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1. Introduction

The concept of sustainability stems from ecology and describes the use of a regenerative natu-
ral system in such a way that this system retains its essential properties and its population can
naturally be replenished [DEUTSCHER BUNDESTAG, 1997]. The term is also used in the
meantime in a more general sense and means the organisation of current production in a sys-
tem without endangering its future manufacturing capability. In this general form, the sustain-

ability concept can also be applied to knowledge [OTT, 1999].

The goal of scientific research is to generate new knowledge, whereby in the traditional sys-
tem of university research the specific manner of knowledge generation was left up to the in-
dividual university professors. However, for some years there have been discussions which
are guided by doubts concerning the efficiency of the self-organisation of the scientific com-
munity. Against this background, governance instruments of the so-called New Public Man-
agement (NPM) are increasingly being introduced into Germany, where the influence of the
state — in the German context, the Ministries of Education and Science run by the federal
states or Ldnder — 1s being cut back in the universities, while, at the same time, the central or-
gans of the universities — the rectors or presidents and units assigned to them — carry more
weight. In returns the autonomy of the university professors is reduced. Despite the cutbacks
in the area of strategic self-organisation, the university professorial staff gains operative flexi-
bility [cf. SCHUBERT 2008a, Ch. 2 for a more detailed discussion of the various elements of
the New Public Management approach].

In this special setting, an attempt is being made to improve research performance by changing
from input-related self-organisation to output-oriented steering via incentives. This essentially
means that the steering focus shifts from a detailed regulation of the inputs to a control of sci-
entific outputs. Due to the close connection between performance or outputs and allocation of
funds, however, specific incentives are set for the individual research units, whereby the dan-
ger of bias resulting from one-sidedness in the measurement concept is given. In this respect,
besides the positive effects of the indicator-related fund allocation (intended steering effects,
incentive impacts), negative impacts (disturbing the sustainability of scientific production)
can also occur.” Before we turn to the question of how indicator-based performance meas-
urement interferes with the scientific production process we will shortly review the evaluation

praxis in Germany.

WEINGART [2005] shows which inadvertent effects this can have taking bibliometric indicators.



2. Performance Measurement and Resource Allocation in Germany

The German resource allocation was traditionally based on grants paid by the federal states
without any preconditions. This kind of budgeting was accompanied by incremental changes
over time to account for losses in purchasing power. Therefore, the historic budgets were —
with adjustments — carried over to the present. In consequence performance dependent incen-
tive schemes were largely absent. In the course of New Public Management reforms this has
changed fundamentally, since unconditional state funds are increasingly made dependent on
passed performance. The induced reallocation of financial resources shall serve as an effi-
ciency-oriented incentive tool. Three distinct allocation mechanisms have prevailed in Ger-
many: peer evaluations, goal agreements and indicator-based performance measurement,
where the last clearly is the dominant and most wide-spread. To understand the German sys-
tem of formula-based resource allocation by indicators, one must understand its institutional
settings. The following arguments apply to university sector. The performance-based meas-
urement also exists in extra-university institutes but differs greatly, not only by institution but

also by every single institute. Therefore, this topic will not be discussed here.

At the macro-level the state authorities allocate budgets to the universities according to their
performance as whole. Up to now, all federal states practice indicator-based budgeting. The
financial relevance varies heavily: The federal state of Rheinland-Pfalz allocated 95% of the
funds depending on performance-related indicators in 2004, while the respective share in Ba-

varia was less than 2%.* Obviously, some federal states were rather cautious.

The indicators used to assess the research performance of universities do usually only com-
prise an indicator based on finished doctoral theses and an indicator based on third-party
funds, where the larger weight usually is given to the latter. Taking the example of Bavaria,
research® was evaluated by the following indicators in 2006: Third-party funds (58%), third-
party funds per professor (17%), number of doctoral plus state doctoral theses (17%), number
of Humboldt grants® (8%). Thus, third-party funds related indicators make up 75%. Note for
now, that a distinction concerning the source of third-party funding is not always made. Pub-
lication-related figures are of relevance not in any federal state, with the somewhat peculiar

exception of Berlin, which evaluates its polytechnical universities also based on publications,

These figures should be interpreted with care, since the maximum losses a university may suffer are
usually limited by special regulations.

Teaching is evaluated separately.

A Humboldt student may choose the university where he wants to write his doctoral thesis freely. Thus,
universities which have many students are deemed to be attractive for young researchers.



though not the full universities. Besides, third-party funds are also used as relevant perform-
ance indicator in other countries such as Belgium, the United States and Australia (Laudel
2005; Moed et al. 1995). The latter with the Institutional Grants Scheme 2008 gives a weight
of 60% to third-party funds ("research income"), 20% to teaching load, and another 10% to
research publications. The other way round is the England. The Higher Education Funding
Council (HEFCE) determines the eligibility to research funds in the process of Research As-

sessment Exercise (RAE) and publications are considered.

On the micro-level the universities allocate the state-funds to schools and individual research
groups again based on indicator-based formula budgeting. In 2004 85% of German universi-
ties had developed such budget allocation mechanisms, where usually the indicators chosen
resemble the indicators set by state authorities quite well. This, for example, implies heavy
dominant weight of finished doctoral theses and third-party funds, while in 2006 only in less
then 20% of the cases publication related indicators were taken into consideration at all, and
even if, with negligible weight. A more encompassing overview on indicator-based resource
allocation can be found in LESZCZENSKY and ORR [2004], JAGER et al. [2005], JAGER
[2006] as well as SCHUBERT and SCHMOCH [2008]. In order to prevent any misunder-
standing, the funding of schools and research groups discussed above refers to base funds and

not to specific project-related funds.

We summarise with two important observations. First, indicator-based resource allocation is
of increasing importance and widely applied in Germany and other countries both with re-
spect to the universities and individual research groups. Second, the indicator-sets applied are

narrow, and "third-party funds" is the dominant performance measure.

3. Analytical Concept — System excellence vs. lone rider

In this section we present our notion of excellence. We argue that the term excellence used in
current policy debates is, as opposed to what we call system excellence, not sustainable.
These primarily theoretical arguments serve as guiding ideas for the empirical analysis (Sec-

tion 4 and 5), which will confirm many of the hypotheses presented in this section.

To give the context, the following reflections on the link between research incentives and sus-
tainability stem from a research project which was carried out in the framework of a research
group funded by the German Research Association (DFG). Research units in the fields of as-

trophysics, biotechnology, nanotechnology and economics were surveyed, whereby 473 valid



sets of answers were generated. In the framework of this survey, a number of different input
and output indicators of the performance of scientific research were collected, as discussed in
the literature. Moreover, a pre-survey on the relevance of the various indicators was con-
ducted in the fields mentioned. A more detailed description of the dataset is given in Section

4,

New knowledge generation is the central goal of scientific research and can be best captured
by direct output measurements. In this case, publications come primarily to mind (in particu-
lar publications in international, renowned specialist journals). In order to present the quality
as well as the quantity of publications, citation quotas are also frequently referred to [MOED,
2005, SCHMOCH and SCHUBERT, 2008].” Finally, in recent years numbers of patent appli-
cations were often utilised to express output, but the number of applications filed at the level
of individual research groups is mostly so low that it is extremely difficult to draw statistically

robust conclusions. For this reason this indicator was not used after a preliminary test.

