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Abstract: This paper investigates whether DEA (Data Envelopment Analysis) 

can address performance issues of Decision-Making Units (DMUs) by 

evaluating key input and output parameters, as well as established performance 

measures relevant to the DMUs within a business system. The ability to make 

high-quality and timely decisions represents a key determinant of the overall 

efficiency and competitiveness of business systems. Accordingly, both the CCR 

and BCC models were applied to representative examples to compare the 

efficiency of different decision-making units and to identify potential 

opportunities for improving their performance. 

CCR is a model, it is mostly used in DEA analyses. It is also the most recognized 

model for calculating the overall efficiency of each unit, incorporating both 

pure technical efficiency and scale efficiency, which are combined into a single 

value based on the assumption of constant returns to scale. From which it can 

be concluded that each execution of action (k, i) implies the execution of action 

(kt, it) where t is a positive number. The presented model can be used to 

measure complete technical efficiency. 

In addition to the CCA model, another model can be used in DEA, which is the 

BCC model. It specifically measures pure technical efficiency, i.e., it isolates 

the impact of scale by comparing a given DMU only with units of similar size. 

The BCC model is applied in cases involving increasing or decreasing returns 

to scale—when a proportional change in input results in a more than or less 

than proportional change in output. 
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1. INTRODUCTION 

There are two widely used methods for measuring efficiency. In evaluating 

and analyzing the efficiency of companies and their constituent organizational 

units, among the most commonly applied approaches are Data Envelopment 

Analysis (DEA) and complementary statistical methods. DEA, also referred 

to as frontier analysis, has its scientific foundation in the work of M.J. Farrell 

from 1957. In measuring technical or so-called productive efficiency, Farrell 

introduced the concept of utilizing multiple inputs to generate a single output, 

defining an efficiency frontier based on best practices drawn from a set of 

observed units. 

Two decades later, in 1978, his ideas were extended by Charnes, Cooper, and 

Rhodes, who developed a quantitative model for assessing the relative 
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efficiency of decision-making units (DMUs), allowing the inclusion of 

multiple inputs and multiple outputs. The model determines the optimal input-

output ratio based on available resources, identifying the frontier through 

extreme output points. In recent years, the DEA method has become one of 

the most important operational tools for efficiency analysis in both the private 

and public sectors. 

The principles of efficiency and effectiveness remain fundamental in 

evaluating economic outcomes, aiming to achieve maximum output with 

minimal economic input. DEA is a non-parametric method for analyzing the 

efficiency of multiple decision-making units (DMUs), such as companies or 

business systems. Large enterprises and SMEs may be modeled as DMUs, 

particularly where economies of scale in the provision of services are essential. 

DEA is a technique used to identify and measure the performance of 

enterprises, and it plays a significant role in assessing the relative efficiency 

of decision-making units within parent organizations (DMUs), as noted by 

Radosavljević, M. et al. (2022). The structure of DEA significantly facilitates 

its application in numerous situations where insufficient information may 

otherwise hinder the use of parametric methods. Certain statistical tests 

enhance the reliability of managerial and production assumptions within 

DEA-based studies, which are increasingly applied in practice. 

The second method used in measuring company efficiency is the Stochastic 

Frontier Analysis (SFA), which is based on a parametric approach. Both DEA 

and SFA compare current performance to optimal performance as defined by 

the efficiency frontier, although this frontier is developed differently in each 

method. 

Each model employs distinct approaches to measuring efficiency and 

statistical data processing—DEA relies on linear programming, whereas SFA 

uses regression analysis. 

Notably, a key distinction between the two lies in the requirement of a 

specified functional form in SFA, while DEA does not require a predefined 

relationship between inputs and outputs for the DMUs under consideration. 

This flexibility allows DEA to avoid certain adverse effects that may arise in 

regression-based parametric methods. 

Throughout the literature, DEA and SFA are recognized as the two most 

important methodologies for measuring organizational performance 

efficiency. In either case, the term Decision Making Unit (DMU) serves as a 

unifying concept, which, depending on the research context, may refer to 

either general or individual organizational levels. 

