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SUMMARY

Chen Jie. Models and Methods for Assessing the Competitiveness of
Universities' Educational Activities in the Context of Digital Transformation.
— Qualifying scientific work as a manuscript.

Thesis for the Doctor of Philosophy Degree in Specialty 122 «Computer
Sciences». — Taras Shevchenko National University of Kyiv, Kyiv, 2023.

Abstract content. The dissertation is devoted to constructing models and
methods for evaluating the competitiveness of educational activities of universities
in the conditions of digital transformation. The built models and methods can be
applied to solve the actual scientific and practical task of increasing the
competitiveness of universities, taking into account the peculiarities of educational
activity.

The practical activity of universities ensures the state's development and the
emergence of innovations and ideas. Now, in the conditions of digital
transformation, many factors influence this activity. A large number of parameters
are difficult to measure, and they have different types of data; in addition, it is
difficult to understand which parameters of the university's activity are significant
for its competitiveness. The changes that are taking place in the education system
of most states, especially with the onset of the COVID-19 pandemic, have
significantly changed the field that can be relied upon when assessing the
competitiveness of universities. Classical assessment approaches need to consider
all aspects of educational activity and the dynamics of transformation of the
university's informational, educational environment.

To increase the efficiency of the university's educational activity and
increase its competitiveness in the conditions of digital transformation, it is
necessary to qualitatively build an informational university environment, in
particular in terms of educational activity, and to build methods and models for
assessing competitiveness at a new conceptual level. The construction of a system

that would automate these processes will allow the manager of a higher education



institution or the head of a department to systematically analyze educational
activities, identify work components that have deficiencies and correct them.

The idea of creating methods and models for evaluating the competitiveness
of educational activities of universities in the conditions of digital transformation
and taking into account the dynamics of changes in the informational university
environment is a new vision that expands theoretical and practical knowledge in
this direction.

Thus, this dissertation solves an important task, namely, the development of
methods and models for evaluating the competitiveness of educational activities of
universities in the conditions of digital transformation, taking into account the
dynamics of the informational university environment (scientific component). It
also solves the critical task of automating the evaluation of the competitiveness of
educational activities of universities, which is based on the application of web
technologies (practical component).

The object of the study is the processes related to the evaluation of the
competitiveness of educational activities of universities.

The subject of the study is the methods and models of evaluating the
competitiveness of educational activities of universities in the conditions of digital
transformation.

Research methods. The conducted research i1s based on knowledge
presentation and processing methods, evaluation methods, monitoring of university
activities, and object-oriented programming.

The purpose of the study is to increase the efficiency of educational
activities of universities by developing methods and models for evaluating the
competitiveness of educational activities of universities in the conditions of digital
transformation to increase the efficiency of their activities.

The scientific novelty of the obtained results:

» for the first time, the method of evaluating the competitiveness of
universities in terms of their educational activity in dynamics is described, which

takes into account the changes that occur at the level of the university environment
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and is characterized by the possibility of a comprehensive assessment of the
university's development potential;

* the methods of forming information environments of universities and
collecting parameters about the educational activity of universities, which are used
to assess their competitiveness and differ in that they take into account the entire
spectrum of educational activity that changes in the conditions of digital
transformation, have been improved,;

« improved the principles of collecting information about the activities of
universities to assess their competitiveness, the structural model of the
implementation of the system for evaluating the competitiveness of educational
activities of universities, which is based on the use of Web technologies and allows
to automatically take into account the change in the parameters of the information
university environment, which is characteristic of the conditions of digital
transformation.

* the conceptual presentation of the process of evaluating the
competitiveness of the educational activity of universities in dynamics in the
conditions of digital transformation, which takes into account the peculiarities of
the construction and composition of informational university environments and
allows expanding theoretical and practical opportunities to increase the
effectiveness of educational activities.

The first chapter describes the features of using system-dynamic modeling
of the educational activity of universities and identifies the key aspects that affect
the positive dynamics of the university's development from the point of view of
system dynamics. It is indicated that the use and improvement of the project
management methodology applied to the educational activities of universities is a
guarantee of their progressive development and increased competitiveness,
especially in the conditions of digital transformation, which the education system
1s currently experiencing worldwide.

The chapter shows that the evaluation of the competitiveness of universities

1s a complex and multidimensional process, which includes the analysis of various
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aspects of the activity of educational institutions. The main methods and criteria
for evaluating the competitiveness of universities are indicated, which include the
calculation of academic indicators, indicators of the quality of the educational
process, research activities of the university and international activities, evaluation
of the university infrastructure and resources, as well as the effectiveness of
management and reporting in general. A review of these indicators is necessary for
further calculations and the construction of methods for evaluating the
competitiveness of universities.

An analysis of modern provisions in the management of educational projects
of the university was carried out. It was revealed that the existing practice of
determining the quality of educational activities of educational institutions, as a
rule, is focused on evaluating students' success in learning knowledge. However,
for a full-fledged and comprehensive assessment of the competitiveness of
universities, all components that affect this activity are essential. The need for a
comprehensive study of them is especially evident in the conditions of digital
transformation. Accordingly, the relevance of developing methods and models for
evaluating the competitiveness of universities is confirmed.

In the second chapter, it is determined that the educational activity of the
university is complex in both the educational component (quality of teaching and
methodical materials, etc.) and scientific research (publication activity, project-
research activity). The section describes a multiple model of presenting data on the
educational activity of universities in terms of the publishing activity of scientific
and pedagogical workers. A data presentation scheme has been formed: university,
university employees, university events, etc. The described model considers and
formalizes aspects of the university's educational activity, which is the basis for
calculating competitiveness assessments and is distinguished by a systematic
approach to building dependencies and connections necessary for calculating
parameters.

A method of calculating the university's competitiveness was developed,

which is calculated based on the number of criteria that the university satisfies. The
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requirements of the ministry form the criteria. They are intended for the
university's accreditation as an educational structure. Still, the list and meaning of
the criteria can be set by the organization that evaluates the university's educational
activities. The section also contains formulas for calculating the university's
competitiveness in dynamics, defined as the ratio of the number of criteria that
received a positive assessment to those that received a negative assessment p
periods ago. A scale of comparison of universities by level of competitiveness was
built and described. A system of parameters that determine the competitiveness of
universities has been built and the method of data coverage analysis is described,
which can be used for a preliminary assessment of the university's competitiveness
and is based on the constructed parameters.

The third chapter describes the methods and models for evaluating the
competitiveness of educational activities of universities, together with their
information environment, which considers several important parameters or
indicators of university activity. It is indicated that the university information
environment changes over time and this dynamic should also be considered in
evaluating the university's competitiveness. Formulas for comprehensive
evaluation of the competitiveness of educational activities of universities have
been developed. This is important because the evaluation results allow us to
highlight those components of the university's activities that need to be improved
to increase the recognition and prestige of the educational institution.

The fourth chapter describes the software module for evaluating the
competitiveness of the educational activities of universities, in particular modules
for collecting information about the activities of the university to evaluate its
competitiveness, the structural model of the implementation of the system for
evaluating the competitiveness of the educational activities of universities using
Web technologies, the technology for implementing the Web resource for filling
the database data with the parameters of the university's information environment

for assessing the competitiveness of its educational activities.



The practical significance of the obtained results is that the developed
methods and models make it possible to carry out a comprehensive assessment of
the competitiveness of the university's educational activity, which allows
comparing universities according to various categories of educational activity and
identifying those components of work that need improvement. The obtained tool is
essential for local self-government bodies and the state to determine promising
funding directions in the activities of universities and university clusters. In the
long term, the use of the developed methods and models will positively impact the
development of the educational activity of the state as a whole. The main
provisions and results of the research were implemented and applied in the
activities of Yancheng Polytechnic College.

The results obtained, in both theoretical and practical terms, serve as the
basis for further scientific and applied research aimed at improving various aspects
of the educational activity of universities. Ensuring the sustainability of the
development of universities i1s at the core of the critical requirements of
international systems for monitoring their educational activities.

Keywords: educational activity, assessment of competitiveness, project
management, mathematical model, educational component, university

environment, educational project, monitoring of educational activity.
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AHOTANIA

Yen I3¢. Moaeii Ta MeToAd OUIHIOBAHHA KOHKYPEHTOCIHPOMOKHOCTI
OCBITHBOI JiISVIBHOCTI yHiBepcHTeTiB B yMOBax uugposoi Tpanchopmaiii. —
Keanigixayitina naykosa npays Ha npasax pyKonucy.

Hucepraiiss Ha 3100yTTS HAyKOBOTO CTyINeHs JokTopa (inocodii 3a
cnemianbHicTIO 122 «Komm’rotepHi Hayku» — KuiBCbkMI  HallOHaIbHUUN
yHiBepcuteT iMeH1 Tapaca IlleBuenka, Kuis, 2023.

3micT anortamii. J[ucepraiis npucBsyeHa MoOyJI0BI MOJEIEH Ta METOIB
OLIIHIOBAHHSI KOHKYPEHTOCIPOMOXHOCTI OCBITHBOI MISUIBHOCTI YHIBEPCHUTETIB B
ymoBax 1udpoBoi Tpancopmaiiii. [loOymgoBani Mozaeni Ta METOIU MOXKYTh OyTH
3aCTOCOBaHI I BHUPIIICHHS aKTyaJbHOIO HAyKOBO-IPAKTUYHOTO 3aBJaHHS
NIJBUIIEHHS KOHKYPEHO3JATHOCTI YHIBEPCHUTETIB, BPaxOBYIOUM OCOOJIMBOCTI
OCBITHBOI J1SUTBHOCTI.

Po3BuTOK AepkaBH, MOsiBA HOBUX I1HHOBAIi, 1€ HE B OCTAHHIO YEpPry
3a0e3neuyeThcsi €(EeKTHUBHOIO JISUIbHICTIO YHIBEpCUTETIB. 3apa3, B YMOBax

nudpoBoi TpancdopMmariii, 3’ ABISIIOTECS O6arato (akTopiB, SKi 31HCHIOIOTH BILIUB
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Ha ITI0 JISUTbHICTh. Bennka KUIbKICTh TapaMeTpiB CKJIaJHO BUMIPSTH, BOHHM MAalOTh
pi3HI TUMNH J@HUX, KPIM TOTO CKJIAIHO 3pO3YMITH, SIKI 3 MapameTpiB JisSIBHOCTI
YHIBEPCUTETY 3HAYMMI JJii HOrO0 KOHKYPEHTOCHPOMOXKHOCTI. Ti 3MiHHM, SsIKi
B1IOYBaIOTHCS 3 CHCTEMOIO OCBITH OUIBIIOCTI JIepkKaB, OCOOJHUBO 3 IOYATKOM
nagaemii COVID-19, 3Ha4HO 3MIHWMJIO TIOJIe, HAa SIKE MOXKHA CIUPATUCA TpU
OIIHIOBAHHS KOHKYPEHTOCIIPOMOXXHOCT1  YHiIBepcuTeTiB. KiacuuHi mMiaxoau
OLIIHIOBaHHS HE BPaXxOBYIOTh BCIX AacCMHEKTIB OCBITHbOI MAISUIBHOCTI Ta He
BpPaxoBYyIOTh AUHaAMIKy TpaHcdopmarii iH()OPMAaIIHOTO OCBITHBOTO CEPEIOBHILA
YHIBEPCUTETY.

JUist migBUIIEHHS €(QEKTUBHOCTI OCBITHBOI MISUIBHOCTI YHIBEPCHUTETY 1
M1JBUIIEHHST MOTO0 KOHKYPEHOCIIPOMOKHOCTI B YMOBax U(poBoi TpaHchopmarlii
NOTPIOHO SKICHO TOOyayBaTH 1HGOpMAIliiiHE YHIBEPCUTETChbKE CEPEIOBHIIE,
30KpeMa B YaCTHUHI OCBITHBOI [ISUIBHOCTI Ta MOOyAyBaTH METOAM 1 MOJeNl
OLIIHIOBaHHS KOHKYPEHOCIIPOMO>XHOCTI HAa HOBOMY KOHIIETITyaJIbHOMY piBHI.
[ToOGynoBa cucrtemu, sika 0 aBTOMaTHU3yBaJla Il MPOIECU J03BOJIUTH MEHEIKEPY
3aKJ1ay BHILOI OCBITH a00 KEPIBHUKY JEMAPMaMEHTY CHCTEMHO IpOaHaji3zyBaTu
OCBITHIO JISUTBHICTh, BUJIUJIATH CKIIQJHUKHA POOOTH, SIKI MarOTh HEIOJIKH Ta
BUIIPABUTH IX.

Ines CTBOPEHHS METO/IIB Ta MoJiesen OITIHIOBAHHS
KOHKYPEHTOCIPOMOKHOCTI ~ OCBITHBOI  JISJIBHOCTI  YHIBEPCUTETIB B YMOBAax
uuppoBoi TpaHchopmalii Ta BpPaxXOBYHOUHM JIMHAMIKY 3MIH 1H(QOpMaLIAHOTIO
YHIBEPCUTETCHKOTO CEPEIOBUIIA € HOBUM OAaYEHHSIM, 1[0 PO3IIHUPSE TEOPETUYHI Ta
MIPaKTUYHI 3HAHHS B I[bOMY HaIIPSMKY.

Takum uwmHOM, B MAaHii AuMcepTaliiiHii pPoOOTI BUPINIYETHCS BaXKIIUBE
3aBJaHHS, a caMme: pPO3pOOJICHHS METOMIB Ta MOJEICH  OIHIOBaHHS
KOHKYPEHTOCIPOMOKHOCTI ~ OCBITHBOI  JISJIBHOCTI  YHIBEPCUTETIB B YMOBAax
mudpoBoi  TpaHchopmarlii, 10 BPaxoOBYIOTh JAWHAMIKY i1H(OpMAIIITHOTO
YHIBEPCUTETCHKOIO CepeloBUIla (HAayKoBa CKiIanoBa). TakoX BHUPILIYETHCA

BAXKJIMBA 33/1a4a aBTOMATHU3allli OLIHIOBAHHSA KOHKYPEHTOCIIPOMOKHOCTI OCBITHBOT
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JISJIBHOCT1  YHIBEPCHUTETIB, III0 3aCHOBAHAa Ha 3aCTOCYBaHHI Web-TEXHOJOT1H
(mMpakTU4HA CKJIAJI0BA).

O06’ekTOM JOCTiIKEHHS] € TIPOIeCH, SKI TIOB’sI3aHI 3 OIIHIOBAHHSM
KOHKYPEHTOCTIPOMOIKHOCTI OCBITHBO1 JA1STTLHOCTI YHIBEPCHUTETIB.

IlpeamMeTroM  JoCHilKeHHS € METOOAM Ta  MOJETl  OIIIHIOBAHHS
KOHKYPEHTOCTIPOMOKHOCTI ~ OCBITHBOI  JIISUTBHOCTI  yHIBEPCHUTETIB B yMOBax
1udpoBoi TpaHchopmartii.

Metoau nociaigxennsi. [IpoBeneni gociimkeHHs 0a3ylOThCS Ha MeETOAax
MpeACTaBIICHHS 1 0OpOOKM 3HaHb, METOJIaX OI[IHIOBAHHS, MOHITOPUHTY MISUIbHOCTI
YHIBEPCUTETIB, 00'€KTHO-OPIEHTOBAHOIO MTPOrpamMyBaHHSI.

MeTo0 O0CTiAKEeHHsI € MiJBUIIECHHS €(QEKTUBHOCTI OCBITHBOI IISTIBHOCTI
YHIBEPCUTETIB 3a PaxyHOK pO3POOJICHHS METOJIIB Ta MojJeNed OIlIHIOBaHHSA
KOHKYPEHTOCIPOMOKHOCTI ~ OCBITHBOI  JISJIBHOCTI  YHIBEPCUTETIB B YMOBax
1ndpoBoi Tpanchopmartii JIs MiABUIIEHHS €(EKTUBHOCTI X MISUTBHOCTI.

HaykoBa HOBHM3HA OTPUMAaHUX pPe3yJIbTATiB:

e  BIEpIIE ONHWCAHO METOJ OI[IHIOBaHHS KOHKYPEHOCIPOMOXKHOCTI
YHIBEPCHUTETIB B YACTHHI 1X OCBITHBOI JISUTBHOCTI B IMHAMIIII, 1110 BPaXOBY€E 3MiHU,
K1 B1AOYBalOTbCS HA PIBHI YHIBEPCUTETCHKOTO CEpPEIOBHINA 1 BiAPI3HAETHCA
MOXJIMBICTIO KOMIUIEKCHOTO OI[IHIOBaHHS MOTEHI1ATy PO3BUTKY YHIBEPCUTETY;

®  yIOCKOHAJIEHO MeTonu (opMmyBaHHS 1HGOPMAIIHHUX CEpPEIOBUII
YHIBEPCUTETIB Ta 300py MapaMeTpiB NMpPO OCBITHIO JISUIbHICTh YHIBEPCUTETIB, K1
BUKOPUCTOBYIOTHCSA JUIsl OLIHIOBAHHS iX KOHKYPEHTO3JATHOCTI 1 BIJPI3HSIOTHCA
TAM, IO BPaxOBYIOTh BEChb CIIEKTP OCBITHBOI ISJIBHOCTI, IO 3MIHIOETHCS B
yMoBax HU(PPOBOi TpaHChHOpMAIIii;

®  VIOCKOHAJICHO NpHUHIMNHU 300py iHdopmarii mpo MisITBHICTH
YHIBEPCUTETIB 3 METOIO OIIIHIOBAHHS iX KOHKYPEHOCIPOMOXXHOCTI, CTPYKTYpHY
MOJIe/Ib  peajizallii CUCTEMH OI[IHIOBaHHS KOHKYPEHTO3JaTHOCTI OCBITHBOI
JISTBHOCTI YHIBEPCHUTETIB, 10 0a3yeTbcs Ha BHUKOpUCTaHHI Web-TeXHOMOrii 1

JI03BOJISIE  ABTOMATHM30BaHO BPaxOBYBaTH 3MiHY MapaMeTpiB 1H(OpMAIIHHOTO
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YHIBEPCUTETCHKOIO  CEpPEJOBMINA, 10 XapakTepHe JJii yMOB LHU(POBOI
TpaHchopmarii.

e  OTPUMAIO MOAAIBIINNA PO3BUTOK KOHIICTITYaJbHOTO IPEIACTABICHHS
MpOIECY  OIIIHIOBAaHHS  KOHKYPEHOCIIPOMOXXHOCTI ~ OCBITHBOI  JiSTTBHOCTI
YHIBEPCUTETIB B JUHAMII Ta B yMOBax LudpoBoi TpaHchopMmallii, 0 BpaxoBye
0cOoOIMBOCTI MOOYIOBU Ta CKJIal 1HPOPMAIIHIX YHIBEPCUTETCHKUX CEPEOBHIIL 1
JIO3BOJISIE PO3LIMPUTH TEOPETUYHI Ta MPAKTHUYHI MOMJIMBOCTI JJIsl IMIJBUILEHHS
e(EeKTHBHOCTI OCBITHBOI JIsITHHOCTI.

Y nepmioMy po3aiji HagaHO OMHC OCOOJMBOCTEH BHKOPHUCTAHHS Ta
CUCTEMHO-JIMHAMIYHOTO MOJICTIOBAHHS OCBITHBOT JISUJTBHOCTI yHIBEPCHUTETIB,
BU3HAYCHO KIIFOUOBI aCIMEKTH, SKi B IUTMBAIOTh HA TO3WTHUBHY JHHAMIKY PO3BUTKY
YHIBEPCUTETY 3 TOUKHU 30py CUCTEMHOI quHaMiku. BkazaHo, 1110 BUKOpUCTAaHHS Ta
YAOCKOHAJIEHHSI METO0JIOT11 yIIpaBJiHHS IPOEKTAMU B 3aCTOCYBaHHI JO OCBITHBOI
JUSTIBHOCTI  YHIBEPCUTETIB € 3alOpPYKOI iX MMOCTYMAJbHOTO PO3BUTKY Ta
MIJBUIIEHHS  KOHKYPEHTO3JaTHOCTI,  OCOOJMBO B yMOBax  HHUQPOBOi
TpaHc(opmMmarlii, SIKy 3apa3 MepeKUBae CUCTEMA OCBITH B YChOMY CBITI.

