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ABSTRACT 
Context. The problem of credit assessment of a client is considered. It is a simultaneous processing of lender’s data of different 

nature with further definition of the credit rating. The object of this study was the process of lending to individuals by credit institu-
tions. 

Objective. The purpose of the work is to study the process of improving the quality of lending through the development and use 
of a scorecard model. 

Method. An analytical review of the domain area was conducted. A business process model for assessing clients’ creditworthi-
ness in the form of an IDEF0 diagram is developed. Dedicated groups of indicators characterizing a potential lender from different 
directions. Selected sets of values for each indicator of credit separately. The methods of solving the problem of clients’ creditwor-
thiness are analyzed. Selected Bayesian naive classifier as a method for solving the problem of classification of potential lenders. The 
existing information systems for assessing the creditworthiness of clients are analyzed. A scoring model for assessing credit ratings 
by the client in the form of an algorithm is developed. The list of functional requirements of the information system, which is pre-
sented in the form of a use case diagram is determined. Three-level architecture for the information system is proposed. A database 
model has been developed to preserve customer information. An information system was developed for determining the credit rating 
of a client based on the developed scoring model. Numerous studies have been conducted to determine the class of a potential credi-
tor. The process of determining the quality of credit activity is analyzed. Quality indicators for assessing the creditworthiness of cli-
ents are selected. The method of calculating the quality of credit activity is offered. 

Results. The scoring model was developed, which was used in solving the credit assessment of clients through the help of the 
proposed information system. The process of improving the quality of credit rating is investigated. 

Conclusions. The conducted experiments have confirmed the proposed scoring model and allow recommending it for use in 
practice for assessment process of client creditworthiness. Scientific novelty is to improve the process of credit activity by automat-
ing the use of naïve Bayes classifier, which reduces the human factor in decision-making. 

KEYWORDS: scoring model, classification task, naive Bayesian classifier, credit score assessment, lending, lender, borrower, 
and creditworthiness. 

 
ABBREVIATIONS 

NBC – Naive Bayes classifier; 
IS – information system; 
ІТ – information technologies. 
 

NOMENCLATURE 
K  – set of clients; 
Q  – set of output classes; 

lq  – l -th output class, element of the set Q ; 

lkq  – l -th output class of the k -th client, k K∈ ; 

lK  – set of clients from l -th output class; 
I  – set of client’s characteristics; 

,iJ i I∈  – set of i -th characteristic meaning; 

ijf  – j -th value of i -th characteristics, ,ij J i I∈ ∈ ; 
k

ijf  – j -th value of i -th characteristics from k -th 

client, , ,ij J i I k K∈ ∈ ∈ ; 
l
ijx  – number of j -th value of i -th characteristics l -

th output class; 
ly  – number of l -th output class from set of clients 

lK ; 

( )ij lP f q  – conditional probability of occurrence j -

th value of i -th characteristic ijf  from output class lq ; 

( )lP q  – probability of assignment to a client output 
class lq ; 

1( { })k
l ijP q f +  – conditional probability of assign-

ment to a client l -th output class based on conditionals 
1{ }k

ijf + ; 

( )lR q  – probability of assignment to a 1k + -th client 
output class lq ; 

P  – precision of NBC; 
R  – recall of NBC; 
a  – the number of clients of a particular class that has 

been allocated IS and which are really related to this 
class; 

b  – the number of clients who were mistakenly at-
tributed to a particular group; 

c  – the number of customers who mistakenly was not 
in a certain class. 

 
INTRODUCTION 

Lending is the main activity of credit institutions, 
banks and credit unions. It provides almost 50% of the 
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profitability of these institutions [1]. The basic concepts 
in the process of lending are a loan, a creditor and a bor-
rower. The credit is the relationship between two subjects 
of credit relations the creditor and the borrower, in which 
the creditor transfers the borrower’s money, and the bor-
rower undertakes to return the same amount of money 
within a certain period [2, 3]. 

In the process of conducting credit operations, the in-
stitution works with a credit risk. It is the risk of non-
payment by the borrower of the amount of principal and 
interests. Non-repayment of loans, especially large ones, 
can lead to a bankruptcy of a credit institution, and this 
may be the cause of bankruptcy of other enterprises, 
banks and individuals associated with this bank or credit 
union. 

Therefore, credit risk management is an indispensable 
part of the strategy and tactics of survival and develop-
ment of any bank or credit institution. Risk reduction in 
the implementation of loan operations can be achieved on 
the basis of a comprehensive examination of the credit-
worthiness of the bank’s clients. Credibility of a client is 
the ability of a person to complete and to pay off in time 
for his debt obligations [3, 4]. 

