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Abstract

In this paper first results are presented of a study on the correlation between bibliometric indicators and the outcomes of
peer judgements made by expert committees of physics in the Netherlands. As a first step to study these outcomes in more
detail, we focus on the results of an evaluation of 56 research programmes in condensed matter physics in the Netherlands, a
subfield which accounts for roughly one third of the total of Dutch physics. This set of research programmes is represented
by a volume of more than 5000 publications and nearly 50,000 citations. The study shows varying correlations between
different bibliometric indicators and the outcomes of a peer evaluation procedure. Also a breakdown of correlations to the
level of different peer review criteria has been made. We found that the peer review criterium ‘team’ shows generally the
strongest correlation with bibliometric indicators. Correlations prove to be higher for groups which are involved in basic
science than for groups which are more application oriented. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

In an increasing amount and variety of studies
bibliometric data have been used to assess research
performance, particularly in the natural and life
Ž .medical, biological sciences. The assumption un-
derlying these analyses is that bibliometric indicators

Žprovide a reliable ‘image’ of at least substantial
.parts of scientific activity. For instance, number and

) Corresponding author.

type of publications are considered to be indications
of scientific production. Citation-based indicators are
regarded as measures of impact or international visi-

Žbility of research Narin, 1976; Garfield, 1979; Mar-
.tin and Irvine, 1983; Moed et al., 1985 .

In this context of research evaluation one distin-
guishes between the concepts ‘impact’ and ‘quality’

Žof scientific research e.g., Martin and Irvine, 1983;
.Martin, 1996; Moed et al., 1985 . Quality is per-

ceived of as a broad concept with different aspects.
For example, cognitive and methodological quality
are distinguished. Impact is assumed to point to
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another specific quality aspect. Because of the
multi-dimensional character of the concept quality,
an assessment of quality is in practice always based
on the application of a ‘mix’ of different criteria
Ž .van Raan and van Leeuwen, 1995 .

In peer review, the main assessment mechanism
in science by which programmes, proposals or
manuscripts are critically judged by professional col-
leagues, this is often recognised by the inclusion of
several criteria which reviewers are asked to address.
The number and the nature of these criteria in the
evaluation of research proposals are currently issue

Ž .of extensive discussions see for instance NSF, 1996 .
It seems to be more generally assumed now that

advanced bibliometric methods offer crucial informa-
tion about research performance that can be seen as

Žcomplementary to peer opinion van Raan, 1996;
.NSTC, 1996 . This is particularly important, as peer

Žreview also has serious drawbacks Cole et al., 1978;
.Horrobin, 1990 .

In several earlier bibliometric studies comparisons
are made between bibliometric results and the judge-
ment of scholars or experts on the quality of re-

Žsearch. Anderson et al., 1978; Bayer and Fulger,
1966; Chang, 1975; Cole and Cole, 1967; Martin and
Irvine, 1983; Nederhof, 1988; Nederhof and van

.Raan, 1987, Nederhof and van Raan, 1989 . These
studies revealed a reasonable correspondence be-
tween the results of bibliometric analyses on the one
hand, and judgements of scientific quality by peers
on the other. This is an important basis for the
applicability of bibliometric indicators.

The correlations found are significant, but not
perfect as can be expected. It is important to know
whether more general or systematic patterns can be
found for cases where judgements on the basis of
bibliometric results do correspond and where—and
why—they do not correspond with the opinion of
colleagues. For instance a poor correlation was found
between citation indicators and the originality of
research proposals in application oriented research
Ž .van den Beemt and van Raan, 1995 .

In order to explore in more detail the correlations
between scores on bibliometric indicators and the
outcomes of peer judgements, we conducted a spe-
cific study as part of a larger bibliometric research
project on physics in the Netherlands performed by
the Centre for Science and Technology Studies

Ž .CWTS, Leiden University and the Foundation for
Ž .Fundamental Research on Matter FOM .

In this paper we discuss the results of a compara-
tive analysis between the outcomes of a peer evalua-

Ž .tion recently held October 1996 of research pro-
grammes in condensed matter physics and the results
of a bibliometric study on research programmes in

Žacademic physics in the Netherlands van Leeuwen
.et al., 1996 . For this comparison we focus on the

bibliometric as well as on the peer review side on
several specific elements of the assessments, in order
to gain more insight into relevant aspects of the
evaluation procedures. We stress that there are al-
ways bibliometric elements in each peer evaluation,
for example publications in important journals. So
peer evaluation and bibliometric assessment will in-
evitably show some correlation, they are never ‘or-
thogonal dimensions’ in evaluation space. The im-
portant questions for empirical investigation are
therefore which particular bibliometric indicators do
correlate to what extent, and under what ‘cir-
cumstances’.

