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Running title: Library efficiency measures and productivity indexes

Abstract

Data Envelopment Analysis (DEA) has attracted considerable attention during the
last few decades as an intuitively clear method for performance assessment.
Theoretical developments have taken turns with empirical efficiency studies. In
this paper we empirically analyse performance differences across university li-
braries from different countries from a cross-section and a longitudinal perspec-
tive. We use the Malmquist index approach to disentangle environmental effi-
ciency from technical efficiency to highlight performance differences eventually
induced by environmental factors beyond the control of library management, as
well as to decompose productivity changes over time into changes in technical
efficiency and changes in technology. In our cross-section analysis we found that
North American libraries are more productive at higher input levels than the
European libraries from Germany and Austria at which we looked in this contribu-
tion. Moreover, the largest North American libraries are still able to improve per-

formance, as the results of panel data analysis revealed.

* Corresponding author
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Efficiency measures and productivity indexes in the context of university

library benchmarking

1 Introduction

There are numerous theoretical and empirical papers on the subject of bench-
marking in general and university-related benchmarking in particular. Benchmark-
ing usually consists of several steps: First, the initiation process, which comprises
the definition of the research question and the choice of the methodology; sec-
ond, the data gathering process, which covers data collection as well as data
screening; third, the processing of the data and the interpretation of results, in-
cluding — if necessary — some sensitivity analysis; fourth, the implementation of
strategies derived from the benchmarking, and fifth, the monitoring process
where the implementation of strategies is under current surveillance (see e.g.

Fischer et al (2003)).

In this contribution benchmarking is interpreted as a performance comparison
across organisations (over time) where the organisations are university libraries
from different countries. Performance is given a productivity interpretation, de-
fined as the output produced by the library (i.e. archival and utilisation services)
given their available input (i.e. current and capital resources). Presumably, librar-
ies perform differently, with some libraries being ‘best practice’ performers and
others doing worse. ‘Best practice’ libraries are those with the highest output-to-
input ratio (i.e. productivity) compared to the other libraries in the sample. Causes
for performance differences, however, can be found in management decisions

but also in environmental factors beyond the control of the library management.

Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
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The purpose of this contribution is to extend previous empirical research by re-
vealing performance differentials across university libraries from different coun-
tries over time. To solve the problems of conflicting results when multiple per-
formance indicators (i.e. multiple output-input-ratios) are used, we apply Data
Envelopment Analysis (DEA) (see e.g. Zhu (2003) or Cook and Zhu (2005)) to
investigate library performance. Using DEA, we can take into consideration that
the library service production process is characterised by multiple inputs and mul-
tiple outputs, and also distinguish between performance differences resulting
from managerial factors and those resulting from factors beyond the control of
library management. Assessing the performance of university libraries from dif-
ferent countries over a time period of six years, we then try to reveal productivity
differences across different library groups as well as the productivity changes

over time of individual libraries.

Accordingly, the paper is organised as follows: The next two sections provide an
overview of previous work on the subject of university library benchmarking, the
methodological approach, the sample and data. The fourth section provides the
results and gives possible interpretations of performance differences. Limitations

of the current analysis are discussed and an outlook is given in the last section.

2 Previous studies

For more than 20 years, libraries have been confronted with performance com-

parisons. Numerous publications deal with the theoretical development of per-

formance indicators to cover the libraries’ range of activities (e.g. Moore (1989),

Poll and Boekhorst (1996), Brophy (1989), Ceynowa (2001), Crawford et al.
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(1998), Mundt and Guschker (2003) and Van House et al. (1990)). Other publica-
tions concentrate on the empirical assessment of library performance. Many au-
thors use established performance indicators, such as the number of circulations
per student or the number of requests processed per employee, with the main
disadvantage being that each performance indicator only covers partial perform-
ance. Berghaus-Sprengel (2001) discussed the limits of benchmarking against
the background of using multiple performance indicators in empirically assessing

performance of university libraries.

Recently, several studies have attempted to derive an aggregate performance
indicator based on the analysis of the overall performance of university libraries.
From a methodological point of view many authors fell back on DEA: Chen
(1997) compared Taiwanese university libraries, Kao and Lin (1999) particularly
investigated the effect of library size on library performance, Kao and Liu (2000)
addressed the problem of missing data in DEA-based performance assessment.
Shim and Kantor (1998) and Shim (2000, 2003) provided an overview of the pos-
sibilities of DEA for library benchmarking. They discussed in detail the strengths
and weaknesses of DEA in the context of library performance evaluation, thereby
covering the fundamental problems of finding suitable input and output indicators.
Reichmann (2004) and Reichmann and Sommersguter-Reichmann (2006) ad-
dressed the problems of differing environments and their effects on library per-
formance. Vitaliano (1998) and Worthington (1999) analysed the performance of
public libraries in New York (Vitaliano) and New South Wales, Australia (Wor-

thington).

While DEA interprets any deviation from an empirically-derived frontier as ineffi-

ciency, frontier deviations in stochastic frontier analysis (SFA) are decomposed

Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
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into an inefficiency and an error term. Some recent studies using SFA to assess
library performance can be found in Saunders (2003) and Hemmeter (2006). A
methodological discussion of stochastic and non-stochastic frontier estimation is
given in Fried et al. (1993), a critical comment on frontier techniques in general is

provided by Smith and Street (2005).

3 Methodology

3.1 Performance assessment using DEA

DEA belongs to the ‘enveloping techniques’, dating back to the work of Farrell
(1957), and was further developed and popularised by Charnes et al. (1978) who
introduced the term ‘Data Envelopment Analysis’ into the scientific literature. The
concept of DEA is founded on the comparison of actual with best observed pro-
ductivity, where productivity is measured as the proportion of services produced
to inputs used. DEA can handle multiple inputs and outputs without requiring in-

formation on input and output prices.

