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Introduction. The paper considers improving the management
quality of an educational organization through automating the
personalized data collection, storage and ranking. The authors
have developed a module of the university corporate system, an
ePortfolio of students, which implements a multicriteria optimi-
zation method for calculating the students’ rating on the basis of
the collected and stored data.

The study object is multicriteria ranking methods. The subject
of the study is the automated calculation of student’s rating
within the electronic portfolio. The study objective is to develop
tools for collecting, storing and processing data on individual
achievements of students and the implementation of the math-
ematical method of multicriteria optimization for ranking stu-
dents on the basis of the portfolio data. Practical implications
include development of a tool for an effective management of
the educational process.

Materials and Methods. A prototype module of the university
corporate system “ePortfolio” on the platform of 1C: Enterprise
8.3 is presented. To rank students, a special case of the alterna-
tive ranking method is implemented in the block of the data
analysis module — pairwise comparison in order of their relative
importance. At that, a unified scale of relations was used.
Research Results. The authors described the scheme of the
information system (IS) operation “ePortfolio”, presented a
process interaction pattern for the portfolio formation, as well
as a diagram of business processes under calculating an indi-
vidual rating. A fragment of the sample is shown on which the
performance of the multicriteria optimization block has been
tested. The criteria of the calculations are described, as well as

the rule of screening alternatives for solving for the optimum.

" The research is done within the frame of the independent R&D.

Bseoenue. Pabora mocesiieHa IOBBIIICHHIO KayecTBA YIpPaB-
JIeHns1 00pa30BaTeNbHON OpraHM3aIlel 3a cYeT aBTOMAaTH3a-
UM TEPCOHN(PHUIUPOBAHHOTO cOOpa, XpaHEHUS M PAHKHPO-
BaHUS JaHHBIX. ABTOpaMH pa3paboTaH MOIYJb KOPHOPATHB-
HOHM CHCTEMBI By3a — 3JIEKTPOHHOE NMOPT(HOINO CTYAEHTOB, B
KOTOPOM pEaJM30BaH METOJ] MHOTOKPUTEPUAIbHON ONTUMH-
3aIMy U pacdyeTa pedTHHra oO0ydarolIuXcs Ha OCHOBE CO-
OpaHHBIX M XpaHSIUXCS AaHHBIX. OOBEKTOM HCCIEIOBaHUS
SIBIAIOTCS METOJbl MHOTOKPUTEPHAIBEHOTO PaHKUPOBAHHSI.
IIpenmeToM wHccnenoBaHUS SBISAETCS ABTOMATH3MPOBAHHBIN
pacdeT peHTHHra CTyJIeHTa B paMKax JJIEKTPOHHOTO MopTdo-
mmo. Lenpro uccnenoBanus sBIsIETCS pa3paboTKa HHCTPYMEH-
Tapus s cOopa, XpaHeHHs U 00pabOTKK JaHHBIX 00 WHIHUBH-
JyaJIbHBIX JOCTHKEHHSIX CTYACHTOB M peajn3alys MaTeMaTH-
YECKOTO MeTOJa MHOTOKPHTEPHAIBHOW ONTUMH3AINHU IS
paHXUpPOBaHMsI OOYYAIOIIMXCS HAa OCHOBE NaHHBIX MOPT(dO-
mmo. IIpakTiyeckast 3HAYMMOCTD MCCIIEOBAaHUSI — IIPEROCTa-
BUTh MHCTPYMEHT U1 3(p(eKTHBHOTO ymnpaBieHHs yueOHBIM
MPOIECCOM.

Memood u uncmpymenmapuii. IlpencraBieH TPOTOTHIT MOIYJIS
KOPIIOPaTUBHOW CHCTEMBI By3a «DIEKTPOHHOE MOPTHOINO»
Ha mardopme «1C: [peampustue 8.3». ns paHKupOBaHU
CTYIIEHTOB B OJIOKE MOIyJs aHajiM3a JaHHBIX PEaM30BaH
YACTHBIM CiIy4ail MeToAa pPaHXUPOBaHMS albTEPHATUB —
MONapHOE CPAaBHEHHE IO CTENCHNW WX OTHOCHTEIBHON BaKHO-
ctu. Ilpu 3ToM wucnone3oBanachk yHU(UIMPOBAaHHAS IIKajla
OTHOLICHUH.

