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Abstract This paper analyzes the productivity of Swiss
university departments between 1995 and 2012. Using a
parametric input distance function we estimate and
decompose the Malmquist productivity indexes in line with
Fuentes et al. (J Product Anal 15:79-94, 2001) and
Atkinson (J Bus Econ Stat 21:284-294, 2003). The adopted
model is a mixed-effects model with department-specific
fixed effects and random time trends. An autoregressive
stochastic term is used to model inefficiency shocks with
gradual dissipation by adaptation and learning. The results
indicate a negative trend in Malmquist index starting from
2002, with an average rate of about 1 % per year. However,
our analysis of scale effects indicates that this decline is
more or less offset by universities’ constant expansion and
the resulting economies of scale. The results point to var-
ious patterns of overall productivity change across scien-
tific fields that are closely related to potential productivity
gains due to scale economies. In contrast to some previous
studies we do not find any significant relation between
productivity development and the Bologna reform.
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1 Introduction

Swiss universities with more than 70 % public funding
(SFSO 2010b) are among the world’s most expensive
universities for tax payers. The rapid growth in public
expenditures and federal funds reflects the government’s
priority in promoting world-class universities. An analysis
of productivity growth can be used to assess to what extent
additional funds have resulted in a better performance. The
dynamics of productivity is particularly interesting in the
last two decades when the Swiss universities have under-
gone a number of reforms similar to those initiated in many
other European countries.

In a country with a strongly heterogeneous higher edu-
cation system, government authorities have aimed at
improving accountability and transparency by uniform and
compatible standards. A notable reform starting from 1995
was the aggregation of various applied tertiary schools to
seven regional “universities of applied sciences” (Con-
federation 1995), which was expected to lighten the
financial burden of higher education with less expensive
alternatives. The most important reform implemented over
an extended period of time has been brought about by the
Bologna Accords in 1999. As an early signatory,
Switzerland has followed Bologna guidelines that are clo-
sely reflected in the instructions issued by the “Rectors’
Conference of the Swiss Universities” in 2003 (CRUS
2003). Accordingly, the Swiss universities increased their
coordinated efforts to transform their traditional single-
degree system (Licentiate) to a system offering Bachelor
and Master programs. Year 2003 can be marked as a cul-
minating point by two other initiatives, namely the
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introduction of quality assurance guidelines (SUC 2003)
and the adoption of intellectual property policy by the
country’s two engineering schools (ETH Zurich and Lau-
sanne) in order to control and eventually capitalize on their
research output (ETH 2004).

The Bologna reforms are often considered as measures
that could improve the performance of European univer-
sities (see, e.g., Borghans and Corvers 2009). It is argued
that by enhancing mobility of students and competition
among universities, compatibility will result in improved
performance.' In practice, however, the excessively slow
pace of implementation and the observed difficulties in the
usage of unified systems have raised questions about the
desirability of any top-down reform (Kruecken 2007;
Neave and Amaral 2008; Crosier et al. 2007).

Switzerland presents itself as an interesting case in
which, after a decade of transition between the old system
and the unified model, the Bologna’s harmonization pro-
cess has reached its final stage. This period coincides with
a more or less stable growth of about 3 % per year in the
country’s public expenditures on universities (SFSO
2010b). Unlike certain European countries that have
reportedly shown little success in the implementation of the
Bologna system (Veiga and Amaral 2009; Witte 2008),
Switzerland can claim an overall success in achieving
convergence in its higher education system.

An analysis of productivity in Swiss universities could
be used as an empirical basis for guiding higher education
policies in Switzerland but also in other countries com-
mitted to Bologna reforms. The topic has received attention
in two recent studies (Olivares and Schenker-Wicki 2012;
Agasisti and Bolli 2013), but the results show some con-
flicting trends warranting further research. While the for-
mer study points to important gains due to scale effects
combined with a negative technological progress, the latter
suggests a general decline in productivity but with little
evidence of positive scale effects. As an extension to these
studies in both data and methodology, this paper is another
attempt in analyzing the productivity growth in Swiss
universities with a sample period covering the implemen-
tation of harmonization reforms. In particular, we use a
panel data set from twelve universities over a 13-year
period from 1995 to 2012. The data are available by six
scientific fields differentiated into fifteen subgroups,
allowing for a department-level analysis with about 1700
observations from about a hundred university departments.
We use a translog input distance function with five inputs
including labor inputs in four categories, a single capital
input measured by nonlabor expenditures and three out-
puts, namely enrolled students and research grants in two

' Mobility and competition are among the key policy points
recommended by many experts such as Aghion et al. (2008).
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categories. We focus on the Malmquist index which mea-
sures productivity growth without accounting for scale
effects. The adopted methodology is in line with Fuentes
et al. (2001) and Atkinson et al. (2003), allowing a para-
metric distance function with no a priori assumption
regarding returns to scale. The scale effects are estimated
in line with the approach proposed by Orea (2002). The
econometric specification incorporates individual inter-
cepts estimated via fixed effects to account for different
sources of heterogeneity, random time trends and an
autoregressive stochastic term representing the variation of
technical efficiency. The mixed-effects specification allows
a separation of temporal effects from the time-invariant
heterogeneity, while allowing an individual differentiation
in the estimates of productivity growth.

The results suggest a gradual decline of about 1 % per
year in the Malmquist productivity index after a period of
stagnation until around 2002. The decomposition analysis
suggests that most of the decline can be associated with a
negative technological progress rather than efficiency
issues. However, the estimated scale effects show a con-
stantly rising productivity due to the economies of scale,
which offsets the productivity decline measured by
Malmquist index. These opposing trends result in an
overall stagnation rather than persistent growth in total
factor productivity.

The remainder of the paper is organized as follows. The
next section relates this paper to the existing literature
concerning the measurement of university productivity
over time. Sections 3 and 4 provide descriptions of the
econometric specification and the data, respectively. Sec-
tion 5 discusses our main results. Section 6 attempts to
relate productivity growth to international openness and the
progress of the Bologna reform. Section 7 concludes the

paper.

2 Review of the literature

Empirical research in university productivity and efficiency
is documented in a relatively small but rapidly growing
body of literature. Some of these studies are reviewed in
two surveys by Worthington (2001) and Johnes (2004). As
far as productivity growth is concerned, this literature is
characterized by two distinct methodologies: nonparamet-
ric estimation of Malmquist index (Malmquist 1953)
derived from a data envelopment analysis (DEA) in line
with Fire et al. (1994) and parametric estimation of
translog functions using stochastic frontier analysis (SFA)
as in Nishimizu and Page (1982).

2 For more recent applications see Saal et al. (2007) and Das and
Kumbhakar (2012).
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Fuentes et al. (2001) provide a discussion of theoretical
differences between the two methods. However, few
studies have compared the empirical outcomes of the two
approaches in the case of university productivity. An
exception is Kempkes and Pohl (2010) who report more or
less similar results for German universities’ data for the
1998 to 2003 period.

A thorough comparison of these methods is beyond the
scope of this study. It is nevertheless important to note that
both methods have appealing advantages: As pointed out
by Fuentes et al. (2001), the indivisible production factors
are readily amenable to discrete ratios such as the Malm-
quist index. On the other hand, parametric methods are
easily adaptable to panel data providing a possibility to
account for time-invariant heterogeneity.

The advantages of parametric methods can be combined
with the intuitiveness of the Malmquist productivity index.
In particular, the parametric methods proposed by Fuentes
et al. (2001) and Atkinson et al. (2003) allows us to exploit
the panel aspects of the data while retaining the discrete
nature of the productivity measure in consistence with
economic data. Adopting a parametric approach to estimate
the Malmquist productivity index, this paper is the first of
the kind in the context of higher education.