2. Method

2.1. The FOM condensed matter peer reÕiew proce-
dure

As a first element of this analysis we use data of
an evaluation held in October 1996 of 62 research
programmes in condensed matter physics carried out

Ž .at universities or para academic institutes in the
Netherlands. This physics subfield accounts for more
than one third of the total output in physics, both in

Žthe Netherlands and in the world. Rinia and de
.Lange, 1991 . The programmes involved have been

evaluated within the framework of a periodical peer
evaluation by the national working community for
condensed matter physics of the Foundation for Fun-

Ž .damental Research on Matter FOM , the Nether-
lands Physics Research Council. The results of this
assessment are the basis for the funding of the
programmes by FOM for the next two years.

The judgement of research by this evaluation
procedure is in fact an assessment of the ongoing
research programme. The scientific work performed
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in the past years is the primary target of evaluation,
but also the research planned for the next period is
assessed. These plans may be an extension of current
research but also new projects can be proposed. So, a
mix of both past performance and potential perfor-
mance is assessed.

The programmes involved are carried out by re-
Ž .search groups ‘FOM working groups’ all of which

but two are part of the FOM working community for
condensed matter physics. Although the main goal of
FOM is the advancement of basic research, this
research council recently focused special attention to
the application potential of basic research for other
sciences, society or industry. Therefore, the evalua-
tion procedure in this working community was split

Ž .up in two categories. The one category B concerns
‘curiosity driven’ research, the main motivation here
is to expand basic knowledge. The other category
Ž .A concerns ‘application driven’ research which
means primarily basic research, but with an applica-

Ž .tion-oriented ‘strategic’ or technological relevance.
Groups were allowed to submit their research pro-

Žgramme for evaluation and, by that, as a request for
.funding in both categories. For each category a

separate jury of experts was installed. In category A
about half of the jury consists of scientists from
industrial laboratories.

Each programme was reviewed by on average
Ž .four and at least three mostly foreign referees.

Referees were explicitly asked to comment on scien-
Žtific merit of the programme relevance, originality,

.appropriateness of methods , quality and productivity
Ž .of the group including past performance , and on

the programme as a whole. Programmes submitted
for evaluation in the ‘application driven’ category
have been judged also for their strategicrtechnologi-
cal relevance. All programmes were also submitted
for review to the members of the jury and to the
groupleaders of the working community. The para-
phrased comments of the referees and, in some
cases, of the other peers, were presented to the
principal investigators of each programme in order to
have their reactions. The complete set of referee and
peer comments as well as the reply of the investiga-
tors finally was laid down in a protocol. On the basis
of this protocol, and the programme involved, the
juries rated all programmes according to the princi-

Ž .pal criteria quality of the team, goal, method . It

should be noted that the description of these three
criteria in both categories is to a greater extent
similar. However, as discussed above, in category A
more emphasis is put on technological relevance and
in category B on the advancement of basic knowl-
edge. Besides these three criteria, in category A
‘strategic’ technological relevance was also consid-
ered as a separate criterium. For each criterium a

Ž .rating was given on a scale of 1 excellent to 9
Ž .poor . Finally, an overall judgement was given
which served as the basis for grant supply.

Because of the additional criteria concerning
strategical and technological relevance in the assess-
ment of programmes in category A, and because of
the reviewing by different juries, the overall ratings
for the two categories are not standardised. There-
fore, a direct comparison of the jury scores between
the two categories is not allowed. Thus, correlations
between bibliometric indicators and jury ratings are
analysed within the context of each category sepa-
rately.

