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Summary

The research described in this renewal proposal examines the impact of government-sponsored
R&D in the development and diffusion of “scientific and technical human capital.” Scientific and technical
(S&T) human capital includes the skills, know-how, “tacit knowledge,” formal training and
social/professional resources embodied inindividual scientists. Economists measure human capital in terms
of such surrogates as wages and market demand, but scientists and engineers ply their human capital
routinely in their work. Generally, economists focus on formal educational attainment but pay no heed to
human capital increments occurring after the award of the highest degree (Becker, 1993). Our concept
focuses on the full range of human capital (including formal and informal training after the terminal degree)
and the social capital-based professional and normative ties that shape scientists’ work. Thus, S& T capital
isthat it isthe reservoir of knowledge, both technical and social, scientists bring to their work.

Much of S& T human capital, especially that aspect that is interpersonal and social, is embedded in
social and professional networks. These networks integrate and shape scientific work, providing knowledge
of scientists' and engineers work activity, helping with job opportunities and job mobility and providing
indications about possible applications for scientific and technical work products.

We hypothesize that BES-sponsored projects and user facilities contribute significantly to the
development and diffusion of S& T human capital and, thereby, the capacity of the nation to produce
scientific discoveries, to innovate and to harness scientific and technological products to economic growth.

The proposed research seeks to:

1. Identify the S& T human capital components of selected projects and BES-sponsored user facilities;

2. To track the diffusion of S& T human capital, as embodied in the individuals involved in projects
(“project graduates”) and user facilities (“user facility graduates”);

3. To examine theimpacts of the work from projects and user facilities and to associate these impacts with
development of S& T human capital;

4. To determine the linkage of “project graduates’ (and “user facility graduates’) to networks composed
of the producersand users of science and technology and the capacity they bring to the networks.

The analysis is accomplished by gathering two types of data: (1) resumes and curriculum vitae from
scientists who have been supported by BES-funded projects or participated in user facilities, and (2)
responses from an Internet-based questionnaire examining scientific accomplishments, career trajectories
and dynamics. Particular attention will be paid to network ties and communication patterns and to means of
evaluating S& T human capital. The chief research goal is to describe the role of projects and user
facilities in enhancing the S& T technical human capital available to the nation’s scientific and technical
enterprise.
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I Introduction

The purpose of the research proposed in this renewa proposd is to build on the RVM
work but with specific atention to an approach to evauation that arose from our experiencesin
the first phase. Both in our theoretica papers (Bozeman and Rogers, 1998) and our empirica
work (Bozeman, Rogers and Roessner, 1997; 1998), we concluded that one of the most
important impacts of the BES-funded projects we examined was on the development and
diffuson of “sdientific and technica human capita.”

What we mean by the term “scientific and technicd (S&T) human capitd” is kills,
know-how, “tacit knowledge,” formd training, and socid/professona resources embodied in
individua scientists. Economists measure human capitd in terms of such surrogetes as wages
and market demand, but scientists and engineers ply their human capita routindy in their work.
Generdly, economigts focus on formal educationa attainment but pay little or no heed to human
capitd increments occurring after the award of the highest degree (Becker, 1993). Sociologists
measure socia capitd as the “set of resources that inhere in ...community socia organization
and that are useful for cognitive or socid development” (Coleman, 1990, p. 3). Generdly,
sociologigts focus on nontechnical communities use of socid ties. Our concept focuses on the
full range of human capitd (including forma and informa training after the termind degree) and
the socid capital-based professiona and normative ties that shape scientists' work.

By our usage, S&T capitd is tat it is the reservoir of knowledge, both technicd and
socid, scientigts bring to their work. Thus, theoretical knowledge explaining reactions in surface
chemidry is S& T human capitd. It can be trandferred, as embodied in the individud, from one
purpose or work dte to another. It is an endowment that exists so long as the individua works
and retains the knowledge and so0 long as the knowledge is viable. But there are many other
elements of S& T human capital. Other examples include knowledge of testing procedures and
results, ability to use and build equipment, knowledge of technology and technologicd
processes, and knowledge about software and its uses. Finaly, S& T human capital dso has a
socid component. This includes, for example, knowledge about which individuas are expert on
particular topics, socid and professond contacts relevant to scientific and technologica work,

and contacts related to commercia development and use of scientific and technical products. At
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amost generd level, S& T human capitd is the entire range of knowledge of various types that
permits scientists to succeed in their work.