B po3mini  mokazaHo, 110  OINHIOBaHHS  KOHKYPEHTOCIPOMOMXHOCTI
YHIBEPCUTETIB € CKJIAJHUM 1 OaraTOBUMIpHHUM IPOLIECOM, SIKMM BKJIHOYAE B cede
aHaji3 pI3HUX AacCIMeKTIB MAiSUIbHOCTI HaBYAJIBHUX 3akiaaiB. Bka3aHi OCHOBHI
METO/M Ta KPUTEPIiB JIJIsi OI[IHIOBAaHHS KOHKYPEHTOCIIPOMOKHOCTI YHIBEPCHUTETIB,
[0 BKJIIOYAIOTh PO3PAXYHOK aKaJEMIYHUX TOKA3HUKIB, TMOKA3HUKIB SIKOCTI
OCBITHBROTO  TIPOIECY, HAYKOBO-AOCHITHOI  MISUIBHOCTI  yHIBEPCUTETY Ta
MDKHApOJIHOT MIsUTBHOCTI, OIIHIOBAHHS 1H(QPACTPYKTYpU YHIBEPCUTETY Ta
pecypciB, a TaKOK €(PEKTUBHOCTI YIPaBIIHHS Ta 3BITHOCTI B IijoMy. OTJIs [UX
MOKa3HUKIB HEOOXIMHHWM MJis TMOJAIBIINX PO3PaXyHKIB Ta MOOYJOBU METOJIB
OLIIHIOBAHHSI KOHKYPEHTOCITPOMOKHOCT1 YHIBEPCUTETIB.

[IpoBeneHo aHami3 cydacHUX MOJIOKEHb B YIPABIiHHI OCBITHIMHU MPOEKTAMU
yHIBEpCUTETY. BUsABIICHO, MO iCHYIOYa MpaKTUKa BU3HAYEHHS SIKOCTI OCBITHBOT
JISJIBHOCT1 HABUAJIBHMX 3aKjIajiB, SK MPaBUIIO, 30CEpeIKeHa Ha OIIHIOBaHHI

YCHIITHOCTI CTYJEHTIB Yy 3aCBOE€HHI 3HaHb. lIpoTe 1y TOBHOIIHHOTO 1
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KOMILJIEKCHOT'O OLIIHIOBAaHHSI KOHKYPEHTO3/aTHOCTI YHIBEPCUTETIB BaXKJIUBOIO € BCI
CKJIAJHHMKH, SKI BIUIMBAIOTh Ha 1[I0 JiIUIbHICTE. OCOOIMBO HEOOXIIHICTH
KOMIUIEKCHOTO ~ iX  JOCHI/DKEHHS  TPOSBISETHCS B yMOBax  IU(POBOI
TpaHncdopmariii. BiAnmoBiHO MIATBEPKYETHCS aKTyaIbHICTh PO3POOKH METO/IIB Ta
MoJieJIel OIIHIOBaHHSI KOMHKYPEHTO3AaTHOCTI YHIBEPCHUTETIB.

B apyromy po3aini BU3HAUEHO, IO OCBITHA [ISUIBHICTH YHIBEPCHUTETY €
KOMIUIEKCOM SIK HaBYaJbHOI CKJIQJ0BOI (SKICTh BUKIQJAaHHA Ta METOJUYHHX
MaTepiaiiB TOIIO), TaK 1 HAYKOBO-TOCIITHOT (TyOTiKaIliifHa akTHBHICTb, TPOEKTHO-
JOCITHA MIsUTbHICTB). B po3miini omucaHa MHOKMHHA MOJIETb TPECTaBICHHS
JAHUX TPO OCBITHIO [ISUIBHICTh YHIBEPCUTETIB B YACTUHI IMyOJIKALIAHOT
aKTUBHOCTI ~ HayKoBoO-lieAaroriunux  npaimiBHukiB.  CdopmoBana  cxema
MPEACTaBICHHS JTAHUX: YHIBEPCHUTET, CIIBPOOITHUK YHIBEPCUTETY,
YHIBEpPCUTETChKI 3axoau Touo. IIpeacrtaBieHa Mojens BpaxoBye 1 (opmaiizye
aCMEeKTH OCBITHBOI AISUIBHOCTI YHIBEPCUTETY, 11O € OCHOBOIO JUISl PO3paxyHKy
OLIIHOK KOHKYPEHTO3/IaTHOCTI Ta BHUPI3HAETBCS CUCTEMHUM MIAXOAOM [0
noOyZ0BH 3aJI€KHOCTEN Ta 3B’ A3KIB HEOOXIHUX JJIsl pO3PAaXyHKY MMapaMeTpiB.

[To6ynoBaHO METON PO3pPaxyHKY KOHKYPEHTO3JATHOCTI YHIBEPCUTETY, IO
pPO3PaxOBYETHCS 3a KUIBKICTIO KPUTEPIiB, SIKI YHIBEPCUTET 3a70BoJibHA€E. Kpurepii
(GhOpMYIOTBCS 3TITHO 3 BUMOTaMM MIHICTEpCTBA 1 TPHU3HAYEHI JUIS aKpeauTarii
YHIBEPCUTETY, SIK OCBITHBOI CTPYKTYpW B LiIoMy. IIpoTe mepenik Ta 3HAYEHHS
KpUTEpIiB MOXE 3aJaBaTUCS OpraHi3ali€lo, sKa MPOBOJIUTH OLIHKY OCBITHBOT
JUSTBHOCTI  yHIBEpCHTETY. TakoXX y po3auli modyaoBaHo GoOpMyiad i
pPO3paxyHKy  KOHKYPEHOCHPOMOXHOCTI  YHIBEPCUTETY B  JUHAMILI, IO
BU3HAYAIOTHCSA SK BIJIHOIICHHS KUIBKOCTI KPHUTEPIiB, SKI OTPUMAIN TO3UTHUBHY
OIIIHKY, 10 KUTBKOCTI KpUTEPIiB, K OTpUMaJId HETaTUBHY OIliHKY. [loOynoBano Ta
HAJ]aHO OMKC IIKAJIXU MOPIBHSAHHS YHIBEPCUTETIB 32 PIBHEM KOHKYPEHTO3AATHOCTI.
[TobynoBano cucremMy mapameTpiB, SIKI BH3HAYAalOTh KOHKYPEHO3IATHICTH
YHIBEPCUTETIB Ta HaJaHO OMHUC METOAyY data coverage analysis, SKUi MOXe OyTH
BUKOPHUCTAHO JIJIsi TOMEPEAHBOT OLIHKA KOHKYPEHO3JaTHOCTI YHIBEPCHUTETY, IO

0a3yeTbcst Ha MOOYIOBAaHUX TTapaMeTpax.
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B Tperbomy po3mii onuMcaHo MeTOAM Ta MOJENI  OLIIHIOBAHHS
KOHKYPEHTO3JaTHOCTI OCBITHBOI  JISIBHOCTI ~ YHIBEPCHUTETIB, pa3oM 3 ix
iHbOpMaIIHHUM CEepeIOBHUIIEM, IO BPAaXOBYE psii BaXIMBUX MapaMmeTpiB abdo
IHIUKATOpPIB  JNISUTBHOCTI  yHIBepcuTeTy. BkaszaHo, 10  YHIBEPCHUTETCHKE
iHpopMaIliiiHE cepeOBHUIIE 3MIHIOETHCS 3 YACOM 1 1[I0 TUHAMIKY TaKOX MOTPiOHO
BpPaxOBYBAaTH B OIIHIII KOHKYPEHO3/IaTHOCTI yHiBepcurtety. [loOyanoBano Gpopmysu
JUIT KOMIUIEKCHOTO OIIHIOBAHHSA KOHKYPEHTO3/JAaTHOCTI OCBITHBOI JiSTBHOCTI
yHiBepcuTeTiB. lle Ba)IJIMBO, OCKIIBKMA pPE3ylbTaTH OLIHIOBAHHS JO3BOJISIOTH
BUJIIJTUTH T1 CKJIAJ0BI MISUIBHOCTI YHIBEPCUTETY, K1 HEOOX1JHO MOKPAITUTH, 11100
MIJBUIIUTH BI13HABAHICTh Ta MPECTUXKHICTh HABYAJILHOTO 3aKJIaTy.

Y derBepromMy Ppo3aii HamaHO oOmMC PO3pPOOJIEHOr0 MPOTPaMHOIrO
3abe3reueHHs] (MOJy/lb) JUJIs OIIIHIOBaHHS KOHKYPEHO3JaCTHOCTI OCBITHBOI
JUSTIBHOCT] YHIBEPCUTETIB, 30KpemMa MOAYJl Juisl 300py 1HPpopMaLii Ipo TIsIIbHICTh
YHIBEPCUTETY 3 METOI0 OLIHIOBaHHS MHOro KOHKYPEHTO3JATHOCTI, CTPYKTYypHa
MOJIENIb peajizalii CUCTEMH OLIHIOBAaHHS KOHKYPEHTO3JAaTHOCTI OCBITHBOI
JUSATIBHOCTI  YHIBEPCUTETIB 3 BUKOpPUCTAaHHAM Web-TeXHOJIOT1, TEeXHOJOr1sA
peamizamii  Web-pecypcy s HamoBHeHHsT 0a3d  JaHMX 3 TapamMeTrpamu
1H(OopMaIliitHOro cepenoBuIIa YHIBEPCUTETY TUISt OLIIHIOBAHHSI
KOHKYPEHTO3/]aTHOCTI MOT0 OCBITHBO1 A1SUTHHOCTI TOIIO.

IIpakTyHe 3HAYEHHHA OAEP:KAHMX Pe3yJbTATIB IOJSTaE y TOMY, LIO
po3po0ieHI METOAM Ta MOJENl JO3BOJISIIOTH MPOBECTU KOMIUIEKCHY OI[IHKY
KOHKYPEHTO3JJaHOCTI ~ OCBITHBOI  JISUTBHOCTI  YHIBEPCHUTETY, IO  JO3BOJISE
MOPIBHIOBATH YHIBEPCUTETH 3a PI3HUMH KaTEropissiMU OCBITHBOI AiSUTBHOCTI,
BU3HAYATH Ti CKJIAOBI POOOTH, sIKIi MOTpeOyIOTh MOKparieHHs. OTpumaHuii
IHCTPYMEHT € BaXXJIMBUM 3 MPAKTHYHOI TOYKH 30pYy JJIi OpPraHiB MICIIEBOTO
CaMOBpSIIyBaHHS Ta JCpXKaBU B YaCTHHI BU3HAYCHHs TMEPCIICKTHBHUX HAMPSMKIB
(dbiHaHCYBaHHS MISUTBHOCTI YHIBEPCUTETIB, @ TAKOXK YHIBEPCUTETCHKUX KiacTepiB. B
JIOBrOTPUBAJIN NEPCIEKTUBI BUKOPUCTAHHS PO3POOJICHUX METOIIB Ta Moelen

JACTh MO3WTHUBHUM BIUIMB HA PO3BUTOK OCBITHBOI NISUIBHOCTI JEP’KaBH B LIIOMY.
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OCHOBHI MOJOXEHHS Ta pe3yIbTaTH JOCIIIKEHHS BIPOBAKEHO Ta 3aCTOCOBAHO B
TSTEHOCT] SIHBYEHCHKOTO MOJTITEXHIYHOTO KOJEIKY.

OTpuMaHi pe3ynbTaTH, SK Y TEOPETUYHOMY, TaK 1 MPAKTHUYHOMY ILIaHi,
ClIy’)KaThb  OCHOBOIO Ui  MOJAQJIBIIMX  HAYKOBO-TIPUKIATHUX  JOCIIJKEHb,
COpPSAMOBAaHUX Ha YJOCKOHAJEHHS Ta TOKPAIIEHHS PI3HUX AacMeKTiB OCBITHHOI
JUSTTBHOCT1 YHIBEPCUTETIB. 3a0€3MeUeHHsl CTAJIOCTI PO3BUTKY YHIBEPCUTETIB € B
OCHOBI KIIIOYOBHUX BHMOT MDKHApOJAHHMX CHCTEM MOHITOPUHTY OCBITHBOT
JISUTBHOCT] YHIBEPCUTETIB.

Kuio4uoBi cjioBa: OCBITHS JiSUTHHICTH, OLIIHIOBAHHS KOHKYPEHTO3/IaTHOCTI,
VOpaBTIHHS  MPOEKTaMH, MaTeMaTHYHa  MOJENb, OCBITHS  KOMIIOHECHTA,
YHIBEPCUTETCHKE  CEpPEOBHUINE, OCBITHIM IPOEKT, MOHITOPUHT  OCBITHBOI
ISUTBHOCTI.
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INTRODUCTION

The development of the state and the emergence of new innovations and
ideas are not least ensured by the practical activity of universities. Now, in the
conditions of digital transformation, many factors influence this activity. A large
number of parameters are difficult to measure, they have different types of data, in
addition, it is difficult to understand which parameters of the university's activity
are significant for its competitiveness. The changes that are taking place in the
education system of most states, especially with the onset of the COVID-19
pandemic, have significantly changed the field that can be relied upon when
assessing the competitiveness of universities. Classical assessment approaches
need to consider all aspects of educational activity and the dynamics of
transformation of the university's informational, educational environment.

In order to increase the efficiency of the university's educational activity and
increase its competitiveness in the conditions of digital transformation, it is
necessary to qualitatively build an informational university environment, in
particular in terms of educational activity, and to build methods and models for
assessing competitiveness at a new conceptual level. The construction of a system
that would automate these processes will allow the manager of a higher education
institution or the head of a department to systematically analyze educational
activities, identify work components that have deficiencies and correct them.

The idea of creating methods and models for evaluating the competitiveness
of educational activities of universities in the conditions of digital transformation
and taking into account the dynamics of changes in the informational university
environment is a new vision that expands theoretical and practical knowledge in
this direction.

Thus, this dissertation solves an important task, namely, the development of
methods and models for evaluating the competitiveness of educational activities of
universities in the conditions of digital transformation, taking into account the

dynamics of the informational university environment (scientific component). It
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also solves the critical task of automating the evaluation of the competitiveness of
educational activities of universities, which is based on the application of web
technologies (practical component).

The dissertation work was carried out at the Faculty of Information
Technologies of Taras Shevchenko National University of Kyiv following the
national strategy for the development of education in Ukraine for 2011-2027 and
following the plan of research works of Taras Shevchenko National University of
Kyiv, in particular the topic "Information technologies of analysis and forecasting
of processes, invariant to the subject area", No. 0123U101621.

The object of the study is the processes related to the evaluation of the
competitiveness of educational activities of universities.

The subject of the study is the methods and models of evaluating the
competitiveness of educational activities of universities in the conditions of digital
transformation.

Research methods. The conducted research i1s based on knowledge
presentation and processing methods, evaluation methods, monitoring of university
activities, and object-oriented programming.

The purpose of the study is to increase the efficiency of educational
activities of universities by developing methods and models for evaluating the
competitiveness of educational activities of universities in the conditions of digital
transformation to increase the efficiency of their activities.

To achieve the goal, the following tasks must be solved:

1. To analyze methods and technologies for evaluating the competitiveness
of universities in the conditions of digital transformation, to consider the main
methods and criteria for evaluating the competitiveness of universities, which
include the calculation of academic indicators, indicators of the quality of the
educational process, scientific research activities of the university and international
activities, evaluation of university infrastructure and resources, as well as the

effectiveness of management and reporting in general.
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2. To build methods for the formation of information environments of
universities and the collection of parameters about the educational activity of
universities, which are used to assess their competitiveness

3. To build a method of evaluating the competitiveness of universities in
terms of their educational activity in dynamics, which takes into account the
changes occurring at the level of the university environment.

4. To describe the principles of collecting information about the activities
of universities to evaluate their competitiveness, the structural model of the
implementation of the system for evaluating the competitiveness of universities'
educational activities is based on the use of Web technologies.

5. To describe the conceptual representation of the process of evaluating
the competitiveness of educational activities of universities in dynamics in the
conditions of digital transformation.

The scientific novelty of the obtained results:

» for the first time, the method of evaluating the competitiveness of
universities in terms of their educational activity in dynamics is described, which
takes into account the changes that occur at the level of the university environment
and is characterized by the possibility of a comprehensive assessment of the
university's development potential;

* the methods of forming information environments of universities and
collecting parameters about the educational activity of universities, which are used
to assess their competitiveness and differ in that they take into account the entire
spectrum of educational activity that changes in the conditions of digital
transformation, have been improved;

« improved the principles of collecting information about the activities of
universities to assess their competitiveness, the structural model of the
implementation of the system for evaluating the competitiveness of educational
activities of universities, which is based on the use of Web technologies and allows

to automatically take into account the change in the parameters of the information
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university environment, which is characteristic of the conditions of digital
transformation.

* the conceptual representation of the process of evaluating the
competitiveness of the educational activity of universities in the context of digital
transformation was further developed, which takes into account the peculiarities of
the construction and composition of informational university environments and
allows the expansion of theoretical and practical possibilities for increasing the
efficiency of educational activity.

The paper describes the features of using system-dynamic modeling of the
educational activity of universities and identifies the key aspects that influence the
positive dynamics of the university's development from the point of view of system
dynamics. It is indicated that the use and improvement of the project management
methodology applied to the educational activities of universities is a guarantee of
their progressive development and increased competitiveness, especially in the
conditions of digital transformation, which the education system is currently
experiencing worldwide. The first chapter shows that the evaluation of the
competitiveness of universities is a complex and multidimensional process, which
includes the analysis of various aspects of the activity of educational institutions.
The main methods and criteria for evaluating the competitiveness of universities
are indicated, which include the calculation of academic indicators, indicators of
the quality of the educational process, research activities of the university and
international activities, evaluation of the university infrastructure and resources, as
well as the effectiveness of management and reporting in general. A review of
these indicators is necessary for further calculations and the construction of
methods for evaluating the competitiveness of universities.

An analysis of modern provisions in the management of educational projects
of the university was carried out. It was revealed that the existing practice of
determining the quality of educational activities of educational institutions, as a

rule, is focused on evaluating students' success in learning knowledge. However,
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for a full-fledged and comprehensive assessment of the competitiveness of
universities, all components that affect this activity are essential. The need for a
comprehensive study of them is especially evident in the conditions of digital
transformation. Accordingly, the relevance of developing methods and models for
evaluating the competitiveness of universities is confirmed.

In the second chapter, it is determined that the educational activity of the
university is complex in both the educational component (quality of teaching and
methodical materials, etc.) and scientific research (publication activity, project-
research activity). The section describes a multiple model of presenting data on the
educational activity of universities in terms of the publishing activity of scientific
and pedagogical workers. A data presentation scheme has been formed: university,
university employees, university events, etc. The described model considers and
formalizes aspects of the university's educational activity, which is the basis for
calculating competitiveness assessments and is distinguished by a systematic
approach to building dependencies and connections necessary for calculating
parameters.

A method of calculating the university's competitiveness was developed,
which is calculated based on the number of criteria that the university satisfies. The
requirements of the ministry form the criteria. They are intended for the
university's accreditation as an educational structure. Still, the list and meaning of
the criteria can be set by the organization that evaluates the university's educational
activities. The section also contains formulas for calculating the university's
competitiveness in dynamics, defined as the ratio of the number of criteria that
received a positive assessment to those that received a negative assessment p
periods ago. A scale of comparison of universities by level of competitiveness was
built and described. A system of parameters that determine the competitiveness of
universities has been built, and the method of data coverage analysis is described,
which can be used for a preliminary assessment of the university's competitiveness

and is based on the constructed parameters.
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The third section describes the methods and models for evaluating the
competitiveness of educational activities of universities, together with their
information environment, which considers several important parameters or
indicators of university activity. It is indicated that the university information
environment changes over time, and this dynamic should also be considered in
evaluating the university's competitiveness. Formulas for comprehensive
evaluation of the competitiveness of educational activities of universities have
been developed. This is important because the evaluation results highlight those
components of the university's activities that need to be improved to increase the
recognition and prestige of the educational institution.

The fourth chapter describes the software module for evaluating the
competitiveness of the educational activities of universities, in particular modules
for collecting information about the activities of the university to evaluate its
competitiveness, the structural model of the implementation of the system for
evaluating the competitiveness of the educational activities of universities using
Web technologies, the technology for implementing the Web resource for filling
the database data with the parameters of the university's information environment
for assessing the competitiveness of its educational activities.

The practical significance of the results obtained in the dissertation is that:

1. The developed methods and models make it possible to carry out a
comprehensive assessment of the competitiveness of the educational activity of the
university, which allows comparing universities according to various categories of
educational activity and identifying those components of work that need
improvement.

2. The resulting tool is practically essential for local self-government bodies
and the state in terms of determining promising funding directions in the activities
of universities and university clusters.

3. In the long term, the use of the developed methods and models will

positively impact the development of educational activities of the state as a whole.
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4. The main provisions and results of the research were implemented and
applied in the activities of Yancheng Polytechnic College.

The obtained results, theoretically and practically, serve as the basis for
further scientific and applied research aimed at improving and ensuring the
sustainable development of universities and increasing their competitiveness. The
author published the work's main results in the following publications [1-10].

