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Abstract This article analyses the development of effectiveness and efficiency of German
business schools’ research production between 2001 and 2009. The results suggest that
effectiveness for most of the examined business schools increases initially. Then, however,
a declining trend in the further course of time can be observed. Similar tendencies can be
stated considering efficiency, even though they are slightly less pronounced. An analysis of
the reasons for these observations reveals that the initial positive developments of effec-
tiveness and of efficiency are mainly due to technology advances, whereas the following
decreases are basically a result of technology backwardness. In regard to different types of
business schools, a strong relation between the reputation of a school and the research
effectiveness of that school becomes apparent. With reference to geographical regions,
Western and Southern German business schools feature higher effectiveness than their
Northern or Eastern counterparts do. This statement, however, is not valid in terms of
efficiency.

Keywords Business schools - Data envelopment analysis - Effectiveness - Efficiency -
Malmquist index - Window analysis
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Introduction

Against the background of growing numbers of students and increasing research expen-
diture, as well as stronger competition and the targeted fiscal consolidation on the basis of
the so-called debt brake in the federal state constitutions of Germany, it is imperative for
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universities that they ensure an effective and efficient allocation of resources. An assess-
ment of whether and to what extent universities do so, requires the present definition and/or
discussion of what the elements of performance in higher education are. It is undisputed
and appropriately recorded in the higher education acts of the federal states that the three
overriding task areas of scientific institutions in higher education consist of research,
teaching and self-management. The determination of effectiveness and efficiency of these
tasks requires the definition and selection as well as acquisition and purposeful aggregation
of appropriate indicators. Concerning research, the indicators used are typically based on
the input and output of the research process. Transparent comparisons of values of
appropriate input and output indicators of research allow comparison of the benefits and
costs of universities. The research ranking of the Centre for Higher Education (CHE) is
such a comparison. The CHE compares German university departments in relation to each
other and to the same research subject. This is done by a specific evaluation and merging of
certain selected input and output indicators as well as data specifically collected for that
purpose (Berghoff et al. 2011). The research rankings are discussed controversially in the
literature (see, e.g., Ahn et al. 2007; Marginson and van der Welde 2007; Stolz et al. 2010;
Clermont and Dirksen 2016). Despite the criticism, by determining the indicators used in
the ranking, the CHE provides a comprehensive, up-to-date and advanced database, which
facilitates further empirical analyses of the effectiveness and/or efficiency of research of
business schools (BuSs) in Germany.

During the survey years of the CHE, business research in Germany has decisively
changed with respect to numerous influencing factors. Many BuSs have increased in size
due to more diverse funding programmes of the German federal and state governments—as
part of the so-called ‘Excellence Initiative’. Furthermore, an important condition for young
scientists is that they acquire third-party funds and, primarily, place articles in top journals,
in order to even be considered when applying for a professorship at the end of their
qualification process (Schrader and Hennig-Thurau 2009, p. 202). In addition, for scientists
who have already been appointed to professorships, the pressure to publish research results
in (top) journals, as well as to acquire third-party funds is increasing. This is due to the
reform of performance-related salary in Germany that results in performance-related tar-
gets (Bort and Schiller-Merkens 2010, p. 340). Owing to these changes, an analysis of
research effectiveness and efficiency of BuSs in Germany over time brings deeper insights
into possible changes and their reasons. To date, such a consideration however, has rarely
been implemented, which results in the following research question:

e Which developments and/or changes demonstrate the research effectiveness and
research efficiency of German BuSs with respect to the criteria collected by the CHE
over the course of time?

To calculate the effectiveness and efficiency of BuSs, I use the non-parametric proce-
dure of data envelopment analysis (DEA), which has been methodically established in the
university context (see, e.g., the analyses by Ahn et al. 1988; Johnes 2006; Fandel 2007;
Gutierrez 2007; Dyckhoff et al. 2013). DEA measures the relative efficiency of Decision
Making Units (DMUs; here BuSs) on the basis of a comparison of inputs and outputs,
without the need for an explicit indication of weighting factors. The weighting factors are
determined endogenously within the model. Changes in the degrees of effectiveness or of
efficiency calculated by DEA can, on the one hand, result from actual improvements or
deterioration in effectiveness and/or efficiency, and therefore as a result of changes in the
performances of the members of the organisation. On the other hand, changes can also be
based on technological improvements or setbacks, because the research production
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technology underlying the relevant observation period varies. Therefore, I will look at the
following research question:

e To what effects are the resulting changes in degrees of effectiveness and of efficiency
due?

In addition to the aforementioned questions, it is also of interest to distinguish between
different groups of BuSs, in order to analyse whether there are differences in development
between these subgroups. For this reason, in a first step, BuSs which are renowned for
research are regarded, i.e. BuSs that have an appropriate research reputation. An additional
investigation of different types of universities is also generally desirable, e.g. public and
private universities. However, only three private universities are among the used datasets,
which is why such an investigation does not appear useful. In Germany, another type of
university is the university of technology (TU), which primarily offers engineering and
science courses. Although this type of university focuses on courses in natural sciences and
engineering, it is increasingly offering other courses, such as business studies. Due to the
different focus of this type of university, the TU group is analysed separately. In addition,
in Germany, universities fall under the responsibility of the individual federal states. That
is, each of the sixteen German federal states can decide autonomously on the controlling of
its universities, which is one reason why a detailed analysis of the development of uni-
versities in the individual federal states would appear fundamentally appropriate. There-
fore, I will address the following research question:

e What differences can be determined between renowned BuSs, BuSs of TUs, and when
comparing the geographical region of BuSs in the German federal states in terms of the
respective development of research effectiveness and efficiency?

To answer these research questions, the paper is structured as follows: In the next section I
give a short overview of the literature on research performance measurement (in Germany)
before I introduce the research design. After that I discuss the development of the degrees
of effectiveness and of efficiency of BuSs over time and identify the reasons for these
developments. Next I analyse whether the type of university and its reputation influence the
degrees of effectiveness or of efficiency. The paper concludes with implications and
limitations.

Literature overview

There are numerous articles which deal with questions of management control of uni-
versity services. With regard to management control of teaching, Hofer-Diehl (2014)
describes the structures and instruments which are discussed in the (German) literature.
Rassenhovel (2010) analyses the performance of research and teaching from the theoretical
standpoint of decision-orientated production theory and gives an overview of the relevant
literature. Performance assessment and the analysis of its influencing factors are also
discussed in an international context (e.g. Keeney et al. 2006; Beerkens 2013; Zhang et al.
2013; Barham et al. 2014).

However, there are only a few studies which specifically address the question of
effectiveness and/or efficiency development. These studies differ from one another,
depending on which organisational units of universities are considered. While the majority
of studies analyse universities in their entirety (such as Johnes 2008; Worthington and Lee
2008; Garcia-Aracil 2013), only a few examine individual departments (e.g. Bolli and Farsi
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2015). On the other hand, due to the heterogeneity of higher education systems in different
countries, the studies can be differentiated according to the countries being examined. In
this sense, studies on efficiency development of universities in the UK (such as Thanas-
soulis et al. 2011; Flegg and Allen 2007), Italy and Spain (e.g. Agasisti and Pérez
Esparrells 2010), Australia (such as Horne and Hu 2008) and Switzerland in conjunction
with Germany (e.g. Olivares and Schenker-Wicki 2012) were conducted. To aggregate
performance indicators for an efficiency analysis over time, different methods are used,
most notably parametric frontier techniques, such as stochastic frontier analysis (e.g. Horne
and Hu 2008), or non-parametric frontier techniques, such as DEA (e.g. Thanassoulis et al.
2011).!

Concerning German BuSs, Ahn et al. (2007) examine the effects of different aggre-
gation methods on research performance, whereas Dyckhoff et al. (2013) analyse effec-
tiveness and efficiency, as well as balance and/or specialisation of single German BuSs. In
contrast, Dyckhoff et al. (2009), Albers (2015) and Clermont et al. (2015) investigate the
relation between research productivity and the size of German BuSs, while Albers and
Bielecki (2012) identify factors which influence the reputation of institutions of higher
education.

In respect of the major purpose of this paper—the analysis of the research effectiveness
and efficiency development of German BuSs—the work of Bielecki and Albers (2012)
represents a starting point. The authors examine the research efficiency of BuSs by using
DEA and CHE research data from 2008 and 2011. To compare the resulting degrees of
efficiency, the authors create rankings of the individual year groups and compare them with
the help of rank correlation coefficients. They show that the calculated degrees of effi-
ciency and the resulting rankings barely differ between the years involved. Major differ-
ences are noticeable, however, when looking at the development of single performance
criteria.

