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DESIGN OF INFORMATION TECHNOLOGY
CLASSIFICATION BASED ON MEDICAL
DATA

Decision-making processes associated with assigning a person to a risk group for diseases are accompanied by
the need to analyze large volumes of medical and social data. At the same time, a qualified doctor must operate both
the patient’s personal data and the relevant treatment protocols and instructions. Early prediction of the risks of
disease occurrence allows medical workers to plan, develop a system of preventive measures, and the like. Therefore,
the object of research is to support and provide information and analytical support for decision-making processes
Jor early predicting the risks of diseases in individuals based on medical data. Such support is necessary to analyze
the experience of a medical worker, which is recorded in the form of statistical data. One of the most problematic
areas at the design and implementation stage of relevant information technology is the collection and analysis of
statistical data on the problem under study.

The study was carried out in accordance with the systematic approach methodology. All stages of the design of
information technology for forecasting based on medical data correspond to the stages of a systematic approach:
systematization, formalization, goal orientation. The developed technology is based on the classification method

Mulesa 0.,
Snytyuk V.,
Tromhola M.,
Ivazkevych V.

based on Wald’s sequential analysis.
The research resulted in:

— built a mathematical model of the problem of predicting the risks of disease occurrence as a classification

problem;

— a functional diagram of an information and analytical system has been developed to solve the classification
problem based on medical data. The analytical core of the information and analytical system is formed by algorithms
for statistical data processing, as well as a classification method based on Wald’s sequential analysis;

— experimental verification of the developed technology for the task of predicting the occurrence of dentoalveolar
anomalies in children has been performed. Based on the available statistical data, a dif ferential prognostic table was
constructed. All calculations are performed. The examples demonstrate the effectiveness of the developed technology.

The developed information technology can be used by medical workers in the process of early forecasting of

the risks of disease.
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1. Introduction

Decision-making processes associated with assigning a per-
son to a risk group for diseases are accompanied by the
need to analyze large volumes of medical and social data.
At the same time, a qualified doctor must operate both the
patient’s personal data and the relevant treatment protocols
and instructions. However, in practice, an additional impor-
tant source of data is the doctor’s own experience, which
is recorded in the form of medical statistics. Based on the
experience of previous cases of the disease in different people,
a qualified doctor can perform an early prognosis and assign
a person to the risk group for the disease. Implementation
of an early prognosis allows a medical professional to plan
and implement a number of preventive measures, to provide
a person with qualified assistance and recommendations for
further action.
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Considering the fact that the described decision-making
processes require a doctor to promptly and accurately process
data of various natures, the development and implementation
of relevant information technologies for assigning persons
to risk groups is urgent.

2. The ohject of research
and its technological audit

The object of research is to support and provide information
and analytical support for decision-making processes for early
forecasting of the risks of diseases in individuals based on
medical data. Such support is necessary to analyze the expe-
rience of a medical worker, which is recorded in the form of
statistical data. Based on the analysis performed, it is possible
to make a decision on attributing a person to the appropriate
risk group in order to implement further medical measures on it.
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At the stage of designing and implementing relevant
information technology, it is important to collect and ana-
lyze statistical data on the investigated problem.

3. The aim and ohjectives of research

The aim of research is to analyze the stages of the in-
formation technology design process for assigning a person
to a risk group for a disease.

To achieve this aim, it is necessary to complete the
following tasks:

1. To carry out a systematization of problems and tasks
that arise in the process of designing relevant information
technology.

2. To construct a mathematical model of the problem
of predicting the risks of disease occurrence as a clas-
sification problem.

3. To develop a functional diagram of an information
and analytical system to solve the classification problem
based on medical data.

4. To carry out experimental verification of the develo-
ped technology for the task of predicting the occurrence
of dentoalveolar anomalies in children.

