
*Corresponding author. E-mail: magdalena.kapelko@ue.wroc.pl

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author 
and source are credited.

Copyright © 2022 The Author(s). Published by Vilnius Gediminas Technical University

Technological and Economic Development of Economy
ISSN: 2029-4913 / eISSN: 2029-4921

2022 Volume 28 Issue 4: 893–919

https://doi.org/10.3846/tede.2022.16598

CROSS-NATIONAL COMPARISON OF DYNAMIC INEFFICIENCY 
FOR EUROPEAN DIETETIC FOOD MANUFACTURING FIRMS

Magdalena KAPELKO 1*, Joanna HARASYM 2,  
Agnieszka ORKUSZ 3, Arkadiusz PIWOWAR 4

1Department of Logistics, Wroclaw University of Economics and Business, Wroclaw, Poland
2, 3Department of Biotechnology and Food Analysis, Wroclaw University of Economics  

and Business, Wroclaw, Poland
4Department of Economics and Organization of Food Economy, Wroclaw University  

of Economics and Business, Wroclaw, Poland

Received 27 January 2021; accepted 02 February 2022; first published online 25 April 2022

Abstract. Food health and wellness has become increasingly important for consumers, and this 
has inevitably caused growth in the dietetic food manufacturing sector. This paper examines the 
technical inefficiency of dietetic food manufacturing firms in five major dietetic food produc-
ing European countries (France, Italy, Norway, Poland and Spain) for the period 2009–2017. To 
account for the sluggish adjustment of capital, we employed a dynamic production framework 
within the nonparametric method of Data Envelopment Analysis. Furthermore, we used the con-
cept of a metafrontier to compare inefficiency between countries and analyzed three inefficiency 
measures: estimated with regard to a metafrontier (pooled dynamic inefficiency), computed with 
reference to country-specific frontier (managerial dynamic inefficiency), and the gap between 
these two frontier measures (program dynamic inefficiency). The results indicate that firms in 
Poland were the least dynamically inefficient among countries analyzed, while companies in Nor-
way were at the opposite end of the spectrum. Managerial inefficiency was the largest source of 
pooled inefficiency for firms in France and Italy, while program inefficiency was the main reason 
of pooled inefficiency for firms in Norway, Poland and Spain. The results also reveal that invest-
ments were the most inefficient factor, followed by output, materials and employees. 

Keywords: efficiency, food manufacturing industry, dietetic food industry, Data Envelopment 
Analysis.

JEL Classification: C61, D24, L66. 

Introduction 

The food manufacturing industry plays a significant role in the economies of European coun-
tries, producing approximately 13 per cent of the total value of output in the manufacturing 
sector and being the largest manufacturing sector in terms of employment (Eurostat, 2020a). 
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It is the largest sector within bioeconomy that refers to economic activities that use renew-
able biological resources from land and sea to produce food, materials and energy, leading 
to a more resource-efficient and sustainable economy (Ramcilovic-Suominen & Pülzl, 2018). 
Within the European food manufacturing sector, the dietetic food sector is gaining popular-
ity and importance as consumer health and wellness awareness towards food continues to 
grow (Herath et al., 2008; Domínguez Díaz et al., 2020). This development comes with the 
increasing availability of health information, together with ageing populations and grow-
ing risk of lifestyle-related diseases (Kearney, 2010; El Bilali et al., 2019). Adopting healthy 
diets and increased cautiousness about food ingredients is linked to growing attention to 
maintaining healthy lifestyles and preventing diseases or serious and life-threating food al-
lergies and intolerances (such as gluten intolerance) (European Commission, 2016; Afshin 
et al., 2019). This is all related to sustainability and corporate social responsibility (CSR), as 
healthy food choices are often sustainable choices (Health Council of the Netherlands, 2011; 
Esteve-Llorens et al., 2020). In fact, sustainable diets are defined as being beneficial to health, 
ensuring food safety, and being economically affordable and respectful of ecosystems (Food 
and Agriculture Organization, 2010). In addition, among firms’ CSR activities one can find 
business practices related to product safety and healthiness (Auer & Schuhmacher, 2016). 

The dietetic food manufacturing industry is part of other food manufacturing and con-
cerns the production of dietetic foods or foods for particular nutritional use. Dietetic foods 
comprise foodstuffs whose composition and manufacturing process are designed to meet 
special nutritional purposes (European Parliament and the Council, 2009)1. Examples of 
dietetic foods include food for infants and young children, slimming foods, dietary food for 
special medical uses, sports foods, food for people with gluten intolerance, low-sodium foods 
and food for people suffering from diabetics (Eurostat, 2008; Bragazzi et al., 2017)2. Dietetic 
foods are also closely related to functional foods, which are foods consumed as a part of the 
usual diet and providing health effects that go beyond traditional nutritional benefits (Stein 
& Rodríguez-Cerezo, 2008; Küster-Boluda & Vidal-Capilla, 2017). The growing consumer 
attention towards healthy foods becomes evident by looking at statistics on the European 
dietetic food manufacturing sector, which show that between 2011 and 2016 the number of 
firms and employment in this industry increased by 51 per cent and 24 per cent, respectively, 
while its value added grew by 11 per cent between 2013 and 2016 (Eurostat, 2020a). 

Despite the growing popularity of dietetic food and the increasing importance of this 
industry, the academic literature has devoted very limited attention to the performance of 
firms comprising this industry. In particular, no research has been undertaken into the (in)
efficiency of this industry3. Efficiency or inefficiency measures analyze technological and 

1 In the European classification of economic activities (NACE Rev. 2), dietetic food manufacturing is a subsector 
labelled as “Manufacture of homogenized food preparations and dietetic food”.

2 It is worth pointing out that, in Europe, the term “dietetic food” is currently being replaced by the term “food for 
specific groups” (European Parliament and the Council, 2013). However, as the NACE Rev.2 classification still 
uses the term “dietetic food” and our study follows this classification, we refer in this paper to the industry under 
study as the dietetic food sector.

3 We note that the only related study referring to performance of dietetic food is Gołaś and Bieniasz (2016), which 
analyzed the relationship between inventory management and financial performance of food manufacturing in 
Poland, including the subsector of dietetic food. However, their analysis focuses on financial ratios such as ROA 
rather than on efficiency. 
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economic relationships between output production and input consumption (Morrison-Paul 
& Siegel, 2006) and provide information on how well a company transforms its inputs into 
outputs in relation to benchmark of best practice companies4. In contrast, many studies have 
analyzed the inefficiency of gross food manufacturing sector (e.g., Setiawan et al., 2012; Gio-
kas et al., 2015; Gardijan & Lukač, 2018; Kedžo & Lukač, 2021), or several subsectors within 
food manufacturing (e.g., Ali et al., 2009; Shee & Stefanou, 2015; Boyd & Doolin, 2021). A 
vast amount of research has also been devoted to the inefficiency analysis of specific subsec-
tors of food processing, such as meat processing (Kapelko, 2017; Kapelko & Oude Lansink, 
2018), dairy processing (Soboh et  al., 2014; Kapelko & Oude Lansink, 2017; Čechura & 
Žáková Kroupová, 2021), oils (Dios-Palomares & Martínez-Paz, 2011; Niavis et al., 2018), or 
sugar (Mulwa et al., 2009; Carlucci et al., 2021). Inefficiency studies of several subsectors of 
food manufacturing have also analyzed other food industries, but without distinguishing the 
manufacturing of dietetic food (see, e.g., Rezitis & Kalantzi, 2016; Rudinskaya, 2017; Kapya 
et al., 2018)5. The aforementioned papers for the assessment of efficiency applied both Data 
Envelopment Analysis (DEA) of Charnes et al. (1978) and Banker et al. (1984) (e.g., in the 
studies by Setiawan et al., 2012 or Giokas et al., 2015) and Stochastic Frontier Analysis (SFA) 
of Aigner et al. (1977) (e.g., in the studies by Rudinskaya, 2017 or Shee & Stefanou, 2015), 
with one study that relied on both techniques (Mulwa et al., 2009). Within the papers that re-
lied on DEA, various efficiency measures are used that operationalize the paths to the frontier 
of best practice firms for inefficient firms, with the vast majority being radial models (e.g., in 
the studies by Setiawan et al., 2012; Rezitis & Kalantzi, 2016 or Kedžo & Lukač, 2021). Only 
few papers considered directional efficiency measures (Kapelko, 2017) or slack-based direc-
tional efficiency measures (Kapelko & Oude Lansink, 2017, 2018). Furthermore, all papers 
assumed input- or output-orientation in the DEA models, focusing on the ability of firms 
to minimize input use in the production of a given set of outputs or the ability to maximize 
output from a given set of inputs. None of the papers, however, applied DEA models in the 
full input-output-investment space, allowing for a simultaneous increment in outputs and 
investments, and a reduction of inputs. Furthermore, all papers made some assumptions of 
the DEA model such as that of convexity and returns to scale without appropriate testing if 
these assumptions hold.

As no research has been devoted to the analysis of the inefficiency of food manufactur-
ing firms that engage in the production of dietetic food, the present paper aims to fill this 
gap in the literature and contributes by studying the inefficiency of these firms in the Euro-
pean context. The measurement of firms’ inefficiency is a relevant topic for managers and 
policy makers. It can provide important insights into the performance of the sector and its 
competitiveness, as well it can support the design of firms’ strategies and government poli-
cies targeted at improvement of performance. The food manufacturing industry is relatively 
capital-intensive, so the capital and investment changes require appropriate modelling of 

4 The literature uses both the terms “efficiency” and “inefficiency”. Because the mathematical measures we apply 
define firms’ performance in terms of inefficiency, to be consistent we use the term “inefficiency” throughout the 
paper. 

5 The well-established and large body of research analyses the efficiency and productivity at the farm level (e.g., 
Lambarraa et al., 2016; Namiotko & Baležentis, 2017; Li et al., 2018; Hansson et al., 2020).
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the inefficiency accounting for sluggish responses and capital adjustment costs related to 
learning curves, training and education (Morrison-Paul, 1997). This can be achieved via a 
recent method of the measurement of dynamic inefficiency (Silva et al., 2015, 2021; Kapelko 
et al., 2014) that represents adjustment cost technology. Hence, in the present study, the evi-
dence on the inefficiency of dietetic food industry is provided using the dynamic method. 
Furthermore, in differentiation to previous research, we apply the dynamic model in the full 
input-output-investment space that allows to optimize on these three dimensions with the 
aim to measure firms’ inefficiency. In the empirical implementation of dynamic inefficiency 
measures we apply DEA. For the unbiasedness of our results, we use recently developed sta-
tistical results to test the convexity assumption of the DEA model, as well to test the returns 
to scale (Kneip et al., 2016; Simar & Wilson, 2020).

