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Abstract: A review ofR&D evaluation outlines six approaches: strategic audits,
constituency reviews, peer reviews, cost-benefit analyses, organi­
zational assessments, and bibliometric indicators. To study the
quality of research outputs, the authors present a comparative
research plan combining peer reviews, bibliometric indicators, and
organizational assessments. They provide results of peer reviews,
bibliometric analyses, and organizational assessments. Using data
collected from 53 laboratories around the world, they advance a
taxonomy oflaboratories as an additional guide to the selection of
appropriate criteria for R&D performance evaluation. A cluster­
ing technique identifies six unique types or profiles of laborato­
lies: regulation/control, project management, science frontier, service,
devices, and survey.

Resume: Un examen des modes d'evaluation des activites de recherche a
permis d'identifier six approches: les audits strategiques, les analyses
par les pairs, les evaluations par les clients, les analyses couts/
benefices, les etudes organisationnelles et les indicateurs
bibliometriques. Par la suite, un plan de recherche comparative
combinant l'analyse par les pairs, les etudes organisationnelles et
les indicateurs bibliornetriques est esquisse, Les donnees ont ete
recueillies aupres de 53 laboratoires et 6 groupes de pairs. Les
resultats comparatifs d'analyses par les pairs, d'indicateurs
bibliornetriques et de sondages organisationnels sont presentes.
Une taxonomie de 6 categories de laboratoires, basee sur l'examen
de 53 unites de recherche, emerge de I'analyse statistique: il s'agit
de laboratoires (i) de reglementation/controle, (ii) de gestion de
projet, (iii) de frontisre scientifique, (iv) de service, (v) de construc­
tion d'appareils, et (vi) de cartographie et sondage.
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Laboratories, whether public or private, perform a number
offunctions: (a)assisting internal or external clients, (b)providing strategic
advice to top management, and (c) contributing to the development of
knowledge and science. The aim of this investigation is to determine
whether bibliometric methods to evaluate research quality are suited
to the assessment of laboratories with different missions.

The evaluation of research quality has become an important issue. Ef­
forts ofgovernments in the areas of science and technology are increas­
ingly judged not only according to scientific criteria, but also in terms of
their contributions to economic development (Brooks, 1987). Further­
more, many business firms use the R&Dfunction as a competitive tool,
to respond to changing economic and technical conditions (Clark, 1990).
As a result, evaluating the strategic fitness, productivity, and returns
on R&D investments has become pertinent. Although there is a con­
sensus on the need for evaluation, there is also debate over the goals
and adequacy of the various evaluation approaches.

This article is divided into four sections. First, the different approaches
to R&D evaluation are reviewed. Second, a comparative research plan
using peer review, bibliometric, and organizational assessments is
sketched. Empirical results are then presented and followed by policy
recommendations.

APPROACHES TO R&DEVALUATION AND QUALITY

The evaluation of research activities focuses on issues such as quality
relevance, effectiveness, productivity, and return on investment. Six
conceptual thrusts to R&D evaluation can be observed from the litera­
ture, as displayed in the two-dimensional typology described in Table 1.
A short review of the diverse approaches is presented with an empha­
sis on their treatment of quality issues.

Scientometrics

Allocating resources to competing scientific fields within research in­
stitutions, such as universities, government laboratories, and corpo­
rate laboratories, requires pertinent information (Weinberg, 1963). The
search for formal methods to evaluate R&D has led to the development
of science indicators, namely, quantitative measures of the inputs and
outputs of scientific research (King, 1987). Indicators ofoutputs include
papers, patents, citations, conference presentations, awards, and prizes.
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Table 1
Evaluation Criteria and the Different Approaches to R&D Assessment

Direct and
Modified Cost- Organi- Biblio- Consti-

Evaluation Peer benefit zational Strategic metric tuency
Criteria Reviews Analyses Studies Aud~s Indicators Reviews
-------

Quality and
contribution • • •
toscience

Economic and • • •
social returns

Technology • • •
portfolio

Produdiv~y • • •
Utility • • •
Relevance • • •
Strategic • • •
alignment

The proponents ofbibliometric indicators have been B. Martin and J.
Irvine (1983, 1984) at the University of Sussex, E. Garfield (1986) of
the Institute for Scientific Information, and F. Narin (1976) ofCompu­
ter Horizons Inc. Claims of the wide applicability ofbibliometric indica­
tors have today been replaced by an emphasis on the need for a variety
of indicators, including citations in trade journals.