Personal contribution of the acquirer. The applicant personally received
the main provisions and results of the dissertation work. The work [1] describes the
process of modeling and evaluating competitiveness in education using the
example of the Zhejiang educational market. The work [2] describes the
development of the model of the mutual influence of the factors of competitiveness
of the university in the Yanchen cluster. The work [3] describes the features of
evaluating the competitiveness of educational activities, using the example of the
international educational programs of Weihai Vocational College and Shanghai
Transport University. The work [4] describes the list of parameters of the
educational activity of the university, which are necessary for building the
university's information environment. The work [5] describes developing a model
of the mutual influence of university competitiveness factors in the Yancheng
Cluster. The materials from international conferences were also published, in
which the provisions of the dissertation work are revealed in more detail [6-10].
The work [6] was published in the edition indexed in the Scopus scientometric
database.

Approval of the results of the dissertation. The main results of the work were
reported, discussed, and received a positive evaluation at international conferences
"Information technologies and interactions", Kyiv (2018), "Project Management in
the Development of Society", Kyiv (2019), "Information Modeling Technologies ,
Systems and Complexes", Chernivtsi (2019), "Technology Development
Management", Kyiv (2020), IEEE conference "Smart Information Systems and

Technologies" (SIST-2021), Astana, Republic of Kazakhstan.
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Publications. Based on the dissertation materials, 10 scientific works have
been published, including: 4 scientific articles in specialized publications of
Ukraine, 1 article in a publication that is not included in the list of the Ministry of
Education and Culture, 5 materials of international conferences, one of them in a
publication that is indexed by the Scopus database. The main results of the work
were obtained by the author personally. Of the scientific works published in co-
authorship, the dissertation research describes those provisions resulting from the
author's work.

Structure and scope of work. The dissertation consists of an introduction,
four chapters, chapter conclusions, main conclusions, a list of references and
appendices. The total volume of the dissertation is 141 pages, including 14 figures,

9 tables, a bibliography of 101 titles and 2 appendices.
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CHAPTER 1. ANALYSIS OF THE CURRENT STATE OF
COMPETITIVENESS ASSESSMENT OF THE EDUCATIONAL
ACTIVITIES OF UNIVERSITIES

1.1. System-dynamic modeling of educational activity as a project in the

activities of universities

Digital transformation in education refers to the integration and use of digital
technologies to enhance and revolutionize teaching and learning processes. It
involves leveraging digital tools, resources, and platforms to improve educational
outcomes, streamline administrative tasks, and create a more efficient and
engaging learning environment. Digital transformation in education encompasses a
wide range of initiatives and changes, including:

1. Incorporating digital tools and devices into classrooms to support
teaching and learning. This may include interactive whiteboards, tablets, laptops,
and educational software.

2. Implementing virtual learning environments, learning management
systems (LMS), and online platforms to facilitate remote and flexible learning
opportunities. This allows students to access educational resources and interact
with instructors outside of traditional classroom settings.

3. Utilizing data analytics and educational technology to track and
analyze student performance, enabling personalized learning experiences. Teachers
can use data to identify areas where students may need additional support and
tailor their instruction accordingly.

4. Promoting collaborative learning through digital tools and platforms
that enable students to work together on projects, share resources, and
communicate effectively.

5. Combining traditional face-to-face instruction with online learning
experiences. This approach allows for greater flexibility and customization in

learning, catering to individual student needs.
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6. Leveraging digital tools for more effective assessment and timely
feedback. This may include online quizzes, automated grading systems, and
interactive assessment methods.

7. Streamlining administrative processes such as enrollment, grading,
and communication through the use of digital tools and platforms, reducing
administrative burdens on educators.

8. Providing educators with opportunities for ongoing professional
development through online courses, webinars, and other digital resources to
enhance their digital literacy and teaching skills.

9. Ensuring that digital transformation efforts consider the accessibility
needs of all students, including those with disabilities, to create a more inclusive
learning environment.

10. Implementing adaptive learning technologies that tailor educational
content and experiences based on individual student progress and needs.

Digital transformation in education aims to prepare students for the
challenges of the digital age, enhance the quality of education, and provide more
equitable access to learning opportunities. It also plays a crucial role in preparing
students with the digital skills and literacy required in today's technologically
advanced society.

The educational activity of universities includes a wide range of actions and
processes aimed at ensuring quality education and training of qualified specialists:
students of higher education, students of advanced training courses, etc. It is
possible to single out several components of the educational activity of universities
which are especially relevant in the conditions of digital transformation. The first
component of educational activity concerns training: development and
implementation of various academic programs (bachelor's degree, master's degree,
doctorate) in various fields of knowledge, conducting lectures, seminars and
practical classes for students.

The second component concerns scientific research activities: conducting

scientific research and developing new knowledge in various fields. Publication of
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research results in scientific journals and conferences. The third component
concerns pedagogical activity and includes training qualified teachers and
scientists and developing teaching methods and educational materials. The fourth
component concerns international cooperation: providing opportunities for
students and teachers to participate in international exchanges and implementing
joint projects and scientific programs with other universities. It is also possible to
highlight individual components of educational activities, such as: cultural and
social activities, career counseling and support. All these aspects form the
comprehensive educational activity of universities, aimed at deep and
comprehensive development of students, as well as contributing to the
development of science and society.

Educational activity in universities 1s a project or a complex of projects with
a goal - to develop the university and increase its competitiveness. The university's
competitiveness is an essential aspect of its development and success. To be
competitive, a university must effectively implement several strategies and
practices reflected in various aspects of its activities.

As a set of activities or tasks, projects have a specific goal (scope), which
will be completed within certain specifications (requirements), defined start and
end dates, have funding limits, and have limits on consumption and/or use of
resources [11].

Project management, particularly in educational activities, has proven useful
in planning and managing the activities of universities. This is largely because
project conditions and performance evolve. This has made the application of
system dynamics to project management a productive field for research. Many
models have been developed to improve project management, particularly in
university management. These models include some of the features of systems and
characteristics of system dynamics. For example, basic project models such as the
critical path method for phase design and cost control modeling use projected
performance gaps (such as budget shortfalls) to allocate funds. More advanced

models, such as computational models, are developed in [12]. In some works, the
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authors focus on the structure of the model, while others focus on the use of the

model and describe the structure of the model only in general terms [13, 14].

In the context of digital transformation in education, project management
plays a crucial role in implementing and overseeing various initiatives. Here are
some features and considerations specific to project management in the conditions
of digital transformation in education:

1. Clearly define the goals of digital integration in education, whether it's
the implementation of a learning management system (LMS), adoption of online
collaboration tools, or any other technological initiative. Outline the scope of the
project, identifying the specific areas of education that will be impacted by digital
transformation.

2. Foster collaboration and communication among stakeholders,
including educators, administrators, IT professionals, and students. Establish
mechanisms for obtaining regular feedback from stakeholders to ensure their needs
are considered throughout the project.

3. Conduct a thorough assessment of the existing technology
infrastructure to identify strengths, weaknesses, and areas that need improvement.
Plan for scalability to accommodate future growth and changes in technology
requirements.

4. Provide training and support for educators to enhance their digital
literacy and teaching skills. Develop a comprehensive budget that includes costs
for technology acquisition, training, and ongoing maintenance.

5. Embrace an agile project management approach to adapt to changes
and incorporate feedback quickly. Break down the project into smaller,
manageable phases with iterative development and testing.

6. Ensure compliance with data security and privacy regulations to
protect sensitive student information. Implement robust user access controls to

safeguard digital educational resources.
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7. Integrate collaboration tools and communication platforms to facilitate
seamless interaction among project team members. Utilize project management
dashboards for real-time tracking of progress, milestones, and potential issues.

8. Develop and implement change management strategies, including
training programs for educators and staff to embrace new digital tools. Establish
effective communication plans to inform stakeholders about changes, updates, and
the benefits of digital transformation.

9. Define and monitor key performance indicators to assess the success
and impact of the digital transformation project. Implement a continuous
improvement process based on feedback and evaluation results.

10. Prioritize a user-centric design for digital tools to ensure a positive
and intuitive user experience. Ensure that digital resources are accessible to all
students, including those with diverse learning needs.

When modeling the project, in particular, in the activities of universities, the
following aspects can be distinguished:

1. Features of the project. Projects almost always consist of a set of tasks that
are performed in parallel and series. Thus, the main feature of all dynamic project
modeling systems represents the development tasks or work packages they perform
throughout the project.

2. Recycling cycle. System dynamics has many canonical structures used in
most specific models' dynamics. In WIP inventory (work-in-process inventory),
the structure in supply lines [15] and urban dynamics [16] are examples. The
scheme of the recycling cycle is described in Figure 1.1. Works [17 - 19] describe
more details about this cycle.

3. Feedback control: Modeling, analysis, and control improvement of
dynamic systems is the goal of applying system dynamics. Since project managers
strive to complete the tasks on time, within the budget, with high quality, and with
the satisfaction of all requirements, the simulation of feedback control cycles is

carried out. This 1s inherent in the educational activities of universities. The
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purpose of such cycles is to reduce the gap between project executors and
customers (Fig. 1.2.) [20].

4. Ripple and Knock-on effects: the politics of resistance and random effects
are the main explanations used in system dynamics for many adverse situations
(Fig. 1.3., Fig. 1.4.). These effects are mainly manifested in the process of digital
transformation, which is characteristic of all universities and the entire education

system, which manifested itself in particular during the pandemic.
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While the primary negative ripple effect and knock-on feedback are usually
modeled by system dynamists as internal to the project, negative customer
feedback (students, course participants) can initiate or complement the project's
internal dynamics [21-23]. Such external actions include:

« clients often change requirements, triggering project management actions,
ripple effects and knock-on effects, thereby slowing down otherwise successful
projects;

« Unsatisfactory execution of project tasks and changes in execution deadlines
can reduce clients' trust in the project team, with subsequent demands for more
reports;

» reduced client confidence may also lead to client reluctance to accept further

delays to the final schedule, increasing schedule pressure and increasing project

management challenges.
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Thus, the elements of system dynamics can be useful for managing and
evaluating the competitiveness of educational activities of universities [24-33], in

particular in the conditions of digital transformation.

1.2.  Methods of evaluating the competitiveness of universities based on the

project approach

The effective functioning of higher education is the key to training high-level
specialists. These specialists are the basis for ensuring the rapid development of
society promoting development and innovation in various social spheres. High-
quality higher education plays a significant role in increasing the country's and
society's overall competitiveness. Therefore, the issue of evaluating the quality of
higher education and the productivity of training specialists has always been
relevant for research [34-37]. For evaluation, educational environments are created
where universities function and interact with other universities within the
framework of joint scientific and educational projects. Multi-criteria methods for
selecting the best higher education institutions and scientists from among their
employees are also being created [38-40].

Monitoring competitiveness is a higher-level task than simply evaluating the
effectiveness of education. After all, the competition between higher education
institutions for leadership in this field is an incentive for the training of high-
quality specialists. In turn, this goal has scaled to the level of the state and the
corresponding region. This is because trained specialists increase the state's
competitiveness in the future. That is, monitoring and increasing the
competitiveness of higher education institutions has excellent academic
significance [41, 42].

The work [43] describes measures and strategies for improving the
educational competitiveness of colleges and universities at the regional level. At
the same time, these measures include the internationalization of scientific and

educational activities. The work [44] identified the competitive advantages of
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higher education in China and proposed appropriate improvement strategies.
Methods of increasing the competitiveness of higher education in cross-border
regions based on an education audit are described in [45]. It was pointed out that
audit is the only way to increase the competitiveness of higher education. In work
[46], the issue of management of competencies and innovations for transforming
higher education. In [47], an analysis of the competitiveness of higher education, a
model for creating a competitiveness index, was carried out. Then, based on this
model and the corresponding index, a comparison of the competitiveness of
China's higher education with other countries was made. The work [48] analyzed
the impact of reputation in higher education on competitiveness. In [49], a fuzzy
estimation method based on resource allocation is discussed. The work [50]
analyzes the key factors affecting the educational competitiveness.

It should be noted that various higher education institutions provide training
in various specialties (IT, humanities, mathematics, physics, etc.). All these
directions can be completely heterogeneous, so it isn't easy to conceptually
approach the monitoring of the competitiveness of such universities. There is also
a different understanding of competitiveness. Scientists include various indicators
in it. In general, for assessing competitors, opportunities are often traditionally
distinguished: assessment of educational activity, scientific activity, international
activity, financial activity, graduates' employment as an assessment of their
qualification level, and existing university infrastructure [51].

However, the indicated list of indicators could be better. Due to the
heterogeneity of international, scientific, and educational activities in various fields
of knowledge, it is challenging to adequately evaluate universities that provide
educational services in various fields. It is necessary to develop a system of
parameters that influence the increase in the competitiveness of universities,
especially in the conditions of digital transformation.

Evaluating the competitiveness of universities is a complex and
multidimensional process that includes the analysis of various aspects of the

activity of educational institutions. There are several methods and criteria for
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evaluating the competitiveness of universities. Here are some of them:

1. Academic performance. Using national and international rankings such as
QS World University Rankings, Times Higher Education (THE) World University
Rankings, Academic Ranking of World Universities (ARWU) to get an overall
picture of competitiveness. Analysis of the number of scientific publications, their
influence and citations.

2. Quality of the educational process. The success rate of entrants, the rating
of applicants, the level of graduates and their achievements on the labor market.
Qualification, scientific degree, teaching experience and other criteria of the
teaching staff.

3. Scientific and research activity. The level of the university's involvement in
research work, participation in national and international scientific projects.
Number of patents, developments and their practical value.

4. International cooperation. The level of international mobility. Development
of a network of academic partnerships.

5. Infrastructure and resources. Level of funding, availability of grants and
sponsorship. Quality of classrooms, research laboratories and libraries.

6. Reporting and management. The level of transparency, the efficiency of the

use of resources, the participation of the university community in decision-making.

1.3. Analysis of modern provisions in the management of university
educational projects to increase their competitiveness

Monitoring is a process of systematic observation, control, and data
collection about particular objects, phenomena, or processes. The primary purpose
of monitoring is to obtain up-to-date information about the state of the object or
phenomenon to make informed decisions, detect anomalies in time, respond to
them, and improve the control process.

The competitiveness of a higher education institution is the ability of a
higher education institution to compete effectively in the market of educational

services and gain a particular market share or increase its position relative to other
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players in this field, that is, other higher education institutions. Competitiveness is
an essential factor for the successful operation of a higher education institution.
The competitiveness of a higher education institution is essential for attracting
students, ensuring their high-quality education, and preparing them for a successful
career.

To organize monitoring of the competitiveness of a higher education
institution, it is necessary to collect data on various types of activity of a higher
education institution during a specific period and save them for processing. Data
should be open, verifiable, transparent, and easy to verify. They should be free
from the influence of the subjective factor. This is important to ensure an unbiased
assessment of the activities.

The model for monitoring a higher education institution's competitiveness
includes several steps and components that help analyze and evaluate the
institution's effectiveness in competitive conditions. Here is the general model for
monitoring the competitiveness of HEIs:

1. Determination of key performance indicators. These indicators include
academic quality, reputation, foreign partnerships, number and quality of students,
financial sustainability, etc.

2. Data collection. After collecting a list of key indicators, develop a data
collection system for these indicators. This may include analysis of existing data,
student surveys, alum surveys, financial statements, etc.

3. Data analysis and evaluation. After the data has been collected, it is
necessary to conduct an analysis and evaluation to find out how the institution of
higher education compares to its competitors. Determination of strengths and
weaknesses of a universities.

4. Setting goals and strategies. Based on the analysis results, setting goals
and developing strategies to improve competitiveness is necessary. These goals
and strategies should be specific, measurable.

5. Implementation of measures. Implementation of strategies aimed at

improving competitiveness. This may include modernization of programs,
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improvement of the quality of education, development of marketing campaigns,
improvement of financial stability, etc.

6. Monitoring and evaluation of results. Constantly monitor the impact of
strategies on the institution's competitiveness. Use the metrics to determine
whether you have achieved your goals and adjust your actions accordingly.

7. Reporting and communication. Reporting to stakeholders such as
administration, faculty, students, parents, financial sponsors, etc.

8. Adaptation and improvement. Based on the obtained results, it is
necessary to make adjustments in the strategy and activities to maintain or improve
the competitiveness of the higher education institution.

The process of fundamental economic and social changes, the transition to
a market economy and a multi-system economy poses new challenges to
management. The movement along the path of strengthening the specialization of
management will allow more dynamic changes in the methods of training
specialists, taking into account the advanced achievements of science and changes
in social needs. Therefore, in order to ensure the effective operation of educational
organizations in modern conditions, it is necessary first of all to improve their
management systems [52, 53]. Such improvement is related to the need to use
modern management methods in the implementation of almost all types of
activities, and primarily it concerns the scientific component of educational
institutions. Scientific research is the basis for the formation of the professorial
staff of the university. The transmission of scientific results of universities into the
education system contributes to the formation of highly qualified specialists who
receive modern knowledge and the necessary competencies [54].

The world has accumulated considerable experience in improving
educational management systems [55-58]. If the differences in management
organizations at the level of primary education are insignificant, then at the level of
higher education management organizations and national education management
organizations, the differences are quite significant.

The formation of the organizational structure of educational institutions is
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influenced by four main factors:

- national traditions;

- the general concept of higher education management adopted in this
country;

- the scope of professional training and the scope of scientific research at
the university;

- autonomy of the university.

Let's consider some key organizational models of management in the
educational sphere, which are used in developed countries and can determine the
competitiveness of universities. These models can take the form of centralized or
decentralized management [59-61]. One of these models is centralized. Education
management in countries such as Ukraine, Russia, France, Germany, Sweden and
others is characterized by a significant degree of centralization [62-66]. In these
countries, all educational institutions are subordinate to the Ministry of Education.
State bodies regulate the day-to-day activities of educational institutions, develop
educational standards and provide financial support. Usually, universities in such
countries have a centralized structure with broad powers for managers at different
levels. Decisions, both academic and administrative, are often made at the central
level of management.

It is clear that in this case, the implementation of projects related to the
external aspects of the educational institution receives support from external
management bodies. However, the lack of autonomy of higher educational
institutions leads to a lack of authority of the managers of such projects, since the
launch of projects that require external financing is complicated by long-term
coordination with external financial donors.

The decentralized model of education management differs from the
centralized model in countries such as Great Britain, the United States, Denmark,
and the Netherlands [67, 68]. In these countries, the central education management
bodies are limited to defining the overall development strategy, allocating

appropriate financial resources and monitoring the directions and results of the
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activities of educational institutions, without interfering in the current activities.
Management of day-to-day activities is carried out mainly at the regional and local
levels through various intermediate governing bodies as well as specific
universities. It i1s important to note that at the level of a separate educational
institution, management is practically decentralized [69].

The main structural units in an educational institution in the system of
decentralized management [69] are branches or departments, which have more
autonomy and freedom. The heads of these departments act as key officials in the
institution's administration system. Decisions made at the departmental level
determine the content and direction of the university's activities. The higher levels
of the hierarchy only record and approve what is decided at the branch level.
However, they use their resource allocation function as leverage.

Let us note a vivid example of a decentralized management system in the
education system of Great Britain [69]. It should also be noted that the economic
and legal relationship between the state and universities in Canada 1s complex. A
similar, but slightly different version of the decentralized organizational structure
of educational institutions exists in the USA [69].

The main barrier to organizational changes in educational institutions is the
dominant position of traditional management methods based on hierarchical
functional and disciplinary departmentalization of educational and scientific
activities [70—72]. In general, it is believed that the hierarchical structure of the
university can be improved with the help of changes in the number and
reorganization of units, but this cannot lead to significant improvements in
organizational relations [73, 74]. However, management development and
organizational transformation require a change in structural relations within the
organization. This means moving from one type of structure to another. A new
organizational type can be both well-known and innovative, created in accordance
with a change in the external environment [74].

The main characteristics of the development of the management of

educational institutions are the definition of new tasks, revision of the foundations
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of management, consideration of the personnel potential of the organization and
informatization of decision-making processes [72—74].

Poor management in any field is a major cause of problems, including
education. In developed Western countries, it is believed that the system of higher
education should have built-in self-regulation and independent management. This
involves the transition to selective financing of universities depending on their
rating, the development of competitive principles in the field of higher education,
and the minimization of the centralized administrative influence of the state on the
activities of universities.

The modern development of education is significantly influenced by the
demands of society, which is rapidly changing in the conditions of the
development of information technologies, the improvement of communications
and access to educational information, as well as new types of educational services
and products in a globalized world. Modern educational institutions should
consider their development as a strategy for creating value for society and the
individual on the basis of person-oriented education for the development of
abilities, skills and knowledge, and the formation of professional training
competencies of graduates.