Much of S&T human capitd, especidly that aspect that is interpersona and socid, is
embedded in socia networks. Networks and “invisble colleges’ (Crane 1972; Chubin 1985)
are the informa groups that integrate scientific work, provide knowledge of scientists and
engineers work activity, hep them with job opportunities and job mobility and provide
indications about possible gpplications for scientific and technical work products. In addition to
the informa, socia resources of networks, there are dso formal media that accomplish smilar
objectives. Thus, scientists looking for a new job can use socid contacts or examine job
newdetters; those seeking to find uses for products can rely on network contacts or can use
forma and lega devices, those interested in underdanding other scientists work can either
goproach them informaly or smply read publications. Scientific and technical human capitd,
thus, can be derived from ether forma or informa media

We hypothesize that BES-sponsored projects and user facilities contribute significantly
to the development and diffusion of S& T human capitd and, thereby, the capacity of the nation
to produce scientific discoveries, to innovate and to harness scientific and technologica
products to economic growth. Mot R&D evduations (including our own previous study
[Bozeman et d. 1998]) focus on the production and use of scientific and technical products
(Bozeman and Melkers 1993; Cozzens et a. 1994). The proposed study focuses on the
capacity developed from projects and user facilities. One part of this capacity is scientific and
technical equipment, devices and infrastructure (Bud and Cozzens 1994). The even more
important dement is S& T human capitd. Arguably, S& T human capitd, usudly unmeasured,
has a deeper and longer-run benefit than do most discrete scientific and technical products.

The proposed research seeksto:
= |dentify the S& T human capitd components of sdected projects and BES-sponsored user

fadlities
= To track the diffuson of S& T human capitd, as embodied in the individuds involved in
projects (“ project graduates’) and user facilities (“user facility graduates’);



= To examine the impacts of the work from projects and user facilities and to associate these
impacts with development of S& T human capitd;

= To determine the linkage of “project graduates’ (and “user facility graduates’) to networks
composed of the producers and users of science and technology and the capecity they
bring to the networks.

Il. Results of Department of Energy Support

Previous BES-funded work under the project title “ Assessng the Impactsin Industry of
Basic Research Sponsored by the Office of Basic Energy Sciences: An R&D Vaue Mapping
Approach,” sought to evauate the impact on industry of public investment in basic research.
This was to be accomplished using an innovative case study design intended to provide
information about a broad aray of R&D outputs. This gpproach, termed “R&D Vaue
Mapping” (RVM) was to yidd ingght into not only the nature of the impacts but dso the
attributes of projects associated with impacts of particular types and magnitudes. At this point,
the research is essentially completed and afind report will be delivered on time.

This discusson of the work under the initid DOE support is divided into the four mgor
types of results: (1) Evauation Methodology Results, (2) Empirical Results, (3) Theoreticd and
Conceptual Resllts, (4) Case Study Results.

1. Evaluation Methodology Results

One of the express purposes of the DOE-funded research was to develop new approaches
to evauding and underganding research results  This was accomplished by further
development of the R.D Vdue Mapping (RVM) approach. The discusson of the method
draws from papers published explaining the gpproach and its gpplication (Bozeman and
Kingdey, 1997; Kingdey and Bozeman, 1997).

! This will not allow us to draw a direct link between the original projects or user facility activities and
second order impacts on networks (there are too many other factors coming into play, including individuals
scientific and technical human capital development in other projects and other types of learning). But the
knowledge of diffusion and linkages to networksisitself important.



The RVM method yidds an inventory of benefits and empirical generdizations of the
determinants of those benefits and has been gpplied in severa sudies (Bozeman et a., 1992;
Bozeman and Roessner, 1995; Kingdey and Bozeman, 1997; Kingdey and Farmer, 1997,
Kingdey, Bozeman and Coker, 1996). A particular advantage of the approach isthat it not only
provides an indication of the type and amount (though not a sngle numerica index) of vaue, but
aso gives indght into the reasons bendfits are achieved. Thus, R&D vadue mapping (RVM) is
useful for policy management strategies seeking to replicate success.

