and Harty, M. (1993), 'Scientific influence--An
andysis of the main path structure in The Journa of Conflict-Resolution,’
Knowledge-Creation Diffusion Utilization 14, No.4, pp.417-447.

Hummon, N.P. and Carley, K.M. (1993), 'Socia networks as normal science,’
Social Networks 15, No.1, pp.71-106.

Persson, O. and Beckmann, M. (1995), ‘L ocating the network of interacting
authors in scientific specidties,” Scientometrics 33, No.3, pp.351-366.

Katz, J.S. and Martin, B.R. (1997), 'What is research collaboration?,’ Research
Policy 26, No.1, pp.1-18.

Pyka, A. (1997), 'Informd networking,” Technovation 17, No.4, pp.207-220.

Price, D.J. de Sollaand Beaver, D.D. (1966), 'Collaborationin aninvisble
college American Psychologist 21, pp.1011-1018.

Faudt, K. (1997), 'Centraity in affiliation networks,' Social Networks 19, No.2,
pp.157-191.

Merton, R.K. (1957), 'Prioritiesin scientific discovery: A chapter in the sociology
of science,’ American Sociological Review 22, pp.635-&.

Merton, R.K. (1973), "The sociology of science: Theoretical and empirical
investigations,” Chicago, Universty of Chicago.

Merton, R.K. (1993), 'On the shoulders of giants: A Shandean Postscript,’
Chicago, University of Chicago Press.

Mullins, N.C. (1968), 'The distribution of socid and cultural propertiesin
informa communication networks among biologicd scientigts' American
Sociological Review 33, pp.786-797.



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

39

DeBresson, C. and Amesse, F. (1991), 'Networks of innovators: A review and
introduction to the issue," Research Policy 20,

Granovetter, M.S. (1973), 'The strength of wesk ties,;” American Journal of
Sociology 78, No.6, pp.1360-1380.

Burt, R.S. (1992), 'Sructural holes. The social structure of competition,’
Cambridge, London, Harvard University Press.

Burt, R.S. (1997), 'A note on sociad capital and network content,” Social Networks
19, No.4, pp.355-373.

Burt, R.S. (1997), The contingent vaue of socid capital,” Administrative Science
Quarterly 42, pp.339-365.

Congant, D., Sproull, L., and Kieder, S. (1996), 'The kindness of strangers. The
usefulness of dectronic weak ties for technica advice,' Organization Science 7,
No.2, pp.119-135.

Bourdieu, P. (1980), 'Le capital socide: Notes provisaires,' Actes de la Recherche
en Sciences Sociales 3, No.2-3,

For agood overview of socia capital theory, see Portes (1998). For an historical
review, see Wall, Ferrazzi, and Schryer (1998).

Putnam, R.D. (1993), 'Making democracy work: Civic traditions in modern Italy,’
Princeton, Princeton University Press.

Boix, C. and Posner, D.N. (1998), 'Socid capitd: explaining its origins and
effects on government performance,’ British Journal of Political Science 28,
pp.686-693.

Waker, G., Kogut, Bruce, and Shan, Weijian (1997), 'Socid capitd, structural
holes and the formation of an industry network,” Organization Science 8, No.2,
pp.109-125.

Gabbay, SM. and Zuckerman, E.W. (1998), 'Socid capitd and opportunity in
corporate R& D: The contingent effect of contact density on mobility
expectations,’ Social Science Research 27, No.2, pp.189-217.

Nahapiet, J. and Ghoshal, S. (1998), 'Socia capitd, intellectua capital, and the
organizationa advantage,’ Academy of Management Review 23, N0.2, pp.242-
266.

Fountain, J.E. (1998), 'Socid capitd: Its relaionship to innovation in science and
technology,” Science and Public Policy 25, No.2, pp.103-115.



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

40

Dietz, J.S. (1999), ‘The role of socid capital in research competitiveness,
Unpublished Manuscript. [sdrent.pp.gatech.edu/bes]

Brehm, J. and Rahn, W. (1997), 'Individua-leve evidence for the causes and
consequences of socia capital,” American Journal of Political Science 41, No.3,
pp.999-1023.

Edwards, B. and Foley, M.W. (1998), 'Civil society and socid capital beyond
Putnam,’ American Behavioral Scientist 42, No.1, pp.124-139.

Spagnolo, G. (1999), 'Socid relations and cooperation in organizations,’ Journal
of Economic Behavior & Organization 38, No.1, pp.1-25.

Sandefur, R.L. and Laumann, E.O. (1998), ‘A paradigm for socid capital,’
Rationality and Society 10, No.4, pp.481-501.

Tsai, W.P. and Ghoshdl, S. (1998), 'Socid capitd and vdue cregtion: Therole of
intrafirm networks," Academy of Management Journal 41, No.4, pp.464-476.

Carbonaro, W.J. (1998), ‘A little hep from my friend's parents. Intergenerationa
closure and educationa outcomes,” Sociology of Education 71, No.4, pp.295-313.

Teachman, JD., Paasch, K., and Carver, K. (1996), 'Social capital and dropping
out of school early," Journal of Marriage and the Family 58, No.3, pp.773-783.

Teachman, J.D., Paasch, K., and Carver, K. (1997), 'Socid capitd and the
generation of human capitd,’ Social Forces 75, No.4, pp.1343-1359.

Debackere, K. and Rappa, M.A. (1994), 'Technological communities and the
diffuson of knoweldge--A replication and vaidation, R& D Management 24,
No.4, pp.355-371.

Debackere, K., Clarysse, B., Wijnberg, N.M., and Rappa, M.A. (1994), 'Science
and Industry--A theory of networks and paradigms,’ Technology Analysis &
Strategic Management 6, No.1, pp.21-37.

