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Abstract. In the context of the role the wood-processing industry has in Slovakia, Poland, and Bulgaria, as an income provider in rural 

regions and contemporary challenges like inflation and intensive competition, there is a need to assess the performance of 

microenterprises using Data Envelopment Analysis (DEA), considering the crucial role these entities play in the regional economies. 

The aim is the creation of a more universally applicable DEA model for assessing the efficiency and performance of wood-processing 

microenterprises, taking into account the unique challenges and opportunities in Slovakia, Poland, and Bulgaria, defining the profile of 

optimal enterprise according to methodology in the current research, and indicating the leading problems in their performance. In their 

management, wood-processing enterprises respond to changes in the external environment, pursuing profit extraction in the competitive 

struggle. Comparisons with similar companies provide data on the economic efficiency of the sector and the gaps the enterprise needs 

to correct. Data from the Eurostat Structural Business Statistics were involved for 2011-2020. The current study used Data Envelopment 

Analysis (DEA), a nonparametric technique that allows enterprises to compare their efficiency frontiers and, from there, reveal their 

competitiveness. Thus, they can be arranged and measured, and the differences between the inputs and outputs of enterprises can be 

measured, as well as the efficiency. The results revealed that all the surveyed countries have a problem with the gross value added by a 

wood-processing micro-enterprise. Polish and Bulgarian enterprises have a problem with pure technical efficiency. Slovakian enterprises 

have excellent performance and can be used as a benchmark in optimizing the activities of Polish and Bulgarian enterprises. 
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1. Introduction  

 

Micro and small enterprises are among the main driving forces of the economy. The close connection between 

the entrepreneur and the strategic and stable development of his business is particularly prevalent in micro and 

small enterprises due to the great connection between personal survival and the company's performance. The 
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forest industry uses resources from the forest regions of the countries. These regions are often not economically 

developed or rely mostly on forestry and related industries, mainly in wood-processing industry enterprises. 

Micro enterprises include employees of up to 9 persons. This creates the potential for using family business 

principles (Porfírio, 2020). This way, good performance in good economic efficiency provides welfare and 

better economic conditions to the local communities in the regions with developed wood-processing industries. 

 

Micro enterprises function in an uncertain environment. The availability of sufficient information is vital to the 

performance level of the business activity (Kononiuk, 2022). It is challenging for micro and small enterprise 

entrepreneurs to get the necessary information to make the right decisions. Benchmarking, as an approach to 

compare different performance characteristics, can successfully support management decisions in many 

industrial enterprises (Zhang et al., 2017). It allows comparison with other enterprises and assessment of the 

state of a given enterprise relative to them. The wood processing industry includes the woodworking, furniture 

pulp, and paper industries, and the potential for comparison is interesting. The wood processing enterprises in 

the EU function in different environments, but they have many things in common. Comparison between 

different enterprises clarifies the possibility of using the best practices (Ruiz and Sirvent, 2016) for 

improvement. When comparing wood-processing enterprises between countries with Data Envelopment 

Analysis of the EU, it is possible to place an efficient frontier that can be used as a union target, regardless of 

the country specifics. DEA is a nonparametric mathematical methodology that includes many models in it. It 

was developed by Charnes et al. (1978) or the so-called CCR model, latterly complied by Banker et al. (1984) 

with their BCC model and developed in many directions by a lot of research until nowadays.  

 

The current research is in line with studies like those of Guan et al. (2006), Baek and Lee (2009), Pastor and 

Aparicio (2010), Ruiz and Sirvent (2016), De et al. (2020), and others dedicated to benchmarking with DEA. 

This approach is quite suitable for performance measurement. Takouda et al. (2022) used DEA for performance 

analysis of financial inclusion in the West African Economic and Monetary Union's economies. Henriques et 

al. (2023) used Slack-based measurement of DEA to evaluate the performance of US and European exchange-

traded funds. Ammirato et al. (2022) developed the performance measurement, further proposing innovative 

composite indicators to measure and control the performance of production processes. Tsolas (2020) measured 

performance differences between 62 precious metal mutual funds using weighted additive data envelopment 

analysis (DEA). Other authors like Dia et al. (2020), Neves et al. (2020), and Qayyum and Riaz (2018) used 

DEA for benchmarking and performance measurement in the banking sector in various ways, which proved the 

applicability of this approach. Horváthová et al. (2021) used DEA for benchmarking and performance 

measurement to provide necessary information for improving business performance. The current study provides 

an assessment through DEA efficiency scores of wood-processing micro-enterprises in Slovakia, Poland and 

Bulgaria and indicates the efficiency targets by comparing these three countries with the EU levels of efficiency 

as a benchmark. The study also evaluates the performance of wood-processing microenterprises in Slovakia, 

Poland, and Bulgaria across the research period. This article reveals the leading problems in their performance. 

The three countries were chosen to indicate the nature of the performance of two Central and one East European 

countries, which have had different genesiss in the last 10 years.  

