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accessibility to GSEI. The article analyzes the theoretical, methodological and practical
problems of using geographic information systems in studies of walking accessibility to general secondary schools of Chernivtsi city
territorial community and describes the general secondary education institutions of the studied community. Based on geoinformation
systems developed in Open Route Service and QGIS, the areas of the community with the best and worst walking accessibility to
secondary schools were identified, which is certainly of great practical importance in creating pivotal institutions, their service zone
and overcoming the problem of overcrowding in some schools. The most convenient location of the general secondary education
institutions of Chernivtsi city territorial community was observed in the central part of the city, as well as in microdistricts Prospect and
Boulevard, where there is a fairly dense arrangement of general secondary education institutions. There are also areas in the community
that are outside the 2-kilometer walking accessibility zone and require transportation for students. Such areas are the Shantsi, Tsetsyno
and Slobidka and Rohizna microdistricts, which have a cottage type accommodations. In general, most of the community is within
walking accessibility. An important aspect of the location of GSEI is the availability indicator, which ranges 0.2 to 0.81. The average
rate of accessibility to GSEI in the Chernivtsi city territorial community is 0.65. It should be noted that in the community there is a
relevant problem of providing students with places in GSEI in those areas, where today the construction of new residential areas is
actively carried out, while educational institutions are not expanding and not being built.
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I'eoindopmaniiiHi TEXHOJIOTIT AK OCHOBA JOCJIIIKEHHSI ONITHMAJBHOTO PO3TALILYBAHHSA 3aKJIa/iB
3arajibHoI cepeHbOI 0CBiTH (Ha npukJaaai YepHiBenbKkoi MiCbKOI TEPUTOPiaJIbLHOI TPOMA/IN)

M.J1. 3asuyk, L.I. Kocramyk, K.B. Jlapuyk, }0.0. Binoyc
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m.zayachuk@chnu.edu.ua, i.kostaschuk@chnu.edu.ua, m.zayachuk@chnu.edu.ua, y.bilous@chnu.edu.ua

AHoTanisi. B crarTi npoananizoBaHO TEOPETHYHI, METOAWYHI TA MPUKIIAIHI ACIIEKTH BUKOPUCTAHHS reoiH(OopManiifHuX CUCTEM 3 Me-
TOIO BUBYCHHS Ta aHAII3y ONTHMAIBHOTO PO3TAIyBaHH 3aKJa liB 3arajibHOI cepeHb01 0CBiTH UepHiBEIbKOT MiChKOI TEPUTOPiaIbHOT
rpoMajii, BU3HAYECHHS MIIIOXiTHOI JOCTYMHOCTI YYHIB A0 HUX; a TAKOX MOXKIMBOCTI IX 3aCTOCYBAaHHS JJISI IPOCKTYBaHHS OCBITHBOI
Mepexxi. Ha ocHoBi moOynoBanux mmppoBux kaprorpadiuHux Mozeneil 3a jgomomoroio Beb-cepicy OpenRouteService Ta
reoingopmariifnux cucrem ArcGIS ta QGIS, Bu3HaueHO MeXi Ta CTPYKTYpHI €JIeMEHTH TEPUTOPialbHOI IPOMaH, IPOaHaIi30BaHO
0COoOIMBOCTI (PYHKIIOHYBAHHS 3aralbHOOCBITHROT MEpEXi Ha TEPUTOPIT JOCIIIIKEHHS Ta BUSBIEHO 30HU 3 HAHKPAIIIO0 Ta HAUTiPIIOI0
IIIIOXIIHO TOCTYITHICTIO /10 3aKNIa/(iB 3arajbHol cepeHboi ocBiTh. Hafikpalie po3rairyBaHHs 3aKia/iB 3arajbHOl CepeHbOi OCBITH
UepHiBelbKoi MICHKOI TEpUTOPIiabHOI TPOMAAN CIOCTEPIraeThesl B LEHTPAJbHIA YaCTHHI MicCTa, a TAKOX y MiBICHHHUX CIIaJbHUX
Mikpopaiionax micta — [Ipocnexrt ta BynbBap, e BiACTeKy€eTbCs JOCUTD MIIIbHE PO3MILICHHS 3aKJIa/iB 3arajlbHOl CepPeaHbOI OCBITH,
110 MOSICHIOETHCS B LICHTPANIbHIN YaCTHHI ICTOPUYHUMHE Hporiecamu (JOpMYBaHHS MICBKOTO IIPOCTOPY, a B CHAJIBHUX pailOHaX — BUCO-
KOO T'YCTOTOI HACEJICHHS Ta BIAMOBITHO I YUCEIBHICTIO AiTEH IIKIIBHOIO BiKy. BcTaHOBIEHO, 1110 B IpoMajii HasIBHI TEPUTOPIT, 110
3HAXO/ATHCS 11032 MEXAMH 2-X KIJIOMETPOBOI 30HU MIIIOXiHOI JOCTYITHOCTI Ta MOTpeOyIOTh opraHizamii miBe3eHHs yuHiB. TakuMu
TEPUTOPISIMH € MIKpOPaOHH 3 KOTSIHKHUM TUIioM 3a0ynosu — lanmi, [enmmao Cnodinka ta Pori3Ha, a Takok CilIbCbKi HaCEIEH1 ITyH-
KTH. 3arajoM OiJbIlla YaCTHHA TEPUTOPIi TPOMAIN 3HAXOAUTHCS B MEXKAaX MIIIOXiTHOT JOCTYIHOCTI. Ba)KIMBUM acTieKTOM PO3MIIICHHS
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3aKJIaJliB 3arajbHOI CEPEIHBOT OCBITH € TOKA3HUK JOCTYITHOCTI, iKUii komuBaeThes Bim 0,2 1o 0,81. CepenHiii e MOKa3HUK TOCTYIHOCTI
JI0 3aKJIaJIiB 3aralibHOi CepelHbOi OCBiTH B UepHIBENbKild MICBKiil TepuTopialbHild rpoMaai ctaHoBUTH 0,65. Ciin BiAMITUTH, IO
OKpaiHHI pypalibHi paifloHH MicTa TOTPeOYIOTH MiIBE3CHHS YUHIB MIKLUTFHAMHI aBTOOyCaMH, IO NOTpeOye BUPIMIEHHS MiCHKOIO BIAI0I0.
I'IC TexHOMOTI1 103BOMISAIOTH MPOBOAUTH OLIIHKY OCBITHBOI MEpPEXKi, 110 JO3BOJIUTH 3aIPOIIOHYBATH BUPILICHHS CKIAIHUX MHUTaHb, SKi