In addition, third-party funds are very frequently used as an indicator for research output in
practice, as this indicator is easily collected and in view of diminishing basic funding in real
terms, the acquisition of third-party funds is becoming increasingly important for universities
[JAGER, 2006, BERGHOFF et al., 2005, DFG 2003, see also previous section]. However, the
indicator third-party funds describes merely an instrumental goal [cf. SCHUBERT 2008a, Ch.
3], which has mutated into a fundamental goal as a result of the scarcity of public funds. To
what extent third-party funds are appropriate to achieve the fundamental goal of knowledge

generation will be discussed in Section 4 in greater detail.

New scientific knowledge only becomes relevant to society, if it spills over. Thus transferring
knowledge is central for the economy. The transfer of scientific results concerns on the one
hand advising policy-makers in the framework of committees or other bodies and, on the
other hand, the interaction with enterprises, which has been accorded increasing significance
in Germany as a performance criterion of the universities. In the meantime, technology trans-
fer is firmly positioned as a "third mission" —in addition to teaching and research- in regula-
tions [LAURSON and SALTER, 2004, OECD 2000]. In this dimension it must be taken into
account that a relevant transfer is time-consuming and therefore can compete with pure scien-

tific research.

! Note that this approach is being controversially discussed. See MERTON [1979], WEINGART [2003],
VAN HOOYDONK [1998], LATOUR and WOLGAR [1979], GILBERT [1977], COZZENS [1996] to
name only a few.



Maintaining the scientific infrastructure as the third dimension of research-related perform-
ance is only partly taken into account in the conventional indicator systems. One important
element hereby is the education of the up-and-coming generation of scientists within the
framework of doctoral and state-doctoral theses, where the number of doctoral candidates is at
least taken into consideration in many indicator systems. A further aspect in the infrastructure
is however also the organisation of communication within the scientific community. This can
take place via the edition of scientific journals, peer review of contributions for specialist
journals or also by taking a leading function in scientific societies. These activities are also

very time-consuming and can be reconciled with scientific research only to a certain extent.

In any case, all these activities are subject to positive externalities: Without educating the next
generation of scientists and the organisation of communication within the scientific commu-
nity, the long-term basis of scientific production itself is challenged. The problem of sustain-
ability of scientific research formulated in the introduction is best exemplified in the infra-
structural goods that research units may provide. Universities striving for excellence in re-
search often focus on the quality and extent of publishing activity, though commonly not re-
flected in the indicator-schemes, but the during the appointment of new academic staff. Sup-
pose for example, in a vain attempt to establish excellence research units would solely strive
for generation of new knowledge than the performance of the system will ultimately be
harmed, since there will be undersupply of upcoming scientists. To put it bluntly, current out-
put is increased at the expense of future output. Coming back to the term of sustainability, this

way is exactly the contrary.

Sustainable promotion of excellence must therefore always mean the assurance of "system
excellence", which is ultimately based on the guarantee of a functional balance in the activi-
ties of scientific institutions (a healthy mix of research activities). Especially, also the activi-

ties subject to positive externalities should be taken into account.®

Such a science system is then in a position to produce excellent individual scientists and
groups. To sum up, we can state that a meaningful concept of excellence in research should
refer to the science system as a whole and not to single research groups, especially implying
that scientific research groups should be evaluated by a broad indicator set encompassing in-

dicators from the dimension mentioned above.

Different kinds of research activities are discussed later on in Section 5 empirically. However, from a theo-
retical point of view we would expect, that "generation of genuine knowledge", "graduate teaching", "trans-
fer", and "infrastructure" are important. We will use this understanding in the subsequent section, albeit the

fact that we discuss it explicitly in Section 5 for the first time.



Before we come back to these ideas, we will conduct an analysis which deals with the indica-
tor of third-party fund, which is, as discussed above, the most important indicator to assess
research performance. We show that this indicator is dubious as performance measure, be-
cause it is associated with decreasing efficiency for research units which rely heavily on third-

party funds, i.e. this indicator is not necessarily linked to performance.

3. Suitability of Third-party Funds as a Performance Indicator

In the following we will speak of third-party funds as of a monolithic block, although we are
aware of the fact, that third-party funds can have quite different characteristics, which touch
the target of research (applied vs. basic) or the time-horizon (long vs. short-term). This is
done because the performance indicator "third-party funds" does not make a difference be-
tween different kinds of external resources acquired by the research units, i.e. all types are
usually simply added up. Anyhow, at the end of Section 3.2.3 we will try to disentangle the
results obtained for third-party funds and we will show that different kinds of third-party

funds may have quite different effects on performance.

Detailed studies of the connection between third-party income and research performance have
been rare up to now; the works of HORNBOSTEL [1997, 2001], LAUDEL [2005], MOED et
al. [1998] and GEUNA [1997, 1999] as well as a statement by the WISSENSCHAFTSRAT
(Science Council) [2005] should be mentioned particularly. Despite the widespread accep-
tance of third-party funds as a performance indicator, even by the researchers themselves
[FRANKE et al. 2006], the empirical basis to support this steering instrument is thin up to

now.

It is largely unclear whether the supposed positive connection between third-party funds and
research performance basically exists. From a production perspective, other outcomes of the
connection are perfectly conceivable, e.g. decreasing returns to scale and possibly even that
the costs associated with the third-party acquisition outstrip the yields. From a substantive
perspective, third-party funds can ultimately only be an instrumental goal, as the real goal of a
research unit is not the acquisition of external funds. Therefore their use as an indicator can
only make sense, if they stand in a positive cause-and-effect relationship with the output di-

mensions which represent the fundamental goals. Ideally, a strictly monotonous relation



should exist between the instrumental indicator, in this case third-party funds, and the funda-

mental goal.

Defining the fundamental goal will typically rely on singling out the most important output
indicator. In earlier work, using appropriate regression techniques, JANSEN et al. [2007] and
SCHUBERT [2008a, Ch. 3] prove the existence of a correlation between publications and
third-party quotas, in which the number of publications in the lower area increases with the
third-party funds (Figure 1).” Above a critical threshold however the number of publications
sinks again despite a rising third-party share. The outlay in time necessary to acquire addi-
tional third-party funds might be so high, that the actual scientific work is relevantly re-

stricted.

Figure 1: Third-party funding shares and estimated publication statistics for selected

research fields
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Source: JANSEN et al. [2007]

In fact, this analysis is somehow incomplete, because, by taking publications as the dependent

variable, scientific output is assumed to be one-dimensional.

In this section we will present evidence of the effect of third-party funds on a multi-
dimensional efficiency measure instead of a one-dimensional proxy-indicator. Before we do
so, in the next subsection we will briefly describe the dataset underlying our empirical analy-

SES.

