u| 0

This study investigates a system that provides
educational institutions with material resources
within a multi-level governance structure.

The task addressed relates to the lack of a hier-
archical, risk-based model for assessing how edu-
cational institutions are provided with material
resources that would allow for the aggregation
of indicators at various management levels. Such
a model should account for the standard equip-
ment requirements, equipment operational risks,
as well as the hierarchical aggregation of indica-
tors at the educational institution, municipal, and
regional levels.

The result of this work is the devised integrated
resource provision indicator that takes into account
the standard resource sufficiency, equipment depre-
ciation, failure probability, as well as exceedance of
the standard service life. A mechanism for aggregat-
ing indicators at the educational institution, munic-
ipal, and regional levels has been designed.

The model was tested using synthetic data.
At the educational institution level, a significant
differentiation in the resource provision index was
observed, ranging from 0.492 to 0.782. At the munic-
ipal level, the lowest value was 0.580 due to the influ-
ence of the school with the lowest resource provi-
sion index. The regional index value was obtained
at 0.663. Its decline was influenced by the uneven
distribution of pupils across schools in the region
and the significant risk of infrastructure degrada-
tion at one school.

The results have confirmed the model’s sensitiv-
ity to risk components and the capability to iden-
tify regional imbalances in provision. The model
built can be used to monitor the state of educa-
tional infrastructure and support management deci-
sion-making
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1. Introduction

Education in a modern school is impossible without com-
puters, laboratory equipment, interactive whiteboards, etc. The
availability and use of modern technology directly impacts
learning outcomes and children’s engagement in learning. For
example, studies [1, 2] have proven that a well-equipped class-
room increases interest in learning and improves its results.
Good material and technical support, comfortable furniture,
comfortable classrooms, as well as adequate equipment, are
important factors in educational infrastructure.

To make management decisions on the organization,
modernization, and regulation of educational infrastructure,
it is important to understand its status at both the individual
school and regional levels. When devising school infrastruc-
ture development plans or procurement plans, it is essential to
have up-to-date information on its material condition, under-
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stand problem areas, the state of equipment, and understand
the risks and volumes of material depletion.

The evolution of information technology and big data pro-
cessing and analysis methods has facilitated the introduction
of information and analytical systems into the education sys-
tem, capable of storing and analyzing data on pupils, sched-
ules, and academic achievements. Currently, two information
and analytical systems, "Kundelik” [3] and "BILIMLand" [4],
are operational in the Republic of Kazakhstan. These sys-
tems can analyze academic achievements, track homework
completion, school attendance, and so on. However, neither
system generates reports on school material resources, their
adequacy, or equipment depreciation.

At both the school and regional levels, reports on school
and regional material resources are generated manually and do
not allow for prompt monitoring of infrastructure conditions
or management decisions for improvement. It is important




to note the lack of an information and analytical system capa-
ble of collecting and analyzing data on material resources at
the educational institution, municipality, and regional levels.
This renders relevance to research in this area.

2. Literature review and problem statement

A risk-based approach for assessing an enterprise’s finan-
cial risk is described in [5]. The proposed approach takes into
account equipment degradation processes and predicts the
need for infrastructure upgrades. However, applying such
approaches to educational infrastructure requires adaptation
to the specific characteristics of the social sector.

Study [6] proposes an integrated decision support architec-
ture for inventory management, combining fuzzy logic, genetic
algorithms, as well as neural networks. Such approaches ac-
count for environmental uncertainty, as well as the dynamic
nature of resource flows and inventory management processes.
However, the study does not consider physical deterioration of
equipment, the risk of failure, exceeding the standard service
life, or the hierarchical structure of system management.

Paper [7] examines the explainability of artificial intel-
ligence models in decision support systems. The authors
propose an approach to feature selection, supplemented by
expert supervision, which improves the interpretability of an-
alytical models and ensures greater transparency of analysis
results for management decision-making. However, the study
is based on the analysis of textual rather than numerical data.

Study [8] demonstrates that adaptive information process-
ing mechanisms can significantly improve the quality of man-
agement decisions and confirms the importance of integrating
analytical data processing tools into modern decision support
systems. It is important to note that the study focuses on deci-
sion making in a marketing environment and does not consider
the specific operating conditions of an educational institution.

Paper [9] reports a multi-tier architecture based on the
principles of microservices, cloud technologies, and the Zero
Trust concept. The proposed approach enables the construc-
tion of flexible and scalable educational ecosystems, forming
the technological foundation for the implementation of learn-
ing analytics and personalization based on artificial intelli-
gence. However, the study does not address the impact of the
adequacy of material resources and infrastructure on acade-
mic achievement. Papers [10, 11] consider methods of infor-
mation analysis and big data. They propose decision-making
methods in economics and education but do not address the
issue of infrastructure risk.