The explicit assumptions of bibliometrics are that (a) publications in
scientific journals for patent applications are legitimate indicators of
research output, and, (b) citations and influence weights attributed to
these publications are legitimate indicators ofresearch quality construed
as scientific impact. However, the use ofbibliometrics is not without
problems. Studies assessing the appropriateness ofbibliometrics con­
clude that they provide rough measures of research output but do not
constitute evaluations per se (Gibbons &Georghiou, 1986;OfficeofTech­
nology Assessment, 1986). Table 2 summarizes the key weaknesses or
difficulties and advantages ofbibliometric indicators.

Defenders ofbibliometrics point to the positive and significant correla­
tions that exist between bibliometric results and other measures of sci­
entific advancements, such as (a) peer reviews ofpapers, (b) independent
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Table 2
Strengths and Weaknesses of Bibliometrics

Weaknesses
and Difficu~ies

• Time, cost, and errors indata collection
(Narin, 1976)

• Requirement ofhigh completeness in
data (Mood etaI., 1985)

• Heterogeneous publication and dation
practices indifferent scientific fields
make comparisons difficu~ (Mullins, 1987)

• Representativity ofscientific journals inlSI
database (Carpenter &Narin, 1981)

• Publications innon-English-language
joumals less Iike~ tobec~ed
(Carpenter &Narin, 1981)

• Propens~y tose~-c~ations by
scientists and research groups
(Porter, 1977)

• Underlying assumption that qual~y and
usefulness are linked toctaiions
(Anderson, 1980)

Strengths

• Elimination ofarb~rary elements in
evaluation (Garfield, 1986)

• Assessment ofthe contributions of
research teams atthe frontier of
scientific fields (Mood etal., 1985)

• Mu~iple indicator analysis isappropriate
for the evaluation ofuniversity research
(Gibbons &Georghiou, 1986)

• Useful for evaluation ofthe basic
research ofcompeting teams atthe
frontier ofscience (Martin & Irvine, 1983)

• Mapping ofthe research front using
co-csaiions (Calion et al., 1985,
Garfield, 1986)

• Corporate intelligence and R&D
decision making can be informed by
bibliometric searches
(Hicks etal., 1986)

measures of eminence (awards, etc.), and (c) peer rankings of laborato­
ries (Anderson & Dalpe, 1990; Bayer & Astin, 1975). For instance, the
best predictor of corporate performance in pharmaceutical research, as
measured by the number ofcompounds approved by the Food and Drug
Administration, proved to be the number of highly rated clinical arti­
cles published by scientists (Koenig, 1983).

Bibliometric indicators are also used to map out the productivity of
national or corporate research systems, to plan research programs, and
to chart the dynamic evolution of fields of investigation (Calion, 1991;
Moed, Burger, Frankfort, & Van Raan, 1985;Small & Sweeney, 1985a, b J.
Tracing citations and measuring the speed at which emerging tech­
nical fields gain momentum in scientific publications or patent applica­
tion are tools for strategic intelligence.
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Peer Reviews

371

Peer reviews are direct judgmental methods for examining the quality
of research, the relevance of laboratories, and scientific contributions.
Peer reviews may articulate judgments of research activities with fac­
tual measures. Criticisms and defences ofpeer reviews abound (Cole &
Simon, 1981;Demsey, 1988;Gibbons&Georghiou,1986;Mitroff&Chubin,
1979). Because peer reviews are based on the consensus of panels of
knowledgeable scientists, they are particularly criticized as biased tools
to perpetuate established organizations and disciplines (Irvine, Mar­
tin, Abraham, & Peacock, 1987). Nevertheless, business firms increas­
ingly use modified peer reviews to provide both assessment ofthe quality
of output of corporate laboratories and guidance in the planning of re­
search activities. Numerous firms establish scientific advisory councils
composed of outside scientists and experts (Rubenstein, 1989).

Cost-Benefit Analyses

Cost-benefit analyses aim to assess the economic relevance or perti­
nence of investments in R&D activities; quality is not their main con­
cern. Quantitative evaluations ofretums and costs ofR&D are performed
ex ante or ex post (Danila, 1983). Many firms have developed methods
to estimate the expected value of business opportunities generated by
alternative R&D investments. Cost-benefit analyses are also used to
link R&D investments to corporate strategy with indicators such as
technical goals, impact on sales or costs, and rates ofreturn (Brown &
Svenson, 1988).

