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Abstract

This paper investigates the importance of public cultural expenditure for the efficiency and
productivity of the performing arts (PA) firms. To this aim, we estimate a translog production
function using the stochastic frontier approach (SFA), and we obtain the estimates of both
technical efficiency and its determinants for the PA firms in EU-11 countries over the period
2009-2017. The large panel data set enables the application of robust true random-effects
SFA techniques, which control for noise, unobserved firms’ heterogeneity and endogeneity of
the inputs. Moreover, by estimating a production function, the characteristics of the
production technology in the PA sector is also derived. The empirical results demonstrate that
PA firms are technically inefficient, implying that the investigated firms could increase their
artistic output between 32 and 42 percent and that decreasing returns to scale are prevalent,
due to the presence of too many micro and large-scale firms in the European PA sectors. In
contrast to the seminal Baumol and Bowen’s (1965) paper, we also demonstrate that the total
factor productivity (TFP) increased in the EU PA firms over the examined period. Technical
efficiency, although relatively low, was the main driver of this productivity growth, as
opposed to scale efficiency or technological changes which display very small or no
increases. We also find that, contrary to the common wisdom on its negative effects on firm
efficiency, public spending on culture increases the efficiency of PA firms. Within this
context some policy implications are discussed.

Keywords: Cultural public expenditure; SFA production function; performing arts; technical
efficiency; TFP change
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1. Introduction

The rationale of cultural policy is a topic that re-emerges as an issue from time to time with
the aim to discuss the costs and benefits of providing public financial support to different
cultural institutions (Throsby, 2010; Bertacchini and Dalla Nogare, 2014; Fernandez-Blanco
etal., 2019).

This work is posited within this literature and presents several novelties. Firstly, we
measure the impact of cultural expenditure on firm performance and in particular on technical
efficiency in the performing arts (PA) sector in several European countries that are
characterised by different cultural traditions. The European PA sector is a valuable case study
for many reasons. The economic and public budget crises, that followed the global 2007-08
financial crisis, have reduced the subsidies that the sector has received in the past years in
many countries as evidenced, for example, for Italy (Castiglione et al., 2018), Germany (Last
and Wetzel, 2011; Zieba and Newman, 2013), Austria and Switzerland (Zieba, 2011), and
Poland (Fernandez-Blanco et al., 2019). In the absence of a clear European cultural policy,
the differences registered in cultural public expenditure in EU countries are mainly due to
individual country government choices to support cultural policies. The need to receive
public funding arises from the fact that, as argued by Baumol and Bowen (1965), the PA
sector is usually characterised by limited technological change and by increasing wages,
leading to a decrease in total factor productivity of the sector over time. An argument that
might still hold today for the European PA firms. For example, the recent technological
advances in telecommunication, broadband, and IT are important productivity-enhancing
factors for the whole economy, but they might not contribute to an adequate output increase
and hence higher productivity gains in the PA sector. However, we extend the argument
presented by Baumol and Bowen debating that technological change is not the only driver of
the total factor productivity. We hypothesise and demonstrate that other sources of
productivity changes, such as technical efficiency and scale efficiency may also have an
important impact on total factor productivity (TFP) of PA sector. Consequently, the
identification of the main sources of productivity changes is an important issue for the EU
performing arts companies and policies. In addition, since the comparative analysis between
countries in terms of demand and supply in the PA sector was not very common due to the
lack of reliable and comparable data (O’Hagan, 2016), the availability of new comparable
firm data justifies the effort of a new study.

Secondly, the contribution of this paper relates to the innovative application of

efficiency measurement methods to the PA sector. In the current literature, the most used
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approach in evaluating the performance of different organisations and institutions in cultural
sectors is based on Data Envelopment Analysis (DEA) non-parametric methods (e.g.
D’Inverno et al., 2018; Ni Luasa et al., 2018; Guccio et al., 2020). In this research, we take a
different parametric stochastic frontier approach (SFA) that is commonly applied to evaluate
firms and organisations in the rest of the economy. The robust novel panel data SFA
techniques applied in this research allow us to control not only for noise but also for the
unobserved heterogeneity of the PA firms and endogeneity of the inputs, and they also
account for both persistent and time-invariant inefficiency.

Thirdly, the previous works on the efficiency in the PA sector has usually been
narrowed down specifically to the theatre, and not to other PA forms'. This came about as a
result of Baumol and Bowen's work on cost disease, which focused primarily on the various
forms of theatrical activity that best represent this paradox. The theatre in its broadest
definition as a venue for arts performance allows for an evaluation due to the availability of
data. Our analysis adds significantly to the extant literature by taking a holistic approach,
since it includes all the PA firms (theatrical and non-theatrical) in the 11 European countries,
that comply with the relevant mandatory financial statements.

This study also investigates the determinants of efficiency and the productivity changes
of the EU PA firms. In order to compare their total factor productivity changes through time,
the Malmquist total factor productivity (TFP) index is calculated. This index is decomposed
into three components: technical efficiency change, scale efficiency change, and
technological change (Coelli et al., 2005). To this purpose, a novel and very rich panel data
set of 6479 PA firms over a 9—year period from 2009 until 2017, and for 11 European
countries is applied. Belgium, Denmark, Finland, France, Germany, Italy, the Netherlands,
Portugal, Spain, Sweden and the UK are included in the analysis (see Table 1). To our
knowledge, this is the first study which applies such a large database on the EU PA firms,
thus enabling a robust evaluation of their efficiency and productivity.

We estimate technical efficiency by applying a flexible translog production function,
which accounts for the non-standard features of production technology associated with the
PA sector. It is an innovative application to the PA sector The stochastic frontier approach
proposed by Aigner et al., (1977) and the modern panel data extensions of this model are
applied, such as the true random-effects (TRE) SFA model of Greene (2004, 2005) and the
generalised true random-effects model (GTRE) of Colombi (2010) and Colombi et al. (2011,

! According to Towse (2020 p. 415), “the term performing arts is a broad grouping of live art forms, only some
of which have been researched in cultural economics. While orchestras, opera, ballet and spoken theatre have all
featured in the subject, circus, puppetry, mime among other live performance have not.”
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2014). The SFA production function model recognises that both the technical inefficiency
component and random shocks beyond producers’ control may affect the production outputs
and inputs. Both TRE and GTRE are panel data SFA models that enable the controlling for
individual unobserved heterogeneity of the examined firms. While the TRE model controls
for the transient inefficiency, the GTRE model allows estimation of both persistent and
transient inefficiency. Moreover, we also include the Mundlak’s adjustment in the TRE
production function model which allows for a correlation of the random parameter and hence
of the inputs with the error term.

Finally, we also examine the impact of various efficiency determining variables on
technical efficiency (TE), by directly parametrising the variance of inefficiency in the SFA
production function model. In line with previous studies (Zieba, 2011; Zieba and Newman,
2013; Castiglione et al., 2018), we model technical efficiency as the function of different
firm-level characteristics (i.e. firm size and age) and environmental factors (i.e. expenditures
on cultural services) in the country where the PA firm is located, using a consolidated data set
for EU-11 countries.

The results demonstrate that PA firms are technically inefficient, implying that EU PA
firms could increase their artistic output between 32 and 42 percent. We also find that
decreasing returns to scale are prevalent in the European PA sectors, due to the presence of
too many micro and large-scale firms. We show how much the changes in the technical
efficiency and other sources (i.e. scale efficiency and technical change) contributed to the
total factor productivity changes. We find technological progress is not the main driving
productivity factor of the PA firms in the EU-11 countries. However, in contrast to previous
research and to the seminal Baumol and Bowen’s (1965) paper, this work demonstrates that
the total factor productivity was increasing in the EU PA sector over the 2009-2017 period.
This result is mainly due to the positive technical efficiency change as opposed to the
technological change or scale efficiency change. Finally, contrary to the common wisdom
that public expenditure on culture negatively affects firm efficiency, because of rent-seeking
behaviours, we find that public expenditure increases the efficiency of PA firms.

The paper is structured as follows. The next section reviews the productivity and
efficiency literature in the cultural sector, and provides the theoretical background for this
research. Section 3 presents the SFA production function and the methods to estimate both
firms’ productivity and efficiency in the PA sector. Whilst section 4 presents the data sample,

the variables used and the summary statistics; section 5 discusses the empirical results and



presents robustness checks to validate the main findings. Section 6 concludes the paper with

some policy implications.

2. Literature review and background

Firms’ performance has been studied in different countries and regions from various
perspectives, such as: labour and total factor productivity, technical efficiency, allocative and
cost efficiency. However, scholars have usually concentrated on studying sectors such as
manufacturing (Pieri and Zaninotto, 2013; Raymond et al., 2015), health (Colombi et al.
2017; Ni Luasa et al. 2018), or education (Guarini et al., 2020), whilst very little attention has
been paid to the cultural sector. In what follows, the studies which evaluate efficiency in the

cultural sector are outlined.

2.1. Evaluation of efficiency in the PA sector

Throsby (1977) and Gapinski (1980, 1984) were the pioneering scholars whose work
assessed the production in the PA sector and they used theatre attendance as a measure of
artistic output to estimate either the Cobb-Douglas or translog production function for non-
profit PA organisations in Australia, the US and the UK, respectively. Gapinski’s studies
found that PA firms operate under a decreasing returns to scale technology but with positive
marginal products of all inputs. In a more recent study, Zieba and Newman (2007) using
panel data for 153 German public theatres over 40 years confirmed the findings of Gapinski
(1980) founding that although the marginal product for all inputs is positive, it is of a small
magnitude, thereby suggesting that the possibilities for increasing output in the PA sector are
limited. On the other hand, Taalas (1997) estimated the cost functions for Finnish theatres
and found evidence for scale economies. She also suggests that in managing Finnish theatre,
inputs are not combined in optimal proportions in light of prevailing market prices. Similarly,
Fazioli and Filippini (1997) estimated the translog cost function of 28 public theatres in Italy
and confirmed the evidence of economies of scale; meaning that the majority of the Italian
theatre companies operate at an inappropriately low-scale level.

The more recent econometric techniques and better data availability have allowed
researchers to examine the Baumol and Bowen’s productivity gap in greater detail by
estimating the technical efficiency of PA organisations, or by directly estimating the total
factor productivity. Technical efficiency is just one of the components of total factor
productivity. Previously, some studies used the output-oriented TE concept and defined the

TE index as the ability to obtain the maximum output from the given input vector (Marco-
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Serrano, 2006; Zieba, 2011; Zieba and Newman, 2013; Castiglione et al., 2018). Other
studies applied an input-oriented TE index which they defined as the ability to use minimum
inputs for the same level of output (Last and Wetzel, 2010; Ferndndez-Blanco et al., 2019).
All the previous efficiency studies focused on the estimation of technical efficiency as
opposed to cost efficiency because the assumption of cost-minimising behaviour for PA firms
is difficult to validate. In fact, Last and Wetzel (2010), using data on German public theatres,
empirically proved that the assumption of cost-minimising behaviour cannot be maintained
for public theatres.