This topic is of great interest for the research of not 
only Ukrainian but also foreign economists [2–8]. The 
scientific literature focuses on lending to enterprises and 
legal entities. In this case, there are many financial indica-
tors of the company’s work, which allow to assess the 
degree of credit risk. 

However, there is no effective method for determining 
the individual’s creditworthiness, therefore, a great inter-
est is the increase in the quality of the credit assessment 
process when working with the people. When it comes to 
lending to the population, an important role in determin-
ing the creditworthiness is not so much the ability to re-
pay the borrower’s debt, but the willingness to pay the 
loan and pay interest on time. Readiness for this is differ-
ent one; it depends on the personal characteristics of each 
person. These characteristics may include education, age, 
social class, gender, family status, etc. [7–9]. To analyze 
personal and financial indicators of an individual is a 
complex process for a financial consultant, which will 
result in the adoption of sound financial decisions. In or-
der to minimize the subjectivity of a financial consultant 
and reducing the time to take decisions on lending to in-
dividuals use scoring [10, 11]. 

Scoring is a way to quickly evaluate a potential client. 
The result of it a client score. The received score can be 
used to solve various financial issues. 

Scoring model of credit assessment is a mathematical 
model of the borrower’s behavior based on the accumu-
lated statistics. The result of the using is integral assess-
ment of the risk in the view of the probability of repay-
ment of the loan. 

Therefore, the actual task is to develop a scoring mod-
el for assessing the creditworthiness of individuals, which 
will increase the speed of analysis of information about 
the client, reduce the time for approval of the decision on 

the loan and reduce the subjectivity of the assessment. 
And all of this will increase the quality of credit activity. 

The object of study is the process of lending to indi-
viduals by credit institutions. 

The subject of the study is the theoretical and meth-
odological tool for assessing the client’s creditworthiness 
by the use of a scorecard model. 

The purpose of the work is to improve the quality of 
lending through the development and use of a scoring 
model that will satisfy the interests of the lending institu-
tion associated with the risk of non-repayment of credit. 

 
1 PROBLEM STATEMENT 

The problem of the assessment of creditworthiness is 
the task of classification, where the classes are customers 
from the database, which need to be classified according 
to their indicators into two groups: reliable clients, that is, 
the borrowers are creditworthy and unreliable when bor-
rowers are uncreditworthy. 

The formal formulation of the task of classifying cli-
ents can be presented in the following way. Let X  is a set 
of clients of the bank, at the same time 1{ ,... }mX x x= . 
Let Y  is a set of classes that need to be broken up by cli-
ents, that is 1{ ,... }kY y y= . The task of classification is a 
reproduction of one set in another, in which each element 
of the first set becomes unambiguous with the particular 
element of the second set :a X Y→ . 

To solve the problem of assessing the creditworthiness 
of a client it is necessary: 

– to allocate a set of characteristics of the client – in-
formation about the borrower, which will be taken from 
the application form and documents provided by the bor-
rower; 

– to choose a method that will allow to determine the 
dependence between the characteristics of the client and 
the level of his creditworthiness; 

– define the client class. 
 

2 REVIEW OF THE LITERATURE 
At the present time almost all credit institutions use IT 

in solving many financial problems, including lending. 
Using IT can improve the quality of the results. An over-
view of IT used to assess the creditworthiness of indi-
viduals allows to emphases following IS: 

1. The Ukrainian Bureau of Credit Histories (UBCI) 
[12] is an IS that provides such services: collection, proc-
essing, analysis, keeping of information, which is a credit 
history; providing legal and individual person with advi-
sory services; providing credit reports 

2. Mobile app “Credit History” is app from the Google 
Play service [13]. Functional abilities of IS: calculate a 
credit rating; see your credit history online and find out 
how to improve it; receive reminders for next payments; 
analyze personal finances and make informed financial 
decisions. 

3. Online-banking Privat24 [14] is the IS for assess-
ment creditworthiness of clients. To calculate the credit 
rating you need to go to the menu item “My accounts” → 
“Credit rating” and fill in the necessary information. 
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An analysis of existing IS for assessing creditworthi-
ness in Ukraine shows that the main disadvantage is the 
secrecy of methods used by credit institutions to calculate 
credit score. Also, systems do not allow to change the 
indicators for the calculation of the rating credit assess-
ment. Therefore, the results indicate the relevance of this 
study. 

There are many methods to determine the credit rat-
ing, which have their advantages and disadvantages. All 
methods can be divided into two main groups: expert me-
thods and scorecard models that use mathematical meth-
ods for processing information, such as Data Mining [15–
19]. 