Nevertheless, this study has its weaknesses in terms of the datasets generated, as well as
in terms of the application of the DEA method. Due to the possible double count in the
indicators “national publications” and “international publications” (Clermont and Dyck-
hoff 2012), the authors deduct, for example, the international publications from the
national ones in order to generate German-language publications. This approach is how-
ever not feasible, because the international publications are measured as numbers, whereas
the national publications are measured as weighted publication points. Furthermore, a
different number of BuSs are involved in the DEA analysis for the data from 2008 and
from 2011. This can cause distortions within intertemporal comparisons. DEA analysis
results depend on the indicators included and on the number and the type of DMU:s.
Therefore, resulting changes in intertemporal comparisons can also be attributed to the fact
that other DMUs were included in the analysis. In addition, the ranking of DMUs on the
basis of degrees of efficiency calculated by DEA is controversially discussed in the lit-
erature. However, the improved practices for determining rankings by using DEA (e.g., on
the basis of cross-efficiencies, see Doyle and Green 1994) were not implemented by
Bielecki and Albers (2012). Due to these problems, distortions in the results and the
interpretations of this study are both possible and probable. Therefore, the main purpose of
the existent study still remains unachieved.

' A detailed substantive analysis of the results of the mentioned studies should not be undertake here, since
due to the usage of different aggregation methods and indicators as well as country-specific features, the
results are not comparable with each other. However, Bolli and Farsi (2015) give a detailed description of
the results of some of these studies.
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Study design
Database

There are, so far, four publication dates of research performance data of German BuSs via
the CHE: 2002, 2005, 2008 and 2011.” The respective data of a survey year always refer to
the 3 years preceding the data collection. Therefore, for example, research performance
data for the ranking in 2011 are collected throughout 2010 and refer to the period from 1st
January 2007 to 31st December 2009. To characterise research profiles, and for the final
determination of research-orientated BuSs, the respective outputs from CHE are opera-
tionalised and assessed using absolute indicators.® Since 2008, the CHE considers the six
research performance indicators named in Table 1 (four outputs, two inputs).

The indicator PP-nat states the publications in journals, conference proceedings and
books and is determined by a query in the German literature database WISO with the
names of BuS scientists holding a Ph.D. degree. The names are submitted by a BusS itself.
The generated publications are converted into publication points, in which the number of
authors, the length as well as the type of each article and, in the case of journal articles, the
quality of the publication medium on the basis of the JOURQUAL?2 journal ranking are
considered. The numbers of internationally visible publications have been considered as
indicators since the 2008 ranking. The Pub-int indicator was determined during survey year
2007 with the names of Ph.D. scientists submitted by the BuSs, and in 2010 with the names
of the BuSs (institution-related), in both cases with the US-American database Web of
Science. Here, the numbers of publications are not converted into publication points. The
amount of third-party funds expended and the numbers of Ph.D. dissertations were
determined again for all periods. Both values are measured by surveying the BuSs.
Additionally, the two input indicators—numbers of professors and of research assistants—
are generated by surveying the BuSs. The numbers of professors and research assistants
involve only those positions resulting from federal state funding.

The indicator values for all BuSs were provided to me in a non-aggregated form directly
by the CHE. However, only the datasets from the ranking publications from 2005 onwards
are included in the following analysis, i.e. the datasets relate to the period from 1st January
2001 until 31st December 2009. The dataset of the first survey in 2001 (ranking published
in 2002) can be considered only as a pioneer dataset, on the basis of which the indicator
design and collection were gradually improved. Due to collection as well as validity and
consistency aspects, this dataset is only of limited suitability for empirical analysis (Gilles
2005, p. 130ff.; Dyckhoff et al. 2009, p. 27f.), which is why this dataset is not included in
the subsequent analyses.

However, further modifications to the data material are necessary. Thus, the Pub-int
indicator for the ranking in 2005 has not been collected. Because the effectiveness and
efficiency evaluation is relative to the consolidated indicators and different indicators are
used between the individual years, it cannot be abstracted in the analysis as to whether

2 Although research performance data were collected for 2014 by the CHE, these data are no longer
evaluated in a research performance ranking. Rather, only certain and only relative research performance
data are incorporated into the so-called “Multifaceted Excellence” ranking. As the absolute data values
necessary for the subsequent analyses could not be currently provided by the CHE, the data of 2014 are not
integrated into the following analyses.

3 Based on these indicators, the CHE also determines corresponding relative indicators. Because the exact
CHE procedure is irrelevant for the focus of the present article, I refrain from an explicit representation and
refer to the CHE publications; cf. Berghoff et al. (2011).
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Table 1 CHE research indicators in business administration

Outputs Inputs

PP-nat Publication points of nationally visible Prof Number of occupied
publications professor positions

Pub-int Number of internationally visible
publications

Ph.D. Number of Ph.D. dissertations RA Number of occupied

TPF Amount of expended third- party funds research assistant positions

changes only result from the inclusion of a new indicator. Hence, the analyses are initially
performed without the Pub-int indicator. In the subsequent part of each analysis step, the
Pub-int indicator is integrated into the calculations and the changes in the results when
including this indicator are analysed.

A further modification is required because the ranked BuSs vary between the survey
years. This is, for example, on account of some universities now boycotting participation in
the ranking; e.g. the universities of Hamburg and Cologne. Since an analysis of effec-
tiveness and of efficiency with DEA is also relative to the BuSs (as DMUs) included, the
variations in degrees of effectiveness and of efficiency could be misinterpreted when the
number of BuSs varied between the survey years. To avoid such misinterpretations, only
those 48 BuSs are analysed which participated in all survey years and whose datasets are
completely available in relation to the indicators used. The latter exclusion is necessary
because it cannot be clarified as to whether an incomplete dataset is because BuSs have, for
example, acquired no third-party funds during the survey period, or because BuSs cannot
or do not want to make this information available.

The resulting datasets used for the subsequent analysis of the survey years 2004 (2005
ranking), 2007 (2008 ranking) and 2010 (2011 ranking) are shown in Tables 6, 7 and 8 in
the “Appendix”. All specified indicator values are absolute data over the entire three-year
period. For simplification purposes, they will be referred to as the data and the effec-
tiveness or the efficiency in 2005, 2008 and 2011 in the following, meaning the respective
periods 2001-2003, 2004-2006 and 2007-2009.

Moreover, the 48 BuSs are arranged in different subgroups. While the TU are relatively
easily definable, the surveys carried out by the CHE are consulted for determining those
BuSs which are renowned for their research. There, the BuS professors are asked during
every ranking data collection to specify five BuSs that they perceive to be strong in
research, without mentioning their own BuS. In this article, such BuSs are termed ‘(re-
search) renowned’, which in at least two of the three CHE survey rounds ranked among the
ten BuSs with the highest reputation indicator values. This results in nine BuSs, which are
denoted in the tables of the “Appendix” in bold font.

To analyse developments of BuSs which belong to specific German federal states, the
number of universities in certain federal states is insufficient for a meaningful analysis.
Therefore, BuSs are not allocated to the individual federal states, but are divided into
Northern, Southern, Eastern and Western German regions. This results in the following
allocations, with the number of allocated BuSs specified in parentheses4:

4 As there is no recognised and/or clear mapping of the German federal states into north, south, east and
west, I divide Germany into four approximately equal-sized areas from the geographical centre with two
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e Northern Germany (7): Bremen, Hamburg, Mecklenburg-Western Pomerania, Lower
Saxony and Schleswig—Holstein

e Southern Germany (13): Baden-Wiirttemberg and Bavaria

e Eastern Germany (13): Berlin, Brandenburg, Saxony, Saxony-Anhalt and Thuringia

e Western Germany (15): Hessen, North Rhine-Westphalia, Rhineland-Palatinate and
Saarland.

Methodology

Since effectiveness is not a well-known concept and often confused with efficiency, the
difference between the two concepts has to be made clear before describing the methods
used to calculate them.’ Effectiveness and efficiency are used as evaluation criteria for the
rationality of human behaviours or activities with respect to their targeted purpose (Ahn
and Neumann 2014). A decision maker acts in a purpose-rational way, if he considers
purposes, means as well as positive and/or negative side effects of an economic activity or
alternative in the decision making process (Weber 1978). Purposes reflect the original
motive for an economic activity and are specified by fundamental objectives (Keeney
1992), whereas means are the resources used to conduct this activity. Any other results of
performing an economic activity, which are caused unintentionally, are called (positive or
negative) side effects, e.g. the emission of greenhouse gases in production processes. The
definitions of effectiveness and efficiency are essentially based on those elements. The
degree of effectiveness describes the extent to which the fundamental objectives are
achieved. In contrast, the degree of efficiency refers to the relation between the opera-
tionalised fundamental objectives and the resources used plus any relevant positive and/or
negative side effects. That is, both effectiveness and efficiency are relative to the regarded
fundamental objectives, and to the considered activities or alternatives as well. In our case,
the output indicators of research indicate the fundamental objectives, and the input indi-
cators illustrate the resources used.