BUHUKJIM B YMOBaxX peOpMyBaHHS OCBITH.

Kniouogi cnosa: eeoingopmayitini cucmemu, OpenRouteService, QGIS, ArcGIS, niwoxiona docmynnicms, cepeons oceima, 3aKiao

3a2anvbHol cepednbol oceimu

Introduction

High quality education is a precondition of the
successful economic and social future of the state, and
one of the most important factors of acquiring it is
accessibility to students of the education institutions of
various forms and types. In Ukraine, there are clearly
outlined sanitary norms of locations and accessibility
of institutions of general secondary education (IGSE),
which should be taken into account when optimizing
their network. Up to now, the geoinformational
systems for studying transportation and walking
distances have been almost unused during planning
or optimizing the network of institutions of general
education, which were then and now based rather
on economic parameters. Research of walking
accessibility to IGSE using the methods of spatial
analysis is quite important and necessary, first of all
in order to determine the territories with their various
parameters, which has a practical significance for
creation of pivotal schools [pivotal school refers to the
main school of a community, education center in each
administrative-territorial unit, where education is also
provided to children of small surrounding settlements
— Translator’s note] and strategic development of the
general education network. Such an approach would
allow our country to develop an optimum educational
network, provide every student with access to high-
quality education and multi-faceted development ofhis
or her talents, based on principles and requirements of
the New Ukrainian School. This in turn would increase
the national security of the state (and particularly its
economic and social constituents), and will contribute
to sustainable development of the state, described
in the Resolution of the General Assembly of the
UN “Transforming our world: the 2030 Agenda for
Sustainable Development”, specifically goal 4 of this
agenda, which is to “Ensure inclusive and equitable
quality education and promote lifelong learning
opportunities for all”, and therefore the topic has both
scientific-theoretic and practical significances.

