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Abstract

Assessments of quality and productivity of academic research programs become more and more important in gaining financial
support, in hiring and promoting research staff, and in building academic reputation. Most assessments are based on peer review or
on bibliometric information. In this paper we analyze both bibliometric data and peer review assessments of 169 research groups
in economics, econometrics and business administration. The evaluations are achieved in two independent rounds in 1995 and in
2001, permitting replication of our study.

The purpose of this study is twofold. In the first part we want to see to what degree bibliometric information relates to peer
review judgments. The results convey how evaluators weight different output categories in their final overall judgment of academic
quality. The results also have practical meaning, since they indicate what the predictive ability of bibliometric data is for future peer
review outcomes. In the second part of this study we aim at explaining differences in research output quality and productivity by
organizational factors, like size of the research group, composition of staff, sources of research funding and academic discipline. In
this part, a composite indicator is used to represent the review committees’ overall assessment. The bibliometric data most strongly
related to the peer reviews’ overall assessment are used to construct data envelopment analyses’ efficiency scores as measure of
research productivity.

The main conclusions from our study are that the number of publications in international top journals is the best predictor of
peer review assessment results. Changes in the classification of bibliometric information, as introduced in the second evaluation
round, do not alter this conclusion. Size of the research group appears to be the only permanent characteristic associated with
research quality and productivity. Size is positively related to research quality but negatively related to research productivity. Larger
groups appear to have the potential to improve quality, but as groups become larger, they also experience problems in maintaining
the research productivity of the research team’s members. The remaining organizational characteristics appear to be temporarily

related to research quality and productivity. In the first evaluation round, research productivity and quality are associated with the
discipline variable: research programs in more quantitative areas and characterized by a higher level of paradigm development like
econometrics and operations research achieved higher levels of research quality and productivity than programs in more diverse
and less quantitative areas like business administration. This relation however is not permanent, since it becomes insignificant in
the second evaluation round. Instead, funding relations become more apparent in the second review round. The relative amount of
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national funding in the research group’s funding becomes positively related to academic quality, whereas the portion of income
from committed research is negatively related to academic quality of the programs’ research output. This may have been caused by
the increased importance of alternative sources of research funding in the period of the second review.

© 2006 Elsevier B.V. All rights reserved.
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verify whether the initial assessments produced stable
results.

The empirical data used in our study come from a
group of 169 research groups, evaluated in two rounds
metric analysis; Research in economics and business administration;

by three different review committees. The two review
rounds provided the opportunity to replicate the study.
This replication is only a partial replication, because
the way in which the bibliometric data are reported
have been changed somewhat between the first and
second round. The main conclusions from our study
are that the number of publications in international
top journals is a good predictor of the peer review
assessment results. Changes in the way the bibliomet-
ric information is presented do not have a major impact
on the peer review results. Size of the research group
is positively related to research quality but negatively
related to research productivity. Larger groups appear
to have the potential to improve quality, but as groups
become larger, they may also experience problems in
maintaining the research productivity of each the team
members.

The following section contains a literature review of
the different research assessments methods and of char-
acteristics of successful research programs. Section 3
gives a short overview of the research assessment proce-
dures applied to the sample programs. In the following
section we try to identify the correspondence between the
peer review method applied and the research programs’
bibliometric information (the first research question). In
Section 5, we identify the characteristics of the research
programs achieving high quality and productivity lev-
els (the second research question). In the final paragraph
we present our conclusions and provide suggestions for
further research.

2. Literature review

2.1. Peer review and bibliometric data

The evaluation of research output is seen to be the
major and growing element in the assessment of aca-
demics (Parker et al., 1998; Beattie and Goodacre, 2004).
Much effort is invested in designing useful and reliable
Keywords: Determinants of research efficiency; Research quality; Non
Longitudinal analysis of micro-units of production

1. Introduction

Researchers and research groups are increasingly
being evaluated and financed on the quantity and quality
of research output produced. In the United States, tenure
and promotion decisions are based on publications in
high-quality journals (Ballas and Theoharakis, 2003). In
Britain, research groups are financed based on a periodic
quality assessment in the “Research Assessment Exer-
cise” (Whittington, 1993, 1997). Similar approaches
can be found in other European countries as well, like
in The Netherlands, Finland and Spain (Loft et al.,
2002). In assessing research output, two approaches are
mainly used: peer review and bibliometric methods. Each
method has its assets and liabilities. Only a few studies
have tried to compare the outcome of peer reviews with
bibliometric results and they are inconclusive in their
results.

In the past 10 years, Dutch research programs in
economics, econometrics and business administration
have been obliged to use both methods simultaneously.
This provides the unique opportunity to compare both
methods. Our first research question is to what extent
research assessments based on bibliometric data and on
peer review will lead to similar conclusions. Moreover,
the use of both peer review and bibliometric methods
allow the construction of reasonably reliable measures
of research quality and productivity. These measures can
be used to answer our second research question, which
is aimed at identifying what the characteristics are of
research programs that achieve high quality research
output and high productivity. We expect to find factors
like size, composition of the research team, sources of
research funding and academic discipline. Our study
follows a similar research approach as Cherchye and
vanden Abeele (2005), but tries to extent their research
in two ways. We look at both efficiency and quality indi-
cators for each program. The second extension relates
to the data we use: our sample includes two rounds of
research assessments, enabling replication in order to
systems for evaluating research output. In this endeavor,
two main approaches can be distinguished: the peer
review method and the bibliometric method. The peer
review method is based on perceptions of well-informed
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experts about different quality dimensions of research
production. Peer review opens the possibility to include
a wide variety of different quality aspects in the final
judgment, taking into account the current position of
the researchers, specific problems and opportunities they
face and the researchers’ current and future potential.
The peer review judgment is however inherently subjec-
tive: the conclusions from peer reviews may be partly
dependent upon individual orientations of the evalua-
tors, based on their research interests, experience and
knowledge (Nederhof and van Raan, 1987; Brinn et al.,
1996). Review results based on peer review committees
are therefore also dependent on the committee’s compo-
sition. Recently, much effort has been invested to make
assessments of research performance more objective by
developing bibliometric methods.