To calculate the effectiveness and efficiency degree of the regarded BuSs, DEA and
advanced analysis techniques will be used in the following. There are four basic radial
DEA models, which can then be distinguished as to whether constant or variable returns to
scale (CCR models vs. BCC models) are postulated and whether an input or output ori-
entation is regarded (Charnes et al. 1978; Banker et al. 1984).6 Analogous to the calcu-
lation of degrees of efficiency with DEA, it is also possible to calculate degrees of
effectiveness. The difference is that only the outputs of BuSs are taken into account, while
the input is set to the value of one for each BuS (Dyckhoff and Gilles 2004; Ahn and
Neumann 2014). Unfortunately, the degrees of effectiveness and of efficiency of individual
periods calculated by DEA cannot be compared directly with each other, or at best only to
a restricted degree. This is essentially because with DEA a deterministic, empirical
research technology is determined from the current input and output data. The research
technology and hence the relevant benchmarking partners can vary between different
periods, which appropriately limit comparability. In addition, a ranking of the DMUs on

Footnote 4 continued
diagonal lines. Those federal states which are clearly in one of these entities and/or take up the largest area
within an entity have accordingly been allotted to that entity.

> For a broader discussion of the concepts of effectiveness and efficiency, see Ahn and Dyckhoff (2004).

® For a short description of the idea and procedure of the basic radial DEA models, see Clermont et al.
(2015). Cooper et al. (2007) give an overview of different mathematical model formulations.
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the basis of the degrees of efficiency with a subsequent comparison of the rank correlations
is therefore questionable.” However, window analysis and the Malmquist index provide
ways of comparing DEA degrees of effectiveness and of efficiency over time.

The window analysis developed by Charnes et al. (1985) is in principle an advanced
DEA analysis; ‘advanced’ in the sense that a time window is spanned within which the
identified activities of BuSs are included in the analysis. For example, the datasets from
2005 and 2008 are evaluated together in one DEA analysis. That is, the efficient boundary
is determined from these two datasets and the degrees of efficiency result from the relevant
distance of the data points from this boundary. Hence, a BuS receives two degrees of
efficiency, one for 2005 and another for 2008. However, it is implicitly assumed during
such analyses that there are no technical changes in research production between the
considered periods (Asmild et al. 2004, p. 70), i.e. an analysis of the causes of changes in
degrees of effectiveness or of efficiency is not possible.

The Malmquist index (Malmquist 1953; Caves et al. 1982a, b) is a method that enables the
calculation of potential technical changes.® In this index, the degrees of efficiency of two
different survey points in time ¢ and ¢ 4+ 1 are set into a ratio, out of which a percentage
development of efficiency can be derived. Caves et al. (1982b) deduce two Malmquist index
values M, one in relation to the technology ¢ (M?) and one in relation to the technology

t+ 1 (M7
considered BuS 0 with its activity data at time b and the underlying research technology at

time a simplified to a,b € {¢, t + 1}. Thus, the following two Malmquist indexes result in

). That means, let Gg_rb be the degree of efficiency determined by DEA of a

0° 0°
tt+1 t+1,t+1
M) =—= and M o (1)

1t t+1,t

Fére et al. (1992, 1994) merge these two index values into a factor Mg, 41 by calculating
the geometric mean:

0 0 0 0 0
0 0 0 0t,t+l HH—I,H—I HH—I,H—I 91,t+1 ez,z
M =/ MY M = . = . . (2)
41 t t+1 00 00 0() 90 00
tt t+1,t tt t+1,1+1 t+1.,t
S ——
(EC) (TC)

(EC) is the ratio of the degree of efficiency in ¢ 4+ 1 and that in ¢ resulting from the
“normal” application of DEA. It indicates the (pure) efficiency change. (TC) corresponds
to a technology change, which is calculated as the distance between the efficient bound-
aries of technologies in ¢ and ¢ + 1 from the perspective of the considered BuS 0. Because
the activities of BuS 0 at times 7 and ¢ + 1 can be and usually are in other positions in the
multidimensional polyhedron spanned by the DEA (=empirical technology), it is necessary
to separately consider the distance between the efficient boundaries from both the per-
spective of time 7 and ¢t + 1. A disadvantage of the Malmquist index calculated with DEA
is that it is defined only for a case of two points in time, i.e. the consideration of a third
period, t + 2, requires two separate analyses. Therefore, the development of effectiveness
and efficiency from 2005 to 2008 and from 2008 to 2011 are analysed.

7 For an overview of alternative ranking options by means of DEA, see Hosseinzadeh Lotfi et al. (2013).

8 For one, though older, overview of definitions and applications of the Malmquist index, see Fire et al.
(1998).
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When calculating the degrees of efficiency within the framework of the Malmquist index,
BuSs can be outside of the data envelopment at one of the observed points in time; therefore,
problems could result in calculations in the form of insolvabilities of optimisation.9 When
calculating radial projections, this problem can always be solved if a linear envelopment is
presumed, which is why constant returns to scale are presumed in the following analyses. To
reach comparability between the analyses of the Malmquist index with those of the window
analyses, also the window analyses are based on linear envelopments.

It still needs to be clarified whether the radial degrees of efficiency are calculated in an
input-orientated or an output-orientated way. From a short-term or a medium-term per-
spective, the adoption of output orientation seems plausible, because in Germany scientific
staff in the short-term can almost be viewed as being permanent and are (if at all) available
only in the long-term. Thus, input-orientated models only make sense for a long-term
perspective and output-oriented models are used in the following investigations.

Development of effectiveness and efficiency

Table 2 records the descriptive analysis of BuSs and the formed subgroups, in terms of each
of the three three-year groups investigated and each of the five indicators. From the arithmetic
means it becomes evident that the renowned BuSs have the highest average values in all
indicators, with regard to all year groups considered. On the other hand, the average char-
acteristics of the Northern German BuSs in almost all indicators and for all year groups are the
lowest. While BuSs of TUs display, in comparison, average sizes within most of the average
characteristics, their values stand out in terms of third-party funds. This result is generally
explainable: As third-party funds are often considered to be important performance criteria
within the engineering departments of TUs, their relevance is foregrounded by the university
administration, possibly also among other departments, and thus scientific disciplines.

As regards the average development of the values, it is striking that the size of the BuSs
(i-e. the number of professors and research assistants), the number of internationally visible
publications, Ph.D. dissertations and the amount of third-party funds are increasing. Thus
for example, from 2005 to 2011, the average third-party funds increased by about 59 %
and the average number of Ph.D. dissertations by almost 50 %. Both the renowned BuSs
and BuSs of TUs are on average increasing disproportionately compared to the average of
all BuSs: the renowned BuSs by 67 % and BuSs of TUs even by 88 %. In the case of the
development of Ph.D. dissertations, BuSs of TUs increase their average doctoral degrees
from 29 (2005) by 93 % to 56 (2011).

Also in relation to the region of the universities, differences become apparent within the
development of third-party funds and Ph.D. dissertations. While BuSs in Eastern and
Western Germany in terms of both indicators—and especially in the case of third-party
funding (84 and/or 94 %)—are disproportionately increasing on the overall average, there
are almost no changes in Northern BuSs, while Southern BuSs lie slightly below the
overall average. However, it must be noted that at Southern BuSs, the number of Ph.D.
dissertations and the amount of third-party funds already exhibit high absolute values.

° Basically, the location of BuSs outside the data envelopment means that such a BusS is allotted a degree of
efficiency greater than 100 %. Thus, the BuS considered must reduce its outputs in order to be projected on
the efficient boundary; within this context, the DEA literature discusses super efficiencies (cf. Banker et al.
1989; Andersen and Petersen 1993). Calculating super efficiency degrees is not always possible. Insolv-
abilities occur if a BuS cannot be projected on the efficient boundary.