3.1 The Dataset

The data used in this analysis comes from a large survey of German research groups, which
was conducted in the fields of astrophysics, nanotechnology, biotechnology, and economics
between January and June 2007. We sent a questionnaire to 1935 leaders of research groups.
In total we received 473 answers, implying a return rate of almost one fourth. The population
was identified with the help of the Science Citation index in the case of the biotechnology and
nanotechnology and the institutional database Vademecum listing German research units in
the case of economics and astrophysics. Additionally, we performed internet-based searches
in order to avoid possible database-related biases. In the case of astrophysics and economics
the population is close to a full survey due to the limited number of research units. For bio-
technology and nanotechnology the "population" rather is a sample itself, because of the large
number of research units. However, whether a unit received a questionnaire or not was com-

pletely random. Some statistics are given in Table 1.

Table 1: Structure of the sample and the population in comparison

Population size Sample size Response rate

Astrophysics 97 34 35.05
Nanotechnology 674 201 29.82
Economics 477 102 21.38
Biotechnology 687 136 19.80
Total 1935 473 24.44

The astrophysics (a typical mode-1 field ion natural sciences) makes up about 7% of the sam-
ple, nanotechnology about 42%, biotechnology 22% (both mode-2 fields in natural respec-
tively life sciences) and economics 29% (a field between mode-1 and mode-2 in the social

sciences).'” The response rate was highest for astrophysics with 35% and lowest for biotech-

10 We state at this point, that the distinction between mode-1 and mode-2 —as introduced by Gibbons et al.

1995) is certainly very general and need not be a good description for a particular research group. To un-
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nology with about 20%. For astrophysics, this can be explained by additional efforts to re-
ceive answers from astrophysical units, which were undertaken because of the small popula-
tion size. All in all, we think that there are no strong indications of biases due to differences in

the response rates. So the sample satisfactorily reflects the structures in the population.

Included in the sample are not only university chairs, but also research groups from publicly
funded extra-university institutions, which traditionally make up a significant part of the
German research sector. The largest extra-university association is the Helmholtz Association
(R&D expenditures of 2.5 Bln. €), followed by the Max-Planck Society (1.2 Bln. €) and the
Fraunhofer Society (1.2 Bln. €). On fourth place is the Leibnitz Association (0.8 Bln. €). In
the sample there were in total 140 extra-university institutes, which corresponds to a share of

almost 30%.

A major objective of this survey was to determine the effects of changes in the governance
model, which were induced by the latest university-reforms, on the performance, where one

facet of this is clearly the increasing dependence on third-party funds.

To get an impression of the dataset, we present the most important variables and their sum-

mary statistics in Table 1.

derpin this, we report a special result of the survey, where the participants were asked for the share of
their research time spent on basic research. If the mode-2 hypothesis were true, we would expect high
values for astrophysics, medium values for economics and low values bio and nanotechnology. Indeed, it
is true that the share of basic research is highest for astrophysics (79%). However, it is still 58% in the
case of biotechnology and 67% in nanotechnology. Surprisingly economics has the lowest value with a
share of only 50%. Thus, we think it is of no use to think of a discipline as being either application or ba-
sic research oriented. It is always the specific research unit that has a certain profile, and also in a so-
called mode 2 discipline there may be mode-1 research groups.
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Table 2: Summary statistics for selected survey variables

Variable Time Period Unit/Type Mean S.D. Min Max
Research Outputs

Advisory Service for Companies 2004-2005 Count 0.56 1.44 0 11
Co-operations with Companies 2004-2005 Count 2.05 3.46 0 26
Conferred Doctoral Titles 2004-2005 Count 4.25 4.86 0 52
Conferred State Doctoral Titles 2004-2005 Count 0.50 1.07 0 13
Membership in scientific advisory boards 2004-2006 Count 3.27 4.15 0 30
Number of Publications in The SCI/SSCI-Database ~ 2004-2006 Count 31.47 40.78 0 320
Number of Citations in The SCI/SSCI-Database 2004-2006 Count 118.82  177.73 0 1359
Research Inputs

Number of Scientists excluding PhD Students 2005 Count 6.68 8.48 1 77
Number of Scientists including PhD Students 2005 Count 14.47 14.18 1 129
Age of Computers when Replaced 2005 Count 4.54 1.37 2 10
NPM Governance Variables

Existence of Personnel Quotas 2006 Binary 0.80 0.40 0 1
Perceived de facto Influence of the Deans 2006 1-5 Likert Scale ~ 3.20 1.02 1 5
Perceived de facto Influence of the Presidents 2006 1-5 Likert Scale ~ 3.65 0.97 1 5
Existence of Goal Agreements 2006 Binary 0.30 0.46 0 1
Existence of an Accounting Scheme 2006 Binary 0.53 0.50 0 1
Existence of Research Councils 2006 Binary 0.70 0.46 0 1
Existence of Regular Evaluations 2006 Binary 0.39 0.49 0 1
Third-party funds

Fraction of Time Spent on Third Party Research 2004-2005 Percent 69.16 2891 0 100
Thereof:

German Research Association 2004-2005 Percent 46.33 35.30 0 100
Federal Ministry of Research and Education 2004-2005 Percent 11.73 19.22 0 100
Ministries of the federal states 2004-2005 Percent 9.49 17.82 0 100
Industry 2004-2005 Percent 12.36 20.76 0 100
EU 2004-2005 Percent 10.24 17.60 0 100
Structural variables

Time spent on research 2006 Percent 53.82 19.19 0 100
Time spent on teaching 2006 Percent 21.57 14.59 0 70
Basic research as a share of total 2006 Percent 61.77 32.54 0 100
Applied research as a share of total 2006 Percent 28.16 28.71 0 100
Development research as a share of total 2006 Percent 9.69 14.10 0 95

Without going into detailed analysis, we see that there is great variety among the research
groups. For example, the smallest consists of just one person, while the largest comprises 129
scientists including PhD students. The maximum number of publications of the single re-
search institute is 320 and the minimum number is 0. It is also interesting to note that 80% of
the research institutes have to come to terms with rigid personnel quotas. Some groups do not
conduct any third-party research, while others have a share of 100%. The mean, however, is
about two-thirds. As it seems, third-party research dominates total research activities, which
makes it even more important to analyse its effects on performance. Another interesting as-
pect concerns the characteristics of the research undertaken. On average the largest share is
deemed to be basic research, while only 9.69% is considered to be development. In any case

one university unit indicated that its share of development is 95%. Also with respect to the
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orientation the research groups differ. While on average about 54% of the time is spent on re-
search and only 22% is spent on teaching, there are also research groups with have heavy
teaching loads. In fact three units (all from economics) responded that their share of time

spent on teaching is no less than 70%.

In fact, these are only a snapshot of the 64 variables asked for in total, including questions
concerning the external influences on the research agenda, additional outputs (such as other
types of publications), a more detailed differentiation concerning the personnel (e.g. doctoral
students, post-docs, technicians, etc.), or the age of the research group leader just to name a

few. However, for this study they are not particularly relevant and therefore omitted.

