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ABSTRACT 

qualifying work on the topic: 

«MODELING THE INTEGRAL TAXONOMIC INDICATOR 

 OF THE EFFICIENCY OF BANK ACTIVITY» 

 Student Dehtiar Anastasiia Konstantinovna 

 

The banking system is an economic component of any country and plays an 

important role in the development of the state. Ukraine's economy depends on the 

efficiency of the banks. The activities of banks need to improve and increase 

efficiency, eliminate the negative phenomena that usually occur in the banking 

sector. Future development requires clear and informed decision-making and 

adequate treatment of further changes in the environment. After all, the system of 

analysis of banks in Ukraine must directly change. Having read the information on 

banking analysis and the current situation in the banking sector, it is important to 

evaluate the analysis of the bank's performance using an integrated taxonomic 

approach that determines the normalization of input factors and their distribution. 

The purpose of this qualification work is to build a model of an integrated 

taxonomic indicator of bank efficiency. 

Object of research: indicators of bank efficiency. 

Subject of research: methods and models for evaluating the efficiency of the 

bank.  

The objectives of the study are: 

1. Selecting input variables. 

2. Normalizing input variables.  

3. Dividing the input variables into stimulators and destimulators. 

4. Determing the coordinates of the reference vector.  

5. Determing the distances between the individual elements of the matrix of 

standardized values of input variables and the reference vector in the specific year. 
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6. Calculating the integrated taxonomic indicator in the specific year. 

Recognizing the level of integrated taxonomic indicator. 

7. Constructing the dynamics of the integrated taxonomic indicator. Draw 

conclusions. 

To achieve the goals and objectives of the study, the following research 

methods were used: general information collected during the study of efficiency 

indicators of the bank; methods and models for evaluating the efficiency of the 

bank; checking the adequacy of the model and proposals for its use; generalization 

of the received information; analysis of the integrated taxonomic indicator. 

The information base of qualification work is: bank’s financial reporting, 

scientific articles, textbooks, monographs.  

The obtained results can be used in banking. 

Keywords: bank, efficiency, financial reporting, integral taxonomic indicator. 

The content of the qualification work is presented on 17 pages. The list of 

used sources from 40 names is placed on 4 pages. The work contains 5 tables and 1 

figure. 

Year of qualification work - 2021. 

Year of work protection - 2021. 
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INTRODUCTION 

 

The banking system is an economic component of any country and plays an 

important role in the development of the state. Ukraine's economy depends on the 

efficiency of the bank. The activities of banks need to improve and increase 

efficiency, eliminate the negative phenomena that usually occur in the banking 

sector. Future development requires clear and informed decision-making and 

adequate treatment of further changes in the environment. After all, the system of 

analysis of banks in Ukraine must directly change. Having read the information on 

banking analysis and the current situation in the banking sector, it is important to 

evaluate the analysis of the bank's performance using an integrated taxonomic 

approach that determines the normalization of input factors and their distribution 

into stimulants and disincentives; formation of a reference vector and construction 

of a generalizing taxonomic indicator. 

The purpose of the qualification work: building a model of an integrated 

taxonomic indicator of bank efficiency. 

Object of research: indicators of bank efficiency. 

Subject of research: methods and models for evaluating the efficiency of the 

bank.   
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SECTION 1. GENERAL CHARACTERISTICS OF THE OBJECT OF 

RESEARCH AND CONSTRUCTION OF MATHEMATICAL MODEL 
 

 

1.1 The essence and statement of the problem of efficiency of the bank 
 

The information base of the study is the financial statements of Oschadbank 

JSC for 20013-2017 [3]. 

The urgency of implementing the efficiency of banks is due to the instability 

of the economic situation in the country, which creates a significant number of 

risks that banks are forced to take in the process of banking operations and 

services. Expanding the capabilities of banking operations and increasing the 

performance of banking causes the need to use the latest methods. As a result, 

crises in banks ceased to be accidental, they became an ongoing process. Based on 

this, the topical issue is to solve problems related to identifying performance 

indicators of the bank. 