Numerous studies applied the non-parametric Data Envelopment Analysis (DEA) to
assess efficiency of public services (e.g. museums, education, public libraries). For the PA
sector, only Marco-Serrano (2006) estimated managerial efficiency using DEA, while other
already mentioned studies (Last and Wetzel, 2010, 2011; Zieba, 2011; Zieba and Newman,
2013, Castiglione et al. 2018; Fernandez-Blanco et al., 2019) used the parametric SFA
approach. The parametric SFA recognises not only the technical inefficiency component
(deviations below the optimal output level or above the minimum input level), but also the
random shocks (or noise) that are beyond producers’ control. Applying SFA to panel data
also allows for the controlling for the heterogeneity of the examined PA firms. Subsequently,
and similarly to this study, Last and Wetzel (2011) applied the Malmquist total factor
productivity index observing, in line with the cost-disease hypothesis, that there is a decrease
in total productivity and this was caused by a combination of increasing labour costs and no
(or very limited) opportunities to benefit from both technological and technical efficiency
improvements.

The estimated average TE scores for the PA sector from previous research are all
below one, thus demonstrating that PA firms are technically inefficient. Castiglione et al.
(2018) found a TE score of about 0.66, indicating that Italian PA firms could increase their
revenues by 34 per cent by using the same level of inputs. Zieba (2011) found TE scores of
0.87 for Austrian and 0.73 for Swiss theatres, respectively. The scores were higher in Zieba
and Newman (2013) for German public theatres, which were about 0.85 on average for the
period 1972-2004. The studies that used an input-oriented model provided higher average TE
scores, whereby German public theatres were found to be 96 per cent efficient in Last and
Wetzel (2010) for the period 1991-2005. Fernandez-Blanco et al. (2019) found that Polish
public municipality theatres in Warsaw were 93 per cent efficient. The lowest scores,
however, were found by Marco-Serrano (2006) and they ranged between 24 and 54 per cent

but these results were obtained using a non-parametric DEA, and so they are not directly
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comparable with the other findings. The differences in the obtained TE scores in the previous
studies may also arise due to the differences in the applied definition of TE and the definition
and measurement of artistic output. In particular, if the variable returns technology is
assumed, then the input-orientation versus output orientation is important to consider as the
obtained TE scores will also differ. According to Coelli et al. (2005), this orientation will
depend on what the objectives of the firms’ managers are and what they are trying to
optimise. In this research, we assume that the European PA sector firstly experiences varying
returns to scale and, secondly, that firm’ managers aim to increase the attendance at their
performances. Hence, this research chooses an output-oriented TE approach and uses total
earned revenue as the maximisation (output) variable, which is also a consistent approach

with other studies and sectors (see Pieri and Zaninotto, 2013).

2.2. Public funding as determinant of efficiency in the PA sector

Another important research aspect of the efficiency analysis in any sector is the evaluation of
the determinants of TE scores. Castiglione et al. (2018) used a range spectrum of variables
such as size, quality (artistic wages) and the crime index to define the determinants of
efficiency of PA organisations in Italy. They found that the examined firms present either
economies or diseconomies of scale and could increase their efficiency by revising their scale
of activity.

Moreover, understanding how efficiency outcomes are influenced by the level of
funding is particularly important where substantial public resources are devoted to providing
services that, arguably, could be provided by the private sector. In the economic literature,
public intervention in the PA sector is theoretically based on two seminal works focused on
supply and demand side perspectives. On the one side, Baumol and Bowen’s (1966) book
started the economic analysis of live professional performance to explain financial problems
of performing companies. They suggest that the trends in income gap between total earned
income and total expenditure were the results of different forces, mainly rising costs versus
low productivity gains in the presence of a fixed production technology in live performing
arts. It is an increasing gap that cannot be covered by an increasing rate in ticket prices. They
also justify the public support for performing arts on the basis of positive externalities in
production and consumption that performing arts give to the economy and national cultural
endowment; a market failure that gives justification to subsidies in the PA sector.

On the other side, Peacock (1969) in his seminal paper on ‘Welfare Economics and

Public Subsidies to the Arts’ has posited his attention on the demand side for PA, arguing



that, instead of production sets, consumer’s preferences about how they consume arts should
be taken into account. Peacock (1969) disputed the idea that public subsidies find rational
justification because of the existence of market failure due to externalities that arise in
production and consumption of arts. Even if these externalities exist, it cannot be assumed
that public subsidies in the arts have a greater marginal benefit than other activities would
have, such as sports or education (Towse, 2005).

However, the theoretical questioning of public subsidies to PA does not stop Peacock
from saying that in the presence of public subsidies those who receive public funds should
present ‘some form of accountability if only as a protection to the taxpayer who is footing the
bill' (Peacock, 1993). In fact, in the case of public subsidies, rent-seeking behaviours can
arise from those companies who apply and receive them. Their managers can use subsidies
either to adjust the combination of factors used, thus augmenting the efficiency of the
company, or to remunerate the staff and personnel above market prices, thus diminishing
company’s efficiency. In this case, the role of subsidies can be detrimental for taxpayers and
the economy. As noted by Grampp (1989), the economic structure of the arts is more prone to
rent-seeking, since the arts, in the name of artistic freedom, try to resist any control of the
way their resources are used. In public PA expenditures there are also various political
aspects. Tepe and Vanhuysse (2014) show that the use of government public expenditure in
highbrow culture (in their case, the German public theatres and orchestras) is targeted for
voting manipulation. Guccio and Mazza (2014) find that the allocation of funds for cultural
heritage conservation in Sicily is directed to those districts that present loyal voting
behaviours towards the ruling party.

An economic way to evaluate the role that public expenditure for culture has on PA
companies is to estimate its impact on firm performance, such as technical efficiency. Werck
et al. (2008) found that theatres’ subsidies have an impact not only on the number of plays
they perform but also on their nature, providing the first systematic empirical evidence that
theatres make qualitative changes to output due to cost pressures. In a study on English
theatres, O’Hagan and Neligan (2005) found a negative relationship between subsidy as a
proportion of total income and the conventionality of theatre programmes. Neligan (2006)
provides a similar evidence for German public theatres confirming that financial factors
(public subsidy and subscription income) do play an important role in repertoire decisions.
The findings of Zieba (2011) and Fernandez-Blanco et al. (2019) indicate that public funding
increases the TE of theatres. Hence, public subsidies not only affect the repertoire

conventionality (O’Hagan and Neligan, 2005) but also result in theatre managers being more



efficient. The legal or organisational form of a theatre which defines the way in which a
theatre company is organised, financed and controlled, might also affect the productive or
economic performance of theatres.” While Castiglione et al. (2018) found that the legal form
has no effect on the efficiency of Italian PA firms, Zieba and Newman (2013) examined the
effect of institutional setting on efficiency of German public theatres. Using the natural
experiment of the reunification of East and West Germany in 1990, their results provide
evidence to support the hypothesis that theatres organised in public legal forms, where theatre
management is subject to strict monitoring and reporting requirements, are more technically
efficient than those organised in private legal forms where monitoring and reporting is less

stringent.

3. Model and methods
3.1. TRE SFA production function model

To estimate TE for the EU PA firms, we use a one output and two inputs production function
model. To account for the non-standard features of production associated with the performing
arts, a flexible functional form is preferred and a translog (logarithmic transcendental)
function by Christensen et al. (1973) is applied.” Expressing output and inputs in natural log
values, the translog true random-effects (TRE) SFA production function model can be written

as:

Y, =a+w+d +p,InK,+p,InL, +%[,BKK(an”)2 +B,(InL,) |+ By nK, InL, +

1
+B,tnK, +B,tInL, + Bt +5ﬂ,,t2 +v, —u, (la)
o =a+w, w~N(00}) (1b)
Eiu = Vi “Uy> Vi ~N(0,Uf) . Ue~N*(0,03) (lc)

where Y is the real output (total revenues) of the i" PA firm in year t (i=1,2,...,N and
t=1,2,...7), K;; and L; are the capital (total assets) and labour (number of employees) inputs
used, respectively. Furthermore, ¢ is the time trend and ¢ is the time trend squared which

allows the technological change effect to increase or decrease with time, depending on

’ The legal form could not be included in this study for the European PA firms due to the limited information in the
Orbis/Amadeus database. Moreover, the legal forms differ between the examined European countries and therefore such
variable would be difficult to define at the European level.

? The simplest and the most common functional form used in many SFA applications is the Cobb-Douglas production
function. However, this functional form imposes certain restrictions on the production structure, such as non-varying returns
to scale and unitary elasticity of substitution.
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whether f, is positive or negative. To account for non-neutral technological change in line
with Coelli et al. (2005), the time trend also interacts with both inputs. The statistical noise
term is denoted by v; and u;>0 is a non-negative one-sided inefficiency term, while w;
represents a time-invariant, firm-specific random intercept which captures the unobserved
individual firm’s heterogeneity in line with Greene (2005), Colombi et al. (2017) and
Castiglione et al. (2018). Finally, d. are the 11 dummy variables for each EU country
controlling for country fixed-effects in the production technology.

Both v; and u; can be expressed as a two-part composite error according to Eq. (1c).
Ignoring the heterogeneity term, w;, the model in Eq. (1a) becomes the pooled SFA model of
Aigner et al. (1977), where the inefficiency term, u;, is computed in line of Jondrow et al.
(1982). For the TRE model, the inefficiency term, u;, is computed as the simulated
conditional expectation of inefficiency which is E[-u;; | wit€;] whereas w; is integrated out of
u;; using simulations presented in Greene (2005). Consequently, the term u; is the log-
difference between the maximum output defined by the frontier function and the actual

observed output, and the TE index for firm i in year ¢, is predicted as:

TE, =exp(—u,). 2

The TE score is bounded by zero and one. A score of one means full TE, whilst a
score less than one means that the firm is inefficient for the given technology, and it could
increase its output level without increasing the level of inputs.

