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ABSTRACT

The article presents the results of developing a computer model for differential symbolic risk assessment of community health
improvement projects. Traditional approaches and methods, such as expert opinions or statistical models, have limitations regarding
the accuracy of risk prediction and adaptation to changing conditions of the project environment. The proposed computer model uses
a system of differential equations that describe the dynamics of key project indicators, such as public participation in activities, the
effectiveness of educational and vaccination measures, budget changes, and their impact on overall risk. This model allows assessing
risks taking into account the studied project dynamics, promptly adjusting management decisions, and reducing deviations from the
planned indicators. To implement the proposed model, an algorithm has been developed that includes several stages: initialization of
variables, construction of a system of differential equations, their numerical solution by the Euler method, risk assessment, and real-
time updating of parameters. Based on the developed algorithm, which involves 9 steps, a computer model has been created, which
will be further integrated into a decision support system for project managers. The proposed computer model is written in the Python
programming language using libraries for solving differential equations, optimization, and visualization of results that implement the
proposed mathematical model. This computer model allows project managers to simulate risks, analyze their impact on project
performance, and generate recommendations for managing resources and minimizing risks. The developed computer model was
tested on the example of real community health improvement projects. For the community vaccination project, the computer model
showed a forecasting accuracy of 97.14%, which exceeds the figure for the use of expert estimates (92.86%). In an educational
project to promote healthy lifestyles among the community population, the accuracy of the computer model is 90.00% compared to
88.00% when using the method of expert judgment. The risk assessment showed that the use of the differential-symbolic model can
reduce the risk level to 2.86% in the community vaccination project and 10.0% in the community health education project. At the
same time, traditional methods showed risks of 7.14 % and 12.00 %, respectively. The computer model also proved to be adaptable
to the changing project environment, which included an increase in project duration or a decrease in the available budget. The
proposed computer model integrates functionality for parameter input, numerical risk calculation, visualization of results, and
generation of recommendations. The interface of the computer model is designed in such a way as to provide convenience for project
managers, even in conditions of high complexity of input data. The obtained results confirm that the developed computer model for
differential symbolic risk assessment of community health improvement projects is an effective tool for project management. The use
of the model allows not only to improve the accuracy of risk forecasting but also to ensure efficient resource allocation.
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INTRODUCTION implementing projects in the healthcare sector [1, 2].
One of these tasks is risk assessment in community
health improvement projects. It is this urgent task
that requires the use of modern approaches to take
into account its specifics due to the influence of a
changing project environment.

Today, project managers face several scientific
and applied tasks that require substantiation and
development of tools for their solution when
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and automated systems based on mathematical and
computational models are used [3, 4]. However,
many of these approaches do not take into account
the interdependence between time parameters and
the dynamics of implementing projects to improve
the health status of the community population. In
particular, this concerns changes in the time of
project components due to the influence of various
factors of the project environment.

Theoretical studies by various scholars have
already identified the issue of risk assessment. They
involve the use of probabilistic methods, fuzzy logic,
statistical models, and machine learning algorithms.
In addition, some scientific papers on project
management emphasize the need to integrate
multidisciplinary approaches to take into account
complex dynamic processes [5]. However, existing
methods are limited in their application to healthcare
projects due to insufficient adaptability to specific
conditions and dependence on fixed scenarios.

Practical solutions implemented in information
systems are mostly based on static models that do
not take into account the possibilities of real-time
risk prediction [6-9]. This requires management
decisions to be made in the complex and rapidly
changing conditions of the project environment,
which are typical for medical projects. For example,
risk monitoring systems are often based on historical
data, which does not allow for rapid adaptation to
new challenges in terms of changing health status of
the community population.

The expediency of developing a computer
model based on a differential-symbolic approach is
driven by the need to solve the outlined scientific
and applied problem. Such a model makes it
possible to describe dynamic changes in project
parameters, as well as their impact on risks under the
influence of a changing project environment. The
integration of mathematical differential equations
and symbolic computing ensures the development of
a more flexible and adaptive solution, which is
typical for projects to improve the health of the
community. Such a model will reduce subjectivity in
risk assessment and improve the accuracy of
forecasts.

Thus, the relevance of developing a computer
model of differential symbolic risk assessment is
driven by the need to improve the efficiency of
managing community health improvement projects

LITERATURE ANALYSIS

Risk assessment in community health
improvement projects is an important task to ensure
their effectiveness and efficiency. The scientific
literature presents a variety of approaches to risk
modeling and assessment, each with its advantages
and disadvantages.

Traditional methods of risk assessment are
often based on qualitative analysis, which includes
the identification of risks and their classification by
the degree of impact and probability of occurrence
[10]. Such approaches provide quick identification
of the main components of risks, but they are
subjective and do not always take into account
dynamic changes in the project environment.