In the case of Switzerland, the related empirical litera-
ture is limited to three studies: Agasisti and Bolli (2013)
examine the productivity impact of the Bologna reform
using an output distance function estimated at the depart-
ment-level from 1995 to 2010, whereas Olivares and
Schenker-Wicki (2012) estimate the development of uni-
versities’ technical efficiency between 1999 and 2007,
using a Malmquist index based on DEA. Finally, Filippini
and Lepori (2007) estimate a variable cost function using a
true random effects SFA (Greene 2005), on the data
between 1994 and 2003. Olivares and Schenker-Wicki
(2012) report a generally positive development in technical
efficiency, significant productivity gains due to scale
effects, but negative technological change. The latter
finding is consistent with a positive trend in costs reported
by Filippini and Lepori (2007). Agasisti and Bolli (2013)’s
results indicate a general productivity decline but a positive
productivity impact for Bologna reforms. While the authors
do not examine the scale effects, their regression results
indicate decreasing returns to scale suggesting that the
expansion of universities could have detrimental produc-
tivity effects. This is in direct contrast to Olivares and
Schenker-Wicki (2012) but also to other studies. Namely,
Filippini and Lepori (2007) report significant economies of
capacity utilization, suggesting that output expansion can
increase productivity. Similarly, Olivares and Wetzel
(2011)’s analysis using an output distance function favors
the presence of economies of scale in German universities.

Among the empirical studies of university productivity in
other countries we focus on those that have used relatively
long panel data. Both DEA and SFA approach have been used.
Flegg et al. (2004) and Flegg and Allen (2007) have adopted
the DEA approach for British universities. Their findings
suggest productivity growth due to a shift in the production
frontier over periods of 1980-1992 and 1994-2003, respec-
tively. Similarly, Johnes (2008) reports a moderate produc-
tivity growth in English universities between 1996 and 2004,
partly offset by a decrease in the average level of efficiency.
On the other hand, Stevens (2005) applies the SFA approach to
English and Welsh universities between 1995 and 1997. He
finds evidence for a technological regress but an increase in
technical efficiency. Robst (2001) finds a positive trend
coefficient in his cost function estimates for US universities
between 1991 and 1995. Kuo and Ho (2007) analyze the
efficiency of Taiwanese universities in the period 1992—1999.
They find evidence for technological progress as well as
improvements in the technical efficiency.

In the case of Australian universities Abbott and
Doucouliagos (2009) apply Battese and Coelli (1995)’s
SFA model to data from 1995 to 2002. They find that while
the production frontier has shifted outward, the efficiency
level of universities has decreased. Worthington and Lee
(2008) have used DEA and reported productivity growth
between 1998 and 2003. They identified technological
progress as a main source of productivity. On the other
hand, using a parametric stochastic frontier in line with
Cornwell et al. (1990), Horne and Hu (2008) analyze data
between 1995 and 2002 and find no discernible time trend.

Before turning to this paper’s contribution it is worth
noting that productivity measures are necessarily based on
immediate outputs rather than long-term impacts. To the
extent that a university output is an investment in human
capital to be assessed in the long run, these productivity
measures are all but incomplete pictures of academic per-
formance. This shortcoming can be partly countered by
using quality proxies such as publication quality, citations
and graduates’ employment prospect. However, most of
these measures could vary strongly among different fields.
Moreover, most of the differences regarding the mix of
various fields of education and research across universities
are omitted from empirical models. Therefore, productivity
estimates might be biased due to structural differences that
remain unobserved due to data limitations or measurement
difficulties. Virtually all previous studies have pooled the
longitudinal data across universities and hence do not
exploit the panel data advantages to account for unob-
served heterogeneity. Among the exceptions we should
mention Filippini and Lepori (2007), Horne and Hu (2008)
and Agasisti and Bolli (2013) that include university or
department-specific effects in their estimations.

@ Springer
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The adopted approach in this paper is similar to Horne and
Hu (2008) and Farsi (2008) in that we use individual inter-
cepts to account for the unobserved factors pertaining to an
individual production unit (here, a university department).
Recognizing the difficulty of measuring quality, we assume
that unobserved differences across universities can be cap-
tured by time-invariant factors specific to each university
department. This assumption implies that the unaccounted
temporal variations can be associated with productivity
changes. It is important to note that a department-level
analysis reduces potential biases due to different mixes of
fields in a university, but also alleviates the apparent devel-
opments due to specific changes in scientific fields.

3 Methodology

We use an input distance function to model the produc-
tivity changes measured by a Malmquist index. The
adopted methodology is similar to the approaches proposed
by Atkinson et al. (2003) and Fuentes et al. (2001). The
input distance function at any period, f, is defined as the
maximum possible reduction in input vector, x , while
retaining a given level of output vector, y, and time-in-
variant characteristics, z:

= max{@ s (x/0) € L(yjt,Zj,t)} (1)

where subscript j denotes the production unit (here, a
university department). L(y;, zj,) is the feasible input set
and g is a scalar (¢ > 1) measuring possible reductions in
inputs, whose minimum value (¢ = 1) corresponds to fully
efficient production units. A measure of relative ineffi-
ciency can be defined as D;, representing the relative
excess in input factors due to technical inefficiency. The
input distance function needs to satisfy certain regularity
conditions. Namely, it must be decreasing in outputs and
nondecreasing and linearly homogeneous in inputs.
Assuming separability between observed input/output
variables (x;,,y;,) and the excluded characteristics and time
(zj, 1), the distance function in logarithm can be written in a
translog functional form as in Coelli and Perelman (2000):

= TL(xj,,yj,) + 0(2j7 t) (2)

where TL(x;;,y;) is a translog function of observables and
0(z;, ) is an unknown function that includes the model’s
incidental parameters. We specify the stochastic function
0(z, 1) as a function of department-specific characteristics
zj, plus a quadratic function of time:

=flg)+ ¢ xt+ ¢; 1 (3)
where f(.) is an arbitrary function and the coefficients (f)jl
and ¢j2

Dl(szsz, Zjs t)

lnDI(xjtayjtvzj,t)

H(Zj, l)

correspond to the linear and quadratic trends
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representing the temporal variation of the distance function
for department j.?

The department j’s technical inefficiency measured by
the distance function (InD;) can be decomposed into a
time-invariant part u;, and a time-varying part €;:

lnDI(xjtaythjat) = uj + Ejvt (4)

where u; is a department-specific effect and ¢;; is an
autoregressive process defined below.

The linear homogeneity in inputs requires that any
proportional increase in all inputs causes the same increase
in the distance function. Imposing this condition to Eq. 1
yields
—1n'x1jt :lnDI(x;-’,,yj,,zj,t) (5)

—1In DI(-xjh Yty Zjs t)
where x* = x/x| is the ratio of inputs to an arbitrary input
x; used for normalization. Thanks to linear homogeneity it
does not matter which input is selected as the numeraire.
Substituting In Dy(x;,yjr,z,t) using Egs. 2 and 3 and
In D;(x;, 1, Zj, t) to the right-hand side of Eq. 4 yields

—Inxy; =TL(x;, vi) +£(z)

(6)
—i—d);*l—f—(l)jz*lz—uj—éj_t

The translog parameters must satisfy the usual symmetry
restrictions.* The linear homogeneity condition in a trans-
log function can be readily expressed by linear constraints
on the coefficients. Namely, in our case: Yo, f, =1,
Z;l p,, =0,Vr and Zle {;m = 0,Vm. Hence, expanding
the translog function for three outputs and five inputs, we
have:

jt7yjl

Z B/nx, EZ Z Brlnx, « Inxg,

3 3
1
+ Z })mlnlejl EZ mnlnymjt * lnynjt

_|_

5 3
*
Z CrmInxy;, * 10y

r=2 m=1
(7)

By substituting the translog function from Eq. 7 into Eq. 6
we can obtain an empirically estimable distance function:

3 In addition to the quadratic form, we have considered several
alternatives, including cubic time trends, year dummies and another
specification with piecewise linear trends in 2- to 4-year intervals. Our
preliminary analyses indicated that the results are not sensitive to the
specification of the time trends. Similar to Cornwell et al. (1990), Lee
and Schmidt (1993), Kneip et al. (2003) and Sickles (2005), we favor
a quadratic trend because it allows one to keep the number of trend
coefficients within a reasonable limit.