However, bibliometric methods also have their short-
comings. They are restricted to written output, the eval-
uation results are influenced by the measurement meth-
ods applied and the assessment of acceptable publica-
tion numbers is partly dependent upon publication and
citation “habits” in different fields and specializations
(Nederhof and van Raan, 1993). Most studies in research
evaluation deal with measurement issues in bibliomet-
ric methods. Counting the number of publications is
the most simple method, but fails to recognize differ-
ences in academic quality (Dwyer, 1994; Zivney et al.,
1995; Hasselback et al., 2000). Academic quality may be
assessed by using the number of citations to the original
work (Brown and Gardner, 1985; Brown, 1996). Cita-
tion analysis also has its weaknesses. The results are
heavily dependent on the (number of) journals included
in the analysis (Newman and Cooper, 1993; Ballas and
Theoharakis, 2003). Not all citations are expressions
of acceptance of ideas: articles may be cited in order
to critique them (Croom, 1970). Citation behavior can
differ from field to field (Moed et al., 1985). Some-
times citation scores are inflated, because of a bias in
favor of popular authors and established journals. Also
popular topics and fields with many researchers lead to
inflated citation scores. Special cases are review articles
and methodological papers: they generate more citations
on average (Brown and Gardner, 1985). An alternative
approach is to weight the number of published articles
using the journal’s (adjusted) impact score (Dyckman
and Zeff, 1984; Morris et al., 1990; Newman and Cooper,
1993; van Fleet et al., 2000). Impact scores (the num-
ber of times an article in a specific journal is cited by

other journals) suffer from similar distortions as cita-
tion scores. Journals can be alternatively ranked based
on perceptual ranking methods, by which individual
specialists attach quality scores to journals (Schroeder
ch Policy 35 (2006) 1362–1376

et al., 1988; Hull and Wright, 1990; Hall and Ross,
1991; Harzing, 2003). Individual perceptions of jour-
nal quality may however be influenced by differences
in opinion among evaluators about relevant evaluation
criteria. These differences may be partly influenced by
biases: only academics included in the review exercise
express their opinions: in as far as these opinions are
not representative for the whole population, the sample
evaluators create a biased opinion because of response
bias. Some evaluators are inclined to rank those journals
higher for which they have served as reviewer or con-
tributor (self-serving bias) (Brown and Huefner, 1994).
Recent studies show that regional differences, affilia-
tions with journals (being editorial board member and/or
author in the journal) and research interests impact on
accounting journal rankings (Ballas and Theoharakis,
2003).

There seems to be no optimal bibliometric system
capable of objectively assessing academic quality with-
out bias and measurement error. It is also not clear to
what degree these methods lead to similar outcomes. In
two studies, Nederhof and Van Raan conclude that peer
review and bibliometric studies are positively related,
complementary and mutually supportive (Nederhof and
van Raan, 1987, 1993). Another study shows a sig-
nificant relationship between impact scores and peer
review results but no relationship between peer review
results and total number of publications (Rinia et al.,
1998).

2.2. Explaining differences in research quality and
productivity

Another stream in the literature tries to explain
differences in research productivity and research
quality. Some studies find that research productivity is
positively related to research programs’ size and amount
of external funding. Commissioned research for outside
parties is negatively related to research efficiency,
whereas scientific research funding by a scientific
research council seems to be positively associated with
research efficiency (Johnes, 1988; Cherchye and vanden
Abeele, 2005). We therefore expect the proportion of
the research team being full-time PhD-students and the
proportion of the research team financed by the national
research council to be positively related to research
quality and productivity. PhD-students are fully com-
mitted to producing high-quality research output, since

their academic career is largely dependent on their PhD
research output. Also the capacity to attract research
funds from the national research council can be seen
as a confirmation of the research team’s proven quality
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the committee five key journal articles it regards as its
best publications.

The committee evaluates each program with respect
to four criteria: scientific quality (“what is the quality
T. Groot, T. Garcı́a-Valderrama

nd productivity. A final explanatory variable is the
iscipline in which the research group is active. The field
f organizational studies is seen as divers and is charac-
erized by a fairly low level of paradigm development,
articularly as compared to economics and (even more)
conometrics and operations research (Kuhn, 1970;
feffer, 1993). A well-developed paradigm or shared

heoretical structure and methodological approaches
ay provide a necessary, although not sufficient con-

ition for the systematic advancement of knowledge.
ields with a more highly developed paradigm get
ore funding (Lodahl and Gordon, 1973), experience
greater effect of academic research productivity on

ay (Konrad and Pfeffer, 1990), have shorter review
imes (Beyer, 1978) and are more frequently referenced
y other disciplines (Baron and Hannan, 1993; Pfeffer,
993). A similar argument was made in The Netherlands
t the time of our study (Sterken and Leeflang, 2000). We
herefore expect the business administration research
roups to be less productive than research groups in eco-
omics and (even more) in econometrics and operations
esearch.

