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Planning and organizing the functioning of health care institutions is a priority area of activity of their founders.
The purpose of such management activities is to ensure the timeliness, quality and completeness of medical services
provided to the clients of the institution. At the same time, an important step is to predict the needs for medical
services in future periods of time. Forecasting should be carried out taking into account the socio-demographic,
medical and behavioral characteristics of persons — potential consumers of medical services and the characteristics
of the population structure of the territory in which the medical institution operates. Thus, the object of research is
the processes that arise during the analysis of operational and retrospective statistical, medical and social, expert
and other data to determine the forecast values of the levels of demand for certain medical services. The results of
the analysis should become the basis for making management decisions on planning and organizing the activities
of health care institutions in future periods.

In the course of the research, a systematic approach, methods of mathematical modeling and other general scien-
tific methods were used.

The research result is a developed method for forecasting the demand for medical services in future periods of time.
The method consists in the implementation of four sequential stages of the analysis of the initial data. In this case,
it becomes necessary to solve the problems of clustering, classification, identification and forecasting. The accuracy
of the predicted values depends on the choice of methods and algorithms for solving the problems posed and on the
completeness of the initial data. As a result of applying the method, it is possible to obtain:

— adivision of persons — potential consumers of medical services into groups in accordance with their socio-
demographic portraits, medical data and behavioral characteristics;

— relationship between the number of educated groups and the demand for various medical services;

— predicted values of the number of groups, as well as the demand for medical services.

The results can serve as a basis for making managerial decisions on organizing the activities of medical institu-
tions in future periods of time.
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1. Introduction — retrospective data characterizing the demand for

medical services in past periods of time;

Planning and organizing the work of healthcare in- — medical and social factors affecting the emergence
stitutions is one of the priority areas of activity of their of the need for medical services in persons;
founders, administrators and managers in the healthcare — social, economic, demographic and other features
sector. The purpose of such management activities is to of the service area of the institution, and the like.
ensure the timeliness, quality and completeness of medical So, taking into account the need to analyze data of
services provided by medical workers to clients of the various nature, their coordination and the adoption
institution. One of the key problems that arise in the of appropriate management decisions, it is relevant to
process of planning the activities of medical institutions develop a unified concept for determining the predicted
is forecasting the demand for medical services in future values of demand for medical services in future periods.
periods. Such forecasting should be performed taking into
account the following factors: 2. The ohject of research

- fgatu.res of the activity and location of the healthcare and its technological audit

institution;

— the staff and the competence of the employees of the The object of research is the processes that arise during

institution; the analysis of operational and retrospective statistical,
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medico-social, expert and other data to determine the fore-
cast values of the levels of demand for individual medical
services. The results of the analysis should become the basis
for making management decisions on planning and organizing
the activities of health care institutions in future periods.

3. The aim and ohjective of research

The aim of research is to analyze the stages of data
processing to calculate the predicted values of the need for
medical services in future periods of time. To achieve this
aim, it is necessary to complete the following objectives:

1. To systematize the data on the basis of which it
is necessary to analyze the needs for medical services.

2. To analyze the problems that arise in the process
of forecasting the needs for medical services.

3. To develop a method for forecasting the demand
for medical services in future periods of time.

4. Research of existing solution
of the prohlem

The problem of implementing the function of managing
a health care institution is covered in many scientific works.
So, in [1] it is noted that a healthcare institution should
be considered as a complex system. Despite the fact that
the main goal of the activities of such institutions is to
provide quality and timely medical services, it is important
to improve the quality of such components of their man-
agement system as medical personnel, equipment, buildings,
and the like. In [2], the authors note that the peculiarities
of the medical services market include the presence of risks
of diseases and the dependence of the demand for medi-
cal services on their supply. The study of the relationship
between the socio-economic development of countries and
trends in the demand for medical services in them is devoted
to work [3]. It is shown that the range of medical services
correlates with the level of socio-economic development of
the country. The works [4, 5] are devoted to the analysis
of the medical services market and the dependence of the
demand for such services on the available supply. These
studies argue that when analyzing the market for medical
services and assessing the demand for them, it is necessary
to take into account factors such as the structure of the
region’s population and the availability of medical services.