Review of the literature, materials and methods of

research

Research of optimum locations for institutions
of general secondary education is a relatively
new direction in socio-geographic science. Most
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scientific research has focused on the territorial
differentiation of the educational network. Today,
an important aspect is monitoring and justification
of creating pivotal schools of the IGSE in spite of
the ongoing de-centralizing processes in Ukraine.
This issue has been studied the most by economists
and geographers. Among economists, we should
note the research of such scientists as Harchenko
M., Pashkevych M., Bienovsky L., Palchuk V.,
Savchuk D. and others. Other research has focused
on generalization and development of scientific-
methodological development of the network of
pivotal schools in the conditions of decentralization
reform. Specifics of functioning national and regional
educational complexes have been researched by
geographers, particularly Oliinyk Y., Niemets L.,
Homra O., Statsky V., Melnychenko T., Kornus O.,
Nych T., Flint N., Zaiachuk O., Kostaschyk I., and
many others. Among foreign researchers, we should
note the works by Lakhotia S., Lassarre S., Rao K.
R., Tiwari G., Colclough J. G., Owens E., Martinez-
Jiménez E., Salinas-Pérez J. A. and others. Analysis of
walking distance to the culture-educational network
of Cordoba (Spain) using geodata technology is
presented in the research by Enrique Martinez-
Jiménez and Jose A. Salinas-Pérez. In their works,
Shovan Ghosh, Sanat Kumar Guchhait and Susmita
Sengupta reveal spatial peculiarities of development of
infrastructure and level of development of secondary
schools in India. Also, important researches were
carried out by Colclough J. G.and Owens, E., which
analyze the specifics of cartography of walking time
using the methods of network models of GIS.

GIS-technologies are actively wused in
the development of urban planning, land use,
development of hospital districts, etc. In general, use
of geoinformational technologies is seen in different
spheres of human activity. On the other hand, these
technologies are poorly incorporated in research on
educational networks, including locating educational
institutions and planning the parameters of their
optimum location.

The researches was conducted based on analysis
of existing literature data in this topic, cartographic
dimensions and use of GIS-technologies. We analyzed
statistical materials related to the characteristics of
the institutions of general secondary education in
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Chernivtsi City Territorial Community, and using
geoinformation systems, we developed zones of
accessibility to educational institutions in the initial
administrative-territorial unit. The best way of
researching walking and riding distances is to use
geoinformation systems, of which there currently
are dozens of software products. Among them, we
selected ArcGIS and QGIS to achieve the goals.
Complex use of QGIS and ArcGIS solved the tasks
of various complexity, particularly determining the
coefficient of accessibility of the institutions, analysis
of their spatial arrangement and identifying territories
with varying degrees of accessibility, and the use of
Open Route Service web service allowed us to solve
those problems in interactive regime. At the moment,
within the framework of Open Route Service, the
following functions were implemented: directions,
matrix of temporal distance; point of interest; Pelias
geo-coding; elevation; isochrones (HeiGIT, 2020).

To study accessibility to IGSE by riding and
walking, we propose using the method of structure
of isochrones (zones of accessibility), which help
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think that research on local territorial communities
with well developed transportation infrastructure and
dense ISGE network on one hand, and uneven ISGE
network on the other hand, should pay more attention
to walking accessibility, rather than accessibility by
cycling or riding. This will help planning not only
the educational network, but help in the necessary
process of organizing the transportation of children,
and also help Chernivtsi Local Council in dividing
the city into educational districts. On the other hand,
in village communities, one should focus more on
transportation infrastructure and optimization of
financial expenditures for transportation of children
to the pivotal schools.

The main material

Currently, Ukrainian society is at the stage of
carrying out a de-centralization reform, which implies
changes in the administrative-territorial structure of
our country and imposes most duties (including
provision and development of the education) of the
state onthe bodies oflocal government, which, together
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Fig. 1. Interface of Open Route Service web service for determining accessibility to the IGSE

determining from which points the students are able
to walk to school in a certain time, as well as distance.
When building isochrones, the following parameters
are taken into account: steepness of slopes, types of
roads, types of cover, complexity of roads and others.
Accessibility zones can be made for cars and large
vehicles (including buses, which is important when
planning routes for driving children), travel distances
by cycling and walking, and also moving in wheelchair.
Polygons can be made according to distance or time,
which is quite convenient and allows taking into
account children’s walking speed related to age. We

with receiving budget preferences and management
obligations, should take on the complex task and
responsibility of creating effective management of
systems of education, medicine, culture and other
spheres in their communities. An important aspect in
this context is effective planning of arrangement of
IGSE, optimization of their network, which manifests
today in the creation of pivotal schools and their
branches (Ridosh (Ed.), 2021).