 

In this study, we gauge the enterprises' success in attaining managerial goals, utilizing their efficiency as a 

metric. The study's overarching question, formulated in alignment with its defined objectives, is: Can we discern 

the performance constraints of wood-processing enterprises in the examined Slovakia, Poland and Bulgaria 

through an assessment of efficiency?  

 

 

 

 
 

2. Theoretical background 

    
When comparing the wood-processing enterprises, the researchers used different methodologies and indicators 

as variables. Sedliačiková et al. (2016) analyzed the performance of wood-processing enterprises in financial 

controlling. For Performance Measurement Systems (PMS), the Key Performance Indicators (KPI) scale is very 
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important (Hyránek et al., 2021; Mihalčová et al., 2021; Du et al., 2022; Ferreira and Silva, 2022; Bumba et al., 

2023). The variables are based on a particular survey, which is valuable when a problem is profoundly studied 

in industrial enterprises. Michal et al. (2021) analyzed the performance of woodworking enterprises in the Czech 

Republic. They conducted a statistical comparative analysis of the Czech Republic and several other countries. 

It appeared that Poland is among the most effective countries in the sample. The authors used variables such as 

wooden raw materials for production and the final products in processed wood. Stojčić et al. (2019) investigated 

the effect of clustering on the wood-processing company's performance. They compared the EU28 members to 

Slovenia and Croatia. The variables in their methodology, which is parametric (a regression model), are unit 

costs, subsidiaries, market concentration, turnover, the productivity of labour, etc. The authors comment on the 

efficiency of the labour. They found that labour productivity is higher in clusters than in individual enterprises. 

This is a typical example of a parametric measure of labour efficiency by implementing ratios. When using 

parametric approaches, the variables are usually grouped according to the purpose of the estimation. In DEA 

this is not necessary. When using DEA, the usual variables are considered inputs and outputs. There is a practice 

that follows the main production inputs (Woodwell, 1998) in economics. One of the problems using DEA (called 

"pitfalls" by Dyson et al., 2002)  is the so-called "rule of thumb" (Khezrimotlagh et al., 2021) that requires the 

number of the DMUs to be at least three times more than the sum of inputs and outputs. The outputs in many 

DEA studies also have many in common. Chen (2004), Hua et al. (2007) and Ning et al. (2018) used the total 

revenues along with other specific outputs according to their studies. Tsolas (2011) used the production quantity 

in natural units, such as tones. Some authors (De et al., 2020) use lean practices and sustainability-oriented 

innovations as outputs, but this is a particular case of DEA problem formulation. Many others (Baek and Lee, 

2009) use trivial outputs as revenues and production value. Sedivka (2009) analyzed the technical efficiency of 

203 sawmills in the Czech Republic. He used a parametric approach with a stochastic frontier and double 

logarithmic regression model for the Cobb-Douglas production function. The variables in the model are many 

and include direct costs, labour costs, the value of timber, and times for production operations. Sedivka (2009) 

found that direct costs and the value of soft timber hurt the efficiency of the investigated sawmills. Trigkas et 

al. (2012) used DEA to analyze the efficiency of 17 furniture and wood-processing enterprises. They 

implemented the causally related inputs like innovation costs and revenues (sales) as outputs. The study's results 

revealed higher efficiency after introducing innovations in their products and processes. Salehirad and Sowlati 

(2005) investigated the performance of 82 sawmills in Canadian British Columbia. They used an output-oriented 

DEA CCR model (Charnes et al., 1978). For inputs, the authors implemented some employees into the model 

logs and, as outputs, lumber and chips. This is a way to utilize the DEA model without considering expenditures 

or prices. Results of the study showed that the mills perform well in scale efficiency but have shortages in pure 

technical efficiency. The authors point to the low labour productivity as the main reason for this. For this reason, 

using naturally measured inputs/outputs in DEA, like m3, tones, and kilograms, can be very beneficial when 

assessing labour productivity. This is not possible when wood-processing enterprises produce different 

products. Sari et al. (2018) calculated the DEA efficiency of 10 furniture enterprises in Indonesia. They used 

labour as input as well as electricity and other costs. The productivity of labour appeared to be vital for the total 

efficiency level. Kovalčík (2020) used DEA for performance analysis of Slovak forestry in some forest regions 

in the country. He discovered that the efficiency of forestry hardly depends on outsourcing the forest activities. 

This interesting result involves the costs for services and outlines their role in efficiency. The same authors 

(Kovalčík, 2020) and Gutiérrez and Lozano (2020) made cross-country efficiency comparisons of forestry 

through the DEA. The research of Gutiérrez and Lozano covered 29 countries, including Bulgaria and Slovakia. 

Kovalčík analyzed 22 countries and covered indicators for entire forest sectors in each studied country. Korkmaz 

(2011) and Šporčić et al. (2009, 2014) used a nonparametric approach with CCR and BCC DEA to calculate 

the efficiency of forestry units at the level of enterprises. They combined inputs and outputs measured in value 

and quantities. This very beneficial property of the models is not always applicable in parametric techniques. 