The work [6] is devoted to the problem of forecasting
the demand for medical services, in particular, the need for
emergency medical care. Forecasting is performed taking into
account the geographic location of expected emergencies
and is performed using artificial neural networks that are
optimized using an evolutionary algorithm. Based on the
results obtained, it is possible to determine the optimal
locations of emergency medical vehicles. In [7], methods of
clustering, forecasting, and regression analysis are demon-
strated to assess the demand for medical services in differ-
ent countries. The study contains examples of constructing
regression models to determine the number of people who
were discharged from hospitals in a calendar year based on
historical data. Work [8] contains the results of predicting
the need for vaccine for vaccination against tuberculosis
based on forecasting fertility. Forecasting was carried out
on the basis of the Box-Jenkins model based on time se-
ries analysis. The results obtained can be used to plan the
procurement of the appropriate vaccine. The work [9] is

devoted to the problem of assessing the demand for drugs.
In the work, a model for predicting drug demand using
an adaptive network based on a fuzzy inference system
was created, based on the analysis of retrospective data on
their sales volumes. In [10], the prediction of drug needs
is carried out on the basis of two-stage clustering. This
approach allows to achieve more accurate results, but it
affects the training time of the neural network.

So, a large number of scientific studies are devoted
to the analysis of the market for medical services and
forecasting the demand for some of them. However, the
question of developing a unified approach for predicting
such demand for an individual healthcare institution based
on both retrospective and medical and social data, and
taking into account the population structure of the terri-
tory served by this institution, remains almost unsolved.

5. Methods of research

During the study, the following methods are used:
— systematic approach — when analyzing the problem
of forecasting the demand for medical services in future
periods of time;

— method of mathematical modeling — to formalize
the tasks that arise in the process of analyzing retro-
spective and medico-social data and affect the forecast
values of the corresponding demand indicators;

— method of analysis — in the study of the relation-
ship between data on potential consumers of medical
services and the demand for such services.

6. Research results

Assessment of the level of demand for medical services
in future periods of time depends on the completeness and
accuracy of retrospective data on potential and existing
consumers of medical services, their socio-medical indica-
tors. And also about the structure of the population of
the territory served by this healthcare institution.

At the same time, data goes through several stages of
analysis, among which are clustering, identification and
forecasting. This process can be schematically represented
as shown in Fig. 1.

So, in the process of analyzing data, in order to assess
future needs for medical services, the following tasks arise:

1. The task of dividing into groups of persons — potential
consumers of medical services — in accordance with the
peculiarities of their medico-social and behavioral charac-
teristics and the purpose of such a division.

Let a dataset be given in the form of a tuple:

<O,MD,ID,BD,SD >,

where O — set of persons; MD — set of values of medical
indicators in given persons; ID — set of personal data such as
age, gender, place of work, etc.; BD — behavioral character-
istics of persons that may have an impact on the possibility
of a need for medical services; SD — information about the
services for which the demand is being investigated (for
example, the demand for services in different periods of
time, the individual characteristics of persons that affect
the possibility of a need for a particular service, etc.).

It is necessary to split the set O into groups according
to a given criterion.
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The criterion for dividing persons — potential con-
sumers — into groups may be the «similarity» of their
socio-demographic or behavioral characteristics, which in
turn affects their needs for medical services. In this case,
the problem can be formulated as a clustering problem,
the formulation of which is as follows:

Information about the structure of the
population, medical and social
characteristics of potential consumers
of medical services

T

¢CLUSTERING

A \VI ‘v7

Dividing persons into clusters according
to their behavioral and socio-medical
characteristics

—_—T
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Functional relationships between the
number of clusters and the demand for
medical services
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Forecast values of the number of groups of potential
consumers of medical services and demand for
medical services in future periods of time

S

Fig. 1. Stages of data analysis in the process of assessing
future demand for medical services

—

Let a set of persons be given:
0={0,,0,,...0,,

each of which is characterized by a variety of features:
X ={X, X,.. X, }.