Quantitative methods, such as statistical models
and economic and mathematical approaches, provide
a more objective risk assessment [11]. The use of
stochastic models allows determining randomness
and uncertainty in processes. However, such
methods require significant amounts of data and
complex calculations, which makes it difficult for
project managers to apply them in practice.

Simulation models have become widespread in
project risk analysis in various subject areas [12].
They allow simulating various scenarios and
assessing their impact on the project. They mainly
ensure that complex relationships between project
components are taken into account. However, they
have the disadvantage of requiring significant
development time and detailed input data, which is
often not available for specific health improvement
projects in a given community.

Process approaches to risk modelling focus on
information  management risks through the
construction of process models [13, 14], [15]. This
allows systematising processes and changes in
critical points, but such models are not flexible
enough to adapt to rapid changes in the project
environment during the implementation of projects
to improve the health status of the community
population.

The analysis of scientific papers shows that
there are various approaches to risk assessment.
However, none of them provides full consideration
of the dynamic changes in the project environment
and their impact on community health improvement
projects. This necessitates the development of a
computer model for differential symbolic risk

mnce(;?;(rj];tlons of limited resources and high assessment. It will compensate for the advantages of
u nty. existing methods and allow for more accurate
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prediction and management of risks of community
health improvement projects.

Thus, developing a computer model for
differential symbolic risk assessment of community
health improvement projects will ensure an increase
in the efficiency of risk management in these
projects. This will not only improve the quality of
management decision-making but also create a basis
for the development of new health information
systems.

FORMULATION OF THE PROBLEM

Effective management of community health
improvement  projects requires an  accurate
assessment of the risks that affect the
implementation of these projects, taking into account
their dynamics due to the influence of factors in the

changing  project  environment.  Traditional
approaches to risk  assessment, including
probabilistic and statistical methods, have

limitations in adapting to the complex project
environment of community health improvement
projects. They do not take into account the dynamic
nature of risks, their nonlinearity, and mutual
influence, which limits their effectiveness in making
management decisions.

To solve this problem, it is necessary to develop
a model that will take into account the time
dynamics, and the dependence of risks on changes in
the project environment, and will improve the
accuracy of risk forecasting at different stages of the
implementation of these projects. One of the
approaches to risk assessment is to use mathematical
models that allow forecasting and analyzing possible
scenarios. The differential-symbolic approach to risk
modelling allows taking into account the dynamics
of implementation of projects to improve the health
of the population, including changes in their
components over time and the impact of various
factors of the project environment.

We propose a mathematical model for
differential symbolic risk assessment of public
health improvement projects. This model is based on
a system of differential equations that describe the
dynamics of basic project indicators, such as the
percentage of the population that participated in
awareness-raising  activities, vaccinations, and
educational programs. The model also includes an
assessment of changes in the project budget and
takes into account the impact of these changes on the
overall project risk.

The object of the study is the process of
implementing projects to improve the health status
of the community population, which are
characterized by the impact of risks associated with
changes in the main components of projects, such as
the level of population involvement, budget
constraints, the effectiveness of measures and
external factors of the project environment.

The subject of the study is a mathematical
model of differential-symbolic risk assessment that
describes the dynamics of changes in the state of
health of the population, the project budget and risks
throughout the entire period of implementation of
the project to improve the state of health of the
population.

The proposed model provides not only risk
analysis but also risk forecasting, which is necessary
for timely adjustment of management decisions
during the implementation of community health

improvement projects and increase of their
efficiency.
THE PURPOSE AND THE OBJECTIVES
OF THE STUDY

The purpose of the study is to develop
mathematical and computer models for differential
symbolic risk assessment of projects to improve the
health status of the population of communities. This
allows to increase the efficiency of project
management, ensure timely risk assessment and
reduce their negative impact on the achievement of
the goals of these projects.

To achieve this goal, the following tasks should
be performed:

— to develop a mathematical model based on a
system of differential-symbolic equations describing
the dynamics of key project indicators, such as the
level of public participation in events, the
effectiveness of educational and vaccination
measures, budget changes and their impact on the
overall risk;

— to develop an algorithm and computer model
that implement the proposed mathematical model
and allow for prompt risk assessment and generate
recommendations to substantiate management
decisions by project managers;

— to test the computer model on the example of
real community health improvement projects, to
analyze its accuracy and adaptability to the changing
conditions of the project environment.

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Information technology in socio-economic, 439
organizational and technical systems


http://hait.od.ua/index.php/journal/theme4
http://hait.od.ua/index.php/journal/theme4

Malanchuk O. M., Tryhuba A. M., Tryhuba I. L., Sholudko R. Ya.

[ Herald of Advanced Information Technology
2024; Vol.7 No.4: 437451

RESEARCH METHODS

The study uses a systematic approach that
integrates mathematical modeling, differential-
symbolic approach, numerical methods, and
computational intelligence tools. The basis of the
proposed mathematical model is a system of
differential equations that describe the dynamics of
key project indicators, such as public participation in
events, the effectiveness of educational and
vaccination measures, budget changes, and their
impact on the overall risk.