The authors of [12] propose a new operational approach to
risk-based predictive maintenance. The authors of [13] provide
an overview of a number of problems and challenges faced by
researchers and practitioners in the field of reliability when
analyzing modern complex systems. However, those studies do
not consider issues of regulatory resource sufficiency, multi-
tiered system management structures, and the aggregation of
indicators at the organizational, municipal, and regional levels.

Work [14] proposed an information and analytical system
based on an ontological approach for analyzing student ques-
tionnaires. This approach made it possible to more accurately
identify hidden relationships between variables. The use of
ontologies allows one to formalize the relationships between
indicators and increase the efficiency of data processing in
information and analytical systems. Study [15] considers
the development of decision-making methods for indicative

planning at higher education institutions. In the context of
globalization and digital transformation, the ability to make
informed management decisions is extremely important for
the success of universities but the study does not address the
specificity of planning at secondary education organizations.
Prospects for the design of information and analytical systems
are expressed in the construction of an integrated information
analysis system [16]. Such a solution will make it possible to
design cloud-based data processing and visualization systems
by integrating data into a corporate information system [17].

Our review of the literature show that available papers
mainly consider the development of information systems, deci-
sion support systems, data processing methods, and knowledge
representation. However, those studies do not address issues
of mathematical modeling of material resource availability,
accounting for equipment operational risks, or hierarchical
aggregation of indicators at the educational institution, mu-
nicipality, and regional levels. This confirms the need to build
mathematical models for assessing the availability of material
resources for educational institutions, taking into account the
technical condition of equipment and the multi-level gover-
nance structure of the educational system.

Thus, an unresolved task is the lack of a hierarchical risk-
oriented model for assessing how educational organizations
are provided with material resources, enabling the aggrega-
tion of indicators at various levels of management and allow-
ing for identification of territorial imbalances in educational
infrastructure.

3. The aim and objectives of the study

The objective of our study is to build a model for manag-
ing how educational institutions are provided with material
resources within a multi-level governance structure. The re-
sults will enable us to assess the material condition of the ed-
ucation system and make management decisions to improve
it at both the municipal and regional levels.

To achieve this goal, the following tasks were resolved:

- a sequence of computational steps for generating an inte-
grated resource index was devised,;

- a structure for a regional resource management system
was constructed;

- the proposed model was tested on a synthetic dataset.

4. The study materials and methods

The object of our study is a system for managing how
educational institutions are provided with material resources
within a multi-level management structure.

The principal hypothesis assumes that a risk-based ap-
proach and hierarchical aggregation of indicators allow for
a more objective assessment of how educational institutions
are provided with material resources compared to the conven-
tional normative approach.

Before commencing the study, the following assumptions
were adopted:

1. The regional educational system was considered a hi-
erarchical structure consisting of three levels of governance:
the educational institution, the municipality, and the region.

2. The standard requirement for material resources was
assumed to be proportional to the number of pupils and
determined based on the provision standards per 100 pupils.



3. The technical condition of equipment was assumed to
be described by an integrated risk indicator, including the de-
preciation rate, the probability of failure, and the proportion
of equipment exceeding its standard service life.

4. The integrated index of an educational institution’s
provision was assumed to be represented as a function of the
standard resource sufficiency and the operational risks of
the equipment.

5.It was assumed that aggregation of indicators at the
municipal and regional levels could be accomplished using
weighted summation, with the number of pupils serving
as weights.

6.1t was assumed that the synthetic data used to test the
model adequately reflect the typical structure of the regional
education system and could be used to demonstrate the model’s
performance.

7.1t was assumed that resource categories were indepen-
dent and their contribution to the integral indicator could be
aggregated additively.

The following assumptions were accepted during the study:

- standard values for material resource availability were
specified and constant;

- risk components (wear and tear, probability of failure,
exceeding service life) were standardized and took values
ranging from 0 to 1;

- weighting coefficients for resource categories were con-
sidered constant in the experimental calculations;

- educational institution indicators were aggregated pro-
portionally to the number of pupils.

The study’s simplifications were as follows:

- the model was tested on synthetic data, which allowed
us to verify the correctness of the mathematical apparatus;
however, real data may have a more complex distribution;

— the study considered a limited number of material re-
source categories;

- the model does not take into account financial con-
straints and investment opportunities in the region;

- the model does not consider strategic plans for the devel-
opment of the educational system or demographic changes in
the student population.

A number of approaches were used in designing the infor-
mation and analytical system:

1. A systems approach allowed us to formalize the data
structure and define mechanisms for aggregating provision
indicators.

2. An architectural approach enabled us to design the sys-
tem based on a three-tier architecture (logical, physical, and
software layers), enabling the separation of data and business
logic, system scalability, as well as the ability to integrate with
existing information resources.

3. Norm-based approach - the assessment of material re-
source availability is based on a comparison of the actual quan-
tity of material resources with established availability stan-
dards, enabling the objectivity and comparability of indicators.

4. Risk-based approach - the system’s development takes
into account the wear and tear and degradation of equipment,
enabling a transition from a static assessment of availability to
dynamic monitoring of the state of the material base.