After introduction of de-centralization reform,
communities began to actively use data and geoinfor-
mational cartography software in the sphere of mana-
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gement of territories of inhabited areas. In most cases
when they are being implemented, the “map and
data base” approach is used ,which involves storing
maps and attributive information in a data base. The
main feature of GIS is using geospatial data base for
presenting the data in the following forms: various
documents based on developing maps; developing
tables; texts using selections from the data base and
geospatial modeling and analysis of the data obtained
using the results of selection (Honcharov&Oliinyk,

2016).
Despite broad introduction of information
technologies, geoinformation technologies are

practically unused during planning of the educational
network, and particularly creating pivotal institutions
and optimizing the network of ISGE, especially at the
local level. Therefore, it would be practical to consider
these issues within separate territorial communities.
According to the new administrative-territorial
structure, in Chernivtsi Oblast, 52 territorial
communities have been created, including 34 village,
7 posyolok and 11 urban. For the research, we
selected the Chernivtsi Local Territorial Community,
which is the largest in Chernivtsi Oblast according
to the population, number of students and number
of the ISGE. The community includes three local
settlements, namely Chernivtsi city and Chornivka
and Koroviya villages. The area of the community is
181.6 km?, and the population is 272,180 people (local
population — 267,060 people and rural population —
5,120 people) (Ridosh (Ed.), 2020). Therefore, the
average population density is 1,498.8 people/km?.
During optimization of the general educational
complex of the community, we took into account the
number of factors: educational needs of students; or-

ganization of pre-profile training and profile (profes-
sional) education; qualification of pedagogic staff;
material-technical base; presence and convenience
of roads; transportation distance to education institu-
tions, etc (Bilous, 2020). In general, within the Cher-
nivtsi Territorial Community, there are institutions
of general secondary education, institutions of pre-
school educations, and also inclusive resource centers
operate, institutions of pre-school education and insti-
tutions of higher education.

An important aspect in the development of
education comprises parameters of dynamics of
population and its sex-age structure, which form the
specifics of the demographic process, which in turn
determines the share of students in the age structure.
The population of Chernivtsi city has continuously
grown since 2002. As of 1 January 2019, 266,5 thou
people lived in the city, which is almost 26 thousand
more than in 2002 and almost 13 thousand more
than in 2011 (Fig. 2). In the sex structure, women
prevail (847 men per 1,000 women, which is 16 less
compared with 2002). Age structure of the population
is as follows: 0-14 years — 14.9%; 15-64 years —
71.9%; 65 and older — 13.2%, indicating regressive
type of reproduction of the population.

The number of students in ISGE in Chernivtsi
city starting from 2010-2011 school year has
continuously grown. As of September 1, 2009, 27,649
students studied in these institutions of Chernivtsi
city, which was over 5 thou students more compared
with September 1 2020 (Fig. 3). Currently, 28,457
students are studying in the Chernivtsi Territorial
Community, most of them (over 1,000 students) are in
Z0OSh (Middle School of General Education) of levels
I-III: Ne 24 School named after Olha Kobylianska,

Number of students in GSEI of Chernivtsi TC
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Fig. 2. Dynamics of number of population of Chernivtsi city
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Fig. 3. Dynamics of the number of students in the institutions of general education in Chernivtsi city

ZOSh of levels I-1II Ne 27, ZOSh of levels I-IIT Ne28,
Chernivtsi ZOSh Ne 6, Chernivtsi Specialized School
of levels I-I1I Ne 22, and the loweat number (less than
200 students) are in the Harmonia Private Specialized
School of levels I-1II, ZOSh of levels I-1I Ne17, ZOSh
of levels I-I1 Ne13, Chernivtsi Gymnasium Ne6 named
after Oleksandr Dobry with teaching in Romanian,
the Military and Sport Boarding Lyceum, ZOSh of
levels I-1II Ne 10, ZOSh of levels I-11I Ne 40, located
in the rural part of the city, Chernivtsi Specialized
School of level I No29. According to the levels of
education, the largest number of students studies at
level 11 (13,064 students), and the least at level III
(2,877 students).

An important element in the organization of
high-quality education is the size of the class, which
affects various constituents of educational space.
The average class in the schools of the Chernivtsi
Community comprises 27.3 students, and most
optimum parameter ranges within 20-25 students
(Kostashchuk & Bilous, 2014). It has to be noted
that in the educational institutions of the Chernivtsi
Community, the size of the groups is higher than
average, and it also varies depending on the part
of the city (central, rural, commuter towns, etc).
The largest groups (over 35) are in 4 educational
institutions, whereas the smallest (less than 20) are
in 6 educational institutions. Only 6 institutions have
optimum parameters of the groups, particularly:
Chornivsky Training-Educational Complex (TEC),
Z0OSh of levels I-11I - Ne40, Chernivtsi Gymnasium
Ne6 named after Oleksandr Dobry, ZOSh of levels
I-1II stages Ne30, Koroviya ZOSh of levels I-11I and
the Chernivtsi Specialized School of level I Ne29.