. University research funding and evaluation in
he Netherlands

.1. The national research assessment system

Until 1983, government funding of university
esearch in The Netherlands was directly related to the
umber of students enrolled (Groot, 1988, 1999). In
983, a system of conditional financing of research was
ntroduced, permitting the Minister to allocate funds
or research independently of the number of students
nrolled. Financing was conditional on the approval of
esearch programs by faculty committees consisting of
xperts in the relevant fields (Hazeu, 1983; Timmermans,
984; Groot and van Helden, 1999). The conditional
nancing system made resources for research and
esearch programs visible, permitting policy makers and
niversity managers to develop research policies and to
valuate research programs. During the first 10 years
owever, university research had been mainly evaluated
y examining the quality of research program proposals.
n 1993, a new system was introduced to evaluate the out-
ut of conditionally financed programs. Under authority
f the VSNU (the Association of Universities in the
etherlands) a system of periodic, discipline-oriented
valuation of university research from an international
erspective was implemented (VSNU, 1990, 1994a).
he objectives of this system were threefold: (1) to
nhance the quality of research, (2) to inform faculty
ch Policy 35 (2006) 1362–1376 1365

managers about the achievements of their research pro-
grams and (3) to introduce a system of accountability to
the public at large of the spending of state funds (VSNU,
1994b; Westerheijden, 1996).

At least once every 5 years, a review committee
assesses the research output in each academic disci-
pline. The committee consists of non-Dutch peers with
an outstanding reputation in their academic field. The
final report of the committee is available to the public
(VSNU, 1995). In 1993, the first disciplines evaluated
were mechanical engineering, biology, psychology, his-
tory and archaeology.

3.2. The first evaluation

In 1995, a committee of six non-Dutch experts
representing the areas of general economics, business
economics1 and quantitative economics/econometrics
with outstanding international reputation evaluated the
output of 92 research programs in eight universities from
the 5-year period 1990 to 1994. Each research program
sent a “self study” report to the review committee. In
the self study, each program presented its objectives,
resources and research results in a common format, pre-
scribed by the VSNU (1994b). Resources were reported
in total full-time equivalents research input, subdivided
according to the funding source, such as university fund-
ing, funding by the national research council, and fund-
ing from external parties like the European Union or
private enterprises. Resources were also reported accord-
ing to type of researcher: such as number of full-time
equivalents (fte) PhD-students and senior staff members.
Research results were reported in number of disser-
tations, number of scientific publications according to
quality level of publisher (in case of books; level A is
highest, level E is lowest quality) and journal (in case
of articles; from levels A to F), and number of profes-
sional publications. The quality ranking system used was
developed by the Chairmen of the Standing Committees
for Research of the faculties of Economics of the VSNU
and pre-specifies the quality levels of each of the aca-
demic publishers and of 1250 journals (VSNU-VVCW,
1991). Next to this information, each program provided
1 Most business economics programs in The Netherlands are equiv-
alent to business administration programs in other countries, like in
marketing, finance, accounting and management.
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of the outcome? What position has been achieved in the
national and international context?”), scientific produc-
tivity (“what is the amount of scientific output produced,
given the size of the group and the quality of the out-
put?”), scientific and societal/technological relevance
(“what significance does the research performed have for
the development of the scientific field, for the discipline
of economics (widely construed) and for society?”) and
its long-term viability (“what is the long-term viability
of the program and its prospects bearing in mind national
and international competition?”). The committee’s eval-
uation according to each of these criteria is expressed

in a score on a five point Likert-type scale and a short
explanatory report. The scores are fully anchored for
three of the four criteria (see for more details Appendix
A).

Table 1
Research input and output categories used in the 1995 and 2001 evaluations

Inputs

Input-categories 1995 and 2001

Academic staff directly funded by government
PhD st
Other

Academic staff funded by national research councils
PhD st

Other

Academic staff funded by third parties
PhD st
Other

Outputs

Output-categories 1995
Dissertations PhD the

own ins

Scientific publications

Journal
F lowes
Books (
Contribu

Annotations Bibliogr
Professional publications (part of)

dissemin

Output-categories 2001
Dissertations PhD the

own ins

International academic publications

Articles
Internat
Contribu
Internat

Dutch academic publications
Articles
Dutch b
Contribu

Professional publications Researc
ch Policy 35 (2006) 1362–1376

3.3. The second evaluation

In 2001, the VSNU organized a second round of eval-
uations, covering the years 1995–2000. This is not an
exact replication of the first round, because some adjust-
ments have been made. The most important adjustment
is the installation of two committees: one for Economics
(including business economics) and one for Business
Administration and Management (BA&M). The first
committee covered economics, econometrics and some
business economics programs, whereas the second com-
mittee covered business administration programs. The

business economics programs were given the option to
choose by which committee they wanted to be evalu-
ated. Most accounting and finance programs opted for
the economics committee, while most organization, mar-

Explanation

udents Trainee research assistant
All other categories of scientific staff

udents Trainee research assistant funded by the national
research council NWO
All other categories of scientific staff

udents Trainee research assistant
All other categories of scientific staff

ses (I/I, I/E, E/I—from own institution (I) or external (E)/prepared in
titution (I) or external (E))

articles (national and international) in six categories: A–F (A highest,
t)
national and international) in five categories: A–E
tions to books (national and international) in five categories: A–E

aphically traceable result of scientific research
books, journal articles or technical descriptions aimed at
ation outside the academic audience

ses (I/I, I/E, E/I – from own institution (I) or external (E)/prepared in
titution (I) or external (E))

in international journals
ional books
tions in international books

ional proceedings

in Dutch journals
ooks
tions in Dutch books

h reports
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eting and information systems programs opted for the
econd committee. In order to secure consistency in judg-
ent, two evaluators were member of both committees.
he committee for Economics reviewed 60 programs

rom eight universities, considerably less than the 90
rograms in the 1995 evaluation, due to closure of unsuc-
essful programs, mergers of some programs into larger
nits and relocation of others to the business administra-
ion evaluation (Westerheijden, 1996). The committee
or Business Administration and Management (BA&M)

eviewed 19 programs from six universities. Another
ajor difference is in the categorization of publica-

ions in the self studies: the VSNU decided to require
less detailed system of output categorization. Next to

able 2
escriptive statistics

1995 evaluation (n = 90)

