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THE PROBLEM OF CHOICE OF PARTNERS FOR
ORGANIZATION OF COOPERATION IN THE FRAMEWORK OF

SCIENTIFIC AND EDUCATIONAL PROJECTS

According to the open innovation paradigm, scientific and educational projects should
be implemented in close collaboration with external agents or partners. The selection of
partners is often done on the basis of the appropriateness and personal subjective prefer-
ences of the project manager. An important task of the study is to formulate criteria for
selecting partners for specific project objectives. The urgent task is to formally formulate
and solve the problem of multi-criteria selection of partners for the implementation of the
project with the given conditions.

The article formulates the task of selecting potential partners for cooperation in the
framework of scientific and educational projects. Each project in this production consists
of a finite number of work packages, each of which requires the selection of contractors.
For each work package of each project, a list of key selection criteria for partners should be
established. To determine the optimal composition of work package contractors for each
project, one can use the method of peer review aggregation. According to the results of the
expert evaluation, the decision on whether to select contractors for the implementation of
the relevant package is made by the project manager or decision-maker. The peculiarities
of the problem statement are considered depending on the type of potential partner. In
particular, for scientists, the criterion for evaluation may be publication activity on a topic
that meets the objectives of the relevant work package. For associations and foundations,
such criteria may be the assessment of reputation and the experience of implementing such
projects. It is determined that the general selection criterion should be the knowledge and
competencies possessed by the potential partner.

The paper generates general requirements for the development of information technology
for the selection of potential partners of contractors of scientific and educational projects,
which, when implemented, will allow to increase the efficiency of project implementation
to obtain stable infrastructure, educational and scientific results in the medium and long
term.

Keywords: decision making, scientific collaboration, multicriteria choice, partner selec-
tion.

1. Introduction. According to the open innovation paradigm, scientific and educati-
onal projects should be implemented in close collaboration with external agents or
partners. There is a great deal of research in the formulation of partner selection
requirements at the level of overall project goals. However, the theoretical and practi-
cal basis for selecting partners for local project objectives is insufficient. Formal
mathematical descriptions of this problem are also insufficient. The selection of
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partners is often made without any scientifically justified conclusions, only on the
basis of the expediency and personal subjective preferences of the project manager.
An important task is the formation of factors for the selection of partners for specific
project tasks, depending on the types of partners, their competences, their possible
contribution to the project (technical, innovative, legislative, scientific, etc.). The
actual task is to formally formulate and solve the problem of selecting partners for
the implementation of the project with the specified conditions.

It should be understood that the selection of partners is largely based on the
knowledge (new or basic) that potential partners possess as project executors. It
is important to distinguish such conditions that would differentiate the factors of
selection of partners depending on the types of partners, tasks in the project, level of
knowledge and so on. An important scientific support for the formation of a project
team is the mathematical choice problem, which provides a formal justification for
the rational selection of a partner.

2. Review of sources. In the context of globalization, due to the intensive
development of mobility of scientific communities and to ensure openness of innovati-
on, it is important to rationalize the choice of partners by:

1) Establishing the direction of the partners’ possible contribution to the project
implementation, ie assigning the partners to the appropriate category (legi-
slative, innovative, technical, educational, scientific). For the scientific category
it is necessary to identify the directions of scientific research (for individual
scientists and scientific, educational institutions).

2) Carrying out the evaluation of the potential partners’ activities according to
clearly defined criteria, determined by the relevant category.

3) Generate vector selection criteria for potential partners and solve the multi-
criteria selection problem.

Partial solution of the first problem for scientific communities is made in [1]. The
paper proposes a method of clustering publications of scientists by scientific fields.
This method proposes two ways to find the distance between publications. The first
method uses the length of the route in the citation column between publications.
The second method involves calculating the similarity between annotations of publi-
cations based on the method of locally sensitive hashing.

The second problem is also partially solved for the evaluation of research activi-
ty based on the publication activity of scientists. The article [2] proposes a method
of finding integral estimates of the results of research activities of scientists. The
method can be used in the complex evaluation of scientists, higher education insti-
tutions and their structural units. [3] proposes a method of comprehensively evalua-
ting the performance of higher education institutions, based on the calculation of the
generalized volume of the m-simplex, the vertices of which are estimates of the acti-
vity of higher education institutions in different categories. In addition to evaluating
the results of research, it is important to understand the dynamics of this assessment
in the future. In [4], a method for predicting the potential of research directions is
proposed.