Due to the inclusion of unobserved heterogeneity term, w;, the TRE model presented
in Eq. (1a) has important advantages over the original model of Aigner et al. (1977) as it
differentiates between unobserved time-varying efficiency and exogenous heterogeneity of
PA firms through random-effects. As highlighted by Castiglione et al. (2018), PA firms are
very heterogeneous with regard to localisation, size, quality and institutional setting of the
firm. Thus, they may operate in different regions with various environmental factors and
characteristics that are only partially observed. Moreover, in this research we use dummy
variables to control for different technological endowments for each European country. The
inefficiency of firms is also time-varying which is an appropriate assumption given the fact it
is a dynamic phenomenon (Farsi and Filippini, 2006). This holds especially for our analysis
as the number of time periods in the panel is large, and, thus, it is difficult to assume a time-
invariant efficiency only. Furthermore, the TRE SFA model, in contrast to the time-invariant
efficiency panel data models (e.g. Pit and Lee, 1981), controls for omitted variable biases in

the production function coefficients and in the estimates of technical (in)efficiency.
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3.2. TREM SFA model

Furthermore, in line with Farsi et al. (2005), Pieri and Zaninotto (2013), Last and Wetzel
(2010), the TRE SFA production function model presented in Egs. (1a)-(1c) is extended to
account for a possible correlation between firm-specific random component (w;) and the
inputs, by using the adjustment of Mundlak (1978). The Mundak’s specification involves

inserting the within-group means of inputs in the TRE production frontier as follows:
w=A-X 41 3)
where Y =(1/ T,.)ZIT:l X, are the firm specific means, 7; is the number of time periods for firm

i, A' is the corresponding vector of coefficients to be estimated, and 7, ~ N (O, Gf) Eq. (3)

divides the firm-specific stochastic term into two components: the first one explains the
relationship between the inputs and the firm-specific effect (with the auxiliary coefficients 4;)
and the second component, 7;, is orthogonal to the explanatory variables. In this way, we
control for any correlation between the inputs and the heterogeneity component, also
eliminating a possible endogeneity bias in the inputs. Hence, we assume a weak exogeneity
of inputs in line with the standard within (fixed-effects) panel data estimator as discussed in

Ackenberg et al. (2015).*

3.3. GTRE SFA model

Following Colombi et al. (2017), in this research we also employ a further extension of the
TRE model presented in Egs. (1a)-(1c) which takes into account all the above-mentioned
factors (i.e. time-varying inefficiency, time-invariant inefficiency and heterogeneity). This is
achieved by adding to the TRE model a time persistent inefficiency counterpart which is
denoted here as h;. The extension of the model adds to the TRE model a time persistent
counterpart to u; in the time-varying stochastic frontier. The model has been proposed by
Colombi (2010) and Colombi et al. (2011, 2014, 2017) and Tsionas and Kumbhakar (2014)
referred to it as the ‘Generalized True Random- Effects’ (GTRE) model, which in the case of

stochastic production function takes the following form:

lnyz‘t:a+(wi_hi)+ﬁlxir+(vit_uit) (4)

* We do not apply the alternative semi-parametric productivity models outlined in Ackenberg at al. (2015) that control for a
strict exogeneity of inputs due to a number of reasons. Firstly, we do not have valid variables as instruments in our dataset to
run these models. Secondly, these models require the assumption of Cobb-Douglas production technology whereas this
research uses the more preferred flexible translog production function with the first-order approximation of the input
coefficients (see Ackenberg et al., p. 1415). Finally, these methods also do not allow for estimation of the (in)efficiency
determining variables in one step estimation as it can be achieved in the SFA framework.
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where Inyj; is the log of observed output, and x;; is the vector of inputs (in logs); f’isa J x 1
vector of the corresponding production function parameters which are defined as before. The
random components v, u; and w; are as defined earlier, while 4; = |H] denotes a time-
invariant persistent inefficiency that has a half normal distribution with underlying variance
o,°. Hence, this model is called a two-level model with two types of inefficiency: time-
varying inefficiency following Eq. (1a) above and persistent inefficiency as per Eq. (4). The
persistent TE is then derived in line with Eq. (2) as:

TE=exp(-h)) (%)

3.4. TFP index and its components

With the consideration of estimating the change in the productivity of firms over time, the
Malmquist TFP Index is applied to measure the total factor productivity (TFP) change from
one year to another. We apply the TFP index in a SFA framework according to Orea (2002)
and derivations presented in Coelli et al. (2005). The estimated parameters of the SFA model
presented in Egs. (1a)-(1c) and the TE estimates presented in Eq. (2) are used to construct a
generalised Malmquist productivity index. The index is based on the approach outlined by
Coelli et al. (2005) where TFP change from year s to ¢ is the product of the technical
efficiency change (TEC) as presented in Eq. (5), the scale efficiency change (SEC) as
presented in Eq. (6) and the technical change (TC) as presented in Eq. (7) below:

TE.
Technical Efficiency Change (TEC): TEC,, = TE” 5)
N
Scale Efﬁ(nency Change (SEC)' SEC?,I = eXp {O‘SZ[gm'SSES + gnitSF] ln(xnit /xnis)}

n=l1

N
Where SF, =(s,-1)/¢,, ¢, = Zen . (returns to
n=1

it

scale) and ¢, = (output elasticities for each

olnx,
input) (6)

Technological change (TC): TC., =exp {0‘ 5 [ o 1:; Yo . o 1;1 Y, }} %
- s t
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All the indexes and the product of all of them, which is the TFP MPI index, are ratio values
with the scores above one indicating positive change and a score below one indicating a

negative change from one period to another.

3.5 Efficiency determinants in the TRE and TREM models

To integrate the effects of efficiency determinants as explanatory variables in estimating the
true unbiased technical efficiencies, we can incorporate them either in the estimated
distribution of inefficiency or directly in the production function. Following Caudill et al.
(1995), Hadri (1999), Wang (2002), Hadri et al. (2003), and Greene (2007), we include the
efficiency determinants Z; as heteroscedastic variables in the inefficiency function, directly

parameterising the variance of the inefficiency as follows:
o, =exp(r'z,) @®)

where z; is the vector of three potential TE determinants which we consider: the age of the
firm in years (age;); the firm’s size and the state expenditure per capita on cultural services at
country level. With regard to the size, we divide the examined PA firms into micro firms, if
the firm has 0-9 employees, small firms, if the firm has 1049 employees, middle-sized firms
if the firm has 50-249 employees, and large if it has at least 250 employees. We include the
state expenditures on culture per capita at country level as we assume, in line with previous
discussion and with Contreras and Lozano (2020), that public funding might be linked with
the performance of those institutions.

As already discussed in section 2, the economists have reached different points of
view on the overall influence of public subsidies on technical efficiency. We concluded that,
in line with the previous literature, the standard argument could firstly apply that public
funding might have an adverse effect on the incentives of management and the employees to
be efficient, as found for museums by Bishop and Brand (2003), and in this scenario higher
cultural expenditure would increase inefficiency, and hence decrease TE of PA firms.
However, in section 2, we also discussed that increased cultural expenditure may create
incentives for PA firms’ managers to innovate and experiment which would result in
increasing quality, and hence it would lead to higher efficiency of the firm. We assume that
the public funding also differs from the own earned revenues of PA firms in the sense that the
additional resources can be used by the managers to invest into production enhancing

activities (e.g. innovation or quality), which in turn would improve the productive
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performance of PA companies. As already noted, Fernandez-Blanco et al. (2019) and Zieba
(2011) found that public funding might increase technical efficiency of PA firms. Therefore,
we test the alternative hypothesis that higher cultural expenditure would decrease
inefficiency and hence increase TE of PA firms.

In the economic literature, firm performance also depends on firm size, which may
affect its efficiency. However, this relationship is not well supported since empirical evidence
suggests mixed results with regard to the link between efficiency and firm size in either
direction. Diaz and Sanchez (2008) assert that whilst a positive effect may be expected due to
the economies of scale, the firm size may be negatively linked to efficiency if large firms
experience management and supervision problems. On the other side, Jha et al. (1998) find
that large firm size is associated with higher TE. These mixed results may be influenced by
technology and sector characteristics. However, since we are analysing a sector where the
technological progress is scarce and the EU PA sector is largely composed of small firms (see
next section for details), we need further investigation to explore the relationship between
firm’ size and TE in the PA sector in the European countries.

We also test whether older firms are more efficient than younger ones. Whilst a
positive relationship between age and TE can be expected due to the ‘learning by doing’
process; older firms often delay the adoption of new technologies as it may be too costly to
substitute old methods, thus implying that efficiency may decrease with age. This contrasting
view may depend on sector’s characteristics. In fact, at the Italian level, Castiglione and
Infante (2014) find a positive effect of age on firm efficiency for the manufacturing sector
whilst Castiglione et al. (2018) do not find a significant effect of age on the TE scores of
Italian PA firms.

4. Data set

4.1. Data sample

The panel data set on output, inputs and other firm-level characteristics for European PA
firms comes from the Amadeus/Orbis database provided by Moody's Analytics/Bureau van
Dijk which contains data on firms’ financial and productive activities from balance sheets
and income statements for over 130 million companies across the world. From this database,
we choose the sector 9001 - Performing arts, which displays comparable financial balance
sheet information over the period 2009-2017. We originally restricted our data base to the old
EU 15 states as this is a sample of rather homogeneous countries, in terms of economic living

standards in per capita terms. These member countries also share almost similar cultural and
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social values. In addition, they share a long history as market economies, as opposed to other
EU countries that had fifty years of planned economies experience”. After examining the
data, the number of countries was further reduced to 11, since Austria had only 5 firms with
non-missing observations in the sample and therefore it was excluded from the estimation,
while those of the remaining EU 15 countries (Greece, Ireland and Luxembourg) were not
available in the database and hence are also not examined in this study.

The Amadeus/Orbis data set had data entries for approximately 150 thousand PA
firms in the EU-11 countries, however the majority of these data entries did not contain any
financial information except for the names of the firms. Following this, we excluded those
firms and observations from the initial dataset.’ Furthermore, the number of observations
with missing values for output and inputs and non-zero turnover had also to be dropped from
the sample. As a result, the effective sample used in this study consists of 6479 firms which
gives a total of 25,928 observations and which forms an unbalanced panel (see Table 1). 6

Moreover, 4950 firms had been in the data sample for at least two years (24,399
observations or 91% of all observations), indicating that 1889 firms were available only for
one year in the sample. As one of our main aims in this research is to estimate the changes in
TE and total factor productivity over time, we focused mostly on the models in which we
exclude the one-year observations. Furthermore, according to Baltagi and Song (2006), we
can still use the standard panel data methods for consistent estimation of unbalanced panel if
the selection rules leading to the attrition in the panel are ignorable for the parameters of
interest. Therefore, we test empirically if the attrition in the panel is for random rather than
systematic reasons and also provide the results for balanced panel data model in the
Appendix A.

It should also be noted that the dataset used for the SFA estimations includes various
types of PA firms. However, it was not possible to differentiate between those types of PA
firms in our sample in any meaningful way.” Even if such information was available, the
various sub-categories of PA firms (orchestras, operas, theatres etc.) would vary from country
to country. This is because, for example, the ‘opera’ companies in one country (e.g.
Germany) will still differ in their production or repertoire structure from ‘opera’ companies
in another country (i.e. UK). As noted by O’Hagan (1998), the main differences between

European PA firms arise from a varying emphasis on the different PA firms, for example,

* The main reason for the missing financial information is that the historical data of the companies can be reported only for
the last 10 recent years in Amadeus, and for the last 5 recent years in Orbis database. Moreover, whilst Amadeus will also
delete the company from the database, if the firm did not report anything in the last 5 years, the Orbis will keep this company
as long as the company is active in the business register (see discussion in Kalemli-Ozcan et al., 2015)

® The unbalanced panel data implies that certain individual firms are not observed for some time periods.

