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Abstract. Public finance reform is one of the most complex areas of decision-
making. It requires proper implementing methodology and tools for visualizing
possible results of reform in a society. The purpose of this article is to show
how geographic information systems (GIS) can be used in the development of
reform in the sphere of public finance. GIS could provide a wide range of
analysis and better support for ideas of reforms. GIS is useful in cases of public
finance reform because it makes it possible to combine statistical,
demographical, and geographical analyses. Also, GIS provides necessary
visualization that helps ordinary citizens to understand a proposed reform and
its aftereffects. GIS can increase transparency and accountability of
government, because it is quite difficult to manipulate open map data. The
article provides examples of how GIS can be used to justify reforms in public
finance, namely, optimizing funding for formal school education and health
care. Data from Ukraine was used for the analysis. This choice is due to the
presence of radical reforms in this country, citizens' distrust of reforms, and
lack of transparency of information about the activities of the public sector. GIS
was used to test whether government reforms would comply with European
standards of access to schooling and health care for all citizens. The results of
the study show that such standards could not be achieved because the
government did not take into account the low quality of infrastructure when
developing reform programs. GIS is not a perfect tool and several challenges
should be also considered. Firstly, the software for GIS must be revised quite
often. Secondly, GIS software continues to change and improve over time and
there are now several GIS applications that range from being relatively free
(having limited tools) to being very expensive (for example, ArcGIS 10.).
Thirdly, to follow the idea of increasing transparency, all GIS software should
have no conflicts between each other. This means that data from one GIS
software can be easily exported into different GIS applications.

Keywords: geographic information systems, public finance, reform, health care
reform, education reform, taxpayer funds



1 Introduction

Public finance reform is one of the most complex areas of decision-making. At first
glance, the problem is related exclusively to the redistribution of taxpayer money.
However, for most post-socialist countries, this problem is not easy to solve. This is
due to several reasons, one of which is limited financial resources, so it is often
difficult for a government to balance the interests of different members of society in
the process of financial resource allocation. The second problem is closely related to
the former and lies in the institutional immaturity of society, which makes public
opinion relatively easy to be manipulated. Institutional immaturity of society has
several characteristics. First is the appearance of democracy in form, but without
substance. This means that democracy theoretically exists, there is an electoral system
in the country, elections are held, but in fact, power belongs to a small group of
people who successfully manipulate the elections. Second, there is a merger of
business and political power, a result of which is a class of oligarchs that captures not
only power over the distribution of financial flows, but also control over state
regulators. Third, the society's passivity; people do not believe that change is possible
in the country. This is a source of a crisis of trust, where people become skeptical and
cynical about any reform in the country. The most sensitive area for crisis of trust is
public finance.

This problem is not formed in a single moment, but over time, therefore it cannot be
solved quickly. Having carefully studied the process of reform in the public finances
of developed countries, it can be concluded that there are several key success factors.
First, it is respect for the taxpayers. This means that the government does not hold to a
concept of "government money", but rather of "taxpayer money". Expenditures are
made as an expression of the will of the taxpayers, not based on the desires of a small
group of powerful people. Secondly, there is maximum transparency of reforms
meaning that taxpayers can track the use of their money [1]. To achieve a required
level of transparency is not a major problem at present. Using modern information
technology, accurate information can be available to every member of society.
Thirdly, there is an individual approach to the development of a reform mechanism,
which ensures high efficiency. In this case modern technology is very useful too.

One of the mistakes of making reform in many developing countries is simply
copying the experience of neighboring countries, which can lead to serious errors and
irreparable losses of financial resources. The Ukrainian government has been working
over the past few years to introduce ideas of fiscal decentralization, but at the same
time it is trying to replicate the experience of countries whose decentralization can be
considered successful. However, the peculiarities of the Ukrainian economy, the
unevenness of regional economic development, and the large physical territory
require the development of approaches specific to Ukraine. One such approach can be
considered as being the use of geographic information systems (GIS) in support of the
economic feasibility of reforms in public finance and the mechanisms for their



implementation. Also, GIS could be used to increase the level of transparency and
accountability, because the performance of GIS is easily understandable even for lay
people. Furthermore, it is not very easy to manipulate GIS results after being
published, because people understand their own geographic areas.