@ Springer



Scientometrics (2016) 108:1347-1381

1356

99°0/9°8¢1 65°0/L91 8C°0/T ST wro/6'ey SY'O/T Ly 8V'0/7° 67 r'0/6'0¢ LY"0/L°0C €V'0/L91 Auewion urdIsop Ul sgng
SAVERIY £€°0/Tes 9%°0/9°0L LT0/€7CC €€'0/LvC 8C°0/S°1C §C0/6'8 6C°0/c'6 €C0/L9 Auewiog urdlsed ur ssng
69°0/T' 111 LS0/SEST LS0/Teel 6v'0/8'¢9 §S°0/T°S9 9'0/LCL £v'0/C9l1 I7°0/6'v1 £0/6'6 Auewion wIOYINOS ur ssng
9T 0/v°ST LY'0/1°C9 9Y°0/9'6v §'0/6'0¢ 9°0/g°ee LY'0/L'ST 1¥°0/9°C1 Sro/y 9C0/T’L Auewiion UIdYLON Ul sgng
LT 0/6v LEO/9SL Yy 0/S°L8 YTo/cye LE0/9°SE LT0/SCC oL 9¢°0/CCl 1T°0/1°9 SL Jo ssng
8¥°0/8'SS1 Vil Sy'0/S°091 6v'0/8'L9 1°0/6°S9 So/EvL <r0/6'Cc LTO1 SE0Sl SSng paumousy
L9°0/T611 ¥9°0/S" Tyl £9°0/¥7°9¢C1 §'0/T0S 9¢°0/1°CS 8S°0/€¥S Y0/ LT 717°0/91 8¢°0/7Cl ssng v
JUSIOYJO0O UOTIRLIBA/UOTBIASD PIEPUL)S
116—€S S19-0L 66998 081-8% 181-8¥% 861-¢t¥ C6—LT 001-1¢ 8-C¢C Auewron UIISIA Ul sgng
Y299 YLT-6L 91¢—¢8 LT1-8v LTI—9¢ £CI—6¢ 8¥—CC 8781 (4] Auewieg urdlsed ur ssng
9ec—€L 189—¢I1 LLY 18 CST8¢ 8YC-0S eLCTIS 9861 L9—0¢ s8I Auewion wIoyINOS Ul sgng
Pr1-69 c1¢e 8l—ce LT1-8 8CI—¢1 101-S1 LSTTT [€-61 e8I Auewion UILYHON Ul ssng
€9¢—001 $9€-001 8€-98 618y 791-8¢ 4 a4 SY—LC 6581 [4aué S(L Jo ssng
9€6-L01 189-081 §S9-S6 ¢sT09 8YC—¢€¢ €L 0y C6—LT 08-6¢ 8¢ sSng paumousy
9¢6—€¢ 189-0¢ §69-C¢ S8 8YC—¢l1 €LCS1 611 00181 881 ssng v
WNWIXEA—WUNWIUTA
091/11¢ 1¥C/18¢C 881/1S¢C 66/S01 L8/901 LLITOT 970014 evivy 1€/6€ Auewron) UrRISIA U sSng
Ov1/¥ST o1/191 LET/SST 16/¥8 IL/SL VLI9L 1€/S¢ 8¢T/CE Le/6t Aueuwon uraisey ur sgng
Sv1/60¢ 60¢C/1LC £0¢/eee Y01/0€1 S6/811 L8/1C1 LE/8E €e/LE (4923 Auewon uINOS ur ssnyg
06/L6 901/€€l1 LO1/801 ¥9/19 197429 17449 6C/1¢€ 6¢C/LC LT/8¢ Auewon UIYION Ul ssng
TLT/6LT 981/90C 981/10C 101/101 88/96 08/28 ge/se 0¢/ve 8¢/6¢ SAL Jo ssng
0ce/9ce 16£/C0¥ ¥8€/96¢ erI/LEL ¥91/0S1 (447034t 6v/SS 8Y/€S (97444 sSng paumousy
Pr1/6L1 981/¥¢C €61/661 6/001 €L/E6 YLIE6 LE/OY 1€/9¢ 6T/c€ ssng 1V
UBIPOUI/UBOW OTJQWYNIY
110c 800C S00C 110¢ 800C §00C 110¢ 800C §00C
jeu-dd vy joid

sonsne)s oAnduosag g dqel.

9
[
50
=

=
a
n
Gl



1357

Scientometrics (2016) 108:1347-1381

SLOSLYIE  TIT/C9E6E  98°0/8'SEPT  9S0/TTIE  TOOMIE  FPOLLL  €90LYL FLOSTI - Auewp wayinog ur ssng
19°0/6°T0C1 v0/9°66S  1071/1TTIT vO96  69°0/£61  690/8°SI worns S90ILS - Auewmep wyoN ur sgng
99°0/L°0SFE  60'I/I'8E9F  SGO/LIT9T  FSO/I0E  €S0/S0T 1€0/68  SSO8TL 90 ISI - SQL JO ssng
SO/L'SE0E  S80/96SEY  6LOTHIOE  PPOILTE  LYO6TE  LYO/TET  9S0/S0T $€0/9°'6 - sSng paumouay
T8'0/6'9L6T TS 09TE 6°0/S502 690/2€  1L0/L'ST 8S0/81  ¥80/58I 16°0/1°T - ssnd 11V
JUAIdYJI0I UOINEBLIBA/UOIBIAJP pIepue)§
8r8°0I-F99  919°91-I8T 86SL-111 LST-1T L1161 $L6 96-C 67T - Auewon urisop Ut ssng
8€LT1-967 $895-861 LY8E-16T 90151 vs—L 9711 9T Sl - Auewwon ureisey ur sgng
$886-C€9  0I6°SI-88 8016-€08 €21-0C 901-81 LL81 $6-1 8¢-€ - Auewwep woyinog ur sgng
90LY 1L 9897058 0€0L=ST€ €1 09-6 758 17§ 61-€ - Auewwep woyloN ur sgng
8ELTIZL6S  016°S1-0S8 8016-08% 90151 6L-T1 9p-L1 9L 45 - SQL JO ssng
8P8°0I-FIL  0I6°S1-0S8 8016-6€€ €T1-1T S01-0C LL1 98-L1 6761 - ssng paumouay
8ELTI=96T 91991861 8016-111 LST=¥1 L11-L LL~8 961 Syl - ssng 11V
wnurxew—wnuiuTjA
TS0€/TITh €961/7E€E 1Z71/90TT 0/8S LE/6Y 6T19€ 127/0€ 11/71 - Auewon urisop Ut ssng
1962/115€ 011/981 T91/1161 9T/sE LTILT 81/1T 81/81 8/€1 - Auewon wvisey ur sgng
P6TT/TT0r €T0T/PESE 1181/978T LS19S Ev/1s 8€/0v vT/ET 11/91 - Auewwop woyinog ur sgng
LEVI/PLOT 06T1/71S1 LEVI/LOIT 17T 0T/8T v1/ET 11/l 9/6 - Auewwop woyoN ur sgng
EPISITLIS YOLT/BETY 860T/8YLT $S/9¢ 6€/6€ LTI6T TeTe 8/S1 - SL JO ssng
90L9/€8€9 LYEE/R0TS 11ST/S18€ 98/L 98/0L Tslor 0€/9€ TT/8e - ssng paumouay
98ST/SP9E TOLIPILT 19§1/58TT 8€/9% 1€/1¥ 9T/1E 81/zt 01/€1 - ssng 11V
uerpau/ueaw dnowynry
1102 8002 $002 1102 800C $00¢ 1102 800C  S00T
ddL ‘aud wi-qnd

panunuod g qe],

pringer

Ns



Scientometrics (2016) 108:1347-1381

1358

9LO/T'ERIE T/ 6POF 19'S6IT  190/LSE  99°0/9TE  €S0/C61  880/19T  €60/LTI - Awewuan wisop ut sgng
TR0/€TR8T  LLO/ETOVT  LSO/L'T60T 1L0/ST LYOST vrOme  TO0LTL POTPET - Aueuuap uralseq ut sgng
1102 8002 $00z 1102 800¢ $00z 1102 8007  S00T
ddL ‘aud wi-qng

panunuod g dqe],

pringer

AR



Scientometrics (2016) 108:1347-1381 1359

Possibly, these results are attributable to positive incentive effects through the collection of
data by the CHE and the transition to performance-based allocations of resources. Thus,
the BuSs anticipate this type of measurement and are increasing the corresponding activity
types. Nevertheless, the corresponding staff deployment has also increased in the period,
which is then taken into account in the analysis of efficiency development.

An opposite trend is noticeable when inspecting the nationally visible publications.
While the average values for all observed groups increased between 2005 and 2008, they
decreased in 2011. Thereby, the average publication points are falling even below the
values from 2005. This basic development applies to all subgroups considered. Publication
points between 2005 and 2011 only remained fairly constant for BuSs in Eastern Germany.