5.Index method - an integrated availability index based
on a weighted aggregation of indicators by resource category
— is used for a comprehensive assessment.

The choice of mathematical framework for the study was
determined by the specificity of the problem under consider-
ation. Unlike multicriteria analysis methods (AHP, TOPSIS)

used for ranking alternatives, our study required the construc-
tion of a model that would enable a quantitative assessment of
material resource availability, taking into account regulatory
requirements and operational risks.

Calculations for the proposed model were performed us-
ing Microsoft Excel and the Python programming language.
Visualization of results and design of an analytical dashboard
employed Microsoft Power BI.

PostgreSQL can be used as a database management sys-
tem when designing an information and analytical system.

Computational experiments were conducted on a personal
computer with the following specifications: Intel Core i5 pro-
cessor, 16 GB of RAM.

The following data were used as input:

— Number of pupils at educational institutions;

- Actual number of units of equipment by resource category;

- Standard resource availability ratios;

- Equipment technical condition indicators, including
depreciation rate, failure probability, as well as the proportion
of equipment exceeding its standard service life.

To test the model, a synthetic dataset was used, built to
simulate various levels of availability and technical condition
of educational institution infrastructure.

5. Results of constructing a model for managing
how educational institutions are provided with
material resources

5.1. Devising a sequence of computational steps for
generating an integrated sufficiency index

The basic element of the management system is the ed-
ucational institution (school). At the school level, an initial
assessment of material and technical support is performed,
and an integrated sufficiency index is calculated. The result-
ing integrated sufficiency index is used to calculate indices at
the municipal and regional levels.

For educational institution s, a set of resource categories
C={c;, ¢z ..., i} was considered. Each category includes
homogeneous types of material resources, such as computer
equipment, interactive panels, laboratory equipment, etc.

For each category, the actual quantity of equipment A,
the standard requirement R;;, and risk components associated
with operation are determined.

The standard requirement is determined based on the
established standard sufficiency coefficient v., which indicates
the required number of resource units. In this study, the cal-
culation was performed for 100 pupils.

If the number of pupils in an organization is N, then the
standard requirement is determined as

N
R, .=v.* =%, 1
€7 100 W

where R;.; is the standard requirement Ry.; v, is the estab-
lished standard provision coefficient; N; is the number of
pupils enrolled in the organization.

This indicator reflects the minimum required level of
material support for resource category c. To assess the com-
pliance of actual provision with standard requirements, the
sufficiency coefficient K; . (2) is introduced

A
K. =min (1, RS‘C ] ()

s,¢



The sufficiency coefficient values lie within the range
0 <K, <1,where: K. =1 - the standard is fully met; K. < 1 - re-
source shortage.

Using the min function prevents artificially inflating the
index in the presence of excess equipment.

The actual condition of equipment is determined not
only by its quantity but also by its operational characteristics.
To account for equipment wear and tear or infrastructure
degradation, a composite risk function p,. (3) is introduced

Ds,c = min(l’ 2uus,c + lffs,c + )“Its,c )7 (3)

where Ay, A, A, are weighting factors reflecting the relative im-
portance of the corresponding risk factors; u;,. is the equipment
wear factor; f; . is the failure probability; ¢ is the proportion of
equipment exceeding its standard service life.

The parameters A, + A+ A, = 1.

To account for the operational condition of the equipment,
the sufficiency factor is adjusted for the risk value IZS,C (4)

Izs,c = Ks,c (1 —Ds,c ) (4)

Thus, even with formal compliance with standards,
high levels of wear and tear or failures lead to a decrease
K=K (1-ps,) in effective provision.

To obtain a final assessment of the educational institu-
tion’s provision, the educational institution’s provision in-
dex I (5) is calculated

I =Y wK,, 5)

where w, is the resource category weight, Zw, = 1.

The weighting coefficients w, used in calculating the
integrated provision index reflect the relative importance of
different equipment categories for the educational process.
In the experimental calculations reported in this study, the weight
values were used only to demonstrate the model’s functionality.
Subsequently, when implementing the proposed management
system, expert methods for multicriteria decision making, such
as the analytic hierarchy process, can be used to determine the
weights. These methods will allow for the consideration of the
relative importance of infrastructure elements. The I; index takes
values from 0 < I; < 1. Table 1 gives the range of the I; index.