The most complex areas of reform in public finance are government funding for
education and health care. In Ukraine, the share of these in the government has
always been quite high (more than 20%). Funds for these areas have not always been
used effectively. This situation has led to a deterioration in the quality of education
and health care and should be regarded as an inefficient use of taxpayer funds. The
government is proposing a reduction in spending on education and health care as one
of the solutions of the current problem. This decision is causing confusion among the
majority of citizens, since the income level of the majority of the population is very
low. People are concerned that they simply will not have access to education and
health care. | see the solution to this problem in a different way. There is no need to
reduce government expenditures for education and health care, but funds must be
used more efficiently. Taxpayers not only need to understand the essence of the
reform, they should be able to track the changes in effectiveness. Since the allocation
of funds to finance education and healthcare is related to the territorial aspect, the use
of GIS will improve the quality of analytical calculations and minimize the risk of
errors.

The paper is organized as follows. The next section explores the theoretical
background of GIS use in public finance reform. The third part describes the
methodology of the research. The forth part is divided into two subsections. The first
presents the possibilities of GIS for optimizing government financing of health care in
Ukraine. The second part presents the results of assessing the feasibility of using GIS
to justify reforms in the government funding of education. This is followed by a brief
discussion on how GIS could help to increase transparency and accountability in
public finance reform. The purpose of the article is to show the possibilities of using
geographic information systems (GIS) in the development of reform in the sphere of
public finance.

2 Theoretical Background

Different aspects of public finance reforms are represented in recent publications by
prominent authors. A careful study of western economists discussing public finance
reform shows that there are two main focuses in this field. The first one is how public
finance reform can help to fight corruption through increasing transparency and
accountability of the government [2-5]. Economists argue that many reforms in public
finance failed because of corruption and lack of transparency and accountability.
Furthermore, economists have proven that new approaches in public finance reform
are needed to increase efficiency. B. Dressel stated, “Citizen participation and a



commitment to accountability and transparency have become common in the ‘good
governance’ discourse globally, but the extent of the changes the Philippine
government has initiated in terms of how it manages and spends its money is
remarkable by any standard” [6]. This means that one of the key factors in increasing
the efficiency of public finance reform is citizen involvement in the process of their
implementation.

The second focus of recent publications is concerning recognizing the signals of poor
quality of reforms and their failures and how the quality of reforms in public finance
can be improved [1, 7-12]. It is believed that the quality of public finance reform
could be increased by considering the causes that prompted reform in the first place.
For example, fiscal crises (in Tanzania, the UK, Canada, Ukraine, Asian economies),
political changes (post-socialistic countries), changes in public expectations (Canada,
the UK, post-socialistic countries), and post-conflict situations (Rwanda, Burundi,
Liberia) all contributed to the shape of specific reforms. The specific cause features
are very different, but all of them are intrinsically tied to the quality of peoples’ lives
in those countries. It means that people should be involved in the reform process and
they must have access to the all information on how their funds are being used. The
words “their funds” must be used, because those funds are collected as taxes, and as
such belong to the taxpayers. Even if funds are raised as government borrowings they
are also belong to taxpayers because taxpayers will pay those debts in the future.

Many countries have already started the process of making government activity
transparent to the people. A significant impact on this process was made by
information technology (IT) development. For example, e-procurement is now
standard practice, and this helps to prevent corruption and increase transparency of
public fund expenditures. IT could be used in different areas of public finance reform.
This is why some economists think that GIS could also be useful in this area. GIS is
not completely new in economic science. UK and USA universities started promoting
GI1S-based economic research in the 1990's [13-15].

At the beginning of this century, GIS became a part of econometric methodology [16-
17]. Later GIS became useful in research related to demography problems [18-19].