The existing practice of determining the quality of educational activities of
educational institutions, as a rule, is focused on evaluating the success of students
in acquiring knowledge. At the same time, the level of assimilation corresponds to
the requirements of education standards. In assessing student success, education
authorities and users of educational services place different values on end-of-
learning assessments and interim assessments that provide continuous feedback to
adapt learning to individual student abilities. Intermediate assessment provides
information about the current level of knowledge and the degree of their
assimilation within the framework of educational activities.

The creation of a quality management system for the scientific and
educational activities of educational institutions based on value profiles is

becoming an urgent need in the modern development of education in Ukraine.
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Currently, there are various international methods for evaluating the activities of
higher education institutions, in particular, the QS rating and the Shanghai rating,
which take into account different indicators.

The QS rating takes into account the following indicators [75]: index of
academic reputation, index of reputation among employers, ratio of the number of
teaching staff and students, index of citations of scientific articles by teaching staff
in scientometric databases (Scopus) in relation to the number of teaching staff, the
share of foreign teachers and students.

The Shanghai ranking [76] takes into account the following indicators: the
number of articles published in Nature or Science, the number of cited publications
(SCIE and SSCI citation index), the number of professors who received the Nobel
or Fields Prize, the number of cited publications, the number of graduates who
received the Nobel or The Fields Prize, the ratio of the specified indicators to the
number of university personnel.

The site "Osvita.ua" [77] compiled a consolidated rating of Ukrainian
universities for 2016, using various national and international ratings, such as
"Top-200 Ukraine", "Scopus" and "Webometrics". The methodology "Top-200
Ukraine" [78] takes into account the index of quality of scientific and pedagogical
potential, the index of quality of education and the index of international
recognition. In particular, innovative activities of universities are taken into
account.

The growth of competition between universities for limited resources
determines the main factor in the change of the external environment. Recently,
there has been a rethinking of society's attitude to work in the educational sphere,
which leads to insufficient motivation for teachers of higher educational
institutions. Economic crisis phenomena cause a decrease in the demand for
specialists, which leads to the limitation of financial support of educational
institutions.

A significant decline in the birth rate in Ukraine at the beginning of the

2000s led to a noticeable decrease in the number of potential applicants,
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intensifying competition between universities in the domestic market of
educational services. Ukraine, participating in the global educational process, also
faces growing competition from foreign universities. According to the analytical
center CEDOS, 1n 2016-2017, about 60,000 Ukrainians studied abroad, and this
number may increase to 68,000 in the current academic year [79].

In such an environment, project-oriented management of universities
becomes important for the development and implementation of long-term measures
for the formation and maintenance of competitive advantages in the market of
educational services. The management of higher educational institutions most
often directs its efforts to the implementation of strategic programs aimed at
achieving results in one of the priority areas, namely the improvement of
management processes.

The existing system of evaluating the results of the educational activities of
universities by the central educational management bodies does not contribute to
the introduction of new principles and mechanisms for achieving and constantly
improving the quality of scientific and educational activities. This system only
registers certain, not always reliable, indicators without taking into account the
possible reasons for their formation.

The quality management system of higher education institutions should be
based on the created values for educational institutions. This model makes it
possible to synthesize and determine the optimal structure and powers of higher
education units in a single integrated system to achieve the necessary indicators of
the quality of educational work. The essence of the project management
methodology is the correct coordination of executors, equipment, materials, funds
and works for the successful implementation of a specific project within the given
time, budget and to the satisfaction of the customer's (consumer's) conditions [80 -
101].

The evaluation of the competitiveness of research work of universities is a
standard component of the management of educational and research institutions.

The functioning of universities is often considered as a set of projects, each of
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which represents a vector in the space of scientific, educational and administrative
activities. Evaluation of the results of these types of activities determines the
coordinates of the corresponding vectors. Other approaches offer parametric
models for determining the quality of university work, which involves tracking
changes in various types of activities and predicting their subsequent results.
Others use a Markov chain to predict transitions between states of a university
defined by states.

Despite the difficulties and failures that often arise in educational projects
implemented by domestic managers and specialists, the transition to professional
project management is important. The community of educational projects and their
executors in the Ukrainian education system are faced with the increasing
complexity of tasks, which requires the development of specific approaches and
project management tools. These approaches should reflect the peculiarities of the
educational sphere, in particular:

« informational and product nature of most educational projects;

* close integration of project and functional management, the existence of
operational and procedural projects;

» use of specific (non-network) methods of planning the educational process;

* vagueness in the organization of execution of work complexes;

« difficulty in determining the persons responsible for the performance of
works;

» significant dependence on the decisions of the Ministry of Education, etc.

The use of project management methodology in the field of education is an
urgent task that will allow to create a dynamic system and make the education
management of Ukraine more flexible, coordinated, purposeful and high-quality
[81]. In modern literature, a significant amount of research is devoted to the
implementation of project management methodology in the educational sphere,
defining it as a necessary direction. This methodology can help in solving the issue
of university management and increasing the competitiveness of the university in

the conditions of digital transformation. Accordingly, the relevance of developing
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methods and models for evaluating the competitiveness of universities 1is
confirmed.

For the effective functioning of educational institutions in modern conditions,
it is critically important to improve their management system. This improvement
involves the use of modern management methods in all aspects of their activities,
including scientific, educational and organizational. For the most part, scientists
agree that the higher education system should be independent and self-regulating.
The independence of the higher education system involves the minimization of the
centralized administrative influence of the state on universities and the
development of competitive principles in the field of higher education, including
the transition to selective priority funding depending on the rating.

Existing methods of assessing the productivity of subjects of scientific
activity have their shortcomings. For example, the convolution method requires the
correct selection of weighting factors, which can be difficult to achieve due to
subjectivity in each subject's understanding of directions with important results.
The ideal point method requires constant refinement of this point and expert
evaluation, which also introduces a subjective element into the comprehensive
evaluation.

The development of a new comprehensive method of evaluating the
productivity of subjects of scientific activity, which can become an effective tool
for the management of higher education institutions and their structural divisions,
such as departments, faculties and institutes, is urgent. This method should be
easily automated for use in higher education management systems.

Another drawback of existing methods is the need for constant intervention in
the process of calculating the subjective factor, coordination of experts' opinions,
and changes in the system of coefficients when evaluation priorities change. The
developed method of evaluating the productivity of subjects of scientific activity
has the advantage of easy automation, the absence of the need to involve experts,
and the absence of the need to select weighting factors or an ideal point during the

construction of a comprehensive assessment. In figure 1.1. and 1.2. the main
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indicators of university evaluation according to the QS ratings and the Shanghai
rating are described.

Webometrics claims that citation analysis for quality assessment allows for a
broader coverage of higher education institutions than citation analysis or expert
surveys. This ranking encourages academics and institutions of higher education to
increase and improve their online presence. This contributes to the dissemination
of knowledge and provides a more objective assessment of the results of activities
through their public discussion. The Webometrics methodology uses a predefined
model to derive an overall metric. This approach takes into account the power
distribution law of data. All indicators are divided into two groups:
activity/presence and visibility/impact. Each of these groups has an equal value

and as a result gives half of the overall rating of the institution of higher education.

Table 1.1.

Indicators of evaluation of universities according to the QS rating

Activity Indexes wlzféiiv‘;)
— academic reputation
Academic - Hindex o 40
community - fa.culty citation . '
— scientific and pedagogical staff with
scientific degrees
— reputation of the employer
— presence of employers in the student 20
Employers campus
— employment rate of graduates
— results of graduates
— the number of scientific and
Teaching pedagogical workers relative to the 30
number of students
— student exchange
International — share of teachers from other countries
activity 10
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Table 1.2.

Indicators of evaluation of universities according to the Shanghai rating

Relative
Activity Indexes
weight, %

Quality of educati —  graduates of the institution who
uality of education

received Nobel and Fields prizes 10
—  graduates of the institution who 20
Faculty quality received Nobel and Fields prizes
—  citation of publications by faculty 20
members
—  Scientific publications published in | 20
Nature and scientific publications
Research results indexed in Science Citation Index- 20
Expanded and Social Science Citation
Index
Efficiency —  Learning outcomes per student unit | 10

Common to the methodologies discussed above is the determination of
university competitiveness results based on several groups of indicators. In
particular, each of the considered ratings takes into account such groups of
indicators as:

— the number of scientific publications of employees of higher education
institutions indexed in scientometric databases (Scopus, Nature, Science, etc.);

— citation indicators (SCIE — Science Citation Index — Expanded, SSCI —
Social Science Citation Index, etc.);

- high-quality staff of higher education institutions, in particular the number
of professors, award winners, foreign teachers and scientists involved.

To determine the number of scientific publications of university employees,

you can use the following methods:
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1. Bibliographic databases. Use scientometric databases such as Scopus,
Web of Science, or Google Scholar to search for publications by specific author or
university. Many universities also provide access to their library systems for
searching the research papers of their employees.

2. Institutional repositories. Many universities have their own institutional
repositories where the scientific publications of their staff are stored and
searchable.

3. Specialized services. Use online services that specialize in analyzing the
indexing of authors and their publications. For example, ORCID can provide
unique identifiers for authors and help track their publications.

4. University information systems. Contact the information systems of your
university or its department of science and research for statistics on the number of
scientific publications of employees.

5. Expert assessments. Contact the academic or research departments of the
university for peer reviews or reports on the scientific activities of employees.

6. Altmetry. Use altmetric services that take into account the social influence
of posts, such as Altmetric or PlumX.

Citation rates include various metrics that determine how often the articles
of a given author, journal, or scientific paper are cited by other researchers. Major
databases such as SCIE (Science Citation Index Expanded), SSCI (Social Science
Citation Index) and others determine the citations of scientific publications. Below
we consider some key indicators of citation:

1. Impact Factor (IF). IF is a metric calculated for scientific journals. It
represents the average number of citations per article published in the journal
during a certain period. It is defined as the ratio of the number of journal citations
to the number of articles published in this journal.

2. Hirsch Index (h-index). h-index is defined as the number at which an
author has h articles, each of which has at least h citations. This indicator evaluates

the quality and number of cited publications of the researcher.
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3. Citation Count (Number of citations). A simple sum of all citations
received by an author or article can serve as an indicator of total citations.

4. Eigenfactor Score. This metric measures the importance of a journal based
on the number of citations that come from other important journals. It is used to
evaluate the influence of journals in the scientific community.

5. Field-Weighted Citation Impact (FWCI). FWCI calculates the weighted
impact of citations for a particular discipline or science.

Determining the quality of employees of higher education institutions may
include a number of indicators that indicate a high level of professional
qualification and active scientific and educational activity. Among these indicators,
the main role is played by the number and rank of professors. An important
indicator of the quality of staff is the number of professors in a higher education
institution. The professorial corps, especially those with high academic degrees,
testifies to a high level of scientific and pedagogical expertise. Also an important
indicator is the number of prize winners and outstanding achievements of
employees. The number and level of awards, such as national and international
prizes, can serve as indicators of high academic expertise and significant
contributions to science and education. Another indicator is the involvement of
foreign teachers and scientists. Attracting highly qualified foreign specialists may
indicate international recognition and the desire to develop international academic
ties.

Participation in scientific projects and work on scientific publications are
also taken into account to determine the quality of university employees. Active
participation in scientific research and a high level of publications are also
important indicators of academic productivity and quality. Also, an important
indicator is the success of students and graduates, their participation in
competitions, awards, success in the labor market, which can indicate the quality of
the education provided.

The obtained results of the analysis are important for evaluating the
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competitiveness of universities.

Conclusions to chapter 1

1. The chapter describes the features of using system-dynamic modeling of
the educational activity of universities, identifies the key aspects that affect
the positive dynamics of the university's development from the point of
view of system dynamics. It is indicated that the use and improvement of
the project management methodology applied to the educational activities
of universities is a guarantee of their progressive development and
increased competitiveness, especially in the conditions of digital
transformation, which the education system is currently experiencing.

2. It is shown that evaluating the competitiveness of universities is a complex
and multidimensional process, which includes the analysis of various
aspects of the activity of educational institutions. The main methods and
criteria for evaluating the competitiveness of universities are indicated,
which include the calculation of academic indicators, indicators of the
quality of the educational process, research activities of the university and
international activities, evaluation of the university infrastructure and
resources, as well as the effectiveness of management and reporting in
general. A review of these indicators is necessary for further calculations
and the construction of methods for evaluating the competitiveness of
universities.

3. An analysis of modern provisions in the management of educational
projects of the university was carried out. It was revealed that the existing
practice of determining the quality of educational activities of educational
institutions, as a rule, is focused on evaluating the success of students in
learning knowledge. However, for a full-fledged and comprehensive
assessment of the competitiveness of universities, all components that

affect this activity are important. The need for a comprehensive study of
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them is especially evident in the conditions of digital transformation.
Accordingly, the relevance of developing methods and models for

evaluating the competitiveness of universities is confirmed.
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CHAPTER 2. THE CONCEPT OF ASSESSING THE COMPETITIVENESS
OF UNIVERSITIES AS PART OF THEIR EDUCATIONAL ACTIVITIES
IN DYNAMICS

2.1. A multiple model of presenting data on the educational activity of

universities and a method of calculating their competitiveness

The conducted analysis confirmed that the current method of
implementation of projects in the educational sector already at the initial stage does
not fully meet the current requirements. The evaluation of the competitiveness of
universities in such a context is also complicated. According to the traditional
model of project management, their essence is considered as an internal element of
the management system, which does not stand out from the general context of
analysis, planning and implementation, but is a component embedded in this

general scheme (see Fig. 2.1).

Project-oriented activities of universities

Project- 1

Project management 1

Project - 2 I/

Project management 2

Project - n

Project management n

Figure 2.1. — Project-oriented project implementation scheme in universities.

The traditional model of project implementation in universities leads to the
fragmentation of managerial activities, an increase in the volume of interactions

between project participants and the presence of different concepts, approaches,
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principles, methods and management regulations, which leads to high costs and
time spent on the implementation of individual projects and the inefficiency of
their management. Standardization of approaches and minimization of costs for
managing individual projects is possible if a single system of organization,
methodology and technology is implemented, particularly in the field of university
education. The need to create a project management system is due to the following
arguments:

1. With a limited number and simplicity of projects, they can be managed
independently of each other. However, if the number of projects is doubled, the
cost of managing them will not double, but many times over.

2. When the complexity of project implementation doubles, management
costs increase not by two, but by three to five times or even more. The regularity of
the increase in costs is due to the fact that with an increase in the number or
complexity of projects, the number of interactions in their management grows
exponentially.

3. To avoid an endless increase in management costs when the number or
complexity of project implementation increases, it is necessary to streamline all
interactions in the process of managing them.

It is necessary to define a standard part of management functions, which will
be the same for all projects, and to centralize it. The remaining functions should be
clearly regulated to eliminate impacts on project management, i.e. create a project
management system. This is important in the conditions of digital transformation
of education. A qualitatively built system will allow you to effectively and quickly
determine the competitiveness of the university and respond accordingly to
possible shortcomings in educational activities.

To implement such a system, it is necessary to determine the general and
characteristic features of projects and, taking into account their specifics, to
develop the scientific and methodological foundations of project management in
the educational sphere. In modern information systems, great importance is

attached to a special type of information resources, which are known as metadata.
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This includes bibliographic descriptions of used sources in scientific publications,
various classifiers and article annotations - all these elements refer to the metadata
of scientometric subjects, which have the task of assigning a unique identification
to scientometric subjects.

Despite the fact that metadata is currently receiving considerable attention,
the interpretation of the term "metadata" remains unstable. Depending on the field
of application and purpose of metadata, the term requires certain adjustments and
modifications that change their properties and functions.

Consider the history of attention to metadata management. In the 1970s, in
the context of information systems working with structured data, metadata
management began to receive serious attention. The concept of a data dictionary
system has been proposed, and a number of similar systems have been developed.
A little later, the concept of integrated data reference dictionaries appeared -
database management systems that perform the traditional functions of databases
and at the same time the functions of a data dictionary-reference system.

During the last two decades, metadata has become the object of many
studies, especially in the context of the development of semantic-web technology,
electronic libraries and other information technologies. This has led to an active
standardization of metadata, with international standardization bodies, industry
consortia, scientific and other organizations playing a leading role.

In advance, it is important to clearly define the term "metadata". Metadata of
scientometric subjects are structured data that are characteristics of the described
entities. The main purpose is to classify, search, evaluate and manage them. The
task of scientometric metadata is to define the terminology of scientometric
identifiers, classify information objects in the relevant system and formalize the
laws of their creation and use.

It is rightly argued that data in a particular information system reflect
abstract or material entities such as objects, processes, and phenomena. In this
case, it is appropriate to talk about information objects - blocks of information that

represent the relevant entities in the information system. Metadata describing these
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objects or their group is an effective means of managing information processes on
a given set of information objects. In figure 2.2. the scheme of connections in the
information system for assessing competitiveness is indicated. According to this
scheme, it can be seen that for the stable operation of the competitiveness
assessment system, it is necessary to collect a sufficient amount of information

about the educational activities of universities.

—— Digital transformation of education

= S,
-~ .,
/ D Y x
4 . : Information system for assessing :
Educational S N
activity of the competitiveness
university . :
I - ! Information ! |
\ | about educational Metadata : /
activities J/

Figure 2.2. — Scheme of connections in the information system for assessing

competitiveness

The scheme of metadata for the description of the model of educational

activity of universities is shown in Table 2.1.

Let's assume that the evaluation of the educational activity of the university
is a numerical indicator that reflects the general level of compliance with the
requirements and criteria established by the Ministry of Education and Science of
the country. It is assumed that each university must meet the requirements imposed
on it, performing the specified tasks within the specified time and at the

appropriate level of quality.
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Table 2.1.

Metadata scheme for describing the information model

educational activities of universities

Name Description Elements and data types
subject = {string}
o . . Abstract = {text}
Scientific Information object of the .
o keywords = {string}
publication | first level o _ _
Bibliographic data = {link}
DOI = { numeric code }
o . Name = {string}
o Institution ~ of  higher . .
University . Specialty = {classifier}
education '
keywords = {string}
Name = {string}
description = {text}
Event Conference, workshop, etc .
keywords = {string}
Service = {lunch, buffet, hotel}
. first name = {string}
Determines the author(s) of _
Author o o ORCID = { numeric code }
the scientific publication o . o
Institution = {list of institutions}
S Patent = {document}
Limited in time, resources
' . Reward = {type, amount of
and quality requirements, a
' . reward }
Project unique set of processes _ o
_ . Funding = {institution, state}
aimed at creating new _
Equipment = {computer,
value .
projector}

To evaluate the educational activity of the university, it is assumed that the

university is the highest link in the hierarchy of scientometric subjects. So, it
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becomes obvious that in order to evaluate the educational activity of the university,
it is necessary to have calculation data for entities of a lower level. Among these
entities, you can specify articles published by the institution, journals (if the
institution is their publisher), as well as the authors of the relevant publications.

The main purpose of placing scientific works on the Internet is to create a
global database of scientists, scientific publications, scientific journals and
universities to determine the citation rating and competitiveness of the specified
subjects. The publication activity of scientific and pedagogical staff of the
university and the university's ability to publish scientific journals of a
correspondingly high category are equal to the potentially high competitiveness of
the university. Accordingly, publication activity is one of the parameters of
competitiveness. Educational activity includes publishing activity, since
component education cannot be considered separately from scientific, especially
for the activities of universities.

Consider the multiple model of presentation of scientific publications as a
system with an ordered set of the following elements and present it in the form of a

tuple:
N

(A,B,C,D,f, ), @.1)

1.2 :
where A:{a ,a ,...,ana} — multiple system users, a’, 1‘=1,Ila —r

system user, n, — the number of system users;

Bz{blabza---,bnb}— set of scientific and journalistic objects of the

system, b', i=1,nb — scientific publication, n, — number of scientific

publications;
C_ 1 .2 n, . .
=1€,C,...,C " r— set of system user applications, n, — number of

applications;
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1 12
D= {d 9d 5o -,dnd }— many messages to system users, ng — the number

of messages;

fo g — function to determine the score of posts, which takes into account the
number of external links received by posts B from users @, & € A | as well as the
"weight" of the user who is the author and refers to the corresponding publication.
When evaluating the activity of scientometric entities, we do not take into account
the quality of scientific publications. The set of scientific and journalistic objects B
of system A is determined by scientific publications available in this system, each
of which is determined by a set of attributes and metadata:

b; = {e, f, m, D}, (2.2)
where b, € B — scientific publication;

e — volume of scientific publication (number of words, number of
characters, file size including format, images, etc.);f — dopmat my6mikarii (*.doc,
*1tf, *.pdfi1.1.);

m — additional materials for publications (drawings, formulas, graphs,
schemes, diagrams, etc.);

M — a set of scientific publication metadata.