Mean Minimum Maximum

nput variables
Total staff 24.4 1.2 126.7
PhD students 8.2 0 48
Staff university 18.3 1.2 75.7
Staff national funded 2.4 0 18.9
Staff third party funded 3.6 0 67.6
PhD students (% of total staff) 33.7 0 87
Staff national funded (%) 9.1 0 75
Staff third party funded (%) 10.6 0 83

utput variables: bibliometric data
Dissertations 4.9 0 22
Journal articles A 2.9
Journal articles B 11.7 0 47
Journal articles C 21.0 0 171
Journal articles D 29.7 1 154
Journal articles E 21.2 0 137
Journal articles F 8.9 0 58
Books A 0.5 0 7
Books B 1.4 0 12
Books C 3.5 0 26
Books D 3.8 0 45
Books E 13.4 0 228
International journal articles
International books
Contributions in int.books
International proceedings
Dutch journal articles
Dutch books
Contributions in Dutch books
Research reports

ommittee’s qualifications
Quality 3.1 1 5
Productivity 3.0 1 5
Relevance 3.4 1 5
Viability 3.1 1 5
Overall judgment 3.2 1.2 5
ch Policy 35 (2006) 1362–1376 1367

the three types of dissertations (this was not altered),
three main categories of academic publications were dis-
tinguished: international journal articles (divided into
refereed and non-refereed), other academic publica-
tions (books, chapters and proceedings), and Dutch
publications (divided into refereed and non-refereed).
Finally, a category of professional publications and sci-
entific reports was proposed to report on commissioned
research and applied work. Some minor differences exist
between the two groups: in economics, an option was

given in the international journals category and in the
books category to distinguish between ‘top’ publications
and ‘other’. In case such distinction was made, the fac-
ulty was asked to give a clear definition for the distinction

2001 evaluation (n = 79)

S.D. Mean Minimum Maximum S.D.

19.4 34.0 2.8 106.5 22.0
7.8 15.0 0 47.5 12.2

21.7 25.8 2.4 79.1 18.6
3.8 3.2 0 17.8 4.0

10.0 4.9 0 81.4 11.0
18.6 42.0 0 70 15.9
14.3 10.1 0 65.3 12.0
16.2 12.2 0 93.6 19.4

4.1 7.6 0 22 5.4
0 24 4.6

11.6
27.3
28.4
20.9

9.9
0.9
1.9
4.2
6.7

37.9
58.1 1 220 41.0
8.8 0 43 9.1

30.6 2 169 26.3
24.6 0 187 35.6
30.8 0 239 39.6
7.2 0 33 8.1

17.9 0 95 21.3
52.0 1 202 46.8

0.9 3.6 2 5 0.8
0.9 3.3 2 5 0.7
0.8 3.5 2 5 0.6
0.9 3.4 1 5 0.9
0.8 3.5 2 5 0.7
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used. In the business administration group, an option was
given to add working papers, research reports and exter-
nal reports to the ‘other academic publications’ category.
In order to secure comparability between the research
programs, we decided to keep differences in output vari-
ables to a minimum. An overview of the input and output
variables used in the 1995 and 2001 evaluations are pre-
sented in Table 1.

Both committees applied the same peer judgment
categories academic quality, productivity, relevance and
long-term viability as was used in the 1995 evaluation.
However, they introduced a slightly different definition
of the relevance criterion by giving it a restrictive
interpretation focusing exclusively on practical contri-
butions to professional or policy ends. By excluding
relevance for the scientific community, the committees
hoped to make divergent interpretations of this variable
less likely. The committees made sure they applied
similar methodologies, including the use of the same
fully anchored Likert-type five points scales that were
taken from the 1995 evaluation. Also the procedures
the committees followed were identical to the 1995
procedures, except for the fact that the 2001 committees
held meetings with the coordinators of all research
programs and not with a selection of coordinators. The
evaluation committee for Economics presented their
report in August 2002 (VSNU, 2002b), the committee
for Business Administration and Management followed
in December (VSNU, 2002a).

The input variables, output variables and committees’
final assessments are summarized in Table 2.

4. Correspondence between peer review and
bibliometric method
4.1. Peer review assessments’ dimensions

Although the committee labeled each of the four
dimensions differently, attaching different meaning to

Table 3
Common factor analysis on committees’ judgments

1995 evaluation

Common factor
Eigenvalue 3.161
Variance explained 79%

Evaluation criteria (factor loadings)
Quality 0.921
Productivity 0.889
Relevance 0.853
Viability 0.892
ch Policy 35 (2006) 1362–1376

each of them, the scores on the four dimensions appear
to be highly correlated (Pearson correlation coefficients
are between 0.628 and 0.796, p < 0.01). Common factor
analysis (without rotation) identifies only one dimension
for each of the two evaluation rounds. We treat the two
committees in the 1995 round independently, leading to
three independent samples.

In the 1995 evaluation round, the evaluation crite-
ria load on a single common factor, explaining almost
80% of the variance. The 2001 evaluation criteria load
on a common factor, explaining nearly 60%. As Table 3
indicates, the decrease in eigenvalue is partly due to a
decline in factor loadings for the evaluation criterion
“relevance.” We expect this to be a result of the altered
definition used in the 2001 evaluations, as explained
before. In order to work with a measure of research
quality that is consistent over time, we decided to pro-
ceed with a composite measure of research quality that
is calculated as the mean score based on three evaluation
criteria: quality, productivity and viability. The resulting
overall quality rating variables turn out to be reliable:
the Cronbach alphas are 0.90, 0.82 and 0.85 for the 1995
evaluation, the economics 2001 and the business admin-
istration 2001 evaluations respectively (Nunnally, 1978;
Hair et al., 1998).