New horizons for GIS are represented in the articles of Anselin, L. and Rey, S.J. (eds)
[20], M. Goodchild [21-22], N. Sianko and M. Small [23]. They mentioned that “GIS
has been helpful in answering questions relate access to social and health services....
GIS can also be used in demography to study issues related to migration and
migration related health problems” [23]. GIS is often used in measuring distances and
evaluating access of different groups of people to some facilities [24-25], including
public schools [26].

GIS is defined most generally as technology for processing a specific class of
information — geographic information. Processing is understood to encompass



creation, acquisition, storage, editing, transformation, analysis, visualization, sharing,
and any other functions amenable to execution in a digital domain [15]. GIS is a very
good tool not only for visualization of the Earth’s surface information with specific
properties, but also as a proper tool for measuring distances considering the quality of
roads and characteristics of a particular region (flat fields or mountains). Also, GIS
could help to prevent fraud in public expenditures in cases of national disasters, for
example floods. The information about the number of houses and their characteristics
was in the GIS before a flood, so it easy to calculate how much is needed to
compensate people who lost their homes.

Furthermore, GIS can help to create data visualization. GIS data could be easily
shared with other researchers and with people who are interested in the results of
research. It could help to increase transparency in the public finance reform process,
because every citizen could have access to the data, which are presented in an
understandable way. GIS helps to create different maps which are good tools to show
the interaction between different variables. GIS can help to improve analysis, and this
will help to avoid mistakes in developing ideas for reform.

3 Methodology

As an example of how GIS can be used in the public finance reform process, health
care and education reform in Ukraine has been chosen. The methodology of research
was as follows:

1. Create a questionnaire on social networking sites to ask people to express their
opinions. Healthcare reform questionnaires were posted on social networks and sent
to e-mail addresses of potential respondents. Taking into account that the reform of
school education will more affect rural areas, teachers from rural schools were
involved in the survey. They have direct contact with parents of students studying in
rural schools, this is why they were involved in interviewing work.

2. Analyze peoples’ opinion and mapping. Summary tables were created at this
stage.

Mapping was done using special software. It allowed the creation of maps to calculate
the best locations of schools and healthcare facilities taking into account public
opinion. Mapping allows differences in population density, age distribution, disease
prevalence, poverty and the ability to access health care facilities or schools to be
considered.

The GIS is composed of a regional geographical data base and a collection of spatial
models. The regional geographical data base contains a number of thematic map
layers including administrative boundaries, roads, bridges; remote sensed data; digital
terrain models; and a comprehensive collection of statistical records. The process of



mapping consists of several stages. First of all, specific healthcare and education
variables were defined. For health care facilities those variables are population, age
distribution, levels of income, access to public transport, and quality of roads. For
schools, those variables are the number of children, their ages, access to public
transport, and quality of roads. Secondly, clustering was done to define target groups
and possible risk. Thirdly, the mapping was applied. To build a map, the “Open street
map” tool was used [27]. This means that only real data was used for analysis and
cannot be falsified. The whole map is divided into several sectors. For further analysis
buffering must be used. Buffering allows an understanding of how sensitive
infrastructure quality and population density impact the study. Various types of
buffering could be used (Fig. 1).

A buffer zone around vector points. A buffer zone around vector polylines. A buffer zone around vector polygons.

Fig. 1. Buffering in GIS

Multi ring buffering was used here (Fig. 2). Multi ring buffering helps eliminate
facilities that have similar accessibility factors and are located close to each other, as
shown on the right of Fig. 2. Also this is a good tool for visualizing data, because
people are able to see where they live and where a hospital could be located and how
fast they could reach it. If such data is kept open to the public, it cannot be
manipulated.

Fig. 2. Multi ring buffering



Also, every interested citizen can view the map and understand if the governmental
decision about facility location (health care or educational) was reasonable or not
from their own point of view. If people disagree, they can easily voice their opinion
(for example, for reasons of lack of public transportation or bad quality of roads
requiring more time to get to a certain facility). Overlay analysis and summary
statistics were then used. These tools help calculate optimal distances between
hospitals and residences. Overlay and vector analysis also include characteristics of
the earth’s surface and quality of roads in its calculations.