Selling research to top management requires not only an emphasis
on financial returns but also the viewing of R&D investments as op­
tions on future financial returns (Mitchell, 1988). Edwin Mansfield
and his colleagues have developed methods to estimate the social
return of investment in R&D that try to take into account uncertain­
ties and systemic interrelations (Mansfield, Rapoport, Romeo, &
Wagner, 1977).

Organizational Studies

Organizational studies for measuring best practices have dominated
the issue of R&D evaluation (Nadler & Tushman, 1978; Pelz & An­
drews, 1976). Their focus is not quality but career satisfaction, goal
attainment, and effectiveness. Organizational evaluations can be
designed as quasi-experiments, with comparative control groups,
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longitudinal data, and ex ante-ex post comparisons (Rossi & Freeman,
1989). Organizational evaluations of R&D can also be based on quanti­
tative and subjective measurements to address specific issues. The iden­
tification ofissues followsthe building ofa systemic model that attempts
to capture the actual inputs, goals, operations, and outputs oflaborato­
ries being evaluated. Issues range widely: legitimacy, relevance, goal
achievement, opportunity costs, quality, and so on (Barbarie, 1988).

Strategic Audits

Strategic audits, often performed by recognized experts, are large-scale
judgmental evaluations of research initiatives aimed at assessing the
appropriateness of research strategies as well as the allocation of re­
sources as a function of perceived needs and goals. Experts for strategic
audits are drawn from business, government, or university milieus.
Audits aim tojudge the strategicalignments oflaboratories, their strengths
and weaknesses, and the orientations of future research programs.

Both relevance and quality can be assessed through judgments sup­
ported by a variety offacts. Strategic audits often rely on ex post evalu­
ations ofR&D programs to engage in exante evaluations offuture research
plans (Pennings, 1985). Examples are the evaluation of the engineer­
ing research centers by the National Academy of Engineering in Wash­
ington, or the CURIEN task force established by the French government
to assess the Bureau de Recherche Geologique et Miniere.

Constituency Reviews

Constituency reviews are evaluations made by customers or stakeholders.
Their goal is to assess the relevance of activities as perceived by clients
or sponsors. Opinions are gathered on selected issues, such as perti­
nence of research, adequacy of technology transfer activities, and ori­
entation of research programs (Connally, Collon, & Deutsch, 1980).
Evaluations by users tend to be subjective and to focus on short-term
issues of interest to external constituents (Rossi & Freeman, 1989).
The quality of research in this framework tends to be evaluated sub­
jectively. Constituency reviews often run the risk of eliciting grateful
testimonials or ideological criticisms.

A number of approaches are appropriate for the evaluation of research
quality, as Table 3 indicates. However, peer reviews, bibliometric indi­
cators, and organizational studies are most useful to address issues of
quality and scientific contributions. Relevance, by contrast, is best evalu­
ated by strategic audits, constituency reviews, and organization studies.
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A COMPARATIVE PERSPECTIVE:
BIBLIOMETRICS, PEER REVIEWS, AND SURVEYS

This study compares three different approaches w the evaluation of
quality of research: (a) bibliometric analyses, (b) peer reviews, and (c)
organizational studies. The research questions which helped shape our
investigation can be summarized as follows:

• To what extent does the information provided by bibliometric
analyses support the judgments made in peer review assess­
ments?

• Are research laboratories similar in terms of strategy, struc­
ture, and performance, or do they form types with distinct pro­
files and primary tasks?

• Are bibliometric indicators appropriate for the evaluation of
quality among the different types oflaboratories?

• What management practices characterize laboratories that
achieved high levels of quality and scientific impacts?

Common classifications of laboratories suggest categories such as (a)
mission-oriented versus non-mission-oriented; (b) industry, university,
government; or (c) corporate, business, or functional units. Previous
efforts to build typologies of R&D laboratories were inspired by the
organizational ecology perspective and focused primarily on the influ­
ence of environmental factors. The assumption is that the adaptation
oflaboratories to their environment plays a role in determining the mix
ofactivities and their effectiveness. For instance, Michael Crow and his
associates built a typology oflaboratories using two contextual dimen­
sions: level of governmental influence and level of market influence
(Crow, 1988a; Crow & Bozeman, 1987).

In this study, we intend to see how different approaches compare in
their assessment of quality in research. The present investigation was
designed as a comparative research to address the issue of quality by
using three methods: (a) bibliometric measurement, (b) peer review of
selected laboratories, and (c) organizational measurements and identi­
fication of the managerial practices adopted by laboratories,

DESIGN AND METHODOLOGY

We used a number of data-gathering approaches to compare the three
approaches. The original purpose was to compare the quality of the
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R&D outputs of six federal research centers from the departments of
Communications, Health and Welfare, and Energy, Mines and Resources
with similar research centers. Three methods were used.