" We use the 9001 category since there is no possibility of using a more detailed sub-code than 9001 in this database.
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with Germany placing emphasis on orchestral music and theatre, Italy on opera, France on
opera and ballet, while UK has moved closer to the American model of the PA firms with
strong pro-market orientation being the dominant force. Following this, we assume that the
country differences are important in this context and these are being appropriately captured
by the country-fixed effects in our SFA models. Another alternative to differentiate between
various firm types would be the application of the SFA latent class model (LCM) suggested
in Greene (2005) and applied in Castiglione et al. (2018) for the Italian PA firms. The LCM
classifies the sample into several classes (groups), and it assigns each PA firm to a particular
group using the estimated probabilities of the class membership. This model was also initially
considered for this study. However, since it could be obtained only for two classes, it could
not be tested against more than two classes due to the convergence issues. The available
LCM results imply that although the LCM controls for different technologies between the
classes, it does not control for the heterogeneity within each class of the PA firms. Hence,

this model was not considered in the further analysis.®

4.2. Variables used

In the PA sector, factors used as inputs (e.g. labour and capital, etc.) are transformed into a
product which can be observed and measured only indirectly. Previous efficiency studies in
the PA sector measured artistic output using the number of visitors (Zieba 2011; Zieba and
Newman 2013), the revenue from tickets sales (Castiglione et al. 2018) in an output-oriented
TE model, or they used the number of supplied tickets (Last and Wetzel 2010), or both the
number of productions and the number of performances (Fernandez-Blanco et al. 2019) in an
input-oriented efficiency model. The novelty of our research is that we utilise financial
accounting data, which are mainly used in efficiency studies for other sectors (e.g. Pieri and
Zaninotto, 2013). Following Castiglione et al. (2018), artistic output is measured by total
deflated annual earned revenues coming from different company activities (shows, renting,
and others). Hence, we assume that this financial measure is highly correlated with the real
artistic production (i.e. the number of visitors, tickets sold or the number of performances and
productions). As people attend performing arts for aesthetic or artistic reasons, we also
assume that quality will increase artistic consumption, and hence the tickets sales and revenue
of the PA firms. Castiglione et al. (2018) controlled for quality of performances using the

proxy variable of quality such as artistic wages and found that quality increase efficiency of

¥ The production function coefficients and returns to scale from the SFA LCM were very similar to those obtained in the
pooled SFA model (see Section 5 for more details), and the TE scores resembled binomial distribution, with one class
resembling distribution of the pooled SFA and another one having a similar distribution to the TRE SFA models. However,
these results are available on request.
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the Italian PA firms. Unfortunately, we do not have data to control for quality of
performances for PA firms in all 11 European countries which provides an important scope
for future research.

Labour input is measured as the total number of employees at the end of the year and
capital stock in a given year is proxied by the nominal value of tangible and intangible assets
after depreciation. To transform the financial data measured in local currency into real values,
the output (the earned revenues) was deflated using the 2-digit harmonised consumer price
index (CPI) obtained in the Eurostat database for each EU country, whilst for the capital
stock the 2-digit World Bank GDP deflators, also at the country level, were applied.
Moreover, to allow for comparison of output and inputs between the countries, the real values
in local currency were converted for each EU country into constant 2011 dollars by applying
the Purchasing Parity Power (PPP) conversion factors which are available in the World Bank
database.

As for the efficiency determining variables, the size and age are obtained on firm-
individual level using the Orbis/Amadeus database. The data on subsidies, as measured by
public expenditures for cultural services, are collected from the Eurostat at the country level
and are divided by the population size of each country and the relevant GDP deflators.” As
already noted earlier, in order to allow for comparability between the countries, we use the
same data sources for the financial deflators and for the public cultural expenditures variable
that is included as the efficiency determinants. The advantage of our data set applied in this
study is that we examine the efficiency and productivity of the PA firms, and we apply, at the
same time, consolidated and comparable financial data for the examined PA firms in 11 EU
countries.

Table 2 presents the description of the data used in the analysis, whilst the summary
statistics of the variables used as output, inputs in the production function, and of the
efficiency determining variables, are presented in Table 3. The statistics present the mean and
standard deviations for both the reduced sample and the full (original) sample of observations
that includes one-year observations of the PA firms. The summary statistics of the reduced
sample (excluding one-year observations) differ very little from the original sample. There is
a large variation in the output and inputs (labour and capital) about their means. The

efficiency determinants, which are continuous variables and affect the variability and hence

*A subsidy variable at the more granular (i.e. PA firm) level was not available in our database. However, using the public
expenditure per capita at the country level is an important approach in our context. This type of multilevel analysis or
‘mixing’ the country-level data with the ‘firm-level” data is not uncommon in the applied research when one simply wants to
examine the overall effect of the aggregated variable (i.e. subsidies) on the dependent variable. Such type of analysis has
also recently been conducted within the SFA framework in other studies (see e.g. Guarini et al. 2020; Castiglione et al.
2018).
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the mean of the inefficiency (u;), are also presented in Table 3. As regards the size, the vast
majority of the observations presented in Table 3 belongs to the micro-sized firms with less
than 10 employees (86% of observations), and the smallest proportion of PA firms belong to
the large category (only 0.46% of all observations in Table 3). The EU PA firms are also 12
years old on average, and 180 PPP US dollars per capita are spent on average on cultural
services. Table 3 also shows the percentage distribution of the observations for each EU
country. Since there is discrepancy in the number of observations between each EU country,
the country fixed-effects are included in the production function to also control for these

differences.

4.3. Cultural public expenditure structure in the EU-11 countries

Figures 1 and 2 also show the distribution of the government expenditures per capita for each
country on average (Figure 1) and through time (Figure 2). From Figure 1 we can see that
Denmark, France, the Netherlands and Sweden have a greater spending per capita on cultural
services and they are above the EU-11 average, while Belgium’s and Finland’s expenditures
on culture are close to the EU-11 average. There is also some variation in cultural
expenditure over time and from Figure 2 it is worth noting that on average there has been a
decline in cultural expenditure for the EU-11 countries. This trend can be explained by the
global financial and economic crisis in 2009 which contributed to lower GDP and to lower
government expenditures. Only Denmark, Belgium and Germany experienced a slight
increase in cultural expenditures per capita, while Italy and Portugal experienced even a
decline and their average cultural expenditures are also well below the EU-11 average. It is,
however, noteworthy to mention that although the expenditure increased for some countries
between 2009 and 2017, they had returned to lower or pre-crisis levels by the year 2017.

The EU-11 countries’ variability in per capita cultural expenditure is not surprising
since in the European Union the formal recognition of cultural action was first introduced in
the Treaty of European Union in 1992 and was not meant to establish the grounds for a
European-wide cultural policy (article 128) but to only supplement member state policy
(Barnett, 2001). In the 2000 Treaty of Lisbon, whose aim was to make the EU by 2010 "the
most competitive and dynamic knowledge-based economy in the world”, the role of the
cultural sector was almost ignored. Only in 2007 did the European Commission explicitly
adopt the European Agenda for Culture. In 2013 the Creative Europe Programme (2014 to
2020) was introduced, which aims to enhance European cultural and linguistic diversity

(Europe’s cultural heritage), thus strengthening the competitiveness of the European cultural
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and creative sectors. Even in 2018, the New Agenda for Culture was intended to take into
account the evolution of the cultural sector, stressing that individual EU Member States are
responsible for their own culture sector policies, and the role of the European Commission is
to address common challenges (COM/2018/267).

Therefore, in the years of analysis in absence of a clear European cultural policy, the
registered differences in per capita cultural expenditure are mainly due to individual country
government choices to support cultural activities and to the level of per capita income held by
each of the countries.

In addition, the 11-EU countries have different systems to allocate public funds to PA
sector that follow the different institutional context operating in each country. For example,
in Belgium, Finland, France, Germany, Italy, the Netherlands, three or four levels of
government — state, regions, provinces and municipalities — share responsibilities in the
cultural field. Whilst in other countries such as Denmark, Portugal, Spain, and the United
Kingdom the central government is responsible for the allocation of resources among
different cultural sectors. Although, in Denmark and the United Kingdom the allocation of
funds is managed by national autonomous cultural agencies or arts councils. In the UK,
alongside the arts councils, the National Lottery Heritage Fund also operates.

However, to better focus on the differences of European countries in cultural
expenditures we can have a look at Table 4 that shows the percentages of per capita income
that is dedicated to cultural expenditure across the eleven European countries. The data in the
table confirm that the economic crisis and the budget cuts that followed in 2009 hit the public
expenditure in culture in all the reported European countries. The percentage of per capita
income expenditure in cultural services decreased from 0.70 to 0.66 in Denmark, the highest
investor country in cultural services of the country sample, and from 0.39 to 0.25 in Portugal,
which remains the lowest investor country in cultural services. In the other nine countries,
there are some, like Belgium, Germany, Finland, France, and Sweden, that remained more or
less with same percentage of income per capita invested in cultural services, whilst the
remaining countries, Italy, the Netherland, Spain and the UK, registered big decreases in the
percentage on income per capita invested in cultural services. Severe cuts in the sector were
realised in Italy and the UK, accompanied by additional reductions later due to cutbacks in
local authorities’ expenditure. To this purpose, as justification of the cuts in the public
cultural sector expenditure, we can refer to the words of a former Italian conservative Finance
minister who said: “You can't live on culture, I go to the buffet to make myself a culture

sandwich, and I start with the Divine Comedy” (La Repubblica, 14 October 2010). As far as
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the UK is concerned, after a decade of austerity following the 2008 world financial crisis, the
situation has been the same but in a different context. This country has always registered
lower per capita cultural expenditure in comparison with those of the other European
countries for two main reasons: the frequent complaints about public support to cultural
activities (see Peacock 1969, 1993), and the private funding supports for cultural activities
that in the UK were always rather higher than in any other European country (Fisher, 2020).
In 2009, the starting year of our period of study, the percentage of income per capita invested
in cultural services was about 39 per cent, whilst in 2017 this percentage collapsed to 25 per
cent, due to both the austerity in UK government spending policy and the decreasing private

contribution funding.

5. Results

The SFA production function estimates are presented in Table 5. The results are presented
for the standard pooled SFA model, the true random-effects (TRE) model, the extended true
random-effects model with Mundlak’s terms (TREM) and the generalised true random-
effects (GTRE) model.'® The results are presented for PA firms in 11 European countries and
the country fixed-effects are included by using the country dummy variables in all models.
Accordingly, we assume that the production function intercepts will differ between the EU-
11 countries due to the country-specific technological endowments as per Eq. (1a).

All estimations were performed for the reduced sample, by excluding PA firms with
one-year observations from the sample, except the GTRE model which is estimated for the
full sample (i.e. including firms with one-year observations).'' Furthermore, as the results in
Table 5 refer to an unbalanced panel, we also present in Appendix A (Table A.3) the
robustness check results for the balanced panel, by using only 707 firms over the full number
of nine years and excluding three countries. All further robustness and specification tests are

also presented and discussed in Appendix A.

5.1. Estimated SFA production function coefficients
For all four models presented in Table 5 (pooled SFA, TRE, TREM and the GTRE), all
inputs and output variables are normalised at their sample mean prior to the estimation of the

translog production function. Thus, the presented first-order coefficients (fx and f) are

1% All models were estimated using LIMDEP version 11.0 (Greene 2007).