The empirical analysis of this paper focuses on the recent dataset of the firms that rep-
resent five European countries (France, Italy, Poland, Norway and Spain) engaged in the 
production of dietetic foods over the period 2009–2017. In general, the inefficiencies for 
the countries included in the analysis cannot be directly compared between them due to 
differences in technologies. In order to be able to appropriately model the differences in 
inefficiency between these countries, we further apply the concept of a metafrontier (Battese 
et al., 2004; O’Donnell et al., 2008) and compute two inefficiency measures – one with regard 
to a metafrontier calculated for all firms in the sample regardless of the country, and one with 
reference to a country-specific frontier assessed separately for firms in each country – and 
then calculate a gap between the metafrontier and the country-specific frontier. 

The paper contributes to the literature in several ways. Firstly and most importantly, it 
is the first study that analyzes the performance and inefficiency of firms representing the 
manufacturing of dietetic food. We believe this is an important contribution as so far no 
research has been devoted to the assessment of the performance of firms comprising this 
sector. Given the growth of this sector and increasing popularity of dietetic food among 
consumers, it is important to know if it goes in line with improving firms’ performance and 
efficiency. Secondly, in contrast to most existing papers on the measurement of firms’ inef-
ficiency in other sectors of food manufacturing that focused on the input-oriented or output-
oriented measurements (e.g., Kapelko & Oude Lansink, 2017; Gardijan & Lukač, 2018; Kedžo 
& Lukač, 2021), the present paper looks at efficiency appraising due to the changes in three 
dimensions of inputs, outputs and investments simultaneously. In most of practical situations 
it is desirable to use the inefficiency measures in the full input-output-investment space, in 
which units are able to optimize inputs, outputs and investments, as it is assumed in this 
study. Thirdly, this study differs from the papers on the measurement of firms’ inefficiency 
in other sectors of food manufacturing in terms of exploiting the new statistical results that 
have been recently developed on testing the convexity and returns to scale in DEA (Kneip 
et al., 2016; Simar & Wilson, 2020). 

The paper proceeds as follows. The measures of dynamic inefficiency are presented in the 
next section. The data used are described in Section 2, and empirical results are discussed in 
Section 3. Conclusions are given in the last Section. 
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1. Measuring dynamic inefficiency of the European dietetic food  
firms – within-country dynamic inefficiency and country gap

The literature distinguishes two main approaches to the measurement of efficiency: (1) a 
static framework (Farrell, 1957; Varian, 1984) that does not take into account the intertem-
poral linkages of firms’ production decisions and in which firms are assumed to instanta-
neously adjust inputs and outputs to their optimal levels; and (2) a dynamic framework 
(Silva & Stefanou, 2003, 2007) that considers that current production possibilities constrain 
or enhance future production decisions and models the sluggish adjustment of quasi-fixed 
inputs to their optimal levels. We have opted for the dynamic approach to the measurement 
of efficiency because the static one is too restrictive and, in the presence of dynamic inter-
dependence and sluggish adjustment, might result in a misleading estimation of efficiency 
(Kapelko et  al., 2014; Aparicio & Kapelko, 2019). In the dynamic approach, the gradual 
adjustment of quasi-fixed factors occurs by imposing adjustment costs. Adjustment costs are 
transaction or reorganization costs that are inevitably incurred when investing in quasi-fixed 
factors, such as the costs of searching for new equipment or learning to use this equipment6. 

The literature on measuring dynamic efficiency within adjustment cost framework has 
developed following two approaches: one involving SFA in the studies by Rungsuriyawiboon 
and Stefanou (2007), Serra et  al. (2011) or Minviel and Sipiläinen (2021), and one based 
on DEA in the studies by Silva et al. (2015), Kapelko et al. (2014) or Baležentis and Oude 
Lansink (2020). In the present study, we have used DEA due to its flexibility as it does not 
impose restrictive assumptions on the specification of the technology. In addition, the main 
assumptions of DEA can be now tested following recent statistical results (Kneip et al., 2016; 
Simar & Wilson, 2020). The literature has proposed several measures to determine the tech-
nical efficiency of decision making units (DMUs) in the DEA context. In this study, we rely 
on the directional distance function (Chambers et al., 1998) and, in particular, its dynamic 
representation (Silva et al., 2015) due to its relevant properties such as flexibility, duality, units 
invariance and translation invariance7. Dynamic directional distance function can assume 
input orientation, in which a decision maker seeks to minimize variable inputs and maxi-
mize investments; output orientation, in which maximization of outputs is pursued; or graph 
orientation, which combines input- and output-oriented models by aiming for simultaneous 
contraction of variable inputs, and expansion of outputs and investments (in this case, inef-
ficiency is determined in the full input-output-investment space). The present paper seeks 
to determine dynamic technical inefficiency in the full input-output-investment space, as it 
is reasonable to assume that firms in the industry under study focus on all three of these 
dimensions in their production decisions. 

Let us now provide the mathematical representation of dynamic directional distance 
function in the full input-output-investment space. Let us assume a data series (y, k, x, I) 

6 A further strand of dynamic efficiency studies models the network structure of firms’ production systems (for 
example, output in one stage of production in one period is used as input in the second stage for the next period 
or quasi-fixed inputs are used as outputs in the current period and as inputs in the next period). The studies in-
clude, for example, Färe and Grosskopf (1996), Nemoto and Goto (2003), Chen (2009), Tone and Tsutsui (2014) 
or Fukuyama and Weber (2017). 

7 Directional distance function is a version of the shortage function by Luenberger (1992a, 1992b).
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that represents j = 1, .., n DMUs that produce s outputs (denoted as y), using f quasi-fixed 
inputs (denoted as k), m variable inputs (denoted as x), and f gross investments in quasi-fixed 
inputs (denoted as I). The variable inputs could comprise of labor and materials, quasi-fixed 
inputs could be capital, investments could be undertaken in the capital, and all of these fac-
tors are used in the production of revenues, as in the context of our empirical analysis of the 
dietetic food industry in European countries. The dynamic directional distance function in 
the full input-output-investment space is defined as follows (Silva et al., 2021): 

{ }( , , ; , , ) max : ( , , ) ( : ), x I y x I yD P= b∈ℜ −b +b +b ∈I y k g g g x g I g y g y kx


 if ( , , ) ( : )x I y P−b +b +b ∈x g I g y g y k  for some b                                         (1)
( , , ; , , ) if ( , , ) ( : ), x I y x I yD P→−∞ −b +b +b ∉I y k g g g x g I g y g y kx


,

where gx, gI and gy are non-zero vectors determining the direction for variable inputs, in-
vestments and outputs, b is a measure of dynamic technical inefficiency, and P(y : k) is the 
input requirement set (representing the dynamic production technology). The dynamic di-
rectional distance function measures dynamic technical inefficiency for each firm, given the 
input-output-investment space, and represents the maximum contraction in variable inputs 
in the direction of gx and, simultaneously, the maximum expansion in gross investments in 
the direction of gI and in outputs in the direction of gy.

Dynamic production technology, which transforms variable inputs and gross investments 
into outputs at a given level of quasi-fixed inputs, is defined as follows (Silva & Stefanou, 
2003):

 ( : ) {( , ) can produce , given }P =y k x I y k . (2)

Based on Silva et al. (2021) and Aparicio and Kapelko (2019), the dynamic directional 
distance function in the full input-output-investment space to evaluate firm 0 can be deter-
mined using DEA as follows:
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in which dh denotes depreciation rates and λ is the intensity vector of firm weights. Dynamics 
are incorporated in Eq. (3) through constraint on investments; the model imposes convexity 
(which implies that points on the frontier used to evaluate observations are constructed using 
the linear combinations of actual data points) and assumes variable returns to scale (VRS). 
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The directional vector adopted in the empirical analysis for inputs (gx), for investments (gI) 
and for outputs (gy) are the actual quantity of variable inputs, 20 per cent of the size of the 
capital stock and the actual quantity of outputs, respectively. 

Model (3) allows for the estimation of dynamic technical inefficiency of firms comprising 
the dietetic food industry in Europe. To be able to directly compare the technical inefficiency 
of these firms classified into groups, as defined by different European countries, we use the 
concept of a metafrontier introduced by Battese et al. (2004) and O’Donnell et al. (2008), 
and empirically applied elsewhere (e.g., Walheer & He, 2020). The metafrontier is a frontier 
that envelops all group-specific frontiers, in our case frontiers of countries. It allows the 
calculation of comparable efficiencies of firms operating under different technologies, as in 
our case the technologies in different countries. To measure dynamic technical inefficiency 
with relation to the metafrontier, we run Model (3) with a pooled sample of all firms in all 
countries. The score obtained can be called pooled (or overall) dynamic technical inefficien-
cy. We can next explore the sources of pooled dynamic inefficiency by decomposing it into 
two components. The first component measures the distance from the firm to its country-
specific frontier (and how close a firm is operating to this frontier), reflecting the spread in 
inefficiency within the country; therefore, it can be called within-country dynamic technical 
inefficiency. It is calculated by running Model (3) for firms in each country separately. The 
second component measures the distance (gap) between the country-specific frontier and 
the metafrontier (and how close a country-specific frontier is to the metafrontier) and can 
be called the country gap. This component reflects the restrictive nature of the production 
environment (O’Donnell et al., 2008) and can be viewed as a measure of whether a firm has 
chosen the best available technology (Kerstens et al., 2019). It is calculated as a difference 
between the pooled and within-country dynamic technical inefficiencies. Therefore, the de-
composition is the following:

 Pooled dynamic inefficiency = Within-country dynamic inefficiency + Country gap.  (4)

All three performance indicators take values larger or equal to 0. For pooled and within-
country dynamic technical inefficiency, a unit is efficient if the values of indicators are equal 
to 0, and the larger the values, the more inefficiency a firm has; therefore, these indicators 
are measures of firm inefficiency. For the country gap, an increase in indicator involves an 
increase in the gap between the country-specific frontier and the metafrontier. The decom-
position shown by Eq. (4) is in line with the idea of Charnes et al. (1981), who proposed 
measuring inefficiency in relation to the group-specific frontier in order to assess manage-
rial inefficiency, and to measure the difference between the group-specific frontier and the 
frontier consisting of all observations in all groups to assess program inefficiency. This de-
composition is further used in the empirical analysis.

Recently, Kerstens et  al. (2019) questioned the convexity assumption in metafrontier 
analysis. In particular, they concluded that a convexification strategy for metafrontiers can 
lead to erroneous results. Also recently, however, Kneip et al. (2016) and Simar and Wilson 
(2020) provided a statistical test to assess the convexity assumption. The test was derived 
for Farrell efficiency measures (Farrell, 1957) and relies on central limit theorems developed 
by Kneip et al. (2015) and convergence rates for DEA and free disposal hull (FDH) estima-
tors, as calculated by Kneip et al. (1998) and Park et al. (2000), respectively. Therefore, this 
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test cannot be applied directly in our context of inefficiency measures based on dynamic 
directional distance function. However, we applied this test indirectly, based on the fact that 
directional distance function encompasses the Shephard distance function (Shephard, 1953) 
(which is the inverse of Farrell efficiency measures) when the directional vector equals the 
actual values of inputs and outputs (Chambers et al., 1998)8. The results of the test show that 
the null hypothesis of convexity (that is, that both FDH and DEA estimators are consistent) 
cannot be rejected for our data. Furthermore, knowing that the convex estimator should be 
consistent in our case, we also tested for the specific assumption of returns to scale: constant 
returns to scale (CRS) versus VRS following Kneip et al. (2016) and Simar and Wilson (2020), 
applying the similar reasoning as for the convexity test. The results of the test suggested that, 
in some years of the analysis, only the VRS estimator is consistent (hence, the null hypothesis 
of both CRS and VRS being consistent is rejected) and for some years both CRS and VRS 
are consistent (hence, the null hypothesis of both CRS and VRS being consistent cannot be 
rejected). Therefore, in the present study, based on the results of all tests described, Model 
(3), which assumes VRS, was used to calculate dynamic inefficiencies and decomposition of 
pooled inefficiency into within-country inefficiency and country gap.