Kropivšek and Grošelj (2019) analyzed by DEA the financial performance of sectors C16 "Manufacture of 

wood and of products of wood and cork, except furniture; manufacture of articles of straw and plaiting 

materials" and C31 "Manufacture of Furniture", through window analyses in which every sector is threatened 

as different DMU in each year. In the scientific literature, efficiency and competitiveness are considered 

common phenomena. Villaverde et al. (2020) directly associate efficiency with the competitiveness of wood 

enterprises and state entities. Lundmark (2021) used DEA and other approaches to estimate the competitiveness 

of Swedish forest regions. Charles and Zegarra (2014) and Martin et al. (2017) narrowly used DEA for 

competitiveness estimation.  
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Summarizing some of the research based on the problem of forest-based industries and forestry as an actor in 

the wood supply chain in the current study provides a comparative table outlining some of the significant 

research gaps that can be addressed (Table 1). 

 
Table 1. Comparative table of studies related to the problems of the present study 

Study Methodology Observed indicator Factors of influence Application Gaps 

Stojčić et. al. (2019)  Regression-based 

Labour productivity, 

Firm size, Sales 

revenues, Export 

propensity, Export 

performance, Wage 

premium, High 

growth firm 

Unit labour costs (%), 

Unit material costs 

(%), Market 

concentration, 

Urbanization 

economies, 

Localization 

economies 

Analysis of 

wood-

processing 

clusters 

performance 

There is no 

efficiency 

estimation and 

microenterprises 

analysis by 

different indicators 

Michal et al. (2021) 

"Black-calculation", 

various statistical 

indicators 

Sales, value-added 

and income tax per 

one cubic metre, 

roundwood, chips 

and pulpwood 

ROE, length of 

employment of the 

certification 

systems in the 

companies 

Analysis of 

wood-

processing 

enterprises in 

the whole 

NACE C16 

sector 

Lack of 

microenterprises 

distinguished 

analysis, efficiency 

is contextually 

measured 

Kovalčík, M. (2018) DEA CCR and BCC 

Efficiency of forest 

enterprises 

Inputs: Compensation 

of 

employees, fixed 

capital consumption, 

other taxes on 

production, interests, 

and rents paid 

Labour, material and 

overhead costs 

Outputs: Total output 

of the forestry, other 

subsidies on 

production and interest 

receivable 

Efficiency of 

Slovak forestry 

in comparison 

to other 

European 

countries 

There is not 

considered the 

specifics of the 

efficiency 

according to the 

enterprise size 

Sari et al. (2018) DEA CCR 

Efficiency of small 

and medium-sized 

enterprises 

Inputs: Labour, 

material and overhead 

cost  

Outputs: The amount 

of wood furniture 

produced in units, s 

Assessing the 

efficiency of 

small and 

medium-sized 

wood-furniture 

enterprises: a 

case study 

Lack of direction 

of enterprises to 

achieve 

improvements 

Zhang et al. (2023) DNSBM 

Carbon emissions 

efficiency of China’s 

provinces 

Inputs: Labour, 

capital, energy per unit 

of output. Outputs: 

Wooden raw 

materials, wood-

processing output, 

carbon emissions 

Carbon 

Footprint 

Assessment and 

Efficiency 

Measurement of 

Wood 

Processing 

Industry Based 

on Life Cycle 

Assessment 

Province level of 

analysis, no 

enterprise's 

recommendations 

Source: own processing 

 

Table 1 shows that the studies related to the issues of enterprises in the forest industry consider generalizing 

indicators for a sector or enterprises that do not lead to specific recommendations, with a high practical 

orientation. At the same time, micro-enterprises do not fall into the main focus of research, but they are leaders 

in the entrepreneurial ecosystem of the studied countries. 

 

While existing literature employs various methodologies and indicators to assess the performance of wood-

processing enterprises, there is a lack of standardization or consensus on the specific set of inputs and outputs 
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considered in DEA analyses. Each study uses different combinations of inputs (such as labour and capital) and 

outputs (like total revenues and quantity of production) based on the context of their research. The research gap 

appears in establishing a standardized and comprehensive set of inputs and outputs tailored explicitly to the 

wood-processing microenterprises. The aim is to create a more universally applicable DEA model for assessing 

the efficiency and as a prerequisite for the performance of wood-processing microenterprises, considering the 

unique challenges and opportunities in Slovakia, Poland, and Bulgaria. By developing a standardized set of 

inputs and outputs, the research can contribute to the comparability and generalizability of DEA results across 

different enterprises. 