Pesynomamor uccneoosanusi. ABTOpbI onucanu cxemy (yHk-
nuoHupoBaHus uHGopMmannonHoi cucrtembl (MC) «Dmek-
TPOHHOE MOPT(OINO», HPEICTABHIN CXEMY B3aHUMOJICHCTBUS
IPOIECCOB 1O (OPMHUPOBAHHIO MOPTHOINO, & TAKKE CXEMY
OM3HEC-TIPOIIECCOB TIPH pacdeTe MHAWBHIYAILHOTO PEHTHHTA.
[Toka3an ¢parMeHT BBIOOPKH, HAa KOTOPOH MPOBOAMIACEH MPO-
Bepka pabOTOCIIOCOOHOCTH OJI0Ka MHOTOKPHTEPHAIBHOH OII-
TuMu3anuy. OnucaHbl KPUTEPUH, MPUHHMAIOIIUE Y4acTHEe B
pacueTax, a Tarxke MPaBWIO OTOOpA aJbTEPHATHB YIS HAXOXK-

JACHUS OITUMAJIBHOI'O PCHICHUS.
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Discussion and Conclusion. The paper presents the results of
the IS block operation on ranking a list of students. The calcu-
lation results coincide with the practical data.
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Introduction. Assessment of the educational process effectiveness is one of the most essential characteristics
of the university's activity when calculating its rating [1]. To improve the competitiveness of an educational organiza-
tion (EO) in the market of educational services, effective monitoring and objective assessment of the educational pro-
cess results for each student are required [2]. The data is often stored separately or in general lists, which does not pro-
vide an identifying representation for a future employer. Educational organizations hold lots of events in which a large
number of students participate. Individual achievements outside the university are also of interest, for example, volun-
teering, charity, work in summer youth camps, etc. Such information is rarely collected and stored properly. You can
create a rating for each student based on the collected information. The ranking of students is one of the techniques for
the effective management of the EO activities [3]. According to the new education standards and under the Federal Law
273 “On Education in the Russian Federation” [4], automated data collection, storage and processing are required. One
of the solutions to this problem is an electronic portfolio, which will afford automated ranking of students.

Research Methods and Tools. The authors have worked out and implemented a module of the corporate sys-
tem “Electronic Portfolio” on the platform “1C: Enterprise 8.3”. It can also operate as an independent information sys-
tem [5]. The IS stores information about students' achievements and, on the basis of this data, automatically arranges it
in descending order. For ranking students, a vector optimization method is applied.

Research Objective is to develop a mathematical model that operates with a set of alternative solutions (alter-
natives) F(X) (where X is a certain set of criteria), which will be further arranged in descending order of preference. The
most preferable solution will be the first, next — the less preferable one, etc. The degree of preference is estimated by the
value of the calculated rank for each alternative. The rank is calculated from the values of the criterion weights that are
assigned by the decision maker (DM).

Let the function F;(X;) form an evaluation vector of alternative solutions under the following conditions:

i=1,m;j= 1,n,
where m is the number of alternatives in the sample; # is the number of criteria involved in determining the student’s
rank.
Let F;(X;) be the estimate of the solution X; by the first criterion; F»(X;) be evaluation of the solution X; by the second
criterion, etc.
Then the estimation vector for the first solution has the form:
F(X)) = (Fi(X)), Fo(X)), Fu(X)).
A set of estimates Yp belonging to the admissible region D determined on the basis of data stored in the ePort-
folio database is identified as a region of a set of alternative estimates:
D=<CFX G, P>[6],
where C is the goal, which is to rank the list of students in descending order of the calculated rating based on the ePort-
folio data; F are alternatives, i.e. the names of students to be ordered; X are criteria, i.e., data on the students’ achieve-
ments stored in the ePortfolio; P are preferences: X; > X,. These are indicators that correspond to the educational pro-
cess and are the basis for comparing alternatives and for making decisions; G are restrictions on the region of feasibil-
ity.
The alternative F;(Xj), in which the largest number of the studied criteria take the maximum value, can be
found from the expression:

Information technology, computer science, and management

X,€D; Fi(X) € Yp.
Then the task of ordering (ranking) the alternatives (F;(X;)) on the criterion set D" in descending order can be described
by the expression: 383
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Yp=Fy(D) ={Y|Y=F(X), X€ D"}.

To solve this problem, the authors applied a special case of the method of ranking alternatives — pairwise
comparison according to the degree of their relative importance using a unified ratio scale [7]. For each DM function
F(X), the degree of preference uq(X), j = 1,n was determined by the weight of each criterion.

Research Results. Automation of the multi-criteria ranking of students occurs in the information system mod-
ule of their ePortfolio. The operation scheme of the prototype ePortfolio IS based on the developed configuration in
“1C: Enterprise 8.3” [8] is shown in Fig. 1.