4.2. Correspondence between peer review and
bibliometric information

In order to assess the correspondence between the
committees’ overall judgments and the bibliometric data
we applied ordinal regressions for each assessment,
using the committees’ composite quality score as the
dependent variable. Since only 19 business administra-
tion programs were evaluated in 2001, we decided to
2001 evaluation

Economics Business administration

2.350 2.374
58% 59%

0.838 0.899
0.825 0.832
0.418 0.282
0.891 0.892

group these together with the economics programs eval-
uated in the same year. Although we cannot be absolutely
sure that both committees followed the same evaluation
logic, they both applied the same procedures and joint
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Table 4
Ordinal regression of bibliometric data on the committees’ overall judgments

Bibliometric variables 1995 evaluation, estimates (Wald)a Bibliometric variables 2001 evaluation, estimates (Wald)b

Dissertations 0.072 (0.830) Dissertations 0.037 (0.679)
Articles Ac 0.296 (17.779)*** International journal articles 0.027 (19.266)***

Articles Bd 0.130 (18.636)*** International books −0.024 (1.187)
Articles C 0.017 (1.988) International book chapters −0.005 (0.361)
Articles D 0.009 (0.657) International proceedings 0.007 (2.428)*

Articles E 0.000 (0.001) Dutch journal articles 0.006 (2.100)*

Articles F 0.020 (0.439) Dutch books −0.029 (0.605)
Books A 0.085 (0.132) Dutch book chapters −0.003 (0.019)
Books B −0.043 (0.110) Professional publications −0.011 (8.148)***

Books C 0.064 (0.729)
Books D −0.065 (2.359)
Books E −0.019 (6.137)**

Chi-square 86.744 (p < 0.000) 58.713 (p < 0.000)
Nagelkerke 0.665 0.587
ne 81 68

*p < 0.10; **p < 0.05; ***p < 0.01.
a Ordinal regression, using the Logit link function (evenly distributed categories in the dependent variable).
b Ordinal regression, using the Probit link function (normally distributed latent variable).
c Articles A is the number of top publications in heavily refereed journals. VSNU provided a list of A-journals.
d Articles B is the number of excellent publications in – mostly – English and heavily refereed journals, or top publications in heavily refereed

collections of English articles. VSNU provided a list of B-journals.
e The sample populations used in the analyses is smaller than in Table 2 indicated because of listwise deletion of cases. This is due to missing

d a scor
v

m
a
m
d
t
p
d
o
b
i
a
T
v
s
a
u
c
t
n
i
r
t
r
c
t

optimal combinations of inputs and outputs for each
program.2 The relative technical efficiency of a program
is calculated by the ratio of the weighted sum of outputs
ependent variables: in some cases the committee decided not to give
iability score was not issued.

emberships were used to harmonize decision making
s much as possible. Table 4 shows to what extent com-
ittees’ overall judgments correspond with bibliometric

ata. The high number of different output categories in
he 1995 bibliometric system does not lead to a better
rediction of the peer review results than the more con-
ensed system used in 2001. In both systems, the number
f international journal publications appears to be the
est indicator of research quality. Interesting is the signif-
cant negative indication for Books E in the 1995 sample
nd for professional publications in the 2001 evaluations.
his is not due to a multicollinearity problem (VIF scores
ary from 1.2 to 1.7). Books E in the 1995 sample con-
ists of reports in the Dutch language not published by
publishing company. Most research reports published
nder a university label fall in this category, making it
omparable to the professional publications category in
he 2001 sample. Research programs producing a high
umber of applied research papers receive a lower qual-
ty assessment. This may be due to the fact that these
esearch programs allocate less effort to producing con-

ributions to the academic literature. The quality of the
esearch reports will also be missed by the evaluations
ommittees’ judgments because most research papers in
hese categories are written in the Dutch language.
e, for instance when a program indicates it will close in the future, a

5. Determinants of research programs’ quality
and productivity

5.1. Data envelopment analysis

In order to make a clear distinction between qual-
ity and productivity, we computed productivity scores
using data envelopment analysis (Cooper et al., 2000;
Garcı́a-Valderrama and Groot, 2002). Data envelopment
analysis (DEA) is a non-parametric linear-programming
technique that enables to define the relative efficiency
of decision making units (DMUs). DEA is an extreme
point method, comparing multiple inputs and outputs of
each sample program to the reference optimal sample
programs. Since we do not know the functional form of
input–output relationships in research programs, appli-
cation of the DEA methodology allows us to work with
2 Although it is possible to surpress or enlarge the impact of an
individual input or output in the efficiency scores (Thanassoulis et al.,
1995).
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and inputs to be selected as the Pareto optimal efficiency
measure of each program subject to the constraints that
an efficiency of 1 is the maximum achievable. The effi-
ciency measure is the radial distance from the optimal
production frontier. This frontier is based on the levels
of each output category that is produced by the most
efficient programs (see for a more detailed explanation
Appendix B). DEA has also some drawbacks. Like other
extreme point methods, DEA is not able to distinguish
between random measurement error and inefficiency.
Its nonparametric approach allows comparisons with
peers/reference groups, but not with “absolute” opti-
mal programs. DEA results are also sensitive to outliers:
unique combinations of inputs and outputs will lead to
higher efficiency scores than more common combina-
tions (Anderson et al., 2000).