1 we prefer to exclude the PA firms with one-year observations as we want to focus on the panel nature of the data set.
However, the GTRE model with the reduced sample became highly unstable and led to problems with convergence when
applying simulated MLE estimations. Nevertheless, the results for the full sample of other SFA models (pooled, TRE and
GTRE) were very similar to the results obtained for the reduced sample and they are available on request.
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directly interpreted as output elasticities with respect to labour and capital, respectively.
These elasticities are positive and significant at the 1% level for all the models presented in
Table 5. The total share of the statistically significant translog production function
coefficients is also very high.'? The output elasticity of capital is much higher than that of
labour, suggesting that the largest contribution to the production in the PA sector in the EU
countries is due to capital input. This result can be explained by the fact that the output per
man-hour cannot be easily raised in the PA sector and the productivity improvements may
arise from increases in capital rather than in labour, such as capacity of venues, organisation,
directing, rehearsing, scenes and costumes. The results in Table 5 also indicate a slight
upward bias in the labour elasticity coefficient in the pooled SFA model which does not
control for unobserved heterogeneity but also in the TRE model without the Mundlak’s
terms, indicating a possible correlation of inputs with the error term and validating using the
TREM specification.

Furthermore, the total elasticity of scale is defined here as a local measure of returns to
scale, and it equals 1.028 for the pooled model, demonstrating the evidence of constant
returns to scale, but it ranges between 0.76 and 0.89 for the TRE and TREM models, and 0.84
for the GTRE model. We base our findings on the TRE, TREM and GTRE models as they
take into account the heterogeneity of PA firms. We can also see that once controlling for the
correlation of inputs using the TREM model, the total elasticity of scale is also less than one
implying decreasing returns to scale (DRS) for the European PA firms at the sample mean.
These results indicate that increasing all inputs by 1%, would increase output by 0.76 to
0.90%. The evidence of decreasing returns to scale was also found in Castiglione et al. (2018)
for PA firms in Italy. A similar result was found in the previous studies on production
functions for PA firms, such as Zieba and Newman (2013) for German theatres, and Zieba
(2011) for Austrian and Swiss theatres, and Gapinski (1980; 1984) for the PA firms in the
UK and the US. None of those PA studies, however, applied the GTRE SFA model which
controls for both transient and persistent (in)efficiency or used such an extensive data set as
applied in this study.

The time trend in the production function in Table 5 is significantly smaller than zero,
while the time squared is positive and significant as expected. The time trend is also
interacted with both inputs (labour and capital) to control for non-neutral technological
change, similarly to Last and Wetzel (2011). This result suggests that the technological

change was not influencing the EU PA sector during the examined period. However, the

'2 The LR test confirms that the translog function (unrestricted model) fits our data better than the alternative Cobb-Douglas
function (restrictive model).
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technological change is examined more closely using the estimated SFA production function
coefficients and calculating the MPI TFP index, and it is discussed in detail in section 5.3
below.

All country-specific dummies are mostly always significant, indicating that there are
important country fixed-effects. The individual country indicator variables control for
differences in the technological endowments between the eleven European countries. We find
that the PA firms located in Germany, France and Belgium (the reference category) show a
higher production frontier than the PA firms in the other eight countries. Hence, there are
important differences across the examined countries with regard to the available production
technology. However, the country fixed-effects denote solely the differences in the
production technology between the countries at the same point in time, and not within the
individual PA firms or over time. The productivity differences between the individual firms
are captured by the MPI index presented in Tables 6 and 7 which are discussed below. It
should be noted that it is difficult to explain the differences in technological endowment
between the European countries “as each country has pursued an independent cultural policy,
and even in the European Union, culture is one of the areas where each country’s
independence is guarded and protected, with minimal with any, harmonisation of cultural

policy between the member states” (O’Hagan, 1998, p. 201).

5.2 Estimated TE scores

The means and standard deviations of TE scores are also presented in Table 5 for the
respective models. While the pooled SFA model in column (1) does not control for firm’s
unobserved heterogeneity, it also displays the lowest TE score, which is 0.44 on average,
indicating that not including the firm-specific component in the SFA model largely
underestimates the obtained TE scores (see also Colombi et al. 2017). However, the TE
scores of the TRE, TREM and GTRE models which additionally control for the unobserved
heterogeneity of the PA firms, are higher and range on average between 0.579 and 0.596.
The differences between the TRE and TREM models are also very small. While the TRE and
GTRE models control for the unobserved heterogeneity of the PA firms, the Mundlak’s
adjustment in the TREM model additionally allows for the correlation of inputs with the
error term similarly to the standard fixed-effects estimator. We can also see in line with Van
Biesebroeck (2008) that the TE scores and hence the productivity levels of PA firms, are not
affected by the possible correlation of inputs with the error term. These TE results are similar

to those obtained by Castiglione et al. (2018) and Zieba (2011) but differ from Marco-
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Serrano (2006) who found much lower TE scores in the DEA model, and from Last and
Wetzel (2010), and Fernandez-Blanco et al. (2019) who found much higher TE scores in an
input-oriented TE model. However, as already discussed in subsection 2.1, the previous
studies used different methods and various data samples and consequently the results are not
directly comparable.

Furthermore, the generalised true random-effects (GTRE) model of Table 5 extends the
basic TRE model by adding the persistent inefficiency component (/4;), and hence the
persistent TE scores are obtained besides the transient TE scores. As already mentioned,
estimating this model proved to be quite unstable for the reduced sample (excluding one-year
observations), and so the results for the full sample of all firms are only presented.”
Nevertheless, it should be noted that the transient TE is almost identical to that obtained in
the TRE model and equals 0.58 on average, while the persistent TE is low and equal to only
0.39 on average. This indicates that the persistent or structural efficiencies in the European
PA sector are lower than the time-varying efficiencies.

The kernel density functions of the estimated TE scores presented in Figure 3 indicate
that the TRE and TREM models display very similar variances of the TE scores. The simple
pooled model has a similar distribution to the TRE models, albeit with a lower mean value of
TE, as expected, as this model does not control for the unobserved heterogeneity of the PA
firms and hence it underestimates the TE scores. The variance of the short-run time-varying
TE estimated within the GTRE model is very close to the traditional TRE TE scores, again
confirming the robustness of our results. For this reason, and assuming that the technical
efficiency is mainly time-varying, the TRE and TREM models are the favoured model

specifications in our further analysis.

5.3 Estimated MPI index

Consequently, following the TRE and TREM estimates, the Malmquist productivity index
(MPI]) is obtained using both the values of the TE scores and the estimated parameters of the
SFA production function (output elasticities) and the coefficients related to the technological
change which are the time trend, the time trend squared and the time-trend interaction
variable. Table 6 presents the average changes in total factor productivity (TFP) for each
country from the base period 2009 to 2017. Based on the TRE model results, the average
change for the EU PA sector is positive indicating that the total factor productivity improved
by 6.9% from 2009 until 2017, while the technical efficiency improved by 15.5%, as

'3 Whereas the results for the GTRE model could not be estimated by including the Mundlak’s terms for the unbalanced
panel, Table A.3 in Appendix A presents the GTRE model with Mundlak’s adjustment for the fully balanced panel.
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indicated by TE change (TEC). On the other hand, there was a decline in the scale efficiency
change (SEC) by 0.3 % and a decline in the technological change (TC) by 7.2%, as both SEC
and TC indexes are below one on average. A very similar pattern can be observed in Table 6
for the indexes which were derived from the results using the TREM model, validating the
robustness of the obtained results.

There are clear differences in the average change of the productivity index from 2009
until 2017 for each European country. Most of the countries experienced an increase in the
productivity as the MPI index is greater than unity except for PA firms in Belgium, Denmark
and the UK for the TRE model. From Table 6, it also follows that the main driver of the
increase in the total factor productivity for most of the countries is the technical efficiency
change. The TEC index is always greater than unity for all countries except Denmark. On the
other hand, the SEC is either close to unity or slightly below one for most of the countries,
indicating that if there is an increase in the scale efficiency, this increase is very small.

In Table 7, the MPI average values for all PA firms indicate that EU PA sector
productivity increased over time. The values are more than unity for all time periods on
average for the overall TFP MPI index and the pattern of productivity becomes similar when
we analyse the MPI index over time for each EU country separately (see Table B.1 in
Appendix B). Furthermore, Figure 3 presents the cumulative percentage change of the MPI
index and its sources over time and on average for all the EU countries (based on the TREM
model).'* We can see that, while there were large fluctuations in the TEC change, there is
little or almost no change in SEC and in the TC. The fluctuations in the MPI index are due to
technical efficiency change which, except 2011, was always positive, but then the TEC
increased at a steady rate as shown in Figure 3. Therefore, the change in MPI index is driven
mainly by the technical efficiency change and not by technological progress. This finding
does not necessarily mean that the technological progress was absent in the European PA
sector, as in certain years, and for some firms or countries (see Table B.1) the index is above
one. However, on average a trend emerges that the index is only very slightly above or below
1, or very close to one, indicating that the positive TFP in European PA firms has been
largely driven by TE change rather than the technological change.

Overall, these findings suggest that the productivity increases in the PA sector can come from
technical efficiency change, scale efficiency change or technological change. An example of
technological change in PA sector could be increasing the capacity of venues or streaming the

performances to wider audiences which would increase the productivity over time, whilst the

4 The MPI results for the TRE model without the Mundlak’s term were almost identical with the MPI results obtained for
the TREM model, and they are available on request.
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technical efficiency would increase productivity by better exploiting the current capacity of
theatres/orchestras or other venues, through the means of increasing the number of
performances and their quality. Therefore, following Cowen (1996) we argue that innovation,
digitalisation, an increase in the quality and hence consumption in the PA sector might have
played an important role in increasing the technical efficiency of the PA firms and their total
factor productivity. For example, even in the pandemic crisis, there is anecdotal evidence that
the productivity in the PA sector might increase due to investments in the digitalisation

(OECD, 2020).

5.4 Estimated TE determinants

Table 8 presents the SFA production function estimations using the TRE and TREM models
which report the estimated coefficients of the efficiency determining factors (Zx) which were
included as heteroscedastic variables in the inefficiency function in Eq. (7). The coefficients
show their direct effect on inefficiency (u;) which is the opposite effect on TE. The presented
TRE and TREM models with heteroscedastic inefficiency terms are an important extension
of our analysis.

The size variable size 2, which denotes 10-49 employees, has always a significant and
negative effect on inefficiency (u;). This implies that the small-sized firms are more
technically efficient than the micro firms with less than 10 employees, our reference category
(size_1). Thus, the small-sized firms (size 2) and the medium-sized firms (size_3) could be
considered as those with the most-efficient size for the EU PA market, whilst large firms
(size_4) do not present any statistical difference from size [ firms. This result demonstrates
that the European PA companies could significantly increase their technical efficiency by
moving to the small or medium scale, represented by firms that operate with 10-49
employees or 50-249 employees, thereby removing the scale inefficiency.