One of the most important factors of optimizing
secondary education is location of the institutions,
and also accessibility to them by walking or riding.
According to the sanitary norms, the radius of walking
distance to secondary education institutions should be
2 km. Students who live at the distance more than 2 km
away from the school should be provided with transport
according to the regulations of the founder (founders)
of the educational institution in correspondence with
the current legislation. Transportation is carried
out according to the designated plan of stops. The
distance from accommodation to the gathering place
for students at the stop should not exceed 500 m (Pro
zatverdzhennia Sanitarnoho rehlamentu dlia zakladiv
zahalnoi serednoi osvity, 2020).

To implement the goals, as already mentioned, we
used Open Route Service, and also geoinformational
systems ArcGIS and QGIS. In ArcGIS v.10.5
environment, particularly ArcMap app, we
downloaded initial cartographic data: Shuttle Radar
Topography Mission (SRTM), cosmic images in
Natural Spectrum (Landsaat) and various raster tiles
(OSM). Also, by applying Field Calculator, we have
separately developed a geospatial set of data (Fig. 4),
which included 721 linear objects of street network
and courtyard passages (730.38 km) of the Community
and 56 point objects of secondary education (Fig. 5
and 6). Every object was given an attribute, regarding
its name, type, population living around it, and the
number of students studying in it. Then, vector data
were overlaid on the corresponding rasters.

Based on these data, using NeworkAnalyst tool,
we developed graphs of the route network, with almost
5,000 binding and turning points. They will serve as
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Table
ERAE AL
| | FID Name Area ol Type Num Poguﬂ Num Pupilluum Z7 Adress Shape * | Id Name? ree

33 | Gymnasium Me5 10,206 0,812 | gymnasium 51988 452 289 |Dmytra Zagula str., 3 Point 0|#5G

52 |School M223 10,208 0,812 |school Hevel 51989 301 28 [Dmytra Zagula str., 3 Point 0]#23
22 |School N4 10,112 0,805 |school 53466 626 28 |Shevchenka str., 16 Point 0|#d Ll
29 | Gymnaszium M1 9,857 0,788 | gymnasium 459282 523 21 |Nezalezhnostiav., 68 Point 0#G

0 |School N21 9818 0,781 |school 48310 534 21 [Eminesku str., 1 Point 0]#1 Hil
54 |School M27 9,898 0,78 | school Hevel 45282 752 21 [Nezalezhnosti av., 63 Point 0|#7
M |Gymnasium Ma23 5,748 0,776 | gymnasium 524328 409 28 |Golovna str., 131 Point 0|#3G

53| School N226 9,748 0,775 |school Hevel 52438 402 28 |Golovna str., 131 Point 0|#25
25 |School NBS 9721 0,774 |school 47240 245 24 |Lesi Ukrainky str., 1 Point 0]#5
40 [Lyceum Na4 5633 0,767 | yceum 43155 554 18 [Nebesnoi Sotnistr., 18 Point 0 |#4L

44 |Garmonija 5,633 0,767 | education complex 43158 57 16 |Nebesnoi Sotnistr., 18 Point 0 |Ljubystok

8| School Ne20 9,603 0,764 | school 45491 446 21 |Glibova str., 21 Point 0|#20 Hil
11 [School Na24 9,564 0,761 |school 48360 1183 17 [Fizkul'turna sir., 5 Point 0|#24

8 |School N22 9,539 0,759 |school 48679 T28 27 |Golovna str., 87 Point 0)#2 Hil
37 |Lyceum M2 §545 0,758 | yceum 44735 323 22 |Shtejnbarga str., 2 Point 0|#L

16 | School M230 9,524 0,758 |school 51785 447 23 |Sherbanjuka str., 4 Point 0 |#30

39 [Lyceum MNa3 5,287 0,739 |lyceum 52246 434 23 |Zalozec kogo str., 13a Point 0]#3L
27 |School N28 5,201 0,732 |school 35807 585 20 [Dzerzhyka str., 22 Point 0|#3

