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ABSTRACT 

In order to determine pure technical efficiency of firms operating in Croatian beverage industry, a Data Envelopment 

Analysis is performed on the sample of 57 large, medium-sized and small firms that were active in this industry in 2019. 

For this purpose, three inputs (material costs, labour costs and fixed assets) and three outputs (profit, operating revenue 

and value added) were chosen and used in the output-oriented model. The results obtained in the first stage of research 

(i.e. DEA analysis) were later used in the second stage of analysis, in which a truncated regression is performed in order 

to identify the determinants of firms (in) efficiency. The results indicated that firm’s size, its age and collection period 

play significant role in firms’ efficiency.  
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1. INTRODUCTION 

Food and beverage industry is the one of the most 

important sector in Croatia. According to [1], this 

industry accounted for 20.9% of all employees in 

manufacturing sector in January 2020, while contributing 

with 2.9% to Croatian GDP in 2017. It also participated 

with 10% in total exports of manufacturing sector in 

2019. 

When focusing solely on beverage industry, it can be 

perceived that contrary to the positive trends observed in 

the food production, beverage production decreased by 

9% between 2008 and 2019. At the same time, labour 

productivity as well as average monthly gross salary paid 

in the beverage industry in 2019 was higher by 38.7% 

and 22.2% respectively, when compared to 2010 [1].  

At the European Union (EU-28) level, an increase of 

3.6% in production of food and beverage industry is 

recorded in 2019 when compared to 2018. Still, because 

of the current situation with COVID-19 and its rapidly 

spreading, a slowdown of the economies, both globally 

and at the Croatian level is anticipated. Hence, in order to 

overcome turbulent business surrounding and to enhance 

their performance, firms have to find a way to increase 

their efficiency. Still, as much as it is important to detect 

the actual level of firm’s pure technical efficiency, it is 

equally important to understand its drivers. Therefore, in 

this research two aims can be identified: first one is to 

determine pure efficiency of firms operating in Croatian 

beverage industry; and the second one is to investigate 

the determinants of their efficiency.  

As there is a scarce number of research dealing with 

the determinants of pure efficiency of firms operating in 

beverage industry in general; and non-existent research 

for the Croatian beverage industry in particular; this 

research directly contributes to the existing body of 

knowledge by shading new lights on the archived level of 

efficiency of firms operating in Croatian beverage 

industry. At the same time, by identifying the factors that 

to a most extend contribute to this achievement, the 

research also contributes to the literature of firms’ 

efficiency drivers.   

The rest of the paper is organised as follows. Next 

section brings overview of the existing literature, while 

the section 3 deals with the analytic framework of the 

research. Section 4 presents the results of the research. 

Last section concludes. 

2. LITERATURE REVIEW 

Although research about efficiency is quite popular in 

healthcare, education, banking and industry [2], [3], and 

a great number of studies can be found in this area of 

research (e.g.  [4], [5], [6] and [7]), the research dealing 

with efficiency and its determinants in beverage industry 

is quite scarce and it is non-existent at the national level. 

Therefore, literature review provided in this paper will 
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encompass a little bit broader dimension of the efficiency 

and factors that influence it.  

The study of [8] explored efficiency of Brazilian food 

and beverage industry while using DEA and Tobit model. 

Average value of efficiency is found to be 47%, while a 

proper financial administration was identified as the main 

factor responsible for an improvement in efficiency. With 

the application of DEA methodology, [9] recorded 

relatively low level of average technical efficiency for the 

analysed Indonesian micro and small firms. The results 

of the conducted truncated regression indicated 

association of technical efficiency with location, firm 

size, exports, firm age, owner education and level of 

technology.  

Efficiency and its determinants for the Indian food 

and beverage industry were explored by [10]. The authors 

applied DEA and OLS regression and discovered that 

current ratio as well as financial assets to total assets 

significantly contributed to the observed inefficiency.  