4 - —
ﬁrs = ﬁsr’ Vmn = Vnm and Crm - Cmr vrv s, m,n
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5 5

* 1 2 * *
—Inxy; = Z B nx;, + 3 Z Z BInxg, « Inxg,
=)

r=2 r=2 s

3 3
Z Z '))m”hl Ymjt * In Ynjt

m=1 n=1

5 3
+ Z Z Crmlnx:fjt * lnymjt

r=2 m=1

+aj+(/);*t+q§f*t2—ejt (8)

N =

3
m=1

with o; = f(zj) — u; denoting the individual intercepts.
Note that the estimation of the distance function is equiv-
alent to a regression model (Eq. 8) in which the numeraire
input variable, x|, with a negative sign is regressed on all
other observables including the remaining input variables
normalized by the numeraire input, that is, x* = x,/x; (see,
e.g., Coelli et al. 2005). In principle, the model in Eq. 8
may include any observed output characteristics in addition
to the included inputs and outputs.’

Note that because the distance function (Dy) is greater or
equal to one, its log (In D;) is nonnegative. This puts a sign
restriction on the composed stochastic term in Eq. 4, hence
a lower bound on the time-invariant component of the
distance function u;. However, as shown in Eq. 8, the term
u; is captured by department-specific intercepts that are
canceled out in the calculation of efficiency changes.® In
other words, while the department-specific intercepts o; are
identified in the regression Eq. 8, the terms f(z;) and u;
cannot be identified separately. Equation 8 is a mixed-ef-
fects linear model with individual fixed effects o;, and
random trend coefficients (]511 and d)jz Noting that the ran-
dom coefficients are defined on time trends, the individual
intercepts and random coefficients are identified separately.
The model can be solved using appropriate distribution
assumption for the error term ¢;.” Concretely, we assume
that these department-specific trends have a bivariate nor-
mal distribution, that is: ((,Z)jl,qﬁlz) ~N(,Z4). (21, 2%)
represent the average time trends.® X4 is a homoscedastic
variance—covariance matrix.’

5 In an alternative specification discussed in Sect. 6, we have
considered additional variables such as the share of international
students and the implementation of the Bologna reform.

6 See also Egs. 9, 11 and 12.

7 We estimate Eq. 8 using the expectation-maximization (EM)
algorithm programmed by the xtmixed command in Stata 12.

8 We also tested a version where we assume that these department-
specific trends vary around field-specific mean values with a bivariate

normal distribution, that is: (qﬁj! ,rj)JZ) ~N (/1}’ R Z¢>. Subscript f denotes
the scientific field and the means of this distribution (A;7 }72-) represent
the average time trends for each scientific field.

® We assumed no correlation, because our preliminary regressions
indicated that the correlation coefficients were mostly insignificant.

In our specification, the stochastic term, ¢, is defined as
an autoregressive process of order one, i.e., €; = pej_1+
vjr, where v, is an iid normal error with variance o2. p is the
autocorrelation coefficient that satisfies 0 < p < 1. With the
autoregressive process, we assume that each period brings
about an improvement in the persistent inefficiency from
previous years reflected in p, but also has its own new
shock vj, . The value of p can indicate the rate of learning
and the persistency of inefficiency. Roughly speaking,
according to the autoregressive model with p <0, the
remaining effect of an inefficiency shock after n years will
decrease to p" of the initially induced inefficiency.

The random coefficients of time trends (q.’)llqﬁlz) allows a
differentiation in productivity changes across departments. It
is important to note that the potential flexibility brought about
by these random coefficients might vary in different contexts.
An adequate assessment of the possible advantages requires
several applications to various setups, which is beyond the
scope of this paper. However, as far as the present application
is concerned the adopted model allows us to identify the rate of
technological progress in each one of the six scientific fields,
while accounting for variations across departments with fixed
effects. We contend that this is an important flexibility of the
model because many potential drivers of productivity such as
globalization could vary across scientific fields (see, e.g.,
Borghans and Corvers 2009). Assuming that competition
fosters productivity growth, one could expect a higher pro-
ductivity growth in disciplines such as science and engineer-
ing that are more exposed to globalization compared to certain
fields such as law that have strong country specificity.

Productivity could also vary across scientific disciplines
because of different developments of complexity and
asymmetry of information. In order to ensure efficiency,
organizations and incentive mechanisms need to adapt. For
instance higher complexity might require a higher wage
differential due to efficiency wages. To the extent that the
adjustment of incentive mechanisms is difficult in public
organizations, one can expect a lower productivity growth
in disciplines that have gone through substantial progress,
hence greater complexity. A plausible example is the rel-
atively rapid transformation of business and economics
into highly quantitative disciplines during the last decades,
causing difficulties and disagreements in evaluating aca-
demic activities. Assuming that institutions do not allow a
rapid adjustment to such developments (for instance by
adjusting wages), we might expect a lower productivity
growth in these fields compared to other disciplines.

3.1 Malmgquist index and its decomposition

Based on the distance function estimations, we predict the
corresponding Malmquist indices (Caves et al. 1982a, b).

@ Springer
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In the case of input distance functions, for any given pro-
duction unit j, at a given period ¢, the Malmquist produc-
tivity index measures the decrease in the distance function
between two periods 7 and ¢ + 1, while fixing the tech-
nology frontier either at period ¢ or at ¢ 4+ 1. In line with
Fuentes et al. (2001), we define the Malmquist index as the
predicted value of the input distance function in period ¢,
divided by the predicted value of the function in period,
t 4+ 1, while retaining the frontier at . Therefore, using Eq.
5 we can write the Malmquist index as:

Dl(x' , Vi 7Z'at)
M (Xjts Yjes X415 it 1555 1) :D[(X'ﬁrjlt yﬂj Z,1)
', s Vi, 3 &fy
=eXp [TL(xjh }’jr)
— TL(x;,.,,Yj+1)] )

Since Dy is unobserved, we calculate the translog function
TL(.) based on Eq. 7 and the parameter estimates of Eq. 8.
Note that the estimated trend coefficients do not enter the
expression of the Malmquist index, thus allowing for
technical progress to be included in productivity growth.