In capsule, RVM begins with one or more analyticd modds that track flows of
knowledge and specifies possible outcomes of R&D projects. The outcomes are modded in
terms of sequences of events, depicted as a branching modd. Each step in the modd might be
ether the find outcome for the project or a preliminary stage to the next step. Thus, the
Sequences might include:

(step 1) project completed (yes, no),  [if yes..]

(step 2) results disseminated outside the laboratory (yes, no), [if yes...]

(step 3) results used by an individua or organization not affiliated with the lab
(ves, no), [if yes..]

(Step 4) product developed from results (yes, no), [if yes...]

(step 5) product marketed (yes, no) [if yes.. ]

(step 6) outcomes [for example, sdes from product, or other measures of
benefits, costs, and disbenefits].

RVM involves measuring a variety of hypothesized project atributes (e.g. resources
devoted to a project; the number of industrial participants, dispostion of IPR) againg the
branched patterns of outcomes. By conceiving projects in terms of the progress of their results
adong cetain branched dternatives, it is possible to develop predictive models of the factors
related to project outcomes vis-a-vis those possible branched aternatives. Essentidly, what
factors relate to the ultimate path position, the find step, of the project?



RVM provides quantitative data from cross-case andyss. In some ingtances the
measurement approach is smilar to most quantitative studies. Thus, for each case, indicators are
developed for such varigbles as amount of funding for the project, numbers of personnd
devoted to the project and, on the benefit side, such variables as estimated monetary benefits
and numbers of personnd recelving advanced training. Somewhat of a departure, however, is
the attempt to use dummy variables (i.e. 0,1) to measure qualitative aspects of the cases. Thus,
it is possble to quantify such variables as whether the lab's technology transfer office was
involved in the project (O=not involved, 1=involved), whether a diffuson plan was developed at
the outset of a project (O=developed later or not at all, 1=developed at outset), or whether the
results of the project required the user to develop new manufacturing processes (O=not
required, 1=required). By combining these variables, both the traditiond interva-leve variables
and the dummy variables for the presence/absence of a project atribute, a series of causaly
relevant independent variables are devel oped.

These independent variables are then anadyzed in terms of the sequentid models
developed a the outset. This assessment is made both in terms of the step reached in the
branching mode and the benefits (or disbenefits) that occur. RVM is smilar to other case
survey techniques whereby multiple coders score individual cases and resulting scores are
subjected to inter-coder reliability andysis (Bullock & Tubbs, 1987, Larsson, 1993, Walf,
1993). Case scores are then categorized for pattern-matching both within groups of cases and
between case groupings.

Table One in the gppendix, adapted from Bozeman and Kingdey, 1997, provides an
approach to “locating” and assessing RVM in connection with other available R&D impact
evaluation approaches.

2. Empirical Results

The product of an RVM andyss is a st of “maps’ reating outcomes to project
attributes. The approaches to devel oping case-based information included: (1) intensive on-Site
case studies, (2) review of dbcuments and reports; (3) Internet-based survey. TheThest of
cases chosen was determined by a combination of three factors- interviews with DOE program

managers about projects and their effects, a desire to have a representative base of projects
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(which produced a sampling method documented elsawhere), and access. The latter factor
turned out to have less impact than expected as the great mgjority of Pls contacted agreed to
contribute data to the study.

After collecting the data (as described above), each of severa outcome variables was
employed as, essentidly, a dependent variable. The independent variables provide an implicit
st of hypotheses about possible relationships between project attributes and outcomes, but it is
useful to make these assumptions more explicit. Figure 1 in the gopendix provides the generd
outcome model. It is not viewed as exhaustive, but rather includes those variables, which could
be obtained by the methods employed. Other possibly important variables are consdered in
the quaitative analyss of the case sudies.

One of the initid motivations for this project was the view that many of the most
important impacts of public-funded R& D generally are not counted at all. The tendency is
to focus on the obvious or the easly measured. In order to remedy this narrow view, the case
studies were employed to develop ideas from the researchers themsdves as to the nature and
importance of the impacts of their work. (See Tables 2 and 3 in the appendix).