Peer Review Process

In parallel to the present bibliometric and organizational analyses, a
peer review process was conducted. It was designed by the National
Advisory Board on Science and Technology. Six teams ofapproximately
ten scientists each were organized by the Natural Sciences and Engi­
neering Research Council and the National Research Council to study
groups offederallaboratories in areas such as communications, health
and welfare, geologicalsurveys, mineral processing, and toxicology. These
scientists were all internationally recognized scientific experts.

Sample of Laboratories

Originally, six federal research centers from the departments of Com­
munications, Health and Welfare, and Energy, Mines and Resources
were to be compared with matched foreign R&D centers. To enhance
comparability, research centers were broken into their constituent labo­
ratories: 17 laboratories were thus identified. Each laboratory was in
turn matched with similar industry, public, or university laboratories
in its field.

The sample was composed of53 laboratories in 17 technical fields within
the areas ofoptical and radio communication, space satellites, mineral­
ogy, sedimentary/petroleum geology,and pharmacology/toxicology. This
sample is actually composed of 17 trios of closely comparable laborato­
ries: 2 trios turned out to be quartets because many laboratory direc­
tors were willing to participate in the study. Each of the original 17
laboratories was matched with two highly comparable laboratories. The
goal was to find, for each laboratory, at least two research bodies simi­
lar in size, mission, and technical fields willing to submit themselves to
an organizational and bibliometric comparison.

The sample size may be considered small for refined statistical analy­
ses. However, all relevant laboratories in the world in the 17 technical
fields were included. Aremarkable degree ofcollaboration was obtained­
not one research laboratory director refused to participate.
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The measurement instruments used to gather data on organizational
variables were designed with internal as well as external validity con­
siderations in mind. They consist of (a) an organizational analysis ques­
tionnaire, (b) lists ofscientific publications and patents for all participating
laboratories, (c)bibliometric searches ofcitations as an indicator ofquality,
and (d) structured interviews with laboratory directors.

Scientific publication and patent lists for the period 1983-1989 were
provided by each laboratory director. Publication lists were studied to
eliminate double-counting or conference proceedings and to verify com­
pleteness. Patents turned out to be rare and were thus not considered
for bibliornetric searches.

An organizational analysis instrument covering input, activity, and output
variables was designed and tested. The instrument contained a series
of factual and subjective measurements. Care was taken to develop
metric scales for subjective measurements in order to meet the assumptions
of the statistical data analysis methods used. Responses were provided
by the laboratory director.

Publication impacts were based on the identification of citations during
the period 1984-1989, for papers published during the period 1983­
1988. Citation searches were made independently by the Institute for
Scientific Information in Philadelphia.

Structured interviews with each laboratory director were used to iden­
tify the managerial practices conducive to high levels of bibliometric
performance. Issues for discussion included such topics as mission, funding,
external changes, and staffing.

RESEARCH RESULTS

The research results are presented in the next four sections. We first
sketch a comparison between peer review and bibliometric findings,
and then describe a taxonomy of asymmetric laboratories in the second
section. In the third section we consider characteristics of the specific
configuration of each cluster of laboratories, and in the final section
outline the managerial practices associated with quality as measured
through bibliometric indicators.
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The Peer Review Process: A Comparison With Bibliometric Results

431

The terms of reference of the peer reviews were to assess the quality
and the effectiveness of scientific research centers while focusing spe­
cifically on (a) scientific and technical programs, (b) people, (c)manage­
ment, and (d) infrastructure. Peers identified the programs that were
not within or below international class. They also gave interesting com­
ments pertaining to financial targets, participation of external clients,
age profile ofstaff, project selectionmethodologies,investments in strategic
research, and program thrusts.

The peer review process generally confirmed the findings that were
provided by bibliometric information. All laboratories that had above­
average levels ofbibliometric performance were rated positively in peer
review reports. By contrast, laboratories with below-average bibliometric
results were provided with cautionary remarks.

The peer review process provided nuanced and credible judgments on
numerous items such as mission, staff quality, and position in interna­
tional science. However, it turned out to be an expensive and complex
venture. In fact, the cost of a peer review for a laboratory was ten times
higher than that of an organizational/bibliometric analysis. The disad­
vantages of the peer review process as compared to our bibhometricl
organizational approach were its costs, its lack of quantitative informa­
tion, and the absence of direct comparison with similar laboratories.