The efficiency of the bank is a difficult concept, because it applies to all, 

without excluding areas and areas of the bank. A modern bank performs many 

different operations. The efficiency of the bank - an increase in the results of the 

bank through the implementation of measures to improve it. 

To assess the effectiveness of the bank, it is proposed to use a taxonomic 

approach that includes the following stages [4, с. 360]: 

1) normalization of data, which involves the rationing of selected indicators in 

order to bring them to a single comparable form; 

2) distribution of indicators on stimulants and destimulators; 

3) the formation of the reference vector; 

4) construction of a generalized taxonomic indicator. 

The calculation of the taxonomic indicator is based on the following 

indicators: 

- instant liquidity (H4); 

- current liquidity (H5); 
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- short-term liquidity (H6); 

- total liquidity (L); 

- equity ratio (ER); 

- regulatory capital adequacy (H2); 

- return on assets (ROA); 

- return on equity (ROE); 

- net interest margin (NIM); 

- standard of investment in securities (H11); 

- standard of the total amount of investment (H12); 

- rate of return on investment (RI). 

 These indicators are in the center attention, first of all, to the owners of the 

bank, because the rate of return on assets characterizes the efficiency of bank 

managers, and the rate of return on capital shows the level of return on investment 

by shareholders and serves as a guide for choosing the most attractive investment. 

Therefore, the higher the value of these indicators, the greater the profitability of 

the bank. 

The bank's liquidity ratios characterize its ability to meet all estimated costs, 

such as financing loans or making payments on liabilities, using only liquid assets 

[9]. Instantaneous liquidity determines a bank’s ability to meet short-term 

liabilities using the most liquid assets [10]. Current liquidity determines the bank's 

ability to meet short-term and long-term liabilities [11]. Short-term liquidity is an 

assessment of how well a bank manages its own funds and can meet its short-term 

financial obligations [12]. 

Capital ratios are set by the National Bank of Ukraine in order to ensure 

control over the indicators that characterize the bank's capital - the ratio of the 

minimum size of regulatory capital, the regulatory capital adequacy ratio, the ratio 

of regulatory capital to total assets [13, 14]. 

Profitability indicators - characterize the profitability of the bank, which is 

determined by the difference between the amount of profit received from assets 

and the cost of liabilities [15].  
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ROA characterizes the efficiency of the bank's assets [16].  

ROE shows the efficiency of the bank's equity and compares the return on 

shareholders with the capital owned by shareholders [17]. These indicators reflect 

the degree of efficiency of the bank's own resources. 

Return on assets (ROA) - the percentage of net profit of the bank to its net 

assets [34]. 

𝑅𝑂𝐴 =
net profit

net assets
∗ 100% 

This indicator is used to assess the management of the bank. 

Return on equity (ROE) - the percentage of net income of the bank to its 

equity. 

𝑅𝑂𝐸 =
net profit

equity
∗ 100% 

The ratio characterizes the efficiency of the bank's use of equity. 

Investment standards are set by the National Bank of Ukraine to ensure 

control over the investment activities of banks (investment in securities separately 

for each institution - H11 (not more than 15%), the total amount of investment - 

H12 (not more than 60%) [18]. 

The input variables for the calculation of the integrated taxonomic indicator 

of the efficiency of the bank are shown in table 1.1-1.2. 

Table 1.1 - Description of input variables 

Variable 

(designation) 
Name 

Indicators for 

calculation 

(designation) 

Economic content of 

the indicator 
Calculation formula 

x1 Н4 

Fca 

Funds on 

correspondent 

account, UAH 
100%


ca

liabilities

F Cash

C
 Cash Cash on hand, UAH 

Cliabilities 

Bank liabilities 

accounted for in 

current accounts, 
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UAH 

x2 Н5 

А 

Bank assets with a 

final maturity / sale of 

up to 31 days, UAH 
100%

current

A

L
 

Lcurrent 

Liabilities of the bank 

with a final maturity / 

sale term of up to 31 

days, UAH 

x3 Н6 

Аl 

Bank assets with a 

final maturity / sale of 

up to 1 year, UAH 
100%



l

short term

A

L
 

Lshort-term 

Liabilities of the bank 

with a final maturity / 

sale of up to 1 year, 

UAH 

x4 L 

Аhl 
Highly liquid assets, 

UAH 

100%
 

hl

b le i

A

F F F
 

Fb 
Funds of other banks, 

UAH 

Fle 
Funds of legal entities, 

UAH. 