Figure 1 shows the results, when aggregating the data with a window analysis. The top
two diagrams display the degrees of effectiveness; the lower two display the respective
degrees of efficiency. The left-hand diagrams refer to the comparisons between 2005 and
2008, i.e. the effective or efficient boundary is composed of a linear combination of
datasets from 2005 and 2008. Accordingly, the right-hand diagrams refer to comparisons of
the degrees of effectiveness or of efficiency in 2008 and 2011. The degrees of effectiveness
and of efficiency for those BuSs renown for their research are represented by a triangle, the
degrees for BuSs of TUs by a circle, and the others by a rhombus. The BuSs which are
positioned above the marked angle bisectors have improved in each comparison, whereas
those positioned below them have deteriorated, and BuSs on the angle bisector have the
same degree of effectiveness or of efficiency throughout the observed years.

It becomes apparent that the majority of the BuSs improved their degrees of effec-
tiveness between 2005 and 2008. Only 13 of the 48 BuSs had a lower degree in 2008
compared to 2005. Also in relation to the effective boundary, it appears that this is
exclusively composed of data points from 2008. It can be further established that especially
those BuSs renowned for their research obtained high degrees of effectiveness and as well
of efficiency throughout each year, and improved, with one exception, between 2005/08.
The degrees of efficiency for most of the BuSs are better than or equal to the corresponding
degrees of effectiveness. This suggests that the improvements in the targets (i.e. in the
single output indicators) were not “bought” by an excessive increase in staff numbers.
There are only a few BuSs where the reverse results: Their degrees of efficiency are lower
than the corresponding degrees of effectiveness, which indicates a comparatively exces-
sively high use of resources in the corresponding years. When comparing the development
of degrees of effectiveness and of efficiency, similar results emerge. On the one hand, most
BuSs improved between 2005/08. On the other hand, in comparison, degrees of efficiency
between 2008 and 2011 declined for many BuSs. In contrast to effectiveness observation,
no concrete statements about individual groups are possible.m

If the number of internationally visible publications is taken into account for comparing
the years 2008 and 2011, firstly the degrees of effectiveness of many BuSs increased (18
BuSs in 2008 and 35 BuSs in 2011). On average, degrees of effectiveness rose in 2008 by
5 % and in 2011 by 17 %. Also, in regard to the degrees of efficiency, a boost is noticeable
for similar numbers of BuSs (20 BuSs in 2008 and 33 BuSs in 2011); the gain is on
average, with 4 % (2008) and 15 % (2011), slightly lower than for the degrees of effec-
tiveness. First of all, the determined increase in the degrees of effectiveness and of effi-
ciency is an effect of DEA, because if an additional indicator is integrated, degrees of

1 To determine how many and which BuSs improved and/or deteriorated in which periods with regard to
their degrees of effectiveness and of efficiency, the different developments are contrasted in the two matrices
of Table 9 in the “Appendix”.
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effectiveness and/or of efficiency for each BuS can only improve based on the models
chosen here. However, it can be stated that the increase for many BuSs is relatively low
and for some BuSs significant changes result. For example, the BuS of the university in
Frankfurt (Main) mainly benefits from the inclusion of the international publications, since
their degree of effectiveness increased by 288 % in 2008 and by 40 % in 2011. In terms of
the degrees of efficiency, larger deflections (>40 %) are not recognizable. Only one BuS
benefitted more from the inclusion with an appreciation of 43 %.'"

Reasons for the development of effectiveness and efficiency

For a detailed analysis of the reasons for the developments, Fig. 2 contrasts the results
from a Malmquist index calculation. On the x-axis are the (pure) changes in effectiveness
or efficiency (EC), and on the y-axis are the related technology changes (TC); both
according to Eq. (2). The four indifference curves show exemplary constant Malmquist
index values, resulting from the multiplication of the two development reasons
(EC x TC). Again, the top two diagrams represent the effectiveness and the bottom two
diagrams the efficiency. The left-hand diagrams take into account the comparison of the
years 2005 and 2008, while those on the right-hand refer to the comparison between 2008
and 2011.

Concerning effectiveness, it can be determined that for all BuSs, (research) technology
between 2005 and 2008 changes positively. This is no longer the case in the comparison of
2008 and 2011. This means that, in relation to all BuSs, technological improvement is
noticeable, thus for given input constantly more output could be created in 2008 than was
the case in 2005. With respect to the performance achieved in the industrial sector and
(partially) in the service sector, such changes can indeed be attributed to technology
improvements, e.g. if automation leads to production possibilities where more cars can be
produced with the same amount of resources. However, in the context of research per-
formance in business administration, technical improvements or automations are not
expectable, in particular with regard to the integrated output indicators used in this study.
Hence, the term “technological improvements” in the DEA or Malmquist index context is
not to be interpreted as technical improvements in the production technology of a BuS but
rather as positive changes in the behaviour of the researchers employed by these BuSs.

Between 2008 and 2011, this was applicable for only a few BuSs and the extent of
technology change for these few BuSs was significantly lower than in the previous years.
Looking at (pure) effectiveness changes, a reverse trend can be determined. While between
2005 and 2008 only twelve BuSs experienced a positive change with regard to their
effectiveness, this number increased significantly between 2008 and 2011 to 26 BuSs.
Hence, the positive development of BuSs between 2005 and 2008 was mainly due to
technological improvements. The corresponding negative developments between 2008 and
2011, however, result from technological setbacks.

In terms of efficiency, a similar picture appears, even if it is not as evident as that of
effectiveness. For 38 BuSs, technological improvements result between 2005 and 2008
within their relevant areas. Between 2008 and 2011, this is the case for only a few BuSs;
however, for considerably more of them than with regard to effectiveness. Thus, 25, i.e.
more than half of the BuSs, are located in an area which is subject to technological

" With regard to the effectiveness and efficiency developments (Table 9 in the “Appendix”), the inclusion
of internationally visible publications has only little effect.
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improvements. At the same time, (pure) efficiency change is declining. Overall, the pos-
itive efficiency improvements between 2005 and 2008 can be attributed to technology
improvements too. However, the negative development in 2011 does not clearly result
from technological setbacks, but also from a negative change in efficiency, thus from a
now less favourable ratio of weighted outputs to weighted inputs of individual BuSs.

In addition to the above statements, BuSs can be subdivided into up to six different groups
(A to Fin Fig. 2). Due to technical progress realised for all BuSs, only three groups emerge
between 2005 and 2008; however, all six groups emerge between 2008 and 2011. A crucial
limit to interpreting these groups is whether the Malmquist index value is greater or less than
one; thus overall, a positive (Malmquist index greater than one) or negative (Malmgquist index
less than one) development of effectiveness and/or efficiency exists. The meanings of the
individual groups are listed in Table 3. Based on this subdividing, the effects which have
contributed to the overall positive or negative development of BuSs can be determined.

In terms of effectiveness, it can be stated that BuSs are distributed evenly between 2005
and 2008 over groups A, D and E. While approximately two-thirds of BuSs improved their
aggregated output, only about one-third reached a performance above technological
improvement. Compared to 2008 and 2011, the number of the BuSs increased whose
aggregated performance rose more strongly than technological improvement did (Group E)
and/or rose despite technological setbacks (Group F). The allocation of individual BuSs to
groups varied strongly between the observation periods; only the allocations of a few BuSs
remained constant. A total of 12 BuSs moved from groups A and D (2005/08) to Group F
(2008/11). These BuSs thus improved significantly in comparison to the others.

A reverse trend becomes evident for the efficiency development. While 20 BuSs in the
comparison between 2005 and 2008 are in Groups E and F, this number drops to only 9
BuSs for the 2008/11 comparison. This shows a more significant decline in the aggregated
performance than in effectiveness, where an increase was detected. Somewhat lower
motion profiles became apparent when the two periods were compared with each other.

Table 3 Definitions of the group allocations

M<1 M > 1

The development of effectiveness/efficiency is The development of effectiveness/efficiency is

negative, positive,

A ... because BuSs show a worse aggregated D ... because BuSs are profiting from
performance in period ¢ 4 1 than in period ¢, technological advances. Indeed, they have
despite technological advances. also improved their aggregated performance

between period ¢ + 1 and period ¢, however,
due to technological advances, a greater
improvement in performance would have
been possible.

B ... because BuSs show a worse aggregated E ... because BuSs have improved their
performance in period ¢ + 1 than in period aggregated performance between period 7 4 1
t. Although there were technological setbacks, and period ¢ above and beyond the
the aggregated performance of the BuSs has opportunities for improving technological
fallen more steeply. advances.

C ... because BuSs show a worse aggregated F ... because BuSs show a better aggregated
performance in period ¢ 4 1 than in period #. performance in period ¢ 4 1 than in period ¢,

In contrast to group B, the aggregated despite technological setbacks.

performance of the BuSs has not fallen as
steeply as the technological stepbacks.