The quegtioning in the RVM modding issmple:

1. Didthe project result in any particular activity or outcome?
2. What are the dtributes of projects and how do they relate to the achievement of particular
outcomes?

The andyss proceeds according to activity type. The activities include not only
publication of articles and development of patents and licensang but support of students,
technology assstance to industry, development of products, development of manufacturing
techniques and processes, equipment sharing, development of agorithms and so forth. An
illugration is provided indicating the relation of project attributes to a particular outcome
[Figures 2 to 5 in the gppendix]. Below is a summary of this analyss gpplied to a few of the
possible outcomes.

Outcome: Scientific Publications. Six of the twenty-four project cases produced
more than 100 publicationsto date.  Regarding proj ect motivation, one of the points dmost

al these projects have in common is a sdf-conscious desire to shape a discipline, sub-discipling,
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or field of science. Thisis not a motive for some projects, but is reported as one for five of the
Sx projects producing unusualy large numbers of published papers. By contrast, only one of the
projects with 100+ articles has as a motive developing new technology (this despite the fact that
nearly 60% of the >100 projects report technology development as a guiding motive. Half these
high-producing projects report that equipment development or sharing is an important
motivation in the project. In those projects not producing 100+ publications, equipment-rel ated
motivations are much less common (>15%).

One would expect that the research focus of projects with large numbers of scientific
publications would be on basic research and, in fact, that is the focus of five of the 9x high
producers. Even more interestingly, haf of the 100+ article-producers who do not list
technology development or technology transfer as a motive, nonetheess have paents and
licenses from these projects. Thisis implies, perhaps, a bit of a mismatch between, on the one
hand, R&D focus and intent and, on the other, outcome. Put simply, high scientific
producers often produce patents and licenses even if it is not a focus of the project or a
major motivation.

In sum, large-scale scientific production takes large-scale resources in terms of
funding, equipment focus, personnel and time. So-called “ little science” projects may
produce high quality but they do not seem to have as much potential to either produce in
great quantity or to produce sweeping changes in scientific disciplines and fields. These
types of changes require large, stable infusions of resources.

Outcome: Patents and Licenses. Given the close reationship between patents and
licenses, we consider the two together here. Eleven of the twenty-four projects have produced
patents. There is little difference according to setting, with five university projects having
produced patents and six government laboratory projects. Similarly, four of the projects with
licenses are government laboratories, four are univerdties. However, when we consder
resear ch focus, those projects with patents and licenses are even more likely than others
to be oriented to basic research and less likely than others to be oriented to

commercially-oriented applied research or technology development.



Outcome: Technical Assistance. The work of [aboratories on technical assstance
to industry often goes unreported and, thus, are not credited. But industrid technical assistance
is becoming an ever-more common activity. Indeed, hdf the 24 cases examined report
ggnificant activities pertaining to technica assstance to industry.  Among these, five are
government |aboratories and seven are universities.

The reported motives for those projects engaged in technica assstance to indugtry are
not highly dissmilar to other projects. As expected, they are somewhat more likely to report
motivation to examine problems related to industry and to focus on developing new processes.
The labs engaged in technicd assstance are no more likely than others to report that their lab
leadership encourages collaboration with other inditutions.

The research foci for technica assstance-related projects are somewhat more
oriented toward pre-commercia applied research and commercial applied research but no
more strongly oriented than other labs toward technology transfer. As is the case for al the
projects, there is a strong orientation to basic research.

With respect to per sonnel, projects involving technicad assstance are somewhat more
likdy to involve personnd from a varigty of the lab's divisons and much more likdly to involve
persons from outside the focd laboratory (11 of 12 involve outsders, whereas only two of the
remaining 12 projects involve outsiders). Thisimplies that technology assistance activities are
particularly important, even more than technology transfer activities, in forging links
with outsiders and working directly with people outside the institution.