4. Research of existing solutions
of the prohlem

A number of scientific studies are devoted to the prob-
lems of forecasting in medicine. In [1], a study is presented
in which the forecast of the main indicators associated
with the onset and treatment of renal failure is performed.
Forecasting is carried out on the basis of time series by
various forecasting models. The work [2] is devoted to the
problem of using models and methods of Big Data for the
analysis of medical data in the course of solving problems
of forecasting and classification. The issue of using cloud
applications for processing and analyzing medical data is
separately considered here. In [3, 4], a detailed analysis of
the problem of using time series forecasting methods for
modeling and forecasting the needs for emergency medi-
cal care in the region is presented. Autoregressive models
with different parameters were used for forecasting. The
problem of forecasting future needs for medical services is
devoted to [5]. Forecasting in the work is carried out on
the basis of time series characterizing the main demographic
indicators of the region, as well as using simulation models.
A medical data management system using mechanisms for
predicting medical events is given in [6]. The developed
system works with both statistical and dynamic data. Fore-
casting is done for different cohorts. The system is based
on machine learning models and methods. A comparative
analysis of modern methods for predicting medical time
series is given in [7, 8].

An analytical review of modern scientific publications
devoted to forecasting based on medical data shows that
the overwhelming majority of them contain models and
forecasting methods based on time series. The problems of
predicting the risks of future occurrence of such conditions
requiring medical support are rarely solved for specific
clinical cases. To solve this type of problems, pathometric
algorithms based on the analysis of statistical data and
the development of clear rules for making a forecast are
successfully used [9, 10]. Such algorithms are usually based
on Bayes’ theorem.

Thus, it is advisable to develop information technolo-
gies for predicting the risks of diseases on the basis of
probabilistic methods.

5. Methods of research

The study was carried out in accordance with the sys-
tematic approach methodology. All stages of designing in-
formation technology for forecasting based on medical data
correspond to the stages of a systems approach.

The developed technology is based on the classification
method based on Wald’s sequential analysis.

6. Research results

The information technology of assigning a person to
the risk group for diseases was designed in accordance
with the stages of a systematic approach — systematiza-
tion, formalization, goal orientation [9].

At the stage of systematization of problems and tasks
for the implementation of which the information technology
is intended, the problem of early prediction of the risk of
a disease on the basis of medical data was analyzed. The
input data for such a forecast is retrospective data on the
incidence of the disease in the past in different individuals.
An important problem in this case is the analysis of the
representativeness of the available data sample.

The second problematic issue is the choice of features
by which early forecasting can be performed. The case in
which early prediction of the risk of disease can be made
only on the basis of the results of medical examinations
of the person is trivial and, as a rule, does not require
additional research. In the general case, a medical profes-
sional needs to analyze the results of a person’s anamnesis,
which include its medical and social data.

Thus, information technology, the purpose of which is
information and analytical support of decision-making pro-
cesses for predicting the risk of a disease in a person, should
include models and methods for analyzing statistical data.

Formally, the problem of predicting the risk of a disease
in a person can be represented as a classification problem
as follows [10]: let’s have a set of objects:

0={0,,0,,...,0,},

for each of which the values for each criterion from the
set are known:

K={K,,K,,...,K,}.
That is, a given set of vectors:
W ={w; = (w;,w0;s,....w;, ), i = 1,7”}7

where w; — the value of the j-th criterion for the i-th
object. Each object belongs to one of the two specified
classes A and B, with the first class corresponding to the
presence of a risk of a disease, and the second — to the
absence of such a risk. It is necessary to set a rule accord-
ing to which for some object O’, which is characterized
by a vector @’ = (w{,w,...,w,,) of the corresponding criteria
from the set K, based on the data on the objects from
the set O, it will be possible to make a decision about
its assignment to one of the classes A or B.
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To solve this problem, a classification method based
on Wald’s sequential analysis was chosen [10]. To apply
this method, at the initial stage, it is necessary to perform
preliminary processing of the input data [10, 11]:

— to calculate the diagnostic coefficients of the set cri-

teria K based on the concept of conditional probability;

— to establish the information content of each criterion

based on the Kullback measure;

— to determine the reliability levels of the decisions

made related to the indicators of errors of the first and

second years: an error of the first kind is understood

as an erroneous assignment of an object to a class B,

respectively, an error of the second kind describes an

erroneous assignment of an object to a class A.

Actually, the classification method based on Wald’s
sequential analysis is that for a given object, based on
the training sample, sums are calculated that characterize
its proximity to classes.