Meanwhile, DEA has become a well-accepted tool for performance assessment,
especially in the non-profit sector (see, for example, Fizel and Nunnikhoven
(1993), Glass et al. (1998), Mizala et al. (2002), Hammond (2002), Ouellette and

Vierstraete (2005), Grosskopf et al. (2006) and Worthington and Dollery (2002)).

Using DEA we assess overall university library performance, comprising the

analysis of productivity differences from a cross-section as well as a longitudinal

perspective.
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3.1.1 Cross section analysis

Assume that there are j=1,...,K,...,n units, where each unit produces r=1,...,s out-

puts yr using i=1,...,m inputs x; Analytically, most DEA models require the solu-

tion of a linear program (LP) which might be of the following form':

1
—— —max (1)
TE. i
subject to

ix,-jl,- < Xik Vi=1,...,m (2)
j=1

n

Vil 2 ywnk Yr=1,..,8 3)
j=1

iﬂj =1 (4)
j=1
Aj20 Vj=1..,n andrny...free (5)

LP (1)-(5) measures output-based technical efficiency, TE, indicating whether or
not the maximum output given the input is produced (i.e. TE=1 indicates efficient,
TE<1 inefficient services production).? The use of an output-oriented DEA model
is justified by the fact that libraries are mainly confronted with the claim of output

control given their budgets. The convexity constraint 2 Aj =1 characterises the

best practice technology as a variable returns-to-scale (RTS) technology which is

chosen as we are only interested in identifying efficiency differences attributable

' LP (1)-(5) corresponds to the model proposed by Banker et al. in 1984.

2 |n contrast to this output-augmenting efficiency measure, an input-conserving efficiency measure
may also be derived. For detailed information on different DEA models see e.g. Cooper et al.
(2000), Coelli et al. (1999), Thanassoulis (2001), Zhu (2003) or Cook and Zhu (2005).

Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
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to managerial decisions. The investigation of other sources of inefficiency, such
as scale (identifying suboptimal library size) or allocative efficiency (identifying
the suboptimal factor mix given factor prices) are beyond the scope of this contri-

bution.

Against the background of assessing performance differentials across university
libraries located in different countries we have to take into consideration the pos-
sibility of environmental influences on efficiency. As we will see later in this arti-
cle, we have two different environments, the North American (NA) and the Euro-

pean (EU)" environment.

There have been several approaches to account for non-identical environments,
ranging from one-stage models where environmental variables are directly in-
cluded in the DEA model (see e.g. Banker and Morey (1986a, b)), two-stage ap-
proaches where only discretionary inputs and outputs are included in the DEA
model and variations (in efficiency scores or slacks) are then explained in a sec-
ond-stage regression analysis (see e.g. Fried et al. (1993)) to three-stage models
where both producer performance, environmental differences and statistical noise

are accounted for (see Fried et al. (2002)).

Another possibility of disentangling environmental and technical efficiency is to
use the approach proposed by Charnes et al. (1981). Using this approach library
efficiency is measured relative to its environment-specific frontier first. Next, all
libraries are rendered pareto-efficient and pooled together so that environmental

efficiency is calculated as the distance of technically efficient libraries to a so-

' In this contribution we look at university libraries from two European countries with comparable
environments: Germany and Austria. For details see section 3.2.1.
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called grand frontier. As this approach might be criticised due to assuming both
separate frontiers and a common frontier we apply the Malmquist index ap-
proach' (hereafter called the MI approach) to assess productivity differences due

to environmental effects.

Using the MI approach we estimate productivity differences due to environmental
effects based on the distance between group-specific frontiers only. The output-

oriented MI based on reference technology e is calculated by

e 2 2
Mlg(yz,xz,y7,x7)=7TE°e(y1’X1) (6)
TE;(y',x")

with

TES being output technical efficiency relative to the technology prevailing in envi-

ronment e.

According to Fare et al. (1992) this index can be further decomposed, in this case
into a technical efficiency index (TEIl) and an environmental efficiency index

(EEI):

MIS (2 xP.y x1) = TESW X TES(y? x?) TES(y®,x*)/TES(y? x*). (7)
TES(Y' . X')  TESW'.x') TES(y'.x')/TEL(Y' X')
TEI EEI

Using the MI to disentangle managerial (technical) from environmental efficiency,
it is necessary to choose a reference environment e and units which shall be
compared in pairs. In contrast to using the Ml in the context of longitudinal analy-

sis where we compare each library’s performance over time it is not obvious

' See Malmquist (1953) and Fare et al. (1998).
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which libraries to choose for comparison in cross section analysis when the com-
parison groups consist of different libraries. Following Berg et al. (1993), p. 376 et
seq., we assess environmentally-induced efficiency differences by comparing the
smallest, the largest and the average' library (measured in full-time equivalent
staff) of one group with the smallest, largest and average library of the other
group. As the choice of the reference technology may also have an impact on the

results we both use the NA and the EU environment as reference technology.

Consequently, using the NA frontier as reference, the Ml is calculated as:

MIVA(yNA xNA BV JEUY TES (y™M,x") _

TE(I)\IA(yNA’XNA) ' TEé\IA(yNA1XNA)/TE(I)\IA(yNA’XNA)
TEOEU(yEU,XEU) TEgIA(yEU,XEU)/TEOEU(yEU,XEU)
which reduces to
NA; ,NA _NA >
MIVA(yNA xNA BV JEUY TE"(y™ . x™) 1 _1 9)
’ ’ ’ TE(I):'U(yEU1XEU) TEé\IA(yEU1XEU)/TE(I):'U(yEU’XEU)<

TEI EEI

Here, the MI measures differences in environmental efficiency as the distance
between the two group-specific frontiers. As a result we obtain a MI which might
be smaller/larger than or equal to 1. The MI can be multiplicatively decomposed
into the TEI and the EEI. The interpretation of the EEI is as follows: If we com-
pare the efficiency of a NA with the efficiency of an EU library using the NA fron-
tier as reference (as we use one of the library groups as the reference the nomi-

nator of the environmental efficiency index, i.e. of the latter term, is always equal

' See Farsund and Hjalmarsson (1979).
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to 1) an index larger than one indicates that the EU library is farther away from

the NA than the EU frontier (TEJ#(y Y, xEY)<TESY (yEY,xEV)); i.e. the NA frontier

outperforms the EU frontier at the input level of the EU library under investigation.