Our results also confirm that the age;; of the firm contributes significantly to changes in
inefficiency for EU PA companies. The age coefficient is significant and negative, implying
that it has a positive effect on technical efficiency, and learning by doing and accumulate
experience matters in the PA sector. Therefore, efforts should be made that PA firms do not
exit the market as that would lead to greater inefficiencies and lower productivity in the PA
sector over time.

The level of public cultural expenditures, has also a significant and negative effect on
inefficiency, indicating a positive effect on TE of government cultural expenditures. The

coefficient is significant at the 1% level. The positive effect of EU-11 public cultural
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expenditures on technical efficiency is in line with the findings of Zieba (2011) and
Fernandez-Blanco et al. (2019) that, using public subsidies, show a positive effect on
efficiency for Austrian and Swiss theatres and for municipal Polish theatres in Warsaw,
respectively. One explanation for these results might be the fact that public funding increases
the incentives of company managers to spend more on intangible inputs in order to improve
quality which in turn increases the artistic production of the firm. Public funding may be
correlated, for example, with higher expenditures on more qualified or more talented labour,
renovation and innovation which would in turn increase quality and hence the output of the
firm given the level of inputs. On the contrary, Bishop and Brand (2003) found that subsidies
decrease TE of public museums in South West England, albeit the authors applied a pooled
SFA model which does not control for the unobserved heterogeneity of the output and inputs
variables used.

Figure 4 presents TE scores for single EU countries together with per capita public
expenditure on culture and compares them against the mean values at the EU level. A star
besides the country name indicates that the difference between the mean TE score for a
country and the EU-11 average is statistically significant at the 5% level. According to our
results Belgium, France, the UK have TE scores above the EU-11 average and the difference
is statistically significant, while Spain and Portugal have TE scores significantly below the
EU-11 average. The latter case also applies for the Netherlands but the difference is not
statistically significant, while Finland, Germany and Italy are close to the EU-11 average. In
Figure 4, we can also find the confirmed result that higher expenditures on culture per capita
in PPS $ correspond with higher TE scores: the only exception is the UK that presents a
lower cultural expenditure per capita and a higher TE score in comparison with the EU-11
countries. A result that seems to contradict our main finding (high public cultural expenditure
increases firm efficiency). However, private funding support (business, individuals, and trusts
and foundations) largely contribute to this result and in the UK this is about 25-27 per cent of
the total UK expenditure in cultural services, whilst in the other European countries this
contribution is less relevant (Fisher, 2020).

To summarise, the technical efficiency is influenced positively by government cultural
expenditures and age, but it is negatively affected by the size of PA firms. As our findings
from section 5.3 indicate, the technical efficiency change has also been the largest driver of
productivity change in the 11 European countries over the examined period. Hence, the
obtained results with regard to TE determinants are very important in terms of policy

implications which will be discussed in the next section.
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6. Conclusions

In this study, using the true random-effects SFA approaches and applying a large panel data
set of EU-11 countries, a production function, a technical efficiency and its determinants of
the performing arts firms were estimated. The results were obtained controlling for both the
unobserved heterogeneity using TRE and TREM models, and the endogeneity of the inputs
using the Mundlak’s adjustment. We also control for technological endowment using the
country fixed-effects methodology. The results indicate that overall the examined PA firms
belonging to the EU-11 countries are technically inefficient. The PA firms are barely 58 to 60
percent efficient when based on the most preferred TRE and TREM models and they are 68
percent efficient when we consider the efficiency determinants as heteroscedastic variables
directly in the inefficiency function. This implies that the EU PA firms could increase their
artistic output, and hence their total earned revenue between 32 and 42 percent. This study
also finds that the persistent or structural inefficiency is higher than the transient inefficiency.

The country fixed-effects are strongly significant and indicate that there are important
differences in the technological endowments at the country level. There is little information
available in the literature to explain these differences between the countries and as such this
research indicates further need to explore the European PA sector. Moreover, we find that the
decreasing returns to scale are prevalent for the European PA sector and the output elasticity
of capital is greater than that for the labour input. This implies that increasing the investment
in capital by, for example, introducing technological innovations, the productivity of PA
firms would further increase.

In this research, we also compared if and how much the changes in the technical
efficiency and other sources of productivity growth (i.e. scale efficiency change and
technological change) contributed to the total factor productivity (TFP) of the European PA
firms between 2009 and 2017. One of the important findings of this study is that the
technological progress is not the main driver of the productivity growth for the PA firms,
providing to some degree support for the presence of Baumol and Bowen’s (1966) economic
dilemma in the sector. However, in contrast to previous research and to the seminal Baumol
and Bowen’s (1965) paper, we found that the total factor productivity was increasing in the
EU PA sector over the examined period, and the driving force for this is mainly due to the
positive technical efficiency change as opposed to the scale efficiency and technological
change. Although TE is low with 58 to 68 percent on average, it has been increasing over
time. Therefore, we confirm that for the PA firms there is still room for further improvements

in technical efficiency.

26



There are also certain differences in technical efficiency and total factor productivity
between the EU-11 countries. In Table B.1, only three countries (Belgium, Denmark and the
UK) have registered an average increase of MPI TFP index below unity, whilst the other
eight had rather impressive changes above the unity and these changes were again driven by
positive technical efficiency changes.

But what are the factors that PA firms can use to amelioriate their technical
efficiency? We found that there are a number of factors that affect TE and hence the
productivity of the EU PA firms. Firstly, contrary to the common wisdom that public cultural
expenditures to the sector could produce rent-seeking behaviours, turning into a government
failure, we have demonstrated that per capita public expenditure for culture has a positive and
significant effect on the technical efficiency of the EU PA firms. As the technical efficiency
increases over time and is the main driver of productivity growth, these results also highlight
the fact that public support for the PA sector is an important factor which might to do
increase the total factor productivity of PA firms over time. Secondly, the age of the firm has
also a significant and positive effect on TE scores, meaning that learning by doing and
accumulated experience in the art sector play an important role. Thirdly, we have also
demonstrated that firm size matters. The small PA firms (10-49 employees) and the middle-
sized PA firms (50-249 employees) are more technically efficient than the micro or the large
firms. This finding is partly in line with Castiglione et al. (2018) which found that the small
firms are the most efficient in the Italian PA sector.

As for common policy research, we arrived at some conclusions. If European
countries believe that the cultural sector should be sustained using public funds, to increase
the productivity of PA firms and avoid rent-reeking behaviours at the same time, they have to
put some strings to the concession of public funds using some indicators based on technical
efficiency improvement. Finding the possibility to increase both the technical efficiency and
the technological progress for the PA firms through innovation and quality improvements by
using IT technologies is another important policy implication coming from this research. This
aspect might in particular prove important in the current pandemic crisis as discussed in
OECD (2020) report, although the data for this research does not cover this period.

Furthermore, as the PA companies display decreasing returns to scale and a decrease
in scale efficiency over time, there is scope for improvement to readjust the firm scale of
operation. In particular, since the majority of the PA firms in the sample (86 percent) are
micro firms with less than 10 employees, they could receive incentives to perform and

cooperate better. To this aim the provisions or support for cultural services for artists and
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technicians to enlarge employment opportunities and networking could be a solution to
increase both technical and scale efficiencies. Moreover, since age is important for the PA
sector indicating that older firms are more technically efficient, financial support might
increase the chances for the younger and smaller PA firms to survive in the market and to
become more productive over time, incentivising those young companies that merge together
to become more efficient, thus increasing their survival probability. This is an important
policy issue, as it is younger companies that experiment with new forms of expression and
introduce technical and visual innovations there should be an appeal to the Commission and
national governments for policies that should incentivise both innovation in, and cooperation
between, younger PA companies.

Finally, it should be noted that this research evaluated efficiency and productivity of
performing arts sector from a more holistic perspective and at the European level. At the
same time, we acknowledge that certain differences with regard to the art forms can exist
between the examined PA companies in various European countries, and which could not be
captured by the applied models. Therefore, future research could explore these issues at a
more granular level, providing that more detailed data on the European PA sector are

available.
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Fig. 1. Public expenditure per capita on cultural services, average value by country.
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Source: Own elaboration based on the Eurostat database.

Fig. 2. Public expenditure per capita on cultural services, 2009-2017.
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Fig. 3. Kernel density functions for TE scores of European PA firms.
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Fig. 4. Cumulative % change in the MPI, TEC, SEC and TC indexes.
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Fig. 5. The comparison of estimated TE scores and per capita public subsidies for the Eleven EU

countries.
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Source: Own elaboration based on the Amadeus/Orbis database. Notes: * A star besides the country name
indicates that the difference between the mean TE score for the country and for the EU-11 average is
statistically significant at the 5% level.
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Tables

Table 1. Effective data sample used for the PA firms in 11 EU countries.

Full sample Excluding one-year observations  Balanced panel
Country No. firms  No. obs. No. firms No. obs. No. firms No. obs.
1. Belgium 86 349 67 330 10 90
2. Denmark 21 41 9 29 . .
3. Finland 271 937 198 864 9 81
4. France 1,290 3,415 803 2928 12 108
5. Germany 42 115 32 105
6. Ttaly 268 1,060 202 994 14 126
7. Netherlands 29 61 14 46 . .
8. Portugal 1,040 4,253 807 4020 121 1089
9. Spain 1,424 6,213 1192 5981 190 1710
10. Sweden 1,352 6,557 1149 6354 251 2259
11. UK 656 2,927 477 2748 100 900
Total 6479 25,928 4950 24,399 707 6363

Table 2. Description of the variables

Output/Input variables

Description

Olltpllt (Yit)

Capital (Cy)

Labour (Lj)

Public expenditure for
cultural services

Size

Age

Country dummy

Total revenues earned from different company activities (i.e. shows,
renting) in constant PPP dollars for 2011 and adjusted for inflation
using HCPI index.

Total assets of the PA firms in constant PPP dollars. Total assets
include tangible and intangible assets. They are adjusted for inflation
using World Bank GDP deflators at country level.

The number of full-time and permanent employees of the
performing arts firms.

The public expenditure for cultural services from Eurostat
(COFOGY9) divided by the population size in each country in
constant PPP dollars and deflated using the World Bank GDP
deflators.

Size categories: Size 1 (micro firms) = 0 - 9 employees; Size 2
(small firms) = 10 - 49 employees; Size 3 (medium firms) = 50 -
249 employees; Size 4 (large firms) >= 250 employees. The
variable was dichotomized in the final analysis.

The age of the firm in years.