49 |School M2g 919 0,73 |school Hevel 41839 434 22 |L. Ukrainky str., 20 Point 0{#9
23 |Jewish school N241 8,114 0,725 |school 44230 347 20 |Shkil'na str., 2 Point 0]JS#41

32 |Gymnasium 24 5,027 0,718 | gymnasium 40574 529 18 |Shepkina str., 2 Point 0|#4G

15| School M23 8,885 0,707 |school 45850 652 25 |Hercena sir,, 35 Point 0|#3
26 |School No§ 8,829 0,703 |=chool 30757 1063 14 |Komarova gtr., 26k Point 0|#5

38 |Lyceum N2 8617 0,686 | lyceum 43305 232 25 |L. Kobylycistr., 88a Point 0j#2L

4 |School N214 8,595 01,684 | school 41698 576 19| Shkil na str., 3 Paint 0|#14 Hii
12 |School M225 8,596 0,684 |school 33739 453 17 |wana Mazepy str. Point 0|#25 Hil
30 |Gymnasium MNa2 24 01,6683 | gymnasium 43541 407 22 |Golovna sir., 73 Point 0{#2G

51| School N235 84 0,668 |school Hevel 43541 243 22 |Golovna str. 73 Point 0|#35

2 |School M211 8,387 0,667 |school 2513 762 11 |Pivdennokil ceva str., 5 Point 0]#11

34 [Gymnasium MNag 8,283 0,659 | gymnasium 41140 152 18 |A. Sheptyc'kogo str, 19 |Point 0|#5G

55|School N229 8,283 0,658 |school Hevel 41140 192 18|A. Sheptyckogo str., 19 [Point 0|#29
45 | Nadija 8,015 0,638 |private i 18282 202 2 |Moskovs’ koi Olimpiady str | Point 0 | Nadija
35 | Gymnasium N7 7,998 0,636 | gymnasium 38629 752 21 [Nezalezhnosti av., 88d Point 0|#7G

50 | School M215 7,953 0,636 | school Hevel 39629 597 21 |Nezalezhnosti av., 88d Point 0|#5

18| School M237 7,847 01624 |school 22081 522 3 |hvana Pidkovy str., § Point 0{#37

1|School N1l 774 0,616 |school 22206 180 5| Gorihive'ka str., 31 Point 0|#i0

41 [ Militas Ceum 7722 0,514 |lyceum 26234 172 8 |Lukovec'ka str., 29 Point 0 [ Miltary liceum
18|School Ne33 7,885 0,612 |school 33484 623 24 |Heroiv Majdanu str., 152a | Point 0[#33 Hil
13| School M227 7,385 0,588 |school 25416 1313 13 |Vorobkevycha str., 19 Point 0|#27
43 |Ljubystok 7,345 0,584 | education complex 27040 315 4 |Rus’ka str., 228a Point 0| Ljubystok

42 [Lider 7,226 0,575 | education complex 22375 321 5 |Berezhans'ka str., 253 Point 0| Lider

47 |Solomen 7,199 0,573 | private institution 25436 270 5 |Korostyshevs'ka str., Ba | Point 0 |Solomon

10| School M222 7,028 0,558 |school 21752 1438 8 |Pivdennokil’ ceva str., 17 [Point 0|#22 Hil
20 |School N238 5,784 0,54 |school 189501 553 3|Jana Nalepky str., 3 Point 0 |#35 Hil
45 | Glorija 5,636 0,529 | private institution 21594 18 11 |Kovel's'ka str., 25 Point 0 | Glorija

17 |School N231 6,571 0,523 | school 18229 758 0 |Dibrovec'ka str., 5a Point 0|#31 Hil
26 | Beregynja 6,308 01,502 | education complex 19846 237 3 |Karbulyc kogo str., 2 Point 0| Beregynja
3|School N213 5,301 0,501 |school 16370 151 3 |Nemyrivs'ka str. 3 Point 0j#13 Hi
§|School N217 5215 0,495 |school 12037 a7 5 |Sokyrjans ka str., 18 Point 0#17 Hi
14 |School N228 6,063 0,482 | school 14141 1087 2|Rus’ka str., 2573 Point 0|#38

7 |School M219 6,009 0478 |school 25779 245 2 |Hotyns"ka str., 23 Point 0)#19 Hill
21 [School N233 5,866 0,457 |school 18489 315 3 [Karbulyc kogo str., 4 Point 0|#39

43 | Chornivka school 5,761 0,458 | education complex 1353 288 0 |Chornivka, Golovna str., 13| Point 0 |School of Chor|

5 |School Ne16 5,297 0,421 |school 17199 582 5 |Bilorus'ka str., 77 Point 0|#18
36 | Korovija school 5,276 0,418 |school 317 522 0 |Korowia, Shkil'na str., 18 |Point 0| School of Korg,
24 |School N240 2538 0,202 | school 8442 182 | Osinnja str., 58 Point 0 |#40 Hil

Fig. 4. Attributive table with ranking according to accessibility parameters

benchmarks for establishing routes for walking and
driving (Fig. 7).

