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DASANANDA, Ph.D. 218 PP.

SCHOOL MAPPING/ SCHOOL SERVICE AREA/ SCHOOL SERVICE

LOADING/ P-MEDIAN/ GRAVITY P-MEDIAN

Main objectives of the thesis are to construct proper school location maps
under some prescribed criteria and to assess efficiencies of these obtained school
maps in terms of service area, service loading, and travel distance to school of
students. Threeschool levels were studied: primary (P), lower secondary (LS), and
upper-secondary (US).

It was found that, at P-level, present situation did best in term of no-service
area (due to much higher number of schools), while the idealized and p-median
scenarios did comparably well. However, in term of the overlapped area, the idealized
scenario did best (especially at 1-3 km distance limits) and the present scenario did
worst. At LS level, the idealized scenario did best in term of no-service area (due to
lower number of schools) while present and p-median scenarios did comparably well.
The overlapped area, present situation did best at 3 km limit and the p-median did
worst. At 5 and 7 km limits, the p-median did best while the idealized did worst
though they have the same amount of functioning schools at this level (50). At US-

level, p-median scenario did best in term of no-service area followed by idealized



v

scenarios. But in term of overlapped area, the p-median did best at 5 km limit but at 7
km and 10 km limits, the present situation did best.

In term of the service loading, at P level, idealized did best followed by p-
median scenarios while the present scenario did worst. At LS and US levels, the p-
median did best while present scenario did worst.

In term of the travel distance, at P level, present scenario did best (at 1.62
km) due to high number of school (127). This is followed by the p-median and
idealized methods (at 1.97 and 2.46 km). On the contrary, at LS level, the p-median
did best followed by the idealized and present scenarios (2.01/2.4/2.66 km). At US
level, the p-median also did best followed by idealized and present scenarios
respectively (2.91/4.19/4.80 km).

In addition, the optimum school maps of years 2015 and 2020 did not look
much different from each other (and from those of 2007). This results in similar
efficiencies in the interested aspects (service area and travel distance) at all school

levels.
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CHAPTER I

INTRODUCTION

1.1 Research Background

Education is regarded as a fundamental key to the sustainable development of a
country because it is @ main root of major improvements in human lives, especially in
the socio-economic and political aspects (Chimombo, 2005). In Thailand, the
inefficiency of its existing educational system to initiate a prospective knowledge-
based society has long been acknowledged by the government. As a consequence, the
critical education reform program me was established in 1999 by the issuing of the
National Education Act that aims to provide 12-years free basic education to all
children and to reform the crucial education systems (under government control) at all
levels to ensure their high operating efficiency and productivity (Office of the National
Education Commission, 2010).

At present, the leading organization for the implementation of education
reform required by the referred 1999 National Education Act is Office of the National
Education Commission (ONEC) under cooperation of several core agencies,
particularly the Office of Education Reform (OER) and Office of the Higher
Education Commission (OHEC). One of the main objectives of the current education
reform policies proposed by the Thai government is to reorganization of school
administrative structures, especially at primary or secondary levels of education. This
was initiated to provide more effective education services to the corresponding target

groups all over the country.



This objective was partly implemented by issuing new Educational Service
Areas (ESA) plan that can facilitate the high accessibility of children to the appropriate
schools (at a given level) in their neighborhood. To achieve this task, specific service
area for each state-run school was arranged by the responsible agencies based
primarily on actual demand for school seats, school availability, and average travel
distance to proper school of the target community. The two significant purposes of this
school mapping scheme are (1) to provide equal opportunity in accessing appropriate

school for all children and (2) to maximize cost/benefit of the state-run schools in

organizing the high quality education service (d11innIUMsANEITUNUIY, 2554).

Though the school mapping strategy is currently regarded as being a crucial part of
state’s education reform policy in Thailand but its systematic construction and
implementation are still not much evidenced. One of the main reasons for this slow
progress is the lack of proper tool to assist effective operation of the school mapping
process. However, due to the rapid advance in geographic information system (GIS)
technology, which is highly capable of storing, processing and presenting all kinds of
spatial data, it now promisingly becomes a powerful tool for facilitating school
mapping policy as required (for reviews see Hite, 2008).

Regarding to the stated reasons, this thesis is intended to demonstrate efficiency
of GIS technology and location-allocation (LA) models (p-median and gravity p-
median) in the preparation of suitable school location maps at district level in local
Thailand under some preferred criteria. It is hoped that results obtained from the
research can be used to improve efficiency of the formal education management system
in the study area and can provide useful example of how to integrate the GIS technology

and LA models to support school mapping strategy in Thailand in the near future.