Prpic, K. (1994), 'The sociocognitive frameworks of scientific productivity,’
Scientometrics 31, No.3, pp.293-311.

Simonton, D.K. (1992), 'The socid-context of career success and course fro 2,026
scientigts and inventors,' Personality and Social Psychology Bulletin 18, No.4,
pp.452-463.

Simonton, D.K. (1997), 'Crestive productivity: A predictive and explanatory
model of career trgectories and landmarks,' Psychological Review 104, No.1,
pp.66-89.



116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Barley, SR. and Bechky, B.A. (1994), 'In the backrooms of science--Thework of
technicians in science labs Work and Occupations 21, No.1, pp.85-126.

Groot, W. (1998), 'Empirical estimates of the rate of depreciation of education,’
Applied Economic Letters 5, N0.8, pp.535-538.

Griliches, Z. (1997), 'Education, human capitd, and growth: A persond
perspective,’ Journal of Labor Economics 15, No.1, pp.S330-S344.

Meyer-Krahmer, F. (1998), 'Science-based technologies: University-industry
interactions in four fieds' Research Policy 27, N0.8, pp.835-851.

Pickering, JM. and King, J.L. (1995), 'Hardwiring Week Ties -
Interorganizational Computer-M ediated Communi cation, Occupationa
Communities, And Organizationd- Change,' Organization Science 6, No.4,
pp.479-486.

Beckmann, M.J. (1994), 'On knowledge networks in science--Collaboration
among equas,’ Annals of Regional Science 28, No.3, pp.233-242.

Liberman, S. and Wolf, K.B. (1997), 'The flow of knowledge: Scientific contacts
in forma mestings,’ Social Networks 19, No.3, pp.271-283.

Liebeskind, JP., Oliver, A.L., Zucker, L., and Brewer, M. (1996), 'Socia
networks, learning,and flexibility: Sourcing scientific knowledge in new
biotechnology firms' Organization Science 7, No.4, pp.428-443.

Hitchcock, M.A., Bland, C.J., Hekelman, F.P., and Blumenthd, M.G. (1995),
'Professiond networks: The influence of colleagues on the academic success of
faculty,” Academic Medicine 70, No.12, pp.1108-1116.

Long, JS. and McGinnis, R. (1985), 'The effects of the mentor on the academic
career,” Scientometrics 7, No.3-6, pp.255-280.

Lahlou, S. (1997), 'Measuring network effects of European stimulation/science
programmes,’ In Cadlon, M., Laredo, P., and Mustar, P. eds,, The strategic
management of research and technology: Evaluation of programmes Paris,
Economica

Allen, T.J. (1977), 'Managing the flow of technology,’ Cambridge, MIT Press.

Davern, M. (1999), 'Socia networks and economic sociology: A proposed
research agenda for a more complete socid science,’ American Journal of
Economics and Sociology 56, No.3, pp.287-302.

41



Table One. Contrasting Modesfor Analysis of Scientific Productivity

42

Character- | Individualist | Individualistic: | Social: Social:
istics of ic.: Human Output Networ k S& T human
Model Capital Evaluation Analysis capital
of Scientists
- ! ! | |
Focal Income or Scientific Citations, Productivity of
Dependent | statusas outputssuchas | communication | (groups, collectives
Variables derived from publications, interactions and networks) in
formd patents, terms of ahility to
education and | dgorithms produce knowledge
training and new
gpplications of
knowledge
Preferred Econometrics | Varied, Sociometrics, Multiple, incdluding
Analytical /production induding citation SOCiometrics,
Techniques | function (eg. | bendfit-cost andyss citetion andysis,
Cobb- andyss, case supplemented by
Douglas) studies, case dudiesand life
ctations course studies
[llustrative | Becker Kingdey, Crane (1969); | SeeBozeman and
Studies Bozeman and Allen (1977) Rogers, 1998
Coker (1995)
Chief Limited De-emphasizes | Limited utility Codly; difficult to
Limitations | gpplicability socid fluidity for policy identify boundary
to post-Ph.D. | of science, evauation, rules
scientigts, longitudind minimel
income as component inditutional
productivity difficult to components,
messure account for normative
criteriaoften
unclesar
Chief Precision, Conformsto Providesgood | Useful for capacity-
Advantages | formdization | policymakers explanationsof | oriented anaysis,
and managers the socid conformsto
evaudion dynamics of contemporary
expectations science socid milieu of
science, enables
longitudind
andyds




Figure One. Individual Level STHC

L egend
....................... Wesk Tie
—  Strong Tie
_______ Project Boundary

Indtitutiona Settings
UAO (e.g., academia,

indugtry, government)

I ) Rdles(eg., entre-

preneur, funding
agent, colleague)




Cognitive + 1 \\ Cognitive + 1 + Cognitive
Skills s _ ] skins + Skills
Knowledge 41 > Knowledge 41T > Knowledge
Craft Skills __“T Craft Skills __““Jr Craft Skills
Team Member (t - Team Member (t)| Team Member (t +
L egend
Wesk Tie
——  Srong Tie
"""" Project Boundary
Indtituti i
[JAO (eg., a:%nfemsg,t n%ustry,
government)
Figure Two. Life Cycle: Individual STHC |1 Roles(eg, entre-
preneur, funding agent,
colleague)




L \ CognitiVe +_
~—__ Skills

Resear ch Project

Q T Knowledge T-- 1T

Craft Skil |ér T—- +

Figure3. Project Level STHC

45

L egend
....................... Wesk Tie
——  SrongTie
_______ Project Boundary
UAO e ™
industry, government)

) Roles(eg, entre-
preneur, funding

agent, colleague)