 

3. Materials and methods 

 

In the current research, the implemented methodology is based on the classical DEA models (CCR – Charnes, 

Cooper and Rhodes, and BCC – Banker, Charnes and Cooper) and some additional indicators that reveal 

different aspects of efficiency. In CCR models, the DMUs (Decision Making Units) are accepted without 

consideration of their scale, until in BCC models, the scale of each DMU is taken into account, and the model 

calculates the pure technical efficiency scores. The current study uses an in-put-oriented DEA model as it 

emphasizes improving efficiency by minimizing input usage while keeping outputs constant. This aligns with 

identifying areas like wages, personnel, or purchases of goods where microenterprises can enhance their 

performance by using resources more effectively. 

 

Mathematical expressions of the DEA CCR input-oriented model are following (Charnes et al., 1978; Banker 

et al., 1984): 

min 𝜃  

∑ 𝜆𝑗𝑥𝑖𝑗 ≤ 𝜃𝑥𝑖0
𝑛
𝑗=1                                                          (1) 

∑𝜆𝑗𝑦𝑟𝑗 ≥ 𝑦𝑖0

𝑛

𝑗=1

 

 

𝜆𝑗 ≥ 0, ∀𝑗 
where λj are the individual scalars of each DMUj jϵ[1, 25], xij are the amounts of inputs of type iϵ[1, 3] in DMU 
j, xi0 is the amount of i-th input of DMU0 being under efficiency estimation. The yrj are the outputs of type r in 
DMUj, and the consequent yr0 for the DMU0 is being assessed. If the sum of lambdas (λ) equals unity (Σλ=1), 
then the model becomes BCC with variable returns to scale. The BCC efficiency is the pure technical efficiency 
(PTE), also called BCC or VRS (θBCC).  

 

Estimating improvements in the inputs are made through well-established and explained slack literature 

(Banker, 1989). The expressions for that are the following: 

∑𝜆𝑗𝑥𝑖𝑗 + 𝑠𝑖
− = 𝜃𝑥𝑖0

𝑛

𝑗=1

 

∑ 𝜆𝑗𝑦𝑟𝑗 − 𝑠𝑗
+ ≥ 𝑦𝑖0

𝑛
𝑗=1    (2) 

𝑠𝑖
−, 𝑠𝑗

+ ≥ 0 

 

where 𝑠𝑖
− denotes the input slacks, 𝑠𝑗

+ denotes output slacks. If the input slack is not zero for DMU0 than it can 

be subtracted from the input i and if any output slack is not zero it can be added to DMU’s j output. 
The scale efficiency (SE) is a combines the CCR and BCC efficiencies. It is a proportion of CCR efficiency in 
the BCC efficiency. The expression of SE is as follows (Bielik and Rajčániová, 2004): 

 

SE=θCCR/θBCC     (3) 
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where θCCR is the constant returns to scale DEA efficiency of model CCR and θBCC is the constant returns to 
scale DEA efficiency of model BCC. If SE<1, the DMU0 is scale inefficient. The returns to scale assessment in 
the current study is provided by the sum of lambdas following the research of Banker et al. (2011).  
 

The selection of Bulgaria, Poland, and Slovakia is based on the economic significance of the wood-processing 

industry in these countries, the regional impact of microenterprises, the contemporary challenges they face, and 

the aim to create a universally applicable DEA model that considers unique challenges and opportunities in each 

country. The comparative analysis enhances the understanding of efficiency and performance in the wood-

processing sector across different national contexts. These countries travelled their way after the economic 

system change in 1989. The analysis in the current research shows how the wood processing enterprises dial 

with the efficiency under contemporary conditions. The analysis is made using two different research lines, 

according to the formulation of the DEA problem. The first direction or line of research is benchmarking the 

Polish, Slovakian and Bulgarian microenterprises with those in other EU countries. The DMUs include the EU 

countries with their data for microenterprises in economic sector C16 "Manufacture of wood and of products of 

wood and cork, except furniture; manufacture of articles of straw and plaiting materials". In this way, the 

efficient EU microenterprises define the efficient frontier. The second direction is based on the efficient frontier 

defined by the years or windows (Jia and Yuan, 2017) of the best performance of microenterprises in each 

country. This analysis compares the microenterprises to their most efficient year during the research period.  

 

Authors that investigate the efficiency of enterprises use different inputs and outputs. Kovalčík (2018) used 

compensation for employees' fixed capital consumption, other taxes on production, interests, and rents paid for 

the whole of Slovak forestry. Korkmaz implemented DEA with Capital, Production costs, Employee costs, Total 

amount of employees again for the entire set of enterprises. Sedivka (2009) used a set of variables close to those 

used in the current research but didn't use the DEA model. Some authors used labour and capital invested (Hua 

et al., 2007; Yang et al., 2016; Tsolas, 2011; Zhang and Xu, 2022; Ning et al., 2018). This practice follows the 

main production inputs (Woodwell, 1998) in economics. There are many approaches in inputs/outputs selection. 

Still, in the current research, the simplicity of interpretation and applicability in practice provoked the choice of 

variables used in the current study. The inputs for both lines of research are the following: 

- Wages and Salaries per enterprise. When comparing microenterprises from different countries, excluding 

the national tax and social security features is valuable. That is why the Wages and Salaries data are more 

applicable than labour costs. 

