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Abstract

In recent years, a new concept of reforming the system of medical and social expertise has been
implemented in Ukraine, which is associated with the use of the International Statistical Classification
of Diseases (ICD-10) along with the International Classification of Work Ability, Disability, and
Health (ICF). This allows for a comprehensive analysis of the patient's health and functioning, better
planning of treatment, rehabilitation, and creation of services for people with chronic diseases or
disabilities. However, for the successful and full use of these measures, it is necessary to have
statistical developments on providing persons with disabilities with comprehensive rehabilitation and
medical services, and to develop models of reforming the medical industry on their basis. This will
allow for the effective implementation of these innovations in a short time, taking into account the
characteristics of each region and types of diseases.

Introduction

The development of computer technologies, their implementation in medicine and healthcare requires
the analysis of morbidity, patient condition during rehabilitation, post-treatment condition, further
determination of measures to reduce the risks of epidemics, disease outbreaks, the need for
rehabilitation and treatment facilities, so modelling in medicine is becoming increasingly important,
especially in today's conditions.

Modelling methods can be used in various areas of medicine, especially in the areas of design,
management and supply, where the main processes are effective decision-making based on the
information received. The main purpose of these activities is to obtain, analyse, present and further use
of data. During modelling, large amounts of data from various sources can be used for analysis, such
as statistical databases of healthcare institutions, production facilities of specialized enterprises,
scientific literature and test results of various methods and devices for treatment and rehabilitation.

Computer modelling of any processes is based on three basic concepts:
— Statistical information;

— Rules;

— The management structure.

Statistical research is a key area of knowledge accounting and classification. Each state faced the need
to solve practical state and economic problems. It is these needs that require the collection and
processing of various types of information. Similar measures are also needed to increase the efficiency
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of the medical industry and its component - the rehabilitation system for people with disabilities.
Problems in the rehabilitation system in Ukraine have been accumulating for years, but a significant
increase in the contingent associated with hostilities requires their resolution in a short time. World
experience and research results by Ukrainian specialists indicate that almost 100% of military
personnel and the majority of the civilian population may need highly qualified assistance.

Psychologists believe that in the case of insufficient treatment, post-war symptoms not only return
over time, but also intensify. Soldiers who have experienced the horrors of war often suffer from
insomnia, lack of emotions, irritability. In order for people to adapt normally to peaceful life, they
must undergo treatment.

Ukraine, in accordance with the UN Convention on the Rights of Persons with Disabilities,
consistently fulfils the state's obligations to such citizens to ensure their full life. To this end, the state
has introduced a central database of persons with disabilities as a single system for collecting and
summarizing statistical data. Its filling, establishing interaction between different links of the
rehabilitation process at the local level and the sequence of different forms and stages of rehabilitation
require the implementation of software tools at each level.

The developed expert system for processing and collecting medical data to assess the condition of
patients and provide recommendations for their rehabilitation allows automating and digitizing this
process

Chapter 1

Statistics is one of the oldest branches of knowledge that arose on the basis of the need for accounting.
It arose with the emergence of statehood in connection with the need to solve practical state and
economic problems. This required the collection and processing of various types of information. In the
process of managing the field of medical and social expertise and rehabilitation of persons with
disabilities, ensuring its planned work, statistical methods make it possible to develop justified
organizationally and methodologically correct solutions that combine the intuition of a specialist with
a thorough analysis of the information received.

In order to have a general idea of the statistical methodology, it is necessary to consider the process of
statistical research itself, which includes five main stages:

1 - Determining the purpose and objectives of the study;

2 - Collecting statistical material;

3 - Preliminary data processing;

4 - Calculation and interpretation of generalizing indicators;
5 - Modelling and forecasting.

Among them, stages 2 and 3 are the most expensive in terms of human resources, and therefore
require the implementation of computer processing tools.

The developed software tool allows for formalizing the description of the condition of a person with a
disability, speeding up decision-making time. Information about patients is stored in an electronic
database (Fig. 1).

The program allows:
— to collect statistical material;

—to carry out preliminary data processing.
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And then to carry out modelling of necessary rehabilitation measures based on the analysis and
interpretation of statistical indicators.

Defektura

Fig. 1. ER-model base data.

Data maintenance takes place in interactive forms (Fig. 2), after closing which the information is
saved in the database in a new or edited record.
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Fig.2. Forms of the data formation template.

Data can be updated using menu commands, when opening a new or editing an existing record, or
when the program is closed (Fig. 3).

Data can be entered into the forms in any order. It is possible to supplement existing records.
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Fig.3. New data entry window

The accumulated data are analyzed using statistical research methods, taking into account the
influence of factors on the issuance of recommendations regarding:

— Preventive measures;
— Provision of psychiatric care;

— Adaptation and creation of a workplace taking into account safety and special needs of a person with
a disability;

— Rational employment;
— Physical and sports rehabilitation;
— Teaching basic social skills.

Using the obtained statistical data and their analysis in accordance with local characteristics allows not
only to assess the results, but also to compare them with the results of work in other regions of
Ukraine.

In this case, functioning and limitations of vital activity are considered as a complex interaction of the
individual’s health status with contextual environmental factors, as well as personal factors.

Determining the state of vital activity requires an integrated assessment, which should be carried out
from a systemic perspective and include a comprehensive analysis of the state of all interested
functional systems of the body, the results of clinical and functional diagnostics, psychological
characteristics of a person, professional and labor data and social factors of society. Only the
comparison of various parameters of such a combined analysis allows to determine the presence and
extent of limitations of a person's vital activity and ensures the quality of the expert examination.