The paper applies a mathematical modeling
method using a system of differential equations that
describe the interaction between budget changes, the
level of public participation, and the overall project
risk. These equations take into account temporal and
nonlinear relationships between project components.
Numerical methods were used to solve the system of
differential equations. In particular, the numerical
solution of the differential equations was performed
using the Euler method to predict changes in
community health indicators and the budget of the
health improvement project. This makes it possible
to model complex scenarios with a large amount of
input data and high process dynamics.

To develop the computer model, we wrote code
in the Python programming language using libraries
for solving differential equations, and optimizing
and visualizing the results. The NumPy library is
used to work with numerical arrays and perform
mathematical operations. The matplotlib library is
used to visualize modelling results. The Pandas
library is used to create and process data tables.

Taken together, these methods provide an
effective tool for risk assessment of community
health improvement projects, adapted to the
conditions of modern health project management.

MATHEMATICAL MODEL OF
DIFFERENTIAL-SYMBOLIC RISK
ASSESSMENT OF PROJECTS TO IMPROVE
THE HEALTH OF THE POPULATION

Public health improvement projects are an
important component of community development
and quality of life [16-18]. The products of such
projects can be a variety of activities, such as
outreach programs, vaccinations, and educational
initiatives, which are aimed at improving the overall
health status of the community population.
However, the implementation of such projects is
associated with numerous challenges and risks that

affect their success. Assessing and managing these
risks are key processes to ensure the effectiveness of
these projects.

The main purpose of this model is to provide
tools for project managers to quantify risks and
support decision-making in the process of managing
health improvement projects. This will optimise the
use of resources, minimise risks and increase the
efficiency of project implementation, which will
ultimately contribute to improving the health status
of the population in the communities.

To assess changes in the health status of the
community population, we use differential equations
that describe changes in key project indicators over
time. In particular, we consider such indicators as
the percentage of healthy people who have
participated in  awareness-raising  activities,
vaccinations and received health education.

We assume that the percentage of the
population that is healthy is known beforehand Y, (t)

, Y,(t) and Y,(t), that participated in the relevant

activities at a given time t. We can write down the
dynamics equation for the implementation of
educational activities:

dv,(t) _

dt o (1_Y1 (t)) - ﬂlY]_ (t) ) (1)

where ¢, is the rate of involvement of the healthy
population in educational activities; B - is the rate
of decrease in the percentage of the involved
population due to various factors (e.g. loss of
interest, etc.).

As for the dynamics equation for vaccination, it
can be written as follows:

dv, (1) _

dt a, (1_Yz (t)) - ﬂzYz (t) ) (2)

where «, is the rate of involvement of the healthy
population in vaccination; A, is the rate of decrease

in the percentage of the population involved in
vaccination.
The equation of dynamics for educational
programmes can be written as follows:
dy, (t
BO_pav-ao, @

where «, is the rate of involvement of the healthy
population in health education programmes; g, is
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the rate of decrease in the percentage of the
population involved in educational programmes.

At the beginning of the simulation, we assume
that t=0:

Y, (0) =initial (Y,),
Y, (0) =initial (Y,), , 4)
Y, (0) =initial (Y,),

where initial (Y,) is the initial percentage of the
healthy population that participated in educational
activities; initial (Y,) is the initial percentage of the
healthy population that participated in vaccination;
initial (Y,) is the initial percentage of the healthy

population that received health education.
The total budget of the health promotion project
includes B(t) a baseline value and may change over

time depending on the costs of the activities:
B(t) = nitial, —¢, | Y, ()dt -

t t ! (5)
¢, [ Y, (®)dt—c, [ Y, (t)ct

where c,c,,c, are respectively,
participant ~ for  awareness-raising
vaccination, and education.

The risks of a public health improvement
project R(t) can be assessed based on the deviation

from the planned indicators:

the cost per
activities,

R(t) = 7, [initial (Y, ) - Y, (t) | +
+7, linitial (Y,)-Y,®) [+ (6)
+7, linitial (Y)Y, (1)

where

indicators.

The Euler method can be used to solve the
differential equations numerically. Let the discrete
time points t, , i=0,1,...,n, be known, then:

Y (t,,) =Y () + h(al(l_Yl(ti DEIAAC ))1
Y,(t.,) =Y, (t)+h (az A=Y, (1)) = BY, (¢, )), (7)
Yy (t.,,) =Y;(t) +h (az A-Y5(t)) = B5Ys (ti))«

where h is the solution step.
The solution step is determined by the formula:

are the risk weights for each of the

(8)

where e, is the time of completion of the project
status assessment; s, is the time of the project status
assessment; n is the number of stages.

The presented equations (7-8) allow us to assess
the dynamics of changes in the state of health of the
population in the process of implementing projects
to improve the state of health of the population,
taking into account the impact of educational
activities, vaccination, and educational programs.

