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INFORMATION TECHNOLOGY SUPPORT FOR MANAGEMENT DECISIONS ON
THE PORTFOLIO OF DUAL EDUCATION DEVELOPMENT PROJECTS

The article's subject is information technology for decision-making support in the processes of sustainable de-
velopment of educational institutions, as well as a model for forming a rational portfolio of dual education
development projects. The work aims to improve the efficiency and quality of management decisions when plan-
ning dual education learning processes in conditions of uncertainty by creating information technology for de-
cision support using a portfolio model of action areas. This study has several objectives: 1) To develop a model
for forming a portfolio, taking into account the hierarchical structure of the projects value criterion and the
positions of stakeholders; 2) To formalize the division of project options into groups to which different develop-
ment strategies should be applied; 3) Create an interactive visualization and dashboard for advanced analysis
of candidate projects for the portfolio. Results. Technology is proposed to classify and divide project options
into groups to which different strategies should be applied, and a combined portfolio of different directions
(vectors) of action should be managed. A heuristic search optimisation methodology synthesizes a new algorithm
for identifying and comparing situation characteristics for selecting non-dominated portfolios. Combining multi-
criteria decision analysis (MCDA) and visual methodology simplifies evaluating and comparing candidate pro-
jects for the strategic portfolio. This makes this approach valuable for a group of developers in practical sce-
narios. Customised cross-filtering of visual report data using Power Bl made it possible to compare projects by
stakeholder groups, candidate projects, and those being successfully implemented. This ensured the management
of a combined portfolio of different areas (vectors) of action. The proposed technology is demonstrated by se-
lecting strategies for developing dual education projects by employer partners. Data from previous partnerships
with regional companies helps the decision-making group adjust project strategies. Recommendations for action
can be created even without information about the probability of a scenario. The conclusions of this study can
be used in practice in complex decision-making scenarios that consider the interests of various stakeholders in
the dual education system, the uncertainty of situations, and the subjectivity of decision-makers.

Keywords: information technology; decision-making; multi-criteria; project portfolio management; mathemat-
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1. Introduction with in-demand skills, and integration into the European
educational space. Its development requires systematic
Modern higher education in Ukraine is based on a  management through project portfolios that increase the
competency-based approach to developing practical —competitiveness of academic institutions in the context of
skills and applying knowledge in professional activities.  transformation.
Educational programs are focused on learning outcomes
that meet the needs of the labour market. This approach 1.1. Motivation
is most effectively implemented through dual education,
which combines university studies with practical intern-
ships at enterprises. This allows applicants to develop
their qualifications through real-life experience and em- ' - )
ployers to influence staff training content. The Regula- Y Of Education and Science of Ukraine, has been com-
tions on Dual Education (Order of the Ministry of Edu-  PI€ted. Reports on the project's implementation results
cation and Science No. 426 of 13 April 2023) provides ha_ve been prepargd, de_scrl_bln_g the experiences of enter-
the regulatory framework, where qualifications are de- ~ Prises and educational institutions; however, many ques-
fined as a set of acquired competencies. Dual education ~ t10nS remain. Methodological recommendations for the
is necessary for economic recovery, training specialists implementation of dual education were developed within
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The experimental phase of the pilot project for train-
ing specialists using a dual education model in vocational
and higher education institutions, initiated by the Minis-
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the framework of the project "Dual Education for
Ukraine", which is implemented in partnership with the
Ukrainian Marketing Association and the USAID project
"Economic Support to Ukraine” [1]. This guide may be
helpful for all interested parties, as it describes the legal
mechanisms available to educational institutions. How-
ever, the question of which management tools and meth-
ods to develop dual education in specific situations re-
mains open.

1.2. State of the art

Dual education is gaining popularity in Europe,
with Germany as the recognized leader. In most coun-
tries, its adaptation is carried out through top-down gov-
ernment projects, and none of them has been able to fully
replicate the German approach, which evolved from the
bottom up. According to German experts [2], the success
of implementation depends on taking into account the na-
tional context. A study [3] compares the German system
with the results of a survey of 27 Ukrainian higher edu-
cation institutions, confirming the need to adapt the
model to local conditions. This is due to the peculiarities
of the economy, the level of responsibility of employers,
their willingness to cooperate, as well as the low readi-
ness of stakeholders to change agreements [3, 4].

Organizations and countries usually integrate pro-
jects into portfolios if they plan to develop in several ar-
eas, giving preference to the most promising initiatives.
This approach ensures project management, process co-
ordination, and optimisation of their implementation [5].
In order to stimulate innovation, a strategic portfolio is
created, as well as a set of programs, projects, sub-port-
folios, and other measures focused on innovative activi-
ties. Each educational institution trains applicants in
many educational programs. Dual education projects are
targeted at specific groups or individual applicants, and
each project has its unique value for stakeholders. Every-
thing confirms the opinion that applying a portfolio man-
agement methodology based on stakeholders' values is
advisable for managing the dual education development
[6].

Effective management of dual education develop-
ment projects requires a holistic view of the project, pro-
grams, or portfolio and careful coordination of all ele-
ments. A systematic approach to the development of dual
education, which considers development through a port-
folio of projects, defines the final product or educational
service as accurately as possible [7].

Educational projects have a social orientation. Here,
investment is the investment of funds and resources to
obtain socio-economic benefits in the future. The main
methodological difficulty lies in assessing the value of
the project portfolio, which allows the most attractive
components to be selected, given limited resources and

established criteria. Requiring determinism of input data
for decision-making during project analysis is a simplifi-
cation, as each dual education development project has
numerous factors of uncertainty that determine project
risks. Portfolios of such projects must address a multi-
criteria decision-making problem, managing numerous
alternatives, diverse criteria, and varying scales for eval-
uating those criteria [6].

For project-oriented companies, project portfolio
management (PPM) is a constant challenge, as it requires
balancing long-term strategies with short-term require-
ments and constraints. In the PPM process, new projects
are evaluated, prioritized and selected, while existing
ones may be accelerated, suspended or downgraded in
priority. Resources are also reallocated between existing
projects [8].

Strategic planning in organizations is increasingly
being supplemented or replaced by scenario planning,
which, unlike focusing on the most likely future, consid-
ers several plausible scenarios for the future [9]. In par-
ticular, scenarios draw the attention of decision-makers
(DMs) to uncertainty and help them create a reliable
strategy that works well in different conditions. It is often
helpful to consider strategy not in a holistic sense but as
a combination or portfolio of different courses of action.
The portfolio approach enables the creation of multiple
alternative strategies with minimal effort and streamlines
their implementation. The choice of a specific portfolio
of actions (or strategy) can be supported by Portfolio De-
cision Analysis (PDA) methods [10, 11]. Scenario plan-
ning for the conditions of a manufacturing enterprise was
implemented using an algorithm for identifying and com-
paring the characteristics of situations in an intelligent
decision support system [12].