Application C will be considered a request from the user to publish a

scientific article b; and define it as a tuple:
C =(a".b;), CcAxB, (2.3)

where a' — the user who created the request;
b; — scientific article submitted by the user for consideration.
We will consider a message M to be a set of recommendations for

correcting/editing or approving the sent publication, which are defined by a tuple:
M;, =(C[,T,), (2.4)

where C; — request from the user;
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T = {T,, Ty, ..., Ty} — a set of messages and/or recommendations for

correction or approval of a scientific publication, k=1,n;, ny — number of
responses. Thus, we assume that some magazine J consists of n scientific and
journalistic objects Oy, y = I,n:
1={0,,0,,..,0,}, O, = B. (2.5)
For multiple releases Oy, relating to the respective journals J of some
university by some composition y, can be compared m, images (scientific
publications), each of which is a scientific and journalistic object s;, then we get:
Y,:J—>B,
v,(0,)=1{B",B;, ..., B} }, (2.6)
where B: —a number of scientific publications in the issue Oy.

In addition, it is necessary to ensure the fulfillment of the conditions for the

correct format of presentation of publications:

— Tmax?

| , Vb, €0, 2.7)
Dimin <D < Pims P; EM CD,?

o
€, <Crus €, €D}’

where €, — publication volume, b? * - number of words, number of
characters, file size including format, images, etc.;

€ max — maximum allowed volume of publication S?y ;

p; — article metadata attribute M, which reflects the number of internal links
in the publication b;” ;

(6]
Pi min — the minimum number of references allowed in a publication bi g

(0]
Pi max — Maximum number of references allowed in the publication bi .

Function f, 5 is based on calculating the product of the ratio of the total
volume ("weight") of a particular citation to the total volume of the text of a
scientific publication and the "weight" of the author who refers to the relevant
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publication. The criteria for assessing the quality and results of scientific activity
are the aggregated set of scientometric entities themselves E:
E=(B,J.I), (2.8)
where E — tuple of scientometric subjects;
B — a set of items to be evaluated;
J — a set of journals to be evaluated;
I — a set of universities to be evaluated.
Let's consider the set of components of DB scientific content as a
combination of data sets, metadata, and documents:
ng
DB=|_JM(Y), (2.9)
i1
where ng — the number of levels of the hierarchy of scientometric entities to
be evaluated (in this case, there are three: articles, journals, and institutions);
M(Y;) — a set of data and metadata of scientometric entities that correspond

to the current level of the Y1 hierarchy (article, journal, institution):
g
fosE—>JY;
i=1

Y, ={BvIvI}. (2.10)
Based on the formulas for calculating (2.9), (2.10), the mathematical model

of the system, which is the basis for assessing the competitiveness of

scientometrics subjects or universities, is as follows:
DB = (| JM*(Y), [ JM'(Y), [ JM'(Y) ), @.11)
i=1 i1 i=1

where M®(Y;) — a set of data and metadata of scientometric entities that

reflect the level of the "publication" hierarchy B, ng — total number of publications
in the system.

M’(Y,) — a set of data and metadata of scientometric entities that reflect

the "journal" hierarchy level J, n; — the total number of journals in the system.
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M®(Y,) — a set of data and metadata of scientometric entities that reflect

the "institution" hierarchy level I, n; — the total number of institutions in the
system.

It is clear that we are talking about a dynamic system, i.e. a system that
changes over time. The variable in this system is the number of scientific
publications (if we are talking about one journal of one university or organization),
so we modify the model as follows:

4 ng ny n;
DB=<U(UMB(¥)}E MJ(Yi)MUMI (Yi)j>, 2.12)
t=ty \i=l i=l i=1
where t, — the time when the first link to the publication was made in the
system;
t; — current moment in time;
te[t,;t,] — a period of time within which the university's competitiveness
1s assessed for J = const, I = const.
Let us consider time to be discrete with a certain period At = {day, week,

month, quarter, year, ...}:

t, —t

t=tO+KAt,OsKgTO, (2.13)
n:B—>R,

Z(DB)={n(b)|i=Ln,o(b)=1}, (.14

where Z(DB) — request for evaluation of scientific publications;
G(bi) — selection condition, which is equal to 1 if condition (2.7) is met

or equal to O if condition (2.7) is not met; b; — the scientific publication to which
the request was made.

The purpose of the developed method includes, first of all, the development
of a concept and tools for assessing the competitiveness of the educational
activities of the university and its structural wunits, and secondly, the
implementation of the proposed models and methods in a specific information
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system for managing scientometric content. With the help of the developed
method, it will be possible to compare the competitiveness ratings of universities,
to evaluate the effectiveness of universities according to various criteria in
different periods and moments of time. This will allow for an effective and
objective assessment of university competitiveness.

However, the development of a method for assessing the competitiveness
of a university's educational activities is complicated by the lack of comparability
of universities by a number of parameters. Therefore, at this stage, there is a need
to create appropriate metrics that will allow grouping universities by different
characteristics and determining the appropriate normalizing coefficient or function
for each group.

Considering the educational activity of the university as a numerical
indicator of the level of compliance with the requirements of the Ministry of
Education and Science, it is necessary to compile data on the university's
compliance with the relevant requirements and criteria, as well as to perform a
mathematical transformation to bring all data to values in the interval [0; 1].

Consider a set of criteria for assessing the competitiveness of a university

K={k.k,,...ky}, (2.15)

where W — number of criteria.
Let's represent the satisfaction of a set of criteria for a certain university at a
certain point in time T in the form of a segment with zones of qualitative
compliance with these criteria: "unsatisfactorily", "satisfactorily”, "fine",

"perfectly" (Fig. 2.3).
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NU NS NF

unsatisfactorily satisfactorily fine

Figure 2.3 - Representation of the university's educational activity at some

point (period) of time T to assess its competitiveness

W — the total number of criteria and requirements that the university must
meet;

NP — the number of criteria that correspond to the "perfectly" zone;

NF — the number of criteria that correspond to the "fine" zone;

NS — the number of criteria that correspond to the "satisfactorily" zone;

NU - the number of criteria whose satisfaction corresponds to the
"unsatisfactorily" zone.

Then
W =NP+NF+ NS+ NU. (2.16)

Let's establish the following interpretation:

- perfect: it 1s considered that the fulfillment of the criterion fully meets the
requirements of the ministry and the university fulfills it at a very high level or
exemplary;

- fine: in general, the value of the indicator is acceptable, but for some
reasons it cannot be considered exemplary, i.e. the level of satisfaction of the

criterion corresponds to the average level compared to other universities;
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- satisfactorily: the value of the indicator generally meets the criterion, but it
can be assumed that the indicator is generally below the average level compared to
other universities;

- unsatisfactorily: the value of the indicator does not meet the criterion;

Thus, the assessment of the educational activity of the i-th university at time
t is defined as four indicators that determine the number of criteria that satisfy the

"nn "nn

four categories ("unsatisfactorily", "satisfactorily", "fine", "perfectly"):
G! =(NU,NF',NS/,NP! ). 2.17)

The parameters are calculated with a frequency of one quarter.
The easiest way to determine the competitiveness of the i-th university is to

determine its competitiveness:

G :%(NUI +NFf), (2.18)

—t .. : .
where Gi - assessment of the competitiveness of the i-th university at a

given time t, Gi € [0,1].

Since there are always the same number of criteria for the calculation, this
assessment can be used to compare universities with each other.

To evaluate the educational activities of a university, it is necessary to
determine a list of criteria and requirements for the university, and then to classify
it according to the satisfaction of the criteria (Table 2.2).

The results obtained will vary from 0 to 1. A value of 0 means that the
university has low competitiveness, a value of 0.5 indicates an average level of
competitiveness, and a value of 1 means high competitiveness. This can be used to
assess the university's participation in international projects and the accreditation
of the university by the ministry, which is periodically conducted to confirm the

level and quality of knowledge provision.
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Table 2.2

Classification of criteria and requirements for a university to assess its

competitiveness
Ne | Criteria | Incom- | Source | Rule Satisfying
(requir- | ing info. | info. requirements
ements) Uns- | Satis- Perfe-
atisf- | fact- ctly
act- | orily
orily
1 |Profes. |DB Number |Query to| — — —
staff teachers | of the
professo | database
1S
2 | Number | DB Number | Query to| - + —
of state | teachers | of the
prize winners | database
winners
n | Participa | List of | Number | List of | + — —
tion in | projects | of projects
projects projects
2.2. The concept of dynamic assessment of the competitiveness of

educational activities of universities

Since university indicators are constantly changing, the following calculation
formula can be used to dynamically take into account the potential or
competitiveness of a university. The competitiveness score of the i-th university
will be defined as the ratio of the number of criteria that received a positive score

to the number of criteria that received a negative score p periods ago, i.e:
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—t NU: + NF'
Gi (p) = NUt_I; + N];;t_p ’

(2.19)

=t

where Gi (p) - 1s an assessment of the competitiveness of the i-th university at

—3
time t, if the comparison period is p, Gi (p) € [O,l] :
Then, having calculated these indicators for a certain list of universities, we

will get a time series of performance indicators for each university:

= =2 —n
Gi (p) :(Gi (p),Gi (p),...,Gi (p)j (2.20)
The value of the criteria can change, so a good assessment of the
university's educational activities can be a positive increase in the level of the

specified series compared to the level recorded q periods ago:

A" =G (p)-Gi (p), (2.21)
if the sign of the increase is positive, then the university's competitiveness
1s increasing.

Since the value and satisfaction of the criteria is determined according to
the requirements of the Ministry, and the evaluation takes place in the context of
comparing the scores of other universities. In particular, to take into account the
exemplary level of criterion satisfaction, it is necessary to understand that the
university is exemplary in comparison with others, i.e. other universities do not
have such results or such exclusive practices or have not yet implemented them.
Accordingly, to assess the competitiveness of a university, there is no need to
explicitly compare the assessment of satisfaction of certain criteria for other
universities.

However, if the competitiveness score for the i-th university exceeds the

— =t
score for the j-th university, i.e. Gi(p)>Gj(p), then university i is more

competitive.
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=t =t
Let Gi (p) > Gj (p), 1.e., university 1 is superior to university j in terms of

competitiveness. We can introduce the following scale to compare the
competitiveness of universities among themselves (Table 2.3)

Table 2.3.

Scale of comparison of universities by the level of competitiveness

No (=}1t (p) B (=}j (p) Interpretation of comparison results
1. [0,75;1] High level of competitiveness

2. [0,50;0,75) Sufficient level of competitiveness
3. [0,25;0,50) Average level of competitiveness
4. [0;0,25) Low level of competitiveness

Having received the assessment of the educational activities of each
university or structural unit, it is possible to conduct a comparative analysis of the
competitiveness of these institutions. It is worth noting that the application of the
proposed approach allows for effective correction of shortcomings through the
optimal allocation of resources.

Since all universities, structural subdivisions and research organizations
have a similar composition and structure, the first task is to categorize universities
into groups with approximately the same values of indicators. To do this, we can
use similarity coefficients between the quantitative parameters of similar indicators
in each category of universities. For example, to compare the indicator of the
number of publications of authors for a certain period with the indicator of the total
number of publications. Similar comparisons are made within each category of
universities.

Further, quantitative characteristics with similar parameters are compared
with other categories of universities. Universities can be categorized based on the
maximum values of similar indicators within the established limits for each
category. This approach allows comparing the quality of universities and their

research and educational activities.
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The next step is to define linguistic variables to reflect the qualitative state of
the relevant indicators. For example, for the variable "research and publishing
activity", values such as "excellent", "good", "mediocre", "satisfactory" and
"unacceptable" can be defined. Each value of the variable is assigned a
corresponding numerical equivalent, which is justified and standardized, possibly
using fuzzy logic methods, which provides flexibility in setting the parameters.

The created method allows comparing university rankings, evaluating
efficiency according to various criteria, and tracking the dynamics of university
and research structures. The results of the study can serve as an incentive to create
new technological developments and present them in scientific publications,
which, in turn, will become part of the assessment of the quality of scientific
activities of universities using this method. The study aims to resolve
contradictions in the assessments of scientometric entities related to the diversity
of university categories, types of scientific publications, journal categories, etc.,
which complicates the comparison and objective assessment of existing and new

scientific publications, and therefore all other scientometric entities.

2.3. Parameters that determine the competitiveness of universities and data

coverage analysis
Let Az{al,...,an} are higher education institutions, the competitiveness of

which needs to be monitored. Each institution of higher education has been fully
functioning for at least ten years. Accordingly, information on various aspects of
activity, educational, scientific, financial, international, etc., has been preserved about

the activities of such a higher education institution. Each pair of institutions of higher
education (ai,a j) , i#j, i=Ln, j=Ln are competitors. Institutions of higher

education compete if they offer similar programs of study and have similar academic
resources. In addition to higher education institutions, competitors can be technical
schools, training centers, and centers for advanced training, especially in information
technology. Competition between higher education institutions can improve the
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quality of education and increase student choice. Still, it also challenges each
institution of higher education to create an attractive learning experience and provide
high-quality education and services for its students.

The task 1s to monitor the competitiveness of each institution of higher education

a, 1= 1,_n , which takes into account the activities of competitors and is based on the

analysis of open performance indicators that do not depend on the main direction of
the universities.

Monitoring is a process of systematic observation, control, and data collection
about particular objects, phenomena, or processes. The primary purpose of
monitoring is to obtain up-to-date information about the state of the object or
phenomenon to make informed decisions, detect anomalies in time, respond to
them, and improve the control process.

The competitiveness of a higher education institution is the ability of a higher
education institution to compete effectively in the market of educational services
and gain a particular market share or increase its position relative to other players
in this field, that is, other higher education institutions. Competitiveness is an
essential factor for the successful operation of a higher education institution. The
competitiveness of a higher education institution is essential for attracting students,
ensuring their high-quality education, and preparing them for a successful career.

To organize monitoring of the competitiveness of a higher education
institution, it is necessary to collect data on various types of activity of a higher
education institution during a specific period and save them for processing. Data
should be open, verifiable, transparent, and easy to verify. They should be free
from the influence of the subjective factor. This is important to ensure an unbiased
assessment of the activities.

The model for monitoring a higher education institution's competitiveness
includes several steps and components that help analyze and evaluate the
institution's effectiveness in competitive conditions. Here is the general model for

monitoring the competitiveness of HEIs:
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1. Determination of key performance indicators. These indicators include
academic quality, reputation, foreign partnerships, number and quality of students,
financial sustainability, etc.

2. Data collection. After collecting a list of key indicators, develop a data
collection system for these indicators. This may include analysis of existing data,
student surveys, alum surveys, financial statements, etc.

3. Data analysis and evaluation. After the data has been collected, it is
necessary to conduct an analysis and evaluation to find out how the institution of
higher education compares to its competitors. Determination of strengths and
weaknesses of a universities.

4. Setting goals and strategies. Based on the analysis results, setting goals and
developing strategies to improve competitiveness is necessary. These goals and
strategies should be specific, measurable.

5. Implementation of measures. Implementation of strategies aimed at
improving competitiveness. This may include modernization of programs,
improvement of the quality of education, development of marketing campaigns,
improvement of financial stability, etc.

6. Monitoring and evaluation of results. Constantly monitor the impact of
strategies on the institution's competitiveness. Use the metrics to determine
whether you have achieved your goals and adjust your actions accordingly.

7. Reporting and communication. Reporting to stakeholders such as
administration, faculty, students, parents, financial sponsors, etc.

8. Adaptation and improvement. Based on the obtained results, it is necessary
to make adjustments in the strategy and activities to maintain or improve the
competitiveness of the higher education institution.

Aspects that a higher education institution should take into account to ensure
competitiveness:

1. Academic quality. Ensuring high-quality education is the most critical
aspect of competitiveness. This includes the quality of educational programs, the

qualifications of teachers, research activities, and access to relevant educational
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resources and technologies.

2. Accessibility and financial availability. An institution of higher education
should be accessible to various groups of students, including those with limited
financial means. The availability of scholarships, financial support programs and
flexibility in payment options can increase competitiveness.

3. Variety of programs. Providing various study programs and majors helps
attract students with diverse interests and career goals.

4. International cooperation. A higher education institution can increase
competitiveness by cooperating with other universities and taking educational
programs abroad.

5. Infrastructure and technical support. Modernization of the campus, access
to modern technologies, library resources and research laboratories help to increase
competitiveness.

6. Career support. A higher education institution can provide -career
counseling services, internships and work with employers to prepare students for
the labor market.

7. Involvement of students and the community. Active participation of
students in various aspects of university life and cooperation with the community
can increase the attractiveness of a higher education institution.

8. Reputation and ratings. A higher education institution can increase its
competitiveness by gaining a good reputation and high places in world university
rankings.

These aspects can be included in the following parameters:

1. Scientific research and practical development. It includes the research work
of the employees of the institution of higher education, the scientific and technical
implementation of the results of this work, the presence of scientific schools, etc.

2. Sustainability in the educational services market. It includes the quality of
performance of the educational part of the work, the results of recruitment of new
students, employment of graduates, etc.

3. Adaptability to changes. Availability of new programs, frequency of
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revision of educational programs, availability of elective courses in programs,
modernization of study facilities and campus, research laboratories, etc.

4. Participation in alliances, projects, and clusters. Cooperation with other
universities, including abroad, within joint projects, inclusion in university clusters
in certain areas, etc.

5. The level of competence of scientific and pedagogical staff. Level of
knowledge, certifications, indexes of scientific indicators of employees.

6. Assessment of financial status. It includes the university's financial
capacity for development and financial accessibility, i.e., providing the opportunity
to study for students of different groups, etc.

Thus, if a discrete time is given (t,,t,,...,t; ) for assessing competitiveness, a

tuple can be formed:

0,(a,)=(8,Q,C,M{,KLE), i=Tn, t=1,

J

: (2.22)

- Oj(ai) is a tuple with evaluations according to six parameters, which is
defined for a higher education institution (HEI) a; at a time moment t,;

- S/ is an assessment of research work of employees of HEI a, at a time
moment t i

- Q/ is an assessment of the flow rate of HEI a, at a time moment t;;

- C/ is an assessment of the adaptability to changes of HEI a, at a time moment
t;

- M/ is an assessment of HEI a; at a time moment t, with other universities,
including abroad within joint projects, etc.;

- KJ is an assessment of the level of competence of scientific and pedagogical
staff of HEI a; at a time moment t;

- F is an assessment of the financial stability and financial condition of HEI a,

at a time moment t i

One of the methods that can help assess the competitiveness of higher
73



education institutions is the data coverage analysis (DEA) method. However, the
application of this method to this problem has yet to be studied. In addition, the
interpretation of DEA results, considering the modifications of the optimization
task of assessing the competitiveness of higher education institutions, remains
unexplored. Since the analysis of competitiveness consists of comparing the
evaluations of different institutions of higher education on different criteria, the
DEA method, which is a method of comparative analysis, should be well suited to
this task. The main issues of constructing the DEA method are described in works
[50, 51].
Let the set be given
D={D,,D,.....D,}, (2.23)

where D,, j=1,w are decision making units. Each decision making unit uses L,

inputs xJ, r=1LL, and generates L, outputs y!, k=1L, . Output y! corresponds

to price U], input x! corresponds to price V!, then:

L,

ZkaJ

0=kl (2.24)

L .
J J
Vr

r=l1

where ©' is a ratio of weighted inputs and outputs for each D i j=1lw.

If the input and output prices are unknown, then a nonlinear programming

problem needs to be solved:

—> max , (2.25)

Zkaf(SZxJVJ, i=Lw, (2.26)

r=l1
U >E, VV=E, E>0, r=LL,, k=1L,.
This problem is reduced to a linear programming problem for a fixed j based
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L\
on the substitution of variables: s, =tU,, b, =tV_, t= [ZxﬂVf] . Then:
r=1

L
0 = ny(sk — max, (2.27)

k=1
L L, L, _
fobr =1, ny(sk < Zxﬂbr , J=1Lw,
r=l1 k=1 r=1
s, >E, b, >E, E>0, r=1L,, k=1L,.

To apply the DEA method, it is necessary to determine the input and output
parameters for each of the competitiveness assessments described above.
Implementing the model and calculating grades for higher education institutions is
also necessary. Estimates of the specified six parameters for ten higher education
institutions from the People's Republic of China have been collected. The data is
entered into a database that is updated monthly. In this way, a time series of

competitiveness assessments are formed. These estimates will be used to build a

monitoring system.
Conclusions to chapter 2

1. It is determined that the educational activity of a university is a complex of
both the educational component (quality of teaching and teaching
materials, etc.) and the research component (publication activity, project
and research activity). The section describes a multiple model for
presenting data on the educational activities of universities in terms of the
publication activity of research and teaching staff. A data presentation
scheme has been formed: university, university employee, university
events, etc. The described model takes into account and formalizes aspects
of the university's educational activities, which is the basis for calculating
competitiveness assessments and is characterized by a systematic approach
to building dependencies and relationships necessary for calculating the

parameters.
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2. The method of calculating the competitiveness of the university, which is
calculated by the number of criteria that the university meets, is built. The
criteria are formed in accordance with the requirements of the Ministry
and are intended for accreditation of the university as an educational
structure as a whole, but the list and value of the criteria can be set by the
organization that evaluates the educational activities of the university.