To avoid arbitrary choices concerning the reference group we also propose to
calculate the MI using the EU frontier as the reference, again comparing NA with

EU libraries, via

>
MIEU (y VA xNA \EU yEUY _ TES" (y™,x") . TEEU(YNAJNA)/TEé\IA(yNA1XNA)=1, (10)

’ < TE(I):‘U(yEU’XEU) 1
—w e )
with the EEI being larger/smaller than or equal to 1 if
>
TEEU(yNA,XNA):TEé\IA(yNA,XNA). (11)
<

The NA frontier, thus, outperforms the EU frontier at the input level of the NA li-
brary under investigation if the EEI is larger than 1. Figure 1 illustrates the meas-
urement of the distances between group-specific frontiers (i.e. the EEI) at the

input level of the largest and the smallest group-specific library.

Figure 1: Measuring differences in environmental efficiency using the Ml ap-

proach

3.1.2 Longitudinal analysis

Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK 0
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The MI introduced in (6) can also be used to analyse productivity changes over
time." In this paper we will analyse library productivity changes between 1998
and 2004. We propose to apply the chain version? of the Ml using 1998 as the

base year. To analyse productivity changes between 1998 and 2000 we calculate

98,,,00 ,00 98 98 _TEga(yoo’Xoo)
MIs"(y™, x™7,y™", x )—W
B TEgo(yoo’Xoo) . TEge(yooJoo )/TEgo(yoo’Xoo) ’
TEgs(ygs’ x98) TEge(ygza,Xga )/TEgs(yge’ ng)
TEI Techl

(12)

while productivity changes between 2000 and 2002 (2002 and 2004) are calcu-

lated as

MI98( 02(04) X02(04) 00(02) X00(02)) B TE38 (y02(04)’ X02(04))
o (Y ’ Wy ’ - TEg8 (y00(02) X00(02))

_ TE82(04)(y02(04)’ X02(04)) TEgB (y02(04)1 X02(04) )/TE32(04)(y02(04)1 X02(04)) .
TEgO(OZ) (y00(02) , X00(02) ) TEgg (y00(02) , X00(02) )/TEgO(()?) (y00(02) 1 X00(02) )

TEI Techl

This reveals, first, that productivity changes over time may also be decomposed
into an index illustrating changes in technical efficiency (TEI) and an index reflect-
ing frontier (technology) shifts (Techl) and, second, that in (12) the latter term

collapses to

TEgB(yOO,XOO)/TEgO(yOO,XOO (14)
1

' For the use of the MI in longitudinal analysis see e.g. Fare et al. (1998).
2 See Forsund (1993)

o . : . . . 11
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because reference year and base year coincide. Obviously, this is not the case
when any productivity change between 2000 and 2002 and 2002 and 2004 is

going to be analysed. Additionally, it is possible to chain the indexes, i.e.

MIgB (y04, X04,y98, X98) (1 5)

can be calculated as

Mlge(y04,X04,y02,X02) .Mlge(y02,xo2’y007X00)_Mlga(yOO’XOO,yQB,XQB)_ (16)

A Ml larger (smaller) than one therefore indicates that productivity has increased

(decreased) over time, using 1998 as the base year.

3.2 Sample, data and survey design

3.2.1 Sample

In this study we aim to investigate the efficiency of university libraries, the influ-
ence of different environments on library performance and the performance
changes over time. As previously indicated we defined two groups of university
libraries: North American (NA) university libraries and European (EU) university
libraries. The NA libraries are considered to perform against a background which
can be characterised as a competitive, market-oriented environment whereas EU
libraries are confronted with a higher degree of regulation. The restriction to NA

university libraries as a comparison group for EU libraries is justified by the fact

! See e.g. Farsund (1993). The advantage of the chain version is that the index obeys the circular

o . : . . . 12
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that NA libraries are considered to be the trailblazers regarding performance and
performance evaluation. As representatives for the EU environment we chose
Austria and Germany, as these two environments are considered to be compara-

ble in terms of degree of regulation.

To obtain comparable libraries we decided to include libraries of similar size. Li-
brary size is measured in full-time equivalents (FTEs) of library personnel. We
included only libraries with more than 90 but less than 210 FTEs. The NA univer-
sity libraries were drawn from the ARL (Association of Research Libraries) data-
base, the EU libraries from the total of German and Austrian university libraries.
While the ARL administers a large amount of online accessible library data, the
EU library data were collected from the public library statistics. The final sample
included 68 university libraries, with 34" EU and 34 NA university libraries. We
deliberately chose the same number of libraries in the NA environment to mini-
mise the distorting effects resulting from different model dimensions. To perform
panel data analysis we collected data for the years 1998, 2000, 2002 and 2004.
In case of missing or completely inconsistent data the library was not included in

the performance evaluation.