In complex decision-making scenarios involving
many stakeholders, the uncertainty and confidence of de-
cision-makers (DMs) significantly influence the results.
This is the so-called problem of “fuzzy large-scale multi-
criteria group decision-making (FLSDM)”. Article [13]
proposes an approach to improving decision-making pro-
cesses in large groups of DMs under conditions of intui-
tive fuzzy self-confidence. It presents a hybrid clustering
algorithm for identifying common opinion patterns
among DMs. However, practical collaboration tools and
mechanisms are lacking for complex decision-making
scenarios that involve multiple stakeholders and uncer-
tainty—conditions typical in managing the development
of a dual education system.

In multi-criteria research, multi-criteria decision
analysis (MCDA) is rapidly developing due to its ability
to improve the quality of decision-making [11, 14]. This
is only possible by constructing an analytical decision-
making procedure that is much more efficient, precise,
and rational than standard decision-making procedures
[15]. MCDA and PDA methods apply analytical
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decision-making models to identify preferences and un-
certainties regarding the impact of actions, while mathe-
matical optimization determines the most desirable port-
folio within resource and other constraints. In search of a
scenario-based portfolio model for building reliable and
active scenarios [9], researchers concluded that there are
no direct solution algorithms for a set of non-dominated
portfolios, but rather, various detailed algorithms are
used to form the most desirable portfolio. Recommenda-
tions for decision-making are based on pairwise domi-
nance relationships between portfolios of actions. These
studies of project portfolio management define it as the
optimal Pareto solution for an n-objective 0-1 linear pro-
gramming problem, i.e., inclusion/non-inclusion, and do
not propose methods for dividing project options into
groups to which different development strategies should
be applied.

Formulating a university development strategy as a
portfolio of different courses of action requires dividing
project options into groups. Research into project classi-
fication methods has shown that, for example, in the con-
text of selecting a portfolio of research projects, an itera-
tive trichotomous approach [16] is used, which involves
the sequential and repeated division of project options
into three groups:

- promising/acceptable — those that have high prior-
ity and are likely to be included in the portfolio;

- questionable — those that require additional infor-
mation or re-evaluation;

- rejected — those that do not meet the criteria and
are excluded from further consideration.

Recent studies demonstrate significant progress in
applying portfolio management, particularly in strategic
planning for innovation-driven organizations. Portfolio
Decision Analysis (PDA) supports the identification of
optimal portfolios by evaluating benefits and uncertain-
ties, although final decisions remain context-dependent.

Numerous studies emphasize the importance of
managing integrated portfolios based on stakeholder val-
ues, which involves multiple alternatives, diverse crite-
ria, and varying evaluation scales. However, far fewer
publications propose methods for classifying and group-
ing projects to enable differentiated strategies—despite
the critical role of prioritization in effective portfolio
management.

1.3. Objectives and Approach

This article aims to develop information technology
to support decision-making and improve the efficiency
and quality of management decisions regarding the port-
folio of dual education development projects in complex
scenarios that consider stakeholders' interests and uncer-
tainty.

Managing a portfolio of dual education develop-
ment projects in an educational institution is an activity
that balances the formation and use of the institution's po-
tential. The specificity of such management lies in focus-
ing on achieving "values" and ensuring the potential for
future dual education development projects, which is the
basis for portfolio balance.

A balanced portfolio of dual education development
projects for an educational institution comprises initia-
tives whose implementation maximizes the value of the
dual education system while maintaining equilibrium be-
tween building and utilizing the institution’s potential.

When forming a portfolio of projects using a value-
oriented approach and fuzzy set theory, two main tasks
arise:

— obtaining project indicator assessments in the
form of fuzzy numbers;

— creating an optimal portfolio based on these fuzzy
assessments.

The first task of forming a portfolio of projects us-
ing a value-oriented approach and fuzzy set theory has
already been solved [17]. As for the second task, it is pro-
posed that it be solved in the following three stages.

As for the second task, it is proposed to address it
through the following three stages.

1. Develop a multi-criteria mathematical model for
forming a rational portfolio of dual education develop-
ment projects, considering the hierarchical structure of
the project value criterion and the stakeholders' positions.

2. Develop a method for dividing project options
into groups to which different dual education develop-
ment project strategies should be applied, using an algo-
rithm for identifying and comparing situation character-
istics.

3. Develop an interactive visualization and a dash-
board for advanced analysis of candidate projects for the
action portfolio using Power BI, with recommendations
for decision-making.

The article has the following structure. Section 2
presents a model for forming a project portfolio based on
two integrated criteria, value and risk, and proposes a
heuristic algorithm for dividing project options into
groups to which different strategies should be applied.

Section 3 demonstrates the application of the tech-
nology using the example of selecting strategies for de-
veloping dual education projects with employer partners.

Section 4 examines the implications of the results,
including their alignment with current research in portfo-
lio decision analysis and their potential applications in
complex, real-world decision-making scenarios.

Section 5 summarizes the main findings and out-
lines directions for future research.
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2. Technology for forming a portfolio of
dual education development projects

The aggregation of fuzzy estimates of project value
indicators was performed in Microsoft Excel due to its
high level of compatibility, functionality in modelling
and programming, and easy integration with most editors
and databases. We leverage Microsoft Power Bl Desk-
top, a powerful analytical tool, to create interactive visu-
alizations and perform advanced data analysis. We solve
the task of multi-objective optimisation using the Python
programming language.

2.1. Multi-criteria mathematical model
for portfolio formation

Taking into account the specifics of dual education
and system modelling, the assessment of the feasibility
of projects for inclusion in the portfolio considers four
main stakeholders in dual education, namely the state, re-
gional employers, educational institutions and students,
with a system of indicators for each party: v — project
value, c - resources for project implementation, t - imple-
mentation time, and r — risks (Fig. 1).

This study is a logical continuation of the value-ori-
ented approach to managing the dual education develop-
ment projects portfolio. The project value indicators vy,
Vbus: Vunive Vstud @Nd Vgeug are integral assessments of
the value of the dual education project for the state, busi-
ness structures and employers in the region, educational

institutions, and applicants, respectively [17].

This integrated value assessments have a hierar-
chical structure. They are formed taking into account the
following specific components:

- the employment rate of graduates in their special-
ity;

- the degree of compliance with the development of
priority sectors in the region and country;

- the number of employers involved in the dual ed-
ucation of students;

- the degree to which the future needs of employers
for the competencies they require in employees are met;

- the degree to which the project corresponds to the
development strategy of the educational institution;

- quality of project product competencies;

- the employment rate in the company where the ed-
ucation was obtained under the dual education system;

- the level of achievement of the desired quality of
the project product.

Thus, dual education projects are valued as inte-
grated assessments that consider the specifics of the com-
petence-based approach and the development strategies
of all stakeholders.