- Total Purchases of Goods and Services per enterprise. The value of these costs defines the risks for value 

added. Their reduction will ensure the capabilities of the microenterprises to be efficient. 

- Number of persons employed per enterprise. This essential input reveals the productivity of labour in the 

post-estimation analysis.  

 

For the output, Value Added at Factor Costs per enterprise is used. Whatever the microenterprises do, their 

ability to add value is the most important to them. That was the reason for choosing this indicator as the output.  

The final results of the comparison with DEA are the optimal values of the inputs and outputs. They are 

calculated by comparison with benchmarks. The benchmarks in the study are the following: 

- The best performers of the EU countries (DMUs in this case). The efficient DMUs with θ=1 and zero slacks 

are benchmarks for other DMUs with θ<1. These benchmarks change every year according to the optimal 

lambdas.  

- The average EU DMU. This benchmark, proposed in the current study, can compare the three countries 

with the average EU level. This is the standardized wood processing microenterprise involved in the study as a 

DMU. 

- The best annual performance of the microenterprises separately in each country. Here, the DEA calculates 

an optimal solution of (1) and puts optimal lambdas to the years with the best performance. This benchmark 

compares the enterprises with themselves, not considering the performance of the European Union members. 

In this case the indexes are jϵ[1, 10] and iϵ[1, 3]. 

 

Data for the current study are delivered from the Eurostat database Structural Business Statistics, Industry by 

employment size class (EUSBS, 2023); Table 1 presents the wages and salaries per enterprise in the three 

studied countries and the average values for the other included as DMUs countries from the EU. They are 24 
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(denoted as EU24), because Ireland, Luxembourg and Malta are excluded from the analysis. They have many 

zero values and this misleads the results. 

 
Table 2. Data for the DEA analysis  

Wages and Salaries, thousands of EUR, per enterprise 

 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

BG 
3.19 3.59 3.85 4.39 4.95 5.42 5.57 6.29 6.65 6.89 

PL 
5.26 5.05 5.49 5.75 6.84 6.74 6.93 6.42 6.63 6.97 

SK 
1.60 1.34 1.42 2.01 2.12 2.16 1.94 2.58 2.98 2.73 

EU24 
19.83 19.77 18.74 18.57 19.42 19.58 19.42 19.13 20.61 21.68 

Costs for goods and services, thousands of EUR, per enterprise 

BG 
31.80 35.16 37.52 38.90 51.25 53.62 47.36 53.88 47.41 51.79 

PL 
64.96 72.75 77.25 57.66 61.18 57.11 55.97 85.67 87.86 78.20 

SK 
17.45 18.41 31.92 39.40 34.21 38.84 41.69 50.31 43.87 41.11 

EU24 
103.40 101.75 101.03 103.31 105.47 109.29 113.17 110.85 108.74 110.57 

Persons employed, number per enterprise 

BG 
3 3 3 3 3 3 3 3 3 3 

PL 
2 2 2 2 3 3 2 2 2 2 

SK 
1 1 1 1 1 1 1 1 1 1 

EU24 
2 2 2 2 2 2 2 2 2 2 

Value added at factor cost, thousands of EUR, per enterprise 

BG 3.23 3.47 3.02 3.94 4.39 4.65 4.90 5.11 5.63 6.00 

PL 6.08 6.94 6.30 7.45 5.69 5.74 3.36 9.11 10.63 9.05 

SK 10.79 9.27 7.94 7.71 7.79 7.29 7.30 7.98 9.04 6.93 

EU24 42.98 42.41 39.65 40.61 42.18 42.86 42.29 46.47 47.41 47.60 

Source: EUSBS (2023) 

 

The table illustrates an exceptionally high average level for the EU when compared to the surveyed countries. 

It is worth noting that Slovakia exhibits remarkably low wage costs, and in recent years, Bulgaria has been 

progressively approaching the levels observed in Poland. The overall trends are predominantly positive, except 

for the observed decline in recent years among Polish micro-enterprises.  

 

The data in Table 1 indicate that costs for goods and services in Polish micro-enterprises closely align with the 

average EU24 level. Bulgarian enterprises, on the other hand, exhibit higher costs for goods and services 

compared to their Slovakian counterparts. Trends are notably positive for Bulgaria, Slovakia, and the EU24, 

while costs in Po-land demonstrate considerable instability. These fluctuations can potentially lead to a loss of 

efficiency for Bulgaria and Slovakia, though the impact on Polish enterprises remains unclear. As depicted in 

Table 2, Bulgaria leads in the number of persons employed among the studied countries. Bulgaria demonstrates 

a slight positive trend up to the EU24, while Poland experiences negative trends. Slovakia maintains a stable 

number of C16 microenterprises. Results further reveal that the output of the surveyed countries significantly 

lags behind the EU24 level, with Slovakia showing a negative trend. Bulgaria and the EU24 display positive 

and comparatively stable tendencies. Polish enterprises, although lacking a stable trend, exhibit a slightly 

positive trajectory. A comparison of input and output figures highlights the endangered efficiency in the 

surveyed countries, with a substantial difference from the EU24 level. 
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The software for the DEA analysis used in the current research is Stata Version 14.0. 