Outcome: Algorithms. Unlike many other activities supported by BES, the ingtitutiona
setting makes a consgderable difference. Of the eleven producers of algorithms, eight are
national laboratories. The research foci of projects producing agorithms are digtinctly
different in that they tend to provide stronger emphasis than other projects on product
development, technology trandfer, and technicad assstance.  Projects developing software or
dgorithms are much more likely to entall CRADAS and to have licenses and patents. From
every standpoint, algorithm software production seems to be the major category of

product development and application produced by BES funding.
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Outcome: Training Students. Nineteen projects report student training as a significant
output and this includes eight government laboratories. Thus, the interesting question is the
characterigtics of projects that do not have student training as a component. A fird
characterigtic is that they are all government laboratories.

Generally, the BES projects having no students tend © be smaller-scale and
oriented almost exclusively to production of fundamental scientific knowledge. All of the
projects without students began before 1990 and they are generaly less likely to be funded at
the $1 million levd ore more and generdly include less than ten scientific and technicd team
members.

Outcome: Technology Processes and Manufacturing Techniques. Only four of
the twenty-four projects resulted in new technology processes or manufacturing techniques,
three & government laboratories and only one a a universty. Regarding the project
motivation, the chief difference in these four projects is a stronger orientation toward most
commercidly-rdevant motives including working on problems to indudry, developing new
processes and developing new technology. But, interestingly, each of the four included
shaping the field or discipline as a very important motive. Thisis perhaps best explained
by the fact that the processes developed contribute to the ability of scientists working in
the field to perform new studies and tests. These processes are not “ near market.” Some
examples of the processes developed are new sensors, processing of lube oils and recovery
evauation techniques, a reflectance monitor (which won a 1997 R&D 100 award and is now
being commercidized).

Outcome: Equipment Sharing. While the projects involving equipment sharing are
equdly likely to be located in universties or government labs (four in each stting), they
otherwise tend to be quite distinct from other projects. Intermsof project motive, they are
more likely to be oriented to problems reevant to industry, to the development of new
technologica and manufacturing processes and to the development of interorganizationd ties.
They differ in that none of these projects report motivation by internal pressures for grants
or for funding diversification (implying that equipment-based, equipment-sharing
attributes give rise to stability).
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The findings from the RVM andys's are more extensve than can be congdered here
and, moreover, are available in a project paper (Bozeman, Rogers and Park, 1998). The
summary provided here should give some insght into the RVM approach and the results one
obtainsin its application.

3. Conceptual and Theoretical Results

Much of the important work in the project has involved developing conceptua and
theoretical schema relevant to understanding the impacts of scientific and technica work.
Indeed, the most revolutionary outcome of our work has been a fundamentaly different
approach to evauating impacts of science and technology. The conceptud contributions are
summarized herein terms of each of the mgjor conceptua papers prepared during the project.

a. Barry Bozeman and Juan Rogers, “Knowledge Value Collectives: A Theory of
Knowledge for Research Evaluation”. The paper presents an dternative approach to
vauing knowledge, one that relies less on economic prices or shadow prices than on the range
and repdition of uses of scientific and technica knowledge, a “use-and-transformation
gpproach.” A key concept is the “knowledge vaue collective,” a set of individuals connected by
their uses of a particular body of information for a particular type of gpplication: cregtion and
use of scientific and technica knowledge. The paper argues that innovation cannot be assessed
independently of the collective arangements of skilled people, ther Iaboratories and
insruments, socid networks, resources and inditutions. Most evauations focus on R&D
outputs, we argue that the dynamics of research collectives- their “hedth,” longevity, breedth,
ability to create new applications- is often more important. The paper outlines the concept of the
knowledge vaue collective and related knowledge vaue dliances (a more formalized working
group). We contrast the knowledge vaue collective, which we fed is a more redigtic focus for
evauation, with the more traditiond unit of andyds, the scientific discipline. The generd ideais
illugrated through an gpplication using the materia from one our in-depth case studies.

b. Barry Bozeman and Juan Rogers, “Information Use as a Criterion for
Knowledge Value” This paper is in some respects an application of the first. The paper
focuses more specifically on evaduation and compares a use-and-transformation approach to
R&D evduation to a more traditional economic gpproach. The paper provides dternative
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gpproaches to actualy measuring knowledge vaue collectives and their dynamics and provides
dimensons (e.g. growth-decline, fecundity, impacts of scientific and technicad human capitd).
The paper discusses the approach in connection with new evauative demands now underway
through the Government Performance and Results Act.