The proposed mathematical model allows us to
assess the dynamics of changes in the state of health
of the population, the project budget, and risks
throughout the entire project implementation period
to improve the population's state of health.

RESULTS OF THE DEVELOPMENT OF AN
ALGORITHM AND COMPUTER MODEL
FOR DIFFERENTIAL SYMBOLIC RISK
ASSESSMENT OF PUBLIC HEALTH
IMPROVEMENT PROJECTS

We have developed an algorithm for a
computer model of differential symbolic risk
assessment of projects to improve the health of the
population, the flowchart of which is presented in
Fig. 1.

The differential symbolic risk assessment of
projects to improve the health of the population
involves 9 steps, which involve the use of formulas
(1-8):

1. Initialisation of variables for performing risk
assessment of projects to improve the health of the
population. To do this, we set a pre-known value of
the percentage of the population that is healthy Y, (t),

Y,(t) and Y,(t) then use formulas (1-3) to write

down the equations of dynamics for implementing
measures to improve the health status of the
population. We fix the initial percentage of the
healthy population participating in various measures
using formula (4). Set the initial budget B and
duration t of the project.

2. Determine the solution step using formula
(8).

3. Check the condition that all the initial data
are consistent. If so, proceed to step 4. If not, go
back to step 1 and make changes to the inputs to
perform the risk assessment of the health
improvement project.

4. Use Euler's method to solve the differential
equations numerically using formulas (7).
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>
«

A 4

1. Initializing variables
Yi, B, t

A 4

2. Determining the step
solution h

3. Checking the
condition compliance of the
initial data

v

6. Risk assessment
R(®)

A 4

7. Refresh the time counter
t=t+h

8. Checking the conditio
t<=et

| no

yes<
A 4

4. Update the values of
indicators Yi(ti+1)

!

5. Calculating the project
budget B(t)

v

9. Using the model to assess
project risks

A 4

C Finish )

Fig.1. Flowchart of the algorithm of the computer model of differential symbolic risk assessment
of projects for improving the health of the population

Source: compiled by the authors

5. Calculate the budget of the project for
improving the health of the population using formula
(5) and the following conditions:

[ Y.t = hZi:Yl(tj) , ©)
j;YZ (t)dt ~ hzi:\(2 t,), (10)
j;Y3 (t)dt ~ hzi:Y3 ). (11)

In the process of calculating the project budget
using formula (5), we use numerical integration to
estimate values that change over time, such as
population health or other important project
indicators. The conditions specified in step 5 imply
the use of summation of values at different stages of
time, which allows us to approximate the integral.

Using summation instead of integration keeps the
calculations within the capabilities of numerical
methods and allows for fast computations for
complex projects where the integration can be
replaced by discrete summations at small time
intervals (denoted by h). Instead of integrating a

function Y (t) that describes a change in a quantity

(e.g., the level of health of a population), we use a
numerical method that approximates the integral by
summing the values of the function at certain points
in time t,,t,t,,...t, (according to formulas (9)-(11)).
This approximation is correct, provided that the step
h is small enough to ensure the accuracy of the
results.

6. Risk assessment of the project for improving
the health status of the population R(t) based on the
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deviations from
equation (6).

7. Update the time counter for the
implementation of the public health improvement
project — t=t+h.

8. Check whether the specified modeling stage
does not exceed the time for completion of the
population health improvement project. If so, go to
step 4. In this case, update the values of the
indicators for the numerical solution of the
differential equations. If not, proceed to step 9.

9. Use the model to assess the risks of public
health improvement projects.

Based on the proposed algorithm, we have
created a computer model for differential symbolic
risk assessment of public health improvement
projects. The code is written in Python programming
language using libraries for solving differential
equations, optimization, and visualisation of results.
The NumPy library is used to work with numerical
arrays and perform mathematical operations. It is
used to implement the numerical solution of
differential equations and calculations in the model.
Thanks to the Matplotlib library, the modeling
results were visualized. This made it possible to
create graphs of changes in the percentage of healthy
population, budget, and risk throughout the project.
It is also used to add a vertical line to the graphs to
indicate the optimal risk value. The Pandas library is
used to create and process tables with data. It is used
to conveniently display initial data, modeling results,
and indicators for a given risk level in the form of
tables. The code structure of a computer model

the planned indicators using

consists of the following main blocks: 1)
initialization of the initial data and model
parameters; 2) checking the initial data for

correctness; 3) a modeling cycle that performs a
numerical solution of differential equations and
records the results; 4) outputting and saving the
results in the form of graphs and tables; 5) adding
analysis and visualization of the optimal risk value.

The computer model of differential symbolic
risk assessment of public health improvement
projects developed by us will be used by project
managers in the process of risk assessment of public
health improvement projects. It is based on a
mathematical model and algorithm developed by us.
The model is implemented in the form of a graphical
user interface, which allows you to enter initial data,
perform calculations, and display the results in the
form of text reports and graphs (Fig. 2).