Fi 
Funds of individuals, 

UAH 

x5 ER 
EQ Equity, UAH. 

100%
EQ

Net A
  

Net A Net assets, UAH 

x6 Н2 

RC Regulatory capital, 

UAH 

100%
 r ocp

RC

А A UCR

 

Аr Assets reduced by 

the amount of the 

reserve, 

unencumbered NBU 

bonds and NBU debt 

securities weighted 

by risk ratio, UAH 

Aocp The amount of the 

bank's open currency 

position, UAH 

UCR Uncovered credit 

risk, UAH 

x7 ROA 

NP/Loss Net profit / loss, 

UAH. 
/

100%
NP Loss

TА
 

TA Total assets 

x8 ROE NP/Loss Net profit / loss, /
100%

NP Loss

EQ
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UAH 

EQ Total equity, UAH 

x9 NIM 

II Interest income, 

UAH 
 

100%



II IE

TA
 IE Interest expenses, 

UAH 

TA Total assets, UAH 

x10 H11 

Finv Bank funds invested 

in the purchase of 

shares, investment 

certificates 

separately for each 

institution, UAH 

100%invF

AС
 

AC Authorized capital, 

UAH 

x11 H6 

Finv-all Bank funds invested 

for the purchase of 

shares, investment 

certificates of all 

legal entities, UAH 

100% inv allF

AC
 

AC Authorized capital, 

UAH 

x12 RI 

NRI Net return on 

investment, UAH 100%
NRI

IC
 

IC Invested capital, UAH 

 

Table 1.2 – Values of input variables 

Indicator 

(designation) 

Economic content Measurement 

scale 

Valid 

values 

Source 

Н4 
Instant liquidity % 

[0; +∞) 

Oschadbank 

reporting, 2013 - 

2017 

Н5 
Current liquidity % 

[0; +∞) 

Oschadbank 

reporting, 2013 - 

2017 

Н6 Short-term liquidity 
% 

[0; +∞) 

Oschadbank 

reporting, 2013 - 

2017 

L Total liquidity 
% 

[0; +∞) 
Analysis of 

Ukrainian banks [5] 

ER Equity adequacy ratio 
% 

[0; 100) 
Oschadbank 

reporting, 2013 - 

2017 

Н2 
Regulatory capital 

adequacy 

% 
[0; 100) 

Oschadbank 

reporting, 2013 - 
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2017 

ROA Return on assets 
% (-∞; +∞) Analysis of 

Ukrainian banks [6] 

ROE Return on equity 
% (-∞; +∞) Analysis of 

Ukrainian banks 

[36] 

NPM Net percentage margin 
% (-∞; +∞) Analysis of 

Ukrainian banks 

[37] 

Н11 
The norm of investing in 

securities 

% 

[0; +∞) 

Oschadbank 

reporting, 2013 - 

2017 

Н12 
Standard of the total 

amount of investment 

% 

[0; +∞) 

Oschadbank 

reporting, 2013 - 

2017 

RI 
Rate of return on 

investment 

% 

(-∞; +∞) 

Oschadbank 

reporting, 2013 - 

2017 

 

1.2 Formation of requirements to the model 
 

Mathematical calculations and model construction are performed using a 

spreadsheet MS Excel, which thanks to the built-in functions and tools will speed 

up the calculation process [35].  

Advantages of the MS Excel editor: 

- effective analysis of data processing; 

- means of formatting and reproducing data; 

- printing spreadsheets; 

- use of data and work on documents; 

- exchange of data and information via the Internet and internal networks. 

The software can be used for solving both large and small problems.  

Therefore, the purpose of this study is to develop and implement a 

mathematical model that allows the effectiveness of the bank. 