Expert methods are use only the experience and know-
ledge of a financial advisor, so this approach is character-
ized by a high degree of subjectivity and a high probabil-
ity of error in deciding about issue a loan. The second 
group of methods is scoring. The scoring procedure using 
a scorecard model includes: information gathering, the 
construction of a mathematical model (the choice of the 
classification method and the definition of criteria for risk 
categories) and the distribution of creditors by risk cate-
gory. 

Among the main advantages of scoring systems, one 
can distinguish: 

– lowering the loan non-repayment level; 
– increasing speed and impartiality in decision mak-

ing; 
– possibility of effective management of a loan portfo-

lio; 
– absence of long-term training of the employee. 
The main disadvantages of a scoring system for as-

sessment of client’s creditworthiness: 
– high cost of adaptation of the used model under the 

current situation; 
– the probability of a model error in determining the 

creditworthiness of a potential borrower is due to the sub-
jective opinion of a specialist. 

The methods and approaches in the scoring systems 
are quite diverse, they can be use both individually and in 
different combinations. An analytical review of the main 
known and currently used methods for assessing credit-
worthiness is presented in Table 1. 

Comparing the methods of assessing the creditworthi-
ness of the clients presented in the table above, one can 
conclude that the “Naïve” Bayesian classifier is a good 
classifier in the scoring model for processing information 
about a potential lender. 

 

Table 1 – Review of methods for assessing creditworthiness 
Method  Advantages Disadvantages 

Expert 
method 

1. Experience and knowledge gained by credit experts. 
2. Possibility of obtaining quantitative estimates in cases when 
there is no statistical information. 
3. The speed of obtaining results due to the lack of complex 
mathematical calculations. 

1. Big probability of model error in determining the credit-
worthiness of a potential borrower is due to the subjective 
opinion of a specialist. 
2. Necessity of long-term training of the employee. 

"Naive" clas-
sifier Bayes 

1. Good results of classification.  
2. Simple calculations. 
3. Adaptation to new data. 
4. High speed. 
5. Modest memory requirements. 
6. Small amount of training data. 
7. Effectively works with categorical data. 

1. Requires a sample containing all possible combinations of 
variables. 
2. Assumptions for the independence of variables. 
3. The need to convert different types of data to a category. 

Discriminant 
analysis 

1. Finding the strongest differences between classes – predictors. 
2. Ability to restore missed values. 
3. Possibility of solving the problem of classification of new data 
using past learning. 

1. Works with interval data or with a scale of relationships. 
2. There is a rather rough method for scoring of the assump-
tions of the linearity of the discriminatory function. 

Logistic 
regression 

1. Ability to choose the number of classes. 
2. Ability to find an assessment of the likelihood of non-return of 
the loan. 

1. Complex calculations for obtaining weight coefficients, 
so it needs a more powerful computer base and advanced 
computer security. 
2. Sensitivity to correlation between characteristics. 
3. Low resistance to errors. 
4. Dependency on the data set. 

Cluster analy-
sis 

1. Ability to classify multidimensional observations. 
2. Ability to work with indicators that may have non-numeric 
character. 
3. Ability to work on small sample sizes. 
4. Possibility of calculations in the conditions of non-fulfillment 
of normal distribution of random variables. 

1. The problem of choosing the distance metric in the space 
between the centers of the classes. 
2. The problem of checking the adequacy of the results. 

Decision trees 

1. Simple to understand and interpret. 
2. Does not require thorough preparation of data. 
3. Ability to work both with categorical and interval variables. 
4. Allows you to work with a large amount of information with-
out special training procedures. 

1. The problem of obtaining an optimal decision tree is NP-
task. 
2. The problem of retraining is the problem of creating too 
complex structures that do not sufficiently represent the 
data. 

Neural Net-
works 

1. Good results of classification. 
2. Ability to change the structure of the network for new obser-
vations. 
3. Ability to explain the rather complicated relationship between 
the values of risk factors and their level. 

1. Great statistics for network learning are required. 
2. The problem of choosing a network architecture is exist. 
3. The difficulty of choosing a learning method is exist. 
4 The complexity of calculations of weight coefficients 
between separate layers during training of a network is exist. 
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3 MATERIALS AND METHODS 
The first step of assessing the client’s creditworthiness 

with the help of the NBC is the choice of customer char-
acteristics. Consider the most significant indicators that 
characterize the creditworthiness of clients, and their pos-
sible meaning: 

– personal indicators; 
– indicators on labor activity; 
– financial indicators.  
Personal indicators of client creditworthiness: 
1) Sex = {Man, Woman}  
2) Age = {< 25, 25–30, 30–35, 35–45, 45–50, 50–55, 

>55} 
3) Family status = {Unmarried, Married} 
4) Number of dependents = {0, 1, ≥ 2} 
5) Education = {Secondary, Specialized Secondary, 