2.2. The bibliometric research performance assess-
ment

As a second main element of this analysis, we
used bibliometric data of the earlier mentioned com-
prehensive bibliometric study on the research perfor-
mance of 220 research programmes in physics, which
was carried out in the context of an evaluation of
academic disciplines at universities in the Nether-
lands. These programmes relate to the large majority
of research groups in academic physics in the
Netherlands, among which those in condensed matter
physics. This extensive bibliometric study is based
on the publication oeuvre in the period 1985–1994
of all senior scientists participating in the selected

Ž .programmes van Leeuwen et al., 1996 . The process
of data-collection and the methodology applied are
to a large extent similar to those adopted in previous
studies on academic research performed by CWTS,

Žfor example, on chemistry in the Netherlands Moed
.and Hesselink, 1996 . The main data source are the

bibliographic data of all papers with a Dutch address
published during the period 1985–1994 in journals
processed by the Institute for Scientific Information
Ž . Ž .ISI for the Science Citation Index SCI , SSCI and
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the A & HCI. A detailed description of the data
Ž .system is given in Moed et al. 1995 and in a recent

overview by van Raan, 1996.
In this ‘broad scale’ bibliometric study also pa-

pers of Dutch physicists with only a foreign address
are included. As a source of bibliometric data for
those publications, CD-ROM versions of the Science

Ž .Citation Index SCI were used. Publication data
were carefully verified and missing data were com-
pleted by scientists and institutes involved. This
latter procedure is a very important part of the
CWTS bibliometric studies.

It is of special interest, particularly in relation to
the peer review process described above, that in the
bibliometric study, scientists are ‘linked’ to pro-
grammes on the basis of the situation as of May
1995. Those who participated in a programme in the

Žpast but left before May 1995 for instance, retire-
.ment were excluded. For senior scientists recently

appointed, his or her total publication output and
impact generated during the period 1985–1994 has
been included in the analysis of the programme
concerned. By this choice the bibliometric analysis
focuses specifically on the past performance of those
who have the task to shape the future of a pro-

Žgramme the ‘back to the future’ option, instead of
analysing ‘total’ past performance of a group’s oeu-
vre, for instance from the perspective of accountabil-

.ity of research funds . We think that this ‘modality’
methodologically improves the comparison between
peer evaluation and bibliometric assessment.

However, as the peer evaluation procedure took
place in 1996 and contains a mix of assessment of
both past and potential performance, it might be
interesting to further compare in the future the re-
sults of this evaluation with bibliometric data of a
more overlapping time span, for instance for the
period 1994–1998.

The research groups in condensed matter physics
and their programmes analysed in the bibliometric
study and the programmes submitted to the above
discussed peer evaluation procedure are not com-
pletely identical. The bibliometric study aimed at an

Žassessment of the total programme involved based
.on the publication output of all senior researchers ,

whereas programmes submitted to the peer evalua-
tion procedure in some cases consist of smaller or
specific parts of the total programme. A matching of

programmes identified in both procedures and of the
data concerned was performed on the basis of the
participation of the same senior physicists. Six pro-
grammes in a total of 62 programmes submitted to
the peer review procedure could not be matched well
with programmes included in the bibliometric analy-
sis. They have been excluded from this study. For
the remaining 56 programmes a fairly good match
was obtained, though in a few cases a complete
overlap between participating senior researchers was
not reached. In eight cases the same group submitted
their research programme for evaluation in both cate-
gories A and B. In these cases the bibliometric
results of these programmes were matched twice
with the two different jury ratings. The results con-
cerning the correlations between peer review judge-
ments and bibliometric indicators are based on the
data of these 56 programmes.

3. Results and discussion

3.1. Bibliometric indicators used in this study

The bibliometric indicators calculated in the study
Žon Dutch academic physics see van Leeuwen et al.,

.1996 are given in Table 1 together with the numeri-
cal values for the entire set of groups participating in

Ž .the FOM national working community for con-
densed matter physics. Output and impact indictors
are measured ‘cumulatively’ during a fixed time

Ž .period 1985–1994 . Indicators are based on all pub-
Žlication and citation data related to this period Schu-

.bert et al., 1989 so called ‘total block indicators’.
For a detailed description of the methodology used,

Ž .we refer to Moed et al. 1995 and to van Raan
Ž .1996 .

The same indicators as given in Table 1 are
calculated for each programme separately. The num-
ber of papers per programme in the period 1985–
1994 varies from 574 to 21. It should be noted that
some overlap between programmes exists because of
co-authorship. There are four programmes with less
than 50 publications.