Asymmetric Clusters of Laboratories

A taxonomy was built from the organizational data gathered on the 53
laboratories. The ascending hierarchical classification algorithm devel­
oped by Lebart from the original work ofBenzecri, Anderberg, Hartigan,
and Gordon was used to identify groupings (Fenelon, 1984). The analy­
ses led to six clusters of laboratories, with each cluster having between
eight and ten laboratories. Three other methods-multiple correspond­
ence analysis, discriminating analysis, and multiple partition-showed
similar groupings.

The six clusters represent classes oflaboratories with distinct profiles:
primary tasks linked to distinct operational and research activities and
leading to distinct outputs in terms of scientific publications, reports,
regulations, or completed projects. The characteristics of the clusters
point to the fact that laboratories are not equally involved in research
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activities. Some laboratories allocate large portions oftheir activities to
strategic research because of the requirements of their primary task.
Others spend only a few percentage points of their activities in strate­
gic research because their primary task is heavily operations oriented.
Table 3 describes the types or clusters of R&D laboratories. The six
clusters are discussed in the following sections.

Regulation/Control Laboratories

Regulation/control laboratories focus on the development of norms and
standards on behalf of governments. They also engage in the develop­
ment of testing methodologies and actual prod uct tests. Research ac­
tivities are undertaken to offerpolicy advice,developtesting methodologies,
and support industry in planning product approvals. Research activi­
ties have an applied orientation and are based on mature technical
fields with little emphasis on emerging scientific fields. Clients ofthese
laboratories are generally government agencies responsible for setting
standards for drugs and other products.

Project Management Laboratories

Project management laboratories supervise the design and building of
major telecommunications or military systems. Clients are government
departments, multilateral agencies, and business firms. The mission of
these laboratories is, on the one hand, to advise systems designers and,
on the other, to supervise contract execution by suppliers.

Project management laboratories deliver operational systems and need
to be evaluated in this light. Research activities are viewed as helpful
ways of keeping project managers technically fit. The research activi­
ties undertaken are mostly applied in their orientation with a short to
medium time horizon, yet the scientific domains underlying research
activities are perceived as new and emerging.

Science Frontier Laboratories

Science frontier laboratories are engaged in the development of scien­
tific knowledge in order to offer strategic advice on the probable evolu­
tion of scientific trajectories. Far from being "ivory towers," these
organizations engage in strategic and applied research for science-based
industries and agencies concerned with industrial competitiveness.
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Activities focus mostly on emerging and growing scientific fields; pure
and strategic research activities dominate. The time horizon ofresearch
is mostly medium to long term. Most science frontier laboratories are
members of precompetitive research consortia involved with strategic
technologies.

Service Laboratories

Service laboratories are corporate or university laboratories that con­
duct research contracts for specific clients. These laboratories are ori­
ented toward the development of specific products and services: they
rarely engage in policy advice. Major activities are technical support
and consulting; a very low percentage ofeffort (3.5%) is devoted to pure
and generic research. Little time is allocated to peer review and scien­
tific community activities. Few projects are undertaken in emerging
scientific fields.

Devices Laboratories

Devices laboratories build prototypes and test equipment for other gov­
ernment, industry, and military laboratories. A substantial proportion
of activities is allocated to research in emerging and growing fields.
R&D activities are applied and engineering oriented with a low portion
of time allocated to pure and generic research. The time horizon of R&D
activities is medium and long term. A substantial proportion of activi­
ties is allocated to serving industry and government customers. In fact,
these laboratories often act as suppliers to project management labora­
tories.

Survey Laboratories

Survey laboratories produce detailed geological, geophysical, and envi­
ronmental studies. Such study results are parts ofmajor research projects
to enhance core collections and databases built over decades or centu­
ries. Exploration firms or government departments use these detailed
reports to make strategic decisions with respect to exploration cam­
paigns or environmental impacts. The focus of their R&D is mostly in
growing scientific fields with a narrow emphasis on emerging fields.
However, research represents a very high proportion ofactivities within
these laboratories.
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The Specific Missions and Profiles of Laboratories

Research laboratories with distinct profiles display important organi­
zational differences. Some laboratories allocate a high proportion of
their time to research activities, others do not. Some laboratories work
on emerging scientific fields, others with mature ones. However, the
clustering of laboratories is not determined by their scientific fields.
Scientific fields are widely distributed across clusters of laboratories
except for petroleum and sedimentary geology, which fall within the
"survey" cluster. Laboratories tend to be small, ranging from 16 to 53
professionals on average. Laboratories providing services and devices
tend to be smaller. Project management, science frontier, and survey
laboratories are larger, probably owing to the nature of the activities
constituting their primary task. In this section, we will examine the
key dimensions around which the six clusters oflaboratories differ.