Higher} 
6) Period of residence in the region = {< 1 year, 1–3, 

3–5, 5–7, 7–10, 10–15, ≥ 15 years} 
7) Location = {Center, Region} 
Indicators on labor activity of client creditworthiness: 
1) Branch of the company = {Banking and financial 

activity, Information Technology, Non-state medical ser-
vices, Industry, Construction, Service, Transport and 
communications, Science or education or culture, State 
and social organizations, Policy, Agriculture, Other} 

2) Enterprise class = {Small, Medium, Great} 
3) Professional experience = {< 3, 3–5, 5–10, 10–15, 

> 15 years} 
4) Experience in an enterprise = {<1, 1–3, 3–5, 5–7, 

7–10, >10 years} 
5) Position at an enterprise = {Manager, not a man-

ager} 
Financial indicators of client creditworthiness: 
1) Own land = {Have, Have not} 
2) Own country house = {Have, Have not} 
3) Private property = {Have, Have not} 
4) Garage = {Have, Have not} 
5) Car = {Domestic, Foreign, Have not} 
6) An apartment = {Have, Have not} 
7) The area of the apartment = { Have not, from 18 to 

25 square meters, 25–32, 32–50, 50–70, ≥ 70}  
8) How did obtain an apartment = {Have not, Pur-

chase, Gift} 
The second stage of solving the problem of assessing 

the creditworthiness of a client with the help of NBC is 
the development of a scoring model. To do this, first of 
all, it is necessary to build a model of the business process 
of assessing the creditworthiness of the client. The nota-
tion IDEF0 was chosen for modeling process. It let to 
create the context level of the business process (Fig. 1). 
The input for the client’s creditworthiness assessment 
process is a questionnaire. It contains general information 
about the client, financial and social. With the help of a 
scorecard model, a certain class of creditworthiness is 
assigned to the client. After IS make a decision to issue a 
loan. This process is a step-by-step process, therefore, for 
the implementation of this business process, are needed a 

loan expert and a financial advisor who is responsible for 
part of the procedures. 

 
Figure1 – Context level of assessment of client creditworthiness 

 

The list of procedures for evaluating the client’s cred-
itworthiness is presented at the next level of detail of the 
business process (Fig. 2).  

The customer credit assessment process consists of 
four steps: 

– an interview: at this stage, the financial consultant 
conducts a preliminary selection of clients by clarifying 
all conditions of credit; 

– validation and verification of the questionnaire: at 
this stage, a credit expert with the help of the IS checks 
the correctness of filling in the questionnaire, and then the 
correspondence of the personal data to the real informa-
tion of the client;  

– scoring of the questionnaire: the result of this proc-
ess is the assessment of the client’s creditworthiness, 
which is calculated using a scoring model based on the 
Bayesian Classifier; 

– decision on granting a loan: the final decision on the 
issue of a loan is taken at this stage. 

A business process model for creditworthiness as-
sessment is the basis for developing a scorecard model 
[15, 16, 20–22]. 

The NBC is a probabilistic classifier that uses the 
Bayesian theorem to determine the probability of belong-
ing to the sample element to one of the classes assuming 
the independence of the variables. The Bayesian Classi-
fier can be applied to any data set that can be represented 
as categorical data or list of features. A feature is any 
property that may be present or absent from the sample. 
The NBC is often very effective when working with the 
data despite assumptions about the independence of the 
features. Another important feature of the NBC is that 
classifier can be built on a new sample with missing val-
ues. The reason of it the assumption that the presence or 
absence of values of variables is completely random. In 
practice, the NBC, regardless of a number of shortcom-
ings, has proved itself to be quite good due to the high 
speed of operation, simplicity, scalability and moderate 
memory requirements. Examples of using are: 

– data classification in real time [19, 20];  
– classification of texts, for example, spam filtering: 

Google Analytics and Yandex metrics confirm that Baye-
sian approach to classification has proven to be very good 
when it detects spam emails [23]; 
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Figure 2 – Assessment process of client creditworthiness 

 
– analysis of the tonality of the text: analysis of social 

media, identification of positive and negative clients; this 
approach, in conjunction with collaborative filtering, is 
implemented in advisory systems [24]. 

Let consider more detailed using of the NBC for cal-
culating the credit rating. The algorithm of using the 
Bayesian Classifier to determine the client’s creditworthi-
ness consists of two steps: 

1) training of the NBC – based on data of clients who 
have already been issued loans, and who in fact make a 
monthly contribution; 

2) using of the NBC – credit rating is calculated for 
potential lenders. 