To give an impression of the scattering of the
citation scores within the entire set of 56 pro-
grammes: 42 programmes obtain a citation rate above

Ž .the world-wide field citation rate CPPrFCSm . Of
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Table 1
Ž .Indicators of publication output and impact 1985–1994 , for the FOM working community for condensed matter physics

aBibliometric indicator Score 1985–1994

Ž .The number of papers normal articles, letters, notes and reviews published
Ž .in journals processed for the CD-ROM version of the Science Citation Index SCI . P 5327

The number of citations recorded in SCI journals to all publications involved.
Self-citations are included. C 46,858
The average number of citations per publication, or citation per publication ratio.
Self-citations are included. CPP 8.80
The average number of citations per publication.
Self-citations are not included. CPPex 6.42
Percentage of papers not cited during the time period considered. %Pnc 28.21
The world-wide average citation rate of all papers published in journals

Ž .in which a group has published the group’s journal set . JCSm 7.05
Ž .The world-wide average citation rate of all publications in sub fields in which

the group is active. Subfields are defined by means of SCI journal categories. FCSm 5.47
The impact of a group’s publications, compared to the world-wide average

Ž .citation rate of the group’s journal set self-citations included . CPPrJCSm 1.25
The impact of a group’s publications, compared to the world-wide citation

Ž . Ž .average in sub fields in which the group is active self-citations included . CPPrFCSm 1.61
Ž .The impact of journals in which a group has published the group’s journal set ,

Ž .compared to the world-wide citation average in sub fields covered by these journals. JCSmrFCSm 1.29
The percentage of self-citations. A self-citation is defined as a citation in which the
citing and the cited paper have at least one author in common
Ž .either a first author or a co-author . %SELFCIT 27.05

a Ž .In this case ‘group’ is the entire national working community.

these, 27 programmes have a score which is signifi-
cantly above this world average. 14 programmes
obtain a citation score below the world-wide field
average, of which 5 programmes have a score signif-
icantly below average. Concerning the citation rate

compared to the world-wide journal average
Ž .CPPrJCSm : 34 programmes obtain a citation rate
at or above world average. Of these, 16 programmes
have a rate significantly above average. 22 pro-
grammes have a citation score below the world-wide

Ž .Fig. 1. Jury ratings of the 56 condensed matter physics programmes in two categories A: application-oriented; B: basic research .
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ŽFig. 2. Graphical display of jury ratings and bibliometric indicators for 56 programmes in two sectors of condensed matter physics A:
.application-oriented; B: basic research .
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journal average. Of these, 9 programmes have a
score which is significantly below average.

3.2. Scattering of jury ratings

For the peer evaluation of programmes in the
FOM working community of condensed matter
physics, 26 programmes have been reviewed in cate-

Ž .gory A application-oriented research , and 30 in
Ž .category B basic physics .

The jury-ratings for each of the 56 programmes
are given in Fig. 1. Whereas individual ratings could

Ž . Ž .be given from 1 excellent to 9 poor , the actual
Ž .average ratings vary between 1.89 and 4.84. Partly
this might certainly be explained by the quality of
the reviewed programmes, but also by the tendency
of the jury to level ratings off at the high and low
end of the scale.

The average of the scores amounts to 3.61 in
category A, and 3.16 in category B. In Fig. 1 is
shown that the differences between these averages
are caused by the fact that more programmes receive
Ž . Ž .a high rating between 1 and 3 in the basic physics

Ž .category B than in the application-oriented cate-
gory A. However, it cannot be concluded that pro-
grammes with a main emphasis on extending basic
physics knowledge are of higher quality than pro-
grammes with a strong strategic component. As ex-
plained above, criteria for assessment of programmes
and the composition of the jury are not completely
identical for the two categories.

3.3. Correlations between bibliometric indicators and
oÕerall jury ratings

Linear regression analysis clearly shows different
correlations between jury ratings and the various
bibliometric indicators. A graphical display of the
jury ratings for both categories and the indicators
CPP, CPPrFCSm and CPPrJCSm is given in Fig. 2.
It is shown that these indicators, though differently,
in general correlate positively with peer ratings.

We observe too that all figures reveal a more or
less similar pattern: for programmes with relatively
high scores on bibliometric indicators, no further
differentiation is visible among the jury rates. This
finding would confirm our earlier observation that
jury assessments level off at the top end of the scale.

For the 56 programmes we calculated for each of
the eight bibliometric indicators described in Table 1
rank-correlations with the oÕerall ratings received in

Ž .the peer jury review procedure. Spearman’s rank-
correlation coefficients were calculated, as only a
small number of ties occurred in the rankings of the
scores. The results are given in Table 2.