Fire et al. (1997) suggest to write the Malmquist index
as the product of two components. The first term, technical
efficiency change (TE), captures the change in the distance
to the current frontier. The second element, called technical
change (7), uses the inputs/outputs of period ¢ 4+ 1, but
allows the production technology (frontier) to shift. The
Malmquist index can therefore be decomposed into two
components, respectively, representing changes in techni-
cal efficiency and technical progress:

M (Xje, Yjo, X415 Yja+15 3 1)
= TE(Xjr, Yjt, Xjr+ 1, Vj.ir1, 2y 4 1)
£ T(Xj 15 Vi1, 25,1+ 1)
_ Dy (xjr, yji, 5> 1) (10)
B [Dl(xj,t+17yj¢+17Zj, t+ 1)}
. |:D1(xj.r+17yj,t+1yzj7f+ 1)}
Dy (X141, i1, 1)

where the two components can be written as:
TE (X1, Yjt, Xj.44+1, Vi1, 2, £+ 1)
— exp [ TLxi i) = TL(G, 0 ¥j001): (11)
¢} — ¢7(1+21)]
T(Xj41, V1525 1,1+ 1)

:exp[(]ﬁ} —l—(l')f(l +21)} (12)

3.2 Scale effects

The Malmquist productivity index abstracts from scale
effects. This limitation has prompted certain researchers to
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propose extensions of the Malmquist index. Orea (2002) is
a prominent example that is applicable to parametric dis-
tance functions. Adapting his method to the case of input
distance functions, we can write the productivity gains due
to scale effects based on marginal effects in period ¢ as:

SE = exp

1
1+ 3
> ey OlnD;/0lny,,
3 +1

*Z{@lnDl/alnym*ln (yT) }1 (13)

m=1 m

Note that all partial derivatives with respect to output
should have a negative sign in the input distance function
given by Eq. 8. Adjusting the Malmquist productivity
index for the scale effects yields an overall TFP index that
includes Malmquist productivity as well as productivity
gains that are purely due to scale effects:

TFP = M + SE (14)

In the context of higher education, technical change can be
specified as technological improvements in equipment as
well as managerial and organizational innovations. Typical
examples include new technologies in research laborato-
ries, computation centers and administration systems, but
also curriculum reforms and initiatives for better coordi-
nation between various activities. In principle, technical
change should manifest as positive productivity growth,
hence technical progress. However, the frontier could
experience an inward shift when the production is bur-
dened by external constraints. Changes in technical effi-
ciency can be related to learning and adaptation to new
challenges due to various developments that might require
new qualifications and organizational arrangements. New
challenges can be considered as inefficiency shocks that
appear at each period and gradually dissipate by learning
and adaptation. The productivity gains due to scale effects
are due to output expansion, that is, the growth of student
body as well as research demand faced by universities.
Such scale effects are tantamount to an outward frontier
shift.

4 Data and specification

Ideally, the universities’ ultimate outputs should be mea-
sured by the long-term added value of their research and
education on the society’s human capital. Lacking ade-
quate outcome measures, empirical studies generally use
simple measures of intermediate outputs such as number of
graduates, enrollments, publications and financial grants
(see, e.g., Abbott and Doucouliagos 2009; Agasisti and
Johnes 2010). Main input factors are generally labor inputs
including teaching and research staff and in some cases
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capital inputs (for instance, Filippini and Lepori 2007;
Eckles 2010).

The model adopted in this paper includes three outputs
and five inputs. The input factors include four labor inputs
extracted from the personnel data, namely the number of
full-time equivalent employees in four categories: “Pro-
fessors,” “Lecturers,” “Assistants” and “Administrative
and technical staff.”' The fifth input is the department’s
nonlabor expenditure, i.e., all expenditures except for
wages and social security payments. Adopting a residual
approach, we assume that the university’s nonlabor costs
can be used as a proxy for capital inputs. Measuring capital
inputs by their costs ignores the variation of capital price
across university departments. Moreover, in our data, the
nonlabor costs do not include the costs of many university
buildings owned by the Swiss cantons. However, as the
related differences across university departments are likely
to be constant over time, we expect that these differences
can be reasonably captured by individual fixed effects.'!

The three outputs included in the model are total
enrollments, research grants from the Swiss National Sci-
ence Foundation (SNSF) and other external funds. In line
with Johnes and Johnes (2008) and Thanassoulis et al.
(2009) the number of enrolled students at the university
captures the teaching output. The student body can be
grouped into four categories corresponding to the degree
programs offered in the sample period, that is, PhD,
Licentiate, Bachelor and Master. In our sample, the two
latter programs appear starting from 2002, whereas
Licentiate is the single undergraduate degree program prior
to the Bologna reform. We exclude PhD students because
they are generally employed by the university as part-time
assistants, thus included as a labor input. In order to have a
clear definition we aggregate all students into one group,
including Licentiate, Bachelor and Master students.

Similar to previous studies (Abbott and Doucouliagos
2009; Agasisti and Johnes 2010), we measure the research
output by the amount of acquired external funds.'?
Assuming that the process of selection of grants works with
a reasonable effectiveness, we can consider that external
funds represent the ”’market”’ value (or the society’s
valuation) of a university’s research output. We distinguish

399

10" «professors” include full and associate professors, “Lecturers”
include assistant professors, lecturers and senior scientific staff. The
category “Assistants” contains employed doctoral students and junior
scientific staff such as post-doc assistants.

""" Furthermore, our proxy for the stock of real estate, the floor space,
available for about half of the sample period shows relatively little
variation over time, suggesting that assuming fixed real estate stock is
not unrealistic.

12 Research funds can be considered as an intermediate output for a
university. For further discussion of intermediate and final outputs see
Agasisti and Pérez-Esparrells (2009) and Garcia-Aracil and Palo-
mares-Montero (2010).

funds from the SNSF, a main body for financing funda-
mental research projects, and from other external funds that
are mainly used for applied projects. More than half of the
latter category stems from private sources (SFSO 2010b).
The rest contains funds from the Swiss innovation pro-
motion agency CTI, research mandates from the govern-
ment, European and international research programs as
well as income from services and continuing education. In
this paper, all monetary values are deflated by the Swiss
Consumer Price Index (CPI) to the year 2011.

A meaningful comparison of different universities
should account for the quality aspects of the education and
research activities. Quality aspects entail, however, com-
plex factors that are difficult to measure. These factors are
either unobservable such as the faculty’s commitment and
researchers’ effort or prone to selection effects such as the
initial ability of the admitted students. In this paper,
department-level fixed effects can capture the unobserved
time-invariant quality aspects. As seen in the previous
section the model includes field-specific trends with ran-
dom coefficients across departments. Our estimations
indicated a considerably different trend in the two newly
founded universities in the sample, namely the universities
of Lugano and Lucerne. Founded in 1997, these universi-
ties indicate an initial rapid growth in terms of enrollments
and other activities, which could not be handled with a
random effect. Therefore, in the final specification we
included a shift in linear and quadratic trend coefficients
for these universities.

The data used in this study are based on various indi-
cators of the Swiss higher education sector (see SFSO
2010b) for all Swiss university departments between 1995
to 2012. The data are organized into departments based on
universities and scientific fields according to the SFSO
classification. The SFSO classification divides the higher
education sector into 16 departments organized in seven
main scientific fields: the humanities, science, engineering,
economics and business, law, medical sciences and the
interdisciplinary fields. Generally, the actual organization
of university departments is exactly similar to the SFSO
classification with the difference that in some cases, a
single SFSO department is split into multiple departments.
An important exception is the case of interdisciplinary
studies that is defined as a main field, but usually included
in another school or department, depending on the uni-
versity. Given the nonuniform definition of this field across
universities and the difficulty to assign meaningful inputs
and outputs, we exclude all interdisciplinary departments
from our analysis. Therefore, we focus on fifteen depart-
ments organized in six fields (see Table 1).

After excluding a few observations with invalid and
missing values, the final dataset consists of an unbalanced
panel of 1723 observations from 103 university
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Table 1 Distribution of

observations across universities Name Observations Departments
and departments Universities
Federal universities
ETH Lausanne 80 5
ETH Zurich 182 11
Cantonal universities
University of Berne 207 12
University of Basel 198 11
University of Fribourg 161 9
University of Geneva 214 12
University of Lausanne 165 10
University of Lucerne 58 5
University of Neuchatel 158 9
University of St. Gallen 39 3
University of Lugano 63 5
University of Zurich 198 11
Total 1723 103
Scientific fields®
Humanities:
Theology 142 8
Linguistics and literature 145 9
History and cultural studies 155 9
Social sciences® 174 11
Economics and business 180 11
Law 174 10
Science:
Mathematical and physical sciences® 168 11
Natural sciences’ 162 9
Medical sciences:
Medicine 107 6
Dentistry 72 4
Veterinary medicine 36 2
Pharmacology 72 5
Engineering:
Architecture and geodesy 68 4
Mechanical and electrical engineering 50 3
Agricultural engineering and forestry 18 1
Total 1723 103

% Based on SFSO (2010a)’s classification

b Social sciences include psychology, education, sociology, social work, cultural anthropology, political

sciences and communication

¢ Also include computer science and astronomy

4 Natural sciences include chemistry, biology, geoscience and geography

departments distributed over 12 universities across a sam-
ple period of 18 years. The distribution of the observations
across universities and departments is given in Table 1. In
terms of number of departments humanities have the lar-
gest share with about 36 %, followed by science depart-
ments and medical schools with about 17 %, whereas
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economics, law and engineering represent the smallest
shares each with about 10 % of the sample.