Summarising, the research groups differ not only in structural characteristics such as size but
also in the tasks and mission, their financial situation and their internal governance. For now,
note that this strengthens the postulation of an indicator set for performance measurement (see
Section 2) in order to account for the differences between the orientation and mission of the

research units.

3.2 The Influence of the Third-party Research Orientation on Performance

The term performance is naturally a non-operationalised concept. Potentially, a multitude of
performance measures seem reasonable, but upon recognising the multi-input-multi-output
characteristics of scientific production, it seems to be a promising approach to define per-
formance as a multidimensional efficiency measure, which can be estimated for example by

DEA or FDH techniques."’

3.2.1 The Statistical Methodology

In order to test for positive effects third-party funds may have on research performance, an
estimate or an indicator of research performance must be obtained. This is not as trivial as it
may seem. To deal with that problem we calculated FDH scores'” as a measure of efficiency
for different sets of inputs and outputs, in a first step, and tried to test for partial correlations

of these scores with an indicator for third-party funds in a second stage regression.

The guiding principle of the mentioned envelopment estimators is that a unit is deemed inefficient if it
is dominated by another observation in any respect.

The FDH scores for each research unit were calculated with reference only to the own disciplinary
peers to account for field-specific differences in the production technology.



13

For the first stage efficiency measurement we use the FDH estimator [compare DEPRINS et
al., 1984], which is similar to the DEA estimator [FARREL, 1957, CHARNES et al., 1978] of

technological efficiency, except that convexity of the production set is not imposed.

Though the two-stage approach of regressing explanatory variables on previously estimated
efficiency scores (no matter if DEA or FDH) is very common and intuitive, SIMAR and
WILSON [2007] concisely show that it has been misused in practically all prior treatments,
for several reasons. First, the usual asymptotic inference in the second-stage regression is
flawed, because the FDH estimates are serially correlated and so are the regression residuals.
Second, the very common Tobit specification of the second stage regression, which is moti-
vated by the (estimated) high share of absolutely efficient units, is conceptually misguided,
because it does not reflect the properties of the underlying data generating process, which has
— by assumption — a continuous distribution (instead of mass-points) at the frontier. Using a
Tobit specification rather reflects finite sample problems of the FDH estimator than the char-
acteristics of the density close to the frontier itself. SIMAR and WILSON [2007] argue that
the correct model is a truncated regression model. Though the estimates from this model con-
verge at the same low rate as the FDH estimator itself (especially the convergence is not of
order 1/2, which would be that of usual parametric estimation), they are at least consistent.
To obtain valid inference they propose complicated bootstrap algorithms in the second-stage
truncated regression. Without going into more detail, we applied algorithm #1 described in

their article. For any of the regressions performed 1,000 bootstrap replications were used.

3.2.2 The Input and Output Sets

As the discussion in Section 2 indicates, in order to estimate efficiency it is necessary to de-
fine a set of relevant inputs and outputs. This is uncritical for inputs; we use the number of
scientists excluding PhD students and a reciprocal of the age of the computers when replaced

as a proxy for the value of the capital stock.

Defining outputs is still difficult, because of the multitude of research activities. The first
problem is in finding appropriate indicators to cover these dimensions and the second is in
finding "weights" for the dimensions. Additionally, the mission of the research unit should be
taken into account, i.e. one output scheme suitable for all units does not exist. Thus we ran
regressions for totally different sets of outputs, which could be described as balanced, publica-
tion-oriented, transfer- and infrastructure-oriented, and graduate-teaching-oriented. To save

on space we will only describe the balanced set here, but the results appeared to be stable
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across the different output definitions. Therefore, including them will not result in additional
insights. In sticking to a balanced scheme we therefore have a research unit in mind that does
not have a strong preference for any of the three dimensions. A sensible set of indicators
seems to be SCI/SSCI-publications for knowledge generation, finished doctoral and state doc-
toral theses to reflect graduate teaching, number of advisory services for companies plus for-
mal co-operations with them for the dimension of knowledge transfer, and number of editor-

ships to reflect infrastructure.

3.3.3 Estimation Results

In this section we present the results of the second stage regression discussed in Section 3.3.1.
From some of our prior work it is known that discipline differences in the importance of third-
party funds are highly relevant. Therefore it is necessary to control for the discipline. Also, it
is known that the effect of third-party funds on publication activity is parabolic (see Figure 1).
It therefore seems reasonable to include quadratic terms also in the case of efficiency as de-

pendent variable. The results from the second stage regression are shown in Table 3.



15

Table 3: Regression results for third party funds

Dependent Variable Input-oriented FDH score
CONST 1.8744%**
Astrophysics
TPF -0.0177
TPF"2 0.0000
Nanotechnology
TPF -0.0264%**
TPF"2 0.0002%**
Economics
TPF -0.0219%**
TPF"2 0.0002%***
Biotechnology
TPF -0.0266%**
TPF"2 0.0002**
MAX PLANCK 0.4706%**
OTHER EXTRA UNIVERSITY -0.0010
n 408
Optimal TPF share
Astrophysics any (100.00 estimated)
Nanotechnology 59.22
Economics 46.65
Biotechnology 82.50

Interpreting the coefficients is a bit tricky, because the input-oriented FDH score has the
counter-intuitive property of being lower if a research group is more efficient. So to say, it is
rather an inefficiency measure. That means a negative sign on the coefficient of the TPF vari-
able indicates that raising the orientation on third-party funds increases efficiency. A positive
sign on the squared TPF variable means that it lowers efficiency. The functional form implied
by a negative sign on the linear term and a positive sign on the quadratic term is a parabolic
curve, which means that for low values of third-party funds increasing them also increases
efficiency. However, when the third-party funds reach some threshold value, this efficiency-
enhancing effect turns into an efficiency-decreasing one'. The only exception of this pattern
is astrophysics where the coefficients are not significant. Additionally, this pattern is stable

across other definitions of output.

1 The resulting functional relationship is given graphically also in Figure 3, which might be easier to in-

terpret.
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We have also calculated the optimal third-party funds, that is, the efficiency-maximising val-
ues.'* These optimal shares are lowest for economics with values of about 47% and highest
for biotechnology (82%) while nanotechnology has an optimal share of about 60%. Due to the

insignificance for astrophysics, any level of third party funds is equally desirable.

In any case, we note that the results from this more encompassing analysis confirm our former
research relating third-party funds to publications (Jansen et al. 2007). As a conclusion we
recommend not to us third-party funds as a monolithic block as performance indicators for
scientific research, because they seem to induce efficiency losses for high values. Next, we
analyse whether it is possible to use certain types of third-party funds as performance meas-

urcs.