A first and very interesting finding is that there
appears to be no significant correlation between jury

Ž .ratings and the number of journal publications P
produced by the programmes involved. The other,
citation-based bibliometric indicators correlate quite
differently with peer review. All bibliometric indica-
tors containing actual citation rates, based on cita-

Žtions obtained by papers of a group analysed, C,
.CPP, CPPex, CPPrFCSm and CPPrJCSm do cor-

relate significantly at the ‘99% confidence’ level.
From Table 2 we observe that the highest correla-

tions are obtained for the average number of cita-
tions per publication, in- and excluding self-citations
Ž . Ž .CPP, CPPex and for the relative citation indicator
using the field-based world aÕerages as reference
standard, CPPrFCSm. The relative citation indica-
tor using the journal-based world aÕerage as refer-
ence standard, CPPrJCSm, correlates significantly
with jury-ratings in both categories. The absolute

Ž .number of citations C also correlates significantly
with peer judgements, though less than the before

Table 2
Ž .Spearman’s rank-correlation coefficients r of bibliometric indi-S

Ž .cators 1985–1994 and overall jury ratings in category A: appli-
cation-oriented and category B: basic research

Ž . Ž .Period 1985–1994 Category A r Category B rS S

Indicator
P 0.37 0.16

Ž . Ž .C 0.54 q 0.47 q
Ž . Ž .CPP 0.57 q 0.65 q
Ž . Ž .CPPex 0.51 q 0.68 q

%Pnc y0.35 y0.13
FCSm 0.29 0.01

Ž . Ž .CPPrFCSm 0.57 q 0.63 q
Ž .JCSm 0.48 q 0.28
Ž . Ž .CPPrJCSm 0.46 q 0.58 q
Ž . Ž .JCSmrFCSm 0.47 q 0.51 q

Ž .%Selfcit y0.19 y0.63 q

A ‘q’ sign indicates that correlation is significant at a confidence
level of 99%.
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Table 3
Ž .Spearman’s rank-correlation coefficients r of bibliometric indi-S

Ž .cators 1990–1994 and overall jury ratings in category A: appli-
cation-oriented and category B: basic research

Ž . Ž .Period 1990–1994 Category A r Category B rS S

Indicator
P 0.27 0.25

Ž .C 0.35 0.51 q
Ž .CPP 0.30 0.64 q
Ž .CPPex 0.27 0.72 q

%Pnc y0.22 y0.13
FCSm 0.23 0.31

Ž .CPPrFCSm 0.29 0.66 q
Ž .JCSm 0.36 0.50 q
Ž .CPPrJCSm 0.13 0.50 q
Ž .JCSmrFCSm 0.38 0.53 q
Ž .%Selfcit y0.06 y0.67 q

A ‘q’ sign indicates that correlation is significant at a confidence
level of 99%.

Žmentioned indicators. For these indicators except for
.the absolute number of citations higher and more

significant correlations are found for programmes in
Ž .basic physics research category B than for pro-

grammes with a stronger technological component
Ž .category A . The lower correlations found for the
application-oriented programmes in category A be-

tween most indicators based on actual citation rates
Ž .CPP, CPPex, CPPrFCSm and CPPrJCSm and the
jury ratings, are in agreement with earlier results in
studies on the relation between bibliometrics and

Žfields of technological research see for instance le
.Pair, 1988; van Els et al., 1989 . In this respect,

however, also factors related to the peer review
process should be taken into account. In the case of
category A, the jury judged programmes belonging

Žto a large number of subfields materials science,
.semiconductor physics, applied physics , whereas
Ž .programmes in the basic physics category B were

much more coherent. This additional factor in cate-
gory A of judging programmes belonging to a broad
spectrum of subdisciplines, is reflected by the jury
ratings which show a larger dispersion in category A
than in category B.

As might be expected relatively low correlation
coefficients are found for the ‘only-journal-based’

Žindicators JCSm, for the journals used by the re-
search group; and FCSm, for the journals of the field

.as a whole , especially in category B. It shows that
the status of the journals involved, as reflected by the
impact of the journals, do not correspond very well
with the quality of a research programme as per-
ceived by peers. However, in the application oriented

Ž . Ž .Fig. 3. Jury ratings for overall judgements and the four category A:application-oriented and three category B: basic research specific
criteria of 56 programmes in condensed matter physics.
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Ž .category A the impact of the journal set JCSm
correlates slightly with jury ratings.