The output variables used in these analyses are
selected from the most important variables contributing
to research quality as depicted in Table 4. For the 1995
evaluation we use the number of articles A and B, for the
2001 evaluations we select the output variables number
of international journals, international proceedings and
Dutch journal articles. The number of full-time equiva-
lents PhD-students and research staff are used as input
variables. In order not to include economies of scale in
the DEA-scores we use the CCR constant returns to scale
models (Charnes et al., 1978). This allows us to test in the
second stage what the impact of size on productivity is,
jointly with the impact of other research programs’ char-
acteristics. The resulting DEA efficiency scores correlate
best with the review committees’ scores on the produc-
tivity item (Spearman correlation coefficient of 0.584;
p < 0.000 for the 1995-assessment and 0.272; p < 0.02
for the 2001 assessment), indicating convergent and dis-
criminant validity of the measure.

5.2. Research quality and productivity

In a second stage analysis we aim at explaining dif-
ferences in research quality and productivity among
research programs. For quality we expect to find unbi-
ased estimators using OLS regression on the review-
ers’ composite quality indicator. For productivity scores,
using a two-stage approach may lead the first stage to
generate biased results because of the missing second
stage independent variables (Grosskopf, 1996; Wang
and Schmidt, 2002; Coelli et al., 2005) and because of
possible serial correlations between de DEA efficiency

estimates (Simar and Wilson, 2007). Other studies report
unbiased first-stage DEA and second stage estimations
using simulations based on different data generating pro-
cesses (Banker and Natarajan, 2001), different forms of
ch Policy 35 (2006) 1362–1376

production functions and error distributions (Bardhan et
al., 1998). A one-step model in which both the stochas-
tic frontier as well as the relationship with program
characteristics are estimated simultaneously implies the
dependent variable being summarized in a single depen-
dent variable (Coelli et al., 2005). We used Limdep to
verify our two-stage results and found support for the
main findings of the 1995 sample but not for the 2001
sample. The reason for the lack of support for the 2001
data may be found in the multidimensionality of the con-
structed single output variable and possible collinearity
problems among the independent variables.

Research programs’ quality and productivity of
research is expected to be dependent on the size of the
research group, composition of the research staff, fund-
ing source and discipline in which the research group
is operating. Size is measured by the total number of
full-time equivalent staff employed in the research pro-
gram during the 5-year period evaluated. Composition
of the research staff is measured by the proportion of
PhD-students in the total full-time equivalents research
staff. Funding source relates to two variables: the propor-
tion of full-time equivalents research staff funded by the
National Research Council and funded by commissioned
research projects for third parties. The discipline is iden-
tified by two dummy variables, one for economics and
one for business administration. The default value (zero)
relates to econometrics, mathematical decisions theory
and operations research. The relation between research
programs’ characteristics and the committees’ overall
quality scores is determined using ordinary least squares
regressions. The correspondence between research pro-
gram’s characteristics and research productivity could
not be analyzed using OLS regressions, given the skewed
and truncated distribution of the DEA scores. We there-
fore applied truncated Tobit regression, using 0 and 1 as
truncation points. The results are presented in Table 5.

5.3. Discipline

In the first evaluation round, discipline appears to be
related to both research quality and research produc-
tivity. The more analytic fields, like econometrics and
operations research, appear to produce more and higher
quality research output than research groups in fields
like economics and business administration. This find-
ing supports the general impression at the time of the first
evaluation round that research groups in more analytic

fields had more opportunities to excel, because they were
contributing to well-developed and well-organized dis-
ciplines that facilitate more academic publications that
are more frequently cited. The replication study how-



T. Groot, T. Garcı́a-Valderrama / Research Policy 35 (2006) 1362–1376 1371

Table 5
Correspondence between research programs’ organizational characteristics, research quality (t-value) and research productivity (z-value)

1995 evaluation 2001 evaluation

OLS regression
(qualitya, βb)

Tobit regressionc

(productivitya, Bb)
OLS regression
(qualitya, βb)

Tobit regressionc

(productivitya, Bb)

Constant – 0.162 (1.969)** – 0.361 (0.001)***

Staff
Total fte staff 0.500 (5.052)*** −0.000 (−0.202) 0.403 (3.468)*** −0.002 (−1.989)**

% PhD students 0.186 (1.698)* 0.224 (1.607) −0.012 (−0.105) 0.285 (1.715)*

Funding sources
% national funding −0.120 (−1.239) −0.008 (−0.044) 0.225 (1.864)* 0.475 (2.216)**

% third party funding 0.011 (0.099) 0.039 (0.247) −0.199 (−1.671)* −0.036 (−0.251)

Discipline
Economics (dummy) −0.311 (−2.558)** −0.188 (−3.396)*** −0.086 (−0.502) −0.073 (−0.991)
Business. administration

(dummy)
−0.313 (−2.444)** −0.239 (−3.439)*** −0.034 (−0.195) −0.025 (−0.348)

F 7.380*** 0.321 3.075*** 0.185
Adj. R2 0.324 0.256 0.146 0.092
n 81 82 74 69

Note. Use of log(total fte staff) as size variable in the models does not change the main findings. *p < 0.10; **p < 0.05; ***p < 0.01.
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a Dependent variables.
b Independent variables.
c Tobit regression truncated sample (0,1), quadratic hill climbing pr

ver does not confirm our original finding: discipline
oes not turn out to be a structural factor in predicting
esearch quality and productivity, but a more transitory
actor. The 1995 evaluation was the first evaluation in its
ind in The Netherlands, and lead to a critical review of
ome research programs, notably in the area of business
dministration. It looks as if these criticized programs
mproved their research output considerably between
he two evaluation rounds, rendering the discipline vari-
ble insignificant. Cherchye and vanden Abeele (2005)
nd some specialization types to be related to efficiency.
iven data restrictions, we were not able to divide our

ample into specialization types. The impact of our dis-
ipline variable appears to have been diminished over
ime.