Individual country dummy variables included directly in the
production function specification.
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Table 3. Descriptive statistics

Variable and Description

Full sample

Reduced sample

Mean’ Mean’
Continuous variables

Y (Output in thousand US dollars) [1 93 zgj 4 [1 ::93789]
K (Capital stock in thousand US dollars) [1 13:2 59.4] [1 13 2,68 92]

10.14 10.4
L (Labour as the number of employees) [607. 21] [609. 06 9]
Public expenditures per capita on culture (in US dollars) [168917861] [16890181]
Age (Age of the firm in years) 12.20 12.47

[11.71] [11.81]

Categorical variables - Count in %

size 1 (micro firms: 0 - 9 employees) 86.2 85.8
size 2 (small firms: 10 - 49 employees) 9.87 10.08
size_3 (medium firms: 50 - 249 employees) 3.47 3.58
size_4 (large firms: > 250 employees) 0.44 0.46
Belgium® (DC1) 1.34 1.35
Denmark (DC3) 0.16 0.12
Finland (DC5) 3.61 3.54
France (DC6) 13.17 12.00
Germany (DC2) 0.44 0.43
Italy (DC8) 4.10 4.07
Netherlands (DC9) 2.35 0.19
Portugal (DC10) 16.40 16.47
Spain (DC4) 23.96 24.51
Sweden (DC11) 25.29 26.04
United Kingdom (DC7) 11.29 11.26
No. Firms 6212 4950

No. Observations

25,928

24,399

*Reference Category. *Standard deviation for continuous variables is presented in the squared parentheses.
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Table 4. Percentage of real expenditures on cultural services per capita over GDP per capita

2009 2010 2011 2012 2013 2014 2015 2016 2017
Belgium 0.51 0.49 0.51 0.52 0.49 0.49 0.47 0.50 0.51
Denmark 0.70 0.66 0.67 0.68 0.67 0.65 0.67 0.66 0.66
Finland 0.54 0.54 0.54 0.54 0.53 0.52 0.52 0.51 0.52
Germany 0.39 0.38 0.40 0.38 0.38 0.38 0.38 0.38 0.38
France 0.75 0.76 0.75 0.77 0.79 0.77 0.71 0.69 0.67
Italy 0.44 0.36 0.34 0.33 0.34 0.33 0.37 0.30 0.30
Netherlands 0.55 0.54 0.50 0.49 0.47 0.45 0.40 0.43 0.41
Portugal 0.39 0.43 0.38 0.29 0.32 0.25 0.19 0.25 0.25
Spain 0.65 0.65 0.58 0.47 0.44 0.46 0.46 0.44 0.43
Sweden 0.59 0.56 0.54 0.55 0.56 0.53 0.51 0.52 0.50
United Kingdom 0.36 0.36 0.33 0.31 0.30 0.28 0.28 0.26 0.25
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Table 5. SFA translog production function estimates for PA firms in 11 EU countries.

Dependent variable: InY; Pooled SFA TRE TREM GTRE

Production Function Coefficients

InCapital (B;) 0.596%** 0.661%** 0.665%** 0.599%%*
(0.011) (0.004) (0.008) (0.004)
InLabour (B,) 0.4248%** 0.23#** 0.097%%** 0.264%%*
(0.014) (0.006) (0.009) (0.006)
0.5InCapital® (By;) 0.007** 0.043%%* 0.038%%** 0.026%**
(0.003) (0.001) (0.002) (0.0009)
0.5InLabour” (By,) -0.109%** -0.051%** -0.073%** -0.066%**
(0.008) (0.004) (0.008) (0004)
InCapital InLabour (B;,) 0.020*** -0.0002 -0.017%** -0.001
(0.004) (0.001) (0.003) (0.001)
Incapital_time (B;,) 0.004** -0.004%** -0.009%** -0.119%**
(0.001) (0.0006) (0.0006) (0.005)
Inlabour_time (By) -0.006** 0.006%** 0.0102%** 0.009%%**
(0.002) (0.001) (0.001) (0.001)
t(By) -0.055%** -0.123%** -0.128%** -0.004%**
(0.010) (0.005) (0.006) (0.0006)
2 (Bu) 0.004%%** 0.009%%** 0.009%%** 0.003%%**
(0.001) (0.001) (0.0006) (0.001)
Country fixed-effects
Denmark (DC3) -0.327%** 0.009 -0.197** -1.020%**
(0.165) (0.085) (0.091) (0.064)
Finland (DC5) -0.243%** -0.310%** -0.091%** -0.751%**
(0.054) (0.002) (0.030) (0.027)
France (DC6) 0.196%** 0.0305 0.359%%* -0.171%**
(0.048) (0.025) (0.027) (0.024)
Germany (DC2) 0.543%%* 0.159%%* 0.339%%* -0.145%**
(0.094) (0.044) (0.046) (0.039)
Italy (DCB) -0.394%** -0.675%** -0.269%** -0.916%**
(0.053) (0.027) (0.029) (0.026)
Netherlands (DC9) -0.481%** -0.790%** -0.275%** -0.762%**
(0.128) (0.062) (0.065) (0.051)
Portugal (DC10) -0.42]%** -0.674%** -0.307%** -0.915%**
(0.048) (0.0247) (0.027) (0.024)
Spain (DC4) -0.409%** -0.599%** -0.269%** -0.777%%*
(0.047) (0.024) (0.027) (0.024)
Sweden (DC11) -0.453%** -0.754%** -0.247%** -0.881%**
(0.048) (0.025) (0.027) (0.024)
United Kingdom (DC7) -0.170%** -0.166%** -0.0013 -0.537%**
(0.048) (0.025) (0.027) (0.024)
Random parameter (w;) no yes yes yes
Mundlak’s terms no no yes? no
Returns to scale 1.021 0.892 0.762 0.841
Persistent technical efficiency (TElp)
Mean (TEP) 0.391
Standard Deviation (TE”) n/a n/a n/a 0.030
Transient technical efficiency (TE;)
Mean (TE) 0.442 0.579 0.596 0.583
Standard Deviation (TE) 0.187 0.185 0.165 0.119
No. Firms 4950 4950 4950 6479
No. Observations 24,399 24,399 24,399 25,928
A-parameter 2.486%** 5.093*** 1.374*** 4.656***
Log-likelihood -31587.6 -24256.1 -24185.1 -27720.3

Standard errors are in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%. Belgium is
the reference category for the country dummies. 9 The Mundlak’s terms are presented in Table A.2.

Table 6. Technical Efficiency, MPI TFP index and its components (2009-2017 average)
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TRE Model TRE with Mundlak (TREM) Model

Country TE MPI and components TE MPI and components
TFPC TEC SEC TC TFPC TEC SEC TC

1. Belgium 0.612 0971 1.047 1.001 0.927 0.628  0.964 1.037 1.004 0.925
2. Denmark 0.598  0.926 0.986 0.992 0.946 0.638  0.921 0.994 0.981 0.942
3. Finland 0.580  1.042 1.118 1.001 0.934 0.601 1.034 1.106 1.004 0.937
4. France 0.589  1.061 1.157 0996  0.921 0.604 1.072 1.192 0.993 0.919
5. Germany 0.578 1.056 1.135 1.000  0.931 0.595 1.029 1.106 1.000 0.932
6. Italy 0.576  1.062 1.141 0.994  0.934 0.598 1.052 1.142 0.989 0.933
7. Netherlands 0.545 1.816 2.076 1.005  0.922 0.569 4.328 5.364 1.016 0.917
8. Portugal 0.561 1.165 1.265  0.995  0.928 0.582 1.197 1.320 0.991 0.927
9. Spain 0.574  1.075 1.163  0.998  0.925 0.591 1.088 1.181 0.997 0.923
10. Sweden 0.583 1.046 1.130  0.999  0.931 0.596 1.054 1.140 1.000 0.932
11. UK 0.599  0.992 1.062  0.997 0.932 0.612  0.992 1.055 0.996 0.932
All EU-11 0.579  1.069 1.155 0997  0.928 0.596 1.083 1.179 0.996 1.055

TE- technical efficiency, MPI — Malmquist productivity index, TFPC — Total factor productivity change; TEC- TE change, SEC —
scale efficiency change, TC (technological change).

Table 7. MPI TFP index and its components — yearly change

) TRE Model TRE with Mundlak (TREM) Model
Time TFPC TEC SEC TC TFPC TEC SEC TC
2009-2010 1.128 1.262 1.000 0.897 1.182 1.346 1.001 0.896
2010-2011 1.067 1.179  0.999 0.905 1.050 1.159  0.999 0.904
2011-2012 1.030 1.125 1.000 0.913 1.064 1.154 1.002 0912
2012-2013 1.077 1.167 0.998 0.922 1.058 1.143 0998  0.921
2013-2014 1.075 1.158 0.997 0.930 1.068 1.152 0996  0.929
2014-2015 1.062 1.136  0.998 0.939 1.099 1.186  0.997  0.938
2015-2016 1.065 1.130  0.995 0.947 1.078 1.155  0.992  0.947
2016-2017 1.058 1.117 0.994 0.956 1.080 1.164 0987 0.956
Average 1.069 1.155  0.997 0.928 1.083 1.179 0996  0.927
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Table 8. Estimates of TE determinants

TRE with Mundlak

Dependent variable: InY;, TRE (TREM)

Production function coefficients

InCapital (B;) 0.605%** 0.526%%*
(0.004) (0.006)
InLabour (B,) 0.1547%%* 0.053%%x
(0.005) (0.007)
0.5InCapital® (B;,) 0.023%** 0.024%%*
(0.001) (0.002)
0.5InLabour’ (By,) -0.085%** -0.072%%*
(0.003) (0.005)
InCapital InLabour (B,,) 0.003* -0.021%**
(0.001) (0.002)
Incapital_time (B;) -0.0009 -0.001%*
(0.0005) (0.0005)
Inlabour_time (By) 0.005%** 0.005%**
(0.0007) (0.0007)
t (B -0.091** -0.103 %
(0.004) (0.004)
2 (Bu) 0.007#** 0.007#**
(0.0004) (0.0004)
Country-fixed effects yes yes
Random parameter (w;) yes yes
Mundlak’s terms (within-group means) no yes?
Returns to scale 0.760 0.579

Determinants of technical (in)efficiency

Age (71) -0.002%** -0.002%**
(0.0002) (0.0002)
Size2 (y,) -0.316%** -0.33 ] ***
(0.003) (0.003)
Size3 (y;) -0.589%** -0.627%**
(0.011) (0.009)
Size4 (y4) -82.02 -0.846%**
(37.30%107%) (0.028)
Public cultural expenditures (ys) -0.401%*x* -0.392%%*
(0.004) (0.004)
Time-varying technical efficiency (TE;;)
Mean (TE) 0.683 0.681
Standard Deviation (TE) 0.184 0.181
A-parameter 4.681*** 5.314%**
Log-likelihood -22,602.5 22,297.9
No. Firms 4950 4950
No. Observations 24,399 24,399

Standard errors are in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%. Belgium
is the reference category for the country dummies.  The Mundlak’s terms are presented in Table A.2.
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Appendices
APPENDIX A. Robustness checks on the results

We apply a number of robustness checks to corroborate our empirical results. We firstly carried out
general likelihood ratio (LR) tests to differentiate between the main SFA models applied (Table A.1).
The first test rejects the null hypothesis of no one-sided time-varying inefficiency term, for both the
pooled SFA and TRE SFA models, confirming that the average response function with just the error
term, v, is not adequate to our data and that the SFA production function model is more appropriate.
The pooled SFA model was also tested against the TRE model which includes the random error term
(w;) and the null hypothesis is also strongly rejected implying that controlling for the heterogeneity is
an important extension of the pooled SFA specification. The TRE model was further tested against the
unrestricted GTRE model and the null hypothesis of no persistent (time-invariant) inefficiency was
rejected at the 5% level. These findings indicate that GTRE model is an important extension of the
TRE model and that persistent efficiency is lower than the time-varying efficiency. Importantly, the
LR tests in Table A.1 validate that the Mundlak’s terms which control for the endogeneity of inputs in

the SFA production function are jointly significant.