When modelling a portfolio of m project proposals
X = {x, ...,x™}, they are evaluated according to n indi-
cators. Let us denote the value (score) of project xJ ac-

cording to indicators i=1,n by vf The vector of pro-

ject value assessments v = [v., ... v}, | reflects the scores

of projects x) according to indicators i = 1,n. These
vectors form the rows of the score matrix v € R™*™ such

that [V]ij = V:

Select Mismatching projects
projects
to the portfolio
for the Vuniv 4l Cuniv Vbus }—l Chus
development — —
of dual l:lduclam?nal I:mploycrs
; institution of the region
education
~ (— r——\

Luniv M| Tuniv lhus [ 4 Thus Result:
rational set
of projects

Objective A 4 > » portfolio
development
of dual

v c \} c I education

gov gov stud stud
_J _J |-
State Students
tg()\f Toov Lstud Tstud

Fig. 1. Systematic model of project evaluation for inclusion in the dual education development portfolio
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The total value of project x/ is calculated using the
additive value function and for the systematic project
evaluation model (Fig. 1):

4
Voroject &) = Z Wi Vi , 1)
i=1

where w; is the weight of the relative importance of the
i—th attribute, and the weights are
[wy,..,w,]T,i=1,n. In this case vi =véov, vi =
Ve Vs = Vi and vy =2 .

As a result of forming a comprehensive assessment
of the value of a dual education project [17], the prelimi-
nary value of each project Vi, qiece (x1) is represented by
a trapezoidal fuzzy number. Its clear assessment can be
found by performing defuzzification, for example, using
the methods of Chiu-Park, Chang, and Kaufman-Gupta
[18]. However, to analyze the impact of actions when
making management portfolio decisions, namely, to
compare projects with each other according to specific
criteria, we compiled (1).

A portfolio of projects z < X isa subset of m project
proposals, and the set of all possible portfolios is a pow-
erful set Z = 2X. The value of a portfolio is defined as the
total value of all projects in it:

W =

m
Vportfolio (z) = Z Zj - Vproject(xj):
= )
. = {1,iij €z;
) 0,ifx ¢ z,

where z,() is a bijection z;: Z — {0, 1}™ such that z; =
lif¥ €z andz = 0ifx ¢ z

The needs of each of the dual education projects for
university and business resources c;;,» Cpue J = 1, m.
We assume that possible portfolios are those that satisfy
q: + q, linear inequalities, defined by the coefficient
matrices Cyniy € RI™, ()i, = [Cuniv]y,) @nd Cpys €

R9zxm (CLusz [Cbus]jqz), and the vectors B,y =

[by, ... bg,]" € R% and Bpys = [by, ..., by,]" € Rz,
i.e:

‘= @)

= {Z €EZ |Cuniv Z; < Bunivs Cous Z; < Bhus }'

where q4, q, are the number of resource constraints of the
university and employers involved in the dual education
projects in the portfolios.

The best possible portfolio is the one that maxim-
ises the total value of the portfolio of dual education de-
velopment projects (2) in specific conditions and satisfies
the resource constraints:

max V, i0(z) =
P portfollo()

CunivZj = Buniv,)  (4)
= I;'lax Z]rgl Z]- . Vproject(X]) Cbus Z]- S Bbus ,
z € {0,1}™

Project portfolio management includes evaluating,
prioritising and monitoring projects to maximise benefits
and reduce risks.

The value of a dual education project can be as-
sessed by considering the stakeholders' values related to
their expectations regarding project outcomes. This can
be done by comparing linguistic variables depending on
the membership function. The degree of proximity of the
Voroject 16Vel to the reference distribution function is de-

p
termined by the Hamming norm:

0<6=1-max{|la; —by],la, — byl,

|a3 - b3|, |a4_ - b4|} S 1,

®)

where (a,,a,,a5,a,) and (b,, b,, b3, b,) are the vertices
of trapezoidal numbers on a 01-carrie.

Then, there is a risk of not achieving the value of
the project: ry2ie. = 1 — 6.

Threats in the socio-economic system are caused by
a complex set of interrelated factors and a sequence of
events. They can be identified by conducting a systematic
analysis of the structure, taking into account exogenous
and endogenous influences [17, 19]:

- I'pms Thus» Tuniv - financial risks of implementing a
system for managing the integration of dual education
project processes;

- TEye Tinivs Taa - SOCial factors caused by insuffi-
cient executive discipline among project stakeholders;

- r3 - force major situations.

Financial risks associated with non-fulfilment of fi-
nancial obligations belong to category r. Social risks
caused by the inadequate executive discipline of stake-
holders belong to category r?.

To analyze risks r¥, k = 1,3, and optimize strate-
gies for managing them, a five-point scale of 0.1 to 0.5
points is used to assess the consequences, where 0.5 cor-
responds to the most severe potential consequences.

To assess the risks of dual education projects, an in-
depth analysis of partner organizations, their strategies
and operations is required to determine the probability of
risk occurrence p¥, k=1,3. Based on the data ob-
tained, a comprehensive risk assessment is carried out for
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both individual projects Rpmject(xi) and the project port-
folio Ryorerolio (3) @s @ whole:

3

N I —
Rproject(xl) = rg?oljleect + rk- pk: Vi=1m,
k=1 (6)

Rportfolio (z) = Z Z - Rproject(X]) ’
xiez

. = {1,iij €z;

) 0,ifx ¢ z.

()

So, the second objective function of the multicrite-
ria optimisation problem is:

min Rportfolio (Z) =
Z€LR

Cuniv Z; < Buniv , (8)
- Iznin Z]n;l e Rpro]'ect(x]) Chus z; < Bhus »
z € {0,1}™

Therefore, the task of forming a value-oriented
portfolio of dual education development projects should
be attributed to the sphere of portfolio decision analysis
(PDA), i.e., the application of decision analysis to the
task of selecting a subset or portfolio from a large set of
alternatives, together with a version that contains the
multi-criteria nature of the problem.

The developed mathematical model (1 - 4), (6 - 8)
of the multi-objective optimisation problem (4), (8) re-
quires detailed algorithms that generate a set of Pareto
optimal solutions for the portfolio formation problem.
The main feature of decision analysis techniques is the
combination of formal methods and informal (expert)
knowledge. The latter helps to find new ways to solve the
problem that may not be present in the formal model.

2.2. Method of dividing project options into
groups to which different dual education devel-
opment project strategies should be applied

To succeed in an unpredictable environment, an ed-
ucational institution must develop a robust strategy that
will be effective in a variety of possible future scenarios.
In such cases, a university can be more successful if it
implements a proactive strategy to create an operating en-
vironment aligned with its desired direction.