3. Analyze government proposals for health care and education reform and
mapping. Mapping was done considering government decisions on the locations of
schools and health care facilities. GIS can be used to identify observations by both
characteristics and location and then perform simple statistical operations.
Differences between mapping based on public opinion and government decisions
were analyzed.

4. Draw conclusions. The most powerful aspect of GIS is arguably its ability to
quickly analyze spatial data. This analysis is supported by mapping, and helps with
data visualization and can be seen as a way of making data about possible impacts of
health care and education reforms transparent and understandable for people.

4 Efficiency Estimation Procedure

4.1. GIS for Health Care Reform

The first step of the research was the creation of a questionnaire for the social network
survey and choose the target group. It should be noted that in Ukraine the age of
active users of professional social networks is between twenty and forty-five years
old. The target group consisted of five thousand people, 60% women and 40% men,
with 32% having a background in economic science, and 68% with a background in
medical care, education, farm production, social services, etc. Because of Ukraine's
size, a representative scope can be made using target groups chosen from four oblasts
(Kyiv, Zhytomyr, Cherkasy and Chernihiv). The results of the survey are presented in
Table 1.

Table 1. Results of survey on public finance reform, %

Strongly Disagree Agree Strongly | Cannot

Question disagree agree decide

Do you think that information
about public finance in Ukraine 2 3 77 14 4
is not transparent enough?

Do you think that information
about public finance reforms is 1 3 56 26 14
not fair?




Do you think that information
about public finance reforms is 3 4 63 29 1
not easy to understand?

Do you think that citizens
should be more involved in 3 2 53 15 28
public finance reforms?

Do you think that citizens can

prevent bad public finance 12 29 24 11 24
management?

Do you think that government

can manipulate information 4 3 57 21 15

about public finance?

Do you think that citizens
should be able to track each 1 3 83 11 2
UAH paid as a tax?

As can be seen from Table 1, many people are interested in tracking public finance
reform, but at the same time roughly 20% people cannot decide. This group of people
cannot make a decision about whether they are interested or not in how government
uses their money. It proves the existence of a group of people who are “passive”,
because they do not understand information about public finance or they do not trust
government, or because of other reasons. This is a large percentage for a society that
wants to follow democratic ideas. It should be noticed that many people think that
information about public finance in Ukraine is not transparent enough and
information about reforms in public finance is not fair or not understandable.

The second poll was about the establishment of hospital districts in Ukraine (Table 2).

Table 2. Results of survey on health care reform, %

. Strongly . Strongly | Cannot
Question disagree Disagree Agree agree decide

Do you think that the
establishment ~ of  hospital 46 36 10 3 5

districts will improve health
care in Ukraine?

What kind of risks do you see in establishing of hospital districts:

Bad access to the health care

. 2 2 71 19 6
facilities
A_bsence of medical care in 3 3 67 20 7
villages
Lack of doctors, because they 4 6 45 44 1

will leave Ukraine

According to the project on health care reform in Ukraine, a district hospital center
must be located in a settlement with 40,000 inhabitants or more and serve a region
with at least 200,000 inhabitants. Taking into account the amount of population
served, five hospitals should be located in Chernihiv oblast, but according to the



requirement that the hospital must be located in a town with more than 40,000
inhabitants, this means only one hospital will be funded by the government, and any
others will be deprived of funding. In contrast, in the Zhytomyr region, six hospitals
should be located there, but according to the minimum population requirement, only
three hospitals will be funded by the government, again meaning the remaining
hospitals will lose funding. The calculations that were done for Kyiv oblast do not
include the population of Kyiv. At least nine hospitals are needed there, but according
to the minimum population requirement, only five hospitals will be funded by the
government, leaving the remainder unfunded. For the Cherkasy oblast those
indicators are six and three respectively (Table 3).