In [5], recent scientific studies that evaluate the research activities of subjects
and objects in scientific environments are analyzed. The main shortcomings of the
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known methods of scientific activity evaluation are described in the paper and the
ways of their solution are suggested.

In [6] it was determined that for each two subjects of scientific communities there
can be three forms of relationships: partnership, competition, neutral relationships.
Moreover, such relationships can be formed not only between subjects of scienti-
fic communities, but also between their individual structural units (departments,
faculties, research departments, project teams, etc.). The article [6] identifies the
main features of partners (universities, research institutes, public authorities, pri-
vate companies, professional associations and foundations) that determine the ways
of communication and cooperation between them. Key factors that influence the
creation of common forms of scientific cooperation are described in [7, 8]. It is
determined that the main factors are the level of reputation of the agents and the
features of cooperation mechanisms, which may have certain limitations. Mathemati-
cal methods for selecting partners for cooperation are described in [9, 10]. In [11],
the method of analytical hierarchy is used for this problem. In [12], it is proposed to
use a modification of the genetic algorithm for this task. Theoretical aspects of the
formation of factors regarding the choice of partners for cooperation in innovative
projects are presented in [13]. The process of selecting partners in joint ventures is
described in [14]. Some aspects of this process can be used to select partners for
scientific and educational projects.

3. Setting the task of selecting partners for cooperation in the frame-
work of scientific and educational projects. Have a complete set of scientific
and educational projects or grants given G = {G1, G2, . . . Gn}, n - the number
of projects to be contracted. Suppose a finite set of potential executors of these
projects V = {v1, v2, . . . , vt}, t - the number of potential performers as subjects
of the educational and scientific environment. The contractors may be scientists,
project managers, research institutions, higher education institutions, etc.

Any project consists of a series of work packages (work packages) Gi =
=
{
gi1, g

i
2, . . . g

i
ri

}
, ri – the number of project work packages Gi, i = 1, n, that

run in a specific sequence and are related to results. To complete each of these work
packages, you must select contractors who have the experience and competence to
execute the package in a timely and efficient manner. That is, you need to find the
following sets of potential performers:

W
(
gij
)

=
{
vd ∈ V

∣∣(vd, gij) ∈ Qi
}
, Qi ⊂ V ×Gi, j = 1, ri, i = 1, n, d = 1, t.

For each work package of each project, a list of key selection criteria for partners
must be established. That is, the vectors of the evaluation criteria will look like:

f ij (v) =
(
f ij1 (v) , f ij2 (v) , . . . , f ijNij (v)

)
, v ∈ V,

Nij – the number of evaluation criteria for potential partners of work packages of gij
projects Gi, j = 1, ri, i = 1, n.

Some criteria are maximized, so we denote the set of indices of such criteria by
J ij1 = {1, 2, . . . , hij}. Other criteria with indexes J ij2 = {hij + 1, hij + 2, . . . , Nij} are
minimized , J ij = {1, 2, . . . , Nij}, J ij1 ∪ J

ij
2 = J ij. Then∑

k∈Jij1

λkf
ij
k (v)→ max,

∑
k∈Jij1

λk = 1,
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k∈Jij2

δkf
ij
k (v)→ min,

∑
k∈Jij2

δk = 1,

there are limits to the number of potential contractors for each package and project
v ∈ V ij, V ij =

{
v ∈ V |yiju (v) ≥ ρiju , u = 1, zij, j = 1, ri, i = 1, n

}
, where zij – the

number of thresholds for the constraint vector function yiju (v). The coefficients λk
and δk determines the importance of each of the criteria in the calculation of the
comprehensive assessment.

The decision on whether to select contractors for the implementation of the
relevant package is made by the project manager or decision-maker. To determine
the optimal composition of work package contractors for each project, one can use
the method of peer review aggregation.

Suppose a set of experts E = {E1, E2, . . . , Es}, s – the number of experts. Each
of the experts outlines the potential performers’ preferences based on the criteria
vector. Incomplete benefits profile allowed. Let ξijc,b – the average frequency of each
of the benefits between potential performers vc та vb, c 6= b, vc ∈ V , vb ∈ V . Then
we get a matrix of appearance preferences:

Ψij =


ξij1,1 ξij1,2 · · · ξij1,t
ξij2,1 ξij2,2 · · · ξij2,t
...

... . . . ...
ξijt,1 ξijt,2 · · · ξijt,t

 , j = 1, ri, i = 1, n.