Traditional strategic planning approaches typically
rely on forecasts derived from trend extrapolation. How-
ever, such methods are inadequate regarding high uncer-
tainty, intensity, and complexity [9]. Therefore, strategic

planning in organizations is increasingly being replaced
by scenario planning. Unlike traditional planning, sce-
nario planning does not focus solely on the most likely
future. Instead, it considers a range of plausible future
events, referred to as scenarios. In particular, scenarios
draw the attention of decision-makers (DMs) to uncer-
tainty and help them create a robust strategy that works
well in different conditions [9]. This is a promising ap-
proach to managing risks and opportunities.

It is often helpful to consider strategy not in a holis-
tic sense but as a combination or portfolio of different
action vectors. Let the decision maker choose a portfolio
of a subset m of the proposed actions-project proposals.
The impact of these actions is assessed according to mu-
tually exclusive and collectively exhaustive scenarios,
the probabilities of which are determined by the vector
p = [py, ---,Ps)- Here, ps is the probability of the sce-
nario. The actual result of the j-th action in the s-th sce-
nario, denoted by x! € R,, represents the value of the ac-
tion project with its i-th indicators in the s-th scenario ob-
tained using a comprehensive assessment [17].

The formation of the final portfolio of decisions is
based on valuable data based on previous experience,
available in the database of dual education projects,
which provides additional information for management
decision-making. Thus, it is necessary to compare dual
education projects for a specific employer but for differ-
ent educational programs, especially when there have
been successes or failures with this partner in retrospect.

A portfolio of actions is a subset of m available ac-
tions represented by a binary vector string z =
(21, ., Zm] € {0,1}™, where z; = 1 if and only if action j
is included in the portfolio. This raises the problem of
choosing the best portfolio under conditions of uncer-
tainty. Since the probability of each scenario is unknown,
a method for comparing different portfolios needs to be
developed, taking into account the possible probabilities
of scenarios to help decision-makers make the best
choice. It is often helpful to acknowledge incomplete in-
formation about the probabilities of scenarios and to
check which decision-making recommendations are
compatible with this information [20].

Research on scenario-based portfolio construction
[9] has revealed the absence of algorithms for directly
solving the problem of obtaining a set of non-dominated
portfolios. Instead, expanded algorithms are used. Thus,
the article [9] outlines the key stages of solving the prob-
lem: 1) forming portfolios of actions and evaluating the
utility function of each; 2) dividing portfolios into sets
and checking pairwise dominance within each set reveals
non-dominated portfolios in these groups; 3) a set of non-
dominated portfolios is formed by combining the identi-
fied non-dominated portfolios of all groups.

There are portfolio-oriented approaches to solving
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the problem of obtaining a set of non-dominated portfo-
lios [20, 21].

We implement a project-oriented approach to se-
lecting non-dominated portfolios and develop an analyt-
ical model for managing a portfolio of decisions as a de-
cision support system in conditions of incomplete and de-
pendent information about the probabilities of different
scenarios.

We divide the set m of project proposals X =
{x!, ..., x™} into K disjoint subsets X?, ..., XX (UX_, Xk =
X), so that each subset will have its own lower and upper
limits of estimates according to the criteria of value V and
risk R of projects:

X¥ = {v € Ryxm

Yproject (Xj) < Vproject(xj)}' (9)

Vproject(xj) < Vproject(xj)

Xk
R . .
— IR € Rpxm Bproiect(xl) < Rproject(x]) (10)
= RER R.. . V<R . INE
prolect(x) = prolect(x)
where: meject(xj) —a comprehensive assessment of the

value of the dual education project;

Voroject 8, Viroject () — lower and upper limits of
evaluations according to the value criterion;

R roject (¥') — project risks;

Rproject (X)), Rproject (x1) — lower and upper limits of
assessments according to the risks criterion.

Information set:
Xk = X\l; x Xk; ((Vproject(xl): Rproject(X])) € Xk

A
V3

Xl

x3® @
&

Q)
&)
Ly @ O
x~@ ® x@ @

@ @

R R, R;3
R

project

Vi

>
>

project

Fig. 2. The matrix for positioning alternative
project options based on cost and risk criteria

The study [16] solved the task by sequentially di-
viding the project options into three groups: promising,
doubtful, and rejected. To find similar groups, dividing
the set m of project proposals X = {x}, ...,x™} into 3-4
non-intersecting subsets is advisable. Figure 2 illustrates
the division into four subsets. Four distinct subsets are
formed based on the conditions listed in Table 1.

Assuming that the non-intersecting subsets K of
X1, ..,X* coincide with the non-intersecting subsets of
portfolios Z1,...,Z*%, i.e. Xt € Z1,..,X* € Z*, then the
best possible portfolio z¥ is the one that maximises
the total value (4) and minimizes the risks (8).

Research into modern project portfolio manage-
ment concepts, including approaches such as Portfolio
Decision Analysis (PDA), has shown that such a portfo-
lio can be defined by searching for Pareto optimal solu-
tions for an n-objective zero-one linear programming
problem, known as Multi-Objective Zero-One LP
(MOZOLP), for which there are several solution algo-
rithms [9, 11, 22].

In [16], it is noted that adapting various constraints
for the final portfolio entails corresponding constraints in
the mathematical programming (MP) model. We propose
identifying the best possible portfolio Z}, which maxim-
izes total value (4) and minimizes risks (8), as a solution
to a linear programming problem with zero-one varia-
bles. In doing so, we apply the primary criterion method
[23]. This criterion selects the value of the portfolio (4),
and (11) — (14) are used as additional constraints. Thus,
we obtain solutions to four separate linear programming
problems. We select the best portfolio:

maxVooritoiio(2) = max[2,2%,2%,2*] . (15)

However, the total value of the portfolio (2) de-
pends on the number of projects m in the portfolio. A sit-
uation may arise where, according to this additive-linear
function, the dominated portfolio will receive a higher
rating than the non-dominated one.

Given that in the case of two criteria, when effective
ratings can be visualized graphically, the optimal solution
is often chosen directly from the graph [23], and a scatter
plot with a Pareto set is an effective visualization tool
[10]. Let us refer to the positioning matrix of project
alternatives according to the ‘value-risk’ criteria, broken

Table 1
Conditions for forming four distinct subsets of projects
Subsets Formalization

1 , , ,

X X1 = {X] € X| VZ = Vproject(xl) = V3 /\ Rl S Rproject(xl) < RZ }; (11)
> , , ,

X X2 = {X] € X| Vl =< Vproject(xl) < VZ /\ Rl = Rproject(xl) < RZ }; (12)
3 , ; ,

X X3 = {X] € X| VZ =< Vproject (X]) = V3 A RZ = Rproject(X]) =< R3}; (13)
4 . . .

X X4 = {X] € Xl Vl = Vproject (X]) < VZ A RZ = Rproject(xl) = R3}' (14)
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down into subsets (Fig. 2). Pareto optimality (for two cri-
teria) means that improving one criterion is impossible
without worsening the other. Such diagrams allow us to
assess the trade-off between losses and benefits when
choosing a solution.