3.2.2 Data

The library service production process is represented by the use of multiple in-
puts to produce several outputs. In this study, we considered the number of li-
brary employees, converted into FTEs, and the total number of book materials

held (BHELD), counted in bookbinder volumes, to be reliable input proxies. FTEs

condition.
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were chosen because it turned out that library expenditure, another — possibly
more suitable — candidate input measure, was barely comparable across librar-
ies. BHELD was chosen because it is considered to be the main input with regard
to one major library output, namely the utilisation of stock. Both inputs are used to
fulfil the two main tasks of the library, the archival function and the utilisation
function whereby the number of serial subscriptions (SER), the number of total
circulations (CIRC) and the number of book materials added (BADD) are consid-
ered to be proxies for at least one or even for both of these functions.? SER com-
prises the additions to serials as well as newspapers, annual reports and other
journal-like series for which the library has a subscription in the relevant year.
CIRC corresponds to the total number of circulations plus renewals, and BADD
comprises the annual additions of book materials via buying, donation and barter.
Concluding, the connection between inputs and outputs used in this study is as
follows: FTEs — as already indicated — approximate material and labour expendi-
ture and are thus considered to be the main input with regard to serial and book
additions (archival services) as well as the processing, servicing and utilisation of
stock (utilisation services). BHELD is the main input concerning the utilisation

function as the extent of CIRC directly depends on the available stock.

Insert Table 1: Input-output statistics

There are doubtless other input and output measures that could have been em-

ployed in the analysis: the number of study seats, the number of personal com-

puters or the number of copying machines on the input side, and the number of

! This data set comprises the total of German and Austrian university libraries with FTEs ranging
from 90 to 210 FTEs.

2 Apart from CIRC, the other two outputs are also related to the utilisation function as the utilisation
of library services is, inter alia, directly influenced by the extent and quality of the increase in books

o . : . . . 14
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requests processed or the extent of in-library use on the output side. While the
input candidate measures are considered to be of less importance for assessing
managerial efficiency, the output candidate measures are deemed much more
important. As regards in-library use, some libraries report the number of persons
entering the library by the number of turn-style movements; others provide data
based on different survey methods (observation, random sample, count). Many
libraries do not report any data concerning in-library use. With regard to total re-
ported requests, the data are too heterogeneous to justify their use in the as-
sessment process. Although there was no possibility of including these two out-
puts in the assessment because there were no data or no consistent data avail-
able, we provide some information on possible effects when we interpret the effi-

ciency results.

3.2.3 Survey design

In order to assess performance differences across university libraries we now
proceed as follows: First, we assess the annual technical efficiency of EU and NA
university libraries separately using LP (1)-(5) and, second, we calculate differ-
ences in environmental efficiency using the M| approach and provide some inter-
pretation of the results (see section 4.1). Then, we apply the MI approach to ana-
lyse performance changes between 1998 and 2004 to find out whether or not

there are productivity variations over time (see section 4.2).

4 Results and analyses

and serials, whereas the increase in stock (i.e. SER and BADD) is the only measure which also
covers the archival function.

o . : . . . 15
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4.1 Cross section analysis

Insert Table 2: TE 1998, 2000, 2002 and 2004

Overall, there does not seem to be much difference between NA and EU library
performance, with 18 libraries in the EU and 20 in the NA group being inefficient
in 1998. Between 2000 and 2004 however, the differences have become more
marked, indicated by the constant decrease in the number of efficient libraries
until 2004 in the EU group, and the decrease in the number of efficient libraries
until 2002 and the subsequent increase in 2004 in the NA group. The average
group-specific efficiency, represented by the efficiency of the ‘average’ library, is
only identical in 2002 and lower in 1998, 2002 and 2004 in the NA group. Overall,
from 1998 to 2004, there is a slightly negative development in both library groups,
with the ‘average’ NA library being farther away from the NA frontier than the av-

erage EU library is away from the EU frontier.

Concerning individual libraries we found consistent results for most libraries,
showing either low or consistently high productivity compared to other libraries in
the prevailing reference group. Typical representatives in the EU group are, e.g.,
Graz, Berlin TU and Mainz with rather moderate results, and Bremen, Freiburg,
Leipzig, Mlnster and Potsdam with constantly high results, to mention only a few.
In the NA group, we have a similar picture: There are libraries with efficiency
scores that are constantly high (e.g. Guelph, Manitoba, Michigan State, Okla-
homa State and York), low (e.g. Brown, Delaware and Rochester), constantly
increasing (e.g. Case Western Reserve and Kent State) or decreasing (e.g. Cali-

fornia Riverside, Nebraska and Wayne State). Some libraries, however, such as

Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK 6
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Darmstadt, Trier, Connecticut, Florida State, George Washington or Suny-Stony
Brook, show very volatile results. To provide some possible explanation we as-
sume that the main reason for high volatility in efficiency scores is a substantial
increase in journal subscriptions starting at the end of the 1990s as a result of the
enormous increase in electronic journal subscriptions. The analysis of the relative
importance of the input and output factors used shows that this explanation is
true for Connecticut and Suny-Stony Brook. Case Western Reserve and George
Washington attract attention because they are rated (almost) fully efficient in
some year(s) while showing considerable inefficiencies in other years: This is due
to the fact that Case Western is the smallest library in 2004 and George Wash-
ington the largest in 1998 (size measured in FTEs), a fact which results in full
efficiency due to the variable RTS assumption. This means that libraries at the
extreme ends of the empirically derived frontier, i.e. very small or very large li-
braries, might be rated fully efficient because comparable libraries of similar size
are lacking. Florida State, however, is rated (almost) fully efficient in 2002 and
2004 due to the increased importance of BADD. Apart from analysing reasons for
highly volatile results another point worth mentioning is that libraries with con-
stantly low efficiency scores might be those with a high proportion of in-library
use. As we were not able to take in-library use into consideration, these libraries

are automatically put at a disadvantage.

Overall, the constant results for many libraries indicate substantial performance
differences and identify best-practicing libraries; however, in a next step it would
be worth investigating both the reasons for performance dis-/advantages as well

as performance variations in more detail.

o . : . . . 17
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As indicated above, the ‘average’ EU library performs better than the ‘average’
NA library, interpreted as the distance to the group-specific frontier. Whether or
not the EU performance is better than the NA performance in the sense that the
EU frontier outperforms the NA frontier remains to be analysed based on the en-
vironmental efficiency index. Although the NA group-specific performance seems
to be slightly worse we assume that the more competitive environment in the NA
group promotes productivity so that, finally, productivity in the NA group outper-

forms productivity in the EU group.