1.2 Research Objectives

1.2.1 To establish GIS-based database on the appropriate criteria for location
and allocation planning of schools.

1.2.2 To identify optimal school locations and allocations at present and in
the future using spatial models.

1.2.3 To compare efficiencies of present school locations with locations

derived from used spatial models.

1.3 Scope and Limitations

1.3.1 Study area is the Educational Service Area Office 2 within Nakhon
Pathom Province covering 4 districts (as described in Figure 1.1 and Table 1.1).

1.3.2 Only the state-run primary and secondary schools are considered.

1.3.3 All potential students are assumed to attend public schools only.

1.3.4 Data contributed by the responsible agencies are valid.

1.4  Benefits of the Study

1.4.1 Effective GIS database of the relevant data needed in the study.

1.4.2 Knowledge on general efficiency of present school locations,
principally in terms of the service area, service loading, and average travel distance to
school.

1.4.3 Knowledge on optimum school locations (at each school level)
identified by the idealized, p-median and gravity p-median methods at present and in

the future.



1.4.4 Better understanding in the existing problems of present school
management system and how to apply geoinformatics technology to solve some

common problems.

1.5 Study Area

The preferred study area is Educational Service Area Office 2 in Nakhon
Pathom Province including 4 districts (Bang Len, Nakhon Chai Si, Phuttamonthon,
Sam Phran), 58 sub-districts (or tambons) and 443 villages with area cover of
approximately 1,139.2 km? (Figure 1.1 and Table 1.1). There are 143 public schools in
the academic year 2007 providing educations at 3 levels: primary (P) (or Prathom 1-6),
lower-secondary (LS) (or Mattayom 1-3) and upper-secondary (US) (or Mattayom 4-
6) (Figure 1.2 and Table 1.2). Among these, 104 schools have only P level, while 23
schools have both P and LS levels, and another 16 schools have both lower- and
upper-secondary levels.

It was found that Bang Len District had highest number of the interested
schools (53) while Phuttamonthon District had the lowest number (10) while Nakhon
Chai Si and Sam Phran Districts have 40 schools each (Table 1.2). The lowest
population density appears at Bang Len District (160.4 persons/km?) and the highest
one at Sam Phran District (740.33 persons/km?). The largest district is Bang Len

covering about 50% of the whole study area (in the upper half).
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Figure1.1  Map of the study area (Nakhon Pathom Education Service Area Office 2).

Table 1.1 General data of the study area (listed by district).

Official name PO'_D Number of
POP Area density — Area/VIL
English Thai (2007)  (km?) lgpe{) TAM  viL  (km)
m
Bang Len (BLN) VNIAY 87,760 574.93 160.40 15 180 3.19

Nakhon Chai Si (NCS)  uas¥es3 110,066 265.55 405.02 24 108 2.46
Phutthamonthon (PMT)  wnsuama 29,728  72.03 412.72 3 18 4.00

Sam Phran (SPR) AWNITIU 167,825 226.69 740.33 16 137 1.65

Total 394,420 1139.2 348.77 58 443 2.57

Note: POP = Population, TAM = Tambon (sub-district); VIL = Village;

Area/VIL = Average area coverage per village.



Table 1.2 A numbers of schools included in the study (listed by district).

School level School scale
District
P P/LS LS/US Total S M L VL
Bang Len 41 8 4 53 23 29 1 -
Nakhon Chai Si 29 5 6 40 7 30 3 -
Phutthamonthon 5 3 2 10 2 5 - 3
Sam Phran 29 7 4 40 11 19 8 2
Total school 104 23 16 143 43 83 12 5
Percent 72.73 16.08 11.19 100 30.07 58.04 8.39 3.50

Note: 1. School level: P = Primary, LS = Lower secondary, US = Upper secondary.
2. School scale: S = Small (1-120 students), M = Medium (121-600 students),
L = Large (601-1500 students), VL = Very large (> 1500 students).
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CHAPTER Il

LITERATURE REVIEW

2.1 Education System in Thailand

The official education services in Thailand at present are separated into four
broad categories: (1) Early Year Education, (2) Basic Education, (3) Vocational and
Technical Education, and (4) Higher Education (Figure 2.1). All of these stated
services are under responsibility of the Ministry of Education (MOE) in association
with several agencies at both local and national levels and their general details are as
follows [contents are mostly from Ministry of Education (2008a) and (2008b)].