c. Juan Rogers and Barry Bozeman, “Modding the Creation of Knowledge Value:
Comparisons and Types of Knowledge Value Alliances.” In asense, thisis an empiricd
paper because it takes the concepts and ideas developed in the two papers discussed above
and uses the RVM cases studies to develop a taxonomy. From the case studies, we observed
severd basic dructures for performing science and labeled them (eg. “Enabling Star System,”
“Multiple- Sector Mutualy Adapting Systemn”). The purpose was to determine the relationship of
project resources and organizationa variables to the outcomes obtained in projects. Each
element of the taxonomy isillustrated with a case study.

4. Case study results and management/evaluation implications

A prerequisite to the RVM study was the development of extensive case studies. At this
point, some sixteen full-blown case studies, based on one or more dte vidts, have been
performed. Each of these resulted in a monograph (see appendix).

While there was a grest ded to be learned from each of the individua cases (too much to
be reviewed here), the entire set of cases, examined together, provided severd practical lessons
about the results of BES-funded projects. Many of these results have practical management
implications. These broader results were reviewed in our Advisory Board presentation (1998).
The practica lessons discussed at that time pertained to (among other factors): (1) PI’s Srategic
uses of BES funding and the particular vaue of gstable funding; (2) the fecundity of basc
research for technology development and human capitd development purposes;, (3) the
unplanned, informad emergence of new inditutions and new organization designs for
accomplishing interdisciplinary scientific work; (4) the specid role of user facilities and the
variety of contributions made by different sorts of user facilities.
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[11. Proposed Resear ch

The RVM research findings underscored the importance of BES funding on the careers
of scientigts and the long-term &bility to contribute to scientific and technica gods of various
sorts and over the entire career life pan. While discrete outputs of projects remain important,
these capacity-building aspects are even more important. The proposed research builds directly
on the earlier RVM work but focuses more on long-range capacity rather than near-term
impacts.

Thereisasubgtantial body of work on communities of scientists that includes studies on
the patterns of communication and socid structures within disciplinary boundaries (Hagstrom
1975, Crane 1972, Chubin 1985, Hargens 1988). These studies did not consider the rdation
between the various types of knowledge in each discipline and the structurd patterns for each
community. When this question is raised explicitly, it leads to different modds of scientific
devdopment that show the importance of the mobility of scentits across disciplinary
boundaries (Mulkay 1975). The results of our previous work confirm this and suggest that
tracking the careers of individua researchers taking into account their migration not only from
place to place but also into new fields or areas of knowledge is necessary to understand the
cregtion of capacity in science and technology.

Available studies on the careers of scientists have been concerned mainly with the issues
of dratification (Cole and Cole 1973), gender differences (Zuckerman and Cole 1975, Fox
1994, Reskin 1978b, Rosster 1993) and cumulative advantage (Merton 1988). A central
aspect of the evauation of research in the US has been the focus on the careers of individuas
(Diamond, 1984; Stephan and Levin, 1997; Stephan, 1996; Levin and Stephan, 1991).
However, for evauation purposes, individuas are consdered completely independently of the
research groups and context in which they work or have worked. Careers of individud
scientists have also been studied from an inditutiona point of view as they relate to the he
titutions and socia structures of the academy and the disciplines (Long 1978; Long et d. 1979,
McGinness et a. 1982). This body of work does not address the issue of the creation of
capacity or vaue as publicly funded projects give rise to various patterns in the career