 

2. FUNDAMENTAL CHARACTERISTICS OF THE MODEL 

A large number of quantitative models have been identified that are 

used to calculate the efficiency of companies depending on the type of 
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information or the identified needs of management. All calculations in 

quantitative models are based on a fundamental formula used for calculating 

company efficiency: 

 

 
 

 

2.1. Characteristics of the DEA Method 

 The DEA method is recognized within the field of operations 

research. Its scientific foundations in measuring efficiency were established 

by M.J. Farrell in 1957, who introduced the concept of measuring technical 

efficiency using multiple inputs to produce a single output, defining an 

efficiency frontier. Two decades later, in 1978, Charnes, Cooper, and Rhodes 

extended these ideas, introducing a quantitative model for evaluating the 

relative efficiency of decision-making units (DMUs) that incorporates 

multiple inputs and outputs. The classification of inputs and outputs is done at 

the level of variables that are labeled as flexible measures (Marković, Đervida, 

Lakić 2024).   

The DEA method can be employed for measuring the efficiency of 

DMUs, which represent a subset of decision-making units. The efficiency 

measurement is based either on comparing current outputs to the maximum 

possible outputs achievable from given inputs, or on comparing current inputs 

to the minimum necessary inputs required to achieve given outputs. 

“Generally, the first case represents an input-oriented approach minimizing 

inputs while maintaining current output levels-whereas the second case 

represents an output-oriented approach maximizing outputs while keeping 

inputs constant (Ralević, Blagojević, Ilić, 2019). 

DEA evaluates the efficiency of DMUs through two basic 

methodological approaches: the radial and the non-radial approach. 

Consequently, there are numerous DEA models for measuring efficiency, 

which can be classified into five basic categories: Input-oriented and radial, 

Output-oriented and radial, Input-oriented and non-radial, Output-oriented 

and non-radial and other hybrid developments. 

In most research studies, non-radial DEA models are preferred. This is 

primarily because, unlike radial models which assume proportional changes, 

non-radial efficiency measurement allows for non-proportional reductions in 

positive inputs or increases in positive outputs. 

 results obtained through DEA must be interpreted correctly and 

validated. In essence, the outcomes must be applicable in real-world practice, 

aligned with relevant principles and algorithms governing DEA application. 
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The results derived from solving a DEA model are considered are correct 

if problem satisfies several fundamental the basic characteristics such as 

compactness, positivity, monotonicity, outlier elimination,, outlier 

elimination, and an appropriate number of DMUs, according to the condition 

n > (m + s)³, as defined by Jiyoung Lee and Gyunghyun Choi (2019) 

• Positivity: When defining a DEA model, it is required that the 

input/output values be greater than or equal to zero. The relative 

efficiency, or efficiency index (based on the weighted sum of input 

and output variables), needs to have a higher value 

(https://slidetodoc.com).  

• Control of weight factors: The weight coefficients  are determined 

during the DEA model-solving process. The weights is obtained by 

showing  DMin a better relationship with other DMUs in the 

observed set 

• Compactness of DMUs: With DEA principles, a relatively 

compactness set of segments is required. Which should ideally use 

similar types of inputs to produce corresponding outputs (with all 

values being positive). 

Every DEA software system should contain the following modules 

(https://slidetodoc.com): Data management, model selection, problem-solving 

The core concept of measuring DMU performance is mathematically 

represented using a linear programming model. DEA problems can be 

represented using certain mathematical expressions: 

                         

max ℎ0 = ∑ 𝑢𝑗𝑌𝑗𝑘0
𝑛
𝑗=1                         

 
∑ 𝑣𝑖𝑋𝑖𝑘0 = 1𝑚

𝑖=1   

 
∑ 𝑢𝑗𝑌𝑗𝑘0

𝑛
𝑗=1 ≤ ∑ 𝑣𝑖𝑋𝑖𝑘0 𝑚

𝑖=1      

     

where are they: 

• k = total decision-making units (DMU; ); 

• m = number of inputs (input; ); 

• n = number of outputs (output; ); 

• u = weight assigned to output j 

• v = weight assigned to input i 

https://slidetodoc.com/
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There are two primary radial DEA models used for evaluating organizational 

performance efficiency. The first is the original CCR DEA model, and the 

second is the extended BCC DEA model. The key distinction between these 

two models lies in how inputs are transformed into outputs. 

When compared to other DEA models, the CCR and BCC models are the most 

widely used in empirical research? 

 

2.1.1. Charnes-Cooper-Rhodes Model (CCR) 

The CCR model was first introduced in 1978 by Charnes, Cooper, and Rhodes 

in a paper published in the European Journal of Operational Research. The 

model is named after the initials of its authors. 

This model is one of the most widely used and best-known DEA models. It is 

based on the assumption of constant returns to scale, meaning that any feasible 

activity (x, y) implies the feasibility of the activity (xt, yt) for any positive 

scalar t. 