StudMath-IT 2024 [_S&\ Q

Chapter 1

The problem of statistical analysis of medical data requires extraordinary solutions for its processing
and interpretation of the results. In recent years, methods and means of data analysis have undergone
fundamental changes, and the presentation of information in a convenient form has generally become
an art.

The data obtained as a result of the program’'s operation are combined into a number of tables.
Statistical information is presented in the form of tables that are interconnected and undergoes the
following stage of their processing and analysis:

— Establishment of potentially possible patterns and connections between individual components;
— Availability of opportunities to predict new facts.

The implementation of these requirements is impossible without presenting data in a computer format
with their subsequent processing in digital form.

If qualitatively heterogeneous indicators become the subject of statistical study, then their analysis
without prior grouping by qualitative characteristics does not correspond to objective reality. For
example, not dividing people by age criteria, place of residence, working professions, etc., that is, into
groups of social heterogeneity of health leads to distortion of conclusions.

Therefore, we perform a ranking of values. If they fall into the same gradation, then they are all
assigned the same rank, which is calculated by the formula:

n-1 y + 1

Rn(x):gyi + 2

)

where:

n — gradation number;

R, — rank of each value of the feature that falls into gradation i;

Yn — number of values that fall into gradation n (y, is taken to be equal to 0).

Checking the correctness of the ranking is carried out in the following way: we find the sum of all
ranks and compare it with the checksum, which is determined by the formula:

1 N(N+2)
SR=——F—
2
Thus, the ranking operation will allow us to move from qualitative features to quantitative features
(Fig. 4.).

(2)

Fig.4. System model
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To assess the impact of data on the indicator under study, a univariate regression analysis is performed

depending on each input value (variable) with the results displayed in separate windows (for example,
Fig. 5.).
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Fig.5. Regression analysis input value

Regression analysis methods will make it possible to identify and investigate dependencies between
various indicators, predict future trends, and perform complex calculations in the field of medical
expertise (Fig. 6.).

tr

Fig.6. 3D-model input value
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Such cluster analysis allows us to distinguish groups of patients based on their behavioural
characteristics (Fig. 7).

Fig.7. 3D-model cluster analys

It will also allow modelling to predict future events and develop effective treatment and prevention
procedures.

If an analysis is conducted by various accounting characteristics (age, gender, place of residence,
profession, disease, etc), this will make it possible to study not only each element of the population,
but also the entire population as a whole. But since most of the parameters are elements that fall under
the concept of fuzzy logic, the processing is carried out using Takagi-Sugeno fuzzy control models.

In such models, between the set of input parameters
X =(Xy 1 X5 ,..Xp)

and signals at the output of the system "Y" the dependence is given by a fuzzy knowledge base (fuzzy
logic) of the form

Kj -

pL:JlDl(Xi = ai,jp) —> Y= bj,o + bj,l X+ I'ij2 Xy .+ bj,n Xy ] =1m "

where
b;,i — Coefficients (“significance") of the input parameters.

Thus, in a Takagi-Sugeno type model, the knowledge base is a kind of hybrid model — in which the
interaction rules contain references in the form of fuzzy sets and conclusions, and are represented, in
the form of a linear function. Such a knowledge base (Fig. 8) can be represented as some partition of
the space of factors, which in turn have an effect on fuzzy subsets, in each of which the value of the
response function to the input stimulus is calculated as a linear combination of inputs. Interaction rules
are a kind of triggers for the transition between linear combinations of "input-output”.

Since the information is presented in the style of fuzzy logic, the boundaries of the subsets are fuzzy,
and the subsets may partially fall into different combinations, but will have different coefficients.

The visualization package allows you to output the result in the form of graphs of correlation of
indicators and various histograms.
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\

Fig.8. Takagi-Sugeno type model

Conclusion

A large number of rules and indicators of difference are used in applied statistics. The question arises -
how to reasonably choose one or another combination for use in a specific task.

Data processing methods must be adequate in terms of permissible transformations of measurement
scales of a set of fuzzy linguistic variables into a representative knowledge base.

The presented development allows for the collection and analysis of information, data from primary
and diagnostic examinations on the health of the population; modeling and presentation of the result in
graphical (Fig. 9) and tabular (Fig. 10) form with the possibility of changing time limits and various
environmental factors.
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Fig. 9. Graphical representation of statistical reports
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Fig. 10. Tabular representation of statistical reports
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Using the package provides the opportunity to present both initial data for analysis and solve a variety
of management tasks in the field of healthcare: from planning epidemic prevention measures, to
optimizing the planning of the use of premises in a medical institution and the organization of the
work of a medical institution and developing a strategy for launching new rehabilitation aids (RASs) on
the market and their use.

This package allows you to form the necessary management model in accordance with existing rules
and facts.

During modeling, it is possible to analyze large volumes of patient data to identify patterns,
correlations and relationships between various variables:

— Demographic information;
— Medical history;

— Treatment history.

This information will be useful when developing individual treatment plans. It can be used for:
— Developing new types and types of rehabilitation and auxiliary aids;

— Predicting which of them will be the most effective and least toxic;

— Statistical modelling.

This, in turn, facilitates understanding of the specifics of the problem and promotes close cooperation
between customers (healthcare institutions, people with disabilities), manufacturers, and social
protection departments.
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