trgjectories of scientists and engineers.
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V. Methods and Resear ch Procedures
The proposed research seeks to: (1) identify the S& T human capitd components of
selected projects and BES-sponsored user facilities, (2) track the diffuson of S&T human
capita, (3) examine the impacts of the work from projects and user facilities and to associate
these impacts with development of S& T human capitd; (4) determine the linkage of “project
graduates’ (and “user facility graduates’) to networks composed of the producers and users of
science and technology and the capacity they bring to the networks. The research design
described here permits us to achieve these research objectives.
Research Steps
1. Selection of Projects and User Facilities. The study begins by sdecting the projects
and user fadilities that pose the beginning point for data collection. (Since our study has as
much to do with scientific career development and trgectories, the choice of “entry point” is
not as vitd asit would be for a project-centered study). Building on our earlier BES-sponsored
work (Bozeman, et d., 1998), we shall sdect at least four projects examined previoudy.
Informa discussons have dready begun and participation agreements have in some cases
dready been obtained. In addition to the four projects, we shdl dso examine in a more
comprehensve fashion four BES-sponsored user facilities or centers. We anticipate that two of
these will be the Combustion Research Facility and the Michigan State Plant Biology Center,
the other two will depend upon access and informa discussions with officids knowledgesble
about the facilities.
2. Data Inventories
a. Proect output. In many instances we dready have a set of the outputs (eg. articles,
patents, awards) from projects and user facilities (Bozeman, et a., 1998). For those
projects/facilities we examine for the first time, we will need a comparable set of outputs.
We do not have extengive information about the output of user facilities and a mgjor
agpect of the study will be to document various types of output for user facilities (in much
the same was as accomplished in the R& D vaue mapping study).
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b.

Inventory of “Project Graduates’ and “User Facility Graduates.” Since oursis a
sudy of career trgjectories, we must develop an inventory of al PI's, post-docs, faculty
researchers/collaborators, industry users/collaborators associated with either the project or
facility. In some cases we will dready have a complete inventory of research and
technology products from the project. In cases where we do not, such an inventory will be
necessary.

Again, we do not have extensve information about individuals who have visited and
used the user facilities and Smply compiling lists and relating (below) to career trgjectories
should prove ussful in and of itsdf.

c. Career Data from Resumes. After obtaining alist of individuas (project graduatesfacilities

graduates) we shal contact each of them in order to obtain information about current
occupation and location as reflected in resumes or curriculum vitae. Previous research has
indicated that the professond’s resume is an excelent source of data related to
accomplishments, career change, and project and inditutiond affiliation. Use of resumes
greatly facilitates the formidable task of developing a database of severd hundred BES-
goonsored scientists and engineers and their colleagues. Our primary use will be to
understand career patterns and the diffuson of S& T human capitd. To do this we will
congtruct a “career trgectory databasg” which will begin with the information from resumes
and be supplemented with questionnaire-based data.

Using this data, we can code, among other possibilities, the degree of subgtantive
migration, the movement among sectors (industry, government, university), the rapidity of
job change, the status of university jobs, the job type (e.g. post-doc, faculty). Each of these
isimportant to understanding the diffuson of S& T human capita from projects.

d. Citation and patent data. The resumes will, presumably, be adequate for beginning a

citation and patent database that can be used to examine communication and collaboration
patterns among persons in the database.

3. Survey data. Project/user facilities graduates for whom we have a resume will be

asked to provide questionnaire-based data. In most instances, this will be accomplished with an

Internet, web-based survey. Our earlier experience (Bozeman, Rogers and Park, 1998)
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indicated that this format was easy for technicdly-trained individuds to use and, in the very few
ingtances where that was not the case, it was easy enough to provide a hard copy version (a
copy of the web-based questionnaire used in previous research is included in the gppendix).
The survey will be focused on information related to the respondents history with the
project/facility from which they “graduated” and reasons for particular career choices. We will
aso examine continued ties to members of the origina project. Maost important, we will usethe
survey information to begin determining membership in informa networks of scientists and users
of science and technology.

It is not useful for us to develop questionnare ingtruments a this time, but Table Five
provides an illugtration of the type of information we can develop to help us understand network
ties and communiceation patterns.

4. Network Analysis

Much of the study will focus on the respondents’ (project graduates) professond ties as
reflected in activities of informal networks. Thus, as aresult of data accumulated from citations
and co-citations, collaboration patterns, and the data from questionnaires, we will have an
excelent indication of respondents professond interactions, both forma and informd. This
datawill dlow usto plot networks indicating the existence of interaction and communication ties
within networks and the flow of S& T human capitd from one context and network to another.

In addition to the standard network variables (e.g. densty, centrality, strength of ties)
we will analyze the substantive foci or specidties of the network in order to determine proximity

to the origind project from which the respondent “ graduated.”