Figure 1 shows the development of total inputs and
outputs over the sample period (1995-2012) normalized by
their 1995 values. As shown in Fig. 1a the highest growth
among inputs occurred in nonlabor expenditures,
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Fig. 1 Development of Swiss universities between 1995 and 2012 (numbers are total values indexed to 1995)

increasing by about 90 % since 2001. Over the sample
period nonacademic staff has grown about 20 %, whereas
the academic staff (lecturers and assistants) has shown an
important growth of 70 %. Figure 1b shows a considerable
difference in the growth of output measures over the
sample period. While the number of students expanded by
about 40 %, the corresponding growth in research grants
reached more than 140 %.

Comparing the two graphs, one can observe a consistent
pattern of growth in that the professor and student bodies
show a similarly uniform growth amounting to about 40 %
over the sample period, whereas the research grants and
nonlabor inputs have moved in a similar pattern, initially
stagnating but picking up speed after year 2000 resulting in
140 and 90 % growth by 2012. Considering an overall input
growth of 20-90 %, the 140 % growth in grants points to a
considerable rise in productivity for research activities.
However, enrollment rates have grown slower than most
inputs, suggesting that the overall productivity development
depends on how research and teaching activities enter the
production process. The distance function approach allows
us to assess growth in total factor productivity.

A descriptive summary of the variables included in the
model along with the notation used for input/output vari-
ables are provided in Table 2. In a few departments one of
the input/output variables (especially the external funds)
can be zero in one or several periods, resulting in a zero
value in about 5 % of the sample. In order to accommodate
the logarithmic form in the translog function we replaced
these zero values by a negligible positive number, well
below the corresponding smallest positive values observed
in the sample.'? In addition to the main variables we also

' We tried several alternative replacing values. The estimation
results show little sensitivity. The final results reported in this paper

constructed two variables, which are used in alternative
specifications of the distance function. In particular, we
used the share of foreign (non-Swiss) students to proxy the
department’s international openness and a measure of
diversity of the university’s ongoing degree programs
(share of Licentiate granted degrees and sum of squared
shares for all 3 degrees) as proxies for the Bologna
reform’s progress in a given department. The analysis of
variation of these proxies and their relation with produc-
tivity results will be discussed in Sect. 6.

5 Results
5.1 Estimation results

The regression results for three alternative models are
shown in Table 4. Model 1 shows a simple model with
quadratic trends for the overall development and new
universities, respectively. The overall trends have random
coefficients on the department level. Model 2 tests whether
quadratic trends are sufficient to capture the development
over time by using cubic terms. Model 3, which is the main
model used to estimate productivity, adds an autoregressive
component of order one to the specification of Model 1.
Model 4 represents a variant of Models 3 including addi-
tional control variables, namely openness with respect to
foreign students and a measure capturing the implementa-
tion rate of the Bologna reform in a quadratic form. Figure
5 displays the Malmquist productivity indices for all four

Footnote 13 continued

are based on replacing all zero values of inputs/outputs by 0.1. The
exact number of observations with zero values depends on the vari-
able, varying from 6 for number of assistants to 82 for enrollments.

@ Springer



30

J Prod Anal (2015) 44:21-38

Table 2 Summary statistics

Variable Definition Mean SD Min 25th percentile 50th percentile 75th percentile Max

V1 Number of enrolled students 847 859 0 220 600 1154 5220

V2 External funds from the SNSF* 3640 5591 0 338 1094 3835 36,400

3 Other external funds® 6620 11,600 0 566 1935 6702 78,700

X1 Number of professors® 27 24 0.7 10 21 35 166

X Number of lecturers® 22 37 0 5 11 24 449

X3 Number of assistants® 140 185 0 33 73 149 1229

X4 Number of admin and technical 66 93 0 8 26 83 642

staff®

X5 Nonlabor expenditures® 10,800 23,100 O 1163 3229 9556 200,000

International Share of foreign students 0.24 0.16 0 0.12 0.20 0.33 1
openness

Bologna Share of Bologna degrees 0.29 0.41 0 0 0 0.72 1

penetration

* In thousand 2011 Swiss Francs

° FTE full-time equivalent

models, revealing the robustness of our results across the
specifications.

The regression results are generally plausible in the
sense that the first-order output coefficients have a negative
sign and the input coefficients are positive. Moreover, the
distance functions’ regularity conditions (increasing in
input and decreasing in outputs) are satisfied in about 95 %
of the observations. The violation cases were limited to
5 % of the sample. The only exception was the assistants
input showing a negative marginal effect in 10 % of the
sample. The input coefficients can be interpreted as the
corresponding input share in the distance function at the
sample median. Considering model 3, for instance, the
results indicate a total share of 30.8 % for lecturers and
assistants, a small share of 6.9 % for administrative staff
and about 9.4 % for nonlabor costs. Using the linear
homogeneity condition the share of professors will amount
to about 52.9 %(.529 =1 — .101 — .207 — .069 — .094) of
resources.

The first-order output coefficients (Table 4) are output
elasticities at the sample median. Again, considering model
3 as an example, the output coefficients suggest an elasticity
of about 0.30 for teaching output (coefficient of y;) as
opposed to an elasticity of only 0.11 for research outputs
(sum of the coefficients of y, and y3). In terms of scale
effects, the relatively low output elasticities (sum of 0.41)
indicate increasing returns to scale, with a relatively high
rate of economies of scale (about 0.59 at the sample med-
ian). This implies a substantial productivity gain due to scale
effects, which is consistent with the findings reported by
Olivares and Schenker-Wicki (2012) using a nonparametric
approach. It is important to note that the estimated scale
elasticities and the resulting productivity effects need to be
considered in relation to the model’s assumptions, especially
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regarding the omitted output characteristics such as teaching
and research quality. The estimated input distance function
assumes that such omitted variables can be captured by
department fixed effects. In other words, the model relies on
the assumption that temporal variations in quality factors
have no correlation with temporal changes in outputs. This
might be a restrictive assumption in the university context in
which usually greater student body or research output might
be combined with a higher level of quality. The estimated
output elasticities also imply about three times higher elas-
ticity for teaching compared to research outputs. In partic-
ular, these numbers suggest that 10 % increase in students
would require 3 % more resources, whereas the same pro-
portional increase in research output will require only mar-
ginally more than 1 % overall increase in production factors.
These results indicate the dominant weight of students as
well as professors in the distance function. Note, however,
that these numbers should be considered in light of the
observed growth of various output/inputs. As shown in Fig.
1b, in the sample period, research grants have increased
about three times more than students. Similarly the growth
in mainly research-oriented staff (lectures/assistants) is
about two times greater than that of professors. Considered
together, these numbers point to a remarkable result: In the
sample period, the productivity growth has been shared
almost equally by research and education components of
universities.