Signs, in this case, can be elements of the socio-de-
mographic portrait of a person, behavioral characteristics,
components of the anamnesis, and the like.

Let a vector of feature values be given for each person
0,€0, i=1,N:

xi= (X“,xiz,...,xm),

where x; — value of the feature X;eX, j=1M for the
corresponding person.

On the basis of the given data, it is necessary to con-
struct a rule s = D(x®) that maps a set X of possible values
of features {X;,X,,... Xy } to a set {1,2,..,K} of cluster num-
bers, that is s:X —{1,2,..,K}.

In other words, the task of clustering is to define the
indicator variable s as follows:

1,if x' ey,
K, if x'eQy,

where Q;, (k=1,K) — areas of space X corresponding to
clusters.

There are frequent cases when the number of clusters K
is not known in advance. Then K is also a parameter of
the clustering model. The solution to the clustering prob-
lem in this case consists in varying the parameter K and
searching for such a value that ensures the achievement
of the specified optimality criterion.

To solve the formulated problem, it is possible to use
clustering methods such as:

— statistical [11, 12];

— tree-like [13];

— neural network [14, 15];

— evolutionary [16];

— expert [17];

— methods of fuzzy clustering [18], etc.

Another criterion for dividing individuals into groups is
their medical and social data. In this case, the partitioning
problem can be formulated as a classification problem in
the following setting [19].

Let’s suppose a set of persons O={O1,Oz,...,ON}, for each
of which the values of features from the set X ={X;,X,,..., X, }
are known.

That is, a given set of vectors:

x'= (Xi1,xi2y-~~,xi;\4),

where x; — value of the feature X;eX, j=1M for the
corresponding person. Each person belongs to one of the
two specified classes A and B. Moreover, belonging to one
of the classes means that the person either has a need
for medical services (class A), or does not arise (class B).

It is necessary to set a rule according to which for some
other person O’, characterized by a vector x” = (x{,x5,...,x%,)
of the corresponding criteria from the set K, based on the
data on the persons from the set O, it will be possible
to make a decision about its assignment to one of the
classes A or B.

To solve the formulated problem, it is possible to use
methods for comparing feature values [20], neural network
methods [21, 22], methods based on Wald’s sequential
analysis [19], etc.

The result of clustering will be the division of the set
of persons O into clusters. Thus, even if as a result of
the clustering done, K clusters were obtained: G;,G,,...,G.

2. The task of establishing relationships between the capa-
city of formed clusters and the demand for medical services.

At the second stage of data analysis, it is necessary
to estimate the size of each of the clusters in different
periods of time. Let, as a result of the performed assess-
ment, a table was formed (Table 1).

Based on the data obtained, it is necessary to perform
the structural and parametric identification of the depen-
dences of demand for services on the capacity of clusters.
For this, it is possible to use fuzzy [23, 24], evolutio-
nary [25] identification methods and other algorithms for
estimating unknown parameters of systems [26].

Let’s suppose, as a result of the identification done,
a system of functions P, =¢;(Z,,Z,,....Zx), j =1, M was built.
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Tahle 1

Summary results for clusters and services at different time periods

T Cluster capacity Service demand

ime

period | 7 Z, . Zy B B . B,
' 211 231 s Zg1 P P2y . Pm
L 212 Z32 o Zg2 Pz P e Pz
T 2yt Zat e Zg Py Py o P

Note: 7} < T, < .. < T, — specified time periods; z,, k = 1,71{, 1= ﬁ -
results of assessing the number of the k-th cluster in the time period T};