3. The formulas for calculating the competitiveness of the university in the
dynamics, defined as the ratio of the number of criteria that received a
positive assessment to the number of criteria that received a negative
assessment p periods ago, have been established. The scale of comparison
of universities by the level of competitiveness is built and described. The
system of parameters that determine the competitiveness of universities is
built and the method of data coverage analysis is described, which can be
used for a preliminary assessment of the competitiveness of the university

and is based on the built parameters.
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CHAPTER 3. METHODS FOR ASSESSING THE COMPETITIVENESS OF
EDUCATIONAL ACTIVITIES OF UNIVERSITIES WITHIN THEIR
INFORMATION ENVIRONMENTS

3.1. Formation of information environments of universities

To take into account the full range of educational activities of universities, it
is necessary to form an information environment that will contain the necessary
information to be used to calculate the competitiveness assessment.

The information environment of a university is a set of systems, resources,
tools and technologies that ensure the exchange, storage, processing and access to
information in the university environment. This includes a variety of information
technologies, databases, networks, electronic resources, programs for learning and
administration, as well as cybersecurity tools. The university information
environment is essential for the effective functioning of the university, teaching
and research.

The formation of university information environments is the process of
creating and maintaining a system of access to information that helps students,
teachers, researchers and staff to obtain the necessary data for study, training,
research and administration.

The main stages of the formation of university information environments are:

1. The university should create a strong infrastructure, including
computer networks, servers, databases, software, etc. This will ensure fast and
reliable access to information.

2. The availability of effective communication channels is an important
aspect of the formation of information environments. The use of e-mail, websites,
chat systems and other tools allows students and teachers to exchange information,
communicate and collaborate with each other.

3. The university should provide access to electronic resources, such as

digital libraries, journals, databases, and other information retrieval tools. This
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allows students and faculty to quickly obtain relevant and reliable information for
their study and research needs.

4. The university should provide training and support in the use of
information resources. This includes conducting educational seminars, workshops
and consultations on how to find and use information.

5. Ensuring the security of information is a key aspect of the formation
of the information environment. The university should develop a policy for the
protection of confidential information, data backup and protection against cyber
attacks.

In order to build information environments, we will consider universities or
higher education institutions and their structural units engaged in educational
activities: institutes, faculties, departments, training centers, etc. In this context, the
task of quantifying the competitiveness of educational activities arises. Each
university 1s represented by an identification model and the information
environment in which it operates.

The organizational and functional structure of the subjects of scientific
activity as an organization is a set of relations that establish the ordering,
regulation, coordination of scientific activities of the subjects to achieve its goals,
in particular, to increase the efficiency of scientific research and its potential.

Let
A={aa,,...a,} (3.1)
— 1s the set of teachers who teach certain disciplines at universities and are
active representatives of the university environment, n is the number of teachers.
Let
H={h,h,,...,h_} (3.2)
— 1s the set of disciplines taught by teachers from set A, m is the number of
disciplines.

Suppose that the set of all pairs between the elements of A and H
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AxH={(a,h)acAnheH] (3.3)

and the binary relation U c AxH, what defines a teacher of the discipline h € H

The set of all disciplines of a teacher at time t is denoted by
H(a,t)={h;eH|(a,h,)eU,teT}, i=In, j=Lm. (3.4)

For each discipline h € H define the set of its teachers

A(hj):{aieA|(ai,hj)eU}, i=Ln, j=1Lm. (3.5)
Let

P:{plapza---apk} (36)

— is the set of publications published by teachers from set A, k — number of
publications.

Suppose that the set of all pairs between the elements of A and P
AxP:{(a,p)|aeA/\peP} (3.7)

and the binary relation Uc A xP, what defines a teacher of the discipline peP.

We also define a binary relation Cc P xP, defining the citation of all publications

peP,

PxP:{(pi,pj) pi,pjeP,i;tj}. (3.8)

The set of all publications of the teacher a € A at time t is denoted by

P(ai,t):{pj eP ‘(ai,pj)e[_J,t ET}, i=1n, j=Lk. (3.9

For each publication p € P define the set of its authors

A(pj):{ai eA ‘(ai,pj)e[_J}, i=Ln, j=Lk.
A scalar assessment of a teacher's competitiveness is a kind of functional
reflection:

AR, (3.10)

where R — is a set of real numbers.

79



A university professor at time t is represented by a set of identifiers that

define his or her educational and research activities:
K(a,,t)=(P(a,t),H(a,t),S(a,t).Q" (a,t),®(a;,t),M(a,t)),  (3.11)
where P(ai,t) — 1s the set of publications by teacher a; at time t;
H(ai,t) — 1s the set of disciplines taught by teacher a; at time t;
S(ai,t) — a set of refresher courses, ai teacher certification at a point in time t;

(D(ai,t) — 1s an assessment of the scientific potential of a teacher a; at time t,
the Hirsch index or another index of scientific productivity;
M(ai,t) — 1s the number of international projects in which teacher a;

participates at time t.

Let
U={u,up...u,) (3.12)

— 1s the set of universities employing teachers from the set A, z — number of
universities.

The university information environment is represented by a set of identifiers:
K(u,t)=(E,(u,t),E,(u;,t),E;(u;,t),E, (u;,t),Es(u,t)),  (3.13)

where E, (ui,t) — normalized assessment of u; international activity at a point
In time t;

E, (ui,t) — 1s a normalized estimate of the student contingent of university u;
at time t;

E, (ui,t) — 1s a normalized estimate of the scientific or teaching staff of the
university u; at time t;

E, (ui,t) — 1s a normalized quantitative assessment of the university's research

activities at time t;

80



E, (ui,t) — is a normalized estimate of the university's resource provision at

time t.

The definition of the information environment of a university is not
necessarily related to these identifiers only. However, taking into account the main
parameters, it is possible to calculate the tasks aimed at improving the efficiency of
the organization of educational activities and increasing the competitiveness of the
university.

The international activity of a university refers to its engagement in global
initiatives, collaborations, and partnerships that extend beyond national borders.
This involvement can take various forms and is essential for fostering academic
exchange, research collaboration, cultural diversity, and the development of a

global perspective. Here are key aspects of a university's international activity:

1. International Partnerships. Establishing partnerships with universities
and educational institutions worldwide for student and faculty exchange programs,
joint research projects, and collaborative academic programs. Engaging in joint
research initiatives with international partners to address global challenges and
contribute to the advancement of knowledge.

2. Student and Faculty Mobility. Facilitating student and faculty
exchange programs to allow for academic and cultural immersion in partner
institutions. Hosting scholars from other countries and sending faculty members
abroad for sabbaticals, workshops, and collaborative research.

3. International Conferences and Events. Organizing conferences and
events that attract participants and presenters from around the world, fostering
knowledge exchange and networking. Encouraging faculty and students to
participate in international conferences, seminars, and workshops to showcase
research and build global networks.

4. Dual Degree Programs. Collaborating with foreign universities to

offer dual degree programs that allow students to earn degrees from both
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institutions. Developing joint academic programs with international partners to
provide students with a diverse and global educational experience.

5. Cultural Exchange Programs. Facilitating cultural exchange programs,
language immersion courses, and international internship opportunities to enhance
students' cross-cultural understanding. Providing support services for international
students, including orientation programs, language support, and assistance with
adapting to a new academic and cultural environment.

6. Global Research Initiatives. Establishing collaborative research
centers that address global challenges and involve researchers from different
countries. Joining international research networks and consortia to leverage
expertise, share resources, and address complex global issues.

7. Language Programs and Support. Offering language programs that
enable students and faculty to acquire proficiency in commonly used international
languages. Providing language support services for international students and
scholars, including translation and interpretation services.

8. International Outreach and Recruitment. Actively recruiting
international students and faculty members to enhance diversity and bring a global
perspective to the campus community. Promoting the university globally through
marketing and branding initiatives to attract a diverse and talented pool of students
and faculty.

9. Global Engagement in Social Issues. Participating in global initiatives
and projects aimed at addressing social issues, promoting sustainable development,
and contributing to the global community. Engaging in international humanitarian
efforts and outreach programs that positively impact communities worldwide.

10. Global Alumni Network. Nurturing a strong global alumni network to
facilitate ongoing connections and collaborations among graduates around the
world. Organizing international alumni events and establishing alumni chapters in

different regions to foster continued engagement.
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11. International Accreditation and Recognition. Pursuing and
maintaining international accreditations to enhance the university's global
reputation and recognition. Ensuring that academic qualifications are recognized
internationally, facilitating student and faculty mobility.

12. Internationalization of the Curriculum. Integrating global perspectives
into the curriculum to prepare students for a globally interconnected world.
Offering programs and initiatives that enhance students' cross-cultural competency
and global awareness.

Assessing the resource provision of a university involves evaluating the
availability and adequacy of various resources necessary for its functioning. These
resources can be broadly categorized into financial, human, physical, and
technological resources. Below are key considerations for estimating a university's
resource provision:

1. Financial resources. Review the university's annual budget to
understand how funds are allocated across departments, academic programs,
research initiatives, and infrastructure development. Assess the availability of
endowments, grants, and philanthropic contributions that contribute to the financial
health of the institution. Analyze the structure of tuition fees and other charges to
understand how these contribute to the overall revenue stream.

2. Human resources. Evaluate the ratio of faculty members to students to
gauge the institution's commitment to providing personalized and quality
education. Assess the number and qualifications of administrative and support staff
to ensure efficient university operations. Consider the academic qualifications,
research expertise, and diversity of the faculty to determine the strength of the
teaching and research workforce.

3. Physical resources. Evaluate the quality and adequacy of classroom
spaces, laboratories, libraries, recreational facilities, and student housing. Consider
the maintenance and upkeep of infrastructure to ensure a safe and conducive

learning environment. Review any ongoing or planned construction projects to
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accommodate growth and improve facilities.

4. Technological resources. Assess the availability and sophistication of
IT infrastructure, including networks, computer labs, and online learning
platforms. Evaluate the availability of specialized equipment and technology to
support research initiatives across various disciplines. Consider the integration of
digital tools and resources in teaching and learning, including e-learning platforms
and educational technologies.

5. Library resources. Evaluate the size and diversity of the university
library's collection, including books, journals, and digital resources. Assess the
availability of library services such as research assistance, interlibrary loans, and
access to online databases. Consider the integration of technology within the
library, including digital catalog systems and online research tools.

6. Research and innovation. Assess the availability of funding for
research projects and initiatives undertaken by faculty and students. Evaluate the
quality and accessibility of laboratories and research centers that support scientific
and academic research. Consider the university's engagement in research
collaborations with industry partners, other institutions, and research organizations.

7. Student support services. Evaluate the availability of counseling,
mental health, and medical services to support student well-being. Assess the
effectiveness of career counseling, internship placements, and job placement
support for students. Consider the variety and vibrancy of student clubs,
organizations, and extracurricular activities.

8. Accessibility and inclusivity. Assess the availability and accessibility
of financial aid, scholarships, and grants to support students from diverse socio-
economic backgrounds. Consider the existence of policies and initiatives that
promote diversity, equity, and inclusion within the university community.

9. Quality assurance and accreditation. Review the university's
accreditation status to ensure that it meets or exceeds established academic

standards. Assess the presence of quality assurance mechanisms, such as internal
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and external reviews, to maintain and improve educational standards.

10. Community and industry engagement. Evaluate the university's
engagement with the local community through outreach programs, community
service, and partnerships. Assess collaborations with industry partners for
internships, research projects, and workforce development.

11. Sustainability initiatives. Evaluate the university's commitment to
sustainability through eco-friendly practices, waste reduction, and energy-efficient
initiatives. Consider the institution's engagement in social responsibility initiatives,
community development, and ethical practices.

12. Governance and leadership. Assess the effectiveness of university
leadership in strategic planning, resource allocation, and fostering a positive
institutional culture. Review the transparency and inclusivity of governance
structures, including decision-making processes and stakeholder involvement.

Knowledge of university identifiers at a certain point in time t , and the

v
values of the identifiers at the time t _,, X= I,_X , t, — the initial moment of time,

form the information environment of the university. The set of values of teacher

identifiers ai is represented as follows:

(K(a,t,).K(a,t,)....K (a1, ). K(a,t, ). (3.14)
The set of values of university identifiers ui is represented as follows:
(K (ute) K (upty )oK (upt, ) K (upt,)). (315

These identifiers will be used to obtain competitiveness scores for

universities.

3.2. Method for assessing the competitiveness of educational activities of

universities, including their information environment

Assessing the competitiveness of universities' educational activities is a

complex process that involves the analysis of various parameters and criteria. The
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most common methods of evaluating universities are rating systems that are used
both internationally and nationally.

One of the most famous international rankings is the QS World University
Rankings. It evaluates universities based on such criteria as academic reputation,
reputation among employers, number of citations of scientific publications,
teacher-to-student ratio, international cooperation, etc. Many countries also have
national university rankings that take into account the specifics of the educational
system and national priorities. They also use different indicators to assess the
competitiveness of universities in their countries.

Assessing the competitiveness of universities may also include examining the
structure of courses, the presence of innovations, the level of interaction with
industry, and the proportion of graduates who find work in their field. It is
important to note that assessing a university's competitiveness is a complex process
that may have certain limitations and drawbacks. For example, certain rankings
may be subjective or not sufficiently take into account the unique characteristics of
each university. Therefore, it is important to take into account various sources and
make a full analytical assessment of the university's competitiveness.

The development of the information educational and scientific space of any
country is an extremely important factor that contributes to its prestige, economic
development and the emergence of new technologies in various spheres of human
activity. In recent decades, researchers have focused their attention on creating
mechanisms for effective management of the development of the educational and
scientific space. This can be achieved through the involvement of private
organizations and financial support from government agencies at various levels, as
well as the expansion of international cooperation through research and education
projects such as Horizon 2020 and Erasmus+. Therefore, private companies
interested in the development of scientific and technological technologies and
foreign partners are faced with the important task of creating effective criteria for

assessing the competitiveness of research activities of scientists, universities, and
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their structural units, such as departments, faculties, and institutes.

Let us consider the methods of assessing the productivity of research
activities of organizations. Global methods for evaluating higher education
institutions include such popular tools as the World University Rankings
developed by Quacquarelli Symonds (QS ranking) and the Academic Ranking of
World Universities, known as the Shanghai Ranking. The QS ranking provides a
comprehensive assessment of the performance of higher education institutions,
taking into account both objective and subjective indicators. The Shanghai
Ranking includes only those institutions whose graduates have won Nobel or
Fields Prizes.

Additionally, the aspect of representation of institutions in the web space is
assessed by the Ranking Web of Universities methodology. Along with
international rankings, there are national ones, such as the Top 200 Ukraine
ranking by osvita.ua, which takes into account investments in startups and other
parameters. The indicators that are taken into account when calculating the ranking
and their relative importance are shown in the tables below. The Webometrics
ranking assesses the presence and influence of universities in the web space, going
beyond bibliometric indicators and focusing on social, cultural, environmental and
political aspects of their activities.

Having information about the state of the university's information
environment, it is possible to determine the university's competitiveness through

the rate of change of university identifiers:

E, (ui’tV)_Ej (ui’tv—b
= E, (ui9tv—b)

where O(ui,b) — rate of change of university identifiers u1 at a given time t,

)-100%, (3.16)

relative to a point in time t, or the competitiveness of the university u;,

The issue of choosing the value of the parameter b is a separate research task

and i1s determined empirically. This requires a detailed assessment for different
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values of the parameter b. For verification, the value of the parameter b=5 was
chosen.

Similarly, for teachers, competitiveness indicators are determined by
formulas:

oa b)_P(ai,tv)—P(ai,tv_b) H(a,t,)-H(ant,,)  S(ant,)-S(a.t,,)
»0)= P(a,t, ) H(a,t, ) S(a,t, )

+

QA(ai,tV)—QA (ai,tvfb) N CID(ai,tV

+

=2 7.100%, (3.17)

where O(ai,b) — rate of change of teacher identifiers ai at a given time t,

relative to a point in time t,.

If the competitiveness of teachers is positive and growing, then the
competitiveness of the universities where they work is also positive and growing.
The information environment of the university is changing, sometimes quite
intensively, and this should be taken into account in the assessment of
competitiveness.

To build a vector assessment of the competitiveness of teachers, we will set,

on the basis of the indicators of the university environment identifiers
K(a;,t)=(P(a,t),H(a,t),S(a,t),Q" (a,t),®(a;,t),M(a,,t)). (3.18)
Next, you can choose the 6-dimensional space score that is the best in terms

of achieving maximum efficiency or effectiveness for the corresponding index:

P> rilzla}%(rjrzl%(P(ai,tj)), (3.19)
H p, > max j:%(H(ai,tj)), (3.20)
S > rg%cr}:%(s(ai,tj)), (3.21)
Q* > I}E%X?E%(QA (ai,tj)), (3.22)
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@ z_l,a%;(qn(ai,tj)), (3.23)
M Zmaxmax(M(ai,tj)), (3.24)

A . ..
where P, H_,Q" .S _ ., ® ., M_ -the maximum competitiveness

scores for all employees in the database for the entire period of observation. Then
we will get a score that is the ideal assessment of an employee's competitiveness.
This is the score that any employee needs to achieve, and his or her
competitiveness will be calculated from achieving the appropriate level of the

maximum Score:

K = (Prso His S Q7 s P - Mo ). (3.25)

max ?

The closeness of a teacher's grades at a given time to the maximum is

determined based on the following metrics, 1= 1,_n ;

(K(al, . ):‘P a,t, max‘ +‘H a,t,)— max‘ +‘S a,t,)— Srnax
+Q* (ay.t,) max\ +|o(at, )~ @, +M(ant, ) - M|
1
p(K(ant,))=(p"(K(ast,)))", (3.26)

— Minkowski distance, d>2, d € N, N — a set of positive integers.

The described method of assessing teacher competitiveness takes into account

metric distances and allows you to build integral scores p(K(ai,td)) for a
particular teacher a,. These scores are determined by the closeness of the score

vector to the so-called maximum point. In addition to the scores p(K(ai,td))

Other metric distances can be used as an integral assessment of competitiveness.
These metric distances must satisfy the following conditions: symmetry, constancy
under self-similarity, non-negativity, and the triangle rule.

This score can also be used as an average to determine the university's
integral score. If A:{al,az,...,an} - a set of university teachers u” , then the

integral score of the university can be represented by the formula:
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p(K(u"t,)) =lzn:(p+(K(ai,tV)))‘li. (3.27)

n g
Let's consider another method. To build a vector assessment of the
competitiveness of universities, let us set the following indicators of university

environment identifiers:
K(u,t)= (E1 (u;,t).E, (u;,t),E;(u;,t),E, (u;,t),Es (ui,t)). (3.28)
Next, you can select the 5-dimensional space score that is the best in terms

of achieving maximum efficiency or effectiveness for the corresponding index:

BT >maxmax(Ej(ui,tj)),j=1, (3.29)

i=l,bn j=0,v

where ET™ - maximum competitiveness scores for all universities in the

database for the entire period of observation. Then we will get a score that is an
ideal estimate of the university's competitiveness. This is the score that any
university needs to achieve, and its competitiveness will be calculated from

achieving the corresponding level of the maximum score:
Ko =(EP™, E7™, Ef™, Ef™, EP™). (3.30)
Closeness of university grades at a given time t, to the maximum is

determined based on metrics, 1=1,n:

B (K(upt,))= Z\E up,t, )~ B

b

1
B(K(u,t,)) = (B (K(w.t,)))* (3.31)
— Minkowski distance to determine the integral assessment of university

competitiveness, d>2, d € N, N — is a set of positive integers.

3.3. Dynamics of changes in the information environment of the university

and comprehensive assessment of competitiveness

The information environment changes over time, namely, the values of the
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parameters of the information environment identifiers change. For example, a
university has won grants for international projects, so its M score will increase
and its competitiveness score will immediately increase. In order to see the
dynamics of changes in the university's competitiveness, it is necessary to build a
time series of integral scores:
(B(K (1)) B(K (w5t2)).-B(K (usst, ) (3.32)
Having such a time series, we can make a forecast of competitiveness for the
next period of time. If the value in the university's information environment
changes quarterly, we can make a forecast with a horizon of 4 and we get a
forecast of changes in competitiveness for the year. This is enough to draw a
conclusion about the development of the university. However, it should be noted
that the models chosen for forecasting must meet the requirements. It is important
that the models adequately reflect the actual data. The data may be weakly
persistent or random, in which case the appropriate classes of forecasting models
should be used.
In general, to get a preliminary conclusion about the dynamics of changes in
the competitiveness of the university, it is enough to use the traditional moving

average model. That is, the forecast with period 1 is calculated by the formula:

B(K(ut,)) =$Zp:B(K(ui,tv_jH)>, (3.33)

1% "v+l

where B(K(u t )) - forecast of university competitiveness u. with the

horizon - one.