Finally, based on Kapelko et al. (2017), the model (3) might be modified in order to allow 
for nonradial improvements in inputs, outputs and investments: 
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where bi, qr and gh measure the degree of input i-, output r- and investment h-specific inef-
ficiencies. 

2. Dataset and variable specification

In this study, we calculated the dynamic indicators for 2155 observations for 363 firms in 
European dietetic food manufacturing industry (NACE Rev. 2 code 1086) from 2009 to 
2017 (unbalanced panel). The data were obtained from AMADEUS, a database prepared by 

8 In particular, in the application of this test we assumed two inputs and two outputs (i.e., regular output and in-
vestments) for Farrell efficiency measures. The test was applied separately for each year of the sample data. It was 
implemented in FEAR (Wilson, 2008).
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Bureau van Dijk (Belgium). The firm-level data cover five European countries – France, Italy, 
Norway, Poland and Spain. The choice of these countries is given by the importance of the 
industry under analysis of a given country in the whole European dietetic food production, 
the representativeness of countries for each European region as well as the data availability. 
Firstly, these countries account for the largest percentage of the total production, turnover 
and value added within European dietetic food industry. Also, these countries have the larg-
est number of companies for dietetic food industry in Europe. For example, when looking 
more closely at the variable value added, the five countries considered account for more than 
78 per cent of the total value added of this industry in Europe, with France hitting 35.2 per 
cent, Italy 19 per cent, Spain 16.8 per cent, Poland 5.8 per cent, and Norway 1.4 per cent. 
Secondly, with these countries we are able to represent each geographical region with its 
main dietetic food-producing countries: Eastern Europe (Poland), Southern Europe (Italy 
and Spain), Western Europe (France) and Northern Europe (Norway). Thirdly, the choice of 
these countries is given by the data availability. In particular, firms in Germany and the UK 
also provide a considerable fraction of production, turnover and value added for the Euro-
pean food dietetic industry (for example, value added for Germany is 14.7 per cent, while 
for the UK it is 2.2 per cent). However, due to the poor data availability on the variables of 
interest for this study, we are not able to include these countries in the analysis9,10. The final 
sample was obtained through elimination of firms with missing data as well as outliers, fol-
lowing the procedure of Simar (2003). Hence, our level of analysis (DMU) is a firm from the 
dietetic food industry, and we aggregate firm-level results to country level in order to be able 
to compare inefficiencies between countries11. 

In the DEA model we specify one output (revenues), two variable inputs (material costs 
and employee costs) and one gross investment in capital (gross investments in fixed assets). 
This is a common input-output configuration used in the research, including the studies on 
the dynamic inefficiency and the studies on food manufacturing efficiency (e.g., Setiawan 
et al., 2012; Soboh et al., 2014; Kapelko et al., 2014; Kapelko & Oude Lansink, 2017; Mar-
tínez-Victoria et al., 2019; Čechura & Žáková Kroupová, 2021)12. The output, inputs and 
investment were downloaded from AMADEUS in local currencies and current prices, and 
adjusted using the purchasing power parity (PPP) of the local currency to the US dollar and 
deflated with appropriate price indexes (constant prices of 2008). Revenue is a profit and loss 
account item that includes total sales and other operating revenues; they were deflated by 

9 In particular, for Germany there are too few firms available in the dataset (which is connected with weak disclosure 
obligations for German small firms), while for the UK material costs are not available (only costs of goods sold 
are provided which, however, do not allow to disentangle material and labor costs).

10  In addition, all other European countries (not considered in the study and besides Germany and the UK) represent 
less than 1 per cent of the total value added produced by the dietetic food industry. For example, the next coun-
try for Eastern Europe is Czech Republic with only 0.9 per cent representation of the value added, for Southern 
Europe it is Portugal with only 0.5 per cent of the value added fraction, for Western Europe it is Belgium with 
only 0.9 per cent of the value added, and finally for Northern Europe it is Finland with only 0.3 per cent of the 
total value added. Hence, their contribution can be considered as negligible.

11The number of firms per country and year satisfies the popular rule of thumb as suggested by Dyson et al. (2001). 
12  The inputs and output we used are the most important in the firms’ production process, given the limitation 

related to accounting data. Basic inputs of employees and materials are converted into single output of revenues. 
Capital enters through investments that form dynamics of firms’ production process.



902 M. Kapelko et al. Cross-national comparison of dynamic inefficiency for European dietetic food ...

the producer price index for food manufacturing. Material costs are also extracted from the 
firms’ profit and loss account in AMADEUS and they reflect the expenses on raw materials; 
they were deflated using the producer price index for intermediate goods. Employee costs 
(profit and loss account item) represent all wages and costs of employee benefits and payroll 
taxes paid by an employee, and they were deflated by the labor cost index in food manu-
facturing. Gross investments in fixed assets in year t, computed as the beginning value of 
fixed assets in year t + 1 minus the beginning value of fixed assets in year t plus the value of 
depreciation in year t, were deflated by the producer price index for capital goods. The values 
of depreciation for each firm were taken directly from the firms’ profit and loss accounts. 
Fixed assets are a proxy for firms’ capital and are a balance sheet item that comprise the value 
of tangible assets such as buildings and machinery, and intangible assets such as goodwill 
and patents, as well as financial investments. All price indices were specific for each country 
and were obtained from Eurostat (2020b). By computing the ratios of inputs and outputs 
that are expressed as values to their corresponding price indices, implicit quantity indices 
are obtained (Oude Lansink et al., 2015; Silva et al., 2015). The usage of input-output data in 
monetary terms is very common approach in the efficiency literature (e.g., Baležentis et al., 
2013; Titko et al., 2014; Hsu, 2015; Setiawan, 2019; Čechura & Žáková Kroupová, 2021).

Correlations between inputs of materials and employees vary between countries, ranging 
from rather low for Norway (0.66) to rather high for Spain (0.99), with rather high values 
on average across all countries (0.98). Nevertheless, both materials and employees are con-
ceptually different inputs and both are indispensable in the firms’ production set, hence we 
believe we cannot omit any of these two variables in our calculations. Also, previous research 
considered both materials and employees as important inputs in the efficiency assessment 
(e.g., Soboh et al., 2014; Kapelko & Oude Lansink, 2017; Čechura & Žáková Kroupová, 2021). 
Furthermore, we found that the correlations between inputs and output are relatively high 
(on average across countries there is 0.99 of correlation between output and employees and 
0.98 of correlation between output and materials) and as López et al. (2016) concluded when 
correlation between inputs and outputs is relatively high, the correlation between inputs is 
not relevant: it does not affect efficiency scores or at the most it might cause the slightly lower 
average efficiency scores. Therefore, given the evidence by López et al. (2016), we believe that 
both materials and employees should be maintained in our computations.

Table 1 provides the averages and standard deviations for input, output and investment 
variables, as well as information on the sample composition for the data pooled over the years 
2009–2017. It shows that French and Spanish companies have, on average, the highest values 
of revenues, material and employee costs, and investments, while the opposite is observed 
for Norwegian firms, which tend to be small with regard to input and output variables. The 
statistics in Table 1 also show that the largest number of firms’ observations in the sample 
are by Italian, Spanish and French companies, which generally reflect the statistics on the 
composition of the number of companies within dietetic food in Europe (Eurostat, 2020a).
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3. Empirical results

Table 2 and Figure 1 present the average values of dynamic technical inefficiency estimates 
for dietetic food firms in the sample countries: pooled and within-country inefficiency and 
country gap, for the entire period 2009–2017, that is for solving Eqs (3) and (4). Based on 
these results, the following observations can be made. Firstly, analyzing the results when firms 
are assessed with regard to country frontier, we should note that average dynamic inefficiency 
ranges from a minimum of 0.076 for Norway to a maximum of 0.380 for France. Therefore, 
given the country frontier, firms in Norway could reduce their variable inputs and increase 
their outputs and investments by 7.6 per cent of the values of the directional vectors, while 
for firms in France the reductions and increments are required in a much larger amount: 
38 per cent when using the own country technology. Also, firms in Poland score relatively 
low on their country-specific dynamic inefficiency, reaching the level of 0.106. This indicates 
that firms in Norway and Poland have relatively low levels of managerial inefficiency related 
to shortcomings in managerial practices, while the opposite is observed for firms in France. 
This also suggests that firms in Norway and Poland are more homogenous in terms of their 
performance, while companies in France are less homogenous than firms in other countries. 
As no previous studies were undertaken to analyze the efficiency of the dietetic food industry, 
the only closest point of comparison for our results are papers on other food manufacturing 
industry, albeit in a different geographical setting to ours. In particular, Rezitis and Kalantzi 
(2016) found relatively large efficiency scores of 0.987 for Greek industry, Rudinskaya (2017) 

Table 1. Averages and standard deviations of firm input-output variables, reported per country and for 
the whole sample, 2009–2017 (millions of PPP, as of 2008)

Country No of firms Revenues Material costs Employee costs Investments

France
397 48.502 18.043 5.846 1.978

(143.748) (46.693) (16.850) (6.572)

Italy
737 8.368 3.997 1.113 0.749

(21.689) (11.522) (2.743) (4.483)

Norway
121 5.798 3.223 1.267 0.298

(4.209) (2.942) (0.968) (0.870)

Poland
166 21.823 11.147 1.919 1.720

(50.451) (25.590) (4.372) (6.477)

Spain
734 41.754 21.226 6.397 2.418

(265.812) (140.649 (37.380) (16.316)

Total
2155 28.025 12.960 3.855 1.593

(168.831) (85.380) (23.194) (10.453)

Note: Standard deviations are in parentheses. Number of firms in France: 46 (2009), 51 (2010), 
53 (2011), 49 (2012), 51 (2013), 43 (2014), 41 (2015), 33 (2016), 30 (2017). Number of firms in Italy: 
60 (2009), 69 (2010), 68 (2011), 73 (2012), 81 (2013), 85 (2014), 88 (2015), 103 (2016), 110 (2017). 
Number of firms in Norway: 12 (2009), 12 (2010), 13 (2011), 13 (2012), 13 (2013), 14 (2014), 15 (2015), 
15 (2016), 14 (2017). Number of firms in Poland: 11 (2009), 16 (2010), 16 (2011), 15 (2012), 19 (2013), 
25 (2014), 22 (2015), 23 (2016), 19 (2017). Number of firms in Spain: 67 (2009), 79 (2010), 73 (2011), 
82 (2012), 85 (2013), 85 (2014), 89 (2015), 89 (2016), 85 (2017).
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reported a moderate value of 0.787 for the Czech Republic, and Kapya et al. (2018) rather 
low efficiency of 0.447 for Zambia. Hence, our results are more in line with the findings of 
Rezitis and Kalantzi (2016) and Rudinskaya (2017) than of Kapya et al. (2018). In particular, 
our average inefficiency results for Norway and Poland approximate these of Rezitis and 
Kalantzi (2016), while our average findings of inefficient performance for France, Italy and 
Spain are consistent with these reported by Rudinskaya (2017). 