Insert Table 3: Environmental efficiency index

Using the NA frontier as the reference, the distance between group-specific fron-
tiers is measured at the input level of the EU frontier. In that case, the NA frontier
interestingly never outperforms the EU frontier. Only at the input level of the larg-
est libraries and in the last two years of observation is the NA productivity as high
as the EU productivity. At the input level of the smallest EU library we do not ob-
tain any results due to the infeasibility of the LP. Infeasibility, which is also indi-
cated graphically in Figure 1, occurs because the EU libraries have much smaller
labour input levels (measured in FTEs) than the NA libraries. Figures in brackets
indicate the number of FTEs of the smallest/average/largest library in Table 3. At
the input level of the average EU library, the NA frontier is clearly dominated by
the EU frontier in every year. At the input level of the largest EU library there is

no, or just a small, productivity disadvantage.

Using the EU frontier as the reference, however, i.e. measuring frontier differ-
ences at the NA input level, we see that — except for the input level of the small-

est NA library in 1998 and 2002 — the NA frontier clearly dominates the EU fron-
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tier. If we compare library size, measured in FTEs, this result indicates that the
smallest/average/largest NA libraries are considerably larger than the small-
est/average/largest EU libraries. In fact, the illustrative picture provided in Figure
1 approximately reflects the actual situation for the NA and the EU libraries. Con-
sequently, we can conclude that our hypothesis that the NA frontier dominates
the EU frontier is only true for higher input levels, whilst at lower input levels EU

library productivity is higher than that of NA libraries.

4.2 Longitudinal analysis

To analyse productivity changes over time, we calculated the MI chain version
using 1998 as the base year. As we compare the productivity of each library over
time using group-specific frontiers, productivity indexes are available for all librar-
ies in the respective sample, provided input-output data are available (otherwise
indicated by n/a) and the infeasibility problem does not occur (otherwise indicated
by inf). Therefore, we can compare and multiplicatively decompose the productiv-
ity index of every library, i.e. we can say whether a productivity increase (de-
crease) is the result of an increase (decrease) in technical efficiency (TEI) and/or

a positive (negative) frontier (technology) shift (Techl; see Table 4).

In the EU library group, the results indicate a productivity increase over the whole
observation period, i.e. between 1998 and 2004, at the level of the average li-
brary, but a decrease between 1998 and 2000. The productivity increase of about
50% over the six-year period is exclusively due to the frontier shift of about 53%
because technical efficiency slightly decreased (-2%). One of the largest libraries
(Frankfurt/M) showed a productivity decline from 1998 to 2000 of about 11% and

increasing productivity of about 44% between 2000 and 2002. For Darmstadt,
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which belongs to the smallest libraries with results on the MI, we found a sub-
stantial productivity decline between 1998 and 2000, followed by a considerable
increase until 2004. This increase, however, is too small to compensate the de-
crease from 1998 to 2000 so that we found an overall productivity decline be-
tween 1998 and 2004 of about 6%. Overall, 18 EU libraries showed increasing
productivity between 1998 and 2004. Similar to the results based on cross-
section data, some findings based on longitudinal data attract considerable atten-
tion, such as the productivity increases of more than 300% for Erlangen-N and
Munchen. This, however, is mostly the result of a substantial increase in SER
which we assume is due to the considerable increase in electronic journal sub-

scriptions.

Similarly, the positive productivity shift of around 26% in the NA group over the
six-year period at the level of the average NA library is the result of a positive
frontier shift of about 28% which compensates the slight decrease in technical
efficiency of approximately 2%. Productivity changes could not be calculated for
the smallest NA libraries, Guelph and Case Western Reserve, and the largest
library in 1998, George Washington. The largest NA libraries in the other years,
Boston and Michigan State, showed further productivity increases of about 22%
and 38% respectively, where the productivity increases were the result of positive
frontier shifts. Overall, in the NA group 21 libraries showed increasing productivity
between 1998 and 2004. Concerning the time-series results for the NA group it is
striking that productivity changes are altogether in a considerable range. This is
in contrast to the EU results where we partly found extraordinary productivity in-
creases. We therefore assume that, among others, libraries in the NA group do
not face count problems in association with electronic journal subscriptions. Pro-

ductivity declines are, similar to those in the EU group, comparably moderate.
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Insert Table 4: Productivity changes 1998-2004 (Chain version of MI with base

year=1998)

5 Limitations and outlook

Performance measurement in any field is considered to be the impetus for per-
formance improvement. Performance measurement using DEA is able to high-
light such productivity advantages. If the purpose is to investigate productivity

differences to learn from best practice, DEA is considered to be a useful tool.

Using DEA we chose a two-input and three-output variable returns-to-scale
model to assess the output-oriented efficiency of university libraries of different
countries. To highlight the fact that performance differences might be the result
not only of managerial decisions but also of environmental influences and that
performance might change over time, we applied the Malmquist index approach
to address these issues. First, we calculated technical efficiency to highlight
managerially-induced performance differences and then we applied the Malm-
quist index to investigate performance differences between European and North
American libraries — measured as the distance between the European and the
North American best-practice frontier. This was done as we expected that the
more competitive North American environment promotes productivity. Analysing
productivity differences at the input levels of the smallest, average and largest
respective libraries we found that this hypothesis is definitely true for higher but
not for lower input levels. Regarding the analysis of performance changes over

time we mostly found productivity increases in both library groups which are
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again mostly due to frontier shifts rather than increases in technical efficiency.
The largest North American libraries were still able to improve productivity

whereas the smallest European libraries failed on that score.