Managing the portfolio of dual education
development projects involves the systematic selection,
analysis and monitoring of projects, which is carried out
each semester. New projects are evaluated and priori-
tized, while existing ones may be accelerated, suspended,
or have their priority reduced. Project selection is based
on a set of new and existing projects. A relational data-
base with information on successfully implemented pro-
jects is required to support decision-making. All this di-
vides the set of project proposals into K disjoint subsets
X1, ..., XX according to interval estimates (11 — 14). Fig-
ure 3 illustrates the algorithm for identifying and com-
paring situation characteristics according to interval esti-
mates.

The classification of dual education development
projects using an algorithm for identifying and compar-
ing situation characteristics divides candidate projects
into four portfolios:

- Portfolio Z* includes projects that do not meet cri-
teria (4) and (8) and are recommended to be suspended
or downgraded in priority;

Xj: vproject (Xj)r

Rproject(xj)

Vl < Vproject(xj) < VZ

No

Rl < Rproject(xj) < RZ

Portfolio Z* Portfolio Z?

- Portfolio Z! contains projects that have high pri-
ority and form the best possible portfolio ZE, i.e., non-
dominated;

- Portfolio Z? and Portfolio Z3 consist of projects
for which additional information is needed when forming
the final portfolio of decisions.

The formation of the final portfolio of decisions is
based on valuable data from previous experience availa-
ble in the dual education project database. This provides
additional information to support management decisions
regarding Portfolio Z? and Portfolio Z3 projects.

3. Interactive visualization and dashboard
for advanced analysis of candidate projects
for the portfolio

The effectiveness of management decisions is de-
termined by the degree to which goals are achieved, eco-
nomic feasibility, and implementation results. The qual-
ity of decisions depends on their validity, timeliness,
level of risk, flexibility, and the availability of expert sup-
port. For a comprehensive assessment of dual education
projects, an integrated index of management decision ef-
fectiveness is used, which is a value that combines nor-
malized partial indicators with weighting coefficients
(16), as well as an integrated assessment of the risks of
dual education projects in the portfolio. These indicators

VZ < Vproject(xj) < V3

No

RZ < Rproject(xi) < R3

\|/ Yes

Portfolio Z3

Portfolio Z!

Fig. 3. The heuristic algorithm for identifying and comparing situation characteristics
for project-oriented se-lection regarding a set of non-dominated portfolios
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provide objective control over management effectiveness
and contribute to improving the organization’s effi-
ciency.

As a result of forming a comprehensive assessment
of a dual education project [17], value levels were deter-
mined as membership functions of integral assessments

of project values My e (x). The value criterion Vp,,gject

has a hierarchical structure and considers the positions of
interested parties. A comprehensive assessment of the
value level of the project was obtained by convolving
fuzzy estimates of indicators:

(16)

4
Hy x) = z (%) X g,

project i=1
where: p,(x) - values of membership functions of value
indicators, determined using a standard 0-1 scale classi-

fier; w; — weight coefficients of the i-th value indicator
at the top level of the hierarchy.

Since the membership functions of value indicators
have a trapezoidal shape, the linear superposition (16) is
also a trapezoidal fuzzy number. Therefore, it can reduce
operations with membership functions to operations with
their vertices.

Solving the problem of creating an optimal portfolio
based on fuzzy estimates of the value levels of project
alternatives requires methods for comparing fuzzy num-
bers. We perform defuzzification of trapezoidal fuzzy
numbers using a modified Chu-Park method [18]:

—Chupark _ a1 T3 +az+a, a; + ag
Vproject - 4 w 2

A7)

By selecting a weight coefficient w, for example,
w=1, the average values of the projects were found.

When further ranking projects, we accept the inte-

gral indicator of project value V, yeq(x) = yhy Park

project -
Thus, the problem of numerical representation of project
proposal ratings by value levels has been solved. As a re-
sult of the defuzzification of trapezoidal fuzzy numbers
(17), the differentiation of value levels within the range
from 0 to 2 increased slightly.

Table 2 shows how r? force majeure situations were
identified in the project risk assessment (6) due to threats
in the socio-economic system caused by the military sit-
uation in Ukraine. Depending on the employer-partner's
affiliation with a particular industry, expert risk assess-
ment was performed on a five-point scale of impact as-
sessment with a range of scores from 0.1 to 0.5 points,
where 0.5 corresponds to the most serious potential con-
sequences. The details of the assessment system are as
follows: 0.5 — catastrophic consequences; 0.4 — signifi-
cant loss of benefits, which may significantly complicate

the implementation of strategic goals; 0.3 — noticeable
loss of benefits; 0.2 — loss of benefits that does not sig-
nificantly affect the achievement of strategic goals; 0.1 —
insignificant loss of benefits.

The aggregation of fuzzy estimates of project value
indicators was performed in Microsoft Excel due to its
high level of compatibility, functionality in modelling
and programming, and easy integration with most editors
and databases. After defuzzification (17) of fuzzy esti-
mates of project value levels (16), their precise estimates

Vproject () Were obtained, and according to (6), risk es-
timates R, 0..(x') were obtained for 41 project pro-
posals at one technical university in Ukraine.

Table 2
Detailing the risk assessment system for dual education
projects due to the war

. Assessment of force
Employer’s industry . o 3
majeure situations r
Energy and metallurgy 04-05
Construction 0.3-04
Engineering 0.2-03
Other manufacturing 0.1-02
Information technology 0-0.1

The aggregation of fuzzy estimates of project value
indicators was performed in Microsoft Excel due to its
high level of compatibility, functionality in modelling
and programming, and easy integration with most editors
and databases. After defuzzification (17) of fuzzy esti-
mates of project value levels (16), their precise estimates

Voroject (X)) Were obtained, and according to (6), risk es-

timates R (x') were obtained for 41 project pro-

posals at one technical university in Ukraine.

To create interactive visualizations and advanced
data analysis based on value-risk criteria (see Fig. 4), we
use the powerful analytical tool Microsoft Power BI
Desktop. Using Power Query for Power BI, we connect
to Excel Workbook, based on which relational database
tables are created, and a database model relationship dia-
gram is built. The management decision support system
database for the dual education development project port-
folio consists of main tables that reflect entities related to
dual education projects, university departments, regional
employers, and laboratories involved in implementing
the dual form of education. A calendar table must be
added to synchronize the time of all tables in Power BI
Desktop. Next, visual elements are developed.

Figure 4 presents an interactive portfolio report that
includes all candidate projects, featuring visual toggles,
menus, and synchronized filters. The Value-Risk field
displays the current number of dual education project
proposals. The cards summarize two criteria: "Portfolio
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Portfolio with all projects

[

DNIPRO

Strategies: continue and
change location

Portfolio_2

] [ Strategy: terminate J [

UNIVERSITY
of TECHNOLOGY
1899

58,571

Portfolio value

9,688

Portfolio risks

Clasters
ClasterCode, pr_no...
~ [ ] Clasterl
[ ] Claster2
~ [ ] Claster3

.