Procedures that implement the stages of data prepro-
cessing and the classification method based on sequential
Wald’s analysis form the analytical core of information
technology. As a result of the work of the procedures,
for each object it is possible to obtain one of the follow-
ing solutions:

— the object belongs to a class A with a degree of be-

longing W,;

— the object belongs to a class B with a degree of be-

longing Wg;

— there is not enough information to make a decision

under the given conditions.

Based on the mentioned models and methods, an in-
formation-analytical classification system based on medical
data is developed. The functional diagram of the system
is shown in Fig. 1.

For the experimental verification of the designed in-
formation technology (IT), the problem of predicting the
risks of dentoalveolar anomalies in children and adoles-
cents was solved.

At the stage, a database of 105 children 7-9 years
old was created. In accordance with the two predicted
conditions, on the basis of the database, two training sam-
ples were formed of 60 children who had dentoalveolar
anomalies at the age of 13 and 45 children who did not
have dentoalveolar anomalies.

The task is to choose one of two prognostic solutions
for a specific child aged 7-9 years, based on the analysis
of risk factors: first, the child has a high risk of dentoal-
veolar anomalies (condition A), the second — a low risk
of anomalies (condition B). In this case, the thresholds
for A=6.4, for B=—6.4.

The initial data are given in Table 1.

According to the functional diagram of IT, the initial
data were processed by the fuzzy classification method
based on Wald’s sequential analysis, as a result of which
the following diagnostic coefficients and levels of informa-
tion content for the indicators were obtained (Table 2).

Table 1

Initial data for the classification problem

O )

o | Data
Historical preprocessing:
¢ da'ta‘f > — diagnostic
raining coefficients;
sample . .
N — informativeness;
— reliability levels

I 2 N

Examined group
Indicator Value
Main (n=60) | Contral (z=45)
0-1 15 35
1. Heredity
2-6 45 10
Yes 44 12
2. Bad habits
No 16 33
Yes 20 11
3. Injuries
No 40 34
Yes 32 23
4. Pathological posture
No 28 22
5. Early caries and early Yes 40 12
tooth extraction No 20 7%
6. Improper artificial feeding, Yes 34 10
prolonged sucking of a paci-
fier, eating soft foods No 26 35
7. Incorrect setting of tooth Yes 5 2
buds No 57 43
Yes 23 8
8. ENT pathology
No 35 37
9. Systemic and chromoso- Yes 1 1
mal diseases of the body No 59 44
10. Environmental and Yes 25 10
hygienic factors No 75 75
11. Pathology of the mother’s Yes 30 10
pregnancy No 70 75
12. Long-term replacement >16 10 23
of tempaorary teeth with
permanent 0-16 50 20
Classification:
"l 1. Assignment of an
object to class A. .
> 2. Assignment of an Solution
object to class B.
> 3. Inability to make
a decision

L 7

Fig. 1. Functional diagram of the information-analytical classification system based on medical data
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Tahle 2 Since, in accordance with the fuzzy classification me-
Differential predictive table thod, only those indicators need to be taken into account,
the information content of which exceeds 0.5, the clas-