Each new potential lender should be classified into 
one of two classes { } , 1, 2lQ q l= = : the first class 1q  
includes those customers who can give a loan, the second 
one 2q  includes all other customers. 

Taking into account the introduced notation, the cus-
tomer classification algorithm using the Bayesian Classi-
fier consists of the following steps. 

1. Stage of training of the NBC: 
I Select set of indicators I . Define set of each i -th 

characteristic meaning ,iJ i I∈ . Find value for 
2

1
, ,k

ij l
l

f k K K U K
=

∈ =  for each client and its output class 

1,2,lk lq = . 
II Calculate number of j -th value of i -th indicator 

k
ijf  from all clients for each output class separately 

 
, , 1, 2

i l

l k
ij ij l

j J k K
x f K K l

∈ ∈
= ∈ =∑ ∑ . 

III Calculate number of l -th output class 

l

lkl
k K

qy
∈

= ∑ . 

 

IV Calculate conditional probability ( )ij lP f q  of j -

th value of i -th indicator ijf  in output class lq  
 

( )

i

l
ij

ij l l
ij

j J

x
P f q

x
∈

=
∑

. 

 
V Calculate probability ( )lP q  of client’s output class 
 

2

1

( ) l
l

l
l

y
P q

y
=

=

∑
. 

 

2. Stage of using of the NBC: 
VI Enter set of values 1{ }, ,k

ij if j J i I+ ∈ ∈  for check-

ing 1k + -th client. 
VII Calculate conditional probability 1( { })k

l ijP q f +  

of l -th client’s output class according to the conditions 
1{ }, ,k

ij if j J i I+ ∈ ∈  
 

1
,

( { }) ( ) ( ), ,k
l ij l ij l i

i j
P q f P q P f q i I j J+ = ⋅Π ∈ ∈ . 

 

VIII Assign of conditional probability to the probabil-
ity ( )lR q  of the output class of 1k + -th client 

 

1( ) ( { })k
l l ijR q P q f += . 
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IX Define output class of 1k + -th client 

1
1,2

arg max ( )l l
l

k R qq
=

+ = . 

For the automation of the calculating process of the 
credit rating is using a scoring model. The following IS 
functionality is proposed, which is presented in the form 
of a use-case diagram (Fig. 3). This diagram shows the 
user of the IS and all the actions that he can perform. 
Consider these options for use in more detail way. 

In order to work with customer data: to view, to edit, 
to enter new data, the option “Management client’s data” 
is provided. By analogy, the option “Management indica-
tors” allows to work with the characteristics used in the 
scoring model. 

The main task of the IS is to assess the creditworthi-
ness of a client. The use case “Calculate creditworthiness” 
is responsible for it. This functionality involves the use of 
a scorecard model and the generation of a relevant report 
on the creditworthiness assessment of clients. The report 
can be saved to file or can be showed on the screen. The 
use cases “Use Scoring Model”, “Generate Report”, 
“Save to File”, “Display to Screen” are responsible for 
these functionality accordingly. The use case “Get some 

help” is showing information about the program and 
FAQ.  

The classical three-level architecture is proposed for 
IS. Each element of architecture is at its own level and 
responsible for the implementation of a limited set of 
functions. IS architecture is shown in Fig. 4 in the form of 
a deployment diagram where it is possible to separate 3 
main nodes presented by devices of different purposes. 

The client part is presented with the graphical inter-
face of the web application. For efficient operation of IS, 
customer information is stored in a database that should 
be located on one of the servers of the credit institution. 
Also this database can has information about authorizing 
and accessing the database as a separate entities in the 
database. In order to access the databases, it is necessary 
to make requests from client part, which is presented as a 
web application. The web server retrieves the requests to 
database. The results of the request (sampling and proc-
essing) the web server will return to the client part. 

The following model of the database is proposed for 
storing information on existing and potential lenders 
 (Fig. 5). 

 
Figure 3 – Use case diagram 

 

 
Figure 4 – Deployment diagram 
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Figure 5 – Database model 

 
The structure of Database model is consist of 6-th en-

tities (Table 2): 
– the entity of “Client” corresponds to the main data 

about clients of a credit institution; 
– the entity “FeatureType” describes a group of indi-

cators used to assess the creditworthiness of clients; 
– the entity “Features” is a vocabulary for the indica-

tors used for the scorecard model; 
– the entity “Values” describes all possible values of 

all indicators; 
– the associative entity “Features_Values” describes 

the relationship between the entities «Features» and 
«Values»; 

– the associative entity “Client_Features_Values” cre-
ates an interconnection between the entities “Client” and 
“Features_Values”. 