Secondly, when comparing the dynamic inefficiencies between countries by looking at 
pooled inefficiencies, we observe that firms in Norway are the most inefficient, while firms in 
Poland are the most efficiently performing firms. In attempting to explain these findings, we 
should note that sample firms in Norway have the highest values of their inputs (materials 
and employees) relative to output (revenues) and are among the countries with the lowest 
investments with regard to output (Table 1). While firms in Poland use quite large values 
of materials relative to output, their employee costs relative to output are still very low and 
are among the countries that invest most with regard to output (Table 1). Being inputs the 
variables aimed to decrease and output and investments to increase, firms in Norway have to 
make much larger improvements in these dimensions of production set than firms in Poland. 
Therefore, the combination of inputs, outputs and investments can explain why firms are 
more or less dynamically efficient in the sample countries. Moreover, among the analyzed 
countries, as revealed by sectoral statistics, the dietetic food industry in Norway exhibited 
the lowest increments in turnover, production and value added in the analyzed period, while 
the Polish sector experienced the highest growth in all variables (Eurostat, 2020a). Hence, 
negligible growth of Norwegian dietetic food sector is accompanied by large values of firms’ 
dynamic inefficiency. Dietetic food is not widespread in the Norwegian marketplace and 
Norwegians are highly skeptical of foods with health claims from manufacturing companies 
(Nystrand & Olsen, 2020), which could explain our results. The finding about Polish sector 
implies that the dietetic food industry’s exceptional growth in Poland is combined with small 
values of dynamic inefficiency. In fact, Poland has observed increasing interest in healthy 
lifestyle and healthy nutrition in recent years, leading to rapidly growing emergence of firms 
suppling such products. That possibly lead to increased competition among dietetic food 
companies, and competitive pressures could force firms to perform more efficiently (Tan 
et al., 2021; Leibenstein, 1973). Also, the position of Polish producers of other food products 
in Europe is stronger than that of the food industry as a whole (Drożdż et al., 2014). Overall, 
based on this evidence, the extent of growth of dietetic food industry seems to be related 
to efficiency results of companies comprising this sector. Comparing country-specific and 
pooled inefficiencies, dietetic food firms from Norway and Spain show the largest increases in 
inefficiency, whereas those from France and Italy exhibit the smallest increases. Remarkably, 
the average inefficiency of dietetic food firms in Norway increased considerably from 0.076 to 
0.611, when computed with regard to a country-specific frontier rather than a metafrontier. 

Thirdly, the average values of the country gap vary from 0.100 for France to 0.535 for 
Norway, which indicates that country-specific frontier from France is closest to the pooled 
frontier, while the opposite applies for firms in Norway. The differences in the average values 
of the country gap between the analyzed countries also suggests differences in the technology 
employed by firms in each country and in their program inefficiency. In particular, the aver-
age country gap of 0.100 might suggest that French firms could use and produce 90 per cent 
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of the output, inputs and investments that could be achieved using metatechnology. In other 
words, firms in France can improve their dynamic performance by 10 per cent, on average, 
by overcoming the limitations in the operational environment through accessing metatech-
nologies. An average country gap indicator of 0.535 could indicate that the maximum feasible 
combination of output, inputs and investments using Norwegian technology is only about 47 
per cent of this combination that could be achieved using the technology represented by the 
pooled frontier. This is a very considerable gap between the group and metafrontiers, which 
suggests that firms in Norway could improve the dynamic performance by 53 per cent, on 
average, by discarding their within-country technologies and learning metafrontier technolo-
gies. The lowest country gap for France indicates that technology in this country is superior 
to technologies in other countries considered; the opposite is true for Norway. 

Fourthly, the decomposition of pooled dynamic inefficiency into dynamic inefficiency 
within each country and the country gap in overall terms suggests that, on average, the fac-
tors embedded in the country are a slightly larger source of pooled inefficiency than firms’ 
managerial practices (0.272 against 0.236). Hence, on average, the resources, technologies 
and other specific environmental constraints provide a larger potential for efficiency im-
provement than firms’ internal practices. However, looking closely at different countries we 
can see that they have divergent profiles in their dynamic inefficiency indicators (Figure 1). 
For firms in France and Italy, the main source of pooled inefficiency is within-country inef-
ficiency, which is due to shortcomings in managerial practices, while for firms in Norway, Po-
land and Spain this is a country gap that is inefficiencies due to country-related reasons and 
restrictive nature of the production environment. Therefore, countries differ in their sources 
for the potential of dynamic efficiency improvement by decreasing inputs and increasing 
output and investments. In particular, French and Italian firms could improve their efficiency 
by focusing on internal activities, that is the management of their resources. On the contrary, 
incentives for increasing efficiency of firms in Norway, Poland and Spain should focus on 
improving the technology employed by these firms. That could be done, for example, through 
investments in new technologies and educating the labor force. 

Figure 1. Inefficiency scores with respect to metafrontier and country-specific frontier,  
and country gap

0

0.2

0.6

0.4

D
yn

am
ic

 in
ef

fic
ie

nc
y

France Italy Norway Poland Spain

Metafrontier
Country-specific frontier
Country gap



906 M. Kapelko et al. Cross-national comparison of dynamic inefficiency for European dietetic food ...

Table 2. Firm inefficiency indicators (pooled and within-country inefficiency, and country gap), average 
values reported, 2009–2017

Country Pooled inefficiency Within-country inefficiency Country gap

France 0.480 0.380 0.100
Italy 0.490 0.255 0.235
Norway 0.611 0.076 0.535
Poland 0.368 0.106 0.262
Spain 0.555 0.194 0.362

Overall 0.508 0.236 0.272

Figure 2 depicts the kernel distributions by country in each one of the inefficiency scores: 
computed with respect to metafrontier and country-specific frontier, and the difference be-
tween these two. When plotting these distributions, we follow the procedure proposed by 
Simar and Zelenyuk (2006). The comparison of pooled inefficiency between countries shows 
that for Norway, Spain and Italy the distributions are concentrated mostly around larger val-
ues of inefficiency of approximately 0.7; for France and Poland we observe the inefficiency 
scores being concentrated both around large and very small, close to zero values. Within-
country inefficiency scores are evenly distributed between zero and 1 for France, Italy and 
Spain, while for Poland and Norway these scores are concentrated more around 0. Finally, 
the visualization of country gaps indicate their even distribution between zero and 1 for all 
countries except France, for which country gap for most of firms is close to 0. Overall, the 
visual inspection of the kernel distributions reveal that distributions of dynamic inefficiency 
scores are substantially different between countries. 

We used the test proposed by Simar and Zelenyuk (2006) to test for the significance of 
the differences in the inefficiencies between countries reported in Table 2 and visualized on 
Figure 213. As discussed in Simar and Zelenyuk (2006), the test is based on an adaptation of 
the Li (1996) test of the equality of two densities to the context of efficiency scores estimated 
via DEA. In particular, Simar and Zelenyuk (2006) show that the best performing approach 
to testing is based on computation and bootstrapping Li statistic, with efficiency estimates 
for firms on the efficient boundary smoothed by adding an uniform noise. We followed 
this procedure in our testing. The results of the tests outlined in Table 3 show that there are 
significant differences in inefficiencies between countries, for pooled, country-specific and 
country gap indicators (except for the differences in pooled inefficiency between Norway 
and Spain). Hence, the differences shown by kernel distributions are now confirmed with 
the values and significance of the tests. Therefore, these results provide clear and statistically 
precise evidence that, when assessed with regard to a metafrontier, firms in Norway and 

13 Kneip et al. (2016) and Simar and Wilson (2020), in addition to convexity and returns to scale tests, also proposed 
a test to assess the differences in average efficiencies. We did not apply this test because it has been developed 
specifically for Farrell efficiency measures and not for directional distance functions, relying on the asymptotic 
properties and convergence rates of Farrell efficiency measures. Simar and Zelenyuk’s (2006) test allows for test-
ing of the differences for directional distance functions directly, as it is more general and does not rely on these 
specific statistical results. In this way, we do not need to apply such an approximated version of Kneip et al. (2016) 
and Simar and Wilson (2020) test, as we did with convexity and returns to scale tests. 
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Spain are the most inefficient, while companies in Poland are the most efficient. When firms 
are assessed with respect to country frontiers, French companies present the largest values 
of inefficiency and Norwegian the smallest. Consequently, Norwegian firms have the largest 
values of country gap in the sample of considered countries.

The results presented so far provide clear evidence of the sources of dynamic inefficiencies 
in dietetic food industry over the entire period analyzed. To gain further insights, we inves-
tigate the changes in average inefficiency over the years represented in the sample. Tables 4, 

Figure 2. Kernel distributions by country for inefficiency scores with respect to metafrontier  
and country-specific frontier, and country gap
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5 and 6 summarize the evolution of pooled and country-specific inefficiencies and the coun-
try gap, respectively, over the period 2009–2017. These results suggest that dynamic pooled 
inefficiency increased substantially over time until 2014 for all countries in the sample and 
then dropped in 2015, with small fluctuation thereafter (Table 4). This consistent increase 
of inefficiency until 2014 across all countries could be due to the global financial crisis, 
which, due to the slowdown in economic development, weakened the demand for food and, 
as a result, caused a decrease in household expenditure on food products (European Com-
mission, 2016). This could be especially a case for costly dietetic foods as price constrains 
consumption and expensive foods decrease their selection by consumers (Skuland, 2015). 
Moreover, crisis could switch demand from costly food products such as dietetic food to 
cheaper food alternatives. Furthermore, this period is also characterized by the volatility of 
agricultural commodity prices, which impacted the cost base of food manufacturers. The 
dramatic increase in costs was only partially passed on consumers and consumer prices 
increased steadily (European Commission, 2016; Kowalski & Wigier, 2014). Therefore, the 
increase in prices was absorbed by the food industry itself, which could cause increases in 
firms’ inefficiency. Another finding to note is a rather small fluctuation in within-country 

Table 3. Results of Simar and Zelenyuk (2006) adapted Li test (test statistic and significance level) for 
inefficiency indicators (for pooled and within-country inefficiency, and country gap) 

Pooled inefficiency
France Italy Norway Poland Spain

France – 8.160*** 5.437*** 11.478*** 10.095***
Italy – 9.066*** 8.574*** 18.674***
Norway – 20.440*** 1.196
Poland – 35.014***
Spain –

Within-country inefficiency
France Italy Norway Poland Spain

France – 69.516*** 42.713*** 49.344*** 102.495***
Italy – 39.250*** 41.502*** 34.346***
Norway – –1.835** 28.568***
Poland – 25.817***
Spain –

Country gap
France Italy Norway Poland Spain

France – 83.037*** 103.148*** 36.022*** 114.129***
Italy – 63.375*** 3.507*** 49.437***
Norway – 31.818*** 22.812***
Poland – 13.218***
Spain –

Notes: *** Denotes statistically significant differences between models at the critical 1 per cent level; 
** Denotes statistically significant differences between models at the critical 5 per cent level.
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inefficiency during the analyzed period (Table 5). Therefore, the results might suggest that 
the challenges associated with global financial crisis mostly impacted the dietetic food firms 
competitiveness and performance on the European market, while their performance against 
country benchmarks remained fairly stable. This could be explained by the dramatic fall 
of the world trade during financial crisis, including food products (Levchenko et al., 2010; 
Headey, 2011). The only exception seems to be dietetic food firms in France, for which the 
ability to perform efficiently was constrained both for pooled and within-country inefficiency 
during the period related with global financial crisis. As a consequence of developments in 
pooled inefficiency and within-country inefficiency, the evolution of the country gap follows 
the trends of pooled inefficiency; that is, an increase in inefficiency until 2014 and then a 
decrease in 2015 with fluctuations thereafter (Table 6).