Mission

Laboratories surveyed in this study are established, funded, and man­
aged to execute different missions. Laboratories rarely engage in R&D
activities per se but perform strategic research to support operational
activities; scientific publications are thus by-products of primary task
execution. Table 3 illustrates the components of the mission of the six
clusters of laboratories and the associated publication opportunities.
For instance, the major components of the operational task of project
management laboratories are (a) managing project, (b) strategic advice
to government, (c) testing and evaluation, and (d) contract research.

Research Intensity

Clusters of laboratories have distinct research intensity. Strategic re­
search activities aimed at developing technical competence for the fu­
ture represent only 3.5%ofactivities ofservice laboratories; the equivalent
figure for survey laboratories is 37.7% (see Table 4). Operational activi­
ties, which represent the core of activities of R&D laboratories, include
items such as building devices, contract work, policy advice, regulation
and product evaluations, and project management.

Science Base

The status of the science base ofeach cluster is also different. Laborato­
ries have dissimilar portfolios of emerging, growing, or mature scien­
tific disciplines.' Different mixes of scientific disciplines exist in the
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science base of each laboratory As Table 4 indicates, emerging scien­
tific disciplines are important elements of the science base of science
frontier as well as devices laboratories. By contrast, service and regula­
tion/controllaboratories operate with a science base heavily composed
of mature scientific fields.

Time Horizon

The time horizon of activities is also different for each cluster. Science
frontier, devices, and survey laboratories tend to be oriented toward
the long term. A short-term orientation is dominant in the case of serv­
ice, regulationJcontrol, and project management laboratories.

Spectrum of Research Activities

The spectrum of activities in terms of pure research, generic research,
applied research, and development also differs substantially depend­
ing on the type oflaboratories. Most laboratories are heavily involved
in applied research and development activities. Science frontier, de­
vices, and survey laboratories are engaged heavily in pure and generic
research activities.

Research Outputs

The research outputs for the 5:3 laboratories in our sample are highly
intercorrelated. Presentations to conferences, publications in scientific
journals, and reports to clients or industry consortia are associated be­
tween themselves and with bibliometric indicators. Table 5 displays
the coefficients of correlation for selected outputs and bibliometric indi­
cators. For instance, the number of scientific publications IS correlated
with the number of departmental publications (.56), the number of pres­
entations to conferences (,81), and the number of cited papers (.93).
Furthermore, the number of citations is correlated with the number of
cited papers (.96), the number ofhighly cited papers (.95), and the number
of scientific publications (.751. However, specific work configurations
exist for each cluster or laboratory.

Publication Strategies

The publication strategies of laboratories also vary with the cluster to
which they belong. In particular; the ways of releasing knowledge or
information produced in the execution of the primary task differ



between types oflaboratories, as indicated in Table 6. Globally, the most
appropriate means, as perceived by directors of laboratories, include
reports to consortia members, internal memoranda, project documen­
tation, scientificpublications, patent applications and licences,and transfer
agreements and personnel exchanges.

For science frontier, regulation/control, and survey laboratories, inter­
nal publications and scientific publications are perceived as appropri­
ate ways of releasing knowledge. By contrast, service laboratories see
contract or consortia reports as appropriate means. Voluntary or invol­
untary transfer of personnel as means of transferring knowledge were
important for science frontier and project management laboratories.

Publications Practices

Publications practices are also different, as Table 6 indicates. Scientific
publications are not the most common written outputs oflaboratories.
In simple quantitative terms, the dominant written outputs are prod­
uct evaluations, internal memoranda, scientific papers, conference pres­
entations, and contract reports. Actual outputs vary with the type of
laboratory. For instance, written outputs in the science frontier cluster
are, in order offrequency, scientific papers, conference papers, internal
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memoranda, and patents. By contrast, regulation/control laboratories
are dominated by product evaluations, followed by internal memoranda
and scientific publications.

Scientific Publications

Number of scientific publications per professional staff also varies ac­
cording to clusters. For instance, the number of scientific publications
in journals is 4.3 per professional over a period of five years for survey
laboratories. By contrast, project management laboratories produced
only 1.0 paper per professional over a five-year period. The aggregate
figures are indicative not of scientific capability, but of the appropriate­
ness of scientific publications as a mode of releasing knowledge.