In fact, third-party funds are diverse, e.g., including application-targeted, basic-researched-
targeted funds or long or short-term funds. Therefore, we tried to disentangle the monolithic
block "Third-party funds", in order to obtain more detailed insights. The dataset we used pro-
vides information on the source of third party funds. Table 4 gives an overview on some de-
scriptive statistics. As to the types of funds, the German Research Association intentionally
funds basic research from any kind of discipline. The project support usually extends to a pe-
riod of 3 years but may be shorter or longer. The total amount granted is typically limited.
Note at this point that there are no eligibility constraints for receiving funds from the German
Research Association (except for having a doctoral title). This is fundamentally different from
the Research Councils in the UK, where the eligibility is based on the results achieved in the
Research Assessment Exercise. The funds of the German governments, including both central
and federal ministries, are very heterogeneous, including both small service oriented project
grants as well as large scale research grants for expensive equipment. However, the focus
usually is on applied research. The funding period may be, depending on the type of contract,
only a few months or up to several years and more. EU and industry funds are lumped to-
gether, because of their application orientation. Certainly true for industry funds, also the EU
gives heavy weight to applied research. In the case of social sciences, it will usually be in the
form of service tenders, which may even have a consulting character. The amounts granted

can be very small (less than 10.000 €) but also very large (several million €).

14 This approach is explained in more detail in SCHUBERT [2008] and WOOLDRIDGE [2002].
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Table 4: Share of third-party funds by discipline and type

Astrophysics Nanotechnology Economics Biotechnology
Total 69.38 66.02 46.38 76.71
German Research Association 49.47 48.96 43.27 43.74
German Governments 28.27 18.92 23.38 20.79
EU and Industry Funds 13.44 22.76 20.01 25.61
Other 8.83 9.35 13.33 9.87
Sum 100.00 100.00 100.00 100.00

Table 5: Share of third-party funds by institution and type

Universities Fraunhofer MPG
Total 69.16 66.69 47.43
German Research Association 49.99 25.34 49.06
German Governments 20.94 32.09 10.64
EU and Industry Funds 20.07 33.35 23.10
Other 9.00 9.22 17.20
Sum 100.00 100.00 100.00

Turning to the descriptive statistics, we can see in Table 4 that economics have much lower
third party funds (46%) than the natural and life sciences, among which biotechnology has the
highest with 76%.Furthermore in any discipline the highest share is contributed by the Ger-
man Research Association. Surprisingly the differences in the portfolio of third-party funds
are not that great, except for the EU and industry funds, where the share in astrophysics is
only 13% while it is almost twice as much (26%) in biotechnology. This pattern could be ex-
pected, because both industry and the EU tend to fund more applied projects, often with a ser-
vice character, which is less in agreement with the general goals of research in astrophysics.
Much larger are the differences, when the institutions are compared. Especially important
seems to be that Max-Planck Society has a share of third-party funds that does not exceed
50%." Universities and Fraunhofer institutes are quite similar in that respect with almost
70%. Also interesting is that the Max-Planck institutes receive only little funds from the Ger-
man governments or by EU and industry (10% and 23% respectively). Indeed, the industry
funds (not depicted separately) make up only about 5% of total third-party funds for the Max-
Planck Society while it is about 18% in the case of Fraunhofer institutes. Due to the applica-
tion and development orientation, the latter on the contrary receive only little funds from the
German Research Association.'®

Turning to the question, whether the u-shaped impact of third-party funds on inefficiency is

due to summing up third party-funds of different kind or is similar for any type of funds, we

13 However, this share increased in the last decade substantially and is not in agreement with the original

Max-Planck model based on complete institutional funding.

16 For more details on institutions in the German research system see Schmoch (2008).
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repeated our analysis of Table 3 for the different kinds of third party funds listed in Table 4.
In order to avoid confronting the reader with a confusing and large set of tables, we present
the resulting estimated mean value functions for the inefficiency as depending on the share of

third party funds graphically in Figure 2."

Figure 2: Inefficiency as a function of third-party funds by discipline and type
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In a nutshell, it indeed turns out that the u-shapes implied by Table 3 are a result of field-
specifically diverse effects of the different kinds of third party funds. Take, for instance
nanotechnology, the bold line, representing the effect of total third-party funds on ineffi-

'7 The mean value curves can be calculated easily. In essence, running regressions like the one in Table 3 results

in a set of estimated coefficients. With these coefficients we can simply plug the percentage values of the respec-
tive third party funds into the mean value function and can determine how, the inefficiency score varies with the

third-party funds. In fact, Figure 1 was constructed by the same methodology.
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ciency, is a graphical interpretation of what has been said in the context of the discussion of
Table 3. For low values of total third-party funds, the inefficiency decreases (i.e. units become
more efficient) and after a threshold is reached, this effect turns negative. Essentially, in the
case of nanotechnology, this pattern holds for all other types of third-party funds, with the ex-

ception of EU and industry funds, which exert a negative influence throughout.

A similar pattern can be observed for biotechnology. Still some differences are worth men-
tioning. The threshold for total funds is with about 86% a lot higher than in nanotechnology
(60%). However, the high threshold of total funds is triggered mainly by a high threshold in
funds of the German Research Association (about the same value), while the critical values of
state authority funds and EU and industry funds are with values of about 40% and 55% re-
spectively a lot lower. This indicates that having large funds from the German Research As-
sociation is less likely to be detrimental than having large funds from either the EU and indus-

try or state authorities.

A totally different pattern emerges for economics. Here, although the influence on total funds
obeys the same u-shaped function, funds by the German Research Association are uniformly
positive, where on the contrary, funds by the national governments exert negative influence
overall. The effect of funds from the EU and industry together is a bit puzzling. It is negative
on efficiency first and then turns positive. In any case, it may be true, that large projects exert
a different influence than smaller projects. It can be assumed that this explains the inverted u-

shape.

As was argued in the context of Table 3 total third-party funds do not affect efficiency signifi-
cantly in the case of Astrophysics. Therefore, each level of third party funds is equally desir-
able. That is why we set the bold curve (total third-party funds) to a straight line. However,
this does not mean that third party funds do not matter. It is just that the effects of the differ-
ent types of third party funds neutralise each other. The German Research Association funds,
on the one hand, follow the by now familiar u-shape, while the other two types of funds have
an exactly opposite curvature. Indeed, this is not really surprising, as both EU/industry as well
as the national governments fund have some extraordinarily large projects in the case of as-
trophysics. These sums are needed to run large-scale telescopes or other important equipment.
The German Research Association does usually not fund "big science". Thus, an astrophysics
unit whose dominant share of third-party funds comes from the German Research Association

is likely to be a rather small unit; in the context of astrophysics likely to small to be efficient.
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To sum up, we observe a u-shaped effect of total third-party funds on inefficiency. Therefore
they should not be used as a performance indicator. However, this u-shape is a result of sum-
ming up different effects of the various types of third-party funds. Additionally it can be as-
serted, that also no subset of third-party funds works well as a performance indicator. This is
true even for the funds of the German Research Association, which are often regarded as

"high quality" funds.

4. Analysis of Performance Dimensions
That scientific production is characterized by a multi-input/multi-output relationship is gener-

ally accepted today [ROUSSEAU and ROUSSEAU, 1997, NAGPAUL and ROY, 2003,
WARNING, 2004, JOHNES, 2006). Surprisingly, this circumstance is repeatedly ignored in
practical performance measurement (see the discussion concerning the one-sided indicator
sets in Section 2). This section therefore contributes towards bringing the important scientific

performance dimensions to life.