 
Table 2 – Description of client database model 

 

Attribute Attribute description 
Entity “Client” 

Id_client  Client’s Id 
FirstName Client’s name 
LastName Surname 
MiddleName Third name 
PassportData Passport 
IdentificationCode Code of Physical Entity 
PhoneNumber Phone Number 
Email Email 

Entity “FeatureType” 
Id_featureType  Id of Feature Group  
Name Group name 

Entity “Features” 
Id_feature Id of Feature 
FeatureTypeId_featureType  Type of feature 

Entity “Values” 
Id_value Id of feature value 
Value Value of feature 

Entity “Features_Values” 
FeaturesId_feature  Id of Feature 
ValuesId_value  Id of feature value 

Entity “Client_Features_Values” 
ClientId_client Client’s Id 
Features_ValuesFeaturesId_feature Id of Feature 
Features_ValuesValuesId_value Id of feature value 

 

So, a scorecard model based on NBC and IS was pro-
posed, which automates the process of solving the client’s 
creditworthiness assessment task. 

 
4 EXPERIMENTS 

For the training of the Bayesian Classifier the data 
was used for 113 clients who have already been issued a 
loan or have been denied. Granting a loan was the case if 
the last line received the value of “1”. An example of in-
put data is presented in Table 3.  

 
Table 3 – Fragment of set with training data 

 

 Set 1 Set  2 .... Set  113 
Loan amount 7000 7500 .... 10000 
Loan term 6 6 .... 12 
Sex woman man ... woman 
Age 37 38 ... 41 
Family status Unmarried Unmarried .... Married  
Number of de-
pendents 2 2 

.... 
2 

Education Higher Secondary .... Secondary 
Period of resi-
dence in the re-
gion 22 12 

.... 

21 
Location Region Center .... Center 
Branch of the 
company Industry Service 

 
Other 

Enterprise class Medium Small .... Medium 
Professional ex-
perience 5 8 

.... 
5 

Experience in an 
enterprise >10 >10 

.... 
9 

Position at an 
enterprise 

not a man-
ager 

not a 
manager 

.... not a 
manager 

Own land Have not Have not .... Have 
Own country 
house Have Have 

.... 
Have not 

Private property Have not Have .... Have not 
Garage Have Have not .... Have not 
Car Domestic Foreign .... Domestic 
An apartment Have not Have .... Have 
The area of the 
apartment 37 29 

.... 
38 

How did obtain an 
apartment Have not Have not .... Have not 
To give a loan 1 1 .... 0 
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All information from the Table 3 was divided into 
three types of indicators: personal indicators, indicators 
on labor activity, and financial indicators. After that each 
indicator obtained appropriate meaning.  

 

5 RESULTS 
The calculation of the creditworthiness of clients is 

based on the trained Bayesian classifier. Using the NBC 
was conducted on the example of three clients, one of 
them was denied in the loan, for the second and third one 
scoring model calculated the value of the credit assess-
ment, which corresponds to the economic expediency of 
the loan. Example of calculated results and client’s infor-
mation according to table 3 are presented below. 

Client  143 = {25500; 12; man; 25 – 30; unmarried; 0; 
higher; 1 – 3; Center; Service; Medium; < 3; <1; not a 
manager; Have not; Have not; Have not; Have not; Have 
not; Have not; Have not; Have not; 0} 

Client  97 = {14500; 12; man; >55; married; 1; higher; 
≥ 15 years; Center; Banking and financial activity; Great; 
> 15 years; 7 – 10; Manager; Have; Have; Have; Have; 
Foreign; Have not; 32 – 50; Have not; 1} 

Client  136 = {17000; 24; man; 30–35; married; 1; 
higher; ≥ 15 years; Center; Information Technology; Me-
dium; 5 – 10; 3 – 5; Manager; Have not; Have not; Have; 
Have; Foreign; Have; 18 – 25; Gift; 1} 

Clients  97 and 136 have a good credit assessment, so 
they can obtain the loan. Another one doesn’t have any 
financial support, so his credit value is very small for is-
suing the loan. 

The issuance of money to the client, which the scoring 
model has calculated the positive value of the credit as-
sessment, occurs after signing by the bank and the client 
of the loan agreement and other agreements (mortgages, 
guarantees of commercial pledge, etc.). 

 
6 DISCUSSION 

To use the developed IS in real conditions, it is neces-
sary to overcome the adequacy of the scoring model. To 
do this, it is necessary to check the quality of the proposed 
classifier, which is the basis for making decisions in the 
credit activity. For the checking NBC we used client’s 
data, which did not use in the training classifier. 

The quality of credit activity is an integral characteris-
tic of a process that shows the degree of suitability of a 
process for achieving certain goals. To assess the quality 
of the classifier, we can use the following quality indica-
tors: precision, recall, measure of Van Risbergen [25, 26]. 