The standard deviation of the trend components is sig-
nificant across models, suggesting a considerable hetero-
geneity across departments. The regressions also show a
statistically significant autocorrelation coefficient, p, with a
relatively high value of 0.594. This suggests that the half-
life of an inefficiency shock (fall to half of initial ineffi-
ciency) is about 1.3 years and the entire course of learning
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process (95 % adaptation) following a shock takes about
5.8 years. The coefficient’s confidence interval remains
below one, implying that our estimates are not affected by
potential nonstationarity (unit root). In the two following
paragraphs we will discuss the development of the
Malmquist indices and their decomposition as well as scale
effects and overall productivity based on model 3. Further
discussion of productivity and its relationship with the
Bologna reform and international openness based on model
4 will be presented in Sect. 6.

5.2 Malmquist index and its components

Figure 2 displays the Malmquist productivity index and its
components obtained from the main model (model 3). The
graph represents the median values over all departments
normalized to year 1995. The numerical values are also
listed in Table 3. Regarding the overall development of
productivity depicted in Fig. 2, our results suggest a fairly
constant productivity until around 2000 followed by a fall
in productivity. Overall, the model shows about 13 %
decrease in productivity between 1995 and 2012.

The results indicate a fairly stable productivity from
1995 to 2000, followed by a regress after 2000, with an
annual rate of about 1 % per year. As for changes in
technical efficiency (Fig. 2), the results indicate that in the
early period and the remaining years until about 2002,
overall productivity gains can be attributed to changes in
technical efficiency. Between 2002 and 2007, technical
efficiency accentuated the negative technical change.
However, the final decline after 2007 can be almost
entirely attributed to technical change (an inward shift of
the frontier), suggesting that inefficiency bears little
responsibility at the end of the sample period.

0
S |
0
3 1
o
w0
@
T T T T
1995 2000 2005 2010
Year
Malmquist index —----- Efficiency change

----------- Technical change

Fig. 2 Malmquist productivity index and its components based on
median values indexed to 1995

Table 3 Overall productivity index and its components based on
model with autoregressive efficiency term (Model 3)

Unit Index 1997 2000 2003 2006 2009 2012

Total TFP 1.03 099 1.00 1.02 105 1.02
Humanities  TFP 1.05 108 113 105 1.06 0.90
Economics  TFP 091 085 089 097 1.16 094
Law TFP 095 091 091 081 083 091
Science TFP .19  1.12 114 134 133 145
Medicine TFP 098 083 081 078 0.80 0.83
Engineering TFP 0.89 08 077 09 1.00 1.11
Total SE .00 099 1.05 1.09 1.17 1.20
Humanities  SE 1.03 105 114 117 126 1.23

Economics SE 098 096 1.03 1.03 1.07 1.07
Law SE 097 095 1.03 1.00 1.03 1.03
Science SE 1.03 104 109 1.15 1.18 131
Medicine SE 095 087 090 098 1.07 1.12
Engineering SE 1.00 097 092 1.04 124 138
Total M 1.01 099 098 094 091 0.89
Humanities M 1.01 103 1.00 096 092 0.90
Economics M 1.00 093 090 0.89 092 0.88
Law M 097 098 1.03 098 0.81 0.88
Science M 1.02 1.06 1.07 1.05 1.06 098
Medicine M 1.06 092 091 079 0.80 0.79
Engineering M 091 086 086 0.84 0.86 0.83
Total T 1.00 099 097 094 091 0.86
Humanities T 1.00 099 097 094 090 0.86
Economics T 1.00 099 097 095 092 0.88
Law T 1.00 098 095 090 0.85 0.78
Science T 1.00 099 098 097 094 091
Medicine T 1.00 099 097 093 0.88 0.83
Engineering T 1.00 099 099 097 096 093

Total TE 1.01 1.00 099 098 098 0.99
Humanities TE 1.01 103 1.01 098 1.00 1.03
Economics TE 1.00 096 097 098 097 097
Law TE 097 100 1.00 097 1.00 095
Science TE 1.02 1.07 1.08 1.10 1.04 1.01
Medicine TE 1.06 095 095 0.89 0.89 094
Engineering TE 091 08 082 0.87 092 094

The table displays TFP, indices for the overall productivity; SE, scale
effects; M, Malmquist; T, technical change; TE, efficiency change

The indices are set equal to 1 in 1995

The numbers listed in the table are the median values of individual
estimates

Figure 3 displays the median development of the
Malmaquist index, scale effects and the overall TFP index.
The picture diverts substantially from the developments in
the Malmquist index. While scale effects have been small
until about 2000, the growth of universities thereafter
suggested substantial scale effects. In total, these positive
scale effects make up for the negative development in the
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Fig. 3 Malmquist productivity index, scale effects and overall
productivity index based on median values indexed to 1995

Malmquist index, resulting in a more or less constant
estimate of overall TFP growth.

The details of numerical results based on median values
by scientific field are listed in Table 3. These results reveal
substantial heterogeneity in the development across scien-
tific fields. The TFP index shows an overall growth for
science and engineering and a decline in the humanities,
economics, law and medicine. The patterns of productivity
gain due to scale effects across scientific fields suggest a
considerable growth across all branches with a similar
pattern. Namely, science and engineering show the best
performance, while medicine and law have the lowest
productivity gain. Our analysis also indicates that the scale
effects are quite heterogeneous across departments within
scientific fields. The generally observed pattern also points
to an overall decline in the Malmquist index. The only
exception is science departments that show a small
increase. The most pronounced decline in the Malmquist
index has occurred in medicine.

Overall, excepting science departments, the estimated
productivity trends are not entirely consistent with the
hypothesis about positive effects of globalization. How-
ever, we do observe a systematic difference between fields
like medicine and law that can be considered as location
specific with others like science and engineering that have
fairly universal features at the other extreme.

In the case of medical departments, part of the decline
might be associated with the increasing resources used in
university hospitals. However, due to the difficulties in
separating educational and clinical resources (see, e.g.,
Kempkes and Pohl 2010), this explanation should be con-
sidered with caution. It is interesting to note that according
to our results medical departments show not only one of the
lowest productivity performance, but also show the highest
sudden fall of productivity incidentally occurring between
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2003 and 2004 (Table 3), corresponding to the outset of
effective implementation of Bologna reforms in Switzer-
land. It is worth noting that given the special structure of
medical training (a primary physician diploma typically
after 5 or 6 years), it can be assumed that the reforms have
put a relatively great adaptation burden on medical
departments.'*

Table 3 further allows to compare the development of
scale effects across scientific fields, suggesting that scale
effects have been positive in all fields, but largest in eco-
nomics, science and engineering. As a result, TFP growth
has been outstanding in science, followed by approxi-
mately neutral TFP growth in medicine and engineering.
Economics and law display a small decline in overall
productivity, while the decline is steeper in Humanities.

We also analyzed the productivity development across
different universities. However, because of the great vari-
ety among universities regarding size and department mikx,
we could not detect any conclusive evidence for significant
productivity differences across universities. In general, the
observed patterns may be equally well explained by dif-
ferences in specialization. This is particularly the case for
relatively small universities. For instance, the estimated
trends appear to suggest a substantial productivity growth
for the departments in the university of Lucerne and
Lugano (the two newly founded universities) and a rela-
tively steep decline in departments of the ETH Lausanne
and the university of Lausanne. But, with the exception of
the university of Lausanne, these universities consist of
only a few departments belonging to diverse fields with
presumably different productivity growths. The universi-
ties of Zurich and Basel have relatively low TFP declines,
while the universities of Berne and Geneva display a
steeper decline. The universities of Neuchatel, Fribourg
and the ETH Zurich show a more or less constant pro-
ductivity over the sample period. Overall, the variations in
productivity growth could be associated with fields of
specialization rather than differences among universities.
This observation is consistent with the relatively low esti-
mated share of technical efficiency in productivity growth.
In other words it is not the managerial differences at the
university level but the structural differences between
disciplines and their development that drive a major part of
variation in TFP growth in particular the gains due to scale
effects.