Finally, we are interested in assessing contributions of each input, output and investment 
to dynamic inefficiencies, that is which variables are most and which are least inefficient. This 

Table 4. Evolution of firm pooled inefficiency, average values reported

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017

France 0.416 0.507 0.514 0.567 0.566 0.602 0.389 0.335 0.294
Italy 0.418 0.496 0.503 0.548 0.517 0.585 0.431 0.444 0.479
Norway 0.523 0.651 0.639 0.686 0.697 0.704 0.549 0.572 0.495
Poland 0.325 0.364 0.363 0.458 0.445 0.468 0.325 0.276 0.280
Spain 0.499 0.549 0.594 0.613 0.617 0.642 0.484 0.499 0.501

Overall 0.446 0.516 0.533 0.577 0.565 0.602 0.440 0.442 0.451

Table 5. Evolution of firm within-country inefficiency, average values reported 

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017

France 0.366 0.449 0.485 0.513 0.500 0.496 0.141 0.119 0.131
Italy 0.172 0.229 0.201 0.257 0.226 0.235 0.285 0.288 0.332
Norway 0.100 0.092 0.114 0.086 0.060 0.064 0.098 0.040 0.045
Poland 0.067 0.051 0.067 0.032 0.112 0.163 0.112 0.127 0.150
Spain 0.254 0.231 0.130 0.121 0.151 0.164 0.225 0.242 0.223

Overall 0.235 0.259 0.231 0.239 0.239 0.239 0.215 0.223 0.244

Table 6. Evolution of firm country gap, average values reported 

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017

France 0.050 0.059 0.029 0.054 0.066 0.106 0.248 0.216 0.163
Italy 0.246 0.267 0.301 0.291 0.291 0.350 0.146 0.156 0.146
Norway 0.423 0.559 0.526 0.601 0.638 0.639 0.451 0.532 0.451
Poland 0.258 0.313 0.297 0.426 0.333 0.305 0.213 0.149 0.130
Spain 0.245 0.317 0.463 0.492 0.466 0.478 0.258 0.257 0.278

Overall 0.211 0.256 0.302 0.338 0.326 0.363 0.225 0.219 0.207
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is possible through nonradial model, as shown by Eq. (5). Because nonradial model might be 
biased for the metafrontier framework (Yu et al., 2022), as country gap might be lower than 
0, we apply this model assuming all firms in the sample that is to compute pooled dynamic 
inefficiency. Table 7 summarizes the results for output-, input- and investment-specific dy-
namic inefficiencies for the entire period 2009–2017.

Table 7. Input-, output- and investment-specific pooled inefficiency, average values reported, 2009–2017

Country Output Materials Employees Investments

France 0.449 0.091 0.079 96.858
Italy 0.998 0.094 0.105 86.891
Norway 2.158 0.114 0.112 111.629
Poland 0.288 0.173 0.030 77.831
Spain 3.889 0.114 0.111 73.103

Overall 1.556 0.117 0.087 89.262

The results show that over the entire period 2009–2017 investments are the most inef-
ficient factor for dietetic food firms in all countries, followed by output, materials and em-
ployees. On average across all countries, the average employee-specific, materials-specific, 
output-specific and investment-specific dynamic inefficiency was 0.087, 0.117, 1.556 and 
89.262, respectively. These findings indicate a substantial scope for reducing the use of em-
ployees (8.7%) and materials (11.7%) and for increasing output and investment more than 1.5 
times and 89 times, respectively. The result on such a large values of investments inefficiency 
is common in dynamic efficiency studies (e.g., Kapelko & Oude Lansink, 2017). Moreover, 
the results show that Norwegian firms are least efficient in using labor and investments com-
pared to other countries, while firms in Spain and Poland are using their output and materials 
least efficiently, respectively. Conversely, firms in Poland are least inefficient regarding output 
and employees, whereas Spanish firms perform best with respect to investments, and French 
companies with respect to materials. Therefore, the good efficient performance of Polish 
firms shown in Table 2 is due to dimension of output and employees, and worst efficiency of 
firms in Norway exhibited in Table 2 is related mainly with investments and labor. Overall, 
the results indicate that in order to improve efficiency the firms main efforts should focus 
on investment dimension of the production set. Firms could improve efficiency in the use of 
investments by, for example, a better training of personal in the use of new technologies that 
could reduce investments’ adjustment costs.

Conclusions 

The demand for healthy food has been growing worldwide, which has caused the growth 
of the industries supplying this kind of product, including the dietetic food manufactur-
ing sector. The aspect of food healthiness forms part of the characteristics of sustainable 
food consumption, and is also related to CSR. The present paper is the first to assess and 
compare the inefficiency of dietetic food manufacturing firms in Europe between five coun-
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tries representing Western, Southern, Eastern and Northern European regions. Given the 
potential importance of adjustment costs in this industry, the present study applied the dy-
namic measures of firm inefficiency using DEA. For this purpose, we used the concept of 
a metafrontier and analyzed the inefficiency differences between countries by estimating 
dynamic inefficiencies with regard to a metafrontier and a country-specific frontier, and 
computed the difference and gap between these frontiers. Furthermore, we applied recent 
results for testing the main assumptions of the DEA model. Given the increasing importance 
of European dietetic food industry as a result of consumer awareness for healthy foods, the 
study of the efficiency of this industry is essential. It is important for various business stake-
holders, such as business managers and policy makers, to know how well production inputs 
are being converted into outputs and investments given the production technology, how 
firms are performing in changing economic conditions, and which policies to use in order 
to improve the performance. 

The main findings of this study indicate that Polish dietetic food firms are the least dy-
namically inefficient among the countries analyzed. Polish firms are also among the least 
inefficient when assessed with regard to own-country benchmarks; hence, their managerial 
inefficiency is low. Another interesting result is that firms in Norway are the most ineffi-
cient when assessed with reference to all other countries, but are the least inefficient when 
evaluated against own-country benchmarks; as a consequence, their country gap (that is, 
program inefficiency) is the largest. Furthermore, managerial inefficiency dominates for firms 
in France and Italy, while program inefficiency is the main reason for pooled inefficiency 
for firms in Norway, Poland and Spain. We also find that dynamic inefficiency increased in 
the period related to global financial crisis, but started to recover afterwards. The analysis of 
the reasons for time variation in inefficiencies is worthy of further investigation. Finally, the 
results show that the main source of overall inefficiency were investments. 

The results of this study could be of interest to dietetic food firm managers and policy 
makers. Assessing the differences in efficiency between European countries can provide 
benchmarking information for managers to improve the performance and competitiveness of 
firms. Cross-country benchmarking can also guide the implementation of reforms and poli-
cies. In particular, since firms in France and Italy suffer mostly from managerial inefficiency, 
the policies should be targeted at firms and improvement of performance within firms; for 
example, through education and training programs for managers. Our results also imply that 
policies for firms in Norway, Poland and Spain should focus on the improvements in the 
production environment, because their inefficiency is dominated by program inefficiency. 
This could be done, for example, by improvements in transport infrastructure, deregulation 
of financial markets or relaxing labor laws. 

This study has not sought to cover all activities of firms devoted to offer dietetic food 
products. For example, dairy firms often offer many products under the label “dietetic food”. 
The present study is limited in the sense that we have focused on firms whose main activity 
is concerned with the production of dietetic food, omitting firms that offer such foods in 
addition to their regular range of products. Therefore, future studies could analyze a broader 
range of food firms, including those for which dietetic food is not a main activity. As con-
sumer needs are a powerful cause of innovations, the food industry is increasingly respond-
ing to changing consumer preferences by introducing innovations (European Commission, 
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2016). Hence, it would be interesting for future research to analyze the innovativeness of the 
European dietetic food industry and its relation to firm performance and efficiency. From the 
methodological point of view, future study could be extended towards economic inefficiency 
measures, considering optimal amounts of outputs and inputs consistent with profit maxi-
mization, along the proposal by Ang and Oude Lansink (2018). Also, dynamic productivity 
change over time could be assessed, exploiting the usage of dynamic Luenberger indicator 
of Oude Lansink et al. (2015) and extending it towards profit productivity change measures 
(Juo et al., 2015). As a future research, alternative methodologies could be used for compar-
ing efficiency between groups of firms including proposals of Camanho and Dyson (2006) 
or Aparicio and Santin (2018). Since inputs and outputs often present some variability and 
imprecision in their measurement, future research could extend the conventional dynamic 
DEA model used in this study towards, for example, dynamic fuzzy DEA (for a static case, 
see Sengupta, 1992a, 1992b). Similarly, the DEA model we use treat firms as black boxes, 
without consideration of internal or linking activities, therefore the next step in the future 
analysis would be the extension towards dynamic network DEA model (see, Färe & Gross-
kopf, 1996). Both the application of fuzzy and network dynamic models would require a 
different dataset than the one used in this study. Finally, the current study opens up a future 
research area for comparing the efficiency of dietetic food industry with other branches of 
food manufacturing.

Acknowledgements 

We thank two anonymous reviewers and associate editor for providing constructive com-
ments and help in improving the contents and presentation of this paper. This project is 
financed by the Ministry of Science and Higher Education in Poland under the program 
“Regional Initiative of Excellence” 2019–2022 project number 015/RID/2018/19 total fund-
ing amount 10721040.00 PLN. The first author acknowledges also the financial support from 
the National Science Centre in Poland grant no. 2016/23/B/HS4/03398. The calculations 
of adapted Li test were made at the Wroclaw Centre for Networking and Supercomputing 
(www.wcss.wroc.pl), grant no. 286.

Funding

This project is financed by the Ministry of Science and Higher Education in Poland under 
the program “Regional Initiative of Excellence” 2019–2022 project number 015/RID/2018/19 
total funding amount 10721040.00 PLN. The first author acknowledges also the financial 
support from the National Science Centre in Poland under grant no. 2016/23/B/HS4/03398.