Therefore, using Open Route Service and
QGIS, we developed isochrones of 2-km zone of
walking accessibility to the schools of secondary
education of levels I and II-III for the Chernivtsi
Local Community. Using QGIS Desktop, generalized
data of the accessibility were overlaid on the map
of the Chernivtsi Local Territorial Community with
identified zones of walking accessibility.

After analyzing the map of walking accessibility
to education institutions of the Chernivtsi Territorial
Community, we identified the territories where
the students need transport, and also territories
with a quite dense arrangement of IGSE. The best
arrangement of IGSE is in the central part of the city,
and also in Prospect and Bulvar microdistricts, where
several educational institutions are located within
the radius of 2 km. Therefore, within the catchment
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area of School Ne4, Chernivtsi Gymnasium Ne3,
Primary School Ne 26, Chernivtsi Gymnasium Ne 5,
Chernivtsi Specialized School of level I Ne 23, there
are 28 institutions, providing the students with a
broader choice of education institution, and therefore
increasing competition and quality of providing
education services. At the same time, the worst
situation is in ZOSh of levels I-III Ne 31, School Ne40,
Koroviya ZOSh of levels I-1II, Chornivsky TEC, for
the number of IGSE there within the 2km zone, is 0,
i.e. these institutions are the only ones within the 2
km-radius catchment area. On average, the number of
IGSE within the 2 km zone of a certain institution is
14.7. Also, there are territories in Chernivtsi, where
the students need transportation. The territories of
Tsetsyno and Slobidka microdistricts are completely
beyond the walking distance to IGSE. Partial coverage
of walking distance zone is in microdistricts Dolishni
Sherivtsi, Rohizna and Kalichanka (Fig. 8).
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Fig. 5. View of the basic set of layers in ArcMap app

An important aspect of formation of a high
level of knowledge in students at the current stage
of development of education is specialized education
and pre-specialized training, and gymnasiums
with in-depth study of separate subjects. These
institutions allow the students to better demonstrate
their intellectual capacities. In the Chernivtsi
Territorial Community, the walking accessibility
to these education institutions greatly varies. In
general, in Chernivtsi, there operate 5 lyceums and

Toeans (Ueril
FHirsha Shetm]

of For ij3|

7 gymnasiums. The zone of walking accessibility to
those institutions covers the central part of the city
and microdistricts Prospect and Bulvar. On the other
hand, Chornivka and Korovia villages, Sadroga,
Slobidka, Nova Zhuchka, Hraviton, Stara Zhuchka,
Rohizna, Lenkivtsi and Kalichanka microdistricts are
beyond the zone of 2 km zone of walking accessibility
(Fig. 9).

In total, in Chenivtsi city, 1,567 students who
live out of the zone of walking accessibility need to
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Fig. 6. Digital model of the area with vector layers, developed in ArcMap app.

be driven to schools. The children are transported by
minibuses and trolleybuses of Chernivtsi. The highest
number of students who need transportation, 180
children, comprises those studying in GSS Ne8 and
gymnasium Ne5.

An important parameter of functioning of
the institutions is the area of the zone of walking
accessibility and the number of population living
within its range. These parameters are important in
the context of formation of number of students in
the educational institutions. The area of the zones
of walking accessibility to IGSE of the Chernivtsi
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Community ranges within 5.29 km?* to 10.2 km?. The
greatest area of 2 km zone of walking accessibility,
particularly more than 10 km? were determined for
School Ne4, Chernivtsi Gymnasium Ne 5 and Chernivtsi
Specialized School of level I Ne 23. On the other hand,
6 schools in the Chernivtsi Territorial Community
have an area of accessibility of less than 6 km? (School
Ned40, Koroviya ZOSh of levels I-11I, School Nel6,
Chornivsky TEC and School Ne39). Population in the
zone of walking distance ranges 1,353 (Chornivsky
TEC) to 53,466 people (School Ne4).