 

4. Results and discussion 

 

The initial outcome involves a static analysis of the efficiencies in the three countries. The benchmarks are set 

by the most efficient countries within the EU, with the EU24 serving as the benchmark for the average EU 

efficiency level. The EU24 represents the average DMU for EU 27 countries, excluding Ireland, Luxembourg, 

and Malta, due to their lack of records in the database, potentially distorting the results. Throughout the period, 

the best performers varied each year. Notably, the efficient countries, specifically C16 microenterprises within 

each country, averaged over the period, include the Czech Republic, Netherlands, and Sweden for BCC 

efficiency, and only the Netherlands for CCR efficiency. The outcomes of benchmarking the investigated 

countries against the average EU level (EU24) are summarized in Table 3. 

 
Table 3. Average efficiency scores and their standard deviation – σ 

  CCR σ BCC σ SE σ 

SK 0.79 0.15 0.89 0.09 0.89 0.10 

PL  0.52 0.10 0.55 0.10 0.93 0.10 

BG 0.49 0.08 0.56 0.06 0.88 0.13 

EU24 0.74 0.04 0.76 0.03 0.98 0.03 

Source: own research 

 

The findings presented in Table 3 indicate that Slovakia demonstrates the highest technical efficiency 

(θCCR=0.79) among micro-enterprises in the C16 sector, followed by Poland (θCCR=0.52), while Bulgaria 

exhibits the lowest performance (θCCR=0.49). Slovakian enterprises outperform the average EU 

microenterprise, attributed to their remarkably high pure technical efficiency θBCC=0.89, surpassing the EU24 

score by 0.13 points (θBCC=0.76). This outcome underscores the adeptness of Slovak enterprises in effectively 

converting costs of wages and goods and services into gross added value. However, the scale poses a challenge 

for Slovakian enterprises, as their scale efficiency (SE=0.89) is lower than that of the EU24 (SE=98). This 

indicator suggests that within the EU24, microenterprises in the C16 sector exhibit superior scale efficiency. 

Slovakian enterprises also exhibit less stable efficiency than the EU24, with standard deviations of σ=0.15 for 

CCR, σ=0.09 for BCC, and σ=0.10 for SE. Polish enterprises face challenges with pure technical efficiency, 

scoring θBCC=0.55, significantly below the EU24 benchmark (θBCC=0.76). Polish enterprises exhibit evenly 

unstable efficiency across all types, with a standard deviation of σ=0.10. Bulgarian enterprises grapple with 

very low scale efficiency (SE=0.88). An intriguing phenomenon arises, indicating that stable low efficiency 

scores are more problematic than instability itself. Bulgarian enterprises record the lowest technical efficiency 

scores (θCCR=0.49) alongside high stability, with σ=0.08 for CCR and σ=0.06 for BCC, signifying sustained 

low efficiency in pure technical and technical efficiency. Scale efficiency exhibits high instability (σ=0.13) 

coupled with low efficiency scores (SE=0.88). For all the countries, the efficiency scores annually are presented 

in Table 4. 

 

 

 

 

 
Table 4. Efficiency scores for each year of the research period  

 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Poland           

CCR 0.46 0.56 0.50 0.67 0.46 0.50 0.29 0.52 0.64 0.56 

BCC 0.50 0.59 0.50 0.77 0.46 0.50 0.44 0.52 0.70 0.56 

SE 0.93 0.96 0.99 0.87 1.00 1.00 0.66 0.99 0.92 0.99 
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Slovakia           

CCR 1.00 1.00 1.00 0.86 0.75 0.68 0.72 0.62 0.67 0.61 

BCC 1.00 1.00 1.00 0.88 0.83 0.82 0.88 0.76 0.76 0.92 

SE 1.00 1.00 1.00 0.98 0.89 0.83 0.82 0.82 0.89 0.66 

Bulgaria           

CCR 0.33 0.42 0.44 0.55 0.45 0.47 0.56 0.47 0.59 0.62 

BCC 0.55 0.52 0.61 0.59 0.45 0.47 0.57 0.52 0.65 0.63 

SE 0.60 0.81 0.72 0.94 0.98 1.00 0.98 0.92 0.91 0.99 

BCC-EU24 0.74 0.70 0.79 0.78 0.80 0.76 0.73 0.75 0.75 0.80 

SE-EU24 1.00 1.00 0.98 0.99 0.99 0.97 0.97 0.89 0.98 0.99 

Source: own research 
 

The presented results provide a broad view of which DMUs are efficient without differentiating them into 

"strongly" and "weakly" efficient (see Cooper et al., 2007). Table 4 illustrates that Slovakian enterprises 

exhibited scale efficiency with SE=1 and BCC=1 in 2011, 2012, and 2013. However, both efficiencies 

experienced a decline after that. Despite these negative changes post-2012, pure technical efficiency surpassed 

the average EU level (EU24) in 2017 and 2020. The SE levels post-2012 were lower than those of the EU24, 

with an additional drop in scale efficiency in 2020. Throughout the period, C16 microenterprises in Slovakia 

made decisions aligned with their performance to pure technical efficiency in the EU, but not in scale. Slovakian 

microenterprises are working under increasing returns to scale with Σλ=0.83 (according to the interpretation of 

Banker et al., 2011), indicating a positive trend. 