Table 1
Interpretation and range of index /s
No. Range of I Interpretation of I
1 I;>0.8 High level of provision
2 0.6 <I;<0.8 Satisfactory level of provision
3 04 <I;<0.6 Insufficient level of provision
4 <04 Critical level of provision

The algorithm for calculating the I; index includes the fol-
lowing steps:

1. Collecting initial data A, Ni.

2. Calculating the standard requirement R;,;.

3. Determining the sufficiency coefficient K.

4. Assessing the risk components g, fs e s

5. Calculating the composite risk p;..

6. Calculating the risk-adjusted sufficiency Izs,c.

7. Aggregating the indicators into the integrated I; index.

The computational process flow diagram for calculating
the index assessment of how an educational institution is
provided with material resources is shown in Fig. 1.
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Fig. 1. Flow diagram of the computational process of index
assessment of how an educational institution is provided
with material resources

Adjust sufficiency:
K. =K, (1-R,)

Integral index:
Is = z WcKs',c

Fig. 1 shows the sequence of computational stages for
forming the integrated index of sufficiency. At the first
stage, initial data on the actual quantity of resources and
the number of pupils (A, N;) are collected. At stage 2,
the standard requirement indicator R, is calculated.
At stages 3-7, the standard sufficiency coefficients K. are
sequentially determined, the operational risk components
U fso tsc are assessed, the composite risk p; . is calculated,
and the risk-adjusted sufficiency I?S,C. is obtained. At the
final stage, the indicators are aggregated by resource cat-
egories, taking into account the weighting coefficients w,
and the integrated index of sufficiency of the educational
organization I is formed.

5. 2. Building the structure of a regional-level supply
management system model

The I, index obtained in the first stage is the basic ele-
ment of the hierarchical supply assessment model. At the
municipal level, the supply index I, is calculated as fol-
lows (6)

I, =Xa,,. (6)



At the regional level, the provision index I, is calculated
as follows (7)

I, :Z,Bmlm' (7

Thus, educational institution-level indicators formed the
basis for assessing the provision of the entire educational system.
Fig. 2 shows the structure of the model for managing how
educational institutions are provided with material resources
within a multi-level governance structure at the regional level.
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Fig. 2. Model structure of the system to manage
how educational organizations are provided with material
resources in the context of a multi-level management
structure at the regional level

The model’s structure is hierarchical and includes three
levels:

- L1 - educational organization (school);

- L2 - municipality;

- L3 - region.

Fig. 2 shows the full computational framework of the model,
including the stages of generating initial data, calculating the
standard requirement, determining the standard sufficiency co-
efficient, assessing operational risks, and calculating the risk-ad-
justed provision. Based on the obtained values, an integrated
provision index for the educational organization, I, is formed,
which is then used in hierarchical aggregation procedures when
moving to the municipal I,,, and regional I, assessment levels.

At the municipal level, the integrated provision index is
formed by aggregating the indices of educational organizations
included in the corresponding municipality: S, = {s1, Sz, ..., Sx}-

The municipal provision index was defined as the weighted
sum of the organization indices, I,,, (8)

L,= zasls’ (8)

s38S,,

where q; is the weight of the educational organization, propor-
tional to the number of pupils. a is found using formula (9)

N

zsaSmNS

The use of weights allowed us to account for differences
in the size of educational institutions and ensure an accurate
representation of their contribution to the overall level of pro-
vision in a municipality.

The regional provision index is formed by aggregating mu-
nicipal indices M = {my, my, ..., my}. my, my, ..., my is the set of
municipalities in the region. The regional index is determined
using formula (10)

I = Z JE

m>M

©)

as, =

(10)

where f3,, is the weight of the municipality, determined by the
number of pupils. 3, is calculated using formula (11)

N

ZmaMNm

where N,, is the number of pupils at municipal schools (12)

- TN,

s3S,,

) an

as =

(12)

Thus, the regional index represented a weighted assess-
ment of the regional educational system’s provision.

The expanded form of the regional index was obtained as
follows (13)

I = Z ﬁm Zasls

m>M REN

13)

Substituting the expression for the index of the educa-
tional organization, we obtained the final form of the regional
model (14)

Ir=3 Pn 30 20K,

m>M 538,

(14)

Thus, the regional index was formed as an aggregate
function, taking into account resource availability, operational
risks, as well as the structure of the education system.

To analyze the impact of regional differences, an indicator
of the municipality’s contribution to the regional index was
introduced (15)

Contribution,, = B,,1,, (15)

This indicator allowed us to identify the territorial units
that had the greatest impact on the overall level of provision
in the education system. A graphical representation of munic-
ipal contributions is shown in Fig. 3.

The I, index takes values 0 <I,<1 and characterizes the
overall level of material resources available to educational in-
stitutions in the region. Table 2 gives the range of the I, index.

Integrated indices of educational organization and munici-
pal provision allow us to take into account differences in the
scale of the organization, municipality, and region, as well as
identify existing infrastructure imbalances.
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Fig. 3. Graphical interpretation of municipalities’
contributions to the regional index

Table 2
Interpretation and range of index /,
No. Range of I, Interpretation of I,
1 I,>0.8 High level of provision
2 0.6 <I1,<0.8 Satisfactory level of provision
3 04 <I1,£06 Insufficient level of provision
4 I,<£04 Critical level of provision

5. 3. Validating the educational institution resource
management system model on synthetic data

The model was validated on a synthetic data set to verify the
accuracy of the computational procedures and identify modeling
errors. Validation of the model allowed us to analyze the sensi-
tivity of the integrated index to changes in risk components and
demonstrated data aggregation at various levels of the system.