@ Springer



1364 Scientometrics (2016) 108:1347-1381

Stronger movements take place from Group E to A (i.e. from a high performance to a
significant decline in the aggregated performance values) and from Group D to B (both
marked by a decline in the aggregated performance data).

The results when bringing the number of internationally visible publications into the
investigations as additional output indicators for comparing the years 2008 and 2011 are shown
in Fig. 3. The upper diagram displays effectiveness developments, and the bottom diagram
accordingly efficiency developments. When comparing the effectiveness diagrams of Fig. 3
with those of Fig. 2, the coordinates of the individual BuSs move mainly on the technology
change axis (x-axis). As a result, the identified groups B, C and F, are now significantly less
pronounced, especially in favour of groups A and E. This shows that there is a positive trend in
the number of internationally visible publications, which, at least as regards effectiveness,
apparently offsets the technological setbacks due to the decline in the points of nationally
visible publications. Interestingly, the previously mentioned effect cannot be determined when
regarding efficiency: The allocation of BuSs to the various groups, as well as the strength of
these groups remains almost constant. In particular, it is undetectable whether the relevant
range of efficient boundary for BuSs shifts accordingly. Hence, the relevance of involving the
Pub-int indicator becomes relative when the input factors are also taken into account.

Influence of reputation, type of university and regional allocations
on the development of effectiveness and efficiency

Table 4 presents (for the window analysis and for the components of the Malmquist index)
the average degrees of effectiveness and of efficiency of the BuSs and the developments in
terms of all BuSs and BuSs of the individual subgroups.

In terms of degrees of effectiveness of the window analyses,12 it is demonstrated that the
average degree of efficiency of renowned BuSs during all periods is significantly higher than
the average of all BuSs, while BuSs of TUs mostly correspond to the average. It is also
striking that BuSs in Northern and Eastern Germany are on average less effective than those
in Southern and Western Germany (and this in regard to all three periods). With a view of the
years 2005/2008, a strong development of the renowned BuSs resulted, which is, on average,
clearly 24 % higher than the other BuSs group results. Also the renowned BuSs have a
declining average effectiveness change (Malmquist index), which is, however, less pro-
nounced than in other groups. Between 2008/11, renowned BuSs declined in terms of
development. Only the BuSs of TUs and Eastern German BuSs recorded positive develop-
ments, while in terms of technology they recorded setbacks, as did all the groups observed.

A similar effect can be determined when looking at efficiency. The renowned BuSs
show higher degrees of efficiency than the average, but not in the same range as the
degrees of effectiveness. The degrees of efficiency of BuSs of TUs are slightly above
average, as differences between BuSs from different regions of Germany are practically
not deducible. While BuSs in Northern Germany have weaker degrees of effectiveness in
comparison, the outputs realised are in a comparatively favourable relation to the input
used. The average degree of effectiveness is 25 % in 2005, well below the average of all
BuSs, while the efficiency degree is 64 %, and therefore higher than average. Concerning

'2 The degrees of effectiveness and of efficiency for individual years mentioned in Table 4 relate to the
effective and/or efficient boundary that is made up of the activity data from the periods 2005/08 and
2008/11. For simplicity, this will only be referred to as degrees of effectiveness and of efficiency throughout
the following descriptions. In any case, the corresponding window analysis is then meant.
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(a)

.o
0.0

Effectiveness Change
(including Pub-int) 2008/11

2.0

Mg =1.0

Technology Change
0.0 - (including Pub-int) 2008/11

(b)

20¢

0.0

Efficiency Change
(including Pub-int) 2008/11

Technology Change
0.0 ' (including Pub-int) 2008/11
A Renowned BuSs
® BuSsof TUs
@ Renowned BuSs of TUs
@ All other BuSs

Fig. 3 Changes in performance and the associated technology changes in the Malmquist index, taking

account of the number of internationally visible publications. a Development of effectiveness; b Devel-
opment of efficiency
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Table 5 Regression analysis to

explain the degrees of effective- Coefficients Standard error
ness in 2 from the standpoint
0? the W(e)gtsern OGermean gudspso Intercept 0.357+x 0.040
Renowned BuSs 0.287%#*%* 0.055
BuSs of TUs 0.072
BuS s in Northern Germany 0.143%* 0.068
BuSs in Southern Germany 0.009 0.056
BuS s in Eastern Germany 0.166%** 0.058
F 8.485%#:*
*p <0.10; ** p < 0.05; R 0.503

*#% p < 0.01 (two-sided)

the development of efficiency, no large abnormalities can be determined when comparing
2005/08. With reference to 2008/11, BuSs in Eastern Germany remain fairly constant,
whereas on average all other BuSs significantly decrease.

To analyse whether there are indeed statistically significant influence factors, appro-
priate linear regressions are performed.'® The degrees of effectiveness and of efficiency as
well as the values of EC and TC are modelled as dependent variables, whereas reputation,
BuSs of TUs and the regional allocation represent the independent variables (each binary
defined). Due to the explicit allocation of a BuS to a region and the resulting perfect
collinearity, one of the regions is selected as a starting point for the analysis. Thus, the
results must always be interpreted from a region, for example, from the perspective of the
Western German BuSs; Table 5 gives a prime example of the degree of effectiveness in
2005 as dependent variable.

Altogether 80 regression analyses (20 dependent variables from the perspective of all
four regions) were calculated. For the sake of clarity, I avoid a presentation of all
tables and subsume the main results: Although ultimately only a few influence factors are
included in the regression analyses, a high proportion of the variance between the degrees
of effectiveness for 2005 can be explained. Furthermore, there is a significantly high
positive correlation between reputation and degree of effectiveness, as well as significant
negative correlation results between BuSs from Northern as well as Eastern Germany, and
degrees of effectiveness. Therefore, the findings identified on the degrees of effectiveness
in 2005 in Table 4 can also be confirmed from a statistical perspective. This also applies to
the statements concerning the degrees of effectiveness in 2008 and 2011, whereby repu-
tation in particular has a significantly high positive impact.

In relation to the degrees of efficiency, positive significant correlations with reputation
emerged for all year groups, but are less pronounced than for the degrees of effectiveness.
Additionally, in regard to the degrees of efficiency in 2005, there is a slightly less significant
positive correlation (0.130) between BuSs of TUs and the degrees of efficiency. Concerning
the allocation of BuSs to different regions in Germany, hardly any significant correlations
with the calculated degrees, developments and changes can be derived. The explanatory
power of the individual models decreases when looking at degrees of efficiency: Only
between 16 and 19.5 % of the variances can be explained. The regression models conducted

'3 In DEA literature, subsequent statistical investigations of the calculated degrees of effectiveness and/or
of efficiency are known as two-stage DEA (Liu et al. 2013, p. 12). However, this term is not clear, because
also efficiency analyses of multi-stage production processes are subsumed under this term, e.g. Cook et al.
(2010).

@ Springer



1368 Scientometrics (2016) 108:1347-1381

for the values of EC and TC all result in no statistically reliable findings, i.e. at least regarding
these sizes, the factors included have no statistically verifiable correlation.

Implications, limitations and outlook

First of all, it can be stated that effectiveness is increasing for many BuSs between 2001/03
and 2004/06; between 2004/06 and 2007/09, however, the degrees of effectiveness
declined. In regard to the causes, the improvements between 2001/03 and 2004/06 are
mainly due to technological improvements. The deterioration between 2004/06 and
2007/09 is primarily due to technological setbacks. Technological improvements and/or
setbacks here means that the relevant area of the effectiveness or efficient boundary for the
BuSs has shifted, i.e. in a way that with the same input during technological improvements,
more output can be generated, and accordingly during technological setbacks, less output
can be generated. In the context of research performance in business administration,
technological improvements or setbacks mean positive or negative changes in the beha-
viour of the researchers employed by the regarded BuSs.

Basically, the reasons for these observations can only be speculated on. However,
against the background of a changing academic landscape, this result appears plausible in
principle. The public and internal discussions about the measurability of research perfor-
mance increased significantly over this period. At the same time, objective agreements
were also concluded at an increasing number of universities which, among other things, are
measured similarly to the measures in the CHE ranking (Jaeger 2006; Weichslerbaumer
2007). Jobs were created at the universities in the sector of management control and also as
“ranking representatives”, resulting in some universities compiling ranking reports. As a
result, most professors and their respective research assistants will have made more effort
to boost their measurable research performance. The increasing pressure on professors and
young scientists to present “measurable” research results when applying for a professor-
ship, could also explain the result.