Table A.1. Generalised LR tests on SFA models

Critical Test

Null hypothesis Restricted vs. unrestricted model .
value statistics
Hy: 6,4=0 (no time-varying inefficiency) OLS vs. Pooled SFA 2.71 3293*
OLS vs TRE 2.71 17537*
Ho: wi=0 (no heterogeneity term) Pooled SFA vs. TRE 2.71 14663*
Hy: 01,=0 (no time invariant inefficiency) TR E vs GTRE? 2.71 806.92*
Hop: M= 2= A= 24=As=0 (no Mundlak terms) TRE vs TREM (Table 4) 10.37 141.96*
TRE vs TREM (Table 7) 10.37 609.1*
Hy: 8=8,=...= 85= 0 (no efficiency determinants) TRE vs. TRE with determinants 10.37 3307*
TREM vs. TREM with determinants 10.37 3774.4*

* An asterisk on the value of the test statistics indicates that it exceeds the 95th percentile for the corresponding
distribution and so the null hypothesis is rejected. The critical value comes from Kodde and Palm (1986).

The importance of the Mundlak’s terms is also confirmed in Table A.2 where the individual
Mundlak’s terms for each of the input and input interaction terms are statistically significant at the 1%
level. Finally, we test the restriction that the effects of efficiency determinants included as Z; variables
affecting inefficiency are jointly zero. The null hypothesis that the variance of inefficiency is not a
function of those factors is rejected at the 1% level of significance for both the TRE and TREM
specifications. This implies that the TRE models presented in Table 8 which include the

heteroscedastic (in)efficiency determinants provide a better fit to the sample data and are important
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extensions of our analysis. These models not only incorporate both the observed and unobserved

heterogeneity of PA companies but they also explain possible sources of (in)efficiency.

Table A.2. The estimated Mundlak’s terms in the TREM models.

Mundlak’s InCap1tal InLabour 0.5InCapital2  0.5InLabour2 InCapatal, (hs)

Terms A1) (M2) (X3) (Aa) nLabour

Table 4 -0.032%%*%* 0.242%** -0.042%%** -0.072%%** 0.037%**
(0.008) (0.008) (0.003) (0.009) (0.004)

Table 7 0.097%** 0.307%** -0.018%*%** -0.058%*** 0.061%**
(0.006) (0.006) (0.003) (0.006) (0.003)

Standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%.

As noted already earlier, the dataset in this study forms an unbalanced panel and the estimator
consistency requires that the sample selection process does not lead to errors being correlated with the
regressors. Therefore, in the next step we applied a test for panel data to check if the attrition in the
panel is random. For the observations which are missing for unexplained reasons, a test for the
significance of a sample selection indicator, s;, according to Wooldridge (2002), is conducted,
suggesting no sample selection bias due to missing observations."

Furthermore, we estimated all the models (pooled, TRE, TREM and GTRE) using the
balanced panel data for only 707 firms (using 6363 observations) and these results are shown in Table
A.3. The results with regard to the estimated production function coefficients and the estimated TE
scores are very similar to those presented as the main results (Table 5). Although the balanced panel
TE scores are on average slightly higher than those presented in Table 5. This might be due the seven-
fold smaller sample size of the balanced panel and also due to the fact that not the 11 European
countries were included in the balanced panel since PA firms in Denmark, Germany and the
Netherlands had to be excluded.'® Following these specification checks, we assume that the
unbalanced panel which is based on the sample of all 11 European countries, does not suffer from any
sample selection bias as the attrition in the panel is random. Consequently, we preferred to use the
unbalanced panel as this sample resembles the overall effective population of the PA firms in the
eleven countries, since all empirical checks confirm the main results illustrated and described in the in

the main sections of this study.

' The indicator equals 1 if a PA firm i is observed in particular year 7 and 0 otherwise. The lagged selection indicator s;,; is
then estimated in both TRE and TREM models, together with other parameters of the production function given in Eq. (1a).
The lagged indicator is insignificant and these results are available on request.

' Moreover, we estimated additional results for the balanced panel for the TRE model with efficiency determinants and the
results did not change again.
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Table A.3. Balanced panel SFA model estimations.

Dependent variable: InY; Pooled SFA TRE TREM GTRE
InCapital (B;) 0.510%*** 0.530%*** 0.444%** 0.415%**
(0.019) (0.007) (0.012) (0.036)
InLabour (B,) 0.503%** 0.253%** 0.139%** 0.153%**
(0.023) (0.008) (0.012) (0.036)
0.5InCapital® (B1;) -0.032%%* 0.013*** 0.022%** 0.019
(0.008) (0.000) (0.004) (0.013)
0.5InLabour® (B) -0.140%** -0.004 0.002 -0.0005
(0.016) (0.006) (0.011) (0.027)
InCapital InLabour (B12) 0.037 -0.020%** -0.064%%** -0.058%%*
B (0.009) (0.003) (0.006) (0.016)
Incapital_time (B1;) 0.003 -0.002%%* -0.002%%* 0.003
(0.003) (0.0009) (0.001) (0.003)
Inlabour_time (Be) -0.003 0.004*** 0.004*** -0.0003
(0.003) (0.001) (0.001) (0.004)
t (By) -0.062%%** -0.109%%** -0.100%%** -0.063%**
(0.016) (0.007) (0.008) (0.017)
2 (B 0.004*** 0.008*** 0.008*** 0.005%**
(0.001) (0.0007) (0.0006) (0.001)
Country fixed-effects® yes yes yes yes
Random parameter (w;) no yes yes yes
Mundlak’s terms no no yes yes
Returns to scale 1.013 0.783 0.583 0.568
Mean (TE) 0.497 0.648 0.647 0.597/0.375
Standard Deviation (TE) 0.176 0.169 0.162 0.111/0.0001
A-parameter 2.058*** 3.637*** 3.338%** 2.186***
Log-likelihood -7324 -4559 -4454 -7195
No. Years 9 9 9 9
No. Firms 707 707 707 707
No. Observations 6363 6363 6363 6363

 The balanced panel excludes Denmark, Germany and Netherlands. The GTRE includes also the Mundlak’s
terms. Standard errors are in parentheses. * significant at 10%; **significant at 5%; *** significant at 1%.
Belgium is the reference category for the country dummies.
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APPENDIX B. MPI Total Factor Productivity index — Country-level analysis

Table B.1. The MPI TFP index and its components — analysis for each EU country.

Time MPI TEC SEC TC MPI TEC SEC TC MPI TEC SEC TC
Belgium Denmark Finland

2009-2010 0.98 1.09 0.99 0.89 - - - - 0.94 1.04 1.00 0.90

2010-2011 1.02 .11 1.01 091 - - - - 0.94 1.03  1.00 0.90

2011-2012 1.03 .12 1.01 091 - - - - 1.07 1.16 1.00 091

2012-2013 1.05 1.13  1.00 092 - - - - 1.33 145 099 092

2013-2014 0.94 1.02 099 093 0.75 0.83 0.98 0.93 0.96 1.03  1.00 0.93

2014-2015 0.84 091 099 0.94 0.90 0.97 0.98 0.94 1.02 1.08 1.00 094

2015-2016 0.94 0.99  1.00 0.95 091 0.96 0.99 0.95 1.09 1.15 1.00 0.95

2016-2017 0.98 1.02  1.00 0.96 1.01 1.06 0.99 0.95 094 098 099 0.96

Average 0.97 1.05 1.00 0.93 0.93 0.99 0.99 0.95 1.04 1.12 1.00 0.93
France Germany Italy

2009-2010 1.17 .17 1.17 1.17 095 1.07 0.99 091 1.27 1.43 099 090

2010-2011 1.11 .11 1.11 .11 0.95 1.01 1.02 091 1.13 1.22 1.00 091

2011-2012 1.02 1.02  1.02 1.02  1.63 1.78 1.01 0.92 1.01 .11 1.00 0.92

2012-2013 1.07 1.07  1.07 1.07 1.00 1.09 0.99 093 097 1.06 1.00 0.92

2013-2014 1.04 1.04 1.04 1.04 093 0.99 1.00 0.94 1.07 1.14  1.00 0.93

2014-2015 0.98 0.98 0.98 098 124 1.29 1.01 0.94 1.04 1.11 099 0%

2015-2016 1.00 1.00  1.00 1.00  0.95 0.98 1.01 0.95 0.96 1.03 098 0.95

2016-2017 1.02 1.02  1.02 1.02 0.83 0.87 0.98 096 122 1.29 099 0.96

Average 1.06 1.06 1.06 1.06 1.06 1.13 1.00 0.93 1.06 1.14 0.99 0.93
Netherlands Portugal Spain

2009-2010 6.64 7.96  0.99 0.89 127 1.43 0.99 0.89 1.06 1.18 1.00 0.89

2010-2011 1.21 1.31  1.03 0.90 1.06 1.17 0.99 0.90 1.06 1.18 1.00 0.90

2011-2012 0.99 1.09 1.00 091 1.05 1.15 0.99 091 1.00 1.09 1.00 091

2012-2013 0.93 1.01  1.00 092 125 1.33 0.99 0.92 099 1.07 1.00 0.92

2013-2014 0.90 093 1.03 093 1.15 1.25 0.99 093 1.19 1.28 099 093

2014-2015 0.93 0.99  1.00 094 120 1.31 0.99 094 1.15 1.22 1.00 094

2015-2016 0.63 0.67 099 095 1.13 1.20 0.99 095 1.14 1.21 099 095

2016-2017 0.93 0.97  0.99 096 1.21 1.28 0.99 0.96 1.00 1.06 099 0.96

Average 1.82 2.08 1.01 092 1.16 1.26 0.99 0.93 1.07 1.16 0.99 0.93
Sweden UK

2009-2010 1.02 1.14  1.00 0.89 1.21 1.33 0.99 0.90

2010-2011 1.15 1.28  0.99 091 093 1.02 0.99 0.91

2011-2012 1.03 1.14 099 091 1.04 1.13 0.99 0.92

2012-2013 1.08 1.18  0.99 0.92  0.99 1.07 0.99 0.92

2013-2014 1.02 1.09 1.00 093 097 1.03 1.00 0.93

2014-2015 1.01 1.08  0.99 0.94 094 0.99 0.99 0.94

2015-2016 1.05 .12 1.00 0.95 0.96 1.00 0.99 0.95

2016-2017 1.04 .10 0.99 0.96 098 1.03 0.99 0.96

Average 1.05 1.13  0.99 0.93 0.99 1.06 0.99 0.93

The results are obtained from the TRE SFA model presented in Table 4.

45