One of the components of the proposed
computer model for differential symbolic risk
assessment of these projects is a graphical user
interface. It consists of 3 tabs, which are provided
for entering initial data, displaying results, and
visualising them in the form of graphs.

In the “Initial Data” tab, the user can enter the
following initial data for risk assessment of health
improvement  projects: the existing (initial)
percentage of healthy population in a given
community, the available (initial) project budget, the
planned duration of the project (in months), the time
step for modeling the project implementation, the
coefficients of the impact of measures on the health
of the community, budget expenditures and risk
reduction.

In the context of equations (1)-(8), the
coefficients o, B, v are used to adjust and scale the
parameters of the equations that describe the
dynamics of changes in the project. The coefficient
alpha (o) is responsible for the weighting of certain
variables on changes in the level of population
health or other project parameters. For example,
alpha adjusts the magnitude of the impact of changes
in the level of public participation or the
effectiveness of measures on the overall result. Beta
coefficient (B) used to describe the relationship
between the budget and project results. It adjusts the
effect of the budget on achieving improvements in
the health status of the population, taking into
account budgetary constraints or other factors
related to project financing. Gamma coefficient (y)
used to describe external factors, such as the impact
of economic or social conditions on the project. This
coefficient allows modeling the project's adaptability
to changes in the project environment in which it is
implemented. These coefficients allow you to take
into account specific aspects of the impact of various
factors on the projected results. Thus, a, B, y act as
parameters that regulate the influence of the
respective components on the model results, taking
into account the specifics of each particular project.

The “Results” tab provides textual data, a text
report with modeling results, and identification of
optimal risks of health improvement projects
(Fig. 3).

At the same time, the “Graphs” tab visualizes
the results obtained through a graphical
representation of the dynamics of changes in health
indicators and risks (Fig. 4).
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# Computer model for risk assessment - u] X

A computer model for differential symbolic risk assessment of public health improvement projects

/

Initial data Results Graphs

Initial percentage of healthy population (%): ‘60

Initial budget: [500000
Project duration (months): ‘24

Health impact factor of measures (alpha): |01

Budget expenditure ratio (beta): ‘0.05

|
|
|
Time step (months): ‘1 ‘
|
|
|

Risk reduction factor (gamma): ‘0.02

Calculate Clear Save to file

\/

Fig.2. Screen form of the computer model with input data for risk assessment of
public health projects

Source: compiled by the authors

The mathematical basis of the proposed
computer model is the numerical solution of
differential equations using the Euler method to
predict changes in community health indicators and
the budget of the project to improve the health status
of the population.

As a result of using equations (1-8), projects are
modeled and trends in the percentage of healthy
population in the community are determined using
the specified coefficients of the impact of measures
on health and budget expenditures and their impact
on the guantitative value of risk.

The process of modeling public health
improvement projects is performed as follows. At
each modeling step, the percentage of healthy
population and budget are updated. Project risk is
calculated for each point in time based on the
percentage of the community's sick population. The
model allows you to find the optimal time to reach a
certain level of risk, which is displayed on the
graphs as a vertical line.

The proposed visualization of the modeling
results (Fig. 4) is presented in the form of graphs of
the dynamics of changes in health and risk
indicators. The graphs show the dynamics of

changes in the percentage of healthy community
population and risks during project implementation
over a given project duration. The vertical line on
the graph shows the optimal risk.

The computer model of differential symbolic
risk assessment of community health improvement
projects provides for the storage of the results
obtained. At the same time, project managers save
the modeling results to a file for further analysis and
use, if necessary.

Thus, the computer model of differential-
symbolic risk assessment of community health
improvement projects developed by us allows users
(project managers) to assess the risks of community
health improvement projects and predict how basic
indicators such as health, budget, and risk will
change depending on the specified characteristics of
the project environment of these projects.

To verify the effectiveness of the proposed
computer model, we compare it with the traditional
method of risk assessment (expert risk assessment).
The comparison was made on real projects
implemented in the communities of the Lviv district
of Lviv region (Ukraine) and the forecasting
accuracy was determined (P, ):
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§ Computer model for risk assessment

A computer model for differential symbolic risk assessment of public health improvement projects

Initial data Results Graphs

Initial data:

Initial percentage of healthy population: 60.00%

Initial budget: 500000.00
Project duration: 24 months
Time step: 1 months
Coefficient alpha: 0.10
Coefficient beta: 0.05
Coefficient gamma: 0.02

Results of medeling:

The optimal time to take the risk 0.2: 19.00 months
Risk at a point in time 19.00 months: 0.19
Percentage of healthy population at a given time 19.00 months: 91.38%
Budget at a point in time 19.00 months: 499998.43

Modeling results:

Project duration: 1 months, Health status :
Project duration: 2 months, Health status :
Project duration: 3 months, Health status :
Project duration: 4 months, Health status :
Project duration: 5 months, Health status :
Project duration: 6 months, Health status :
Project duration: 7 months, Health status :
Project duration: 8 months, Health status :
Project duration: 9 months, Health status :

Project duration: 10 months,
Project duration: 11 months,
Project duration: 12 months,
Project duration: 13 months,
Project duration: 14 months,
Project duration: 15 months,
Project duration: 16 months,
Project duration: 17 months,
Project duration: 18 months,
Project duration: 18 months,

Drninnt Aiivatiane N mmantha

Fig.3. Screen form of the computer model with the results of risk assessment of public

# Computer madel for risk assessment

A computer model for differential symbolic risk assessment of public health improvement projects

Initial data Results Graphs

Health status :
Health status :
Health status :
Health status :
Health status :
Health status :
Health status :
Health status :
Health status :
Health status :

Lnalth atatins -

62.40%, Risk: 0.80
64.75%, Risk: 0.75
67.03%, Risk: 0.71
68.24%, Risk: 0.66
71.37%, Risk: 0.62
73.41%, Risk: 0.57
75.36%, Risk: 0.53
77.22%, Risk: 0.49
78.98%, Risk: 0.46

90.52%, Risk: 0.2

80.64%, Risk: 0.42
82.20%, Risk: 0.39
83.66%, Risk: 0.36
85.03%, Risk: 0.33
86.30%, Risk: 0.30
87.49%, Risk: 0.27
88.58%, Risk: 0.25
89.59%, Risk: 0.23

1

91.38%, Risk: 0.19

Q7 170L Dial- N 47

health improvement projects
Source: compiled by the authors
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Fig.4. Screen form of the computer model with visualization of the results of risk assessment of

public health improvement projects
Source: compiled by the authors

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Information technology in socio-economic,
organizational and technical systems

445


http://hait.od.ua/index.php/journal/theme4
http://hait.od.ua/index.php/journal/theme4

Malanchuk O. M., Tryhuba A. M., Tryhuba I. L., Sholudko R. Ya.

[ Herald of Advanced Information Technology
2024; Vol.7 No.4: 437451

L IR=AN o0
Pa_NZ[l A ]100/, (12)

i=1

where F, is the predicted value; A is the actual
value; N is the number of stages.

To test the computer model, two types of
projects were considered, information about which
was obtained from the archival data of the
Department of Health of the Lviv Regional State
Administration (Ukraine) [22]:

1) Project A — community vaccination project
(planned budget - 500 thousand UAH, duration - 12
months);

2) Project B — an educational project to promote
healthy lifestyles among the community population
(planned budget - 300 thousand UAH, duration - 8
months).

The results were compared using the proposed
computer model of differential symbolic project risk
assessment (CM) and the traditional method based
on expert opinions (TM) (Fig. 5). Expert opinions
were collected from specialists of the Lviv Regional
Public Health Center (Ukraine) [23] who have
experience in health care, project management, and
in the
development and implementation of public
initiatives. This center monitors and analyzes public
health indicators and implements programs to
improve the health of the population.

Prediction Accuracy of Models (%)

100

90.00%

88.00%

Accuracy (%)

Project A Project B
Projects
Method
=1 Computer Model (CM} B3 Traditional Method (TM)

Fig.5. Histogram of risk assessment results for
public health projects

Source: compiled by the authors

Based on the results obtained in terms of
forecasting accuracy, it should be noted that the
accuracy of the computer model is higher than the
traditional method used for the two projects under
consideration. For the first project, the accuracy of
the CM is 97.14 %, compared to 92.86 % for the

TM, showing a difference of 4.28 %. Similarly, for
the second project, CM provides an accuracy of
90.00 %, which is an increase of 2.00 % compared
to using TM. These results confirm the adequate
accuracy of the developed computer model of
differential symbolic risk assessment of community
health improvement projects. This indicates the
feasibility of its implementation in the practice of
managing these projects.

DISCUSSION OF THE RESULTS

The obtained results confirm the need and
practical value of the developed computer model for
differential symbolic risk assessment of community
health improvement projects. Compared to
traditional methods, such as expert risk assessments
or static probabilistic models, the proposed computer
model has advantages. For example, while
traditional models often do not take into account
dynamic interdependencies and nonlinear factors of
the project environment, the differential-symbolic
approach provides accurate forecasting and
adaptability to the state of the project environment.
This is confirmed by the fact that the computer
model in the given examples provides forecast
accuracy of 97.14% and 90.00% for projects A and
B. The corresponding values when using the method
of expert estimates are 92.86 % and 88.00 %.