4 In fact medical schools throughout Europe have more or less
ardently resisted Bologna reforms (Patricio et al. 2012). Switzerland’s
medical schools stand out as an exception that integrated Bachelor
degrees in their programs (Michaud 2012). The 3-year Bachelor
program can be a step toward a Master degree in medicine (physician
diploma) but also could lead to other careers.
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6 International openness and the Bologna reform

In this section we examine possible impacts of the Bologna
reform and openness to international students on the pro-
ductivity estimates reported in Sect. 5. We measure open-
ness by the share of enrolled foreign students. As shown in
Fig. 4 after a stagnation period before 2000, the share of
foreign students has considerably grown from about 19 %
in 2000 to nearly 30 % in 2012. In terms of number of
international students, this amounts to an average growth of
7 % per year. This pattern is consistent with a main
objective of the Bologna reform, namely student mobility.

Figure 4 also displays a measure of the degree of imple-
mentation of the Bologna reform. “Bologna Penetration” is
the share of new-regime degrees (Bachelor and Master),
divided by total granted nondoctoral degrees (Licentiate,
Bachelor and Master). As the reform takes effect, the Bologna
measure develops at a similar rate on average, but showing
different patterns of development among various universities.
Figure 4 shows that after the first graduations according to the
new system in 2003, the share of Bologna degrees has a steep
increase. Since the universities were given a deadline for the
complete implementation of the reform in 2010, one expects
to observe a small share of old-regime degrees. As shown in
Fig. 4, though the average share exceeds 90 %, the old-regime
degrees still exist in 2012. This is partly because of the slow
implementation but also due to the offered option to new
students (until late into the course of the reform) to choose
between the old and new regimes. This flexibility combined
with gradual changes in the courses offered in Licentiate
programs required the simultaneous organization and func-
tioning of at least several transitional systems.

One may expect that through harmonization the reforms
create a better environment for competition and globalization,
hence an increase in productivity. However, considering the
additional resources to implement these systems, one can
expect a negative effect on productivity, which implies in the
distance function, a negative effect for Bologna Penetration.'
In fact, the striking similarity between development of Bologna
variables in Fig. 4 and the productivity decline depicted in Fig. 2
points to the implementation burden of reforms as a responsible
for the estimated decline in productivity.

However, the regression results indicate no statistically
significant effects for the Bologna variable, suggesting that
neither one of the competing hypotheses can be favored.

Similarly, we expect that internationalization should have
positive spillovers thus increasing productivity (a positive
coefficient in the distance function). On the other hand,
openness to international students implies a greater number
of English language programs and courses, generally offered

'S A positive sign implies that an increase in diversity has a positive
impact on productivity.

Bologna penetration
N
International openness

T T T T
1995 2000 2005 2010
Year

Bologna penetration ————- International openness

Fig. 4 Overall trends of openness and the penetration of the Bologna
reform

at the graduate level. The estimated effect of openness in
Model 4 is negative but statistically insignificant (Table 4).

A careful comparison of the graphs in Figs. 1, 2, 3 and 4
indicates a recurring pattern of remarkable change of trends
in the period between 2000 and 2002. That period coincides
with the outset of the Bologna reform, but it is also char-
acterized by an increasing rate of growth in research grants
and intermediary scientific staff (lecturers) as well as uni-
versities’ nonlabor expenditures and share of students
coming from abroad. Overall, these developments point to a
gradual change in Switzerland’s university landscape with
an increasing shift to research and external funding as well
as internationalization. Our analysis indicates that these
changes coincided with a gradual decline in productivity
growth. Our results do not favor any significant impact from
Bologna reform or internationalization. This result is in
contrast to Agasisti and Bolli (2013)’s finding, namely a
productivity-enhancing impact for Bologna reform. This
difference can be explained by richer specification of tem-
poral effects in this paper, which could capture much of the
dynamic variation. Another important difference is in the
output distance approach used by Agasisti and Bolli (2013),
which relies on the exogeneity of input factors. Neither
study considers the possible interaction effects between
Bologna reform penetration and the extent of the economies
scale. The importance of scale effects highlighted in this
study suggests that an adequate analysis of Bologna impacts
needs to account for the resulting structural changes on the
scale characteristics of the university’s production function.

7 Conclusions
We proposed a panel data model to estimate Malmquist

productivity index in the presence of strong unobserved
heterogeneity. Similar to previous studies by Fuentes et al.
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(2001) and Atkinson et al. (2003), we use a parametric
distance function that combines the benefits of a para-
metric methodology in panel data with the intuitive
advantages of the Malmquist index as a discrete measure
of productivity. Individual fixed effects are used to model
heterogeneity among production units in time-invariant
factors, hence decreasing the potentially important biases
due to unobserved factors. Such factors are especially
important in applications such as universities where the
quality aspects are complex and difficult to measure. In
addition, the proposed model uses random coefficients to
account for heterogeneity in productivity growth. There-
fore, the productivity measures vary not only by observed
quantities but also by idiosyncratic factors specific to
individual production units. Finally, the dynamic structure
of inefficiency shocks and their dissipation through adap-
tation and learning are captured by an autoregressive
stochastic term.

We applied the model to a panel data set from one
hundred Swiss university departments to analyze the
dynamics of productivity from 1995 to 2012. The analysis
is based on department-level data with specific outputs,
namely students and external funds. We assumed that the
temporal variations in other outputs like faculty’s publi-
cation record and quality of research output are reflected in
the departments’ success or failure in attracting external
funds. The results point to a negative trend in the Malm-
quist productivity index, following a reversal about year
2000, with an average decline of about 1 % per year. Our
decomposition analysis suggests that the observed decline
in the Malmquist index could be attributed to a negative
technical change rather than to inefficiency.

The negative trend in the Malmquist index ignores the
potential economies of scale arising due to the growth
university departments have experienced in the observa-
tion period. Accounting for these scale effects, Orea
(2002) suggests that overall productivity development has
been about constant. The opposing trends in Malmquist
and scale effects yield an overall stagnation over the
sample period. However, it is important to note that our
estimation of scale effects relies on a possibly restrictive
assumption that the temporal observed changes in outputs
are not correlated with temporal variations in omitted
variables such as various quality aspects of universities’
research and teaching activities. To the extent that
expanding departments have achieved a simultaneous
quality improvement, our model would probably overes-
timate scale effects.

We analyzed the heterogeneity in the estimated trends
across scientific fields and universities. The results while
pointing to substantial differences across scientific fields do
not favor considerable differences across universities. This
pattern suggests that the sources of productivity differences
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are probably related to specific developments in each field
rather than managerial differences among universities. The
results indicate a considerable variation across scientific
fields. Medicine and Law have the strongest decline in
Malmquist indices, while science and engineering depart-
ments perform the best with nearly constant Malmquist
indices. Scale effects have been most pronounced in eco-
nomics, science and engineering, resulting in an outstand-
ing performance of science departments followed by
engineering, in terms of TFP growth. Accounting for scale
effects also suggests that TFP growth has been lowest in
medicine and law.

In contrast to Agasisti and Bolli (2013) our findings do
not indicate any significant relationship between produc-
tivity and variables representing the Bologna reform’s
penetration and internationalization. Our analysis suggests
that the estimated reforms’ effects could be sensitive to the
specification of heterogeneity across time and the model’s
input/output orientation. Moreover, the importance of
scale effects highlighted in our analysis indicates that
further research should address the possible impacts of
reforms on the possibility of realization of the economies
of scale.

