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Abstract-The current paper deals with the design and
development of a web-based group decision support system for
the evaluation and selection of research projects. The paper
involves the analysis of the system’s requirements, the definition
of its functional structure, the development of an algorithm for
the evaluation and ranking of research projects, the development
of a related database and of a user interface along with the
writing of the business logic of the system.
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1. INTRODUCTION

Decision-making is one of the most difficult problems of
human activity, whose solution depends on the effective
implementation of relevant activities. Decision-making
problems are analytical problems that allow, relying on the
primary information base, gaining new knowledge concerning
the new situation, deeply understanding the current processes
and, consequently, making the right decision [1]. In order to
solve such problems, it is important to use the information
systems called decision support systems [1-4] which are the
model-based or knowledge-based systems designed to assist in
decision-making [2].

The current paper deals with the design and development of
a group decision support system for the evaluation and ranking
of research projects. In decision-making theory and practice,
great importance is attached to the so-called group decisions
made by several individuals. There is particular interest in
group decisions due to the fact that there is a high level of
professionalism in society, and at the same time, the physical
and informational capacities of an individual are quite limited.
The use of this type of system is mainly needed by
organizations that announce research grant competitions. The
grant competition process can generally be described as
follows: the granting organizations announce a scientific grant
competition in various fields of science and define the
requirements for the research projects. After the announcement
of the grant competition, the applicants submit their project
proposals according to the area of research, after which the
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granting organization appoints a group of experts for the
relevant projects, and the experts review and evaluate the
submitted project proposals. The granting organization makes
the decision to select the best research projects based on the
experts’ evaluation.

Today there are numerous management information
systems used by the organizations providing research grants
[8]. The functionality of these systems is largely limited to
allowing the grant applicants meet the requirements of a grant
project in accordance with the requirements of the organization
providing these grants, that is, they are mostly engaged in data
collection and submission. These systems do not support
decision-making on grant selection. The proposed system, in
addition to all these, has the novelty of decision-making
support which increases its practical value, making the
activities of the grant-proving organizations more effective.

The aim of the current paper is the design and development
of a web-based group decision support system that provides
support for the research grant competition processes with a
view to conduct the research grant competition in an efficient
and fair manner. A web-based group decision support system
will allow the involvement in this competition of applicants
from various and distant geographical locations.

II. IDENTIFYING THE SYSTEM’S REQUIREMENTS

A use case diagram (Figure 1) was developed to specify
and analyze the requirements of the group decision support
system for the evaluation and selection of research projects.
The diagram illustrates the requirements and the functionality
that will be imposed on the design system. As shown in this use
case diagram, there are four types of roles in the system:

e  Administrator: manages the users of the other levels of the
system and ensures the efficient operation of the system.

e  Manager: represents the organization that announces the
research grant competition. The user having this this role:

o Defines the areas of the research grant
competition.
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Fig. 1.

o Identifies the requirements and necessary
documents for the submission of the research
project.

o Defines the evaluation criteria and their weights
in accordance with the areas of the research
grant competition.

o Nominates the experts in accordance with the
scientific areas of the submitted research
projects.

o Ranks the research projects based on the experts’
evaluation.

o Makes the decision of selecting the research
projects.

e  Submitter of the research project: this user is registered in
the system and submits the information and documentation
required for the submission of the grant research project.
The submitter of the research project in the system can get
information about the evaluation of his research project
and the decision on selecting the project, after the
evaluation of the project by experts.

e  Experts: are registered users in the system and their main
function is to evaluate research projects in accordance with
the previously defined evaluation criteria, for the projects
of the scientific fields that they were nominated for by the
manager.

The users of the system can use the above mentioned
functions if they are authorized by the system. To do this, it is
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Use case diagram.

necessary for them to register and get a confirmation from the
administrator.

III. DEVELOPMENT OF THE REQUIRED ALGORITHM FOR THE
OPERATION OF THE SYSTEM

The main issue when designing decision support systems is
the development of the mathematical models and the
algorithms necessary for its operation. The decision-making
problems, in which the possible alternatives are evaluated
according to several criteria, are of particular interest. In this
case we are dealing with multi-criteria decision-making
problems [10]. The problem of evaluating and ranking research
projects is a multi-criteria problem, in which the research
projects are considered to be the alternatives, while the research
project evaluation criteria are considered to be the alternative
evaluation criteria. Therefore, multi-criteria decision analysis
methods are used to develop an algorithm for evaluating and
ranking research projects [3]. Many theoretical studies have
been dedicated to this problem, but the analysis reveals that
their application in practice is not always possible and is time
consuming. Therefore, it is relevant to develop user-friendly,
multi-criteria decision-making algorithms and the appropriate
software system for practical use, which will allow the
decision-makers to promptly evaluate the multi-criteria
alternatives and make optimal decisions.

A. The Ranking Algorithm

The ranking of the research projects is carried out once the
group of experts evaluates the research projects according to
the relevant criteria, based on which it will be possible to form
a decision matrix:
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where x;j, i=1,....,n, j=1,...., m represent the assessment of the

i alternative in accordance with the j criterion, defined by the
experts. The value of x;; is calculated as:

1 1 2 3 t
Xx; =;(xl./. x5+ x4+ X))

where x* k=1, t is the k™ — expert's assessment of the j

ij °
criterion of the i alternative.