Similar studies have been conducted using
probabilistic risk assessment methods in the
healthcare sector [19], as well as decision trees for
healthcare project management [20]. Their accuracy
ranges from 85 % to 91 %. However, these methods
do not take into account the variability of the project
environment. They are mainly based on historical
data, limiting their application to risk assessment of
community health improvement projects with a
changing project environment [24, 25]. The
computer model we developed allows for real-time
adjustments to the initial data and the tracking of
dynamic projections using differential equations,
which was not possible with existing methods.

However, the developed computer model for
differential symbolic risk assessment of community
health improvement projects has its limitations.
Since the model uses numerical methods (Euler's
method), the accuracy of the solution depends on the
choice of the step 4 and is limited by the ability of
the method to approximate real solutions. Reducing
the step can improve the accuracy but increases the
computational time. The accuracy of the forecast
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depends on the accuracy of the input data and the
calculation.

The results of the research confirm the
effectiveness of the developed computer model,
which ensures an increase in the efficiency of
management decision-making. Further research
should be carried out to improve the scalability of
the model and automate the processes of preparing
initial data for use in the computer model.

CONCLUSIONS

The proposed mathematical model, based on a
system of differential-symbolic equations that
describe the dynamics of key project indicators, such
as the level of public participation in activities, the
effectiveness of educational and vaccination
measures, budget changes and their impact on the
overall risk, provides high accuracy in modeling the
dynamics of key project indicators.

The developed algorithm, which involves 9
steps, and the computer model written in the Python
programming language using libraries for solving
differential equations, optimization, and
visualization of results that implement the proposed
mathematical model, allow for rapid risk assessment

and generate recommendations to substantiate
management decisions by project managers.

Based on the testing of the computer model on
the example of real community health improvement
projects, it was found that it increases the accuracy
of forecasts by 2.0...4.28 % compared to the method
of expert assessments due to its adaptability to
changing conditions of the project environment. This
confirms that the proposed computer model is an
effective tool for supporting decision-making in a
dynamic project environment.

FUTURE WORK

Future research should improve the scalability
and usability of the developed computer model for
broader applications in health and social projects.
This includes the integration of advanced machine
learning algorithms to improve data-driven decision-
making and the development of automated data
preprocessing tools to optimize input data
preparation. The user interface of the computer
model should also be improved to increase
accessibility and usability by project managers for
real-world projects.
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AHOTAILIA