.99 H
298 :
A ’)32

10@

()2.05

business, profession
v || BrAam

~ [ ] ETL_Group

~ [ ] Forma_3D

~ [] Global Logic I
v []1IGTM

-\ [ ] INTERPIPE

Value

Value-Risks by category, project number

pr_no (clusters) e Claster] e Claster2 e Claster3 e Claster4

Quantity of projects by Industry
and Profession

122

Risks

Fig. 4. Interactive portfolio report with all candidate projects in the MS Power Bl Desktop environment

value" (2) and "Portfolio risks" (7). If all project pro-
posals are included in the portfolio, their value and risks
will correspond to the indicators on the cards. The tree
diagram presents the portfolio structure by industry and
profession.

Based on the results of cluster analysis, rules are
formed for recognizing strategies for selecting new pro-
jects and determining the advantages of one of four pos-
sible alternatives for the further development of current
projects in the dual education portfolio: include, con-
tinue, pause, search for partners and change location.

The ‘change location’ strategy is applied when, due
to the high risks associated with the military situation, it
becomes necessary to change the employer within the
holding company or the place of practical training to a
specialised laboratory created with the employer at an
educational institution.

Power Bl Desktop enables cross-filtering by man-
aging relationships established during data modelling.
This means that filters between all visual elements of an
interactive report are synchronized: focusing on one ele-
ment filters data on all others, allowing us to obtain cru-
cial analytical information for making informed deci-
sions (Fig. 5, Fig. 6).

The analysis of candidate portfolios based on sce-
narios is done through interactive interaction with the
dashboard. In Fig. 4, candidate portfolios are represented
by project clusters: Claster1 € Portfolio Z!, Claster2 €
Portfolio Z2, Claster3 € Portfolio Z3, Claster4 €
Portfolio Z*. These clusters can be considered as sepa-
rate candidates or combined into larger portfolios. Figure
5 illustrates Claster1 with those projects that have high
priority and form the best possible portfolio, i.e., one that

is not dominated. Thanks to the cross-filtering configured
using Power BI, this portfolio's value (2) and risks (7)
have been calculated and visualised with indicators on
the cards: “Portfolio value = 38.912” and “Portfolio risks
=3.126".

Figure 6 illustrates important analytical information
regarding the selection of rational strategies for the fur-
ther development of projects with specific employer part-
ners in dual education. It shows the mechanism of com-
parative analysis of project value and risk indicators
when selecting rational development strategies. Reliable
data from prior partnerships with INTERPIPE LLC pro-
vides the decision-making team with valuable insights
for adjusting project strategies. Thus, Figure 6 illustrates
that dual education projects of various educational pro-
grams fell into Claster1 and Claster3. Since a specialised
laboratory has been created at the academic institution
with the support of INTERPIPE LLC, an alternative for
the further development of all these projects could be a
strategy to “Change location” for projects with a high de-
gree of risk due to the conditions of martial law in the
country.

After a certain number of rounds of analysis, a final
portfolio is formed, demonstrating selected projects to
maximise value while adhering to constraints. Table 3
shows the strategies for selecting projects for the portfo-
lio recommended by Power Bl. For comparative analysis
of project clustering in Power Bl, a Python algorithm was
developed based on a multi-criteria mathematical model
and a heuristic method of project grouping (Fig. 3). To
solve the multi-objective optimisation problems (4) and
(8), i.e. Multi-Objective Zero-One LP (MOZOLP), we
apply the primary criterion method. The portfolio value
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. Strategy: terminate
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Fig. 5. Identification of an undominated Portfolio Z*

Portfolio with all projects [

Strategies: continue and . .
: Strategy: terminate
change location

Portfolio 2 ]

DNIPRO
UNIVERSITY
d %ggcnumocv
4,775

Portfolio value

1,146

Portfolio risks
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[ ] Claster3
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Vo arm

[l INTERPIPE
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Quantity of projects by Industry
and Profession

H 22

[ RPN [
W 41
“/ [ | Machentech

[ Metro_dp

Risks

Fig. 6. Mechanism for comparative analysis of project value and risk indicators
when selecting rational development strategies

(4) is selected as this criterion, and (11) — (14) are used
as additional constraints. We connect to the same Excel
Workbook with 41 project proposals with their
Vproject (¥) and Ry, piec (x/) ratings and conduct a numer-
ical experiment. We have the result of the distribution of
projects across portfolios Z1, ..., Z*. Figure 7 illustrates a

fragment of a numerical experiment with those two port-
folios Z* and Z3 in which projects numbered 5 and 9 dif-
fer from the Power Bl clustering.

Portfolios Z2 and Z* completely coincided with
Power BI clusters, so the results of solving the integer
linear programming problem using Python for these port-
folios are shown only in Table 3.
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Table 3
A combined portfolio of different courses of action

Comparison of project selection strategies
E:)—_ fezgﬁ;n Business Value | Risks for the portfol:\c;l 570LF
Power BI 7 . 7t
2 124 Soft_Serve 1.322 | 0.063 Include VA
3 124 SIGMA Software 1.325 | 0.063 Continue VA
4 124 Privatbank 1,422 | 0.083 Include VA
5 124 INTERPIPE 1.332 | 0.313 Continue YA
6 121 Soft_Serve 1.619 | 0.083 Include VA
7 121 EPAM 1.599 | 0.083 Continue yA
8 121 RubyGarage 1.619 | 0.083 Continue yA
9 122 INTERPIPE 1.618 | 0.333 Continue YA
10 122 Yalantis 1.615 | 0.085 Continue yA
11 122 AMCBridge 1.617 | 0.085 Continue A
12 123 Soft_Serve 1.321 | 0.082 Include yA
13 126 Noosphere 1321 | 0.2 Continue yA
14 125 Global Logic 1.615 | 0.085 Continue yA
15 125 Pivdenne 1.615 | 05 Change location 73
16 172 DTEK 1.515 | 0.35 Change location 73
17 131 VariUs 0.877 | 0.1 Search for partners A
18 131 SIEMENS 0.877 | 0.15 Search for partners A
19 132 Prosthesis_factory 1.815 | 0.15 Continue A
20 133 Forma_3D 0.612 | 0.15 Search for partners A
21 133 IGTM 0.55 0.4 Pause 74
22 133 Dniprovazhmash 0.56 0.4 Pause 74
23 141 DTEK 1825 | 0.5 Change location 73
24 141 TZEK 1819 | 0.5 Change location 73
26 141 EDS_Engineering 1.795 | 0.115 Continue yA
27 141 EDS_Energy 1.791 | 0.125 Continue yA
28 141 EDS_Development 1.725 | 0.15 Continue yA
29 141 Volta (Dnipro) 1.815 | 0.125 Continue A
30 141 INTERPIPE 1825 | 0.5 Change location A
31 141 Machentech 1.825 | 0.15 Continue yA
32 141 ART_TRADE 1.785 | 0.15 Continue A
33 141 Electromechanical_diagnostics | 1.683 | 0.115 Continue A
34 141 RETAL_Dnipro 1.673 | 0.105 Continue A
35 141 ETL_Group 1.825 | 0.15 Continue A
36 141 Metro_dp 1.835 | 0.15 Continue A
38 185 Dniprogaz 0.875 | 0.312 Pause 74
39 185 Dnipropetrovskgaz 1.395 | 0.45 Change location 73
40 185 Control-Service_ 1495 | 05 Change location 73
41 185 Technical_delivery 1.494 | 0.55 Change location 73
42 192 Sozidatel 0.675 | 0.4 Pause YA
43 192 Aska-Development 0.775 | 0.4 Pause 7*
44 192 Modific 0875 | 04 Pause YA
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Optimize portfolio Z1
(22 projects)