However, the increasing effectiveness between 2001/03 and 2004/06 could also be an
effect of a change in the CHE method concerning data collection. In the publication data of
the 2005 ranking, only those publications were included which had been written by pro-
fessors. Since the survey of 2008, the publications of all staff holding doctoral degrees are
evaluated, now also including those of post-docs and professorship candidates. That is,
more scientists are now integrated into the evaluation. Therefore, the quantity of publi-
cations and the degree of effectiveness increase. But, on the other hand, many publications
are written by post-docs in cooperation with their supervising professor. The real impact of
these survey-related differences, however, cannot be analysed, because the CHE does not
make the raw data of their publication analysis available.

Also the technological setback as a reason for decreases in efficiency between 2004/06
and 2007/09 could be a consequence of changes particularly in researchers’ publication
behaviour. To a certain extent, the CHE promotes more lengthy publications from scien-
tists via the scoring system, e.g. articles in (conference) proceedings or monographs. The
willingness to produce such publications may, however, decline due to the current pro-
fessorial appointment practice—for which mainly publications in international (top)
journals are more relevant—especially among young scientists (Schlinghoff 2002, p. 143;
Hennig-Thurau et al. 2004, p. 520; Leininger 2008, p. 39). Journal articles are typically
much shorter than books and monographs and therefore gain fewer points. The compar-
atively high amount of work involved in writing a monograph together with less
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appreciation could have led to a shift of work effort in favour of writing journal articles.
The significant decrease in nationally visible publication points backs up the above-
mentioned aspect. By integrating internationally visible (journal) publications into the
dataset, the decline in degrees of effectiveness is accordingly weaker. Although the growth
of internationally visible publications is currently not compensating the decline in
nationally visible publication points, because of the similarly pronounced efficiency
development it can be deduced that the higher degrees of effectiveness within the tendency
were not achieved through increased numbers of staff.

Above all, the analyses of different influence factors reveal a high correlation between
reputation of a BuS and the degrees of effectiveness and of efficiency. The explanation
power of the regression models is, however, considerably higher for degrees of effec-
tiveness. As the (research) reputation stems from the survey of professors, this suggests
that reputation as perceived by this peer group is a result of the absolute number of research
publications. Ultimately, this argument also seems plausible, because publications by
individual researchers and their locations are probably more easily perceived, than when
placing the amount of publications in relation to the number of the resident professors of a
BuS and their corresponding research assistants.

With regard to the location of BuSs, only a few statements can be made. Although
corresponding effects become apparent in an average observation—particularly with
regard to a positive development of Eastern German BuSs—they do not stand up to the
statistical analyses conducted here. In principle it only becomes apparent that Western
German and Southern German BuSs exhibit higher degrees of effectiveness than those in
other parts of Germany; for efficiency, this statement is however untenable.

Limitations of the analyses stem from the use of datasets from the CHE, and the application
of DEA. The CHE does provide a comprehensive database and due to the repeated imple-
mentation—also in relation to other areas of expertise—the data collection was able to be
tested. However, it cannot be ruled out that distortions arise, for example, due to the limitation
of the definition of a “business professor”. The differing numbers of named professorships
over the course of time suggest that the classification of an overlapping professorship—such
as Business Informatics—does not always follow uniform criteria.'* Also in relation to the
publication indicators, distortions are possible. CHE collects the BuSs’ publication data
based on literature databases. In this respect, it has been found that none of the literature
databases provide a full evaluation of business-relevant journals from a German point of view
(Clermont and Schmitz 2008; Clermont and Dyckhoff 2012). In relation to the time com-
parison and the nationally visible publication points, it must be kept in mind that—in addition
to the already mentioned difference in the integrated personnel—a quality quantifier of
journal articles is made during the collection of publication points starting from the 2008
survey, which has not yet been undertaken for the 2005 survey.

The results of the DEA depend mainly on the indicators included and the comparability
of consolidated DMUs. In this respect, BuSs are clearly characterised by different individual
situations (perhaps public universities vs. private universities).'> The commitment and/or
different number of courses in academic teaching is not considered in the present datasets.
Therefore, ultimately partial productivity analyses of the entire academic performance are
carried out here despite the multidimensionality of the integrated output factors.

4 For a more detailed analysis, see Clermont and Dirksen (2016).

15 In the datasets analysed, there are only three BuSs of private universities, but they do perform signifi-
cantly better.
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The requirements for the comparability of BuSs are, however, greater the more periods
are incorporated into the window analysis. Because an empirical production function and
the resulting effective or the efficient boundary are formed from the individual activity
data for different points in time, it is assumed (usually implicitly) that the technologies of
the various years are comparable. In particular, changes to the environment of BuSs, as
well as changes to the indicator surveys can limit the comparability of the year groups
with each other. Nevertheless, only two periods of 3-years each were compared with each
other in the presented investigations; furthermore, the Malmquist index values were
compared with those of the window analysis. Because the Malmquist index removes the
deficiency in the comparability of activity data to some extent—because here, effective-
ness and efficiency degrees are always determined in relation to the technology of the
particular year—and the results between window analyses and Malmquist index strongly
correlate with each other, the developments in effectiveness and efficiency seem to be
appropriately robust.

Another methodological limitation could result from the assumption about the under-
lying returns to scale of the empirical production technology. To avoid insolvabilities,
constant returns to scale were assumed in the current investigations. This assumption is not
without problems, as it implies, for example, that a doubling of inputs leads to a doubling
of outputs. On the other hand, Clermont et al. (2015) demonstrate that constant returns to
scale do exist for medium-sized BuSs in Germany, both on the basis of the CHE research
data examined and when using DEA. Nevertheless, there is also a trend towards decreasing
returns to scale for larger BuSs with more than 18 professorships.'®

Possibilities for future research are emerging, particularly in terms of the currently
used database. On the one hand, the current analyses can be extended to the next year
groups within CHE research data, in order to investigate the consequences of measures,
such as the Excellence Initiative and further research funding, on business research
performance. On the other hand, supplementary data from the area of academic teaching
would be desirable. Both positive and negative effects of teaching on research produc-
tivity are possible in terms of interactions between research and teaching. Thus on the one
hand, although teaching is a time-consuming task, the contact and the debates with
students may also increase the research performance of a BuS, on the other hand. A
structured analysis of this question as well as its development over time has yet to take
place. This is probably because, so far, there has been a lack of meaningful indicators for
academic teaching. Teaching indicators discussed in business administration only refer
either to graduate numbers (meaning a hassle-free interconnection of students’ perfor-
mance and the performance of their lecturers), or to pure satisfaction indicators from
students (Ahn et al. 2012).

Appendix

See Tables 6, 7, 8 and 9.

16 Albers (2015), however, determines increasing returns to scale. His analyses are based on a modified
database and use a varied methodological approach, which is why direct comparisons are not given here.
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Table 6 Data of the CHE research ranking of BuSs from 2005
Business School Number of Number of Publication Number of  Amount of
occupied occupied points of Ph.D. expended
professor research nationally dissertations  third-party
positions assistant visible funds [T€]
positions publications
BuS1  Aachen 24.00 71.00 187.83 29 1902.0
BuS2  Augsburg 42.00 171.00 266.25 49 824.1
BuS3  Bamberg 27.00 66.25 83.50 24 1035.0
BuS4  Bayreuth 30.00 87.00 111.17 38 1535.1
BuS5  Berlin FU 42.00 84.00 316.33 33 1307.7
BuS6  Berlin HU 33.00 96.00 95.08 18 2510.7
BuS7  Berlin TU 29.00 81.00 214.00 46 480.0
BuS8  Chemnitz 24.00 69.00 183.33 25 2651.1
BuS9  Dortmund 24.00 78.00 85.92 27 686.1
BuS10 Dresden 28.00 83.00 269.08 19 3846.9
BuS11 Duisburg- 61.00 143.00 317.75 46 1569.9
Essen Uni
BuS12 Diisseldorf 31.00 68.00 153.33 10 177.9
BuS13 Erlangen- 43.00 184.50 338.17 40 1811.1
Niirnberg
BuS14  Flensburg 18.00 15.00 31.83 9 1400.1
BuS15 Frankfurt 82.00 198.00 276.00 52 7598.1
Main Uni
BuS16 Frankfurt 27.00 67.00 81.50 24 3552.0
Oder
BuS17 Freiberg 27.00 43.50 171.00 27 1016.1
BuS18 GieBlen 22.00 68.15 154.08 18 111.3
BuS19 Géttingen 30.00 100.50 141.50 54 2161.8
BuS20 Greifswald 29.50 41.25 107.17 14 2067.9
BuS21 Halle- 25.00 64.00 137.92 11 1062.6
Wittenberg
BuS22 Hohenheim  35.00 73.00 202.58 39 4304.1
BuS23 Ilmenau 42.00 123.00 110.08 17 2293.5
BuS24 Jena 24.00 74.30 114.67 12 1622.1
BuS25 Kiel 24.00 40.00 151.83 14 338.7
BuS26 Leipzig HH  23.50 63.50 91.50 15 2917.2
BuS27 Magdeburg  29.00 96.00 92.25 14 1299.9
BuS28 Mainz 24.00 69.00 131.08 36 863.1
BuS29 Mannheim  48.00 254.50 476.58 75 6579.0
BuS30 Marburg 31.00 61.01 144.25 29 1131.6
BuS31 Miinchen 52.00 273.00 432.17 77 4090.2
LMU
BuS32 Miinchen 36.00 106.00 384.33 38 9108.3
TU
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Table 6 continued