Such an assessment makes it possible to determine the direction of the
university's development and direct funding from the ministry or local budget in
the right direction. In general, forecasting the university's educational performance
is an important step in the strategic management of the institution. Different
methods and approaches can be used to make forecasts. In addition to the above
method, the university information environment can include a large number of
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indicators, i.e. the environment is expandable. The described methods of assessing
competitiveness allow to include a large number of indicators in the information
environment of the university that are significant in the calculation of
competitiveness and can be used for forecasting. However, it is important that all
indicators are obtained from open data. The following approaches can be used for
forecasting:

1.  Analysis of historical data. A careful analysis of past years allows us
to identify trends and patterns in the development of the university's educational
activities.

2. Demographic and socio-cultural factors. Consideration of population
dynamics, changes in the socio-cultural environment and other demographic
parameters helps to predict changes in the demand for educational services.

3. Technological innovations. Taking into account and assessing the
impact of new technologies in education helps to predict their contribution to the
development of the university.

4. Labor market needs. Understanding the needs of the labor market and
trends in the choice of professions can determine the direction of curriculum
development.

5. Management effectiveness. Evaluation of internal processes and
management activities affects the overall efficiency of the university and can serve
as a basis for forecasting.

6. Attracting students. Analysis of changes in the number and quality of
applicants allows the university to adapt its strategy to attract and retain students.

7. Global and regional trends. Taking into account global and regional
trends in education can provide context for forecasting.

8. Reporting and evaluation of results. The systematic collection and
evaluation of educational outcomes helps to identify improvements and adjust the
university's strategy.

The use of models for forecasting the university's educational performance
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can greatly facilitate the strategic management of the institution. Below are
recommendations for the effective use of such models:

1. Define the goals of forecasting. Clarify the purpose of forecasting -
whether it is a forecast of student enrollment, changes in academic performance,
development of new programs, or other aspects of educational activities. Clear
goals help to select appropriate models and indicators.

2. Collect and prepare data. Create a database that includes historical
data from the educational sphere, such as the number of students, academic
performance, financial indicators, rankings, and other factors that affect the
university's activities.

3. Selection of forecasting models. Consider the nature of the data and
the specifics of the educational process when choosing models. You can use
statistical methods, machine learning, or expert approaches depending on the task.

4. Evaluate the effectiveness of models. Periodically check and adapt the
selected models based on their accuracy and ability to predict real changes in the
educational environment.

5. Integration with other strategic tools. Ensure that forecasting models
interact with other strategic management tools, such as budgeting, development
planning, and strategy implementation monitoring.

6. Consideration of exogenous factors. Predict the impact of external
factors, such as changes in legislation, social and economic trends, on the
university's educational activities.

7. Automation of the forecasting process. Use information technology to
automate data collection and processing, which will allow for faster and more
efficient forecasting.

8. Sustainable improvement of models. Collect feedback from
educational stakeholders, teachers, students, and other stakeholders to continuously
improve forecasting models.

9. Ensure transparency and communication. Carefully explain the
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forecasting methodology, results, and decisions made, ensuring mutual
understanding and trust among all stakeholders.

10. Flexibility and adaptability. Be prepared to adapt the forecasts to
changes in the socio-economic environment and internal parameters of the

university.

Conclusions to chapter 3

1. The article describes the formation of the university information
environment as a process of creating and maintaining a system of access to
information that helps students, teachers, researchers and staff to obtain
the necessary data for study, training, research and administration.
University information environments, as well as information environments
of university staff and teachers, contain information about educational
activities. In particular, the information environment of a teacher has
information about scientific publications published by the teacher,
disciplines taught by the teacher, advanced training courses, assessment of
scientific potential, and participation in international educational and
scientific projects. The university information environment includes
information about the student population, assessment of the university's
academic staff, resource support, etc.

2. The article describes a method for assessing the competitiveness of
universities' educational activities, including their information
environment. The method is based on the values of the identifiers of the
information environment of the university and teachers. A comprehensive
assessment allows to identify those areas of the university's educational
activities that should be improved.

3. The method of forecasting the competitiveness of educational activities of
universities, which takes into account the dynamics of changes in the

indicators of the university information environment, is described.
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Recommendations for the application of methods for predicting the

competitiveness of university educational activities are also formed.

95



CHAPTER 4. A PROGRAM MODULE FOR ASSESSING THE
COMPETITIVENESS OF THE UNIVERSITY'S EDUCATIONAL
ACTIVITIES

4.1. Modules for collecting information about the university's activities in

order to assess its competitiveness

In order to verify the developed methods and models, a database with
information on 311700 scientific publications authored by 77898 Chinese
scientists affiliated with various universities and colleges in China was collected.
The scientific publications were categorized based on the topics covered in these
publications. As there were many topics identified, they were grouped into 124
categories, each representing a broader topic, such as differential equations,
agriculture, scientometric analysis, etc.

Information on the educational activities of five selected universities in China
was also collected. This collection is a rather complicated task, since it includes a
large amount of information about international work, the work of teachers, the
creation of teaching materials, lecture courses for the disciplines they teach, etc.

The main difficulties that arise in the formation of research topics are:

1. To form a topic, it is necessary to have a sufficient amount of data on
citations of scientific publications. Selecting all citations of publications is a
difficult task, since if publications are downloaded from the Internet, it is necessary
to parse the text of the bibliography, select authors, titles of publications and other
bibliographic data from them and add them to the database correctly. In this case,
bibliographies can often be recorded in different formats, may contain
abbreviations, etc.

2. The collected information may include data related to an isolated topic with
few publications and citations. In this case, the task is either to combine this topic
with another one that is close to it, or to remove this mathematics from
consideration.

3. The described tasks have considerable computational complexity.
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Therefore, it is necessary to use information coding and indexing to facilitate
access to data on scientific publications and other results of educational activities
of teachers.

4. Another difficulty is that at certain stages of forming a database on the
results of educational activities of teachers, it is necessary to involve experts.
However, a balance should be organized, i.e., data should be selected transparently
and from open sources, and on the other hand, data that do not meet the purpose of
the study or are inaccurate should be excluded from consideration.

In order to conduct a comprehensive assessment of the competitiveness of
universities, it i1s necessary to select indicators that would characterize various
aspects of educational activities. An important task is to select indicators that can
be obtained from reliable, verified open sources, including scientometric databases,

ministry websites, statistics, universities, etc.

To build a method for a comprehensive assessment of the competitiveness of
Chinese universities, 115 indicators were selected and grouped into five main
categories that reflect the main aspects of higher education institutions:
international activity, quality of student enrollment, quality of academic staff,
quality of scientific and research activities, and resource provision of higher
education institutions.

Some categories are divided into several subcategories. In total, 15 categories
are identified. For example, Table 4.1 shows the main categories and some
subcategories for assessing the educational activities of a university.

Relevant performance assessments can be used by rectors, deans, department
heads and to analyze the effectiveness of educational activities. Timely monitoring
of the dynamics of changes in the results of educational activities makes it
possible, if necessary, to make appropriate adjustments to the strategy of the

university, department, faculty to improve its effectiveness.
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Table 4.1.

Criteria for assessing university competitiveness

Ne Name of criterion Unit of
measurement
1 2 3
1 Contingent of students, total number

1.1. | Bachelor's degree number

1.2. | Master's degree number

1.3. | Doctoral studies number

Share of postgraduate programs %
Bachelor's/Master's+Doctoral (1.2.+1.3.)*100/1
2 | Number of teaching staff and researchers, total number

2.1. | With degree (2.1.1.+2.1.2.+2.1.3.) number
2.1.1. | With PhD degree number
2.1.2. | With degree Candidate of Sciences number
2.1.3. | With academic degree Doctor of Science number

2.2. | With academic degree Master of Science number

2.3. | Without degree number

Residency (2.1.%100)/2 %
Contingent/PPS ratio number
Average time of awarding a degree after completion of
doctoral studies

3. | Number of articles published by the organization's number
employees in indexed international journals, total
(3.1.+3.2))

3.1. | In Web of Science database number
3.1.1. Ql number
3.1.2. Q2 number
3.1.3. Q3 number
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Continuation of Table 4.1.

1 2 3
3.14. Q4 number
3.1.5. | In conference proceedings number

3.2. | In Scopus database number
3.2.1. Q1 number
3.2.2. Q2 number
3.2.3. Q3 number
3.24. Q4 number
3.2.5. | In conference proceedings number

Indexed articles per employee number
Share of articles with participation of students %
(undergraduates, masters, doctoral students)

4. | Citation rate of articles by university employees number
4.1. | According to Web of Science database number
4.2. | According to Scopus database number

Citation rate per one faculty member number
5. | Number of articles published by employees of the number
organization in journals recommended by the
authorized body
Number of monographs by staff scientific-pedagogical number
and research workers of higher education institutions
Articles in journals from item 5 per one employee number
(5/2)
Share of articles from item 5, with participation of %
students (students, masters, doctoral students)
Monographs per one employee %
6 | Publication of journals included in the international number

databases Web of Science, Scopus
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Continuation of Table 4.1.
1 2 3

7 | Publication of journals recommended by the number
authorized body

Ratio of journals to employees

8 | Organization of scientific conferences, forums, the
works of which are indexed in the international
databases Web of Science, Scopus.

9 | Volume of external financing of research work under | monetary units
republican programs

10 | Amount of external financing of research work on monetary units
international programs

11 | Amount of external funding of research work on monetary units
regional programs

12 | University budget monetary units
Share of funds from research work in the total amount %
of the budget
Funds from research work for each employee of the monetary units
organization

13 | Number of holders of scientific scholarships for number

scientists who have made a certain contribution to the
development of science

14 | Number of holders of scientific scholarships for young number
scientists

15 | Number of holders of scientific personalized prizes of number
the Ministry of China
Share of employees from items 13,14,15 from the total %

amount of scientific research work

The educational component includes the contingent of students enrolled in
bachelor's, master's, and doctoral programs. The student population is the total

number of students enrolled in a particular higher education institution or in a
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particular field of study. The number of students may differ for different levels of
education, such as bachelor's, master's, and doctoral programs:

1. Bachelor's degree. This is the first level of higher education, which
usually lasts 3-4 years. The bachelor's degree program includes students who
acquire basic knowledge and skills in a chosen field.

2. Master's degree. This is the second level of higher education that
provides deeper and more specialized knowledge. The duration of master's
programs can vary from one to two years. The contingent of the master's program
includes students who already have a bachelor's degree and wish to develop their
competencies in a specific field.

3. Doctoral studies. This is the third level of higher education, which is
designed to conduct research and gain a high level of expertise in a particular field.
The contingent of doctoral studies includes students who have a master's degree
and seek to achieve a high level of scientific development in their field.

The number and composition of the contingent may be determined by the
policies and capabilities of a particular institution or country. There may also be
different programs and specializations at each level of education that attract
different groups of students.

The second criterion is the number of university faculty and staff with
academic degrees and titles. The number of university professors with academic
titles can vary considerably depending on a particular university, its size, faculties,
and specializations. Different countries and universities have their own systems for
awarding academic titles, and they may have different names and criteria.
Universities may have academic titles such as professor, associate professor, senior
lecturer, assistant professor, lecturer, etc. Usually, academic titles are awarded on
the basis of education, scientific achievements, teaching experience, and other
criteria. Some universities publish statistics on the number of teachers by their
academic rank in their annual reports or on their websites. If you are interested in a
particular university, I recommend that you refer to the official sources of this

university or contact its administration to get accurate information.
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The third criterion is the number of publications of teachers published in
journals indexed in the Scopus and Web of Science databases. Both Scopus and
Web of Science are databases for scientific publications, and they include works
from various fields of knowledge. The number of published articles in these
databases is constantly growing as scientists and researchers continue to contribute
to various fields. To obtain up-to-date information on the number of articles
published in specific journals and indexed in Scopus or Web of Science, you
should use these databases themselves or use their interfaces to search for specific
information.

The fourth criterion is the citation of scientific publications by other teachers.
Citing scientific publications is the process of including references to a particular
scientific work in another scientific work or publication. This process is important
for scientific communication and determining the impact of a particular article or
study in the scientific community. The main aspects of citation include the
following:

1. Citation Index: The citation index is determined by the number of
times a particular research paper has been cited by other papers. A large citation
index can indicate the importance and impact of a study.

2. In-Text Citations: This is a reference to a specific source inserted
directly into the text of a research paper. It usually includes the author's name and
year of publication.

3. Bibliography: Every research paper usually has a section that lists all
the sources used. This section is called a bibliography.

4. Citation indexes in databases: Databases such as Scopus, Web of
Science, and Google Scholar keep records of citations of scientific papers. The
citation index can be used to assess the impact of a particular author or publication.

The fifth criterion is the number of articles published by professors in special
publications or the number of monographs, as well as relative indicators for

universities.
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The next criteria relate to the publication of journals at the university that are
included in the Scopus and Web of Science databases, the publication of
professional journals and collections of scientific papers at the university, the
holding of scientific conferences, seminars, forums, etc.

The list also includes criteria for the amount of total funding for research and
the total budget of the university, as well as the number of students and faculty
members with research scholarships and some relative indicators.

There are several main categories of such a list. The first is the scientific
category. To ensure the effectiveness of the assessment of the competitiveness of
the university's educational activities, it is important to create a data warehouse,
repository and electronic library to store these results. Scientometric databases are
key tools for transforming knowledge and disseminating scientific results. Analysis
of such databases allows us to evaluate the activities of scientists, alliances,
universities, and even countries or regions. Among the various scientometric
databases, Web of Science and Scopus are particularly reputable. Some major
publishers also create their own commercial scientometric databases, such as
Springer, Begell House Inc., Thomson Reuters (ISI), Web of Knowledge, Pleiades
Publishing, Kluwer, and others. Among the non-commercial scientometric
databases focused on technical sciences are COPERNICUS, BASE, DOAJ, Driver,
FreeFullPDF, UlrichsWeb. Search engines, such as Publish or Perish and Google
Academy, are also useful for evaluating the results of scientific activities.

The second major category is educational. One of the important components
of assessing the competitiveness of a university's educational activities is the trust
of applicants. It is expressed through the desire of applicants to enter the
university. This indicator can be assessed by analyzing applicants' applications.
The potential of university students can also be a separate parameter, which is
basically the scores with which they entered the university, as well as other

personal characteristics.
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The potential of university students is determined by their abilities,
motivation, interests, and ability to improve themselves. Here are some aspects that
can influence the potential of university students:

1. Academic abilities. Students may have a high level of intelligence and
ability in specific subject areas. Their success in school or previous education may
indicate their ability to successfully learn new material at a higher level.

2. Motivation and goals. Students who have clear goals and strong
motivation to pursue higher education can show great potential. Their desire to
succeed can be a strong incentive to actively participate in university life and
learning.

3. Independence and self-development. Students who are able to work
independently, set themselves tasks and develop systematically can be more
successful in the university environment.

4. Interests and hobbies. Interest in certain subject areas or fields of
study can be an important factor affecting a student's success and commitment to
studying the chosen field.

3. Social skills and communication skills. The ability to cooperate with
other students, teachers and participate in group projects can also determine a

student's potential in the university environment.

International component. The university's interaction with other universities
abroad is extremely important. One of the most important is interaction within
international programs. Information about the wuniversity's participation in
programs can be found on the websites of these international projects and
initiatives. The university's international activities are a wide range of initiatives
and programs aimed at developing international relations, sharing knowledge and
experience, and cooperating with universities and organizations from other
countries. Here are some aspects of the university's international activities:

1. International mobility of students and teachers. Universities facilitate

the exchange of students and faculty between different countries. This may include
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exchange programs, joint double degrees, internships, and other forms of
international mobility.

2. International programs and cooperation. Universities can develop joint
international programs and research projects with other universities. This may
include joint research, conferences, exhibitions, etc.

3. Support for international students. The university may provide
services and support for international students, including language courses,
adaptation programs, and counseling on studying and living in another country.

4. International conferences and events. The University may be active in
organizing international scientific conferences, seminars, lectures and other events
involving scientists and specialists from different countries.

3. Networks and associations. The University may participate in
international academic networks and associations, facilitating the exchange of

experience and resources.

To verify the described method of calculating the competitiveness of
universities, we analyzed the activities and determined the relevant indicators of
five Chinese universities:

1. Beijing University (Beij. Un.).

2 Shanghai University (Shan. Un.).

3 Nanjing University (Nank. Un.).

4. Wuhan University (Wuh. Un.).

5 Harbin Institute of Technology (Har. Un.).

The results are presented in Table 4.2.

For the calculation according to these criteria, we used normalized indicators
that take values from 0 to 1. Also, for the convenience of perceiving the results, we

scaled them with a multiplier of 100.
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Table 4.2. Indicators of competitiveness

of educational activities of some Chinese universities

Universities
Criterion Beij. Un. | Shan. | Nank. | Wuh. | Har. Un.
Un. Un. Un.
1 77.8 76.0 68.9 66.4 50.2
2 80.9 81.5 62.8 50.6 44.9
3 89.0 90.1 71.9 53.2 53.6
4 88.3 90.5 67.6 41.8 42.7
5 83.9 84.1 80.5 77.4 77.0
6 73.9 72.1 45.1 33.8 31.0
7 67.8 70.1 42.9 38.9 23.0
8 91.7 88.5 32.9 40.6 30.5
9 95.1 95.9 42.8 40.5 24.1
10 91.2 96.1 39.7 41.1 22.5
11 87.5 85.1 33.1 30.9 22.7
12 89.1 83.6 31.0 30.5 21.8
13 93.2 90.9 53.1 42.6 20.4
14 88.0 89.5 55.8 34.9 29.0
15 87.6 91.4 56.8 39.5 39.8
Comprehensive 85.67 85.69 52.37 | 44.18 35.55
assessment of
university
competitiveness

Petal charts were constructed to see which of the criteria for these universities

are approaching the best result and which need to be improved (Figures 4.1 - 4.5).

If we take Shanghai University as the best or most competitive in this calculation,
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and Harbin Institute of Technology as the least competitive, Figure 4.6 shows a
joint diagram that shows which of the criteria the latter needs to improve.

The results obtained for Beijing University indicate that the item "volume of
external financing of research work under republican programs" has the highest
score, i.¢., it is implemented at the university at the highest level compared to other
criteria. The worst score was given to the item "publication of journals
recommended by the authorized body". However, this score is relatively high
compared to other university positions. Shanghai University also has the lowest
score for the seventh criterion, and the highest for the ninth.

At Nanjing University, the lowest position is occupied by the university's
budgeting, and the highest is the fifth criterion, "Number of articles published by
employees of the organization in journals recommended by the authorized body."
The situation is similar at Wuhan University: the budget is smaller than other
universities, and the fifth criterion has the maximum values. At Harbin Institute of
Technology, the thirteenth criterion is the least important, and the fifth criterion is
the most important again. That is, the publication of articles in professional
journals, a staff contract requirement, allows this criterion to be ranked high.

Beij. Un.

1

15 100,00

86,006
14 3
60,00

40,00
13 4
20,00

0,00
12 5

11 6

10 7

Figure 4.1 - Diagram of indicators of educational activity according to the

specified criteria for calculating the competitiveness of Beijing University
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Shan. Un.
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Figure 4.2 - Diagram of indicators of educational activity according to the

specified criteria for calculating the competitiveness of Shanghai University
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Figure 4.3 - Diagram of indicators of educational activity according to the

specified criteria for calculating the competitiveness of Nanjing University
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Figure 4.4 - Diagram of indicators of educational activity according to the

specified criteria for calculating the competitiveness of Wuhan University
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Figure 4.5. - Diagram of indicators of educational activity according to the

specified criteria for calculating the competitiveness of the Harbin Institute of

Technology
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Figure 4.6 - Diagram of indicators of educational activity according to the
specified criteria for calculating the competitiveness of the Harbin Institute of

Technology (blue line) and Shanghai University (orange line).

According to the QS ranking, these universities are placed in the following
places:
1. Beijing University (Beij. Un.) — 30.
2. Shanghai University (Shan. Un.) — 59.
3. Nanjing University (Nank. Un.) — 122.
4.  Wuhan University (Wuh. Un.) — 257.
5. Harbin Institute of Technology (Har. Un.) — 285.

Accordingly, according to the method of calculating competitiveness
described in this paper, only one position does not converge: Shanghai University
is on the first place, Beijing University is on the second, and then the other
positions of the universities coincide.