2.1.1 Early year education

The Early Year Education (or Pre-Elementary) program has been
introduced to provide an early childhood education to children aged 3 to 5. While the
majority of Early Year Education is organized by government’s primary schools, the
Ministry of Education has actively encouraged the private schools and local
administrative bodies to take more significant role of this service. As a consequence,
there has been a marked expansion in the provision of Early Year Education by the
private sector. This is particularly evident in Bangkok Metropolitan Administration
(BMA) where the private sector provides 59% of total Early Year Education,
compared with the national average of 28%. The service is currently believed to cover

more than 70% of the target children.
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Figure 2.1  Structure of the formal Thai educational system.

From: Ministry of Education (2008a).

2.1.2 Basic education
The basic education in Thailand is separated into 3 levels: Primary
(Prathom 1-6), Lower secondary (Mattayom 1-3), and Upper secondary (Mattayom 4-
6). Enrolment for primary level begins at the age of 6. Primary education has been

compulsory in Thailand since 1921 but the current six-years format just enforced in
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1978. In 2003, the compulsory education was extended to 9 years with all children are
expected to complete Mattayom 3 (at the minimum). This requirement has stemmed
from the education reforming strategy described in the 1999 National Education Act
which aims to provide 12-year free basic education to all Thai children and to reform
crucial education systems (under government control) at all levels for obtaining high
servicing efficiency and productivity. The gross enrolment rates of the school-aged
children at all basic education levels in Thailand were relatively stable from 2003 to
2007. These are about 74-79% (primary level), 78.5-80.0% (lower-secondary level),
and 34.3-35.0% (upper-secondary level).
2.1.3 Vocational and technical education

The formal vocational and technical education has been organized at
three levels: (1) upper secondary (leading to the Lower Certificate of Vocational
Education), (2) post secondary (leading to a Diploma or Vocational Associate Degree),
and (3) university level (leading to a Degree). There are currently over 1 million
students enrolled in the various vocational study pathways. Eight fields of the study
are undertaken as majors: trade and industry, agriculture, home economics, fisheries,
business and tourism, arts and crafts, textiles, and commerce.

2.1.4 Higher education

In the past, the means for student admission to the higher education
sector is the High School Entrance Examination taken at the end of Mattayom 6
(Grade 12). However, the recent admission reforms have placed major priority on
Grade Point Averages (GPA) and the CUAS (Central University Admissions System)
examinations for final university entry of a student (CUAS, 2011). Higher education

system is predominantly provided at universities and colleges under which two distinct
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levels of educational attainment are the diploma level and graduate degrees. More than
2 million students are currently enrolled in the higher education sector and
participation rates has increased significantly over the last few years from an average
of 26% to the current average of more than 40%.
2.1.5 Administrative and organizational structures

As mentioned earlier, the 1999 National Education Act has introduced
an overall reformation of the Thai Education System. This situation has led to
considerable changes in the structure of educational management and administration
system in order to support state’s reforming policy written in the act. Primary
emphasis is on the decentralization of administrative responsibilities to local level with
the consolidation of education planning at the central level. The reforming process of
the system led to the establishment of 175 Education Service Areas (ESA) in 2003
(this number has increased to 185 in year 2008) for taking care of the decentralization
strategy and improving school managing efficiency at basic education level all over
the country. Figure 2.2 illustrates a new managing structure for the organizations
under control of the Ministry of Education (at central level) and for the ESA

organization that are in use at present.
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2.2 School Mapping Concept

2.2.1 The idea of school mapping

School mapping (SM) is normally applied to initiate effective planning
of school locations and management strategies. It consists of set of techniques and
procedures used to plan demand for school places at the local level and to decide on
the location of future schools and the means to be allocated at the institutional level
(Caillod, 1997). It has also been defined as a set of techniques and approaches that has
a geographical perspective of education at its core (Mendelsohn, 1996). School
mapping has been strongly advocated by the International Institute for Educational
Planning (IIEP) over the past 50 years from its origin in France where efforts were
then needed to place additional secondary schools on a rational, accessible and cost-
effective basis (Caillods, 1983).