The primary task leads to an emphasis on certain types of outputs and
publications in each cluster. Survey laboratories can be used as an il­
lustration. Outputs emerging from survey laboratories are detailed re­
ports made available to exploration companies or government agencies.
Scientific publications are built from these detailed reports by allocat­
ing professional time. Preparing scientific publications is important be­
cause laboratory directors believe such publications indicate to sponsors
and clients that the quality of internal reports is good.

Bibliometric Impacts

Depending on the cluster to which they belong, laboratories have greatly
divergent bibliometric impacts. The average influence weight is high­
est for science frontier and regulation/control laboratories. Project
management and industry service laboratories have the lowest aver­
age influence weight. Frontier laboratories, regulation/control labora­
tories, and survey laboratories have the highest number ofhighly cited
papers not only among the 53 laboratories but also across clusters of
laboratories.

The number of cited scientific papers ranges from 21 for project man­
agement laboratories to 917 for science frontier laboratories. However,
as we shall see, the influence of these papers is not as widely distrib­
uted as the number of cited papers.

The average influence weight varies substantially across types, but re­
mains high for most laboratories. Frontier laboratories have by far the
highest average influence weight. The average influence weight of a
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laboratory is based on the sum ofthe lSI influence weight assigned to
cited papers divided by the number of cited papers.

All laboratories have highly cited papers. The number of highly cited
papers is low for service, project management, and devices laborato­
ries; science frontier laboratories have an average of 15 highly cited
papers. The number of highly cited papers is defined as the number of
scientific papers that have been cited ten times or more during the
years following their publication dates.

Management Practices Associated With Research Quality

Clusters of laboratories with distinct profiles of tasks and organiza­
tional characteristics have different research outputs. However, within
each cluster, some laboratories achieve high bibliornetric impacts sur­
passing even the best performers in other clusters. By contrast, some
laboratories, even in the science frontier or survey clusters, perform
worse than laboratories in other clusters.

Within a given cluster oflaboratories, it appears that management prac­
tices and organizational attributes are associated with differential per­
formances, in terms of research quality as measured by bibliometric
indicators. In this section, we will outline the key managerial practices:

• A high degree ofdependence offunding on bibliometric results
was observed among the high-performance laboratories. In other
words, laboratories with high bibliornetric performances were
funded by government agencies that used decision criteria such
as publication outputs and bibliometric impacts. For instance,
the Laboratoire de Physique de l'Atmosphere, in France, is
funded by the Centre National des Telecommunicat.ions and
the Centre National de Recherche Scientifique. Both agencies
rely extensively on bibliometric outputs to allocate funds. As a
consequence, the Laboratoire de Physique de l'Atmosphere has
a clear mission to engage in strategic research resulting in
high-impact publications.

• Research consortiums or strategic alliances are key manage­
rial and organizational frameworks associated with high
bibliometric performances. Strategic alliances are established
for limited periods of time, have clear mission statements,
and provide for continual interactions between partners. For
instance, NRC's Microstructural Sciences Laboratory
operates as part of a strategic alliance with a number of
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telecommunications firms, such as BNR and Mitel. Managers
of this laboratory attribute their high levels of performance to
the alliance's focus on well-identified scientific problems and
the exchange between the laboratory's staff and the partners'
research scientists and engineers.

• Staff levels and recruitment policies to match the evolution of
emerging, growing, and reviving technical fields were also char­
acteristics ofhigh-performance laboratories. Managers in high­
performance laboratories maintained contracting out and
voluntary understaffing to have the freedom to recruit when­
ever new fields or reviving fields became important. For in­
stance, the Institute ofCommunication Technology, in Oermany,
had a policy of keeping its recruitment options always open by
contracting out and forming alliances with industry. Thus,
whenever a technical field justified full-time and long-term
positions, openings were available.

Low-performance laboratories, by contrast, were characterized by mixed
signals from their sponsors as to the important elements of their pri­
mary task and mission. Furthermore, they were subject to evaluations
ofthe relevance oftheir activities to clients or government agencies but
not ofresearch quality. Finally, low-performance laboratories were char­
acterized by morale difficulties attributed to external political shocks
leading to more severe underfunding and understaffing.