The following data set was used to validate the model:

- 3 municipalities m,, m,, ms;

- 2 schools s; and s, in each municipality;

- 3 resource categories were selected: ¢; — computer equip-
ment; ¢, - interactive panels; c; — laboratory equipment.

Synthetic values for the actual number of resources A,; are
given in Table 3.

Table 3
Synthetic values of the actual amount of resources A.;
No. Organization Aa Ao A
1 S1 23 9 14
2 S 20 8 13
3 Ss 32 11 18
4 M 28 10 15
5 Ss 18 6 10
6 Se 24 9 13

Using school s; as an example, the standard requirement and
other indicators of material security were calculated according
to formulas (1) to (5). The standard of provision v, per 100 pu-
pils is as follows: v.; =5, v = 2, V.3 = 3. To calculate the risk
component, we introduce the weighting coefficients: 1, = 0.4;
Ar=0.3; A, = 0.3. Synthetic values for 5,: ug ¢ = 0.30; fs1,c1 = 0.20;
ta,c1 = 0.25, category weights: wy =0.4; wep =0.3; wes =0.3.
The calculation results are given in Table 4.

Table 4

Calculation of indicators for how an organization

is provided with material resources s4

c Ry Ke Dsie Ry,

o 25 0.92 0.255 0.685

e 10 0.9 0.247 0.678

e 15 0.933 0.284 0.668
Lne | 0.684

Total number of schools s=6. Student enrollment N

at each school: Ny =500, N,=450, N3=600, Ny =550,
N, =400, N =500.

Fig. 4 shows the calculation of the provision index I, for
each school.
The municipality provision indices I,,, were calculated us-
ing formula (8), and I, was calculated using formula (14). The
resulting values are given in Table 5.

4 A | B | ¢ | b | E | F | & | H | v |3 |k ol m
1 Jlunicipaliﬂ School | Students | Category ctuaI_A_s,}'mative_RJ K_s,c | u_s,c | f_s,c ‘ t_s,c | rho_s,c k_tilde_s,4 w_c

2 |m1 s1 500 c1 23 25 0,92 0,3 0,2 0,25 0,255 0,685 0,4
3 m1 s1 500 c2 9 10 0,9 0,28 0,18 0,27 0,247 0,678 03
4 |m1 s1 500 c3 14 15 0,933 0,32 0,22 0,3 0,284 0,668 03
5 |mi s2 450 c1 20 225 0,889 0,35 0,24 0,28 0,296 0,626 0,4
6 |mi s2 450 c2 8 9 0,889 0,33 0,26 0,25 0,285 0,636 0,3
7 |mi s2 450 ¢3 13 13,5 0,963 0,3 0,2 0,26 0,258 0,715 0,3
8 |m2 s3 500 c1 32 30 1 0,22 0,12 0,18 0,178 0,822 0,4
9 |m2 s3 600 c2 11 12 0,917 0,25 0,15 0,2 0,205 0,729 03
1@ m2 s3 600 c3 18 18 1 0,24 0,14 0,19 0,195 0,805 03
11 |m2 54 550 c1 28 27,5 1 0,26 0,18 0,22 0,224 0,776 0,4
12 |m2 54 550 c2 10 11 0,909 0,3 0,2 0,24 0,252 0,68 03
13 |m2 54 550 ¢3 15 16,5 0,909 0,28 0,19 0,23 0,238 0,693 0,3
14 |m3 55 400 c1 18 20 0,9 0,42 0,35 05 0,423 0,519 0,4
15 |m3 s5 400 c2 6 8 0,75 0,48 0,4 0,55 0,477 0,392 0,3
16 |m3 s5 400 ¢3 10 12 0,833 0,4 0,33 0,48 0,403 0,497 0,3
17 |m3 56 500 c1 24 25 0,96 0,31 0,21 0,29 0,274 0,697 0,4
18 |m3 s6 500 c2 9 10 0,9 0,29 0,19 0,31 0,266 0,661 03
19 |m3 s6 500 c3 13 15 0,867 0,34 0,23 0,33 0,304 0,603 03
20 |m1 s1 500 TOTAL_INDEX (I_s) 0,678

21 |m1 52 450 TOTAL_INDEX (I_s) 0,655

22 |m2 s3 500 TOTAL_INDEX (I_s) 0,789

23 |m2 54 550 TOTAL_INDEX (I_s) 0,722

24 |m3 55 400 TOTAL_INDEX (I_s) 0,475

25 |m3 s6 500 TOTAL_INDEX (I_s) 0,658

26

Fig. 4. Calculation of the provision index /s for schools s1—s



Table 5

Values of the indices for provision of municipalities
and the region

m Number of pupils Iy,

my 950 0.667
m, 1150 0.757
ms 900 0.577
I, 3000 0.675

To form a complete picture of the region’s school supply,
a sustainability analysis was conducted taking into account
equipment depreciation. With an increase in Au=0.1, the
composite risk pye” increases by 0.04, and the regional in-
dex I"” decreases to 0.670. The relative change in the regional
supply index is -5.6%.