For each Decision Making Unit (DMU), a virtual input and virtual output must 

be formed. At the initial stage, the weight coefficients  are unknown and can 

be denoted as  

Virtual input = v1X1o + ... + VmXmo 

Virtual output = u1Y1o + ... + usYso 

Since the input and output are defined, it is necessary to determine the weight 

coefficients using linear programming to maximize the ratio: 

 𝐸 =
𝑉𝑖𝑟𝑡𝑢𝑒𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 

𝑉𝑖𝑟𝑡𝑢𝑒𝑙 𝑖𝑛𝑝𝑢𝑡
     (4) 

The weight coefficients in DEA analysis are derived from the available data 

and are never known in advance. It is important to note that the optimal weight 

coefficients vary across DMUs. 

The CCR model calculates overall efficiency for each DMU, which includes 

both pure technical efficiency and scale efficiency. This is achieved by 

assigning a weight coefficient to each variable that reflects its contribution. 

“Once the optimal (most favorable) weight coefficients are established and 

assigned to each variable, virtual inputs and outputs are obtained. At this point, 

Equation (4) can be applied” (Banker, Charnes and Cooper, 1984). 

Each weight coefficient must be non-negative (. Under certain constraints, the 

maximum efficiency of a DMU cannot exceed 1. The CCR model is applied 

to every DMU with the primary goal of finding the optimum for each unit, 

which can be expressed as: 

max ℎ𝑘 = ∑ 𝑢𝑗𝑌𝑗𝑘
𝑛
𝑗=1 / ∑ 𝑣𝑖𝑋𝑖𝑘

𝑚
𝑖=1    (5) 

   ∑ 𝑢𝑗𝑌𝑗𝑘
𝑛
𝑗=1 ≤ ∑ 𝑣𝑖𝑋𝑖𝑘

𝑚
𝑖=1  (6) 

  ∑ 𝑢𝑗𝑌𝑗𝑘
𝑛
𝑗=1 / ∑ 𝑣𝑖𝑋𝑖𝑘

𝑚
𝑖=1 ≤ 1   (7) 

𝑢𝑗 ≥  0, 𝑗 =  1,2, . . . , 𝑛;  𝑘𝑎𝑜 𝑖 𝑢𝑗 ≥  𝜀 
𝑣𝑖 ≥  0, 𝑖 =  1,2, . . . , 𝑛;  𝑘𝑎𝑜 𝑖 𝑣𝑖 ≥  𝜀 
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Where (Bogović, 2014): 

•  = relative efficiency of the kth DMU 

• k = number of DMUs 

• m = number of inputs (X) 

• n = number of outputs (Y) 

• v = weight coefficients for inputs (X) 

• u = weight coefficients for outputs (Y) 

•  = small positive value (typically  =10)6 

For each k th DMU, the goal is to find  under the basic condition that the 

weighted sum of outputs must not exceed the weighted sum of inputs. As a 

result, the efficiency score 0 <  ℎ𝑘  ≤  1. satisfies: 

• If ℎ𝑘 = 1, 𝑘 − This decision − making unit is efficient. 
• If ℎ𝑘 <  1, 𝑘 − This decision-making unit is relatively inefficient. 

The value of  serves as an indicator of the extent to which a DMU must 

rationalize resource consumption (including optimal employee utilization) or 

increase overall business output to become more efficient. 

Efficient DMUs define the efficiency frontier, which in the CCR model is 

represented as a straight line, due to the assumption of constant returns to 

scale. Inefficient DMUs lie below the efficiency frontier (a convex line), and 

they can reach the frontier by either reducing inputs or increasing outputs 

(Bogović, 2014): 

It is important to note that the CCR DEA model can also be expressed as a 

dual problem in linear programming. Both the primal and dual forms of the 

CCR DEA model produce identical results. 

 

2.1.2. Banker-Charnes-Cooper Model (BCC) 

Named after its authors—Banker, Charnes, and Cooper—this model was 

introduced in a paper published in Management Science (1984, Vol. 30/9, pp. 

1078–1092). In DEA, the BCC model measures pure technical efficiency, 

which disregards the effect of scale of operations. It compares each DMU is 

only compared to a unit of similar size from a technical point of view.  