O
o Manage IS W
Portfolio
Manager

Education departmen
member IDE Director

Deputy director
for education

Fig. 1. ePortfolio operation scheme

To generate a student portfolio, it is provided:
+ data input;
« data conversion to electronic format;

* data storage;
+ submission of reports including the calculated students’ ratings and ordered lists of departments, faculties, EO.

The process of generating a portfolio is presented in Fig. 2.
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Fig. 2. Portfolio generation scheme

The database was designed for IS electronic portfolio [9], the transformation model of which is shown in Fig. 3.
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Fig. 3. ePortfolio database model

The interaction of information processes on the generation of an individual student’s rating based on the in-
formation stored in the system database is shown in Fig. 4.
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Fig. 4. Diagram of IS block operation on student’s ranking score formation

The IS provides for the generation of various reports [10]. For example, a user can display comparative as-
sessment blocks for educational, sports, social, creative, and scientific achievements. One of the report forms is

presented in Fig. 5.

+ Student portfolio

Full name:
Birthdate:
Sex:
Group:
Address:
Telephone:
Email:

Educational achievements:

Aksanenko Svetlana Vladimirovna
13.08.1994 0:00:00

Female

MB-151mz

Moscow, ul. Grodnenskaya, 12, ap. 90
8-(916)-123-34-44
akssvet@gmail. com

Number  Achievement Type Rating

1 [Mind games [competition K] ]

Scientific achievements:

Number Achievement organization Type Rating

1 [conference [ SAEIHE MCU [conference [1

Social activity:

Number  Achievement Organization Type Rating

1 [Blood donation [ SAEIHE MCU [Donorship 1

Sports achievements:

Number  Achievement Level Type Place Rating

1 [Wrestling [ Institutional [Judo [Laureate |1

Creative achievements:

Number  Achievement Type Place Rating

1 [quiz ["quiz.please” [First [1 |
2 [Tournament. |Board games [Third 3 |

Fig. 5. Report in Portfolio form
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The operation of the IS block, which is responsible for ranking students, was checked on a sample of 1000

people. The following rule was applied to the sampling:
F(X)2F;(X),i=1m,
io: Fio(X) > Fio(X),

where Fj) (X*) is Pareto-optimal solution.

After possible deletions implemented according to the rule, 250 mutually incomparable alternatives remained
in the table, and only the best ones — from previously comparable ones. In this way, a sample was formed for further
studies, a fragment of which is presented in Table 1.

Table 1
Sample Fragment for Ranking
Participation Pa-rticipation Union Increased . Publicat.ion Part-icw'pa.t'\on .
No. Full Name ) . in sports .| Scholarship of sci in sci Volunteer| Donor Charity
in Olympiad . member | scholarship
competition papers conferences

1|Kolomoytseva Galina Yuryevna X x X X X
2|Martynenko Elena Anatolyevna X X | X X
3|Yurchenko Lyudmila Mikhaylovna X X X
4|Konovodov Yury Nikolaevich X X X X
5|Alieva Antonina Leonidovna X X X X X X
6|Baytsar Aleksandr Pavlovich X X X
7|Smirnova Elena Vasilyevna x| X X X

Optimization was carried out according to 13 criteria: participation in scientific conferences, availability of
scholarships, participation in public organizations, etc. Further, a matrix of criteria was built, where weight was as-
signed to each criterion in accordance with the preferences of the DM (Table 2).

Table 2
Weighting Matrix
Criteria X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 Gmean
Olympiad
participant X1 1.00 0.14 3.00 0.25 2.00 1.00 1.00 3.00 0.25 2.00 5.00 5.00 3.00 |[1.2773764
Participation in
sports X2 7.00 1.00 8.00 1.00 5.00 5.00 2.00 5.00 0.33 9.00 7.00 7.00 7.00 3.5535071
Union member |X3 0.33 0.13 1.00 0.14 0.33 0.20 3.00 0.14 0.20 0.50 3.00 1.00 1.00 0.4675483
Increased
scholarship X4 4.00 1.00 7.00 1.00 7.00 5.00 9.00 7.00 5.00 9.00 5.00 7.00 5.00 4.6581847
Scholarship X5 0.50 0.20 3.00 0.14 1.00 0.33 0.33 0.33 0.14 0.20 3.00 0.14 1.00 0.434096
Sci papers
publication X6 1.00 0.20 5.00 0.20 3.00 1.00 7.00 5.00 5.00 7.00 7.00 0.33 5.00 2.007042
Participation in
sci conf. X7 1.00 0.50 0.33 0.11 3.00 0.14 1.00 0.33 0.20 1.00 3.00 0.33 0.33 0.5143549
Volunteering X8 0.33 0.20 7.00 0.14 3.00 0.20 3.00 1.00 0.14 5.00 7.00 5.00 5.00 1.2315968
Donorship X9 0.25 3.00 5.00 0.20 7.00 0.20 5.00 7.00 1.00 9.00 9.00 7.00 7.00 2.4958934
Charity X10 0.50 0.11 2.00 0.11 5.00 0.14 1.00 0.20 0.11 1.00 5.00 0.20 0.20 0.4581585
Summer camps |X11 0.20 0.14 0.33 0.20 0.33 0.14 0.33 0.14 0.11 0.20 1.00 1.00 0.25 0.259332
Creativity
competitions  |X12 0.20 0.14 1.00 0.14 7.00 3.00 3.00 0.20 0.14 5.00 1.00 1.00 0.17 0.6757149
Member of
social
movement X13 0.33 0.14 1.00 0.20 1.00 0.20 3.00 0.20 0.14 5.00 4.00 6.00 1.00 0.7389604
Total 16.65 6.91 43.67 3.84 44.67 16.56 38.67 29.55 12.78 53.90 60.00 41.01 35.95 18.77