An important parameter in research on territorial
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Fig. 7. Graphs of the road network

arrangement of the institutions of education is
coefficient of accessibility, which we determined
using Open Route web service. The parameter of
accessibility may equal 0 (worst accessibility) to 1
(best accessibility). The parameter of accessibility
to the educational institutions of the Chernivtsi
Territorial Community is quite high (over 0.75) for
16 institutions (School Ne30, ZOSh Ne2, Chernivtsi
Lyceum Nel, Chernivtsi ZOSh Ne 24, Chernivtsi
Z0OSh Ne 20, Lyceum Ne4, Harmonia Private School,
School Ne5, Chernivtsi Gymnasium Ne3, Primary
School Ne 26, School Nel, Chernivtsi Gymnasium
Nel named after T. H. Shevchenko, School Ne7,
School Ne4, Chernivtsi Gymnasium Ne 5, Chernivtsi
Specialized School of level I Ne 23), and the lowest
parameter was obtained for 8 institutions (Schools
Ne4(), Nel6, Nel7, Nel9, Ne28, Ne39, Koroviska
Z0Sh of levels I-11I and Chornivska TEC) — less than
0.5. The average parameter of accessibility to the
educational institutions of the Chernivetska Territorial
Community is 0.65.

A special aspect in research of geospatial
arrangement of educational institutions is determining
local specific of walking accessibility. For this purpose,
we selected one of the most populated housing
districts of the Community — the Pivdenny Housing
Estate, within which there are 4 institutions of general
education. This stage allowed us to distinguish the

Bolomori

o

shortest routes to school, and therefore to chose the
smallest distance — 0.5; 1.0; 1.5 and 2.0 km (Fig. 10).

The provided -cartographic model presents
distance from the IGSE taking into account streets and
courtyard passages, and also the extent of capacity
to pass through. At the same time, there is a distinct
ramification of 500 m zone along the highway streets
and communication lines adjacent to the IGSE. Quite
disproportionate is the coverage of peripheral parts of
the housing estate, though they are included in the 2
km zone.

Conclusions

In the process of reforming the education
sphere, an important aspect is the accessibility of
high-quality education for all participants of the
education process. Researches on this problem is
impossible without modern scientific-informational
approaches. Therefore, the geoinformation approach
made it possible to plan and project the general
education network of territorial communities, making
it possible to analyze optimum arrangement of IGSE
in the territorial community, and at the same time
determine the territories from where the students
should be transported. The advantages of GIS are the
speed, reliability and accuracy of the obtained data,
complexity of the selection, analysis and visualization,
while the overlay properties of GIS apps allow
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Fig. 8. 2 km zone of walking accessibility to a IGSE in Chernivtsi City Territorial Community

consideration of numerous factors. The disadvantages
of using such an approach are dependency on relevant
statistical data, as well as initial geospatial data.
Web-service Open Route allowed us to develop
isochrones of walking accessibility of the students and
analyze the arrangement of IGSE of the Chernivtsi
City Territorial Community. Complex involvement
of QGIS and ArcGIS gave an opportunity to create
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a data base and visualize the obtained data as
cartographic models so as to determine the coefficient
of accessibility to the institutions, analyze their
geospatial arrangement and determine territories
according to different levels of accessibility.

The observed territorial disproportions in the
provision of equal access of the students to high-
quality education, on the example of Chernivtsi
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Fig. 9. 2 km zone of walking accessibility to lyceums and gymnasia of Chernivtsi City Territorial Community

Territorial Community, allowed us to understand that
there are notable differences between the central part
of the city and its rural zones and villages included
in the city community. This problem is relevant for
almost all communities established around large
cities.

The proposed coefficients of accessibility
to education institutions and methods of their

determining using GIS technologies have essential
practical significance during projecting the education
network. Such research is especially relevant for
analysis and re-planning of education networks
of territorial communities that include over five
settlements of various sizes and with various
populations in them. Using GIS-technologies, we
determined territories of the Chernivtsi Territorial
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Fig. 10. Walking distance to institutions of secondary education in the Pivdeny housing estate

Community located beyond the 2 km zone of walking
distance, and also accessibility to each IGSE in
the Community. The coefficient of accessibility in
Chernivtsi City Territorial Community ranges 0.2
to 0.8, and the average parameter of accessibility is
0.65. This indicates that most part of the territory of
the Chernivtsi City Territorial Community is within
walking accessibility distance.
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