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Abstract: One of the available approach to improve performance of healthcare facilities is Data 
envelopment analysis - DEA. This method with its variations and supplementary methods, such as 
regression models, is widely used in many countries of the world. Financial indicators are often 
included in DEA models. We excluded them from DEA analysis and we included them into second 
step of two step DEA. This has helped us to determine the impact of these financial indicators on 
efficiency of gynaecological departments in 8 regions of Slovak republic. We have selected 
following financial variables: Material costs, Operational Costs and Total revenues. Two step DEA 
analysis, using truncated regression, shows that these indicators are not suitable to determine 
efficiency of selected departments. 
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1. Introduction 

The healthcare system consists of a comprehensive set of entities, activities and processes and 
covers a wide range of participants, where each of them brings different set of needs, priorities 
and evaluation criteria. On the issue of efficiency evaluation is paid attention mainly in profit 
sector. The closer look from the side of public hospitals shows the less use of financial indicators 
in the process of efficiency evaluation. Public hospitals   don´t strive for profit achievement, but 
it does exist other aspects within those they have an interest for efficiency evaluation. 
Yusefzadeh and Ghaderi (2013) maintain, that the efficiency and budgeting of public hospitals is 
dependent on their ability to measure and economic efficiency. Villalobos et al. (2016) performed 
the study in 193 public hospitals in Chile and they found that the main motivator for 
measurement economic efficiency in these organizations was the pressure and requirements 
from the side of stakeholders.  Effort to obtain additional financial resources with aim to improve 

mailto:tibor.bobenic@euke.sk
mailto:zuzana.hajduova@euke.sk
mailto:roman.lacko@euke.sk


iscobemm.econ.muni.cz 

112 
 

provision of services was also important motivator. Similar study performed also Li and Dong, S., 
(2015).  

They presented the set of measuring and benchmarking efficiency of public hospitals in Tianjin. 
One of the reasons was the possibility to influence the attitude of society, what is linked with the 
fact that measurement efficiency can serve as effective marketing tool. Ineveld et al. (2015) 
described the usefulness of measurement efficiency mainly in period of restructuralization. With 
the aim of improvement and retention of services quality can be measurement effective tool. 
The question is what should be measured? Indicators of economic efficiency are inputs, outputs 
and influence variables. These indicators are derived from private sector, but they are usable also 
in conditions of public hospitals. 

2. Methodology 

If we want to quantify the influence of selected financial measures we first need to choose proper 
methods for this purpose. 

2.1. Methods 

To check if there is influence of financial variables on efficiency of selected departments we have 
to first compute the efficiency scores using CCR output oriented DEA model according to 
following Cooper´s et al. (2007) input oriented model just as a reciprocal value 1/ 𝜃. 

max
𝑢,𝑣

𝜃 =
𝑢1𝑦1𝑜+𝑢2𝑦2𝑜+⋯+ 𝑢𝑠𝑦𝑠𝑜

𝑣1𝑥1𝑜+𝑣2𝑥2𝑜+⋯+ 𝑣𝑚𝑥𝑚𝑜
                                      

while  
𝑢1𝑦1𝑗+⋯+ 𝑢𝑠𝑦𝑠𝑗

𝑣1𝑥1𝑗+⋯+ 𝑣𝑚𝑥𝑚𝑗
≤ 1     𝑗 = 1,2, … , 𝑛  

𝑣1, 𝑣2, … , 𝑣𝑚  ≥ 0 

𝑢1, 𝑢2, … , 𝑢𝑠  ≥ 0. 

(1) 

For better understanding of this method see Cooper et al. (2007). 

Then we need to use regression to check the influence of explanatory variables on computed 
efficiency. For this purpose is often used (see Flokou et al. (2016); Gholami et al.  (2015); Li and 
Dong (2015); Araújo et al. (2013); Kounetas a Papathanassopoulos (2013); Mitropoulos et al. 
(2012); Varabyova and Shreyogg (2013); Chaabouni a Abednnadher (2012); Blank a Hulst (2010); 
Blank and Valdmanis (2010)) truncated regression. To get consistent estimates of regression 
model we need to use method/algorithm proposes by Simar and Wilson (2007) which by using 
the double bootstrap mechanism provides bias corrected DEA efficiencies suitable for using in 
regression models. As we mentioned, we will use truncated regression model which has form: 

𝛿𝑖 =  𝑧𝑖𝛽 + 𝜀𝑖, 𝑖 = 1, … , 𝑛 (2) 



Proceedings of the International Scientific Conference of 
 Business Economics Management and Marketing (ISCOBEMM) 2016 

113 
 

where 𝛿𝑖 is DEA efficiency score of selected DMU, 𝑧𝑖 is set of explanatory variables, 𝛽 are 
regressors and 𝜀𝑖 is standard error. If we use algorithm proposed by Simar a Wilson (2007) 
truncated regression model will have following form: 

𝛿𝑖̂
𝐵𝐶

 ≈ 𝑧𝑖𝛽 + 𝜀𝑖, 𝑖 = 1, … , 𝑛, where 𝜀𝑖 ≥ 1 −  𝑧𝑖𝛽 

and 𝜀𝑖~ 𝑁(0, 𝜎𝜀
2 ) 

(3) 

where 𝛿𝑖̂
𝐵𝐶

 is bias corrected efficiency using the second algorithm proposed by Simar and Wilson 
(2007). 