Author contributions 

Conceptualization: M.K.; J.H.; data curation: M.K.; formal analysis: M.K.; funding acquisi-
tion: M.K.; J.H.; A.O.; A.P.; investigation: M.K.; methodology: M.K.; software: M.K.; valida-
tion: M.K.; visualization: M.K.; project administration: J.H.; writing – original draft: M.K.; 
writing - review & editing: M.K.; J.H.; A.O.; A.P.

http://www.wcss.wroc.pl


Technological and Economic Development of Economy, 2022, 28(4): 893–919 913

Disclosure statement 

Authors don’t have any competing financial, professional, or personal interests from other 
parties.

References

Afshin, A., Sur, P. J., Fay, K. A., Cornaby, L., Ferrara, G., Salama, J. S., & Afarideh, M. (2019). Health 
effects of dietary risks in 195 countries, 1990–2017: A systematic analysis for the Global Burden of 
Disease Study 2017. The Lancet, 393(10184), 1958–1972. 
https://doi.org/10.1016/S0140-6736(19)30041-8

Aigner, D. J., Lovell, C. A. K., & Schmidt, P. (1977). Formulation and estimation of stochastic frontier 
production function models. Journal of Econometrics, 6(1), 21–37. 
https://doi.org/10.1016/0304-4076(77)90052-5

Ali, J., Singh, S. P., & Ekanem, E. (2009). Efficiency and productivity changes in the Indian food process-
ing industry: Determinants and policy implications. International Food and Agribusiness Manage-
ment Review, 12, 43–66. 

Ang, F., & Oude Lansink, A. (2018). Decomposing dynamic profit inefficiency of Belgian dairy farms. 
European Review of Agricultural Economics, 45(1), 81–99. https://doi.org/10.1093/erae/jbx024

Aparicio, J., & Kapelko, M. (2019). Accounting for slacks to measure dynamic inefficiency in data en-
velopment analysis. European Journal of Operational Research, 278(2), 463–471. 
https://doi.org/10.1016/j.ejor.2018.08.045

Aparicio,  J., & Santín, D. (2018). A note on measuring group performance over time with pseudo-
panels. European Journal of Operational Research, 267(1), 227–235. 
https://doi.org/10.1016/j.ejor.2017.11.049

Auer, B. R., & Schuhmacher, F. (2016). Do socially (ir)responsible investments pay? New evidence from 
international ESG data. The Quarterly Review of Economics and Finance, 59, 51–62. 
https://doi.org/10.1016/j.qref.2015.07.002

Baležentis, T., & Oude Lansink, A. (2020). Measuring dynamic biased technical change in Lithuanian 
cereal farms. Agribusiness, 36(2), 208–225. https://doi.org/10.1002/agr.21623

Baležentis,  T., Misiūnas,  A., & Baležentis,  A. (2013). Efficiency and productivity change across the 
economic sectors in Lithuania (2000–2010): The DEA–MULTIMOORA approach. Technological 
and Economic Development of Economy, 19(Supl 1), S191–S213. 
https://doi.org/10.3846/20294913.2013.881431

Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating technical and scale 
inefficiencies in Data Envelopment Analysis. Management Science, 30(9), 1078–1092. 
https://doi.org/10.1287/mnsc.30.9.1078

Battese, G. E, Prasada Rao, D. S., & O’Donnell, Ch. J. (2004). A metafrontier production function for 
estimation of technical efficiencies and technology gaps for firms operating under different tech-
nologies. Journal of Productivity Analysis, 21, 91–103. 
https://doi.org/10.1023/B:PROD.0000012454.06094.29

Boyd, G. A., & Doolin, M. (2021). An alternative approach to estimation of the energy efficiency gap in 
food processing. Energy Efficiency, 14(3), 1–22. https://doi.org/10.1007/s12053-021-09942-3

Bragazzi, N. L., Martini, M., Saporita, T. C., Nucci, D., Gianfredi, V., Maddalo, F., Di Capua, A. M., 
Tovani, F., & Marensi, L. (2017). Nutraceutical and functional food regulations in the European 
Union. In D. Bagchi & S. Nair (Eds.), Developing new functional food and nutraceutical products  
(pp. 309–322). Academic Press. https://doi.org/10.1016/B978-0-12-802780-6.00017-1

https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.1016/0304-4076(77)90052-5
https://doi.org/10.1093/erae/jbx024
https://doi.org/10.1016/j.ejor.2018.08.045
https://doi.org/10.1016/j.ejor.2017.11.049
https://doi.org/10.1016/j.qref.2015.07.002
https://doi.org/10.1002/agr.21623
https://doi.org/10.3846/20294913.2013.881431
https://doi.org/10.1287/mnsc.30.9.1078
https://doi.org/10.1023/B:PROD.0000012454.06094.29
https://doi.org/10.1007/s12053-021-09942-3
https://doi.org/10.1016/B978-0-12-802780-6.00017-1


914 M. Kapelko et al. Cross-national comparison of dynamic inefficiency for European dietetic food ...

Camanho, A. S., & Dyson, R. G. (2006). Data envelopment analysis and Malmquist indices for measur-
ing group performance. Journal of Productivity Analysis, 26(1), 35–49. 
https://doi.org/10.1007/s11123-006-0004-8

Carlucci, F. V., Lemos, S. V., Junior, A. P. S., & Rebehy, P. C. P. W. (2021). Environmental, field and 
impurity factors to increase the agricultural performance of Brazilian and Australian sugarcane 
mills. Clean Technologies and Environmental Policy, 23, 2083–2100. 
https://doi.org/10.1007/s10098-021-02105-z

Chambers, R. G., Chung, Y., & Färe, R. (1998). Profit, directional distance functions, and Nerlovian 
efficiency. Journal of Optimization Theory and Applications, 98, 351–364. 
https://doi.org/10.1023/A:1022637501082

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of Decision Making Units. 
European Journal of Operational Research, 2(6), 429–444. 
https://doi.org/10.1016/0377-2217(78)90138-8

Charnes, A., Cooper, W. W., & Rhodes, E. (1981). Evaluating program and managerial efficiency: An 
application of Data Envelopment Analysis to program follow through. Management Science, 27(6), 
668–697. https://doi.org/10.1287/mnsc.27.6.668

Chen, C. M. (2009). A network-DEA model with new efficiency measures to incorporate the dynamic 
effect in production networks. European Journal of Operational Research, 194(3), 687–699. 
https://doi.org/10.1016/j.ejor.2007.12.025

Čechura, L., & Žáková Kroupová, Z. (2021). Technical efficiency in the European dairy industry: Can 
we observe systematic failures in the efficiency of input use? Sustainability, 13(4), 1830. 
https://doi.org/10.3390/su13041830

Dios-Palomares, R., & Martínez-Paz, J. M. (2011). Technical, quality and environmental efficiency in 
the olive oil industry. Food Policy, 36(4), 526–534. https://doi.org/10.1016/j.foodpol.2011.04.001

Domínguez Díaz, L., Fernández-Ruiz, V., & Cámara, M. (2020). An international regulatory review of 
food health-related claims in functional food products labeling. Journal of Functional Foods, 68, 
103896. https://doi.org/10.1016/j.jff.2020.103896

Drożdż, J., Mroczek, R., Tereszczuk, M., & Urban, R. (2014). Polish food industry in 2008–2013. Institute 
of Agricultural and Food Economics, National Research Institute. Retrieved May 9, 2020, from 
https://ierigz.waw.pl/download/18474-r-117.1_mroczek_b5.pdf 

Dyson, R. G., Allen, R., Camanho, A. S., Podinovski, V. V., Sarrico, C. S., & Shale, E. A. (2001). Pitfalls 
and protocols in DEA. European Journal of Operational Research, 132(2), 245–259. 
https://doi.org/10.1016/S0377-2217(00)00149-1

El Bilali, H., Callenius, C., Strassner, C., & Probst, L. (2019). Food and nutrition security and sustain-
ability transitions in food systems. Food and Energy Security, 8(2), e00154. 
https://doi.org/10.1002/fes3.154

Esteve-Llorens, X., Martin-Gamboa, M., Iribarren, D., Moreira, M. T., Feijoo, G., & Gonzalez-Garcia, S. 
(2020). Efficiency assessment of diets in the Spanish regions: A multi-criteria cross-cutting ap-
proach. Journal of Cleaner Production, 242, 118491. https://doi.org/10.1016/j.jclepro.2019.118491

European Commission. (2016). The competitive position of the European food and drink industry. Pub-
lications Office of the European Union. Retrieved June 10, 2020, from https://ec.europa.eu/docs-
room/documents/15496/attachments/1/translations/en/renditions/native

European Parliament, & Council of the European Union. (2009). Directive 2009/39/EC of the Eu-
ropean Parliament and of the Council of 6 May 2009 on foodstuffs intended for particular nutri-
tional uses. Official Journal of the European Union. https://eur-lex.europa.eu/legal-content/en/
ALL/?uri=CELEX%3A32009L0039

European Parliament, & Council of the European Union. (2013). Regulation (EU) no 609/2013 of the Eu-
ropean Parliament and of the Council of 12 June 2013 on food intended for infants and young children, 

https://doi.org/10.1007/s10098-021-02105-z
https://doi.org/10.1023/A:1022637501082
https://doi.org/10.1016/0377-2217(78)90138-8
https://doi.org/10.1287/mnsc.27.6.668
https://doi.org/10.1016/j.ejor.2007.12.025
https://doi.org/10.3390/su13041830
https://doi.org/10.1016/j.foodpol.2011.04.001
https://doi.org/10.1016/j.jff.2020.103896
https://doi.org/10.1016/S0377-2217(00)00149-1
https://doi.org/10.1002/fes3.154
https://doi.org/10.1016/j.jclepro.2019.118491


Technological and Economic Development of Economy, 2022, 28(4): 893–919 915

food for special medical purposes, and total diet replacement for weight control. Official Journal of the 
European Union. https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32013R0609

Eurostat. (2008). NACE Rev. 2. Statistical classification of economic activities in the European Commu-
nity. Office for Official Publications of the European Communities. Retrieved March 10, 2020, from 
https://ec.europa.eu/eurostat/documents/3859598/5902521/KS-RA-07-015-EN.PDF 

Eurostat. (2020a). Structural business statistics. Retrieved January 10, 2020, from https://ec.europa.eu/
eurostat/web/structural-business-statistics/data/database

Eurostat. (2020b). Short term business statistics. Retrieved January 10, 2020, from https://ec.europa.eu/
eurostat/web/short-term-business-statistics/data/database

Färe, R., & Grosskopf, S. (1996). Intertemporal production frontiers: With dynamic DEA. Kluwer Aca-
demic Publishers. https://doi.org/10.1007/978-94-009-1816-0

Farrell, M. J. (1957). The measurement of productive efficiency. Journal of the Royal Statistical Society, 
Series A: General, 120(3), 253–281. https://doi.org/10.2307/2343100

Food and Agriculture Organization. (2010). Sustainable diets and biodiversity. Directions and solutions 
for policy, research and action. In B. Burlingame & S. Dernini (Eds.), Proceedings of the Interna-
tional Scientific Symposium Biodiversity and Sustainable Diets United against Hunger. Food and 
Agricultural Organization Headquarters, Rome. 