Table 3. Main characteristics for hospital districts in selected oblasts

. Zhytomyr Kyiv Chernihiv | Cherkasy
Indicators oblast oblast oblast oblast
Territory, square kilometers 29832 28131 31865 20900
Population, min people 1.240 1.735 1.056 1.231
Number of towns with a population of
more than 40,000 (equal to the number of 4 5 2 3
hospital districts in the oblast)

It appears that Ukrainian citizens may have reasons to be unhappy with the coming
healthcare reform. The district councils involved will decide for themselves how
much they need hospitals. The idea of reform is based on the amount of people and
does not take into account how people are able to reach the hospitals. Another
problem is related to a district council deciding how many hospitals are needed.
Because of a lack of funding and differences in the economic development of
different districts, this decision becomes almost impossible. The idea of creating
hospital districts is not wrong, but its implementation must be based not on the
number of people living in a town, but on equal access to the hospital for every
citizen. This becomes critical because Ukrainian infrastructure is in very poor
condition and public transportation is not universally available.

According to general healthcare requirements, in case of emergency, travel time to a
hospital should be within 15-20 minutes. This is not possible to provide if only one or
two hospitals are located in a territory of 30,000 square kilometers. This is a case in
which GIS could be helpful. One of the most common tools of GIS is spatial analysis.
Spatial analysis comprises a set of techniques and tools designed to analyze data in a
spatial context. A GIS database captures not only links between properties at the same
place, but also such spatial concepts as proximity, containment, overlap, adjacency,
and connectedness. Visualization in spatial context (commonly in the form of a map)
is an obvious and powerful way of detecting pattern, anomaly, and even causation (M.
Goodchild, (2011). It means that by using GIS, the planning of new hospital districts
could be improved by better analysis and data visualization. Proper analysis and better
visualization will help prove that health care reform is reasonable. This will help
decrease tension between government and society and help to build a relationship
based on trust, responsibility and accountability.



Today, several software products are available. The best one is ArcGIS 10 [28].
ArcGIS 10 provides spatial querying, attribute querying, tabular visualization,
statistical analysis, advanced mapping, map publishing in pdf format and map
printing, etc.
The idea of using GIS in establishing hospital districts is as follows:

1. Ananalysis of the population in a district and population density is made. At this
stage, the rate of population growth, the proportion of children and pensioners, is
analyzed. It is important to determine how long the current demand for health care
services will remain. It is important to determine the potential need for public health
care services for low income people.

2. An analysis of infrastructure, its quality and availability for the population of
certain district is made. It is necessary at this stage of the analysis to calculate the
average distance from each citizen's home to the potential location of the hospital.
Then the average length of time that is necessary for the emergency car to reach the
patient must be calculated. The next step is to calculate the average length of time
needed to get to the hospital by public transport. It should be noted that GIS allows
relatively accurate calculation of time intervals, since it is possible to take into
account the terrain and the quality of roads. To prevent data manipulation at the
information input stage (for example, the quality of roads may be overestimated), the
original data should be publicly available so that any citizen can get acquainted with
it. The openness of information at this stage will help prevent the appearance of
unreasonable statements about the poor quality of reforms in Ukraine.

3. Visualization could be done through mapping (Fig. 3).

T
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Fig. 3. Results of an analysis of infrastructure quality



The use of spatial analysis allows not only to combine the processing of geographic
and economic data, but also to visually demonstrate the result of calculations. Visual
demonstration of reform progress in the public domain helps better explain the
expected result of the reforms.

In order to determine the optimal number of hospital districts, the analyzed territories
were divided into polygons. The polygons were built taking into account the size of
an area, and population numbers and density. Then, using a buffer analysis, the
optimal locations for hospitals and the creation of hospital districts around them were
determined.

This analysis was completed for four oblasts in Ukraine (Table 4).

Table 4. Results of GIS analysis for Chernihiv, Zhytomyr, Kyiv and Cherkasy
oblasts

. Chernihiv Zhytomyr Kyiv Cherkas
Indicators oblast o{)tlasty ob)llast oblast g
Avrea square kilometers 31865 29832 28131 20900
Population, min people 1.056 1.240 1.735 1.231
Number of hospital districts 5 6 10 7

As can be seen in Table 4, the results of GIS analysis show the necessity of
establishing a larger number of hospital districts than would be possible according to
government requirements. This is because the government project did not include the
poor condition of roads in its analysis.