In category B the indicator expressing the relative
impact of the journals in which a group publishes,
comparing the journal-based world aÕerage citation
rate with the field-based world aÕerage citation rate
Ž .JCSmrFCSm , correlates significantly with jury rat-
ings, as is the case with the indicator expressing the

Ž .percentage of selfcitations %Selfcit . A negative
correlation found between the percentage of self-cita-
tions and jury ratings in category B means that in the
case of basic physics programmes in condensed mat-
ter physics lower levels of self citation correspond
significantly with higher jury ratings.

When bibliometric indicators are calculated for
Žthe shorter and more recent period 1990–1994 Ta-

.ble 3 , for programmes in the application oriented
category A correlations with jury ratings decrease
compared with the correlations found for the period

1985–1994 and significant correlations disappear. In
the basic physics category B, most indicators which
correlate significantly in the whole period 1985–1994
also correlate significantly in the period 1990–1994.

3.4. Correlations between bibliometric indicators and
specific criteria

Next to the oÕerall assessment, the juries also
gave ratings for four specific criteria in their assess-
ment: team, goal, method, and strategical and tech-
nological releÕance.

The criterium team consists of an assessment of
the researchers and the research team. The criterium
goal includes the choice of the problem and the
relevance for the advancement of basic physics
knowledge and ‘urgency’ of the programme. The
criterium method concerns originality of methods

Table 4
Ž . ŽSpearman’s rank-correlation coefficients r of bibliometric indicators and jury ratings for the overall judgements and specific criteria. A:S

.application-oriented; B: basic research
aIndicator Jury rating

Ž . Ž . Ž . Ž . Ž .Overall r Team r Goal r Method r S&T rS S S S S

Category A
P 0.37 0.44 0.34 0.27 0.39

Ž . Ž . Ž .C 0.54 q 0.55 q 0.42 0.40 0.50 q
Ž . Ž . Ž .CPP 0.57 q 0.52 q 0.40 0.48 q 0.44
Ž . Ž .CPPex 0.51 q 0.47 q 0.34 0.43 0.37

%Pnc y0.35 y0.36 y0.22 y0.37 y0.34
FCSm 0.29 0.44 0.30 0.28 0.06

Ž . Ž . Ž .CPPrFCSm 0.57 q 0.40 0.34 0.46 q 0.52 q
Ž . Ž . Ž .JCSm 0.48 q 0.51 q 0.37 0.47 q 0.25
Ž . Ž .CPPrJCSm 0.46 q 0.35 0.28 0.36 0.46 q
Ž . Ž .JCSmrFCSm 0.47 q 0.30 0.33 0.48 q 0.33

%Selfcit y0.19 y0.18 y0.11 y0.21 y0.08

Category B
P 0.16 0.21 0.13 0.13

Ž . Ž .C 0.47 q 0.50 q 0.41 0.39
Ž . Ž . Ž . Ž .CPP 0.65 q 0.67 q 0.60 q 0.54 q
Ž . Ž . Ž . Ž .CPPex 0.68 q 0.68 q 0.63 q 0.55 q

%Pnc y0.13 y0.08 y0.09 y0.10
FCSm 0.01 0.02 0.07 0.01

Ž . Ž . Ž . Ž .CPPrFCSm 0.63 q 0.63 q 0.60 q 0.52 q
JCSm 0.28 0.29 0.25 0.26

Ž . Ž . Ž . Ž .CPPrJCSm 0.58 q 0.58 q 0.54 q 0.50 q
Ž . Ž . Ž . Ž .JCSmrFCSm 0.51 q 0.48 q 0.53 q 0.44 q
Ž . Ž . Ž . Ž .%Selfcit y0.63 q y0.59 q y0.64 q y0.53 q

aA ‘q’ sign indicates that correlation is significant at a confidence level of 99%.
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and contribution to extending basic physics knowl-
edge. Finally strategical and technological releÕance
was judged as separate criterium for programmes in
category A. Though all criteria contain elements of
past performance and future prospects, the criterium
team is most explicitly concerned with past perfor-
mance, whereas the criteria method and goal repre-

Žsent a mix of both elements past performance and
.future prospects .

The mutual dependence of these three and four
specific criteria, respectively, for each programme is
shown in Fig. 3. Linear correlation coefficients be-
tween the overall ratings and the criteria team, goal
and method range from 0.83 to 0.95 with those for
the team deviating most. Correlations between the
overall ratings and the judgements for the specific
criteria are slightly higher in category B than in the
application oriented category A. This finding might
also be related to the fact that programmes in the
latter category concern more heterogeneous subfields
than in the basic condensed matter physics category
B.