Precision is a criterion that shows the proportion of 
clients that really belong to a particular class with respect 
to all clients that IS has identified about this class: 

aP
a b

=
+

. The more precision, the fewer the number of 

false alarms. 
Recall is a quality metric that shows the proportion of 

clients that really belong to a particular class with respect 

to all clients from this class: aR
a c

=
+

. The more recall 

of the data obtained from the IS, the greater the benefit of 
the received information. 

A good metric for a joint assessment of precision and 
recall is the F-measure or measure of Van Risbergen, 
which is defined as the weighted harmonic average of 

precision and recall: 2PRF
P R

=
+

. 

To check the quality of the work of the NBC 61 cli-
ents were taken, which were not used in the training. A 
series of experiments were carried out with different con-
ditions. Firstly, the NBC obtained 61 cards for verifica-
tion, then some of these cards were used for training, and 
the remainder was again checked for the definition of 
customer classes. The process was repeated until all data 
was used. The results of the experiments are shown in 
table 4. We can also evaluate the client class definition 

error: a cError
number of clients

+
= . 

 

Table 4 – Result of checking NBC 
 

№ a b c 
Num-
ber of 
clients 

P R F Error 

1 33 5 3 61 0,87 0,92 0,89 0,13 
2 25 4 2 52 0,86 0,93 0,89 0,12 
3 23 2 2 43 0,92 0,92 0,92 0,09 
4 23 2 1 37 0,92 0,96 0,94 0,08 
5 15 1 1 20 0,94 0,94 0,94 0,10 
6 10 1 0 16 0,91 1,00 0,95 0,06 

 

As can be seen from Table 4, as the training pattern 
increases the Van Riesbergen measure increases (Fig. 6). 
The error in determining the client’s credit rating 
decreases. 

 

 
Figure 6 – Quality metrics 

 

The IS considered earlier [12–14] are characterized by 
the closeness of the scoring model used for decision mak-
ing. This restriction does not allow doing many experi-
ments to test the performance of these IS. 

The conducted studies and the obtained results show 
the feasibility of using the proposed scoring model and 
the developed IS in real conditions. 

 

CONCLUSIONS 
In the course of this research, the task of assessing the 

creditworthiness of a potential creditor was solved. To do 
this, an analytical review of the main methods for assess-
ing creditworthiness was conducted. Result of it is the 
method of scoring-analysis based on Data Mining tech-
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nology. A scorecard model for calculating the credit rat-
ing based on the use of the NBC was developed. 

A design stage of IS was conducted, during which a 
diagram of activity was developed for a clear presentation 
of the work of the classification algorithm, a use-case 
diagram was developed for allocating functional capabili-
ties, a deployment diagram was developed for represent-
ing the architecture of the IS. A database model was de-
veloped that allows the knowledge domain to be struc-
tured. The conducted pilot studies have shown the prac-
tical significance of the results for credit institutions, as 
evidenced by the calculated assessment of the quality of 
credit activity. 

The scientific novelty of the obtained results consists 
in improving the client’s credit rating process by using the 
scoring model based on NBC, which reduced the subjec-
tive factor in decision making and also reduced the time 
for processing information about a potential creditor. 

The results obtained in the course of this research 
work indicate the feasibility of using the proposed solu-
tion under real conditions in credit institutions to increase 
the quality of lending activities. 

Prospects for further research are to automate the 
process of selecting informative indicators of customer 
creditworthiness. 
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ПІДВИЩЕННЯ ЯКОСТІ КРЕДИТНОЇ ДІЯЛЬНОСТІ ЗА РАХУНОК ВИКОРИСТАННЯ СКОРИНГОВОЇ МОДЕЛІ 
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управління, Національний технічний університет «Харківський політехнічний інститут», Харків, Україна. 
Борисова Н. В. – кандидат технічних наук, доцент кафедри Інтелектуальних комп’ютерних систем, Національний  

технічний університет «Харківський політехнічний інститут», Харків, Україна. 
 

АНОТАЦІЯ 
Актуальність. Розглянуто проблему оцінки кредитоспроможності клієнта. Вона являє собою одночасну обробку даних 

кредитора різної природи з подальшим визначенням кредитного рейтингу. Об’єктом даного дослідження виступав процес 
кредитування фізичних осіб кредитними установами. 

Ціль. Ціль роботи є дослідження процесу підвищення якості кредитної діяльності за рахунок розробки і використання 
скорингової моделі. 