Overall, we conclude that although we found consistent results for many libraries
there are still several questions which remain unanswered: One question is
whether or not libraries with a high proportion of in-library use are really being
considerable disadvantaged as there was no possibility of including an output
covering this part of library performance. Another question is whether or not li-
braries at the extreme ends of the production possibility set are only rated effi-
cient because other libraries of similar size are missing. And, finally, especially in
the EU group, there seem to be some inconsistencies concerning the count of
electronic journal subscriptions for some libraries, which results in seemingly high
productivity improvements. To address these questions in depth is considered to

be a challenge for subsequent research.
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Figure 1: Measuring differences in environmental efficiency using the Ml ap-
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FTE BHELD BADD SER CIRC
EU 1998
Mean 126.91  2,188,666.26 43,082.35 6,662.85 674,862.56
Std.Dev. 28.62 761,399.66 15,890.64 2,359.07 404,231.63
Max 188.44  4,687,202.00 95,932.00 13,702.00  1,771,875.00
Min 92.50 928,563.00 20,529.00 3,399.00 129,150.00
2000
Mean 126.63  2,299,458.00 37,511.77 6,780.81 628,212.06
Std.Dev. 27.58 780,136.88 15,677.58 2,299.04 339,917.76
Max 189.00  4,828,239.00 76,911.00 12,476.00  1,609,237.00
Min 9470  1,012,324.00 5,849.00 3,106.00 178,847.00
2002
Mean 124.06  2,243,095.21 35,504.21 9,423.06 680,987.97
Std.Dev. 27.16 807,790.06 11,219.31 3,574.77 349,725.38
Max 191.50  4,956,655.00 62,273.00 19,687.00  1,713,152.00
Min 92.50 920,997.00 15,786.00 4,322.00 217,198.00
2004
Mean 12224  2,576,980.07 33,382.32 12,219.89 771,310.46
Std.Dev. 28.64 983,824.68 12,897.14 6,185.97 406,356.91
Max 185.00  5,917,038.00 77,585.00 26,918.00  1,940,703.00
Min 91.70  1,113,193.00 15,927.00 3,406.00 274,570.00
NA 1998
Mean 162.38  2,367,618.41 55,560.76 17,119.32 456,497.09
Std.Dev. 27.94 499,999.36 18,431.59 5,566.79 205,635.08
Max 209.00  4,188,141.00 110,296.00 28,172.00  1,028,805.00
Min 117.00  1,784,395.00 29,459.00 8,156.00 179,170.00
2000
Mean 162.58  2,475,304.45 54,418.10 18,209.81 433,376.68
Std.Dev. 26.58 537,648.59 16,705.53 6,095.76 219,931.98
Max 207.00  4,359,752.00 95,708.00 30,689.00  1,006,590.00
Min 110.00  1,806,683.00 26,007.00 7,995.00 164,645.00
2002
Mean 161.59  2,551,086.00 54,222.94 21,667.29 382,771.68
Std.Dev. 28.44 553,700.55 16,720.70 6,774.57 222,530.07
Max 207.00  4,503,950.00 95,548.00 35,263.00  1,049,580.00
Min 113.00  1,531,281.00 21,755.00 9,865.00 74,525.00
2004
Mean 156.28  2,682,847.75 50,504.22 24,538.56 426,697.72
Std.Dev. 27.58 613,544.62 15,471.45 9,117.65 230,356.01
Max 204.00  4,747,959.00 92,637.00 41,608.00  1,089,986.00
Min 113.00  1,555,385.00 26,551.00 10,122.00 81,035.00
Table 1: Input-output statistics
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Technical efficiency

1998 2000 2002 2004 1998 2000 2002 2004
EU libraries NA libraries
Aachen 0,85 1,00 09 0,81 |Boston 1,00 1,00 0,93 0,97
Augsburg 0,96 0,94 0,99 0,92 |Brown 0,56 0,63 0,74 0,55
Berlin FU 0,69 0,82 0,79 0,82 | California Riverside 1,00 1,00 0,9 0,87
Berlin TU 0,79 0,77 0,58 0,49 | California Santa Barbara 1,00 n/a 0,74 0,95
Bielefeld 1,00 096 0,93 0,83 | Case Western Reserve 0,61 067 068 1,00
Bonn 0,88 0,89 0,73 0,68 | Colorado 1,00 1,00 0,95 1,00
Bremen 1,00 1,00 1,00 1,00 | Connecticut 0,74 0,70 1,00 0,90
Darmstadt 1,00 1,00 0,57 0,63 |Delaware 062 060 0,61 0,53
Dortmund 1,00 0,83 0,82 0,94 |Florida State 0,70 0,62 0,99 1,00
Dusseldorf 0,79 n/a 0,82 0,84 | George Washington 0,98 n/a 0,68 n/a
Erlangen-N 0,63 0,65 080 1,00 |Guelph 1,00 1,00 1,00 1,00
Frankfurt/M 0,82 0,76 0,94 n/a | Howard 0,63 069 048 0,80
Freiburg 1,00 1,00 1,00 1,00 |lowa State 0,89 0,81 093 0,88
Graz 0,73 0,85 0,72 n/a | Kent State 0,85 0,86 086 0,97
Greifswald 0,79 0,81 0,68 n/a | McMaster 1,00 0,81 0,83 0,92
Innsbruck 1,00 09 0,89 0,84 | Manitoba 1,00 1,00 1,00 1,00
Jena 1,00 0,86 0,97 0,79 |MIT 0,70 0,76 0,72 0,68
Kassel 1,00 1,00 0,86 1,00 | Michigan State 1,00 1,00 1,00 1,00
Kiel 1,00 1,00 1,00 0,97 | Missouri 0,84 0,73 054 0,70
Konstanz 0,89 1,00 0,79 0,84 | Nebraska 0,88 0,83 0,76 0,76
KoIn 1,00 1,00 0,82 0,90 | Oklahoma State 1,00 1,00 1,00 1,00
Leipzig 1,00 1,00 1,00 1,00 | Queen’s 0,63 0,75 0,71 0,80
Mainz 0,66 0,553 0,68 0,58 |Rice 1,00 n/a 1,00 1,00
Mannheim 1,00 n/a 1,00 1,00 | Rochester 0,53 0,59 0,69 0,56
Miinchen 0,91 1,00 0,99 1,00 | South Carolina 0,83 1,00 0,94 1,00
Minchen TU 0,85 n/a 1,00 n/a | SUNY-Albany 1,00 0,82 1,00 1,00
Minster 1,00 1,00 1,00 1,00 | SUNY-Stony Brook 0,68 1,00 0,98 1,00
Potsdam 1,00 1,00 1,00 1,00 | Temple 0,68 060 0,71 0,61
Regensburg 0,86 1,00 1,00 0,90 |Texas Tech 1,00 0,98 1,00 n/a
Rostock 0,81 0,99 1,00 n/a | Tulane 064 062 061 0,74
Saarbriicken 0,98 1,00 1,00 1,00 |Virginia Tech 093 091 0,83 0,9
Salzburg 1,00 1,00 0,80 0,83 | Washington State 1,00 1,00 1,00 0,94
Trier 1,00 1,00 0,74 1,00 | Wayne State 0,87 0,62 064 0,52
Wiirzburg 0,68 0,73 0,99 n/a | York 1,00 1,00 1,00 1,00
'Average’ library 0,77 0,73 0,76 0,76 |'Average’ library 0,73 0,72 0,76 0,71
No. Efficient 16 15 11 10 | No. Efficient 14 11 10 12
In % 47 48 32 36 |In% 41 35 29 38
* rounded up
TU...Technical university
FU...Free university