School mapping is a usual approach to the micro-planning of school
locations and is also used to investigate and ensure the efficient and equitable
distribution of resources within and between school systems when the large-scale
reform or significant expansion of educational system takes place. The school
mapping approach seeks to probe problems by documenting micro-level data
variations and planning accordingly where its interest is on local-scale conditions,
constraints, and solutions. There are three main steps needed in school mapping
process of interest area as follows (see Figure 2.3 for example):

(1) An in-depth diagnosis of the existing educational situation in the
base year.

(2) Estimation on present and future demand for school services (at

village level).



(3) Preparation of the possible solutions based on the demand-supply

assessment and knowledge on the school’s service capability.

1. Analysis

1.1 Present demand
- Admission system
- Admission rate
- Student movement
- Geographical
distribution of demand

1.2 Existing supply
- Buildings and instruments
- Staffs and curriculums

' - Expenditure and budget
- Geographical distribution
¢ of supply(school and

network)

1.3 Present Imbalances

2. Expectation

2.1 Future demand
- Expectation of Scholl-
aged population
- Expectation of newly-
admitted students

- Expectation of student

2.2 Future needs

v

- Land, buildings and

number

instruments
2.3 Norms - Teachers and
and L supporting staffs
standards - Future curriculums
- Expenditure and

budget

3. Proposal preparedness

Figure 2.3

Y
Adapt from: duinaumsnuduiy

v

3.1 Future balancing of demand and
supply.

A

N

3.2 Expansion of school network
Proposal for solving problems based
on education’s levels, types and locations

Conceptual diagram of the school mapping process.

31U (2554).
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At the operating level, the definition of school mapping focuses on
rationalizing physical location of schools based on demand perception between and
within specified servicing areas and with a view to optimizing the use of human,
material and financial resources. However, it implicitly refers to several other social
and curricular aspects that call for attention of the educational planner (Govinda,
1999). In several countries where a school mapping methodology has been
implemented, the goals of school mapping were typically concentrated on the
following issues (Attfield, Tamiru, and Parolin, 2001):

(1) Providing basic education to all children of school age,

(2) Initiating an equality of educational opportunity by a geographical
leveling off and equitable distribution of human, material and financial resources,

(3) Making the functioning educational systems more effective by
improving the ratio between costs and performance, and

(4) Reforming structures, curricula, and methods of school’s teaching
strategy.

It should be noted that SM (a process) is not the same as a school map
(typical product of the SM process like ones presented in Chapter 1V). This is because,
more than simply being a tabular, graphical or cartographical representation of a
particular space or place, SM involves the consideration and inclusion of various
forms of the technical data that impact and “populate” the physical and social context
of the analysis. As a process that produces specific functional products, school

mapping concept is fundamentally an educational micro-planning effort focused on

increasing school resource efficiency and equity (Caillods, 1983; Varghese, 1997).
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Education wastes can be tremendous if school mapping is unset. The
Commission of Founding for Education Reforms (2001) suggests that prudence must
be strongly taken about methods of organization and source allocations for education.
This is because they are keys to determine its quantity and quality which can
significantly impact the national social and economic structure. Therefore, resource
selections from different sources must be geared to better effectiveness of educational
organization in order to expand and avail education for all and with fairness. In 1999,
Thailand has launched education reforms instituting new Educational Service Areas
(ESA) that probably require survey to analyze that whether children in each ESA gain
opportunity to totally be fundamentally educated, how many children have attended
classes and so on. It counts that the desired educational organization requires lifetime
learning process spearheading to promote quality citizens to gain knowledge and
ability in living and to bring great benefit to societies which is the human resource
development acquiring efficiency and meeting the needs of the nation.

The Commission of Founding for Education Reforms (2001) states that
locating school need not adhere to sub-district zone or village but to the community
density. Any zones with density of less than 100 households per 12.5 km? should not
establish any new schools and schools should be situated at center of the community.
The small size schools should be surveyed and mapped. They should be dissolved to
the larger schools because the smaller ones are difficult to gain quality and students
living near the school are not registered to study with the schools near their homes.
According to Hallak (1977), in theory, the ideal school’s service area should have a
hexagonal shape to acquire the least overlapped service areas among schools locating

relatively close to each other.
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2.2.2  Applications of GIS to school mapping research

In recent years, a geographic information system (GIS) has become
essential tool in planning school locations as discussed in Hite (2008). In essence, the
GISs are computer-based programs that are highly capable in mapping, recording,
displaying, and analyzing spatial data and interpreting relationships among associated
data for making inferences. These capabilities make them become a promising tool in
the processing of the preferred school maps (Maguire and Rhind, 1999).