Метод. Проведено аналітичний огляд предметної області. Розроблено модель бізнес-процесу оцінювання кредитоспро-
можності клієнтів у вигляді IDEF0 діаграми. Виділені групи показників, які характеризують потенційного кредитора з різ-
них боків. Обрані набори значень для кожного показника кредитоспроможності окремо. Проаналізовано методи вирішення 
задачі оцінки кредитоспроможності клієнтів. Обрано наївний класифікатор Байєсу як метод вирішення задачі класифікації 
потенційних кредиторів. Проаналізовано існуючі інформаційні системи для оцінки кредитоспроможності клієнтів. Розроб-
лено скорингову модель оцінки кредитного рейтингу клієнту у вигляді алгоритму. Визначено перелік функціональних мож-
ливостей інформаційної системи, які представлено у вигляді діаграми варіантів використання. Запропоновано трирівневу 
архітектуру для інформаційної системи. Розроблено модель бази даних для збереження інформації щодо клієнтів. Розробле-
но інформаційну систему для визначення кредитного рейтингу клієнту на основі використання розробленої скорингової 
моделі. Проведено чисельні дослідження визначення класу потенційного кредитора. Проаналізовано процес визначення 
якості кредитної діяльності. Обрано показники якості визначення оцінки кредитоспроможності клієнтів. Запропоновано 
спосіб розрахунку якості кредитної діяльності. 

Результати. Розроблено скорингову модель, яка була використана при вирішенні оцінки кредитоспроможності клієнтів 
за допомогою запропонованої інформаційної системи. Досліджено процес підвищення якості оцінки кредитного рейтингу. 

Висновки. Проведені експерименти підтвердили значимість запропонованої скорингової моделі та дозволяють рекоме-
ндувати її для використання на практиці для аналізу процесу кредитоспроможності клієнтів. Наукова новизна полягає в 
удосконаленні процесу кредитної діяльності за рахунок автоматизації використання наївного класифікатора Байєсу, що 
дозволяє зменшити людський фактор при прийнятті рішень. 

КЛЮЧОВІ СЛОВА: скорингова модель, задача класифікації, наївний байєсівський класифікатор, оцінка кредитного 
рейтингу, кредитування, позичальник, кредитор, кредитоспроможність. 
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технический университет «Харьковский политехнический институт», Харьков, Украина. 
 

АННОТАЦИЯ 
Актуальность. Рассмотрена проблема оценки кредитоспособности клиента, которая представляет собой одновремен-

ную обработку данных кредитора различной природы с последующим определением кредитного рейтинга. Объектом дан-
ного исследования выступал процесс кредитования физических лиц кредитными учреждениями. 

Цель. Целью работы является исследование процесса повышения качества кредитной деятельности за счет разработки и 
использования скоринговой модели. 

Метод. Проведен аналитический обзор предметной области. Разработана модель бизнес-процесса оценки кредитоспо-
собности клиентов в виде IDEF0 диаграммы. Выделены группы показателей, характеризующих потенциального кредитора с 
разных сторон. Определены наборы значений для каждого показателя кредитоспособности отдельно. Проанализированы 
методы решения задачи оценки кредитоспособности клиентов. Избран наивный классификатор Байеса как метод решения 
задачи классификации потенциальных кредиторов. Проанализированы существующие информационные системы для оцен-
ки кредитоспособности клиентов. Разработана скоринговая модель оценки кредитного рейтинга клиента в виде алгоритма. 
Определен перечень функциональных возможностей информационной системы, представленных в виде диаграммы вариан-
тов использования. Предложена трехуровневая архитектура информационной системы. Разработана модель базы данных 
для хранения информации о клиентах. Разработана информационная система для определения кредитного рейтинга клиенту 
на основе использования предложенной скоринговой модели. Проведены численные исследования определения класса по-
тенциального кредитора. Проанализирован процесс определения качества кредитной деятельности. Выбраны показатели 
качества определения оценки кредитоспособности клиентов. Предложен способ расчета качества кредитной деятельности. 

Результаты. Разработана скоринговая модель, которая была использована при оценке кредитоспособности клиентов с 
помощью предложенной информационной системы. Исследован процесс повышения качества оценки кредитного рейтинга. 
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Выводы. Проведенные эксперименты подтвердили значимость предложенной скоринговой модели и позволяют реко-
мендовать ее для использования на практике для анализа процесса кредитоспособности клиентов. Научная новизна заклю-
чается в усовершенствовании процесса кредитной деятельности за счет автоматизации использования наивного классифи-
катора Байеса, что позволяет уменьшить человеческий фактор при принятии решений. 

КЛЮЧЕВЫЕ СЛОВА: скоринговая модель, задача классификации, наивный байесовский классификатор, оценка кре-
дитного рейтингу, кредитование, заемщик, кредитор, кредитоспособность. 
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