The study of [11] applied DEA, Tobit and OLS 

regression while investigating Greek food and beverage 

industry. The empirical results pointed out that capital 

productivity, labour productivity, sector size and labour 

intensity positively affect the level of efficiency. Another 

research conducted on the sample of food and beverage 

firms listed in Athens Stock Exchange showed higher 

level of achieved liquidity efficiency when compared to 

sales efficiency [12]. Managerial efficiency of Taiwanese 

food and beverage listed companies was explored by [13] 

who found an inverse relationship between managerial 

and scale efficiency.  

As regards Croatia, we only found research of [14] 

who estimated the overall technical, pure technical and 

scale efficiency of large firms operating in the Croatian 

food industry and the research of [15] who was dealing 

with the efficiency of the food industry in Central and 

Eastern European countries (including Croatia). None of 

the two Croatian studies investigated beverage industry 

and factors influencing on efficiency of beverage firms. 

3. METHODOLOGY AND VARIABLES 

3.1. Sample 

This research encompasses 57 large, medium-sized 

and small firms that were active in Croatian beverage 

industry in 2019. All data necessary for the two-stage 

analysis (i.e. for DEA and truncated regression) were 

obtained from the database of Croatian Financial Agency 

[16]. Brief description of both methodologies and 

variables used in this research is given in the following 

paragraphs. 

3.2. First Stage of the Analysis - DEA 

After the influential work of [17] and their 

formulation of CCR model, a more generalized DEA 

model, known as BCC model, was established by [18]. 

While the first model is based on the assumption of 

constant returns to scale (CRS), the second one assumes 

variable returns to scale (VRS). Aside from the type of 

returns to scale (CRS and VRS), DEA models may differ 

according to the model orientation (input and output-

oriented model). A more detailed explanation and 

distinction between the two models is available in [19]. 

Model selection. As the assumption of BCC model is 

closer to the real-world situations than that of CCR, a 

BCC model (which estimates pure technical efficiency - 

PTE and whose efficiency scores show how efficiently 

inputs are transformed into outputs given the scale size) 

with output-orientation is applied in this research.  

Variables selection. In accordance with 

microeconomic theory, every production function 

incorporates inputs such as labour, capital and 

land/materials in order to produce and sell outputs and 

consequently to earn profits (as stressed in neo-classical 

theory of a firm) or to achieve some other goal, such as 

revenue maximization or firm growth (as indicated in 

managerial theories of the firm). Hence, three inputs 

(material costs, labour costs and fixed assets) and three 

outputs (profit, operating revenue and value added) were 

used in DEA analysis, which was performed with the 

Performance Improvement Management Software (PIM-

DEA). 

3.3. Second Stage of the Analysis - Truncated 

Regression 

Truncated regression is usually used in models in 

which the research sample has been truncated above or 

below certain thresholds of the dependent variable, 

meaning that the observations (due to the specific value 

of the dependent variable) are systematically excluded 

from the sample. Estimation of this model is usually 

performed via parametric maximum likelihood method.  

Model selection. Efficiency scores obtained in the 

first stage of the research were used as a dependent 

variable in the second stage of the analysis in which 

truncated regression was applied. Even though some 

authors used OLS regression (e.g. [10], [11]) in order to 

evaluate regression coefficients, this is not recommended 

as OLS would lead to biased parameter estimates as some 

firms may have efficiency scores of 100% while the 

boundaries of efficiency lie between 0% and 100%. 

Variables selection. Although a significant number of 

variables may influence firms’ efficiency, the selection 

of variables used in this research (i.e. firm size, age, 

export and collection period) was guided by theoretical 

literature and previous empirical research as well as data 

availability. Each of the variable is measured in the 

following way: firm size is measured as natural logarithm 

of firm’s total asset; age represent number of years that 

firm operates in the beverage industry; export is 

Advances in Social Science, Education and Humanities Research, volume 551

298

https://en.wikipedia.org/wiki/Regression_analysis
https://en.wikipedia.org/wiki/Sample_(statistics)
https://en.wikipedia.org/wiki/Truncation_(statistics)
https://en.wikipedia.org/wiki/Dependent_and_independent_variables


  

 

calculated as a ratio of firm’s export and its revenue; 

collection period is measured by the number of days 

within which a firm can collect short-term customers’ 

debt. This part of the research was performed with 

STATA. 