In evaluating the present dataset, as a first step a factors analysis of all collected output meas-
urements was conducted in order to determine relevant indicators, respectively combinations
of indicators. We have stated at the end of Section 3.1 that research groups differ greatly. In
order to account for that the individual indicators must be made comparable. In fact we have
to major problems; that of differing size and that of the disciplinary background. To deal with
the first, we used relative indicators only'®. To deal with the second problem, a discipline-
specific standardisation was employed."”” Taking for example publications per scientist, a
transformed value of 1 should be interpreted as follows: If it is positive. The unit considered
has a higher number of publications per scientist than its discipline on average. Further, the
unit of measurement is standard-deviations. Therefore, we could also state that this particular
research group is one standard-deviation above average. Certainly, these values are not very
intuitive. Therefore, we also provided the original values in Table 6. However, standardising

is necessary for the subsequently described statistical analysis.

Publication indicators were determined as the first factor, in particular the number of publica-

tions and citations. The second factor led to various infrastructure and transfer indicators.? It

The relevant outputs are given in Table 6.

Z transformation.

It should be noted that we included the variables advisory services for companies and co-operations
with companies based on a formal contract as counts. It may be true, that there is some measurement
bias involved, because the financial relevance of a certain project need not be properly reflected. That is
to say, there may be very large or very small projects, where simply adding them up may result in a
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emerged here that research units which are deeply involved in the organisation of communica-
tion within the scientific community also exhibit a clear transfer orientation to enterprises.
The further infrastructure element of educating the next generation of junior scientists proved
on the other hand to be a separate factor. Finally, the number of calls to external universities
which are frequently quoted as performance indicators in the literature emerged as a separate

factor.

Based on these factors, various clusters of scientific performance with different activity pro-
files were ascertained for the research units in the dataset. In the corresponding graphical rep-
resentation, an index with the value 0 indicates an average activity. For example, in the cluster
oriented towards educating junior scientists, the training indicators had a positive value of al-
most 4 and thus lie distinctly above the average. In order to improve readability we also pro-
vided the original values corresponding to the teams in Table 6, i.e. values are normalised by

group size (e.g. publications per scientist) but not z-transformed.

Within the publication-oriented cluster, the education indicators are also developed above av-
erage, besides the publication indicators. This meets expectations, especially since doctoral
candidates can be expected to have a lively interest in publishing their research results. In the
publication-oriented clusters, on the other hand, the infrastructure-transfer indicators are
slightly below average. Noteworthy is the fact that the special characteristic of high publica-
tion activity is less pronounced than the specific characteristics of the other clusters. In terms
of the underlying indicators this cluster exhibits 7.93 papers and 31.97 citations per scientist
(see Table 6). Obviously the publication activity discriminates less strongly in science than

could be expected.

Figure 3: Research group types according to output dimensions

measurement error. Anyhow, a research unit that often interacts with companies, be it in small or large
project, still conveys some information about its orientation. Additionally, gathering more appropriate
indicators, such as financial relevance, is hardly possible, because the research units in Germany rarely
work with a fully fledged accounting-system necessary to gather the relevant numbers.
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In the second infrastructure- and transfer-oriented cluster the dimension "Infrastruc-
ture/Transfer" lies highly above average (0.79 advisory services and 0.98 co-operations with
companies per scientist as compared to values of 0.03 and 0.13 in the cluster of non-
specialised), the dimension "Graduate Teaching" is however represented greatly below aver-
age. A distinct transfer orientation can obviously only be badly combined with relevant edu-

cation and training activities of doctoral students.

In the third, junior-scientist-oriented cluster, the focus on the education indicators is ex-
tremely above average. The publication indicators however are below average, that is, they do
not run parallel to the publications in this cluster as is the case with the publication-oriented

cluster. The dimension "Infrastructure/ Transfer", on the other hand, has average values.

Table 6: Cluster means by original non-transformed indicators (per scientist)

Publication-oriented Transfer-oriented  Graduate-teaching-oriented  Carrere-oriented Non-specialised

Publications 7.93 4.23 8.86 3.64 2.64
Citations 31.97 25.30 24.47 14.29 10.74
Doctoral theses 0.69 0.33 2.24 0.46 0.29
State doctoral theses 0.06 0.08 0.09 0.10 0.03
Calls to chair 0.01 0.04 0.05 0.22 0.01
Advisory services for companies 0.03 0.79 0.19 0.07 0.03
Cooperations with companies 0.26 0.98 0.63 0.21 0.13

A separate cluster was formed for the research units with a high numbers of calls/ appoint-
ments, which was designated somewhat boldly/ simply as "career-oriented". It emerged that

the three performance dimensions Publications, Infrastructure/ Transfer and Graduate Teach-
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ing were merely average in this cluster. So an above average performance is not to be ob-
served for publications, as might have been expected. This flat profile could maybe be ex-
plained by the fact that for calls (good) performance in all dimensions is expected and not a
unilateral emphasis on one dimension. The cluster thus reflects ultimately the practice in cus-

tomary appointment processes.

In the last cluster, which was labelled "non-profiled", all dimensions are under average. This
cluster could be explained in a purely polemic way as consisting of units of "non-profiled
idlers", as would suit some critics of the science system [cf. KAMENZ und WEHRLE, 2007].
Observations of many kinds, however, contradict this impression. Besides an ironic concern
with this subject which was conceived as a reaction to Kamenz and Wehrle's extreme book
[SCHUBERT and SCHMOCH, 2008], we point in particular to the results of a recent investi-
gation based on this dataset which hint that there are considerable specialization advantages in

the production of scientific goods. For more details, Schubert [2008b] should be consulted.

One may ask whether these dimensions may change across disciplines. For example, it seems
reasonable to assume that transfer-orientation shows up in particular in the case of nanotech-
nology and biotechnology. Indeed institutes from these two disciplines make up a share of
two thirds of that cluster. Yet, also economic and astrophysical units engage in transfer activi-
ties. However, it is reasonable that "transfer" in the case of biotechnology does not comprise
the same kind of activities as it does in economics. For example, company co-operations in
order to develop equipment will largely be absent in economics, while service-based adviso-
ries will be of greater importance. Thus, on a very general level, we think, that the perform-
ance dimensions apply to all the disciplines. However, on a more detailed level, the impor-
tance given to certain types of activities may differ. Also their specific characteristics need not

be the same, and will be dependent on what the discipline has to offer.

Summarising, we find that research performance is multidimensional. And according to Sec-
tion 3 we find the same types of specialisation clusters as expected: knowledge generation,
graduate teaching, infrastructure and transfer. We regard this as important evidence which

argues against the use of one-sided indicator sets.

5. Suitability of Indicators to Measure Performance
On the whole it becomes clear that scientific performance is multi-dimensional and a meas-
urement system must correspondingly depict all important dimensions. Indicator systems with

too few dimensions which are based for example only on doctorates and third-party funds
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lead to false incentives, as other activities will neither be rewarded non-materially*' nor mate-
rially. While in most indicator systems at least the doctorates are taken into account, the infra-
structure performance with regard to intra-science communication is not considered as a rule,
which can lead to tremendous problems in the mid- and long term for the fundamental goal of
generating knowledge. This means that it must be borne in mind that one-sided incentives can
lead to increased performance by individual research groups in the short term, but that on the
macro level a functional balance should be maintained in order to attain the fundamental goal

of knowledge generation also in the mid and long term.