Data will be truncated left to point 1, because output efficiencies are in interval 1 to infinity. The 
main idea of this regression is that both, explanatory and dependent variables under this 
boundary are latent.  

3. Data and variables 

For the purpose of our study we chose as the object of research gynaecology departments of 
secondary health care providers. According to the data provided by the National centre for health 
care information (NCHI) we chose to evaluate the efficiency between 8 regions in Slovakia 
according to NUTS 3 classification. Data were provided for 6 years (2009 till 2014). We selected 
Window approach, which means that department in selected year will be handled as unique 
DMU. As input variables for DEA CCR model we chose according to the most used variables 
presented in Hadji et al. (2014) and according to the availability of variables provided by NCHI 
following variables: Number of Beds – average value in selected year, Average Length of Stay, 
Number of Doctors, Number of Nurses – both average numbers in selected year. As output 
variables we chose Number of Inpatients and Bed Occupancy Rate in %. As explanatory variables 
we selected following financial variables: Material Costs, Operational Costs and Total Revenues. 
Then we constructed panel with 48 DMUs. 

4. Results 

If we want to analyse efficiency in gynaecological departments we need to prepare data for 
purpose of this analysis. Table no. 1 shows the basic descriptive statistical indicators of input and 
output variables of DEA CCR output model. Data were provided by National centre for health 
care information. We do not have permission to show whole dataset so we chose this data 
presentation.  

Table 1: Descriptive statistics of inputs and outputs of model DEA 

Statistic Number of 
Beds 

ALOS Number of 
Doctors 

Number of 
Nurses 

Number of 
Inpatients 

Bed 
Occupancy 

N 48 48 48 48 48 48 

Mean 326.81 4.69 54.05 174.05 15,613.38 62.81 

St. dev. 64.45 0.45 14.74 38.87 3,209.50 5.42 

Min 242 4.00 33.43 107.09 10,895 49.10 

Max 451 5.50 81.90 262.50 22,056 71.50 
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Source: Own processing according to data provided by NCHI 

During selected period, there were in average 327 beds. In case of gynaecological department 
belongs to one doctor an average of 6 beds. The average number of nurses were almost three 
times higher than that of the number of doctors. Average length of stay was about four and a 
half days, with a minimum value recorded during each year in these regions has been four days 
and a maximum of 5.5 days. Bed occupancy, in average, was at nearly 63%. Bed occupancy 
minimum value was recorded in the Banska Bystrica region, there remained unused every other 
bed. On the contrary, the highest values were recorded in the Bratislava region. Table no. 2 shows 
the descriptive statistics of explanatory variables.  

Table 2: Descriptive statistics - explanatory variables 

Statistic Material Costs Operational costs Total Revenues 

N 48 48 48 

Mean 905,332.50 447,592.70 7,799,875.00 

St. Dev. 435,543.20 201,680.50 3,314,163.00 

Min 408,992.00 193,114.00 3,752,557.00 

Max 1,973,676.00 958,932.20 15,896,758.00 
Source: Own processing according to data provided by NCHI 

Material and operational costs were highest in the Bratislava region, by contrast, they were 
lowest in the Banska Bystrica region. Sales of individual departments were on average about € 
7.8 million. The highest sales were recorded in Bratislava region, the lowest in Banska Bystrica 
region. In the table no. 3, there are results of efficiency evaluation.  

Table 3: Results of efficiency evaluation 

DMU CCR_OUT CCR_OUT_DB CI_LB CI_HB 

BA14 1.0645 1.0855 1.0499 1.1062 

BA13 1.1035 1.1254 1.0907 1.1456 

BA12 1.0735 1.0909 1.0600 1.1063 

BA11 1.1180 1.1402 1.1051 1.1571 

BA10 1.0891 1.1172 1.0904 1.1373 

BA09 1.0728 1.1049 1.0695 1.1363 

TT14 1.1666 1.2003 1.1624 1.2337 

TT13 1.1043 1.1289 1.0993 1.1513 

TT12 1.0714 1.1018 1.0568 1.1308 

TT11 1.0593 1.1041 1.0382 1.1439 

TT10 1.0039 1.0437 0.9785 1.0808 

TT09 1.0000 1.0870 0.9565 1.1726 

TN14 1.0785 1.1119 1.0746 1.1401 

TN13 1.0717 1.1080 1.0597 1.1431 

TN12 1.2392 1.2847 1.2346 1.3229 

TN11 1.2338 1.2814 1.2350 1.3262 

TN10 1.1548 1.2002 1.1572 1.2387 

TN09 1.0547 1.1010 1.0555 1.1449 

NR14 1.0303 1.0587 1.0042 1.0869 

NR13 1.0396 1.0697 1.0133 1.0989 

NR12 1.0334 1.0646 1.0069 1.0953 
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DMU CCR_OUT CCR_OUT_DB CI_LB CI_HB 