In Table 1, the “x” icon was replaced by the criterion weight. Then we conducted a pairwise comparison of
students with respect to any criterion, for example, the first one. The comparison was carried out as follows: the highest
advantage of one student over another is the value of the first criterion weight plus one. The unit is needed so that when
dividing the unit by the weight of the criterion, a large number is not obtained. This number should be less than the
maximum weight of the criterion. That is, the weight of the criterion is the maximum value in the table (highest priori-
ty). In the next steps of data processing, the system performs certain calculations [11]:

e it quantifies the inconsistency of comparisons;

e it calculates the degree of inaccuracy of comparisons;
e it defines a common criterion for each alternative;

e it finds the best solution;

e it checks the decision validity.
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Results and Discussion. As a result of the operation of prototype IS ePortfolio block, which is responsible for
calculating a student’s rating and arranging a list of students provided in descending order, you can get the report pre-
sented in Table 3.

Table 3
Table Fragment with Student Ranking Results
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 Final values
0.068048 |0.189301 [0.024907 [0.248148 |0.023125 |0.106918 [0.027400452 |0.065609 |0.132959973 |0.024407 |0.013815004 |0.035996 |0.039366

F1 4.69 9.93 0 10.99 2.43 0 2.56 0 0 0 0 0 4.08 5.213001
F2 4.69 0 2.52 0 2.43 7.48 0 0 0 0 1.61 4.05 0 1.4058781
F3 0 0 2.52 0 0 0 0 6.14 0 3.16 0 0 4.08 | 07033417
F4 0 9.93 0 0 2.43 0 0 0 9.42 3.16 1.61 0 0 3.2877994
F5 4.69 0 2.52 10.99 2.43 7.48 2.56 0 0 0 0 4.05 0 4.1809328
F6 4.69 0 0 0 0 o] 6.14 0 3.16 1.61 0 4.08 0.9819622
F7 0 0 2.52 0 2.43 0 2.56 0 0 3.16 0 4.05 0 0.412015
F8 4.69 9.93 0 0 0 0 0 0 0 0 0 0 0 2.1988993
F9 0 0 2.52 10.99 0 0 o} 0 0 o} 0 4.05 0 2.9357024
F10 0 9.93 0 10.99 0 7.48 0 6.14 0 0 1.61 0 4.08 5.9923473

In the table, F1 — F10 are the names of students; the top row shows the names of the criteria by which the rank
of each object was calculated; the second row from the top is the criterion weight; other items are quantitative assess-
ments of a student for participating in a particular activity. The DM gave highest preference to the criteria that were
associated with the study (scholarship, increased scholarship, scientific activity, etc.). According to the calculation re-
sults, the first four places will be taken by students who receive increased scholarships. F10 student has the highest rat-
ing, he receives an increased scholarship, has scientific publications and is a participant in sports competitions. The IS
provides for various different achievements of the same type (for example, a sports category, a winner or a participant
in a competition) to be combined into one cluster; it affords making a general assessment of the cluster (to present as
one criterion with a certain weight in calculations).

Conclusion. The authors propose a tool that provides the user with the opportunity to quantify the studied ob-
jects with a large amount of information about these objects. The electronic portfolio allows maximum consideration of
various achievements of students not only within the walls of the university, it accommodates the data accessibility for
the students themselves, and stores a large amount of information about the student. Calculation of individual rating,
and ranking improve the educational process quality, which as a result will affect the overall rating of the university.
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