The process of creating a mathematical model is called mathematical 

modeling. This is the most common and most widely used research method in 

science, in particular in cybernetics. In general, the process of building a 

mathematical model of the system consists of the following stages [26]: 
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• Formation of the problem: determining the purpose of the study, the 

formation of properties that must be included in the model; 

• Construction of a mathematical model: definition and description of input 

variables, definition of requirements and limitations of the model; 

• Conducting research using the developed model; 

• Checking the adequacy of the model; 

• Analysis of results, development of proposals for further application and 

improvement. 

We will consider the environment of Oschadbank on the basis of the 

development of the banking system of Ukraine. 

The model is created in order to implement the efficiency of the Oschadbank, 

can also be used by other banks, financial institutions, and later in addition or 

change by various organizations. 

The model allows to implement the level of efficiency of the bank. Also, the 

model helps to simplify the process of overall efficiency of the bank. The model of 

efficiency of the bank's activity must be accurate to reflect its real state, to be the 

basis for changes, corrections, for further use if necessary. 

Therefore, the model of the bank's efficiency must meet the requirements to 

be useful in use and, if necessary, to be a source for further research of the bank's 

activity. 

 

1.3 Development of a mathematical model 
 

Mathematical model - a set of mathematical functions (equations, formulas, 

graphs), which determine the characteristics and behavior of the bank. 

For convenience of construction of model it is necessary to make in the 

systematized kind input, output variables which are resulted in the corresponding 

tables (tab. 1.2). 
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For the indicators used in the study, we build a table, which indicates the scales 

of their measurement, allowable values, sources of formation of the set of input 

data (Table 1.3). 

Normalization of the input variable xi is performed by dividing the difference 

between the actual value of the input variable and its arithmetic mean value for the 

studied period of time by the standard deviation [19, с. 11]: 

ij i

ij

i

x x
z




  , 1,i m , 1,j n                                     (1) 

1

1 n

i ij

j

x x
n 

 
 , 

 
2

1

1 n

i ij i

j

x x
n 

 

 

where ijz
 – normalized value of the i-th input variable in the j-th year; m – 

number of input variables; n – number of years. 

As a result of normalization we obtain a matrix of standardized values of 

input variables  ijz .  

Then there is a division of input variables into stimulants, the increase of 

which improves the level of efficiency of the bank, and disincentives, the increase 

of which worsens the level of efficiency of the bank. 

Differentiation of input variables underlies the construction of the reference 

vector of the studied bank, the coordinates of which for the studied period of time 

acquire the maximum value for the stimulator, and the minimum value for the 

destimulator. In this study, all input variables are stimulators. 

The distance between the individual elements of the matrix of standardized 

values of input variables  ijz  and a reference vector 0P  of the studied bank in the 

j-th period is determined by the formula [19, с. 19]: 

 

 
2

0 0

1

m

j ij j

i

C z z


 
 (2) 
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The calculation of the integrated taxonomic indicator of bank efficiency 

(taxonomy ratio) in the j-th period is carried out according to the formula [19, 

с. 19]: 

 

 

 1j jk d  , 1,j n , (3) 

 

 
2

1

1
2

jo

j n

o jo o

j

C
d

C C C
n 



  
, 

1

1 n

o jo

j

C C
n 

  .  

 

Recognition of the level of the integrated taxonomic indicator of the bank's 

efficiency will be carried out on the following scale: 

- from 0 to 0.19 - critical level; 

- from 0.2 to 0.39 - low level; 

- from 0.4 to 0.59 - the average level; 

- from 0.6 to 0.79 - high level; 

- from 0.8 to 1 - the highest level. 
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Output variable: 

jk  – 

integrated 

taxonomic 

indicator 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Scheme of the description of the structure of the constructed model 

  

Uncontrolled variables: development of the 

banking sector; state of the national economy 

Input variables: 

Н4 – instant liquidity; 

Н5 – current liquidity; 

Н6 – short-term liquidity; 

L – total liquidity; 

ER – equity adequacy 

ratio; 

Н2 – regulatory capital 

adequacy; 

ROA – return on assets; 

ROE – return on equity; 

NPM – net percentage 

margin; 

Н11 – the norm of 

investing in securities; 

Н12 – standard of the total 

amount of investment; 

RI – rate of return on 

investment. 