NR11 1.0501 1.0876 1.0421 1.1236 

NR10 1.0062 1.0327 0.9805 1.0587 

NR09 1.1065 1.1575 1.0683 1.2067 

ZA14 1.1070 1.1463 1.1105 1.1844 

ZA13 1.0269 1.0658 1.0224 1.1037 

ZA12 1.0000 1.0623 1.0098 1.1213 

ZA11 1.0000 1.0921 0.9325 1.1794 

ZA10 1.0542 1.0938 1.0392 1.1323 

ZA09 1.0000 1.0510 1.0008 1.1002 

BB14 1.0674 1.0975 1.0711 1.1231 

BB13 1.1743 1.2148 1.1607 1.2456 

BB12 1.3290 1.3716 1.3203 1.4060 

BB11 1.2657 1.3120 1.2637 1.3524 

BB10 1.2468 1.2920 1.2233 1.3336 

BB09 1.0000 1.0932 1.0404 1.1763 

PO14 1.2584 1.2930 1.2568 1.3259 

PO13 1.3071 1.3441 1.3064 1.3723 

PO12 1.3706 1.4156 1.3497 1.4540 

PO11 1.3814 1.4436 1.3698 1.5008 

PO10 1.2852 1.3450 1.2792 1.3949 

PO09 1.2264 1.2983 1.2270 1.3636 

KE14 1.0000 1.0115 0.9895 1.0227 

KE13 1.0181 1.0290 1.0043 1.0393 

KE12 1.0000 1.0203 0.9681 1.0405 

KE11 1.0368 1.0506 1.0297 1.0642 

KE10 1.0302 1.0411 1.0083 1.0517 

KE09 1.0711 1.0910 1.0483 1.1106 
Source: Authors 

Notes: BA – Bratislava region, TT – Trnava region, TN – Trencin region, NR – Nitra region, ZA- Zilina region, BB – Banska Bystrica 
region, PO- Presov region, KE, Kosice region; CCR_OUT – output oriented efficiency according to CCR DEA model, CCR_OUT_DB – 
efficiencies after second loop of S&W (2007) algorithm, CI_LB – confidence interval of bootstrapped efficiencies lower boundary, 
CI_UB – conf. interval upper boundary, α = 0.01. 1st loop - 100 iterations, 2nd loop - 2000 iterations. 

It should be mentioned, that only efficient DMUs are these with efficiency 1, other are inefficient, 
the higher number of efficiency score, the worse efficiency. This because of output orientation. 
Only 7 DMUs were efficient. Zilina region appears to be the most efficient region since it was 
efficient 3 times. Kosice region was efficient 2 times. In the second column, there are double 
bootstrapped efficiencies. As one can see, no DMU is efficient, this is because the values of 
original efficiencies were adjusted by stochastic error, so the efficiency worsened. Columns 
number 3 and 4 shows confidence intervals for these bootstrapped efficiencies at 0.01 
significance level. This can help to check if there were for example significant increase or decrease 
of efficiency – there is no interject of intervals between selected years. This can be observed for 
example in case of Trencin region (TN09 – TN10) between years 2009 and 2010, the efficiency 
significantly worsened. Table no. 4 shows the results of truncated regression. 

Table 4 on the next page. 
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Table 4: Regression model  
 Dependent variable:  
 

 

 CCR_OUT_DB 

Intercept  1.3811 ***  
 (0.0837) 

Material Costs  1.7046e-07  
 2.8807e-07 

Operational 
Costs 

 -1.4255e-06 *** 

 
 4.3696e-07 

Total Revenues  2.0559e-08  
 3.6691e-08 

Sigma  0.1204 ***  
 0.0210 

Log Likelihood  58.412 

R-Squared  0.286 

Note:  *p<0,1,**p<0,05,***p<0,01 

Source: Own Calculation 

As can be observed, the only statistical significant variable are operational costs. In fact there is 
problem with mathematical sign of this regressor. It means that by increasing the value of 
operational costs, the efficiency score will decrease, and in fact, the efficiency will be better. The 
R-squared value is quite low. Model describes only 30% of variability of dependent variable.  

5. Discussion, limitations and conclusions 

Material costs, operational costs and total revenues are frequently used financial measures used 
in DEA efficiency evaluation (Hadji et al., 2014; O´Neill, 2008). We exclude these financial 
variables from DEA analysis because we wanted to find out if they are suitable for use of purposes 
of selected departments in terms of Slovak Republic health care. These variables could be used 
by evaluation of economic efficiency, which is different from technical efficiency computed by 
DEA. Our results showed that according to human resources and health care indicators there are 
only 7 of DMU efficient. Results of regression models showed, that use of financial indicators is 
not suitable to explain efficiency of gynaecological departments in terms of Slovak Republic. This 
can be caused by non-for profit orientation of Slovak departments in secondary health care 
hospitals. However, in other departments, these indicators could perform better. There is a wide 
gap of research in this filed in Slovak Republic. More departments, hospitals and other health 
care facilities can be evaluated, only limitation is in availability of data and in cooperation of 
Ministry of Health with research subjects.  
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