Testing the model on synthetic data showed that it meets
the following requirements:

1. Mathematical correctness of aggregation.

2. Sensitivity of the index to risk components.

3. Stability of the hierarchical transmission of indicators.

4. Interpretability of the model.

The final values of the sufficiency index I, I,,,, I, obtained
from testing the model on a synthetic data set are given
in Table 6. The municipal and regional indices were calcu-
lated using a weighted aggregation method, taking into ac-
count student cohorts.

Table 6
Integrated indices of sufficiency by management levels
Municipality School Cohort Nj School index I

my 51 500 0.648
my ) 450 0.623

m - 950 0.636 (Iyn1)
my S3 600 0.782
my S 550 0.741

my - 1150 0.762 (I)
ms S5 400 0.492
ms S6 500 0.651

ms - 900 0.580 (I3)

Region - 3000 0.663 (I,)

Testing the model on synthetic data revealed that at the
level of individual schools (level L1), there is a pronounced
differentiation in the sufficiency index I; € [0,492; 0,782].
School ss is the most vulnerable (I; = 0.492). Analysis of the
components reveals that the decrease in the index is due to:

- high depreciation (u;);

- a significant proportion of excess of the standard service
life (ts,c);

- relatively low provision for category c,.

It is the combination of these factors that generates an
increased value of the composite risk: pss . — 0.45-0.50, which
leads to a significant decrease in risk-adjusted sufficiency IE'S,C.
In contrast to ss, school s3 (I; = 0.782) demonstrates:

- standard or excess provision;

- low values of all risk components;

- minimal index degradation upon adjustment.

Our calculations confirm the sensitivity of the model to
operating parameters.

At the municipal level (level L2), municipality m; demon-
strates the lowest index value. This is due to the influence of
school ss, which has a high enrollment (400 pupils) and a low
index. Thus, the model accurately translates local problems to
the regional government level.

At the regional level (level L3), the overall index decreases
due to the high enrollment rate in m; and the significant risk
of infrastructure degradation at ss. This demonstrates two key
properties of the model:

1. Scale validity — the contribution of municipalities is
proportional to the enrollment.

2. Sensitivity to risk accumulation - degradation at level
L1 leads to a measurable decrease at level L3.

Fig. 5 shows a chart of the influence of municipal indices
on the regional index.

Municipal Contributions to the Regional Index (Enrollment Share
and Weighted Contribution)
0.45

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Value

ml m2 m3
Municipalities

¥ Enrollment share (Bm) ¥ Contribution fm Im

Fig. 5. Chart of the influence of municipal indices
on the regional index

Pm is the municipality’s share of the regional popu-
lation, and f,,I,, is the municipality’s contribution to the
regional index.

Fig. 5 shows that m, has the largest contribution, high I,
and a large cohort. m3, with a comparable cohort share, makes
a significantly smaller contribution - it is this contribution
that "pulls down" the regional index.

Based on the results of testing the model on synthetic
data, the following conclusions were drawn:

1. The model accurately reflected the impact of risk com-
ponents on the final index.

2. Hierarchical aggregation did not smooth out local im-
balances.

3. The most significant factor in the decline in the inte-
grated index was the combination of high equipment wear
and tear and exceeding the standard service life.

4. The model identified priority areas for management
intervention (in this case, municipality m; and school ss).

The proposed model supports management decision-mak-
ing in a multi-level governance structure. In this regard, it
seems appropriate to conduct a comparative analysis of the
proposed model (Table 7) with the most common models used
to assess resources and support management decisions.

Our comparison showed that, unlike existing models,
the proposed model allows for the simultaneous consider-
ation of the regulatory sufficiency of material resources,
operational risks, as well as the hierarchical structure of the
management system.



Table 7

Comparison of the proposed model with existing resource assessment models

Hierarchy Process) decision making

Model Scope of application Advantages Restrictions
DEA (Data Envel- Resource efficiency Allows one to evaluate the relative Doesp .t take 1nto. account the techmcal
. . o condition of equipment and the risk of
opment Analysis) assessment effectiveness of organizations ; .
infrastructure degradation
AHP (Analytic Multi-criteria evaluation and | Allows one to take into account multiple Expert assessments are highly subjective;

criteria and expert assessments

equipment depreciation is not taken
into account

Ranking alternatives based on

Ease of implementation and interpretation

Doesn’t take into account the dynamics

with material resources

TOPSIS . - of infrastructure degradation and the
multiple criteria of results .
multi-level governance structure
. . - . Doesn’t take into account the regulato
Risk-based asset . Considers the likelihood of failures < &! Y
Risk-based asset management . sufficiency of resources and the hierarchy
management and equipment wear -
of the education system
The proposed Asse.ssrr?ent. of how educ.a tion Takes m.t 0 account re.gulatolry Requires initial data on the condition of
al institutions are provided | resource sufficiency, operational risks, and . .
model equipment and standards of provision

a multi-level management structure

6. Discussion of results based on constructing a model
of the system for how educational organizations
are provided with material resources