 

 

 

 

Control variables: 

Standardized indicators-stimulators:  

H4, H5, H6, L, ER, H2, ROA, ROE, NPM, H11, 

H12, RI 
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SECTION 2. CHECKING THE ADEQUACY OF THE MODEL AND 

SUGGESTIONS FOR ITS USE 

 

 

2.1 Study of the bank using the developed model 
 

In this study, the main performance indicators taken from the official reports 

of Oschadbank [3] for the period 2013 - 2017 were selected for the efficiency of 

the bank, on the basis of which the above input variables are calculated. 

The input data for the construction of an integrated taxonomic indicator of the 

efficiency of the bank are given in table 2.1. 

Table 2.1 - Input data for the construction of a generalized taxonomic 

indicator of the efficiency of the bank for the period 2013-2017. 

Variable 

Year 

2

013 

2

014 

2

015 

2

016 

2

017 

x1 
2

6,75 

2

2,25 

2

4,83 

2

8,57 

2

0,16 

x2 
4

0,97 

4

3,53 

4

0,84 

4

9,33 

4

5,38 

x3 
7

0,10 

6

6,40 

7

6,64 

6

1,19 

6

9,63 

x4 
9

,9 

1

6,8 

2

2,4 

8

,07 

1

5,43 

x5 
1

8,81 

1

5,43 

4

,61 

7

,47 

1

3,36 

x6 
2

5,41 

3

1,4 

1

1,47 

1

0,74 

6

,67 

x7 
-

7,4 

-

8,5 

0

,3 

0

,3 

0

,2 

x8 - - 4 2 1
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39,6 81,6 ,2 ,4 ,6 

x9 7 
6

,2 

4

,9 
4 3 

x10 
0

,15 

0

,09 

0

,29 

0

,12 

0

,44 

x11 
0

,43 

0

,25 

0

,425 

0

,41 

0

,195 

x12 
1

,04 

1

,18 
0 

0

,02 
0 

 

Source: calculated from data [3]. 

 

The coordinates of the reference vector of the studied bank are presented in 

table 2.2. 

Table 2.2 - Coordinates of the reference vector  of the studied bank oP  

01z  02z  03z  04z  05z  06z  07z  08z  09z  010z  011z  012z  

1,34 1,69 1,55 1,54 1,32 1,5 0,82 0,79 1,37 1,7 0,89 1,34 

 

According to this scale, during the study period the bank had a different level 

of efficiency (Table 2.3). 

Table 2.3 - Dynamics of the integrated taxonomic indicator of the bank's 

efficiency for the period 2013-2017. 

The level of 

efficiency of 

the bank 

Year 

2

013 

2

014 

2

015 

2

016 

2

017 

Low 
0

,26 
 

0

,22 
  

Critical  0  0 0
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,13 ,06 ,09 

 

Thus, having conducted an integrated assessment of the efficiency of the 

studied bank for 2013-2017, it should be noted that the level of its efficiency is 

mainly at low and critical levels. 

This indicates inefficient management of the bank. In 2016-2017, the bank 

has a critical level of efficiency. The explanation for this is the instability of the 

economic situation in Ukraine. 

Instant liquidity, current liquidity and short-term liquidity for all analyzed 

years corresponded to the allowable level (see Table 2.1). Return on assets and 

return on equity had a critical level in 2013 and 2014, in other years - an acceptable 

level. The bank's total liquidity in 2013 and 2016 was critical, in other years it was 

acceptable. 

The capital adequacy ratio in the analyzed period gradually decreased: 213-

2014 - the allowable level, 2015-2017 - the critical level.  

Regulatory capital adequacy until 2015 had an acceptable level, and in 2015-

2017 it had a critical level. The interest margin until 2016 had an acceptable level, 

and in 2016-2017 it decreased to a critical level. The norm of investing in 

securities and the norm of the total amount of investment are characterized by 

dynamism and scatter of values. The rate of return on investment in 2015 and 2017 

was at a critical level. 