CONCLUSION AND POLICY RECOMMENDATIONS

Bibliometric indicators are complementary to but not substitutes for
traditional means of evaluating research laboratories. Organizational
assessments, strategic audits, and peer reviews are required periodi­
cally to assess whether ex post scientific achievements and ex ante re­
search plans are adequate. However, bibliometric indicators, provided
they are accompanied by organizational measurements that take into
account the mission and the specific working realities of laboratories,
can yield direct, comparative, and inexpensive information on the qual­
ity of research activities.

Bibliometric indicators begin to make sense when laboratories with
similar profiles are compared. The dynamics of primary task, research
outputs, and publication practices differ for each type of laboratory.
Thus, because of the dissimilarities across types of laboratories, the
bibliometric impact of scientific publications of any laboratory should
be compared only to that of similar laboratories. In view of the specific
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relations between primary task, research outputs, and scientific publi­
cations within each class oflaboratories, bibliometric comparisons should
also, at the laboratory level, be accompanied by organizational meas­
urements. In particular, it is worth noting that:

• Bibliometric indicators and scientific publications are not the
only outputs that should be measured. In fact, internal reports,
scientific publications, and presentations to conferences are
highly correlated outputs across all types of laboratories. For
science frontier, devices, and service laboratories, patent ap­
plications and consortia/contract reports are also pertinent
outputs. For project management laboratories, project docu­
mentation is appropriate, and for regulation/control laborato­
ries, product evaluations, hearings, and regulations need to be
measured.

• Bibliometric indicators are not equally valid across different
types oflaboratories. They are especially useful for science fron­
tier, survey, devices, and regulation/control laboratories but
less pertinent for project management or service laboratories.
Bibliometric indicators are most pertinent for laboratories where
growing and mature technical fields form the core of the sci­
ence base; emerging fields do not always have structured pub­
lication networks.

• Bibliometric indicators are less useful for the evaluation of
research laboratories involved in closed publication markets.
For instance, some military and industrial laboratories are
involved in applied research for which publication restrictions
exist. The research activities of these laboratories, however,
may lead to publications in the open literature. Scientific pub­
lications eventually arise from applied research but with de­
lays and security checks.

• Scientific publications are important outputs, whatever their
primary task. Research laboratories have a variety of outputs
that are conducive to scientific publications in different types
of journals. Some laboratories design devices or test method­
ologies, but their applied findings can be published in applied
journals. Infact, service, project management, and devices labo­
ratories publish in applied, clinical, engineering, and techno­
logical journals. By contrast, science frontier, regulation/
control, and survey laboratories publish more in research­
oriented journals.
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Peer reviews and strategic audits can be complex and expensive under­
takings. By comparison, bibliometric analysis combined with organiza­
tional surveys is inexpensive. Thus, agencies involved in R&D evaluation
need to build data banks to be in a position to find at any moment a set
of truly comparable laboratories. Bibliometric indicators can be highly
valuable, once evaluators are assured that similar laboratories are com­
pared. An eventual advantage ofbuilding organizational databases would
be the development of associations between organizational attributes,
research outputs, and scientific quality. Thus, laboratory directors and
sponsors would know empirically those organizational attributes that
are linked with high and low performance in terms of scientific quality
or relevance.

NOTES

1. From a life cycle perspective, scientific disciplines can be considered as
emerging/reviving, growing, or mature. Emerging / reviving: Unexplored
area or previously abandoned area that now yields numerous discover­
ies in a rapid flow (i.e., genetic engineering photonica), Growing: Well­
established field where research leads to substantial discoveries and
large improvement with a high level of productivity. Maturity: Well­
researched area where discoveries and improvements are hard to achieve
because of declining fertility.

2. The standard definition ofresearch classes given by the National Re­
search Council of Canada was used. Pure research: Fundamental re­
search work conducted with no long-term economic or social goals other
than the deepening of knowledge. In addition, no concrete effort is un­
dertaken to apply the results to practical problems or to transfer the
results to those sectors responsible for their application. Generic re­
search: Fundamental research work conducted in order to obtain a far­
reaching base of knowledge to help find solutions to known, actual, or
anticipated practical problems. Applied research: Original investiga­
tions undertaken to gather new knowledge and knowledge principally
oriented toward specific practical objectives, or objectives such as the
identification of eventual applications of discoveries from fundamental
research, or the solution of problems already identified. Development:
Systematic work inspired by existing knowledge obtained through re­
search work or practical experience, and aiming at the production of
materials, products, devices, services, methods, or new or improved systems
in checking the fine-tuning of prototypes and procedures.
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