For a complete analysis of a university, in addition to the data presented, it is

also necessary to calculate indicators for other types of activities. In particular, the
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educational component should be analyzed more thoroughly, and student feedback
on training and employment of students after graduation can be taken into account.
Unfortunately, such indicators are not published in the public domain, so it is
difficult to assess them for these universities.

To verify the results of the study, an information and analytical system was
developed. This system incorporates methods that were previously proposed to
assess the competitiveness of universities. When creating the system, the principles
of distributed information systems development were used, which were defined in
detail in the relevant work. The system also used components of the conceptual
model of the automatic system described in the same document to determine the
directions of research. There are 15 indicators for evaluation. The main focus of
the information-analytical system was aimed at finding the results of educational
activities. The results obtained make it possible to apply the method of assessing
the competitiveness of the university.

Table 4.3

Interpretation of the results of the university competitiveness assessment

Scale for assessing the competitiveness of the university's educational
activities

Meaning Assessment
(85,100] E - Excellent
(50,85] G - Good

(30,50] F - Fair

(10,30] P - Very poor
[0,10] U - Unacceptable

Thus, according to the calculations for the universities, Beijing University

(Beij. Un.), Shanghai University (Shan. Un.) belong to category E, Nanjing
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University (Nank. Un.) belongs to category G on this scale, Wuhan University

(Wuh. Un.) and Harbin Institute of Technology (Har. Un.) belong to category F.

Table 4.4 shows the letter scores of universities' competitiveness.

According to the criterion of the number of maximum grades, Beijing

University has the highest competitiveness, as Beijing University has 10 E grades

and Shanghai University has 9 E grades. Other universities have no maximum

grade.
Table 4.4. Indicators of competitiveness
of educational activities of some Chinese universities
Universities
Criterion Beij. Un. | Shan. | Nank. | Wuh. | Har. Un.
Un. Un. Un.

1 G G G G G

2 G G G G F

3 E E G G G

4 E E G F F

5 G G G G G

6 G G F F F

7 G G F F P

8 E E F F F

9 E E F F P

10 E E F F P

11 E E F F P

12 E G F F P

13 E E G F P

14 E E G F P

15 E E G F F
Comprehensive E E G F F
assessment of
university
competitiveness

At Harbin Institute of Technology, seven criteria are rated P (very poor), and

the administration should work on these criteria to improve the overall level of

competitiveness. Some items are related; for example, the amount of budget

funding will increase the number of published articles, as more qualified staff will
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be attracted to participate in projects and publish scientific articles with a high
impact factor.

The results are essential for a comprehensive assessment of the
competitiveness of universities, taking into account various types of educational

activities.

4.2. Information system for assessing the competitiveness of educational

activities of universities

The functional-modular approach to the design of information technologies
1s generally recognized and tested in practice. An information model for assessing
the competitiveness of educational activities is proposed.

It consists of four modules:

- Information collection module.

- Information storage module.

- Analysis module.

- Module of user interaction and data visualization.

The modular structure of this technology allows expanding and modifying
the functionality of each module independently of other modules, increasing the
stability and flexibility of the technology.

The information acquisition module is responsible for receiving incoming
data and its primary processing. There are two possible sources of information:
manual user input and automatic collection of public information.

Public information is information that is publicly available, free for use,
distribution and modification. It can be information that is not restricted for
exchange, access or use.

The main characteristics of open information include:

1. Accessibility. Open information should be easily accessible to all

interested parties without restrictions or barriers.
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2. Free use. The use of open information should be free and not limited
by legal or technical restrictions.

3. Dissemination. Information may be freely distributed, as well as
modified and used for various purposes.

4. No restrictions on use. Open information should have no restrictions
on how it can be used.

Open information may include data, text, images, audio, video and other
forms of information. This approach to information promotes openness,
community development and innovation in various fields, including science,
technology, education and civil society. An open source of information is a
resource from which information can be freely used, distributed, and modified
without restriction or charge. It can be any source that provides access to its
information without copyright, technical barriers or legal restrictions. The best
open sources of information needed to evaluate the results of scientific activity are
scientometric databases. A scientometric database is a database that contains
information about scientific publications, their citations, and other parameters used
to measure the impact and visibility of research and authors. These databases help
to analyze and compare the scientific contributions of different authors,
institutions, journals, or countries.

The most important characteristics of information required for the proper
functioning of a technology are reliability and integrity. Assessing the reliability of
information is a complex task. One principle is that information is considered
reliable until an inconsistency is detected. Another principle is that unverified
information cannot be trusted.

Contradictory information is information about the state of an object or
phenomenon at a certain point in time that comes from many very different
sources. Verification of information is the process of confirming its authenticity.
The main method of verification is to obtain information from reliable sources.

Structured information is information about a particular object or phenomenon
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presented as a set of pairs (property, value). Structuring is the process of
converting unstructured information into structured information. Open information
is usually available in an unstructured format. Information must be structured so
that it can be stored and processed further. The information is sent to the storage
module in a structured and reliable form.

The main task of the storage module is to store the information received
from the information collection module. It also provides data collection in
accordance with the requirements of the analysis module. The data collection
module contains a database that is local to the other modules. The analysis module
solves the main tasks of information technology for evaluating the results of
scientific activities. These include determining the direction of scientific activity,
assessing the competitiveness of educational activities, and forecasting the
prospects for the development of scientific and pedagogical staff, universities and
their structural units.

Considering a structural unit of a university as a set of individual subjects
of scientific activity, the assessment of its scientific activity can be obtained as a
vector or scalar convolution of the assessment of the results of scientific activity of
its employees. An important idea when implementing the system of assessing the
competitiveness of educational activities of universities was to ensure maximum
openness and accessibility to the academic community. In addition, an important
condition was to use only reliable and verified sources of information that do not
involve subjective assessments and are recorded solely on the basis of the results
of real research by universities. To ensure these provisions, a system architecture
was created in which the interaction between the system and the user takes place
via the Internet.

The block diagram of the information system for assessing the
competitiveness of educational activities (Fig. 4.7) includes a module for collecting

information, a module for processing information, a database, and a web server.
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The target audience of system users is the Ministry of Education, university
managers, etc.

The architecture of the information system should be represented by blocks
that include separate microservices for the following tasks

- a complex for collecting, processing, and storing information on the
competitiveness of universities;

- methods of forming research topics for teachers and university staff;

- methods for assessing the competitiveness of educational activities of
universities.

The functional model of the information system for assessing the
competitiveness of educational activities of universities consists of five main
modules:

1. Manager, which is designed to perform tasks and interact with other
services of the system.

2. Information collection service, which provides data from open sources
and their preliminary processing.

3. Data storage service, which includes a database and methods of working
with data.

4. Data analysis service, which includes methods of forming research topics,
methods of assessing the competitiveness of educational activities; generating
reports.

5. Visualization service that provides interaction with users through the
WEB interface.

The infocommunication system for assessing the productivity of scientific
activity is a combination of

- a web application that searches, stores and processes large amounts of
information on the publication activity of scientists from the Internet;

- methods of information processing;
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- sources of information (information on citations of teachers from
scientometric databases);

- consumers of information (universities, research institutes, private
companies, government agencies responsible for scientific policy).

The implementation of the service is characterized by the fact that its code is
executed on a separate virtual server, and the interaction between the services is
realized through the corresponding API. Information and requests are exchanged
between services via local networks and the Internet. Data is transferred via the

https protocol by sending a properly formatted POST request.
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Figure 4.7. - Block diagram of the information system for assessing the

competitiveness of educational activities of universities
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Figure 4.7 shows a block diagram of the system for assessing the
competitiveness of university educational activities. It consists of a database, an
information collection server, a web server, an information offering server, and
information sources: universities, teachers, scientific journals, the ministry,
research projects, etc.

Creating a database on a university's educational activities is a complex task,
as it must cover various aspects of management, statistics, and analytics. Below is
a general structure of a database that can be used to store and process information
about the university's educational activities. It is only a general concept and the
specific structure may depend on the unique needs of the university.

Table "Students":

- StudentID (unique student identifier);
- First name;

- Surname;

- Date of birth;

- Address;

- Contact information;

- Level of study (bachelor's, master's, postgraduate);
- Specialty/Faculty;

- Degree/Course;

- Other personal data;

Table "Subjects and Courses":

- CourselD (unique course identifier);
- Course name;

- Description;

- Faculty;

- Teacher(s);

- Duration;

- Results of exams/grades;

Table "Teachers":
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- TeacherID (unique teacher identifier);
- First name;

- Last name;

- Faculty;

- Subject(s) taught by the teacher;

- Classes and schedule;

Academic achievements table:

- AchievementID (unique achievement identifier);

- StudentID (link to the "Students" table);
- Description of the achievement;

- Date of receipt;

- Level of importance;

Table "Finance":

- FinancialID (unique identifier of the financial record);

- Department;

- Budget;

- Expenses for educational programs;

- Scholarships;

- Other financial aspects;

Table "Research and Development":

- ResearchlID (unique research identifier);
- Faculty;

- Projects;

- Publications;

- Reports;

Table "Events and Community Events":
- EventID (unique event identifier);

- Title;

- Date;

- Participants (students, teachers);
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- Results;

Table "External Relations":

- PartnerID (unique partner identifier);

- Company/Organization;

- Type of partnership (e.g., internships, joint projects);

- Contact information.

Creating a system for collecting information for educational activities of
universities may include the creation of an information server or data collection
system that will help universities to effectively manage and analyze various data.
The main components to consider when developing a system for collecting
information are the target audience, data types, process automation, user interface,
data security, etc.

Open data on scientists and their scientific publications are usually available
in unstructured or poorly structured formats. It needs construction and primary
processing before it can be stored and used. Once the information is structured, it is
stored in a database. The system can run on a single server or be split into several
different servers to optimize usage. If the components of your system are located
on different servers, you must provide communication between the components via
a local area network or the global Internet. Each component has its own API for
exchanging tasks and results of their execution between services, regardless of
their physical location.

The visualization module allows you to interact with the user. Its
architecture is typical for modern web applications. It consists of several programs
written in Python using the Django framework and running on the Nginx web
server. As a result, users receive HTML documents from the server on demand.
The Bootstrap, jQuery, and Highcharts frameworks were used to stylize the display
of elements. Virtual environments are used to isolate packages on the server and
avoid version conflicts. The Supervisor program monitors the performance of the

modules. If a process is urgently terminated, it is automatically restarted. All
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information is stored in a relational database. This database is physically
implemented in the Postgress database, but the database is managed by interacting
with Django ORM.

ORM is a programming technology that combines the concepts of databases
and object-oriented programming languages to create a "virtual object database".
This approach allows you to abstract from the physical implementation of the
database and simply move it to another server.

The main models in the database are:

1. User (contains a username, password, e-mail address, and information
about his/her rights).
2. Scientist (contains information about the scientist: surname, name,

patronymic in Ukrainian, Russian and English, academic titles and degrees,
information about the place of work by referring to the relevant models,
establishing links to the user's publications and reviews of his or her scientific
activities).

3. Publication (contains information about the publication: title, source,
link to the file, connection with the author and other publications by citation).

4. Citation (identifies the relationship between publications, as well as
additional information about the source of citation information).

5. University (information about the university: name, type, contact
information, information about the departments and communication with users to
identify the responsible person (administrator)).

6. Structural subdivision of the university (faculty or institute,
communication between universities and researchers for the implementation of the
cascade).

7. Assessment of the competitiveness of the university's educational
activities (the assessment includes scientific and commercial indicators identified

for the relevant facility and the date of its opening).
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The peculiarity of databases is that every time the results of scientific
activity are evaluated, the results are saved in the database. The system displays the
last found rating value for the user. If a certain period of time (for example, 1 day)
has passed since the search for ratings, a request for an update will be made at the
same time, and you can also refer to the history of the search for ratings. Important
parts of the functionality that require a large amount of computation and database
access are moved to the calculation module. These functions include, but are not
limited to, calculating research performance scores, searching databases and
adding new information to citations and publications, determining the direction of
research, and sending out Masu emails. Celery servers are used to manage
background computing tasks. Two queues are implemented on the server,
containing tasks with different priorities. Using two queues, you can reduce the
delay in responding to user requests. By managing the results of calculations, you
can also reduce the computational load on the server. For example, if the results of
a user's survey were calculated less than a day ago, the last result found is returned
to the user and no new calculations are performed.

This module consists of spiders for scraping information from the
international scientometric databases Scopus and Google Scholar. The spiders are
written using the Scrapy framework and run on the Scrapyd virtual server. Scrapyd
capabilities are used to manage information collection tasks. The system's APIs are
used to save the results. New spiders can also be written for the module to expand

its capabilities.
Conclusions to chapter 4

1. The article describes a program module for assessing the competitiveness
of educational activities of universities, in particular modules for
collecting information about the activities of the university in order to
assess its competitiveness, a structural model for implementing a system
for assessing the competitiveness of educational activities of universities

using Web technologies, technology for implementing a Web resource for
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filling the database with parameters of the university's information
environment to assess the competitiveness of its educational activities.

. The method of calculating competitiveness on the example of five
universities 1s described: Beijing University (Beij. Un.), Shanghai
University (Shan. Un.), Nanjing University (Nank. Un.), Wuhan
University (Wuh. Un.), Harbin Institute of Technology (Har. Un.). To
verify the developed methods and models, a database with information on
311700 scientific publications authored by 77898 Chinese scientists
affiliated with these universities was collected. The scientific publications
were categorized based on the topics covered in these publications. An
evaluation scale and 15 criteria were proposed, each with additional sub-
criteria. The results show that the proposed method of evaluation is close
to the results of the QS ranking, with only one difference. This i1s due to
the fact that the QS rating also takes into account other parameters that

could not be obtained from open sources in this study.
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CONCLUSIONS

The development of the state, the emergence of new innovations and ideas
are not least ensured by the effective operation of universities. Now, in the context
of digital transformation, there are many factors that influence this activity. A large
number of parameters are difficult to measure, they have different types of data,
and it is also difficult to understand which of the parameters of the university's
activities are important for its competitiveness. The changes that are taking place in
the education system of most countries, especially with the onset of the COVID-19
pandemic, have significantly changed the field on which to base university
competitiveness assessments. Classical evaluation approaches do not take into
account all aspects of educational activities and do not take into account the
dynamics of transformation of the wuniversity's information educational
environment.

Thus, this dissertation solves an important task, namely: the development of
methods and models for assessing the competitiveness of educational activities of
universities in the context of digital transformation, taking into account the
dynamics of the information university environment (scientific component). Also,
the important task of automating the assessment of the competitiveness of
educational activities of universities based on the use of web technologies is being
solved (practical component). The main provisions and results of the research have
been implemented and applied in the activities of Yancheng Politecnic College.

The following results were obtained in this paper:

1. The peculiarities of using system-dynamic modeling of educational activities
of universities are described, the key aspects that influence the positive
dynamics of university development from the point of view of system
dynamics are identified. It is indicated that the use and improvement of
project management methodology in the application to the educational

activities of universities is the key to their progressive development and
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competitiveness, especially in the context of the digital transformation that
the education system is currently experiencing. An analysis of the current
provisions in the management of university educational projects was carried
out. It was found that the current practice of determining the quality of
educational activities of educational institutions is usually focused on
assessing student performance in learning. However, for a full and
comprehensive assessment of the competitiveness of universities, all the
components that affect this activity are important. Especially the need for
their comprehensive study is manifested in the context of digital
transformation. Accordingly, the relevance of developing methods and
models for assessing the competitiveness of universities is confirmed.

. It is shown that assessing the competitiveness of universities is a complex
and multidimensional process that includes an analysis of various aspects of
the activities of educational institutions. The main methods and criteria for
assessing the competitiveness of universities are indicated, including the
calculation of academic indicators, indicators of the quality of the
educational process, university research and international activities,
assessment of university infrastructure and resources, as well as the
effectiveness of management and reporting in general. A review of these
indicators is necessary for further calculations and development of methods
for assessing the competitiveness of universities. It is determined that the
educational activity of the university is a complex of both the educational
component (quality of teaching and teaching materials, etc.) and the research
component (publication activity, project and research activity). The section
describes a multiple model for presenting data on the educational activities
of universities in terms of the publication activity of research and teaching
staff. A data presentation scheme has been formed: university, university
employee, university events, etc. The described model takes into account

and formalizes aspects of the university's educational activity, which is the
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basis for calculating competitiveness assessments and is characterized by a
systematic approach to building dependencies and relationships necessary
for calculating the parameters.

. The method of calculating the competitiveness of the university, which is
calculated by the number of criteria that the university meets, is built. The
criteria are formed in accordance with the requirements of the Ministry and
are intended for accreditation of the university as an educational structure as
a whole, but the list and value of the criteria can be set by the organization
that evaluates the educational activities of the university. The formulas for
calculating the university's competitiveness in the dynamics, defined as the
ratio of the number of criteria that received a positive assessment to the
number of criteria that received a negative assessment p periods ago, have
been established. The scale of comparison of universities by the level of
competitiveness 1s built and described. The system of parameters that
determine the competitiveness of universities is built and the method of data
coverage analysis is described, which can be used for a preliminary
assessment of the competitiveness of the university and is based on the built
parameters. The work describes the formation of the university information
environment as a process of creating and maintaining a system of access to
information that helps students, teachers, researchers and staff to obtain the
necessary data for study, training, research and administration. University
information environments, as well as information environments of university
staff and teachers, contain information about educational activities. In
particular, the information environment of a teacher has information about
scientific publications published by the teacher, disciplines taught by the
teacher, advanced training courses, assessment of scientific potential, and
participation in international educational and scientific projects. The

university information environment includes information about the student
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population, assessment of the university's academic staff, resource support,
etc.

. The work describes a method for assessing the competitiveness of
universities' educational activities, including their information environment.
The method is based on the values of the identifiers of the information
environment of the university and teachers. A comprehensive assessment
allows to identify those areas of the university's educational activities that
should be improved. The method of forecasting the competitiveness of
educational activities of universities, which takes into account the dynamics
of changes in the indicators of the university information environment, is
described. Recommendations for the application of methods for predicting
the competitiveness of university educational activities are also formed. The
method of calculating competitiveness on the example of five universities is
described: Beijing University (Beij. Un.), Shanghai University (Shan. Un.),
Nanjing University (Nank. Un.), Wuhan University (Wuh. Un.), Harbin
Institute of Technology (Har. Un.). To verify the developed methods and
models, a database with information on 311700 scientific publications
authored by 77898 Chinese scientists affiliated with these universities was
collected. The scientific publications were categorized based on the topics
covered in these publications. An evaluation scale and 15 criteria were
proposed, each with additional sub-criteria. The results show that the
proposed method of evaluation is close to the results of the QS ranking, with
only one difference. This is due to the fact that the QS rating also takes into
account other parameters that could not be obtained from open sources in
this study.

. The program module for assessing the competitiveness of educational
activities of universities, in particular modules for collecting information
about the activities of the university in order to assess its competitiveness,

the structural model of the implementation of the system for assessing the
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competitiveness of educational activities of universities using Web
technologies, the technology of implementing a Web resource for filling the
database with parameters of the information environment of the university to

assess the competitiveness of its educational activities are described.
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APPENDIX A. ACT OF IMPLEMENTATION
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ACT OF IMPLEMENTATION

The act of implementing the results of the dissertation work of PhD student Chen Jie
«MODELS AND METHODS FOR ASSESSING THE COMPETITIVENESS
OF UNIVERSITIES' EDUCATIONAL ACTIVITIES IN THE CONTEXT OF
DIGITAL TRANSFORMATION»

While writing his dissertation, Chen Jie fruitfully cooperated with our company and implemented
research results for several years:

1. Evaluation of the competitiveness of universities is a complex and multidimensional process, which
includes the analysis of various aspects of the activity of educational institutions, including the calculation
of academic indicators, indicators of the quality of the educational process, scientific research activities of
the university and international activities, evaluation of the university infrastructure and resources, as well
as efficicncy of management and reporting in general. These parameters have been analyzed and provided
for operation.

2. In his dissertation, Chen Jie built a method for calculating the university's competitiveness, which is
calculated based on the number of criteria that the university satisfies. The requirements of the ministry
form the criteria. They arc intended for the university's accreditation as an educational structure. Still, the
list and meaning of the criteria can be set by the organization that evaluates the university's educational
activities.

3. The peculiarity of the described method is that on its basis, it is possible to evaluate competitiveness in
dynamics and compare universities among themselves. A scale of comparison of universities by level of
competitiveness was built and described. A system of parameters that determine the competitiveness of
universities has been built. This is very important for our company, as the involvement of universities in
project activities is an essential component of our work.

4, Having information about the competitiveness of universities maA&%&g %hsh close

project ties with them, which contributes to the development of the s
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Vice-chancellor WANG SHUDONG
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