The model is represented by the following equations: 

max ℎ𝑘 = ∑ 𝑢𝑗𝑌𝑗𝑘
𝑛
𝑗=1 + 𝑢0       (8) 

 ∑ 𝑣𝑖𝑋𝑖𝑘 = 1𝑚
𝑖=1      (9) 

∑ 𝑢𝑗𝑌𝑗𝑘
𝑛
𝑗=1 − ∑ 𝑣𝑖𝑋𝑖𝑘

𝑚
𝑖=1 + 𝑢0 ≤ 0; 𝑘 = 1,2, … , 𝑛 (10) 
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where is valid, 

𝑢𝑗 ≥  𝜀, 𝑗 =  1,2, . . . , 𝑛 𝑖 𝑣𝑖 ≥  𝜀, 𝑖 =  1,2, . . . , 𝑚 
 

 
Where (Bogović, 2014): 

•  - efficiency score of the kth DMU (Decision Making Unit), 

•  - the jth output of the kth DMU, 

• - weight coefficient for input i, 

• weight coefficient for output j, 

• n - number of outputs, 

• m - number of inputs, 

• - an additional variable representing the effect of scale of operations 

(Đurić, Z., Jakšić, M., Krstić, A., 2020). 

The BCC model is used to analyze the efficiency of DMUs operating under 

variable returns to scale (VRS). Under this assumption, the efficiency frontier 

forms a convex curve (Đurić, Z., Jakšić, M., Krstić, A., 2020). 

For DMUs that define the efficiency frontier, the additional variable 

determines the nature of returns to scale as follows: 

• If 𝑢0 = 0, the BCC model reduces to the CCR model, indicating 

constant returns to scale for DMUk, (Bogović, 2014): 

• If 𝑢0 ≤ 0, DMUk operates under non-decreasing returns to scale, 

• If 𝑢0 ≥ 0, DMUk operates under non-increasing returns to scale. 

It is worth noting that by comparing networks generated through the DEA 

application process, one can gain insights into the actual distribution of 

efficient DMUs. This line of research introduces three network-based 

approaches for exploring the relationships among DMUs: 

• Weight Network – examines the impact of weighting schemes, 

• Gap Network – focuses on performance gaps, 

• Weighted-Gap Network – combines dominance and gap analysis. 

In a typical DEA study, efficiency results and benchmarking data are usually 

presented in table or text format. However, by analyzing multi-period trends 

in competitiveness and the positional characteristics of DMUs (using panel 

data), it is also possible to assess performance sustainability. This 

sustainability dimension may become a new characteristic, complementing 

superiority and influence. 
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3. CRITERIA FOR ASSESSING THE EFFICIENCY AND 

EFFECTIVENESS OF DMU 

Mathematical and computational tools are collectively referred to as decision 

support systems or models. In order to make a decision about selecting criteria 

for evaluating the efficiency and effectiveness of a Decision-Making Unit 

(DMU), it is necessary to evaluate variant solutions (Milanović, T., 2024).  

Due to the frequent presence of conflicting objectives, this problem is typically 

solved using multi-criteria decision-making (MCDM) methods. All evaluation 

criteria are categorized into groups such as: resource criteria, financial, 

operational, service quality and safety criteria, etc. By using these criteria, 

managers can gain insight into the functioning of the integrated business 

system. However, it is necessary to define an integrative measure that unifies 

all these criteria. With the help of such a measure, a more comprehensive 

picture of system performance can be obtained, which can then serve to define 

appropriate plans and business-production actions (Ralević, P., Blagojević, M. 

& Ilić 2019) 

Every company has the ongoing task of maximizing all business performance 

aspects, which includes maximizing revenue, profit, and employee 

satisfaction, while minimizing costs and operational inefficiencies. 

This led to the formulation of the main research hypothesis: 

Hg. The quality of a given company is directly proportional to the 

functionality, efficiency, productivity and effectiveness of the 

organization. 

It is necessary to prove the functional dependence of the overall company 

quality on representative parameters, through a correlation analysis between 

quality and each of the key performance indicators.( Korte, B. & Vygen, J. 

(2010).  This analysis heavily relies on statistical processing of field data 

(based on conducted surveys), which provides responses regarding both 

economic indicators and overall quality of business systems (Marković, 

Đervida, Lakić 2024). The results, derived from a combination of DEA-based 

models and statistical methods, represent an algorithmic progression of the 

evaluation process, logically ordered from input to final results, and followed 

by appropriate conclusions and recommendations for future actions. 

The supporting hypotheses were defined as follows: 

H1: There is a directly proportional correlation between efficiency 

and productivity in terms of quality. 

H2: There is a directly proportional correlation between efficiency 

and functionality in terms of quality. 

H3: There is a directly proportional correlation between efficiency 

and effectiveness in terms of quality. 

Research on company efficiency and functionality using statistical and DEA 

analyses involves identifying the most relevant variables and, based on a 
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known database of actual performance indicators, determining their 

importance for each DMU and for the company as a whole using statistical 

methods. In addition to efficiency (DEA), it is necessary to determine: 

correlations, reliability, risks and weight coefficients, which can be used to 

obtain marginal contribution values of each DMU, based on the efficiency 

analysis results, which are relevant for improving the company’s overall 

efficiency. 