In the sense of the introductory remarks, this means that a unilateral orientation of indicator
systems towards scientific excellence and thus citation rates or publications would be as false
as a focus on third-party funds. The incentives set by such narrow indicator sets are likely to

endanger the sustainability of the science system.

At this point in the reflection, the fundamental question arises, whether indicator systems are
a tried and tested means of measuring scientific performance or whether qualitative peer-
review procedures would not be a better way. However, a number of authors also doubt the
adequacy of peer reviews [ZUCKERMANN and MERTON, 1971, NEIDHARDT, 1988,
DANIEL, 1993, BORNMANN and DANIEL, 2003, pp. 218-221, HORNBOSTEL, 1997, pp
197, pp. 283f, KUHLMANN and HEINZE, 2004a, 2004b]. Moreover, the number of qualita-
tive evaluations of research units has increased so much in the past years that it has become
difficult to find suitable experts. Recognized experts have become a scarce resource. Against
this background we must continue to think about measuring performance by means of indica-
tors. The goal must not be to abolish indicators, rather to find an appropriate concept for indi-

cator systems and their meaningful application.

First of all, the number of indicators should be manageable, but contain all important dimen-
sions of scientific performance. Manageable also means that the number of all input and out-
put indicators should be too large, certainly not higher than 10-15 and if possible less. At the
very least representative indicators for each of the three dimensions knowledge generation,
transfer and infrastructure, and graduate teaching should be comprised. It should be possible

to collect and regularly update the indicators with a justifiable outlay of time, cost, and effort.

The demand for a depiction of all important dimensions, in particular publication, infrastruc-
ture/ transfer and the graduate teaching dimension implies that extremely simple systems with

two or three indicators are unsuitable, especially if one of these indicator refers to third-party

*! As a consequence of the reputation-related payment structure in science (cf. MERTON, 1957).
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funding. The registration of several dimensions prevents a one-sided orientation of many re-
search units to one dimension alone and decreases the significance of inadvertent effects. In
fact, we think it is mandatory, at least for those with below average performance according to
the indicator values, to clarify the background for this low performance in the indicators in a
qualitative evaluation procedure. In this context the set of core indicators can be regarded as a
screening instrument, to focus the scarce resource of experts on those cases which require
more detailed consideration. Thus indicators are an important aid, indeed indispensable for
keeping the central university units informed as needed. The final evaluation of units, for in-

stance in decisions concerning allocation of funds, must take place via qualitative procedures.

6. Conclusions

On the whole, the focusing of indicator systems on excellence and — irrespective whether this
implies a focus on publishing behaviour (UK) or on third-party funds (Germany, Australia) —
leads to distorting incentives, whereby it is to be feared above all that infrastructure tasks will
be neglected. These are however necessary, in order to guarantee the mid to long-term genera-
tion of knowledge. Excellent research requires in the background good mid-level faculty sup-
port for "normal" research, teaching up-and-coming scientists and intra-science communica-

tion.

A particular problem of the usual indicator systems is that the infrastructural intra-science
communication is not recorded. Additionally, the knowledge generation dimension is fre-
quently only registered through the indicator of the third-party funding shares, which leads to
inappropriate statements about scientific performance, especially when third-party funds are

excessive.

An indicator system should be sought which simultaneously portrays the three main dimen-
sions of scientific performance, but encompasses only a limited number of single indicators,
in order to restrict the (time and cost) outlay for survey and assessment. Indicators serve pri-
marily as a screening instrument to identify research units with vastly above or below average
performance in the main dimensions. They can then be subjected to a qualitative peer review.

This pre-selection leads to a more careful handling of the scarce resource recognized experts.

A broadly based indicator survey over all fields can finally serve to establish subject-specific
benchmarks. This means that the indicators can be standardised in a subject-specific manner,
in order to preclude, for example, that all schools in a university will be judged according to

the same third-party funding standards, on the one hand. On the other hand, each school unit
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can examine for itself how their performances match up to the discipline average and whether

they want to alter or retain this profile.

Acknowledgements

The research underlying this paper was supported by the German Research Association
(Deutsche Forschungsgemeinschaft, DFG) in a project on "performance indicators for re-
search groups" (SCHM 1719/1-2) which is part of a larger research group on "international
competitiveness and innovation capacity of universities and research institutions — new forms
of governance" (FOR 517). We would also like to thank two anonymous referees who by their

comments helped significantly to improve the quality of this paper.



27

References

BERGHOFF, S., FEDERKEIL, G., GIEBISCH, P., HACHMEISTER, C.-D. MULLER-
BOLING, D., SIEKERMANN, M. (2005), Das CHE-Forschungsranking deutscher Universi-
titen 2004. CHE Working Paper, 62.

CHARNES, A., COOPER, W., RHODES, E. (1978), Measuring the Inefficiency of Decision-
Making Units, European Journal of Operational Research, 6: 429-444

COZZENS, S. (1989), What Do Citations Count? The Rhetorical First Model. Scientometrics,
15: 437447

DANIEL, H.-D. (1993), Guardians of Science: Fairness and Reliability of Peer Review, VCH,
Weinheim

DANIEL, H.-D. (2001), Wissenschaftsevaluation. Center for Science and Technology Stud-
ies, CEST 2001/2.

DEPRINS, D., SIMAR, L. (1983), On Farrell Measures of Technical Efficiency, Recherches
Economiques de Louvain, 49: 123—-137

DEUTSCHE FORSCHUNGSGEMEINSCHAFT (DFG) (2003), Forder-Ranking 2003. Insti-
tutionen — Regionen — Netzwerke — DFG-Bewilligungen und weitere Basisdaten offentlich
geforderter Forschung, Bonn.

DEUTSCHER BUNDESTAG (ed.) (1997), Konzept Nachhaltigkeit — Fundamente fiir die
Gesellschaft von morgen. Bonn, Information Science and Technology, 49: 932-941

FARREL, M. (1957), The Measurement of Productive Efficiency, Journal of the Royal Statis-
tical Society: Series A, 120: 253-281

FORSCHERGRUPPE ,,GOVERNANCE DER FORSCHUNG* (2007), Forschungspolitische
Thesen zu Rahmenbedingungen fiir eine leistungsfihige offentlich finanzierte Forschung an-
lasslich der Tagung ,,Neue Governance fiir die Forschung® am 14. und 15.3.2007 in Berlin.

FRANKE, K., WALD, A., BARTL, K. (2006), Die Wirkung von Reformen im deutschen
Forschungssystem. Eine Studie in den Feldern Astrophysik, Nanotechnologie und Mikrodko-
nomie, Speyerer Forschungsbericht

GEUNA, A. (1997), Allocation of Funds and Research Output: The Case of UK Universities,
Revue d'Economie Industrielle, 79: 143-162.