.4. Size

Size appears to be an important variable: in both
valuation rounds it is positively related to research qual-
ty. We additionally included a quadratic term in staff
umbers to check for nonlinearity. This term appears to
e significant in both samples and of a negative sign,
ndicating decreasing economies of scale (t = −3.014,

< 0.004 for the 1995 sample; t = −2.658, p < 0.010 for

he 2001 sample). We also tested non-linearities in the
elationships between size and quality by slicing the size
ariable into eight portfolios of equal percentiles. We
.

used size as fixed variables and the other variables of
Table 5 as covariates in a general linear model (GLM).
The decreasing economies of scale relationship between
size and quality in both samples was confirmed and
appears to be monotonic. We could not find an optimal
size of the research group related to research quality:
larger groups have a lower marginal productivity gain
from a unit increase in size than smaller research groups.

The present analyses do not establish causality:
large research groups may provide sufficient funds and
researchers to produce a productive environment that
is conducive to high-quality research performance. But
also reversely: high quality research output may attract
funds that permit research groups to grow. At the same
time we found a surprising negative relation between
size and research productivity in the 2001 sample (the
negative sign was already present in the 1995 sample, but
not significant). In both samples, the partial correlation
coefficient between productivity and size, controlling for
quality, is negative and significant (for the 1995 sam-
ple: −0.356, p < 0.001; for the 2001 sample: −0.374,
p < 0.001). A quadratic term for total staff turned out to
be nonsignificant for both samples, indicating a linear
relation between size and productivity. Larger research

groups produce higher quality research output but appear
to have more difficulties managing the research pro-
ductivity of each of its members than smaller research
groups.
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5.5. Staff composition and funding

Staff composition measured in the proportion of PhD-
students participating in the program seems to have a
positive, but not very convincing and stable associations
with research quality and productivity. The positive rela-
tion with productivity seems to be more stable across the
two samples than the positive association with quality.

In 2001, the funding conditions become significant
for both research quality and productivity scores. Qual-
ity is positively related to the percentage of research team
members financed by the National Research Council and
negatively associated with the percentage of researchers
funded by third parties in commissioned research con-
tracts. Only national funded research appears to be posi-
tively associated with research productivity. The relation
between productivity and third party funding appears to
be insignificant and of a negative sign. These results
corroborates earlier findings that national funding is
positively related to research efficiency (Cherchye and
vanden Abeele, 2005). Cherchye and Vanden Abeele
also found a negative relation between third party fund-
ing and research productivity. In the 2001 sample we
found a similar negative sign, but it turns out to be non-
significant. The positive relationship between national
funding and research quality may be explained by the
fact that nationally funded research programs are evalu-
ated on quality of the research proposal and track record
of the research team before becoming eligible for fund-
ing. The positive relation to research productivity may
be explained by the strict procedures that are followed
for evaluating the progress made during project execu-
tion. The mean size of national funding has increased
considerably between 1995 and 2001 (refer to Table 2),
which may explain why this factor has become sig-
nificant in both 2001 models. The negative association
between third party funding and research quality may be
explained by the fact that results generated by most com-
missioned research may not be readily transferable from
the applied field into the academic literature. The mean
size of commissioned research staff increased as well
between 1995 and 2001. The higher portion of the human
resources programs dedicated to applied research, the
less opportunities they may have to excel in academic
publications.

6. Conclusions
In this paper we tried to answer two questions:
firstly, to what extend do research assessments based
on bibliometric data and on peer review lead to similar
conclusions, and secondly, what are the characteris-
ch Policy 35 (2006) 1362–1376

tics of successful research programs. We looked at
two rounds of evaluations of research programs in
economics, econometrics and business administration
in The Netherlands. These evaluations provided the
opportunity to confront bibliometric data with peer
review assessments, and to replicate our analyses. In
both rounds, the three evaluation committees’ scores
on quality, productivity and viability relate to one
underlying dimension explaining between 58% and
79% of the variance. More than half of the variance of
the overall quality judgments of the committees can be
predicted by a handful bibliometric variables, notably
number of publications in top-class and in excellent
international refereed journals, number of international
proceedings and number of Dutch journal articles.

Looking at the second research question, it turns out
that larger research groups attain higher quality research
output. Yet at the same time, larger research groups also
appear to experience problems in managing productiv-
ity. Replication of the 1995 study in 2001 enabled us to
see which organizational characteristics are permanent
predictors of research output and which ones are only
temporarily related to research quality and productivity.
Research group size seems to be the only permanent fac-
tor related to research quality and productivity in both
evaluation rounds. Other characteristics, like the compo-
sition of the research team and the academic discipline in
which the team operates, appear to be only temporarily
related to research output, depending on changes in for
instance institutional or financial arrangements.

This study also has its limitations. The results are
restricted to research groups in economics, business
administration and econometrics only and may not be
valid for research groups in other disciplines. The strong
part of this study, the replication, also has its weaknesses.
The 2001 evaluation is not a precise replication of the
1995 assessment, because the bibliometric data were
structured differently and the 2001 evaluation was done
by two, partly different, review committees in stead of
one. This may have introduced differences in the way
research programs have been evaluated, despite all the
efforts taken by the evaluators to avoid differences in pro-
cedures and criteria used. Another limitation is caused
by the cross-sectional data used, since they do not permit
to establish causality between research output and orga-
nizational characteristics. Longitudinal data may help
in analyzing causality among the variables. Lastly, this
research shows that institutional and financial factors

may play a role in attaining research quality and produc-
tivity. However, this influence appears not to be stable
over time. More research is needed to find out what com-
binations of institutional and budgetary arrangements
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4 = good The program’s approach has been fruitful and
future plans and perspectives seem healthy.
There are no major worries concerning
availability of competent staff or future
funding

3 = average There are some hesitations about one or more
of the aspects mentioned above, but there is a
fair expectation that the group can maintain or
obtain an adequate position within its field