 

In contrast, Polish enterprises achieved scale efficiency (SE=1) in 2015 and 2016. Fluctuations in 2014 and 

2019 led to instability (σ=0.10), as presented in Table 3. The results of the comparison of annual performance 

and efficiencies are presented in Table 5. This is the second line of research, as was described before. Following 

the formula of Yang and Chang (2009), the number of windows is 10 (10 years with 1 year width of the window). 
 

Table 5. Results of DEA analysis using time windows as benchmarks for each country 

  Slovakia Poland Bulgaria 

  CCR BCC SE CCR BCC SE CCR BCC SE 

2011 1.00 1.00 1.00 0.76 1.00 0.76 1.00 1.00 1.00 

2012 1.00 1.00 1.00 0.86 1.00 0.86 0.98 0.99 0.99 

2013 0.81 0.97 0.84 0.72 0.98 0.73 0.81 0.99 0.82 

2014 0.70 0.90 0.77 1.00 1.00 1.00 0.95 0.99 0.96 

2015 0.70 0.90 0.78 0.72 0.96 0.76 0.96 0.98 0.98 

2016 0.67 0.91 0.73 0.78 1.00 0.78 0.94 0.96 0.98 

2017 0.68 0.93 0.73 0.47 1.00 0.47 0.97 0.97 1.00 

2018 0.71 0.90 0.80 0.89 1.00 0.89 0.91 0.96 0.96 

2019 0.80 0.89 0.91 1.00 1.00 1.00 1.00 1.00 1.00 

2020 0.65 0.94 0.69 0.95 1.00 0.95 1.00 1.00 1.00 

Average 0.77 0.93 0.82 0.81 0.99 0.82 0.95 0.99 0.97 

σ 0.12 0.04 0.10 0.15 0.01 0.15 0.05 0.02 0.05 

Source: own research 

Slovakia demonstrated efficiency in the initial two years, with its enterprises exhibiting strong alignment with 

European trends. During this period, both technical and pure technical efficiency were achieved, showcasing 

effective scale and production methods. However, a subsequent decline in efficiency set in, with scale efficiency 

falling behind pure technical efficiency. Poland consistently maintained pure technical efficiency in almost 

every year. However, the enterprises did not adapt their BCC efficiency to align with European standards. 
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Consequently, the management compared results to previous years rather than benchmarking against European 

enterprises in C16. Figure 6 illustrates the microenterprises' stability in technology and value-added 

maintenance when self-compared. Bulgarian enterprises adjusted their performance based on previous years, 

regaining efficiency in the last two years, mirroring their initial period's effectiveness. Like Poland, Bulgarian 

enterprises demonstrated independent management practices, deviating from European trends. As previously 

mentioned, the ultimate benefit of DEA benchmarking lies in optimizing input and output values. The research's 

recommendations are rooted in the methodological benchmarks, specifically the efficient countries and the 

average performer or microenterprise (EU24). The results, presented as input percentage changes, align with 

the input-oriented models. Table 6 delineates the necessary adjustments in input economies that the investigated 

countries should undertake to achieve benchmark performance. 

 
Table 6. Improvements in inputs of each country’s enterprises are necessary to achieve the optimal profile.  

Benchmark 

Efficie

ncy 

type 

Poland Slovakia Bulgaria 

Wages 

and 

Salaries 

Goods 

and 

Services 

Number of 

Enterprises 

Wages 

and 

Salaries 

Goods 

and 

Services 

Number of 

Enterprises 

Wages 

and 

Salaries 

Goods 

and 

Services 

Persons 

Employe

d 

Efficient 

countries in 

the EU 

CCR -48% -48% -48% -17% -36% -26% -47% -47% -66% 

BCC -46% -46% -51% -6% -28% -17% -61% -43% -60% 

EU24 - 

average 

performer 

CCR -25% -25% -25% -7% -13% -3% -24% -24% -43% 

BCC -24% -24% -28% 17% -6% 6% -39% -20% -37% 

Source: own research 

Table 6 shows the main areas in which enterprises in the studied countries should make improvements to 

improve their efficiency. Results for Polish enterprises are similar to Michal et al. (2021) for the Polish wood-

processing industry. Pure technical efficiency consistently falls below the EU24 level, indicating cost 

challenges. According to the Central Economic Development Agency models, enterprises in Poland should 