GEUNA, A. (1999), The economics of knowledge production. Funding and the structure of
university research, New horizons in the economics of innovation, Elgar, Cheltenham, UK,
Northampton, MA, USA

GILBERT, G. (1977), Referencing as Persuasion, Social Science Studies, 17: 113—-122

HORNBOSTEL, S. (1997), Wissenschaftsindikatoren. Bewertungen in der Wissenschaft,
Westdeutscher Verlag, Opladen



28

HORNBOSTEL, S. (2001), Third party funding of German universities. An indicator of re-
search activity? Scientometrics, 50: 523-537.

JAGER, M., LESZCZENSKY, M., ORR, D., SCHWARZENBERGER, A. (2005), Formel-
gebundene Mittelvergabe und Zielvereinbarungen als Instrumente der Budgetierung an deut-
schen Universitdten, Hochschulinformationssystem

JAGER, M. (2006), Leistungsbezogene Budgetierung an deutschen Universititen, Wissen-
schaftsmanagement, 3: 30-36.

JANSEN, D., WALD, A., FRANKE, K., SCHMOCH, U., SCHUBERT, T. (2007), Drittmittel
als Performanzindikator der wissenschaftlichen Forschung: Zum Einfluss von Rahmenbedin-
gungen auf Forschungsleistung, Kdlner Zeitschrift fiir Soziologie und Sozialpsychologie, 59:
125-149

JOHNES, J. (2006), Data Envelopment Analysis and its Application to the Measure of Effi-
ciency in Higher Education, Economics of Education Review, 25: 273-288

KAMENZ, U., WEHRLE, M. (2007), Professor Untat: Was faul ist hinter den Kulissen, E-
con-Verlag, Berlin

KUHLMANN, S., HEINZE, T. (2004a), Evaluation von Forschungsleistungen in Deutsch-
land. Erzeuger und Bedarf. Teil I: Konzeptionelle Grundlage. Wissenschaftsrecht, 37: 53-69.

KUHLMANN, S., HEINZE, T. (2004b), Evaluation von Forschungsleistungen in Deutsch-
land. Erzeuger und Bedarf. Teil II: Produktion und Verwendung evaluativer Information so-
wie Moglichkeiten ihrer kiinftigen Organisation, Wissenschaftsrecht, 37: 125-149.

LATOUR, B, WOLGAR, S.(1979), Laboratory Life: The Social Construction of Scientific
Facts, Sage Publishing, Los Angeles

LAUDEL, G.(2005), Is external research funding a valid indicator for research performance,
Research Evaluation, 14: 27-34.

LAURSON, K., SALTER, A. (2004), Searching High and Low: What Types of Firms use
Universities as a Source of Innovation, Research Policy, 33: 1201-1215

LESZCZENSKY, M., ORR, D. (2004), Staatliche Hochschulfinanzierung durch indikatorge-
stiitzte Mittelverteilung, Hochschulinformationssystem

MERTON, R. (1957), Priorities in Scientific Discovery: A Chapter in the Sociology of Sci-
ence, American Sociological Review, 22: 635-659

MERTON, R. (1979). Foreword. In E. Garfield (ed.) Citation Indexing: Its Theory and Appli-
cation in Science, Technology, and Humanities, pp. vii—xi. John Wiley and Sons, New York

MOED H. F. (2005), Citation Analysis in Research Evaluation Information Science and
Knowledge Management, Springer, Dordrecht



29

MOED, H.F., LUWEL, M., HOUBEN, J.A., SPRUYT, E., VAN DEN BERGHE, H. (1998),
The effects of changes in the funding structure of the Flemish universities on their research
capacity, productivity and impact during the 1980's and early 1990's, Scientometrics, 43: 231-
255.

NAGPAUL, P., ROY, S. (2003), Constructing a Multi-objective Measure of Research Per-
formance, Scientometrics, 56: 383402

NEIDHARDT, F. (1988), Selbststeuerung in der Forschungsforderung. Das Gutachterwesen
der DFG, Westdeutscher Verlag, Opladen

OECD (2000), The Management of Science Systems. Science Technology Industry, OECD,
Paris

OTT, K. (1999), Lasst sich das Nachhaltigkeitskonzept auf Wissen anwenden? in: Korn-
wachs, K. (ed.), Nachhaltigkeit des Wissens, Zukunftsdialoge des VDI: Unterwegs zur Wis-
sensgesellschaft, 4. Workshop, Konstanz 6.-7.10.1999.

ROUSSEAU, S., ROUSSEAU, R. (1997), Data Envelopment Analysis as a Tool for Con-
structing Scientometric Indicators, Scientometrics, 40: 45-56

SCHMOCH, U. (2006): The Role of Universities in Economic Growth: The German Situa-
tion. Paper presented at "UNIVERSIDAD 2006", 5th International Congress on Higher Edu-
cation, Cuba, 13-17 February, 2006,
http://developinguniversities.blogsome.com/category/country-position-papers/.

SCHMOCH, U., SCHUBERT, T. (2008). Are International Co-publications an Indicator for
Quality of Scientific Research? Scientometrics, 74: 361-377

SCHUBERT, T. (2008a), New Public Management und Leistungsmessung im deutschen For-
schungssektor: Theorie, Umsetzung und Wirkungsanalyse, Doctoral thesis at University Er-
langen-Niirnberg, http://www.opus.ub.uni-erlangen.de/opus/ frontdoor.php?source opus=870

SCHUBERT, T. (2008b): Are there increasing returns to scale in scientific production?
DIME-Brick Workshop, July, l4th-15th, Torino

SCHUBERT, T., SCHMOCH, U. (2008), How Lazy are University Professors Really: A not
so Seriously Meant Note on Observations Made During an Online-Inquiry, Soziale Welt, 59:
74-77

WARNING, J. (2004), Performance Differences in German Higher Education: Empirical
Analysis of Strategic Groups, Review of Industrial Organization, 24: 393408

WEINGART, P. (2003), Wissenschaftssoziologie. transcipt-Verlag, Bielefeld

WEINGART, P. (2005), Impact of bibliometrics upon the science system: Inadvertent conse-
quences? Scientometrics, 62: 117-131.

WISSENSCHAFTSRAT (2005), Stellungnahme zu Leistungsfahigkeit, Ressourcen und Gro-
Be universitidtsmedizinischer Einrichtungen, Bremen,



30

ZUCKERMAN, H., MERTON, R. (1971), Patterns of Evaluation in Science. Institutionalisa-
tion, Structure and Functions of the Referee System, Minerva, 9: 66-100.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile ()
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 33554432
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName <FEFF0068007400740070003a002f002f007700770077002e0063006f006c006f0072002e006f00720067ffff>
  /PDFXTrapped /False

  /Description <<
    /ENU <FEFF00500044004600200066006f00720020004400690067006900740061006c0020005000720069006e00740069006e0067003a0020003100350030002f0036003000300020006400700069002c0020004a0050004500470020004d0065006400690075006d0020002800560036002e0030002f00530074004a0029>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