Fukuyama, H., & Weber, W. L. (2017). Measuring bank performance with a dynamic network Luen-
berger indicator. Annals of Operations Research, 250(1), 85–104. 
https://doi.org/10.1007/s10479-015-1922-5

Gardijan, M., & Lukač, Z. (2018). Measuring the relative efficiency of the food and drink industry in 
the chosen EU countries using the data envelopment analysis with missing data. Central European 
Journal of Operations Research, 26(3), 695–713. https://doi.org/10.1007/s10100-018-0540-0

Giokas, D., Eriotis, N., & Dokas, I. (2015). Efficiency and productivity of the food and beverage listed 
firms in the pre-recession and recessionary periods in Greece. Applied Economics, 47(19), 1927–
1941. https://doi.org/10.1080/00036846.2014.1002886

Gołaś, Z., & Bieniasz, A. (2016). Empirical analysis of the influence of inventory management on fi-
nancial performance in the food industry in Poland. Inzinerine Ekonomika-Engineering Economics, 
27(3), 264–275. https://doi.org/10.5755/j01.ee.27.3.5933

Hansson, H., Manevska-Tasevska, G., & Asmild, M. (2020). Rationalising inefficiency in agricultural 
production – the case of Swedish dairy agriculture. European Review of Agricultural Economics, 
47(1), 1–24. https://doi.org/10.1093/erae/jby042

Headey,  D. (2011). Rethinking the global food crisis: The role of trade shocks. Food Policy, 36(2), 
136–146. https://doi.org/10.1016/j.foodpol.2010.10.003

Health Council of the Netherlands. (2011). Guidelines for a healthy diet: The ecological perspective. 
No. 2011/08E. Hague. Retrieved September 10, 2020, from https://www.healthcouncil.nl/binaries/
healthcouncil/documents/advisory-reports/2011/06/16/guidelines-for-a-healthy-diet-the-ecologi-
cal-perspective/advisory-report.pdf 

Herath, D., Cranfield,  J., Henson, S., & Sparling, D. (2008). Firm, market, and regulatory factors in-
fluencing innovation and commercialization in Canada’s functional food and nutraceutical sector. 
Agribusiness: An International Journal, 24(2), 207–230. https://doi.org/10.1002/agr.20156

Hsu, L. C. (2015). Using a decision-making process to evaluate efficiency and operating performance 
for listed semiconductor companies. Technological and Economic Development of Economy, 21(2), 
301–331. https://doi.org/10.3846/20294913.2013.876689

Juo,  J. C., Fu, T. T., Yu, M. M., & Lin, Y. H. (2015). Profit-oriented productivity change. Omega, 57, 
176–187. https://doi.org/10.1016/j.omega.2015.04.013

Kapelko, M. (2017). Dynamic versus static inefficiency assessment of the Polish meat-processing in-

https://doi.org/10.1007/978-94-009-1816-0
https://doi.org/10.2307/2343100
https://doi.org/10.1007/s10479-015-1922-5
https://doi.org/10.1007/s10100-018-0540-0
https://doi.org/10.1080/00036846.2014.1002886
https://doi.org/10.5755/j01.ee.27.3.5933
https://doi.org/10.1093/erae/jby042
https://doi.org/10.1016/j.foodpol.2010.10.003
https://doi.org/10.1002/agr.20156
https://doi.org/10.3846/20294913.2013.876689
https://doi.org/10.1016/j.omega.2015.04.013


916 M. Kapelko et al. Cross-national comparison of dynamic inefficiency for European dietetic food ...

dustry in the aftermath of the European Union integration and financial crisis. Agribusiness: An 
International Journal, 33(4), 505–521. https://doi.org/10.1002/agr.21515

Kapelko, M., & Oude Lansink, A. (2017). Dynamic multi-directional inefficiency analysis of European 
dairy manufacturing firms. European Journal of Operational Research, 257(1), 338–344. 
https://doi.org/10.1016/j.ejor.2016.08.009

Kapelko, M., & Oude Lansink, A. (2018). Managerial and program inefficiency for European meat 
manufacturing firms: A dynamic multidirectional inefficiency analysis approach. Journal of Pro-
ductivity Analysis, 49(1), 25–36. https://doi.org/10.1007/s11123-017-0519-1

Kapelko, M., Oude Lansink, A., & Stefanou, S. E. (2014). Assessing dynamic inefficiency of the Spanish 
construction sector pre- and post-financial crisis. European Journal of Operational Research, 237(1), 
349–357. https://doi.org/10.1016/j.ejor.2014.01.047

Kapelko, M., Oude Lansink, A., & Stefanou, S. E. (2017). Input‐specific dynamic productivity change: 
Measurement and application to European dairy manufacturing firms. Journal of Agricultural Eco-
nomics, 68(2), 579–599. https://doi.org/10.1111/1477-9552.12188

Kapya,  D., Conradie,  B., & Black,  A. (2018). Can agro-processing lead re-industrialisation in Sub-
Saharan Africa? A two-stage approach to productivity analysis. African Journal of Agricultural and 
Resource Economics, 13(3), 199–208.

Kearney, J. (2010). Food consumption trends and drivers. Philosophical Transactions of the Royal Society 
B: Biological Sciences, 365(1554), 2793–2807. https://doi.org/10.1098/rstb.2010.0149

Kedžo, M. G., & Lukač, Z. (2021). The financial efficiency of small food and drink producers across se-
lected European Union countries using data envelopment analysis. European Journal of Operational 
Research, 291(2), 586–600. https://doi.org/10.1016/j.ejor.2020.01.066

Kerstens, K., O’Donnell, C., & Van de Woestyne, I. (2019). Metatechnology frontier and convexity: A 
restatement. European Journal of Operational Research, 275(2), 780–792. 
https://doi.org/10.1016/j.ejor.2018.11.064

Kneip, A., Park, B. U., & Simar, L. (1998). A note on the convergence of nonparametric DEA estimators 
for production efficiency scores. Econometric Theory, 14(6), 783–793. 
https://doi.org/10.1017/S0266466698146042

Kneip, A., Simar, L., & Wilson, P. W. (2015). When bias kills the variance: Central limit theorems for 
DEA and FDH efficiency scores. Econometric Theory, 31(2), 394–422. 
https://doi.org/10.1017/S0266466614000413

Kneip, A., Simar, L., & Wilson, P. W. (2016). Testing hypotheses in nonparametric models of produc-
tion. Journal of Business & Economic Statistics, 34(3), 435–456. 
https://doi.org/10.1080/07350015.2015.1049747

Kowalski, A., & Wigier, M. (2014). Competitiveness of the Polish food economy in the conditions of global-
ization and European integration. Institute of Agricultural and Food Economics, National Research 
Institute, Warsaw. Retrieved May 9, 2020, from 
https://www.ierigz.waw.pl/download/18898-r-147.1__b5.pdf 

Küster-Boluda, I., & Vidal-Capilla,  I. (2017). Consumer attitudes in the election of functional foods. 
Spanish Journal of Marketing – ESIC, 21(Suppl 1), 65–79. https://doi.org/10.1016/j.sjme.2017.05.002

Lambarraa, F., Stefanou, S., & Gil, S. M. (2016). The analysis of irreversibility, uncertainty and dynamic 
technical inefficiency on the investment decision in the Spanish olive sector. European Review of 
Agricultural Economics, 43(1), 59–77. https://doi.org/10.1093/erae/jbv006

Leibenstein, H. (1973). Competition and X-efficiency: Reply. Journal of Political Economy, 81(3), 765–
777. https://doi.org/10.1086/260073

Levchenko, A. A., Lewis, L. T., & Tesar, L. L. (2010). The collapse of international trade during the 
2008–09 crisis: In search of the smoking gun. IMF Economic Review, 58(2), 214–253. 
https://doi.org/10.1057/imfer.2010.11

https://doi.org/10.1002/agr.21515
https://doi.org/10.1016/j.ejor.2016.08.009
https://doi.org/10.1007/s11123-017-0519-1
https://doi.org/10.1016/j.ejor.2014.01.047
https://doi.org/10.1111/1477-9552.12188
https://doi.org/10.1098/rstb.2010.0149
https://doi.org/10.1016/j.ejor.2020.01.066
https://doi.org/10.1016/j.ejor.2018.11.064
https://doi.org/10.1017/S0266466698146042
https://doi.org/10.1017/S0266466614000413
https://doi.org/10.1080/07350015.2015.1049747
https://doi.org/10.1016/j.sjme.2017.05.002
https://doi.org/10.1093/erae/jbv006
https://doi.org/10.1086/260073
https://doi.org/10.1057/imfer.2010.11


Technological and Economic Development of Economy, 2022, 28(4): 893–919 917

Li, Q. (1996). Nonparametric testing of closeness between two unknown distribution functions. Econo-
metric Reviews, 15(3), 261–274. https://doi.org/10.1080/07474939608800355

Li, T., Baležentis, T., Cao, L., Zhu, J., Štreimikienė, D., & Melnikienė, R. (2018). Technical change direc-
tions of China’s grain production: application of the bias-corrected Malmquist indices. Technological 
and Economic Development of Economy, 24(5), 2065–2082. 
https://doi.org/10.3846/20294913.2017.1352050

López, F. J., Ho, J. C., & Ruiz-Torres, A. J. (2016). A computational analysis of the impact of correlation 
and data translation on DEA efficiency scores. Journal of Industrial and Production Engineering, 
33(3), 192–204. https://doi.org/10.1080/21681015.2015.1136704

Luenberger, D. G. (1992a). New optimality principles for economic efficiency and equilibrium. Journal 
of Optimization Theory and Applications, 75(2), 221–264. https://doi.org/10.1007/BF00941466

Luenberger, D. G. (1992b). Benefit functions and duality. Journal of Mathematical Economics, 21(5), 
461–481. https://doi.org/10.1016/0304-4068(92)90035-6

Martínez-Victoria, M., Maté‐Sánchez-Val, M., & Oude Lansink, A. (2019). Spatial dynamic analysis of 
productivity growth of agri-food companies. Agricultural Economics, 50(3), 315–327. 
https://doi.org/10.1111/agec.12486

Minviel, J. J., & Sipiläinen, T. (2021). A dynamic stochastic frontier approach with persistent and tran-
sient inefficiency and unobserved heterogeneity. Agricultural Economics, 52(4), 575–589. 
https://doi.org/10.1111/agec.12636

Morrison-Paul, C. J. (1997). Structural change, capital investment and productivity in the food process-
ing industry. American Journal of Agricultural Economics, 79(1), 110–125. 
https://doi.org/10.2307/1243947

Morrison-Paul, C. J., & Siegel, D. S. (2006). Corporate social responsibility and economic performance. 
Journal of Productivity Analysis, 26(3), 207–2011. https://doi.org/10.1007/s11123-006-0016-4