2 = unsatisfactory The committee has serious doubts about the
program’s future position in the field. Radical
measures are necessary to secure an adequate
contribution in the future
T. Groot, T. Garcı́a-Valderrama

ay be most conducive to improve research quality and
roductivity.

ppendix A. The evaluation committee’s
easurement scales

cientific quality

5 = excellent The program makes important and innovative
contributions to its field. It is among the
world’s leading programs in its field

4 = good The program makes worthwhile contributions
to its field and may contain elements of
excellence

3 = average The program’s contributions to its field are of
interest, but do not attract international
attention

2 = unsatisfactory The program contributes marginally to its
field. It needs improvement in order to
contribute significantly

1 = poor The program’s contributions to its field are
insignificant. The program should be
reoriented or discontinued

cientific productivity

= excellent The program has a high output of scientific
publications of high impact; it produces
considerable numbers of PhD theses

= good The program has a regular output of scientific
publications with a considerable impact; it
successfully communicates its results to a
relevant audience, as identified in its mission
statement

= average The level of productivity is average
= unsatisfactory The program has produced some scientific

output, but both number and quality of
publications are below standard

= poor The program has hardly produced scientific
output and the output is of marginal interest

elevance
In assessing relevance, the 1995-committee consid-

red three different aspects: (a) the scientific relevance,
b) the relevance of the field for the discipline of eco-

omics (widely construed), and (c) the social relevance
f the group’s research. Only the general qualification of
he grades are used: 5 = excellent, 4 = good, 3 = average,
= unsatisfactory, 1 = poor.

ong-term viability

= excellent The program has a well established, leading
position in its field and has clear and
scientifically promising plans for the future.
Availability of highly qualified staff as well as
future funding are secured
1 = poor For a number of reasons the program should
be discontinued in its present form

Appendix B. Data envelopment analysis

Data envelopment analysis (DEA) is a non-
parametric technique that establishes the relative effi-
ciency of firms or individual decision making units
(DMUs). The relative technical efficiency of a firm is
calculated by forming the ratio of a weighted sum of
outputs and inputs to be selected in a manner that calcu-
lates the Pareto efficiency measure of each firm subject
to the constraints that an efficiency of 1 is the maxi-
mum achievable. The efficiency measure is the radial
distance from the optimal production frontier. This fron-
tier is based on the levels of each output category that is
produced by the most efficient firms.

Two models are most frequently associated with
the DEA methodology: the CCR (“Charnes–Cooper–
Rhodes”)-model measures efficiency under constant
returns of scale (Charnes et al., 1978) and produces an
“overall efficiency” rating, while the BCC (“Banker–
Charnes–Cooper”)-model measures efficiency on the
assumption of variable returns to scale leading to a “pure
technical efficiency” rating (Banker et al., 1984). In this
paper we used the CCR model (constant returns to scale),
producing an overall efficiency rating. The formulation
of a DEA model in fractional programming form is as fol-
lows (Cooper et al., 2000; Garcı́a-Valderrama and Groot,
2002):

(FP0) Max θ =
∑s

r=1urYr0∑m
i=1viXi0

(1)

subject to
∑s

urYrj
r=1∑m
i=1viXij

≤ 1 (j = 1, . . . , n)

ur ≥ 0 and vi ≥ 0
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In which Yr denotes amount of output r, and Xi

amounts of input i. The weights ur for each output r
and vi for each input i are supposed to be non-negative.
In Eq. (1) j different DMUs are evaluated against each
other. The DMU to be evaluated is designated DMU0
where 0 ranges over 1, 2, . . ., n.

To resolve model (1) it is converted into an equivalent
linear form, setting the denominator equal to a constant
(unity) and maximizing the numerator as follows:

(LP0) Max θ =
s∑

r=1

urYr0 (2)

subject to

s∑

r=1

urYrj −
m∑

i=1

viXij ≤ 0 (j = 1, . . . , n)

m∑

i=1

viXi0 = 1

ur ≥ 0 and vi ≥ 0

In our study inputs are full-time equivalents of
PhD-students and other staff, while the outputs are
selected from the most important publication categories
as depicted in Table 4. From these output categories, arti-
cles A are considered of higher quality than articles B,
and a similar ranking applies to international journal arti-
cles and Dutch journal articles. We used different weight
restrictions on our output data in order to model for these
quality differences. The restrictions lead to lower mean
efficiency scores and standard deviations, but did not
change the general ordering of the research groups. A
possible explanation is that DEA already assigns opti-
mal weights (multipliers) in solving the dual linear model
(Cooper et al., 2000, p. 52). In our sample, the ratio of
output weights attached to articles A (uA) in relation to
articles B (uB) in the final LP solution is 2.78 (u∗

A/u∗
B),

indicating that output category Articles A is weighted
2.78 times more than output category Articles B.

Since 1978, DEA is applied in an almost unlimited
number of different settings, represented by the list of
a bibliography of 472 published papers and disserta-
tions between 1978 and 1992 by Seinford in Cooper
et al. (2000). Examples of applications are efficiency
analysis of non-profit firms in health care receiving finan-
cial support from governments (Hollingworth, 2003), the

impact of non-controllable inputs and external condi-
tions on efficiency of schools (Ray, 1991), the implica-
tions of extended functions for health care organizations’
operating efficiency (Kooreman, 1995), scale and scope
ch Policy 35 (2006) 1362–1376

efficiencies of housing brokerage firms (Zumpano and
Elder, 1994; Anderson et al., 1998), the impact of tech-
nological change on trends in efficiency of the textile
industry in China (Wei et al., 1995), and efficiency gains
of making use of economies of scale in software main-
tenance (Banker and Slaughter, 1997).
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