The idea of reforming the health care system is not inappropriate. However, if the
government manipulates input data on infrastructure quality, and does not disclose
information on the development of the reform and its consequences, it can discredit
the actions of the government, and the reform itself.

4.2. GIS for Formal Education Reform

The reform of the educational sector is extremely important. The training of the
younger generation determines the future of the state. Obviously, Ukrainian education
does not correspond today to the modern needs of the individual nor society, the
needs of the economy nor to world standards.

That is why the reform envisages a systemic transformation of the education sector,
the main objective of which is new high-quality education at all levels: from
elementary school to higher education institutions. The main task of education should
be the formation of conscious, socially active citizens, capable of ensuring economic
growth and cultural development of the country.



Education reform should cover all areas of education, but formal school education
reform is the most problematic. The main problem is the consolidation of schools, and
hence the risk of worsening access to education for children who live in rural areas.

Technically, the consolidation of schools is voluntary and aims to improve the quality
of education. The closure of small schools is necessary primarily due to the poor
quality of education in small schools and the optimization of the educational network.
According to official statistics, as of 2016, more than half of the schools in Ukraine
were located in rural areas, and 613 schools had an enrollment of up to twenty-five
students, which meant that one teacher at a school taught several courses. Also, those
schools have a deficiency of material needs.

According to a study by CEDOS, 15% of rural teachers teach more than three
courses, 8% in small cities, and 5% in medium and large cities. Almost 30% of rural
schools do not have any computer connected to the Internet, whereas in large cities
almost all computers are connected to the Internet.

Politicians claim that the reform offers the united territorial communities (UTCs) the
establishment of support schools and their branches. In accordance with
decentralization reform, schools are transferred to a UTC, which entails funding from
the community budget. That is why the community now has the right to establish
schools and determine which school or branch will receive financial support from the
community. Accordingly, the decision on the liquidation or reorganization of a school
is made by the community on its own.

However, a rapid increase in the number of UTCs without a proportional increase in
the transfer of funding from the central government for infrastructure development
reduces the motivation of communities to unite and develop education.

In 2016, the transfer of funding from the central government for community
infrastructure was one billion UAH and it was distributed among the budgets of 159
UTCs in proportion to community size and population. In 2017, the amount of the
transfer of funding from the central government was set at 1.5 billion UAH. It should
be noted that financing from the central budget was mainly carried out at the expense
of a special fund, and this source of financing is not stable. In addition, the indicated
funds were distributed among 366 UTCs, it means that each community received less
money in 2017 than in 2016 [29].

Thus, the greatest risk of resistance to the implementation of formal school education
reform may arise among villagers and small towns. As was mentioned in the
methodology section, the first stage of the research is creating a questionnaire on
social networking sites to ask people to express their opinions. Taking into account
that the reform of formal school education will more affect rural areas and small
towns, teachers from rural schools and from small towns were involved in the survey.
They asked parents to answer questions from the questionnaire. It should be noted,
that the response from the parents was not very high, only 52% people filled out the



questionnaire. Summary results of the survey are presented in Table 5. As can be seen
from the table, parents are seriously concerned about the consequences of school
reform. They have good reasons for this.

Table 5. Results of the survey about formal school education reform, %

Strongly
disagree

Strongly | Cannot

Question agree decide

Disagree Agree

The merger of schools will

destroy the Ukrainian villages 2 5 48 33 12

Many teachers will lose their
jobs

as a result of school education
reform

Students from villages will not
have good access to schools

Schoolchildren will not be able
to

get a quality education, because 3 5 46 38 8
parents will not be able afford
textbooks

Schoolchildren from rural areas
and small towns will not be able
to get quality education in 2 4 48 39 7
schools, so they will not be able
to enter universities

Nowadays the management system of school education is constructed in a way that
any school in a village or small town receives funding from the local government
(raion). The advantages of the present system include the presence of a single
monitoring center, the possibility of coordinating the work of school in a certain
region, the possibility of staff rotation between schools or redistribution of
government financing in cases of unpredicted circumstances requiring urgent
financial support (urgent repair of equipment or liquidation of emergency).