Expected Resultsand Utility for BES

We expect that the results of BES-funded projects and user facilities add up to much
more than the sum of project outputs. In particular, projects and facilities contribute enormoudy
to what we cdl S&T human capitd- the combination of scientific skills and person-to-person
tiesavailable to scientists. Our study should accomplish the following:
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1. TheS&T human capitd of hundreds of scientists will be measured and traced back
to projects or facilities funded by BES.

2. The flow of S&T human capita will be measured, producing not only a picture of
the contribution of projects to S& T human capitdl available to other scientific and
technical purposes but, a the same time, information about the dynamics of
scientific carears.

3. From an evaduation standpoint, the results will indicate which projects/fecilities are
associated with what type of S& T human capita, possbly providing a better idea of

the long-range benefits of projects to scientific careers and, in generd, the nation’s

scientific capacity.
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Gordon Kingdey and Bary Bozeman, “Commercid Interactions with Federd
Laboratories,” Materials Technology, forthcoming.

Juan Rogers and Barry Bozeman, “Basic Research and the Success of Federd Lab-
Industry Partnerships,” Journal of Technology Transfer, 22, 3, (1997) 37-48.

Juan Rogers, “Researcher mobility asaway to transfer scientific knowledge,” to appear
in aspecid issuethe International Journal of Technology Management.

2. Professional conference presentations, symposia
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Barry Bozeman, “Knowledge Vaue Callectives and R&D Evauation,” invited lecture,
Workshop on R&D Evauation, Ecole des Mine, Paris, France, June, 1998.

Bary Bozeman, “Empirical Results from the R&D Vdue Mapping Project,” invited
lecture, Univergty of Copenhagen, September, 1998.

Barry Bozeman, Monica Gaughan and Jongwon Park, “ Scientific and Technica Human
Capitd and R&D Evauation,” paper prepared for presentation a the Annua Meeting
of the Indtitute for Operations Research and Management Science, Seettle, October,
1998.

Bary Bozeman and Juan Rogers, “Research Vadue Mapping Project Overview,”
Advisory Board, Office of Energy Research, June, 1998.

Bary Bozeman and D. Wittmer, “Technicd Roles and the Success of Federd
Laboratory-Industry Partnerships,” paper presented at the EASST/43S Conference:
Signatures of Knowledge Societies, Bidefeld, Germany, October, 1996.

Juan D. Rogers and Barry Bozeman, “Knowledge Vaue Communities: The Proof isin
the Putting,” paper presented at Society for the Socid Studies of Science Annud
Conference, Universty of Arizona, Tucson, Arizona, October 23-26, 1997.

Juan D. Rogers, “Models of the Creation of Knowledge Vaue” invited lecture,
Workshop on R&D Evauation, Ecole des Mines, Paris, France, June, 1998.

Juan D. Rogers, “Career Paths as Inter-Sector Feedback Loops in R&D,” paper
prepared for presentation a the Annua Meseting of the Indtitute for Operations
Research and Management Science, Sesattle, October, 1998.

Juan D. Rogers, “Knowledge vaue networks: A use-and-transformation approach to
R&D vauation,” paper prepared for presentation at the 20" annual research conference
of the Association for Public Policy Andyss and Management, New Y ork, October
1998.

3. Technical Working Papers and Papersto be Submitted for Publication

Barry Bozeman, Juan Rogers, and Jongwon Park. 1998. “Research Vdue Mapping Analyss.
Quantitative Case Studies of Basic Energy Sciences-Funded Research Projects” RVM

Technicad Working Paper. Submitted for publication.
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Bary Bozeman and Juan Rogers. 1998. “Knowledge Vaue Collectivess A Theory of
Knowledge for Research Evaduation.” RVM Technicad Working Paper.  Submitted for
publication.

Barry Bozeman and Juan Rogers. 1998. “Information Use as a Ciriterion for Knowledge
Vaue” RVM Technica Working Paper. Submitted for publication.

Juan Rogers and Bary Bozeman. 1998. “Modding the Creetion of Knowledge Vadue

Comparisons and Types of Knowledge Vdue Alliance” RVM Technicd Working Peper.
Submitted for Publication.

33