Table 2: TE 1998, 2000, 2002 and 2004
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1998 2000 2002 2004

Reference frontier = NA

Library (EU input EEI
level) (FTEs)
Smallest infeasible infeasible infeasible infeasible
(93) (95) (93) (92)
Average 0.66 0.53 0.59 0.50
9 127) 127) (124) (122)
Largest 0.95 0.94 1.00 1.00
9 (188) (189) (192) (185)

Reference frontier = EU

Library (NA input EEI

level) (FTEs)
Smallest 0.83 2.74 0.79 1.03
(117) (110) (113) (113)
Average 2.05 2.33 1.73 1.76
9 (162) (163) (162) (156)
Larest 1.73 3.10 1.90 1.45
9 (209) (207) (207) (204)

Table 3: Environmental efficiency index
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98/00 00/02 02/04 98/04

EU libraries TElI  Techl Mi TElI  Techl Mi TElI  Techl Mi TElI  Techl Mi

Aachen 1.17 1.14 1.33 | 0.96 1.18 114 | 0.84 073 062 | 095 099 094
Augsburg 0.98 092 0.9 1.05 239 251 0.93 1.30 122 | 096 288 276
Berlin FU 1.17 1.02 1.19 | 0.97 1.09 1.06 1.03 1.55 1.60 1.18 1.72  2.02
Berlin TU 0.97 1.00 0.97 | 0.76 129 098 | 0.85 1.06 0.91 0.63 1.38 0.86
Bielefeld 096 095 0.91 0.96 1.49 143 | 090 0.73 0.66 | 0.83 1.03 0.86
Bonn 1.01 0.98 0.99 | 0.82 1.40 1.15 | 0.93 1.07 0.99 | 0.78 1.46 1.13
Bremen 1.00 1.1 1.1 1.00 1.22 1.22 1.00 0.98 0.98 1.00 1.32 1.32
Darmstadt 1.00 0.67 067 | 057 215 1.23 1.10 1.04 1.14 | 0.63 1.50 0.94
Dortmund 0.83 083 0.69 | 0.99 1.54 1.53 1.14 1.26 145 | 0.94 1.62 1.53
Dusseldorf n/a n/a n/a n/a n/a n/a 1.03 0.99 n/a 1.06 1.19 1.26
Erlangen-N 1.03 0.99 1.03 1.23 1.00 1.23 1.25 1.98 248 1.59 196 3.13
Frankfurt/M 0.93 0.96 0.89 1.24 1.17 1.44 n/a n/a n/a n/a n/a n/a

Freiburg 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.13 1.13 1.00 1.12 1.12
Graz 1.18 0.94 1.1 0.85 0.96 0.81 n/a n/a n/a n/a n/a n/a

Greifswald 1.03 0.82 0.84 0.84 1.56 1.32 n/a n/a n/a n/a n/a n/a
Innsbruck 096 090 0.87 | 0.92 1.02 094 | 0.95 1.07 1.01 0.84 098 0.83
Jena 0.86 1.00 0.85 113  0.95 1.07 | 0.82 117  0.95 | 0.79 1.10 0.87
Kassel 1.00 117 117 | 0.86 087 0.75 1.16 1.10 1.27 1.00 1.12 1.12
Kiel 1.00 093 0.93 1.00 1.31 1.31 0.97 1.64 1.60 | 0.97 2.00 1.95
Konstanz 112 0.88 099 | 0.79 1.71 1.35 1.06 1.49 158 | 094 225 211
Koln 1.00 0.88 0.88 | 0.82 1.23 1.00 1.1 1.45 1.60 | 0.90 1.56 1.41
Leipzig 1.00 0.97 0.97 1.00 1.1 1.1 1.00 1.66 1.66 1.00 1.79 1.79
Mainz 0.81 0.86 0.70 1.27 199 253 | 0.86 1.19 1.03 | 0.89 2.05 1.82
Mannheim n/a n/a n/a n/a n/a n/a 1.00 inf n/a 1.00 inf n/a
Miinchen 1.09 1.04 1.13 | 0.99 1.40 1.39 1.01 1.96 1.97 1.09 285 3.12
Minchen TU n/a n/a n/a n/a inf inf n/a n/a n/a n/a n/a n/a
Minster 1.00 1.03 1.03 1.00 1.1 1.1 1.00 1.41 1.41 1.00 1.61 1.61
Potsdam 1.00 1.12 1.12 1.00 inf inf 1.00 inf inf 1.00 inf inf