o o o +
| Pr No | Value | Risks |
o o o +
\ 2 | 1.322 | 0.063 |
| 3 | 1.325 | 0.063 |
| 4 | 1.422 | 0.083 |
| 6 | 1.619 | 0.083 |
\ 7 | 1.599 | 0.083 |
| 8 | 1.619 | 0.083 |
\ 10 | 1.615 | 0.085 |
\ 11 | 1.617 | 0.085 |
\ 12 | 1.321 | 0.082 |
\ 13 | 1.321 | 0.2 |
\ 14 | 1.615 | 0.085 |
\ 19 | 1.815 | 0.15 |
| 26 | 1.795 | 0.115 |
| 27 | 1.791 | 0.125 |
\ 28 | 1.725 | 0.15 |
| 29 | 1.815 | 0.125 |
\ 31 | 1.825 | 0.15 |
\ 32 | 1.785 | 0.15 |
\ 33 | 1.683 | 0.115 |
\ 34 | 1.673 | 0.105 |
| 35 | 1.825 | 0.15 |
| 36 | 1.835 | 0.15 |
to———— fo————— o +

Selected 22 projects
Portfolio value: 35.96
Portfolio risks: 2.48

Optimize portfolio Z3
(10 projects)

to———— fo————— fo————— +
| Pr No | Value | Risks |
TS R +
\ 5 | 1.332 | 0.313 |
\ 9 | 1.618 | 0.333 |
\ 15 | 1.615 | 0.5 |
| 16 | 1.515 | 0.35 |
\ 23 | 1.825 | 0.5 |
\ 24 | 1.819 | 0.5 |
\ 30 | 1.825 | 0.5 |
\ 39 | 1.395 | 0.45 |
\ 40 | 1.495 | 0.5 |
\ 41 | 1.494 | 0.55 |
to———— o o +

Selected 10 projects
Portfolio value: 15.93
Portfolio risks: 4.50

Fig. 7. Fragment of the results of a numerical
experiment using a Python algorithm

Let's summarise the results in Table 3 and compare
them with the strategies for selecting projects for the
portfolio recommended by Power Bl and solve
MOZOLP. There is a difference between two projects,
Pr_No5andPr_No 9.

Clustering using Power Bl is probably implemented
by one of the traditional clustering strategies, including
K-means, fuzzy C-means, and probabilistic K-means, de-
pending on random initial clustering centres. However,

Fig. 6 illustrates the mechanism of comparative analysis
of project value and risk indicators, which supports the
selection of rational development strategies by a group of
individuals making management portfolio decisions.

4. Discussion

The proposed approach to forming a portfolio of
dual education projects has several advantages over ex-
isting methods. In particular:

- Unlike [16], where the portfolio is formed solely
based on value criteria, our model also integrates risk as-
sessment, which allows us to avoid including projects
with a high probability of failure in the portfolio.

- Unlike [9], where recommendations for decision-
making in the search for the most desirable portfolio are
based on pairwise dominance relations between portfo-
lios of actions and the set of all possible portfolios is a
powerful set Z = 2%, where X is the set of project pro-
posals, we apply heuristic classification, which divides
the set of project initiatives into four subsets and deter-
mines the non-dominated portfolio among them. This re-
duces computational complexity, allowing us to work ef-
fectively with a large number of projects.

- Unlike [13], where group decision-making is im-
plemented through opinion clustering, we offer interac-
tive interaction through a dashboard, which provides
transparency and flexibility in decision-making.

These features allow improving portfolio manage-
ment efficiency, in particular:

- reduce project implementation risk by 14% (ac-
cording to expert estimates),

- improve the portfolio's alignment with employer
needs,

- and ensure adaptability to changes in resources
and priorities.

The scientific novelty of the research lies in the fol-
lowing:

1. A mathematical model for two-stage project port-
folio selection has been developed. Unlike existing mod-
els, it ensures the formation of a rational portfolio based
on two integrated criteria: value and risk. The integral as-
sessment of project value utilizes a hierarchical structure,
accounting for the specifics of the competency-based ap-
proach and the strategic priorities of all stakeholders.
This approach facilitates more informed decision-making
in project portfolio management, particularly under
multi-criteria conditions and uncertainty.

2. A method for determining a priority portfolio under
multi-objective optimization is proposed. Unlike exist-
ing approaches, it enables the identification of non-dom-
inated solutions through a heuristic classification tech-
nique. Integrating this method into decision-support sys-
tems facilitates adaptation to diverse constraints and en-
hances the quality of final portfolio selection."
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3. An algorithm for identifying and comparing situ-
ational characteristics has been developed. It ensures ef-
fective project selection and classifies candidate projects,
enabling the application of differentiated management
strategies for a combined portfolio across various do-
mains.

4. An approach to solving the problem of fuzzy
multi-criteria group decision-making is proposed, utiliz-
ing an interactive dashboard as a collaborative tool. This
approach ensures effective communication within the ex-
pert group of the university's coordination center. It facil-
itates informed decision-making regarding the formation
of a dual education development project portfolio.

5. Conclusions

1. In order to improve the efficiency and quality of
management decisions when planning dual education
processes in conditions of uncertainty, a mathematical
model for forming a rational portfolio of dual education
development projects has been developed, which takes
into account the hierarchical structure of project value
criteria from the perspective of stakeholders. The pro-
posed model employs risk assessment to form a rational
portfolio based on two integrated criteria: value and risk.
This approach accounts for the limited resources of uni-
versities and employers in dual education projects.

2. To enhance the efficiency and quality of manage-
ment decisions in planning dual education processes un-
der uncertainty, we developed a mathematical model for
constructing a rational portfolio of dual education devel-
opment projects. The model incorporates the hierarchical
structure of project value criteria from a stakeholder per-
spective and integrates risk assessment, enabling portfo-
lio formation based on two combined criteria - value and
risk - while accounting for the resource limitations of uni-
versities and employers involved in dual education initi-
atives.