Using the methods of forming a collective, by the matrix of paired compari-
sons, the solution can be obtained for each package gij of project Gi an ordered
list of potential executors: vijk_1

� vijk_2
� . . . � vijk_t

, k1 < k2 < . . . < kt,
kq ∈ {1, 2, . . . , t}, vijk_q ∈ V ij, q = 1, t. Based on this list, the project manager
selects specific contractors and forms a working group.

The overall formulation of the task may vary depending on which partners
are considered. Universities, research institutions, private companies, governmental
organizations, and individual scientists may be potential partners. Depending on the
goals of such partners in the project, appropriate criteria can be selected to evaluate
them. In particular, for scientists, the criterion for evaluation may be publication
activity on a topic that meets the objectives of the relevant work package. In this
case, we will mark the majority of all potential partner publications by

P (vd) = {pe ∈ P | (vd, pe) ∈ T} , T ⊂ V × P, e = 1,M, d = 1, t,

where P is the set of all scientific publications that are available in the database,
M = card(P ).

We denote the many publications in which the scholarly publications are cited

C (vd) =
{
pe ∈ P | (pe, pE) ∈ C, pE ∈ P (vd) , E = 1,M, e 6= E

}
, e = 1,M,

where C ⊂ P × P specifies the citation of the publications.
Then the task of evaluating the results of the research activities of scientists for

their selection for the project is to find for each scientist vd, based on the given
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information regarding the citation of his publications, some estimate of qd, which
may be represented as a functional

Qij : V → R,

that is determined by the needs of the project and the relevant project package. The
estimate will then look like:

qd = Qij (P (vd) , C (vd)) , d = 1, t, j = 1, ri, i = 1, n.

Then the benefits between scientists vd are determined by the value of the esti-
mate qd. The greater the value of qd, the greater the advantage of having a suitable
scientist select for the working groups packages gij projects Gi.

If a potential partner is a university or research institute and the scientific
component of the activity of the institution concerned is important for the purposes
of the work package, then the scheme may also be used. In this case, an estimate
of the research activity is calculated for each scientist from a particular unit, or the
university as a whole qd. And the university’s overall grade O will be defined as the
average of the grades:

O =
1

t

t∑
d=1

qd.

You can also use international or Ukrainian indices such as: to evaluate universi-
ties as potential partners:

• Rating of the British consulting company Quacquarelli Symonds (QS);

• Academic Ranking of Universities of the World, compiled by the Institute of
Higher Education of Shanghai Jia Tong University (Shanghai Ranking);

• Top 200 ranking;

• simplex rating [3].

Other foundations, associations and government agencies (eg ministries, agencies,
etc.) may also be contractors. In this case, the selection criteria for the contractor
may be the experience of implementing such projects, the degree of innovativeness
in decision-making, financial capacity (if the involvement of such a contractor is
associated with financial costs), reputation assessment, etc. Such criteria can be
evaluated on the basis of an expert survey taking into account fuzzy statements.

The task set can be adjusted, taking into account the goals of the project as
a whole and its individual packages: strategic goals, creation of new competenci-
es, obtaining financial benefits, reducing risks, etc. Also, the selection criteria for
partners may change as a result of clarifying the timing of project deliverables: du-
ring the project (after clearly defined deadlines) or after the project ends within the
specified deadline, etc.

As a result of forming working groups of project packages, a consortium or
project cluster is legally formalized. Possible involvement of stakeholders in the
project implementation should be considered. However, exploring the possibility of

Роздiл 2: Iнформатика, комп’ютернi науки та прикладна математика



THE PROBLEM OF CHOICE OF PARTNERS . . . 139

including them in a project cluster is a separate task. Because the involvement of
new stakeholders or individuals at the stage where the project is already in progress
requires careful consideration of the functional responsibilities of the parties, taking
into account the interests of all participants in the cluster or consortium of the
project.

Therefore, in order to meet the challenge of selecting partners to collaborate
in scientific and educational projects, it is necessary to develop a multi-criteria or
decision-making method that is suitable:

1) The evaluation criteria and alternatives should adequately reflect the complex
selection processes of the project contractors, should take into account the
specifics of the project, types of contractors, etc.

2) Simplicity and clarity in the interpretation of the results of the evaluation
of alternatives, ie the creation of appropriate scales and descriptions of the
evaluation results that would facilitate the work of the decision maker.

3) Opportunity by the decision maker who choose other alternatives if the proposed
ones don’t arrange. It is ensured by introducing well-defined advantages among
alternatives.