The disadvantages of the planned management system are a lack of correlation
between the quality of education services and funding. Also, there are cases when the
schools that have equal sizes can receive different funding. According to the
government's plan, these problems should be solved after the completion of the
decentralization reform, when full school management will be transferred to the
community level. Under such conditions, the principle of subsidiarity, which means
the provision of public services by the government body that is closest to the citizen,
must be fully implemented. In our case, it means that the general management and
financing of a particular school should be carried out not from the district center
(raion), but directly by the executive bodies of the territorial community on which
territory a school is located. This is the universally accepted practice of civilized



democratic societies. This idea may not work now in Ukraine. First, Ukraine is a
democratic state only nominally. In fact, public administration is centralized, and
citizens are in a passive position and do not take responsibility for themselves.
Secondly, even after the completion of decentralization reform, the problem of
financing school education in depressed regions will not be solved.

Long-term work is needed to solve these problems. First, the availability of
information that every citizen can understand regarding reform effects must be
improved. For reforms that are related to territorial interests, GIS is a very important
tool. GIS helps to prevent unsound resistance from citizens, and also prevents
information manipulation by politicians. Secondly, the merits of reform cannot only
be copies of the successes of developed countries. Each country has its own historical
and cultural peculiarities of development. These must necessarily be taken into
account while developing a reform strategy.

In order to implement the reform of formal school education in Ukraine it is necessary
to take into account the availability of school education for children. This means the
physical accessibility of the school for children of all ages. It must be considered that
long travelling by bus to school is harder for small children, and it is harder for them
to get up early. Therefore, the possibility of establishing elementary schools for
children from six to ten years of age should be considered, and enlargement should be
done among secondary schools.

The optimal number of elementary schools for a given locality can be determined
from the vector analysis of GIS (Fig. 4).
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Fig. 4. Tools that were used for vector analysis in GIS
The buffering distance is one of the common tools to determine the best location for a

facility. The buffer distance can vary according to numeric values provided in the
vector layer attribute table. In our case, the buffer distance depends on the age of



school children, quality of roads, and the availability of busing. It should be noted that
school bus service is not available in every region of Ukraine. This is why two
calculations were done. One is for where busing is available, the other where
unavailable.

For each region buffers were merged into a single geometric object to avoid
overlapping areas. Then multiple buffers at specified distances were created. The next
step is calculating distance and additional proximity information between the input
features and the closest feature in another layer. To calculate a distance, the
“GEODESIC” method was used, because it takes into account the curvature of the
spheroid and correctly deals with data near the dateline. Then Thiessen Polygons were
created (Fig. 5).
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Fig. 5. Creating Thiessen Polygons

The construction of polygons allows the identification of several options for the
location of primary schools, taking into account student accessibility. Then a
summary of statistic tools were used (Fig. 6).
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Statistical GIS tools allow the optimal distance from home to school to be
calculated, as well as the travel time that is needed. Analysis of frequency
distribution (Fig. 7) shows that for the number of school children from 1 to 100 at
least one primary school is needed, for the number from 101 to 1000 at least two
primary schools are needed, for the number of children from 1001 to 4000 six schools
are needed, and for number of children from 4001 to 12000 at least twelve schools are
needed.

2L

Frequency Distribution

o = = NN W W

35 4352 8669 12986

Fig. 7. Frequency Distribution

A calculation was done for Ovruch raion of Zhytomyr oblast. This raion was chosen
as an example because it has 144 villages. Raion infrastructure and busing levels can
be described as average. The actual number of schools and their location was
compared with a GIS calculation. According to the GIS calculations, there was a 17%
discrepancy in the number of needed schools compared to government reform figures.
Corrections were made considering the age distribution of school children. As a result
of school reform, thirty-six schools will be located in Ovruch raion, with one being
primary. According to GIS calculations, forty-two schools are actually needed for
Ovruch raion, fourteen being primary schools. The location of twenty-four schools is
shown in Figure 8. It can be seen that three schools are located a distance from the
larger group of schools. This is explained by the quality of infrastructure; travel is
more difficult to the larger grouping.