Business School Number of Number of Publication Number of  Amount of
occupied occupied points of Ph.D. expended
professor research nationally dissertations  third-party
positions assistant visible funds [T€]

positions publications

BuS33 Miinster 39.00 144.00 417.25 75 1928.1

BuS34  Oestrich- 51.00 142.00 351.92 59 2988.0

Winkel

BuS35 Oldenburg 43.00 64.00 62.83 37 7029.6

BuS36  Osnabriick 24.00 45.92 78.92 8 1437.3

BuS37 Paderborn 24.50 4275 175.42 18 1421.1

BuS38 Passau 32.00 106.10 99.67 22 2163.9

BuS39 Potsdam 18.00 39.00 137.17 16 291.0

BuS40 Regensburg  27.00 81.00 148.83 40 1002.9

BuS41 Rostock 27.00 74.25 182.00 23 3153

BuS42 Saarbriicken  51.50 183.50 372.75 50 6695.1

BuS43  Siegen 49.00 44.75 191.00 9 913.5

BuS44  Stuttgart 22.00 51.00 269.92 33 2182.2

BuS45 Trier 27.00 76.50 151.00 24 4224.9

BuS46 Tiibingen 24.00 61.00 116.33 18 803.1

BuS47 Vallendar 43.00 142.00 654.83 60 876.6

BuS48 Wiirzburg 18.00 55.50 96.83 24 1552.8

All (total) values embody the sum of respective absolute indicator values referring to the incorporated
periods of 2001-2003

FU Free University, HH Commercial College, HU Humboldt University, LMU Ludwig Maximilian
University, TU University of Technology

Highlighted in bold: Renowned BuSs
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Table 8 Data of the CHE research ranking of BuSs from 2011

Business School Number Number Publication =~ Number of Number of ~ Amount
of of points of internationally ~ Ph.D. of
occupied occupied nationally visible dissertations  expended
professor  research visible publications third-
positions  assistant  publications party

positions funds [T€]
BuSl  Aachen 39.00 139.00 160.32 29 66 5765.4
BuS2  Augsburg 40.00 193.00 166.08 36 60 6051.0
BuS3 Bamberg 27.00 71.00 144.51 14 31 632.0
BuS4 Bayreuth 37.00 104.00 92.16 23 41 4152.8
BuS5  Berlin FU 48.00 79.57 212.43 28 52 3309.6
BuS6  Berlin HU 38.20 60.10 107.34 18 28 4368.2
BuS7 Berlin TU 28.00 104.00 180.75 46 106 11,738.0
BuS8 Chemnitz 27.00 94.65 145.68 19 55 4995.6
BuS9 Dortmund 40.00 98.60 144.93 15 39 2912.0
BuS10 Dresden 42.00 110.50 224.25 24 55 5290.9
BuS11  Duisburg- 48.25 73.15 109.26 96 36 3052.0
Essen Uni

BuS12  Diisseldorf 30.00 69.00 203.82 2 27 1145.8

BuS13  Erlangen- 41.00 178.28 27741 24 96 7326.2
Niirnberg

BuS14  Flensburg 11.00 7.50 64.74 7 15 1951.5

BuS15 Frankfurt 91.50 162.25 319.92 86 86 10,847.5
Main Uni

BuS16  Frankfurt 45.00 66.00 193.41 23 26 1989.0
Oder

BuS17  Freiberg 30.00 48.00 100.17 7 19 1535.7

BuS18 GieBen 27.00 72.24 99.51 12 21 917.0

BuS19  Gottingen 34.00 117.05 114.18 11 26 1437.7

BuS20  Greifswald 32.00 39.50 90.18 12 14 2249.1

BuS21 Halle- 23.00 69.75 77.67 4 15 296.3

Wittenberg
BuS22 Hohenheim 42.00 141.80 252.09 27 60 2294.0
BuS23 Ilmenau 45.00 116.50 213.51 8 15 596.5
BuS24 Jena 31.00 90.50 214.17 17 21 904.4
BuS25 Kiel 28.50 74.50 109.41 17 21 713.9
BuS26 Leipzig HH  30.00 96.75 122.67 2 18 2960.6
BuS27 Magdeburg ~ 45.50 106.00 146.49 20 19 2878.5
BuS28 Mainz 58.25 134.08 71.25 16 38 866.3
BuS29 Mannheim  86.00 245.00 536.43 55 123 9885.2
BuS30 Marburg 30.00 52.50 53.49 12 40 663.9
BuS31 Miinchen 49.00 251.50 479.82 38 67 6705.6
LMU

BuS32 Miinchen 27.00 93.33 263.34 24 92 8545.7
TU

BuS33 Miinster 49.00 157.00 394.68 35 105 6168.1

BuS34  Oestrich- 54.51 54.51 380.76 28 157 9959.5
Winkel

BuS35 Oldenburg 57.00 67.45 143.67 21 38 4706.4
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Table 8 continued

Business School Number Number Publication =~ Number of Number of ~ Amount
of of points of internationally ~ Ph.D. of
occupied occupied  nationally visible dissertations  expended
professor  research visible publications third-
positions  assistant  publications party

positions funds [T€]

BuS36  Osnabriick 27.00 60.00 88.17 5 15 1324.5

BuS37  Paderborn 90.00 153.40 249.18 40 52 4275.0

BuS38 Passau 39.00 80.00 72.66 1 20 760.0

BuS39 Potsdam 22.00 50.85 65.82 18 28 4785.6

BuS40 Regensburg  37.00 110.00 123.99 8 57 2059.8

BuS41 Rostock 28.50 63.50 70.17 11 37 1436.2

BuS42  Saarbriicken  45.00 179.50 318.24 21 45 6003.0

BuS43  Siegen 33.56 48.14 79.68 15 32 1971.0

BuS44  Stuttgart 21.00 95.20 103.74 8 31 1179.5

BuS45  Trier 28.00 73.00 71.34 9 39 1736.9

BuS46 Tiibingen 29.00 57.50 83.07 26 24 931.8

BuS47 Vallendar 78.00 113.00 510.99 30 92 6903.0

BuS48  Wiirzburg 19.00 69.88 122.58 10 20 1759.0

All (total) values embody the sum of respective absolute indicator values referring to the incorporated
periods of 2001-2003

FU Free University, HH Commercial College, HU Humboldt University, LMU Ludwig Maximilian
University, TU University of Technology

Highlighted in bold: Renowned BuSs
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Table 9 Overview of the development of the effectiveness (a) and efficiency (b) in regard to individual
BuSs

a) 2008/11
+
BuS4 BuS20 BuS1 BuS24
BuS5 BuS28 BuS3 BuS29
BuS10 BuS30 BuS7 BuS34
BuS12 BuS36 BuS8 BuS37
BuS17 BuS45 BuSl16 BuS39
BuS23
2005/08
- +
BuS11 BuS2 BuS21 BuS38
BuS35 BuSé6 BuS22 BuS40
BuS44 BuS9 BuS25 BuS41
BuS13 BuS26 BuS42
BuS14 BuS27 BuS43
BuS15 BuS31 BuS46
BuS18 BuS32 BuS47
BuS19 BuS33 BuS48
b) 2008/11
+
BuS 10 BuS7 BuS23
BusS 36 BuS8 BuS31
BusS 45 BuS12 BuS32
BusS 48 BuS14 BuS34
BuS16 BuS39
2005/08
- +
BuS1 BuS26 BuS2 BuS19 BuS35
BuS4 BuS28 BuS3 BuS21 BuS38
BuS5 BuS29 BuSé6 BuS22 BuS41
BuS11 BuS37 BuS9 BuS24 BuS42
BuS17 BuS40 BuS13 BuS27 BuS43
BuS20 BuS44 BuS15 BuS30 BuS46
BuS25 BuS18 BuS33 BuS47
Renowned BuSs
- BuSs of TUs
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