This study proposes a novel approach with certain
flexibilities in modeling unobserved heterogeneity in the
estimation changes in productivity and efficiency. Using
the new methodology for the first time in the higher edu-
cation sector, the analysis faces a number of limitations
that should be considered in drawing any policy conclu-
sions. In particular, the available data do not allow any
control for potential developments in quality aspects in
universities teaching and research activities. The time-in-
variant components of these unobservable factors are
essentially captured by the individual fixed effects included
in the model. Possible correlations between the time-
varying components of unobservables with the included
inputs and outputs might induce estimation biases. More-
over, the available proxies for capital inputs entail a mea-
surement error due to nonuniform accounting practices
across universities. Last but not least, the adopted model
assumes the neutrality of technological change, hence
abstracting from possible interactions between scale char-
acteristics and technical change. As emphasized by our
findings, there is a need for further research and analysis
for identifying productivity components in a context where
organizational reforms can bring about structural changes
with simultaneous effects on both scale characteristics and
technical change.
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Table 4 Parameter estimates of 77,5 Model 1 Model 2 Model 3 Model 4
the input distance function
A —0.254%#%* —0.231%** —0.303%##* —0.306%**
(0.022) (0.023) (0.026) (0.026)
Y2 —0.070%%** —0.069%#* —0.052%#* —0.052%%#*
(0.007) (0.007) (0.007) (0.007)
V3 —0.053%#* —0.053%*%* —0.060%** —0.060%**
(0.006) (0.006) (0.006) (0.006)
yin —0.030%%** —0.026%** —0.040%#* —0.04 1%
(0.005) (0.005) (0.005) (0.005)
Y2y2 —0.006%** —0.006%** —0.004#** —0.004#**
(0.001) (0.001) (0.001) (0.001)
yay3 —0.005%** —0.005%*%* —0.006%** —0.006%***
(0.001) (0.001) (0.001) (0.001)
yiy2 0.000 0.000 0.000 0.001
(0.001) (0.001) (0.001) (0.001)
y1y3 0.007#** 0.008%** 0.002 0.002
(0.002) (0.002) (0.002) (0.002)
Y2y3 0.000 0.000 0.001%##* 0.001#**
(0.001) (0.000) (0.000) (0.000)
X2 0.098##* 0.0997%#* 0.101%#* 0.101%**
(0.008) (0.009) (0.009) (0.009)
X3 0.197%%* 0.192%** 0.207%** 0.208*%*
(0.018) (0.019) (0.019) (0.019)
X4 0.068*** 0.065%** 0.069%** 0.070%**
(0.015) (0.015) (0.016) (0.016)
Xs 0.099#:#* 0.102%%%* 0.094##* 0.093%#:#*
(0.011) (0.010) (0.010) (0.010)
XX 0.0327%** 0.031%** 0.036%** 0.036%**
(0.006) (0.006) (0.006) (0.006)
X3X3 0.207%** 0.216%** 0.238%*** 0.238%**
(0.024) (0.024) (0.023) (0.023)
X4Xy 0.029%##* 0.027%%#* 0.026%** 0.026%**
(0.007) (0.007) (0.007) (0.007)
XsXs —0.017%%* —0.015%** —0.019%#* —0.019%%**
(0.004) (0.004) (0.004) (0.004)
XoX3 —0.074%%* —0.073%** —0.077%** —0.077%%*
(0.009) (0.009) (0.009) (0.009)
XXy 0.013** 0.013** 0.010* 0.009*
(0.0006) (0.006) (0.006) (0.006)
XoXs 0.001 0.002 0.001 0.002
(0.003) (0.003) (0.003) (0.003)
X3Xy4 0.017 0.013 0.008 0.008
(0.012) (0.012) (0.012) (0.012)
X3X5 0.023*** 0.023%*** 0.036%*** 0.036%**
(0.006) (0.006) (0.006) (0.006)
X4X5 —0.001 0.001 —0.008%##* —0.008%##*
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Table 4 continued
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N = 1723 Model 1 Model 2 Model 3 Model 4
(0.003) (0.003) (0.003) (0.003)
Xoy1 —0.01 1% —0.010%#* —0.012%%* —0.01 2%
(0.002) (0.002) (0.002) (0.002)
X2 0.003 0.003 0.001 0.001
(0.002) (0.002) (0.002) (0.002)
X2)3 0.004* 0.004* 0.0097##* 0.0097%**
(0.002) (0.002) (0.002) (0.002)
X3y1 0.04 3% 0.0427%%% 0.05 17 0.051 %%
(0.006) (0.006) (0.005) (0.005)
X3 —0.008%** —0.009:* —0.015%** —0.01 5%
(0.003) (0.003) (0.003) (0.003)
X3Y3 —0.011%* —0.012%3#* —0.019%** —0.019%%*
(0.005) (0.005) (0.004) (0.004)
X4)1 —0.005 —0.006* —0.007%* —0.007%*
(0.003) (0.003) (0.003) (0.003)
X4Y2 0.005%* 0.005%* 0.008%##* 0.0087%**
(0.002) (0.002) (0.002) (0.002)
X4)3 —0.001 —0.000 0.001 0.001
(0.001) (0.001) (0.001) (0.001)
Xs5Y1 —0.007%%* —0.007%:* —0.004%* —0.004%*
(0.002) (0.002) (0.002) (0.002)
X5y 0.0087%** 0.007%%* 0.006%** 0.006%**
(0.002) (0.002) (0.002) (0.002)
X5Y3 0.006%** 0.006%** 0.0087#* 0.0087%*
(0.002) (0.002) (0.002) (0.002)
New_lin 0.018 0.17 1% 0.051%: 0.0517%:*
(0.020) (0.044) (0.021) (0.021)
New_squ —0.001* —0.019%%:* —0.003#*** —0.003***
(0.001) (0.004) (0.001) (0.001)
New_cub 0.001%#%%*
(0.000)
Trend_lin 0.000 0.005 0.000 0.001
(0.004) (0.006) (0.003) (0.003)
Trend_squ —0.0071 % —0.001** —0.001%* —0.001**
(0.000) (0.001) (0.000) (0.000)
Trend_cub 0.000
(0.000)
International openness —0.073
(0.070)
Bologna penetration 0.001
(0.047)
Bologna penetration_squ 0.008
(0.047)
Random effects
sd(trend_lin) 0.0327#% 0.0327#% 9¥10'? 3#10"
(0.004) (0.003) 3*10') (7%10'%)
sd(trend_squ) 0.001 %% 0.0002 0.001%#%* 0.001 %%
(0.0002) (0.001) (0.0001) (0.0001)
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Table 4 continued N = 1723 Model 1 Model 2 Model 3 Model 4
sd(trend_cub) 0.000067%*
(8*%10%)
Autocorrelation
p 0.594%%3 0.592%
(0.038) (0.027)
N 1723 1723 1723 1723

Standard errors in parentheses

All models include department fixed effects

All models have random coefficients on time trends

Model 2 includes cubic terms of time trends

Models 3 and 4 assume an autoregressive error term

Model 4 includes additional control variables for international openness and the implementation of the

Bologna reform

Inputs, x, and outputs, y, are in logs and normalized by their corresponding median values

Coefficients of terms with the input variable, x|, can be obtained by the linear homogeneity constraints (see

footnote 7)
The dependent variable is —x;

Inputs: professors ( x;), lecturers ( x,), assistants ( x3), administrative staff ( x4), nonlabor expenditures ( xs)

Outputs: students ( y;), SNSF research grants ( y,), other research grants ( ys)

¥, *¥* and *** denote significance at 10, 5 and 1 %, respectively

1.05
Il

1

T T T
2000 2005 2010

Year

Malmquist Index Model 1 ———-- Malmaquist Index Model 2
----------- Malmaquist Index Model 3 —-—- Malmquist Index Model 4

Fig. 5 Malmquist productivity indices for Models 1-4
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