Mulwa, M. R., Emrouznejad, A., & Murithi, F. M. (2009). Impact of liberalization on efficiency and 
productivity of sugar industry in Kenya. Journal of Economic Studies, 36(3), 250–264. 
https://doi.org/10.1108/01443580910983843

Namiotko, V., & Baležentis, T. (2017). Dynamic efficiency under investment spikes in Lithuanian cereal 
and dairy farms. Economics and Sociology, 10(2), 33–46. 
https://doi.org/10.14254/2071-789X.2017/10-2/3

Nemoto, J., & Goto, M. (2003). Measurement of dynamic efficiency in production: an application of 
data envelopment analysis to Japanese electric utilities. Journal of Productivity Analysis, 19, 191–210. 
https://doi.org/10.1023/A:1022805500570

Niavis, S., Tamvakis, N., Manos, B., & Vlontzos, G. (2018). Assessing and explaining the efficiency of 
extensive olive oil farmers: The case of Pelion peninsula in Greece. Agriculture, 8(2), 25. 
https://doi.org/10.3390/agriculture8020025

Nystrand, B. T., & Olsen, S. O. (2020). Consumers’ attitudes and intentions toward consuming func-
tional foods in Norway. Food Quality and Preference, 80, 103827. 
https://doi.org/10.1016/j.foodqual.2019.103827

O’Donnell, Ch. J., Prasada Rao, D. S., & Battese, G. E. (2008). Metafrontier frameworks for the study 
of firm-level efficiencies and technology ratios. Empirical Economics, 34, 231–255. 
https://doi.org/10.1007/s00181-007-0119-4

Oude Lansink, A., Stefanou, S., & Serra, T. (2015). Primal and dual dynamic Luenberger productivity 
indicators. European Journal of Operational Research, 241(2), 555–563. 
https://doi.org/10.1016/j.ejor.2014.09.027

Park, B. U., Simar, L., & Weiner, C. (2000). FDH efficiency scores for productivity efficiency scores: 
Asymptotic properties. Econometric Theory, 16(6), 855–877. 
https://doi.org/10.1017/S0266466600166034

https://doi.org/10.1080/07474939608800355
https://doi.org/10.3846/20294913.2017.1352050
https://doi.org/10.1080/21681015.2015.1136704
https://doi.org/10.1007/BF00941466
https://doi.org/10.1016/0304-4068(92)90035-6
https://doi.org/10.1111/agec.12486
https://doi.org/10.1111/agec.12636
https://doi.org/10.2307/1243947
https://doi.org/10.1007/s11123-006-0016-4
https://doi.org/10.14254/2071-789X.2017/10-2/3
https://doi.org/10.1023/A:1022805500570
https://doi.org/10.3390/agriculture8020025
https://doi.org/10.1016/j.foodqual.2019.103827
https://doi.org/10.1007/s00181-007-0119-4
https://doi.org/10.1016/j.ejor.2014.09.027
https://doi.org/10.1017/S0266466600166034


918 M. Kapelko et al. Cross-national comparison of dynamic inefficiency for European dietetic food ...

Ramcilovic-Suominen, S., & Pülzl, H. (2018). Sustainable development – a “selling point” of the emerg-
ing EU bioeconomy policy framework? Journal of Cleaner Production, 172, 4170–4180. 
https://doi.org/10.1016/j.jclepro.2016.12.157

Rezitis, A. N., & Kalantzi, M. A. (2016). Investigating technical efficiency and its determinants by data 
envelopment analysis: An application in the Greek food and beverages manufacturing industry. 
Agribusiness: An International Journal, 32(2), 254–271. https://doi.org/10.1002/agr.21432

Rudinskaya, T. (2017). Heterogeneity and efficiency of food processing companies in the Czech Repub-
lic. Agricultural Economics, 63(9), 411–420. https://doi.org/10.17221/1/2016-AGRICECON

Rungsuriyawiboon, S., & Stefanou, S. E. (2007). Dynamic efficiency estimation: an application to U.S. 
electric utilities. Journal of Business and Economic Statistics, 25(2), 226–238. 
https://doi.org/10.1198/073500106000000288

Sengupta, J. K. (1992a). A fuzzy systems approach in data envelopment analysis. Computers & Math-
ematics with Applications, 24(8–9), 259–266. https://doi.org/10.1016/0898-1221(92)90203-T

Sengupta, J. K. (1992b). Measuring efficiency by a fuzzy statistical approach. Fuzzy Sets and Systems, 
46(1), 73–80. https://doi.org/10.1016/0165-0114(92)90268-9

Serra, T., Oude Lansink, A., & Stefanou, S. E. (2011). Measurement of dynamic efficiency: a direc-
tional distance function parametric approach. American Journal of Agricultural Economics, 93(3), 
756–767. https://doi.org/10.1093/ajae/aaq175

Setiawan, M. (2019). Dynamic productivity growth and its determinants in the Indonesian food and 
beverages industry. International Review of Applied Economics, 33(6), 774–788. 
https://doi.org/10.1080/02692171.2019.1606900

Setiawan, M., Emvalomatis, G., & Oude Lansink, A. (2012). The relationship between technical ef-
ficiency and industrial concentration: Evidence from the Indonesian food and beverages industry. 
Journal of Asian Economics, 23(4), 466–475. https://doi.org/10.1016/j.asieco.2012.01.002

Shee, A., & Stefanou, S. E. (2015). Endogeneity corrected stochastic production frontier and technical 
efficiency. American Journal of Agricultural Economics, 97(3), 939–952. 
https://doi.org/10.1093/ajae/aau083

Shephard, R. W. (1953). Cost and production functions. Princeton University Press. 
Silva, E., & Stefanou, S. E. (2003). Nonparametric dynamic production analysis and the theory of cost. 

Journal of Productivity Analysis, 19, 5–32. https://doi.org/10.1023/A:1021865018717
Silva, E., & Stefanou, S. E. (2007). Dynamic efficiency measurement: Theory and application. American 

Journal of Agricultural Economics, 89(2), 398–419. https://doi.org/10.1111/j.1467-8276.2007.00999.x
Silva, E., Oude Lansink, A., & Stefanou, S. E. (2015). The adjustment-cost model of the firm: Duality 

and productive efficiency. International Journal of Production Economics, 168, 245–256. 
https://doi.org/10.1016/j.ijpe.2015.06.027

Silva, E., Oude Lansink, A., & Stefanou, S. E. (2021). Dynamic efficiency and productivity measurement. 
Oxford University Press. https://doi.org/10.1093/oso/9780190919474.001.0001

Simar,  L. (2003). Detecting outliers in frontier models: A simple approach. Journal of Productivity 
Analysis, 20(3), 391–424. https://doi.org/10.1023/A:1027308001925

Simar, L., & Wilson, P. W. (2020). Hypothesis testing in nonparametric models of production using 
multiple sample splits. Journal of Productivity Analysis, 53, 287–303. 
https://doi.org/10.1007/s11123-020-00574-w

Simar, L., & Zelenyuk, V. (2006). On testing equality of distributions of technical efficiency scores. 
Econometric Reviews, 25(4), 497–522. https://doi.org/10.1080/07474930600972582

Skuland, S. E. (2015). Healthy eating and barriers related to social class. The case of vegetable and fish 
consumption in Norway. Appetite, 92, 217–226. https://doi.org/10.1016/j.appet.2015.05.008

https://doi.org/10.1016/j.jclepro.2016.12.157
https://doi.org/10.1002/agr.21432
https://doi.org/10.17221/1/2016-AGRICECON
https://doi.org/10.1198/073500106000000288
https://doi.org/10.1016/0898-1221(92)90203-T
https://doi.org/10.1016/0165-0114(92)90268-9
https://doi.org/10.1093/ajae/aaq175
https://doi.org/10.1080/02692171.2019.1606900
https://doi.org/10.1016/j.asieco.2012.01.002
https://doi.org/10.1093/ajae/aau083
https://doi.org/10.1023/A:1021865018717
https://doi.org/10.1111/j.1467-8276.2007.00999.x
https://doi.org/10.1016/j.ijpe.2015.06.027
https://doi.org/10.1093/oso/9780190919474.001.0001
https://doi.org/10.1023/A:1027308001925
https://doi.org/10.1007/s11123-020-00574-w
https://doi.org/10.1080/07474930600972582
https://doi.org/10.1016/j.appet.2015.05.008


Technological and Economic Development of Economy, 2022, 28(4): 893–919 919

Soboh, R. A., Oude Lansink, A., & Van Dijk, G. (2014). Efficiency of European dairy processing firms. 
NJAS-Wageningen Journal of Life Sciences, 70, 53–59. https://doi.org/10.1016/j.njas.2014.05.003

Stein, A. J., & Rodríguez-Cerezo, E. (2008). Functional food in the European Union. Luxembourg: Of-
fice for Official Publications of the European Communities. Retrieved May 20, 2020, from https://
publications.jrc.ec.europa.eu/repository/bitstream/JRC43851/jrc43851.pdf

Tan, Y., Wanke, P., Antunes,  J., & Emrouznejad, A. (2021). Unveiling endogeneity between competi-
tion and efficiency in Chinese banks: A two-stage network DEA and regression analysis. Annals of 
Operations Research, 306, 131–171. https://doi.org/10.1007/s10479-021-04104-1

Titko, J., Stankevičienė, J., & Lāce, N. (2014). Measuring bank efficiency: DEA application. Technological 
and Economic Development of Economy, 20(4), 739–757. 
https://doi.org/10.3846/20294913.2014.984255

Tone, K., & Tsutsui, M. (2014). Dynamic DEA with network structure: A slacks-based measure ap-
proach. Omega, 42(1), 124–131. https://doi.org/10.1016/j.omega.2013.04.002

Varian, H. R. (1984). The nonparametric approach to production analysis. Econometrica, 52(3), 579–
597. https://doi.org/10.2307/1913466

Walheer, B., & He, M. (2020). Technical efficiency and technology gap of the manufacturing industry 
in China: Does firm ownership matter? World Development, 127, 104769. 
https://doi.org/10.1016/j.worlddev.2019.104769

Wilson, P. W. (2008). FEAR 1.0: A software package for frontier efficiency analysis with R. Socio-Eco-
nomic Planning Sciences, 42(4), 247–254. https://doi.org/10.1016/j.seps.2007.02.001

Yu, M. M., See, K. F., & Hsiao, B. (2022). Integrating group frontier and metafrontier directional dis-
tance functions to evaluate the efficiency of production units. European Journal of Operational 
Research, 301(1), 254–276. https://doi.org/10.1016/j.ejor.2021.10.054

https://doi.org/10.1016/j.njas.2014.05.003
https://doi.org/10.1007/s10479-021-04104-1
https://doi.org/10.3846/20294913.2014.984255
https://doi.org/10.1016/j.omega.2013.04.002
https://doi.org/10.2307/1913466
https://doi.org/10.1016/j.worlddev.2019.104769
https://doi.org/10.1016/j.seps.2007.02.001
https://doi.org/10.1016/j.ejor.2021.10.054