Dy j= m, 1= ﬁ — demand for the j-th service in the period of time T}

3. Forecasting the values of the capacities of clusters
in future periods of time.

The next step is to forecast the number of formed
clusters in future periods of time. Forecasting should be
carried out taking into account the retrospective data of
Table 1. In this case, the setting of the forecasting prob-
lem is as follows:

Let z,2,..,2z, be some discrete time series without
length ¢ gaps. The time series value is recorded at dis-
crete points in time i=1,¢. The task of forecasting a time
series is to build a decision rule F that allows to find an
estimate of the value of a series in future periods of time,
which is a forecast at a given point ¢+t with a forecast
step T (121).

To solve the formulated problem, it is possible to use, for
example, forecasting methods based on time series [27-29].
And also the forecasting method, taking into account the
conclusions of experts [30].

Let’s suppose that, as a result of the study, a fore-
cast was made for the number of clusters G,,G,,...,.Gx in
a given period of time T,,, T,,>T,, as a result of which
the predicted values Zi,.1, 21, Zxs1 Were obtained.

4. Determination of forecast values of demand for medi-
cal services in future periods of time.

Based on the results obtained at the previous stages,
the forecast values of demand for medical services in future
periods of time are calculated as follows:

Pj1= ¢j(Z1.L+17ZQ.L+1y-"’ZK,L+1)'

The results obtained at the final stage can be used by
health managers at the stages of planning and organizing
the activities of the staff of medical institutions.

7. SWOT analysis of research resulis

Strengths. In the course of the study, a method was
developed for assessing the demand for medical services
in future periods of time, based on the available data on
their potential consumers. The method consists in the
implementation of four consecutive stages. As a result of
the method, the division of potential consumers of medi-
cal services into groups will be obtained in accordance
with the possibilities of their need for medical services
in the future, as well as the calculated forecast values of
demand for individual medical services.

Weaknesses. The accuracy of calculations in the course
of applying the developed algorithm depends on the choice

of methods and algorithms for solving problems arising at
individual stages. Also, the completeness and reliability of
data on potential consumers of medical services, socio-
demographic and economic characteristics of the territory of
service of a medical institution, and the like are important.

Opportunities. The results of the method, namely the
estimated values of the demand for individual medical
services in future periods of time, can be used by health
managers, managers and founders of medical institutions
in the process of organizing and planning the activities
of the staff of healthcare institutions.

Threats. In the course of applying the developed method,
it is important to choose methods for solving problems that
arise at each separate stage. The accuracy of the obtained
forecasts depends on the chosen methods of clustering,
classification, identification and forecasting.

1. Data have been systematized, on the basis of which
it is necessary to analyze the needs for medical services.
It has been found that in the process of predicting future
demand for medical services, it is necessary to analyze
the following data sets:

— information about the structure of the population

of the territory served by the medical institution;

— information about the socio-economic characteristics

of the region or settlement;

— set of values of medical indicators in persons —

potential consumers of medical services;

— socio-demographic portraits and information about

the behavioral characteristics of persons — potential

consumers of medical services;

— information about the features of the provision of

services, the demand for which is being investigated;

— information about the demand for the investigated

services in the past.

2. The analysis of the tasks that arise in the process
of forecasting the needs for medical services has been
carried out. It has been established that in the process of
analyzing the input data, it is necessary to consistently
solve the following tasks:

— task of dividing individuals into groups in accordance

with their socio-demographic and medical characte-

ristics, as well as taking into account their behavioral
characteristics that affect the emergence of needs for
medical services;

— task of identifying the dependences of the demand

for medical services on the number of educated groups;

— task of forecasting the number of groups in future

periods of time based on retrospective data and taking

into account the conclusions of experts.

3. A method for forecasting the demand for medical
services in future periods has been developed. The method
consists in performing four sequential stages of analysis of
the input data. The result of applying the method is the
forecast values of demand for medical services in future
periods of time.
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