VY crarTi moAaHo pe3yNbTaTH PO3POOKHA KOMIT IOTEpHOI MoJeli au()epeHIliHHO-CHMBOIBHOTO OIlIHFOBAHHS PH3HKIB IPOCKTIB
MTOKPAILCHHST CTaHy 37I0POB’sI HACEJCHHS TpoMaju. TpaauIliifHi mIxXoau Ta METOIW, TaKi SK €KCIEepPTHI OIiHKH ab0 CTaTHCTHYHI
MoOJieNTi, MaroTh OOMEXEHHs LI0J0 TOYHOCTI NMPOrHO3yBaHHS PU3MKIB Ta ajanTaiii A0 MiHJIMBHX YMOB IIPOSKTHOI'O CEPE/IOBHIIA.
3amporoHoBaHa KOMIT'IOTEPHA MOJIENIb BUKOPHCTOBYE CHCTEMY JU(EpeHIiaIbHAX PIBHSHB, SKi OMHCYIOTh JUHAMIKY OCHOBHHX
TIOKa3HMKIB MPOEKTIB, TaKMX 5K PIBEHb ydacTi HaceJeHHS B 3axofaX, e(eKTHBHICTh OCBITHIX i BaKIMHAI[IMHUX 3aXOiB, 3MiHH
OrO/DKETY Ta X BIUIMB HA 3aralibHUN pH3uK. L{s MOjiesb T03BOJISIE OLIHFOBATH PH3MKH i3 BpaxXyBaHHSM JOCII/DKYBAHOI JUHAMIKH
MPOEKTY, ONEPAaTHBHO KOPHUI'YBATH YMNPABIIHCHKI PIMICHHS Ta 3MEHINYBATH BiJXHJICHHS BiJ| 3aIUIAHOBAHHX [OKa3HUKIB. JIiist
peaizarii 3arnporroHoBaHoi MozeINi po3po0IIEHO alNTOpUTM, SIKHI BKITIOUAE KUTbKa eTaliB: iHiliali3amnito 3MiHHIX, TOOYIO0BY CHCTEMHU
T epeHIiabHIX PiBHSAHD, YHCETBHUH iX po3B’si30k MeronoM Eifinepa, OLmiHKY PH3UKIB Ta OHOBJICHHS IapaMeTpiB y PexuMi
peabHOro yacy. Ha OCHOBI pO3po0JeHOro airoputMmy, SKHil Tependadae 9 KpOKiB, CTBOPEHO KOMITIOTEPHY MOJeNb, SIKa Y
MoJabIIoMy Oy/e iHTerpoBaHa B CHCTEMY MiATPHMKH PIllIeHb JUISl POSKHUX MEHEIKEpiB. 3arporoHOBaHa KOMIT FOTEPHA MOJEIb
HaIMcaHa Ha MOBI mporpamyBanHsi Python i3 BukopucTanHsM 6i0nioTex ms po3B’si3aHH JU(epeHiaIbHIX PiBHIHb, ONTHMI3aLil
Ta Bi3yaJtizalil pe3y/bTaTiB, SIKi peai3yroTh 3apOIIOHOBAHY MaTeMaTHIHY MOfielTb. Lsi KOMIT FoTepHa MOJIeIb JI03BOJISIE MPOCKTHUM
MEHeDKepaM MOJICNIOBATH PU3HKH, aHai3yBaTH iX BIUIMB Ha ITOKa3HHUKH IMPOCKTY Ta I'CHEPYBATH PEKOMEHAIIl IS yIpaBIiHHS
pecypcamu Ta MiHiMizanii pu3nkiB. TecTyBaHHSI po3po0IeHOI KOMI IOTEPHOI MOJIEINi MPOBEICHO HA TPHKIAJ PEaTbHUX MPOEKTIB
MOKPAIIEHHS 3/10pOB’ sl HACeJeHHs TpoMajiu. JIJisl IPOEKTY BaKIMHALIlT HACEICHHS TPOMaJl KOMII FOTepHA MOJIENb T0Ka3aia TOUHICTh
MPOTHO3YBaHHS Ha PiBHAX 97,14%, 110 HepeBHIlye 3a3aHYEHUH IMOKA3HHK BiJi BUKOPHCTAHHS EKCIETHHX OLIHOK (92.86%). ¥V
OCBITHHIIBKOMY TIPOEKTi i3 TPOMOTYBaHHS 3[0POBOTO CIOCOOY MKHTTS HACEIEHHS TPOMAJH TOYHICTH KOMIT FOTEPHOI MOJIei
cranoButh 90.00% nopiusaHO 3 88.00% 3a BUKOpHCTaHHSA METOAY €KCHETHUX OLiHOK. OLliHKa PU3HKIB IOKa3asa, 110 BUKOPHCTAHHS
IrdepeHLianbHO-CHMBOIBHOT MOJIEII TO3BOJISIE 3HU3UTH PiBEHb pU3HKY 10 2.86 % y npoekTi BakiuHalii HaceneHHs rpoman ta 10.0
% y HPOEKTI OCBITHULIBKOMY HPOEKTI i3 MPONOryBaHHS 3[0POBOrO CIOCOOY KUTTS HAceNeHHA rpoMaid. IIpu 1boMy TpaauwLiiHi
METOAU TPOJEMOHCTPYBAIN PU3HUKHU BiJNOBiIHO Ha piBHAX 7.14 % Ta 12.00 %. Komm’roTepHa Mozenb TaKOX MiJITBEpANIa CBOIO
aIaNTHBHICTh JI0 MIHJIMBOIO IPOEKTHOIO CEPEJOBHINA, SKE CTOCYBAJIOCH 30ULIBIICHHA TPUBAIOCTI MPOEKTY YM 3MEHIIECHHS
JOCTYITHOr0 OOKeTy. 3anporOoHOBaHA KOMIT'IOTEPHa MOJENb iHTerpye (yHKLIOHAJI IUIsi BBEICHHS IapaMeTpiB, YHMCENbHOrO
PO3paxyHKy pH3HKiB, Bidyamizaiii pe3ynbraTiB Ta (opMyBaHHs pekoMeHnauid. IHTepgeiic koMm IOTepHOI MOJEh MOOYIOBaHO
TakuM YHMHOM, 100 3a0e3neyuTH 3pY4HICTh IJIsl MPOEKTHUX MEHEIDKEpIB, HAaBiTh 32 YMOB BHCOKOi CKJIQJHOCTI BXIIHUX JaHUX.
OTpuMaHi pe3yibTaTd MiATBEPIKYIOTh, IO po3poliieHa KOMIT' IOTepHA MOJENb AU(EepeHIialbHO-CUMBOJIBHOIO OLIHEHHS PH3HKIB
MPOEKTIB TMOKpAILEHHS CTaHy 3J0pPOB’s HACEJIeHHs TrpoMan € e(pEeKTUBHUM I1HCTPYMEHTOM [UIsi YIPABIIHHSA IPOSKTaMH.
BukopucranHsi MOJeIi 103BOJISIE HE JIMILE MiIBUIUTH TOYHICTh NPOrHO3YBAaHHS PU3UKIB, anie i 3a0e3neYnT epeKTUBHUM PO3IMOIiT
pecypcis.

Keywords: komm’rorepHa Mofeib; Au(epeHIlialbHO-CHMBOIBHE MOJICIIOBAHHS; OLIHKA PU3HKIB, MPOCKTH; YIPABIiHHS,
3/10pOB’sI; HACEJICHHS, TPOMaJii
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