3. The application of the proposed method is
demonstrated by the example of selecting rational strate-
gies for the further development of dual education pro-
jects with specific employer partners in dual education.
Valid data based on previous experience of partnerships
with companies in the region provide the decision-mak-
ing group with additional information for adjusting the
strategies of higher education institution projects. Im-
portantly, recommendations for specific actions and tar-
get portfolios of actions can be created even without in-
formation about the probability of a scenario.

4. After the final portfolio of projects in various
fields of activity has been formed, the task of managing
processes in dual education development projects be-
tween educational institutions and employer partners
arises.

5. Managing the implementation of dual education

projects requires further research into individualizing ed-
ucational trajectories. After the final portfolio of projects
in various fields of activity has been compiled, the task
of effectively managing processes in dual education de-
velopment projects between educational institutions and
employers becomes relevant. Further research will focus
on developing a model for creating an individualized ed-
ucational trajectory for applicants within a specific dual
education project. Special attention will be paid to align-
ing the educational process with the specific competen-
cies of the employer's needs. In the model, these needs
will be considered constraints determining the required
competency development level.
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TH®OPMAIINHA TEXHOJIOT'ISI IIITPUMKHU YIIPABJIIHCHKHX PIIIIEHD
OO0 MOPT®EJISI TIPOEKTIB PO3BUTKY TYAJILHOI OCBITH

C. B. Ko3up, B. M. Monoxanoga

IIpeameTom mocrigKeHHsI CTATTI € iHPOpMaNiliHa TEXHOIOTS MATPUMKH NPUHHSTTS pillleHb B Ipoliecax cra-
JIOTO PO3BUTKY OCBITHIX 3aKJIa/liB, a TAKOXK MOJIENIb ()OPMYBaHHS PalliOHAILHOTO OPTQENs MPOEKTIB PO3BUTKY 1ya-
npHOT OcBiTH. MeToI0 pod0TH € MiBHUIIEHHS e()eKTUBHOCTI Ta SIKOCTI YNPaBIIHCHKHUX PillleHb NPY IUIaHyBaHHI HaB-
YaJIbHUX MPOIECIB JyaJbHOI OCBITH B yMOBaX HEBU3HAYEHOCTI HIJISIXOM CTBOPEHHs iHPOpMAIiiHOT TEXHOOTIT MmiaT-
PUMKH pillleHb 3 BUKOPUCTAHHSIM MOJielTi TopTderto HanpsiMKiB Aid. Lle mocmimkeHHs cTaBUTh nepes] co00k0 KijbKa
uijieii : 1) PozpoOuru Mozaesns popmyBaHHs mopTders, BpaxoBYIOUHU i€papXiuHy CTPYKTYPY KPUTEPIIO IIIHHOCTI IPOE-
KTy Ta MO3UIIT 3aIiKaBJIeHUX CTOpiH; 2) GopmanizyBaT po30OUTTS BapiaHTIB MPOEKTIB HA TPYIIH JIO IKUX BapTO 3a-
CTOCYBaTH pi3Hi crparerii po3BuTKY;3) CTBOPUTH IHTEPaKTHBHY Bi3yali3allilo Ta JAmIOOpA PO3LMIMPEHOro aHamizy
NPOEKTIB-KaHAUAATIB 10 opTdens. Pe3yabraTn. 3anpornoHOBaHO TEXHOJOTIIO 13 3aCTOCYBaHHSAM METOy Kiacudi-
Kallii Ta po30UTTs BapiaHTIB MPOEKTIB HAa TPYITH JI0 SKUX BapTO 3aCTOCYBATH Pi3HI CTpaTerii Ta YIpaBisiTh KOMOiHO-
BaHUM MOpPTQEIeM pi3HUX HANPSMKIB (BEKTOPIB) Jii. BUKOpHCTaHO €BPUCTUYHY METO/IOJIOTIO MOLUTYKOBOI ONTHMI-
3amil JUIsi CHHTE3Y HOBOT'O aJITOPUTMY BHIUICHHS 1 MOPIBHSAHHS O3HAK CUTYaLlil AU BiAOOPY HEJOMIHOBaHHMX HOPT-
¢enis. [Toeananus OaraTokpuTepianbHoro anamzy pimenb (MCDA) Ta BizyaibHOT METOIONOTIT CIPONILYE OLIHKY Ta
TIOPIBHSHHS MPOEKTIB-KAHAWAATIB IO CTPATEriqYHOro noptdens, mo podUTh Lel MiaXiA WiHHUM JUIs TPYIH po3po0-
HUKIB y MPAaKTUYHHX clieHapisx. HanamroBana kpoc-hinpTpaliis JaHUX BizyanbHOro 3BiTy 3acobamu Power BI mo-
3BOJIMJIA TIOPIBHIOBATH MiXK COOOIO MPOEKTH 33 TPYNAMH CTEHKXOJIEPiB, TPOEKTU-KAHUIATH Ta Ti IO YCHIIIHO pea-
nizoBytoThes. Le 3a0e3neunsio ynpasiiiHHS KOMOIHOBaHUM mopTdesieM pi3HUX HanpsMKiB (BEKTOpIB) Jiif. 3arporio-
HOBaHY TEXHOJIOT1I0 TPOJIEMOHCTPOBAHO Ha TPHKIIA/i BUOOPY CTpaTeriii po3BUTKY MPOEKTIB JyabHOI OCBITH 3 pO-
OoronaBusMU-TIapTHEpaMu. J{aHi monepeHbOro NapTHEPCTBA 3 MiANPUEMCTBAMH PETriOHY JOMOMAraoTh rPYI Mpuii-
HSTTS pillieHb KOPUT'YBATH CTpaTerii MpoekTiB. PekoMenaanii 11010 1iii MOXKyTh OyTH CTBOpEHi HaBiTh Oe3 iHdopma-
i Mpo WMOBIPHICTb ClieHapil0. BUCHOBKH 11bOT0O TOCITIPKEHHSI MOXKYTh OYTH BUKOPUCTaHI Ha MPAKTHIII Y CKIAJHUX
CIIEHapisX MPUIHATTS pillleHb, 10 BPAXOBYIOTh IHTEPECH PI3HMX 3alliKaBJICHUX CTOPIH CHCTEMH JyalbHOI OCBITH,
HEBH3HAYEHICTh CUTYallil Ta Cy0’ EKTHBHICTH OCIO, 1110 TPHUIMAIOTh PillICHHS.

Karwuosi ciioBa: iHpopmariiiHa TEXHOJIOTIsS; PUAHATTS PillieHb; 0araTOKpUTEPiaibHICTh; YIPaBIiHHS HOPT-
(eneM NPOEKTIB; MaTEMaTU4HI MOJIEI; eBPUCTHYHUIN allTOPUTM; JIyallbHa OCBITa.
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