R
=i c G B :1.
@ B .
8 g
T [

Fig. 8. School location in Ovruch rayon (extract)' '

These calculations should be made for each district of Ukraine. The results acquired
should be used to justify the reform of formal school education. Calculations should
take into account the peculiarities of roads, relief, and the real, not planned, number of
school buses. It should be noted, that school buses are not available for each region.
According to the report of Accounting Chamber of Ukraine, only 791 buses were
bought from the planned number of 1600 in 2008-2011. In 2012-2016, 1200 school
buses were planned to be bought, but only 326 were bought because of economic and
political problems in Ukraine. When the quality of roads is improved, and each region
is provided with a sufficient number of school buses, the number of primary schools
may be reduced. The decision to reduce the number of primary schools should also be
taken based on GIS calculations. These results should be available to local citizens for
discussion. Mapping visualization would further help avoid misunderstandings and
manipulations in the process of decision making.

5 Conclusions

GIS can be a very useful tool in public finance reform development. GIS could
provide a wide range of analysis and better support for reform concepts. It also makes
possible a combination of statistical, demographical and geographical analyses.
Moreover, GIS provides very good visualization that helps ordinary citizens



understand how reforms would affect them. GIS can increase government
transparency and accountability, because it is quite difficult to be manipulated by
open source map data.

Reforms in public finance are often linked to the distribution of funding or the tax
burden between districts. The complexity of reform justification is caused by the need
to work simultaneously with spatial and statistical data. The article provides examples
of how GIS can be used to justify reforms in public finance, namely, optimizing
funding for formal school education and health care.

The basic idea of health care reform is to improve the quality of medical services and
reduce public funding for the maintenance of health facilities. Medical reform
involves the creation of hospital districts, the location of which is tied to population
size in a certain area, and in the city in which the central hospital will be located. The
disadvantage of the reform is that the need to ensure equal access to health care
facilities for all citizens was not taken into account. Research conducted with GIS
allowed calculating the optimal number of hospital districts for four regions (oblasts)
of Ukraine. The GIS-estimated amount is larger than that proposed by the government
of Ukraine. This means it is not possible to reduce public expenditures in health care
in a short-term. Furthermore, if the government follows trough on its plans in this
area, then that result maybe increased resistance from the citizens. Moreover, equal
access to health care facilities will be reduced.

The use of open street maps for spatial analysis reduces the risk of manipulation by
input data. The presentation of the results of the analysis in the form of maps showing
hospital districts reached within a reasonable time from any home in the district
would allow reasonable citizen feedback potentially reducing further resistance to the
government reforms.

The main goal of education reform is to merge schools, thereby reducing cost. This
idea is negatively perceived in villages and small towns. According to the results of
the questionnaire, many people have fears that accessibility to education will become
more difficult for children living in remote villages. GIS calculations showed that the
people's fears are reasonable. The government's calculations did not take into account
the time that children must spend on the road to get to school. Also, it was assumed in
the government’s calculations that all regions were provided with school buses, which
is not the case at present.

The results of the calculations presented in the article were made in GIS for one
district, taking into account the distribution of children by age, the availability of
school buses and the quality of roads. The analysis showed that more schools are
needed, some of which are elementary schools. A subsequent decrease in the humber
of schools, including their merger, should be carried out after improving the quality of
roads and providing better access to schools. As in the case of health care reform, the



use of GIS makes finding the best solutions between reducing funding for formal
school education and ensuring that it is accessible to all children possible. Map
visualization allows not only a clearer illustration of reform results, but also more
people with the ability to comment intelligently on this problem, since such
representation of information is understandable for the majority of population.

GIS is not a perfect tool and several challenges should be also considered. Firstly, the
software for GIS must be revised quite often. Secondly, GIS software continues to
change and improve over time and there are now several GIS applications that range
from being relatively free (having limited tools) to being very expensive (for example,
ArcGIS 10.). Thirdly, to follow the idea of increasing transparency, all GIS software
should have no conflicts between each other. This means that data from one GIS
software can be easily exported into different GIS software.
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