Regensburg 117  0.92 1.07 1.00 1.18 1.18 | 0.90 1.57 1.41 1.05 1.70 1.79
Rostock 1.23 0.78 0.96 1.01 1.09 1.10 n/a n/a n/a n/a n/a n/a
Saarbriicken 1.03 0.97 0.99 1.00 3.03 3.03 1.00 inf inf 1.03 inf inf

Salzburg 1.00 0.83 0.83 | 0.80 1.21 0.97 104 094 098 | 0.83 095 0.79
Trier 1.00 091 0.91 0.74 1.78 1.31 1.35 0.76 1.03 1.00 1.23 1.23
Wiirzburg 1.07 091 0.97 1.36 2.41 3.28 n/a n/a n/a n/a n/a n/a
'Average’ library 095 0.99 0.94 1.04 1.23 1.28 | 0.99 1.26 1.25 | 0.98 1.53 1.50
NA libraries TElI  Techl Mi TElI  Techl Mi TElI  Techl Mi TElI  Techl Mi

Boston 1.00 1.1 1.1 0.93 1.01 0.94 1.04 1.1 1.16 | 0.97 1.26 1.22
Brown 113  0.92 1.04 1.18 1.10 1.30 | 0.73 1.19 0.87 | 0.98 1.20 1.17
California Riverside 1.00 0.89 0.89 | 0.96 1.12 1.07 | 0.90 1.17 1.06 | 0.87 1.17 1.01
California Santa Barbara n/a n/a n/a n/a n/a n/a 1.28 1.35 1.72 0.95 1.44 1.37
Case Western Reserve 1.09 1.10 1.20 1.02 inf inf 1.46 inf inf 1.63 inf inf

Colorado 1.00 1.07 1.07 | 095 093 0.88 1.06 0.94 0.99 1.00 093 0.93
Connecticut 095 096 0.91 1.42 1.34 1.90 | 0.90 1.18 1.07 1.22 1.52 1.85
Delaware 098 095 0.93 1.02 1.00 1.02 | 0.87 1.01 087 | 0.86 095 0.82
Florida State 0.88 0.98 0.86 1.61 0.91 1.46 1.01 1.54 1.55 1.42 1.37 1.94
George Washington n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Guelph 1.00 inf inf 1.00 inf inf 1.00 inf inf 1.00 inf inf

Howard 1.09 0.99 1.07 | 0.70 1.25 0.88 166 057 0.95 1.27 0.7 0.90
lowa State 0.91 1.04 0.95 1.15 1.17 1.35 | 0.94 1.25 1.17 | 0.98 1.52 1.49
Kent State 1.01 0.82 0.83 1.00 1.02 1.02 113  0.94 1.06 114 0.78 0.89
McMaster 0.81 1.03 0.84 1.02 1.18 1.21 1.1 0.89 0.99 | 0.92 1.09 1.00
Manitoba 1.00 1.43 1.43 1.00 0.73 0.73 1.00 096 0.96 1.00 1.01 1.01
MIT 1.08 1.01 1.09 | 0.95 1.1 1.05 | 0.94 1.07 1.00 | 0.96 1.19 1.15
Michigan State 1.00 1.04 1.04 1.00 1.07 1.07 1.00 1.24 1.24 1.00 1.38 1.38
Missouri 0.87 1.06 0.93 | 0.73 1.02 0.75 1.30 0.97 1.26 | 0.83 1.05 0.87
Nebraska 0.93 1.04 0.97 | 0.92 1.06 0.98 1.00 1.38 1.38 | 0.86 1.54 1.32
Oklahoma State 1.00 1.12 1.12 1.00 1.02 1.02 1.00 1.65 1.65 1.00 1.90 1.90
Queen's 1.20 0.94 1.13 | 0.95 1.12 1.06 1.12 1.02 1.14 1.28 1.07 1.37
Rice n/a n/a n/a n/a n/a n/a 1.00 inf inf 1.00 0.85 0.85
Rochester 1.1 0.86 0.95 1.18 1.38 1.62 | 0.82 1.25 1.02 1.07 1.47 1.57
South Carolina 1.20 0.94 1.12 | 0.94 1.03 0.97 1.06 1.04 1.10 1.20 1.00 1.20
SUNY-Albany 0.82 099 0.82 1.22 1.34 1.63 1.00 1.23 1.23 1.00 1.63 1.63
SUNY-Stony Brook 1.46 inf inf 0.98 inf inf 1.02 inf inf 1.46 inf inf

Temple 0.87 1.05 0.92 1.19 0.98 1.17 | 0.86 1.42 1.22 | 0.89 1.47 1.31
Texas Tech 0.98 1.03 1.02 1.02 1.14 1.16 n/a n/a n/a n/a n/a n/a
Tulane 0.96 1.00 0.96 | 0.98 1.04 1.03 1.22 0.88 1.08 1.16  0.93 1.07
Virginia Tech 098 083 0.86 | 0.91 1.07 0.97 1.08 1.80 1.95 | 0.96 1.69 1.64
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Washington State 100 115 115 | 100 115 115 | 094 103 096 | 094 137 128
Wayne State 0.71 1.06 076 | 1.04 099 1.02 | 0.82 136 1.1 0.60 143 0.86
York 100 100 100 | 100 105 105 | 100 104 104 | 1.00 110 1.10
'Average’ library 0.99 1.02 1.01 106 106 112 | 094 119 112 | 098 128 1.26
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Table 4: Productivity changes1998-2004

(Chain version of MI with base year=1998)
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