4) Ability to adapt methods or use other decision-making methods, as well as
export results from one method to another, which would confirm or refute the
results of the evaluation.

In [5], the following basic tasks, which underlie the creation of information
technology for selecting partners for scientific cooperation, are outlined:

1) Building an information model for the presentation of scientific and educational
projects and their executors.

2) Construction of a method for determining the category of partner. For the
scientific category, it is necessary to construct a method of identifying the
directions of research of individual scientists.

3) Creation of criteria, alternatives and method of multicriteria selection of potenti-
al partners from the base of active subjects of scientific communities.

4) Building a method for evaluating potential partners.

5) Creation of an information-analytical system, which under the goals of scienti-
fic and educational projects will form a list of potential partners for cooperati-
on.

Using these requirements, it is possible to develop a multi-criteria method of
deciding on the choice of potential partner for the implementation of a scientific
or educational project. This method should be based on a set of criteria, taking
into account the knowledge of partners, their type, etc. Appropriate information
technology can also be developed that, when implemented, will improve the efficiency
of project implementation to achieve sustainable infrastructure, educational and
scientific outputs in the medium and long term.
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4. Conclusions and prospects for further research. The task of selecting
potential partners for cooperation in the framework of scientific and educational
projects is formulated. The peculiarities of the problem statement are considered
depending on the type of potential partner. Each project in this production con-
sists of a finite number of work packages, each of which requires the selection of
contractors. In practice, project packages have different directions (information di-
ssemination, management, sustainability of project results, research). Establishing
partner selection criteria for each package is an important research objective. This
article attempts to formalize this process in the form of a multiobjective choice
problem. In the future, it is necessary to formulate an adequate list of criteria that
should be evaluated as much as possible, regardless of the subjective opinion of the
decision maker.
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Сюй Х., Кучанський О. Ю. Задача вибору партнерiв для органiзацiї спiв-
працi в рамках наукових та освiтнiх проєктiв.

Згiдно з парадигмою вiдкритих iнновацiй, реалiзацiї наукових та освiтнiх проєктiв
має здiйснюватись у тiснiй спiвпрацi з зовнiшнiми агентами або партнерами. Вiдбiр
партнерiв часто здiйснюється керуючись доцiльнiстю та особистими суб’єктивними
перевагами менеджера проєкту. Важливою задачею дослiдження є формування кри-
терiїв вiдбору партнерiв пiд конкретнi завдання проєкту. Актуальною задачею є фор-
мальна постановка та розв’язання задачi багатокритерiального вибору партнерiв для
реалiзацiї проєкту з заданими умовами.

В статтi сформульовано задачу вибору потенцiйних партнерiв для спiвпрацi в рам-
ках наукових та освiтнiх проєктiв. Кожен проєкт в цiй постановцi складається зi скiн-
ченого числа робочих пакетiв, для кожного з яких необхiдно пiдiбрати виконавцiв.
Для кожного робочого пакета кожного проєкту має бути сформовано перелiк клю-
чових критерiїв вiдбору партнерiв. Для визначення оптимального складу виконавцiв
робочих пакетiв кожного з проєктiв можна використати метод агрегацiї експертних
оцiнок. За результатами проведення експертного оцiнювання, рiшення про те, чи оби-
рати виконавцiв для реалiзацiї вiдповiдного пакету приймає менеджерський склад
проєкту або особа, яка приймає рiшення.

Розглянуто особливостi постановки задачi залежно вiд того, до якого типу нале-
жить потенцiйний партнер. Зокрема для науковцiв критерiєм оцiнювання може бути
публiкацiйна активнiсть з теми, яка вiдповiдає завданням вiдповiдного робочого па-
кету. Для асоцiацiй та фундацiй такими критерiями можуть бути оцiнка репутацiї,
досвiд реалiзацiї подiбних проєктiв. Визначено, що загальним критерiєм вiдбору має
бути знання та компетентностi, якими володiє потенцiйний партнер.

В роботi сформованi загальнi вимоги для розробки iнформацiйної технологiї ви-
бору потенцiйних партнерiв виконавцiв наукових i освiтнiх проєктiв, яка при впро-
вадженнi дозволятиме пiдвищити ефективнiсть виконання проєктiв для отримання
стабiльних iнфраструктурних, освiтнiх та наукових результатiв в середньо та довго-
строковiй перспективi.

Ключовi слова: прийняття рiшень, наукова спiвпраця, багатокритерiальна задача
вибору, вибiр партнерiв.
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