The basic element of the system is the educational insti-
tution. At the school level, the integrated sufficiency index I
is calculated according to formulas (1) to (5), which is then
aggregated to the municipal and regional levels. Table 1 gives
the interpretation and range of the I; index. A high level of
sufficiency corresponds to an I value greater than 0.8. A crit-
ical sufficiency level corresponds to an I; value less than 0.4.

Fig. 1 shows the computational process flow diagram
for the model for index-based assessment of the educational
institution’s material and technical provision, showing the se-
quence of calculations for the sufficiency coefficients and the
integrated sufficiency index I;. Using this computational pro-
cess allowed us to formalize the procedure for assessing how
educational institutions are provided with material resources
and move from disparate equipment inventory indicators to
an integrated assessment of sufficiency. A distinctive feature
of the proposed approach is that a single computational pro-
cess takes into account the standard resource requirement, ac-
tual sufficiency, as well as operational risks of the equipment.
That has made it possible to obtain an integrated indicator of
resource availability, reflecting not only the quantitative suffi-
ciency of resources but also their technical condition.

Formulas (6) and (7) provide the overall calculation of the
municipal resource availability index I,, and the regional re-
source availability index I,. Thus, educational institution-level
indicators form the basis for assessing the resource availability
of the entire educational system.

Fig. 2 shows the structure of the hierarchical model for as-
sessing the resource availability for educational institutions at
the school-region level. A distinctive feature of the proposed
hierarchical model is the ability to assess the contribution of
individual educational institutions and municipalities to the
formation of the integrated regional indicator. This allows
the model to be used not only to assess the current state of
resource availability but also to identify territorial zones with
increased infrastructure risk and to justify management deci-
sions on resource redistribution.

The municipal resource availability index I,,, is defined as
the weighted sum of the organization indices I, taking into
account the educational institution’s weight, and is calculated
using formulas (8) and (9).

The use of weights allows for differences in the size of
educational institutions to be taken into account and ensures
an accurate representation of their contribution to the overall
resource availability of the municipality.

The regional index of provision I, taking into account the
weight of the municipality and the number of pupils in the
municipality’s schools, is calculated using formulas (10) to (14).

To analyze the impact of regional differences, a municipal
contribution indicator (I,) was introduced to the regional in-
dex of enrollment at municipal schools and calculated using
formula (15).

Table 2 gives the range of the I, index, where a high level
of provision corresponds to an I, value > 0.8, and a critical
level of provision corresponds to an I, value of < 0.4. The pro-
posed distribution allowed us to rank regions by their level of
material resource provision.

A graphical interpretation of municipal contributions is
shown in Fig. 3. This graphical interpretation allowed us to
assess the degree of influence of each municipality on the
formation of the integrated regional resource provision indi-
cator. A distinctive feature of our results is that a municipal
contribution to the regional integrated indicator is determined
not only by the level of provision of educational institutions
but also by the number of pupils and the level of operational
risks of the infrastructure within the municipality. That has
made it possible to identify municipalities that have the great-
est impact on the integrated indicator of regional provision,
and to determine the territories in which the modernization of
the material and technical base could have the greatest impact
on the overall level of provision of the educational system.

Our results showed that municipalities with large student
cohorts have the greatest impact on the regional integrated
indicator, even with an average level of provision. At the same
time, municipalities with high infrastructure risks can signifi-
cantly reduce the regional integrated indicator, even if their
share of the total student cohort is relatively small.

The model was tested using synthetic data. For testing,
a condition was proposed: one region with three municipal-
ities (my-m3), with two schools in each municipality (s;-S).
For each school, the number of pupils and resource catego-
ries (¢;—c3) were determined. Synthetic values of the actual
amount of resources (A4,;) are used in Table 3. Based on the
proposed synthetic data, the sufficiency coefficient K, the
integrated risk value py, ., (risk - adjusted sufficiency K ),
and the integrated organizational index (I;;) were calculated.



I; was calculated for schools s;-ss; the calculations are shown
in Fig. 4 and Tables 4, 5. Our calculations showed that the
integrated security index is sensitive to equipment operation-
al risks. Even with similar values of the standard sufficiency
coefficient, high levels of wear and tear and exceeding the ser-
vice life lead to a decrease in the risk-adjusted security index
and the resulting integrated index.