reduce the costs of wages and goods and services by 48% to reach efficient levels and 46% to achieve pure 

technical efficiency. Bulgaria is very close to Poland in this respect. Bulgaria lags significantly in terms of the 

need for improvements. Bulgarian enterprises must optimize pure technical efficiency according to the higher 

improvement requirements suggested in Table 6. The primary attention there should be paid to the number of 

personnel, it is necessary to make a 66% improvement in the number of people employed and 47% in wages 

and salaries. The models imply that staff leads in improving performance. In combination with the need to 

reduce labour costs, the present study hypothesizes low labour productivity in enterprises in these countries. As 

revealed by Kropivšek and Grošelj (2019), Slovakian enterprises demonstrate high efficiency. Slovakian 

enterprises have modest requirements for economies, with a 28% reduction in costs for goods and services for 

pure technical efficiency. A 17% improvement in wages and salaries is necessary for CCR efficiency, 36% in 

costs for goods and services, and 26% in persons employed. Positive values in Table 6, when benchmarked 

against the EU24 average enterprise, indicate a better comparative position. Challenges arise concerning scale 

(see Table 3), but Slovakian enterprises are better than the Bulgarian ones. Slovakian wood-processing 

microenterprises can serve as benchmarks for the average EU enterprise in wages and salaries, which can be 

hypothesized to be a result of improved internal processes (see Malá et al., 2017) and despite the tax burden 

(see Gombár et al., 2022). 

 

The results presented, addressed the research question, and identified directions for improvement of wood-

processing micro-enterprises in Slovakia, Poland, and Bulgaria through DEA benchmarking. This validates the 

applicability of research methodologies such as those employed by Baek and Lee (2009), Pastor and Aparicio 

(2010), Ruiz and Sirvent (2016), and Zhang et al. (2017). The study also emphasizes the potential of enterprises 

based on past performance, emphasizing the difference between average efficiency levels and their best years. 

Optimizing implicit costs like taxes, as suggested by Dobrovič et al. (2016) and Korauš et al. (2021), would 

enhance competitiveness in international markets. These conclusions align with the findings of Trigkas et al. 

(2012), who analyze efficiency variation and identify development opportunities for both low-efficiency and 

efficient DMUs. In conclusion, the study reveals that Polish enterprises have significant potential for increasing 

labour productivity, while Bulgarian enterprises have a lower potential. During the research period, Bulgarian 
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enter-prises did not significantly change their capabilities. Implementing the economies outlined in Table 5 

would help them achieve their best, although this achievement may not be substantially different from EU 

benchmarks. The introduction of digitalization (Šimberová et al., 2022) and risk assessment (Kollmann et al., 

2023) in their activities provides tools for improving the efficiency, competitiveness, and sustainability, in line 

with studies dedicated to the wood-processing industry (Kovalčík, 2020; Gutiérrez and Lozano, 2020; Sari et 

al., 2018; Šporčić et al., 2014). 

 

Conclusions 

 

The empirical study and its findings underscore the suitability of DEA as a methodology for benchmarking and 

guiding strategies to enhance competitiveness. It furnishes insights into a company's positioning relative to 

competitors, similar organizations, or its historical performance. The examination of initiatives across the three 

countries yielded markedly disparate results. Regarding the defined research question, it can be affirmed that 

the initial suspicion of Slovakian enterprises operating similarly to those in Bulgaria or Poland was not 

substantiated. All surveyed countries face challenges related to the gross value added of micro-enterprises in 

sector C16. Polish and Bulgarian enterprises encounter issues with pure economic efficiency, as evident from 

the marginal disparities in the economies required for overall technical efficiency. A significant hurdle for Polish 

and Bulgarian companies lies in labour productivity, with a notable distinction – Polish enterprises exhibit 

substantial potential for improvement, unlike their Bulgarian counterparts. Regarding resource utilization, 

Slovak enterprises demonstrated exceptional performance, positioning them as potential benchmarks for the 

average C16 European micro-enterprise rather than the other way around. Unlike Slovakian counterparts, Polish 

and Bulgarian enterprises can select their benchmark, opting for either the top-performing or average EU 

enterprises. 

 

The proposed and implemented here approach for defining the optimal future development in the current 

research is easy to understand and used like a landmark by entrepreneurs The limitations of the study include 

potential challenges in data availability and quality, the subjective nature of variable selection, difficulty in 

capturing the dynamic and diverse nature of wood-processing microenterprises, and the inability to fully account 

for external factors and macroeconomic trends in the proposed comprehensive DEA analysis. The current 

research is limited to DEA-based efficiency scores estimation of the wood-processing micro-enterprises in the 

investigated countries. The DEA approach in the current study is implemented in a deterministic way after the 

nature of the methodology. Further research is needed to identify the leading factors that influence economic 

efficiency in these countries and the problem with the uncertainty of the empirical data, which deserves 

particular attention. Thus, their differences will reveal how enterprises in each country focus on the critical 

factors to improve their performance.  
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