A quite remarkable finding is that the correlation
between the overall rating for programmes in the
application-oriented category A and ratings for the
strategical and technological releÕance criterium is

Ž 2 .less r s0.65 than between the other criteria. This
might indicate that for category A, covering pro-
grammes with an emphasis on technological rele-
vance, the jury still attaches a relatively great value
to the basic scientific merits of a programme.

All criteria can be seen as representing different
aspects of the broad concept of quality of scientific
research. It may be expected, however, that aspects

Žrelated to the first three criteria competence of the
team, relevance of the problem and originality of the

.methods are more directly related to impact and
visibility as measured in the international scientific
literature than the criterium of strategical and techno-
logical relevance. To investigate this, in Table 4
Spearman’s rank-correlation coefficients are calcu-
lated for bibliometric indicators and each of the four
specific criteria used by the juries. Taking the rS

values for the specific criteria we observe that, in
general, the highest correlations are found between
bibliometric performance indicators and the cri-
terium team. This is the case for both categories,
with again higher and more significant correlations

in the basic physics category B. As explained above,
the criterium team is indeed the most explicit cri-
terium for the assessment of ‘past performance’ of a
research group by peer review. It confirms the expec-
tation that citation-based indicators relate well with

Žpast achievement. In category A application-ori-
.ented research the quality of the team as perceived

by peers, shows a correlation with not only the C,
CPP and CPPex indicator but also with the JCSm
indicator, which is based on only the impact of the
journals used by the research group.

Ž .For the ‘basic physics’ programmes category B
lowest correlations are found between bibliometric
indicators and the criterium method, for the ‘applied

Ž .physics’ programmes category A lowest correla-
tions are found between bibliometric indicators and
the criterium goal.

It is shown for most indicators that the numerical
values of the correlations for the specific criteria are
to a certain degree interrelated. This may be ex-
plained by the mutual dependence of the separate
specific criteria as shown by the jury ratings men-

Ž .tioned before see also Fig. 3 .

4. Conclusions

Undoubtedly, a lot has been published on the
comparison between quantitative indicators and peer
review. Nevertheless, few studies offer hard empiri-
cal with sufficiently broad differentiation in type of
indicators and type of research. Part of these latter
studies consider the correlation between indicators

Žand peer review in the publishing process e.g.,
.Daniel, 1993, Korevaar and Moed, 1996 . Other

studies compare bibliometric indicators and peer
judgements based on questionnaires among scholars

Žor experts e.g., Anderson et al., 1978; Martin and
.Irvine, 1981 .

In this study detailed evidence based on a sample
of 56 research programmes in condensed matter
physics in the Netherlands has been analysed in
which expert assessment was the basis for funding
decisions concerning these programmes.

Our conclusions are summarized as follows.
Ž .a Positive and significant but no perfect correla-

tions are found between a number of bibliometric
indicators and peer judgements of research pro-
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grammes in condensed matter physics in the Nether-
lands.

Ž .b At the level of overall peer judgements, we
find the highest correlations between peer judgement
and the average number of citations per publication
Ž .CPP, CPPex and the citation averages normalised

Žto world average CPPrJCSm and particularly
.CPPrFCSm .

The latter two indicators compare the average
number of citations per publication with the world
standards of the corresponding journals and fields.
These indicators containing normalised citation rates
are included because citation characteristics may vary
considerably among journals and fields, which may
be a main cause for differences between citation
averages. It is shown that both indicators correlate
with peer judgements at almost the same degree as
the average number of citations. For both categories
of programmes it is shown that the mean citation rate
normalised to the world-wide field average gives a
slightly higher correlation with peer ratings than the
mean citation rate normalised to the world-wide
journal average.

Ž .c The impact of journals in which is published
by a programme, as reflected by the mean journal
citation rates, alone does not correlate well with the
quality of these programmes as perceived by peers.
From a bibliometric point of view this might be
expected, as the mean citation rate of a journal or a

Ž .journal category is only partly related to its relative
impact. For another part it also reflects differences

Ž .between citation patterns of the subfield s con-
cerned. Moreover, the impact of research published
within one journal may differ largely. The low corre-
lations found in this study between peer ratings and
the average citation rate of the journals used by the

Ž .research group JCSm and of the journals of the
Ž .fields involved FCSm , support conclusions that

journal impact factors alone do not provide a suffi-
cient basis for assessing research performance.