The obtained values of the integrated taxonomic indicator indicate a low level 

of efficiency of the studied bank, which may be caused by the difficult economic 

situation in Ukraine. 

The use of taxonomic approach in the management of the bank allows to 

identify the level of efficiency of the bank, to predict the trend of its change, 

which, in turn, reduces the degree of untimely response and ineffective 

management decisions. On this basis, an effective management system of the bank 

can be built. 
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2.2 Checking the adequacy of the constructed mathematical model 

 

Before using the developed model to assess the level of efficiency of the 

bank, it is necessary to check the adequacy. 

The analysis of the efficiency of Ukrainian banks gives grounds to claim that 

in addition to the problems of banks, their efficiency is influenced by the external 

environment and other indicators. Most existing models for determining the 

efficiency of the bank do not give the same results in different areas of evaluation. 

This is because different values can be obtained under different values.  

Having conducted an integrated assessment of the efficiency of the studied 

bank for 2013-2017, it should be noted that the level of its efficiency is at a low 

and critical levels. If the integrated ratio is critical, it means that some indicators of 

the bank's performance are also bad. Consequently, the bank is not doing very 

well. 
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The adequacy of the model is also evidenced by the results obtained - the best 

years for Oschadbank were 2013 and 2015, which is characterized by the largest 

number of the highest values of selected indicators, is the risk of losing the 

efficiency of the bank was the lowest. The greatest risk is observed in 2016 and 

2017, because in this period there is a decline in the values of the analyzed 

performance indicators of the bank.  
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CONCLUSIONS 
 

 

The purpose of the bachelor's thesis was to build a model of an integrated 

taxonomic indicator of bank efficiency. 

First, at the beginning of the analysis of the study was the essence of the 

concepts of "Banking System", "Efficiency of the bank", its indicators and the 

problem of efficiency of the bank. 

After reviewing the basic information on the efficiency of the bank, the input 

variables were determined to calculate the integrated taxonomic indicator of the 

efficiency of the bank and its construction. These indicators reflect the degree of 

efficiency of the bank's use of own resources. 

To assess the effectiveness of the bank, a taxonomic approach was used, the 

essence of which is to normalize the data, the distribution of indicators on 

stimulants and distimulators; formation of a reference vector and construction of a 

generalizing taxonomic indicator. The input variables of these indicators were 

taken from the reporting for 2013 - 2017. 

A separate approach is the division of the obtained indicators by criteria - 

high, medium, low and critical levels. After conducting an integrated assessment of 

the efficiency of the studied bank for 2013 - 2017, it was found that the level of 

efficiency is generally at a low and critical levels. This indicates inefficient 

management of the bank. This explains the instability of the economic situation in 

Ukraine. 

Instant, current and short-term liquidity for all analyzed years corresponded 

to the allowable level (Table 2). 

Return on assets and return on equity had a critical level in 2013 and 2014, in 

other years - an acceptable level. The bank's total liquidity in 2013 and 2016 was at 

a critical level, in other years it was also an acceptable level. 

The capital adequacy ratio in the analyzed period fell: 213 - 2014 - acceptable 

level, 2015-2017 - critical level.  
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Regulatory capital adequacy until 2015 had an acceptable level, and in 2015 - 

2017 it had a critical level. The interest margin until 2016 had an acceptable level, 

and in 2016 - 2017 it fell to a critical level. The norm of investing in securities and 

the norm of the total amount of investment are characterized by dynamism and 

scatter of values. The rate of return on investment in 2015 and 2017 was at a 

critical level. 

The obtained values of the integrated taxonomic indicator indicate a low level 

of efficiency of the studied bank, which may be caused by the difficult economic 

situation in Ukraine. The use of taxonomic approach in the management of the 

bank allows to identify the level of efficiency of the bank, to predict the trend of its 

change, which reduces the degree of untimely response and ineffective 

management decisions.  
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Appendix A 

 

Figure A.1 - Comprehensive performance indicators of the bank  

 

Appendix B 

 

Figure B.1 - Calculation of a comprehensive indicator of the efficiency of the bank 
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Continuation of Figure B.1 
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