To calculate the municipal index I,,,, the school weights a;
were determined. Next, the regional index I, was calculated.
To form a complete picture of the regional school provision,
a sustainability analysis was conducted taking into account
equipment depreciation. The integrated sufficiency indices
by management levels are given in Tables 5, 6. The chart of
the influence of municipal indices on the regional index is
shown in Fig. 5. The calculation of the municipal and regional
indices of provision made it possible to establish that the
value of the integrated indicator at the regional level depends
both on the level of provision of individual educational insti-
tutions and on the distribution of the student body between
municipalities. It was found that municipalities with a large
number of pupils have the greatest influence on the regional
index. At the same time, the presence of an educational in-
stitution with a low level of provision and a large contingent
leads to a decrease in the municipal and regional indices.
This indicates that the hierarchical aggregation of indica-
tors ensures the transfer of local infrastructure problems to
a higher management level. The analysis of municipal con-
tributions made it possible to quantitatively assess the influ-
ence of each territorial unit on the integrated indicator of the
region and to identify municipalities whose infrastructure
modernization would have the greatest impact on the overall
level of provision of the educational system. Our stability
analysis reveals that an increase in the level of equipment
depreciation leads to a decrease in the regional index, which
confirms the sensitivity of the model to operational risks and
the possibility of using the model to analyze infrastructure
degradation scenarios.

The final values of the sufficiency index I, I, I, obtained
by testing the model on a synthetic data set confirmed that
the model accurately reflects the impact of risk components
on the final index. The model also enabled the identification
of priority areas for management intervention (in this case,
municipality m; and school ss) to implement timely measures
to improve material support.

Table 7 gives a comparison of the proposed model with
existing resource assessment and decision support models.
The comparison revealed that existing models address spe-
cific resource management tasks but do not provide a com-
prehensive assessment of the material resource availability
of educational institutions within a multi-level management
structure. This allowed for consideration not only of resource
sufficiency but also the risks of infrastructure degradation and
the impact of the educational system structure on integrated
resource availability indicators.

The limitations of our study include the use of synthetic
data, the limited range of resource categories considered,
and the lack of consideration of financial constraints and
the dynamics of equipment condition changes over time.
These limitations define areas for further development of the
model, including the use of real data, expansion of the list
of indicators, and the construction of predictive models for
infrastructure degradation. First and foremost, it seems appro-
priate to use real statistical data from educational institutions
to validate the model’s adequacy and assess its applicability

to real-world educational infrastructure management condi-
tions. A promising direction is to advance the model to predict
the degradation of physical infrastructure based on an analy-
sis of equipment wear and tear dynamics and the probability
of failure. This will allow for a transition from assessing the
current state of provision to forecasting changes in future
provision levels.

Furthermore, further development of the model could in-
volve incorporating financial indicators, equipment upgrade
costs, as well as budget constraints, which would allow the
model to be used to optimize the allocation of financial re-
sources among educational institutions.

Another promising direction is the integration of the model
built into information and analytical systems for monitoring
educational infrastructure and decision support systems for
education authorities. The model could be further expanded
by using machine learning methods to predict equipment fail-
ures, assess the rate of infrastructure degradation, as well as
generate development scenarios for the region’s educational
infrastructure.

7. Conclusions

1. An educational institution was adopted as the basic
element in the management system when developing the
sequence of computational stages for forming the integrated
index of material resources. To assess material resources,
formulas were proposed for calculating the standard re-
quirement Ry ;, the sufficiency coefficient K, the ug, fsc tsc
risk component assessment, the composite risk ps., and the
risk-adjusted sufficiency Km, of the integrated index I;. The
I, index takes values 0 < I, <1, with I;> 0.8 indicating a high
level of material resources and I < 0.4 indicating a critical level.

2. As a result of constructing the structure of the regional
material resources management system model, the calcula-
tion of the municipal material resources index I, and the re-
gional material resources index I, was proposed for assessing
material resources at the regional level. When calculating the
material resources indices, the weight of the educational insti-
tution, proportional to the number of pupils, and the weight
of the municipality, determined by the number of pupils,
were taken into account. To analyze the impact of territorial
differences, an indicator of the municipality’s contribution to
the regional index was introduced. The I, index takes values
of 0 <I,<1, with I, > 0.8 indicating a high level of provision,
and I, < 0.4 indicating a critical level.

3. Testing the model allowed us to analyze the sensitivity
of the integrated index to changes in risk components and
demonstrate data aggregation at various levels of the system.
During the experiment, the material security index was calcu-
lated for 6 educational institutions and 3 municipalities using
one region as an example.

At the educational institution level, a pronounced differen-
tiation in the adequacy index I € [0.492; 0.782] was observed.
School s5 was found to be the most vulnerable (I; = 0.492).

At the municipal level, m3 exhibits the lowest index value.
This is due to the influence of school ss, which has a high en-
rollment (400 pupils) and a low index. Thus, the model accu-
rately translates local problems to the regional government level.

Regional index I = 0.663. Despite the presence of a mu-
nicipality with a high level of material security, m,, the overall
index is reduced due to the high proportion of pupils in m;3
and the significant risk of infrastructure degradation at ss.
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