Ž .d Correlations between bibliometric indicators
and expert judgements are higher in the case of
‘curiosity driven’ basic research than in the case of
‘application driven’ research. On the one hand this
might be explained by a diminished bibliometric
visibility of fields of applied science, on the other
hand the circumstance of peer reviewing pro-
grammes belonging to a large number of subfields,

Ž .as was the case in the ‘applied physics’ category A ,
may have played a role.

Ž .e At the level of the four specific criteria used
by juries, the highest correlation is found between
ratings for bibliometric indicators and the criterium
‘team’. A.M. Weinberg mentioned this criterium—
the assessment of the competency of researchers and
the research team—as one of the two ‘internal crite-
ria’ for scientific choice which are most often ap-
plied when a panel decides on a research grant
Ž .Weinberg, 1963 . The results presented in this study
confirm that judgement of the team, as an important
element in peer review closely related to the assess-
ment of past performance, correlates significantly to
a number of citation-based indicators. From the anal-
ysis of the jury ratings on each criterium, however, it
appeared too that a high overall rating is not uniquely
determined by having a good research team. Pro-
grammes are judged on other aspects as well.

Ž .f When bibliometric indicators are calculated for
a shorter period, correlations with peer judgements
tend to decrease, especially in the case of application
oriented research.

Ž .g A negative correlation is found between the
Ž .percentage of self-citations %Selfcit and jury rat-

ings for basic physics programmes in category B,
The level of selfcitation can be interpreted negatively
as giving an indication of the relative isolation of a
group. However, more positively it can be explained
as an indication of the uniqueness of the research
carried out by the programme. Lower jury ratings
given to programmes with a high level of selfcita-
tion, as is found in this study for programmes in
basic condensed matter physics, may indicate that
selfcitation here is more related to isolation than to
uniqueness.

With respect to the level of agreement between
different bibliometric indicators and peer judge-
ments, it should be noted that at the basis of this
analysis are data from two different evaluation stud-
ies. As explained before programmes and the re-
searchers belonging to them identified in the peer
evaluation procedure and in the bibliometric analysis
were more or less identical, but did not match per-
fectly. A more perfect match between programmes
analysed might be obtained in future studies, for
instance by tuning in more precise on scientists,
research outcomes and publications which are evalu-
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ated by the different methods. In such cases correla-
tions between bibliometric indicators and peer opin-
ion might even prove to be stronger.

The numerical values of the correlations between
bibliometric indicators and expert assessments, al-
though in a number of cases clearly significant, also
indicate that the two assessment methods are cer-
tainly not completely dependent. The empirical find-
ings clearly indicate that both assessment methods
offer supplementary information about the perfor-
mance of research groups or programmes. Though in
our view a final quality judgement on a research
group can be given by peers only, on the basis of
their expert insight into the content and nature of the
work conducted by that group, we also conclude that
bibliometric indicators may provide important addi-
tional information to peers evaluating research per-
formance. Thus, bibliometric indicators act as a sup-
port to peer review, for instance in cases of incorrect
or biased views of peers on a group’s scientific
quality.

The supplementary information offered by biblio-
metric indicators may also be relevant for other
science policy purposes. Incidental, exceptional dif-
ferences between results obtained by both methods
may yield interesting cases which can function as an
eye-opener. Often such cases are interesting topics
for further research. It may point at limitations of the
bibliometric methodology, but also to biases in the
peer review procedure, for instance because the re-
search to be evaluated is not identical with the

Žexpertise of the members of a peer college for a
more extensive discussion on the relation between
peer review and bibliometric indicators, see van

.Raan, 1996 .
A final remark is related to the time span con-

cerned in both evaluation procedures analysed in this
study. As described above, in the FOM Condensed
Matter peer evaluation procedure not only past per-
formance but also future prospects of the pro-
grammes have been assessed. The latter aspect might
even be more important in the judgement of pro-
grammes in the application-oriented category be-
cause of the stronger emphasis put on strategical–
technological relevance. Bibliometric indicators used
in this study, though they may form a part of predic-

Ž .tive models Kostoff, 1995 , are by necessity based
on an assessment of past performance. Therefore, it

might be interesting to include in further studies
several time spans in order to test more extensively

Ž .the prospective and retrospective reliability of bib-
liometric evaluations and peer assessments.
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