The multi-criteria decision analysis method AHP is used to
calculate the weights of the alternative evaluation criteria [2, 5-
8]. The Vikor method [9] was used to identify the research
projects. It includes the following steps:

Step 1: Determine the best xj*. and the worst x; values of

all criteria:

x; = max(xl.j )j=L..m (2)
X, = min(xl.j )j=L..m (3)

Step 2: Calculate S, and R; using (4) and (5):

m * X..
s;=X(w*~——) (4
j=1 X, — X,
J J
X —x
R :max[Wj e ] ()
J xj —X
Step 3: Compute the values (), using (6):
S -8 R —-R*
=yt (l-y)*——— (6
0 =vr (=)t (©)

where S* = mll’lS, 5 S = mngl. 5 R = mlan 5 R :mngl. 5
and v=0.5

Step 4: Ranking of the alternatives for the Q. values: The

rank of alternatives is determined by sorting the obtained
values from small to large.

B. Numerical Experiment

To demonstrate the work of the presented algorithm, lets
consider a practical case , Let’s assume we want to evaluate
five projects (4,.., As) that are evaluated according to four
criteria (¢y,.., ¢;). Let's assume that the decision matrix based
on the experts' evaluations has the form exhibited in Table I.

TABLE 1. DECISION MATRIX
€1 C2 C3 Cy
A, 90 70 85 79
A, 87 75 96 89
Az 80 79 74 75
A, 75 80 92 78
Ag 82 75 69 96

The pairwise comparison matrix of the criteria of
assessment is shown in Table II and the normalized pair-wise
comparison matrix in Table III. The vector of the weights is
determined as:

¢, =048 ¢, =029 c;=013 ¢, =0.09

The calculated weighted normalized decision matrix is
shown in Table IV. The calculated sum of the weighted values
is:

C, = 1.97 C = 1.21 C3 = 0.54 Cy = 0.38

The calculated A4 is 4.077618. The calculated
Consistency Index (CI) is 0.025873 and the Consistency Ratio
(CR) is 0.028748. Because the CR value is less than 0.1 it is
acceptable. The determined best xj+ and the worst x; values of
all criteria are shown in Table V. Then, S;, R;, and Q; are
calculated. The final result is shown in Table VI.

TABLE II. PAIRWISE COMPARISON MATRIX

c c, [ Cy
[ 1.00 | 2.00 | 4.00 | 4.00
c, | 050 | 1.00 | 3.00 | 3.00
c; | 025 | 033 | 1.00 | 2.00
¢, | 0251033 ] 0.50 | 1.00

TABLE IIL NORMALIZED PAIRWISE COMPARISON MATRIX

c c, c3 Cy
¢, | 050 | 0.55 | 0.47 | 0.40
c, 1025 ] 0.27 | 035 | 0.30
¢z 1 013 1 0.09 | 0.12 ] 0.20
c, | 013 1 0.09 | 0.06 | 0.10

TABLE IV. WEIGHTED NORMALIZED MATRIX

(5] G C3 C4
c; | 048 | 059 | 0.53 | 0.37
c; | 024 | 0.29 | 0.40 | 0.28
c; | 0.12 | 0.10 | 0.13 | 0.19
¢, | 0.12 | 0.10 | 0.07 | 0.09

TABLE V. BEST AND WORST VALUES OF ALL CRITERIA

(51 C2 C3 | G

x}r 90 80 | 96 | 96

x |75 70 | 69 | 75

TABLE VL RESULT
S; R; Q; Rank

A; | 0423997 | 0.294041 | 0.467016 2
A, | 0.274038 | 0.147021 0 1
A; | 0.550943 | 0.319506 | 0.713381 4
A, | 0.579133 | 0.479259 1 5
A | 0.535828 | 0.255605 | 0.592444 3
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Iv.

The system’s software package presented in this paper was
developed using the Asp.Net Core technology. One of the most
important components of a decision-making system is the
database, which contains the data on the basis of which the
entire system works. The Entity Relationship (EER) model of
the database is presented in Figure 2, and is designed with the
visual studio 2017 ado.net entity data model.

SYSTEM SOFTWARE

The database was implemented on an SQL server. The
system’s database and business logic have been designed in
such a way that it is easy to add new modules to it and improve
the system. The system’s software, according to the system

g

roles, consists of 4 modules: Administrator Module, Expert
Module, Manager Module, and Research Project Submission
Module. Some fragments of the system software are given in
Figures 3-8. Figure 3 presents the form of the determination of
the evaluation criteria according to the scientific directions.
Figure 4 presents the form of the determination of the weights
of the evaluation criteria. Figure 5 presents the form of the
assignment of experts according to the scientific directions.
Figure 6 shows the upload page of a scientific project. Figure 7
presents the evaluation form of the scientific projects by the
experts, and Figure § presents the ranking form of the scientific
projects.
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1 Q3 ProjectDocum... (N
A = . B
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Fig. 2. The EER model of the database.
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Fig. 3. The evalution criteria. Fig. 4. The weights of the evaluation criteria.
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@ abss x  + o ~ © @ GDss x  + o S
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Fig. 5. The assignment of experts.
@ coss * o - ° Fig. 8. Ranking of the scientific projects.
C @ httpy//localhost:15410/projectsubmitter/submit (i ]
Scientific direction: V. CONCLUSION
direction 1
— The current paper presents a group de'CISIOIl support system
for the selection of research projects, which can be effectively
—— used by organizations to conduct research grant competitions
fairly and effectively. The resulting system is designed in such
—— a way that it is easy to add new functionalities in order to make
—— it more convenient for a particular organization.
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