Table 1. Results of DEA analysis: distribution of firms 

according to the Pure tech. efficiency (PTE) values 

Values of PTE No. of firms % of firms 

90-100 9 15.79% 

80-90 4 7.02% 

70-80 4 7.02% 

60-70 2 3.51% 

50-60 10 17.54% 

40-50 10 17.54% 

30-40 10 17.54% 

20-30 6 10.53% 

10-20 2 3.51% 

Total 57 100.00% 

Average value of PTE=55.96% 

Number of efficient firms = 8 

Source: Author’s calculation 

4. RESULTS AND DISCUSSION 

Results of the DEA analysis. After checking and 

verifying the relationship between selected inputs and 

outputs by correlation analysis (all coefficients were 

statistically significant with the range spanning from 0.8 

to 0.99 and with the positive sign – thus fulfilling 

isotonicity condition [20]) a DEA analysis is performed. 

Due to space saving, the obtained results are presented in 

Table 1 in a form of classes. Average value of PTE 

amounted 55.96% indicating that giving the scale of 

operation, firm operating in Croatian beverage industry 

can, on average, augment its outputs by 44.04% in order 

to become pure technical efficient. Similar result was 

recorded by [8] and [9]. Out of 57 firms, eight of them 

were efficient as their scores were equal to 100%. These 

firms form benchmarks or reference sets for those 

inefficient. More than a half of the analysed firms 

(52.6%) were positioned somewhere around middle 

classes, indicating an existence of the large potential for 

the further improvement in firms’ efficiency. 

Results of the truncated regression. Signs of all 

coefficients are in accordance with our expectation and 

theoretical literature. Variable Firm size has positive and 

statistically significant influence on firm efficiency 

suggesting that larger firms may benefit from economies 

of scale and scope, and therefore might achieve higher 

level of efficiency. The coefficient of variable Age is 

negative and significant, meaning that older firms might 

become more inert and inflexible by accumulated rules 

and routines and thus become less efficient than their 

younger competitors. Variable Collection period has 

negative and significant impact on firms efficiency 

indicating that lower the number of days within which a 

firm can collect short-term customers’ debt is, the higher 

is the firm efficiency. Variable Export didn’t prove to be 

statistically significant. The obtained results are in line 

with those of [9] and [10]. 

Table 2. Correlation analysis between inputs used in 

truncated regression 

 Size Age Exp. Days 

Size  1    

Age 0.389** 1   

Exp. 0.471** 0.385** 1  

Coll.per. 0.089 -0.022 0.102 1 

**Correlation is significant at the 0.01 level (2-tailed).  

Source: Author’s calculation 

Table 3. Results of the truncated regression 

Variables Coef. P>⃒z⃒ 

Size 12.0433 0.000 

Age -0.6956 0.012 

Exp.  0.2073 0.363 

Coll.per. -0.0199 0.050 

cons -137.04 0.000 

sigma 13.1511 0.000 

Source: Author’s calculation  

Note: Robust standard errors were used. 

5. CONCLUSION 

The main aim of this research was to determine pure 

technical efficiency and its determinants for the firms 

operating in Croatian beverage industry in 2019. Results 

obtained with DEA analysis showed that average value 

of pure technical efficiency (PTE) amounted 55.96%, 

suggesting that giving the scale of operation, firm 

operating in Croatian beverage industry still have quite 

space for further improvement of their efficiency, as they 

can, on average, augment their outputs by 44.04% in 

order to become pure technical efficient.  

Efficiency scores that were obtained in the first stage 

of the research were later used in the second stage of the 

analysis in which truncated regression was applied. 

Regressions results showed that firm size has positive 

and statistically significant influence on firm efficiency, 

while variables firm age and collection period have 

negative and statistically significant impact on firm 

efficiency. Variable Export was not found to be 

statistically significant. 

In future research, an analysis of overall, pure and 

scale efficiency of firms operating in manufacturing 

industry can be performed. In addition, a cross-country 

analysis with the inclusion of some new variables that 

may influence firms’ efficiency can be conducted.  
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