Indicat Val Di i fficient | Inf ti e . . . . .
= S| gpen e er | TORRTR L sification will be carried out according to the following
0-1 -4.93 indi .
1. Heredity 2,69 indicators:
2-6 5.28 — heredity;
— bad habits;
Yes 4,39 . .
2 Bad hahits 205 — early caries and early tooth extraction;
No —4.39 — improper artificial feeding;
Yes 1.35 — ENT pathology;
3. Injuries N 054 0.08 — environmental and hygienic factors;
0 - — pathology of the course of pregnancy in the mother
4. Pathological ot Yes 0.18 0.004 — long-term replacement of temporary teeth.
- TAoingica” postre T _0.20 ‘ To illustrate the operation of the algorithm, consi-
v 298 der an example of data from a child aged 10 years, in
5. Early caries and & : 1.48 which dentoalveolar anomalies were discovered later, at
early tooth extraction No 342 13 years old.
6. Improper artificial | Yes 407 Example 1. Child 10 years old. Let’s apply the fore-
feeding, prolonged 118 casting algorithm, considering the values of the child’s
sucking of a pacifier, No 954 ’ indicators in descending order of their information content.
eating soft foods The child’s indicators and the results of the algorithm
7. Incorrect setting of Yes 0.51 0.001 are ShO.WP mn Table 3. )
tooth buds No 003 : As it is possible to see from the Table 3, the algorithm
- stopped working at the fourth step when the sum of the
pp g p
Yes 370 diagnostic coefficients exceeded the threshold. Thus, it
8. ENT pathology 0.62 . . . . .
No _1.49 was decided to assign the patient to group A with a high
9. Svelemic and oo 120 risk of dentoalveolar anomalies.
r:l:lr'nrynnsumal diseases i 0.004 Example 2. A child of 9 years old, in which no dento-
of the body No 0.02 alveolar anomalies were found in adolescence. The results
‘ e e of the predictive algorithm are shown in Table 4.
;D',El?"“f"”“tmental and i 0.39 In this example (Table 4) it can be seen that the
ygienic faciors No -1.25 algorithm stopped at the stage when the sum of the diag-
11. Pathology of the Yes 7592 nostic coefficients became less than the lower threshold.
mother's pregnancy e 192 0.76 As a result, it was decided to assign the patient to group
. B of low risk of dental anomalies.
12. Long-term replace- | >16 -3.23 Thus, the designed information technology can be suc-
ment of temporary teeth 1.55 cessfully used by dentists in the early stages to predict
with permanent 0-16 2.73 e1e . ..
the possibility of risks of anomalies in the future.
Tahle 3
The results of the predictive algorithm (Example 1)
Algorithm step Index Value Sum of diagnostic coefficients Analysis
1 Heredity 4 5=5.28 —B6.5<5.28<6.5
2 Bad habits No 5=5.28-4.39=0.89 —6.5<0.89<6.5
3 Long-term replacement of temporary teeth with permanent 12 5=0.89+2.73=3.62 —6.5<3.62<6.5
4 Early caries and early tooth extraction Yes 5=3.62+3.98=7.6 7.6>6.5
Table 4
The results of the predictive algorithm (Example 2)
Algorithm step Index Value Sum of diagnostic coefficients Analysis
1 Heredity 3 5=5.28 —6.5<5.28<6.5
2 Bad habits No 5=5.28-4.39=0.89 —6.5<0.89<6.5
3 Long-term replacement of temporary teeth with permanent 17 5=0.89-5.23=-4.34 —B6.5<-4.34<B6.5
4 Early caries and early tooth extraction No 5=-4.34-3.42=-7.76 -7.76<-B.5
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7. SWOT analysis of research resulis

Strengths. The introduction of the developed informa-
tion technology will make it possible to predict the risks
of the disease at the early stages. The implementation of
an accurate and timely prediction will allow a medical
professional to develop a set of preventive measures for
each specific clinical case and thereby reduce the possible
risks of dangerous conditions in a patient.

Weaknesses. A feature of the developed technology is that
for the correctness of the medical prognosis, the medical
worker must form representative training and control samples
based on its own experience or available statistical data.

Opportunities. In the process of development of the de-
signed information technology, it is expedient to introduce
elements of the theory of fuzzy sets into the description
of the main indicators by which forecasting is carried out.
This approach will make it possible to make effective deci-
sions when the indicators take values close to the limit.

Threats. The application of the developed information
technology in various medical fields requires a preliminary
analysis of the problem to form a set of risk factors for
the occurrence of a disease, as well as intervals of values
that these factors can take.

1. The systematization of problems and tasks that arose
in the process of designing information technology for
forecasting the risks of the disease. It is noted that the
input data in the process of functioning of the technology
are retrospective data on cases of the disease in the past
in different individuals.

2. A mathematical model of the problem of predicting
the risks of disease as a classification problem is built.
Classification is carried out by assigning an object to one
of two classes: a class with an existing risk of disease and
a class without such a risk.

3. The functional scheme of the information-analytical
system for the decision of a problem of classification on the
basis of medical data is developed. The analytical core of
the information-analytical system is formed by algorithms
of statistical data processing, as well as the method of
classification based on sequential analysis of Wald.

4. Experimental verification of the developed techno-
logy for the task of predicting the occurrence of dental
anomalies in children is performed. During the verifica-
tion, training and control samples were formed and risk
factors (indicators) of these anomalies were selected. Two
examples demonstrate the effectiveness of the developed
information technology.
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