An example will be presented showing the sensitivity of efficiency to 

changes in inputs and outputs, where, based on a large statistical sample, errors 

in the calculation of derived functional value ratios can be easily detected.  

 

4. EXAMPLE 

DEA can be applied to DMUs such as banks, retail companies, tourism 

organizations, insurance firms, police stations, hospitals, tax administrations, 

schools and universities, as well as supply chains (Škrinjarić, T. & Šego, B., 

2021). 

As an example, the detection of incorrect data in DEA analyses can be 

illustrated (DEA is a very precise method). For incorrect data (mistyped, 

miscalculated or misinterpreted), especially in terms of input-output 

relationships or in ratio analysis (e.g. ROA, ROE, ROI), and significantly 

deviate from the data observed in the analyzed data set, DEA will precisely 

identify the location where attention should be directed. 

 

 
 

As a powerful analytical tool, financial ratio analysis is used to assess financial 

statements. This tool provides some of the most informative insights into a 

company’s financial operations and its position. Ratio analysis monitors 

liquidity, solvency, operational efficiency, and profitability of a company. 

From this, it can be concluded that there is a strong connection between ratio 

Figure 1: Identification of incorrect data using DEA 

 

 
Source: Authors 
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analysis, DEA, and statistical analyses (Đurić, Z., Jakšić, M., Krstić, A, 

(2020). 

When analyzing multiple examples, it can be concluded that even very small 

– seemingly negligible parameter deviations can lead to incorrect estimation 

of relative efficiency (Eff). Graphical representation of efficiency results is 

shown based on Table 1. 

 

 
 

In the table, the deviations for C5 ranged from 0.21 to 15.17%, while 

for C4, deviations were 0.11 to 13.58%. The relative efficiency is variable, in 

those examples if the calculated deviations are below the level (eg 3%). DEA 

is used as a methodology and model for analyzing the sensitivity of functions 

depending on data changes. 

 

5. CONCLUSION 

The DEA model has been modified, as it includes flexible measures. It 

should be emphasized the importance of the work of analysts and statisticians 

who will (if the basic concept is expanded) use DEA analysis for the statistical 

assessment of the hypotheses set about the characteristics of production 

capacities, i.e. service potentials, which significantly affect productivity 

(which are expressed at the level of relative efficiency). 

Some studies have pointed out that DEA is a comprehensive statistical 

methodology, grounded in characterizing DMU efficiency as a specific 

statistical parameter. The DEA frontier estimation model has significant 

statistical properties and serves as the foundation for constructing a wide range 

of formal statistical tests, addressing questions such as: comparing the 

efficiency of DMU groups (correlation), the existence of economies of scale, 

the presence of allocative inefficiency, input substitutability in production 

systems, technical change and productivity variations, the impact of 

contextual variables on productivity, and the suitability of parametric 

functional forms in estimating monotonic and concave functions—all related 

to product and service delivery and placement. 

Table 1: Relative efficiency in DEA 

DMU Relativna efikasnost -Eff (%) 

Regularno Pogrešno 𝐶5 Pogrešno𝐶4 

DMU 1 100,00 97,89 98,49 

DMU2 100,00 99,79 99,89 

DMU3 100,00 100,00 100,00 

DMU4 99,48 98,18 99,18 

DMU5 98,51 84,83 86,42 

DMU6 97,63 98,57 98,57 

DMU7 88,37 88,61 88,61 

Source: Authors 
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When selecting a minimal set of key factors that describe DMU 

efficiency, as well as how DEA model analysis is performed in cases where 

significant interdependence exists (e.g., one DMU substantially influences the 

efficiency of others), these dependencies must be carefully accounted for. 

The use of a flexible DEA structure can occur at the level of flexible measures 

(as input or output) or in cases where the efficiency of one DMU becomes an 

input for another DMU, etc. 

Such a flexible structure arises when algorithmic processes are 

adjusted. The efficiency of one DMU method may serve as an input for 

calculating the efficiency indicator of another DMU method, which is 

particularly important when considering their synergistic impact on the overall 

standpoint of the business system. 

 
While writing the present article, the authors (Branka Marković, Ružica Đervida, Srđan 

Šuput) used ChatGPT in order to translate from Serbian into English. After using this 

tool/service, the authors reviewed and edited the content as needed and takes full 

responsibility for the content of the published article 
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