GIS has been applied successfully to research in various fields,
especially on the determination of suitable sites of directions to locate some essential
facilities like road, hospital, or school. Among advantages for the GIS to assist
education micro-planning, the following are identified by DeGrauwe (2002) and by
Hite and Hite (2004):

(1) GIS helps make data presentation more attractive than traditional
static maps.

(2) Projecting tabular data onto maps helps in recognizing
“unexpected” situations which, now noticed, call for closer examination.

(3) Through considering geographical (spatial) factors, analysis
becomes “finer” and more precise, increasing the likelihood that ensuing strategies
will be more pertinent.

(4) More flexible assistance can be provided in prospective planning at
multiple levels or units of analysis: national, regional, provincial/district, and local.

(5) Expanded “holistic” representation and exploration in contexts of
schooling through the direct and dynamic use of multiple sources of influential data

such as those found in census, transportation, utilities, health care, land use, and



18

agricultural databases which are otherwise very difficult to include in education
planning and management.

(6) Increased public appeal and utility.

(7) Extensive control in the scale of complexity: extensive flexibility
in how much data are displayed/explored at a given time, with changes in unit of the
analysis virtually immediate.

(8) Dynamic ability to facilitate “what if” condition analysis,
exploratory inquiry, and creation of planning and management “scenarios”.

In recent years, GIS has become essential tool in school mapping
analysis as seen in several reports. For examples, Moller and Jensen (2008) used GIS
on the LA model to evaluate relationship between school locations and number of
students in Copenhagen, Denmark. They found that the school locations fit their
surroundings and students with residences nearest to any schools need to be admitted
to the schools. Transport networks are another key to travel to schools. In addition,
walking, bicycling, taking bus and taking private cars to school affect travels and the
expenses. Had schools not been considerably distant from the residences, it would
save both time and money. Further, it is useful for educational planners to decide
which schools should admit more students or which ones should reduce their
admission. This betters the school quality.

Gilo (1997) has investigated master planning fit location for schools in
Tel Aviv, Israel using geographic information. He found that the GIS is the best
instrument and best efficiency to master planning fit locations for schools. Conditions
for consideration are distance of walking for students from home to schools, school

sizes (admission ability), transportation networks and public spaces. By adopting these
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factors, it was found that many schools need changes of location due to, e.g., few
roads to access or being adjacent to highway and unable to cross it to school. Such
reasons can affect school locations which should be changed for properness. It was
further evidenced that some service areas of some schools are too wide turning
students spend surplus time to reach their schools. The conclusions were that (1) two
new schools should be established to admit not more than 540 students and the most
distance is 1,500 meters and (2) three new schools should be established in fit location
after applying location allocation method.

Zhang, Zhou, Zhang, and Hou (2008) used GIS to determine proper
service areas for public schools in Chaoyang District, southern Changchun, China,
based on two main aspects: school’s ability to enroll students and how many students
that the district can produce. The main objective of the work was to find optimum
solution that induces minimum travel distance to school of all students under specified
capacity of the relevant schools. It was found that GIS can be used efficiently in
finding that solution in the study area.

The school mapping process was also performed in Tanzania by
Galabawa, Obeleagu, and Miyazawa (2002). Its general purposes were as follows: (i)
to strengthen local capacities to collect, organize, analyze and apply educational data
to make informed decision for educational development; (ii) to improve districts’
administrative, planning and monitoring capacities with respect to education; (iii) to
mobilize local community members to participate in the development or improvement
of education; and (iv) to put in place accurate/reliable, detailed and accessible
education information for use in decision making and action. The school mapping

scheme was adapted and used the instruments and techniques developed by the
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International Institute of Educational Planning (IIEP). It was found that to gain
maximize profit, school mapping process should be a long-term strategy not just a
short-term one.

Peng, Li, and Zhan (2007) employed LA modeling for primary school
accessibility and catchments analysis at Wuhan, China. The two main objectives
proposed in this work are (1) to examine availability and efficiency levels of school
and assess the demand-supply balance between students and schools capacity and (2)
to identify new potential location and evaluate the feasibility of LA model for planning
additional schools in Wuhan. Four experiments with different hypotheses were
implemented to test the above objectives. The results showed that the service area of
each school can be delineated according to the school capacity and the accessibility of
schools is highly correlated with school capacity. This result provides urban planners
tools to make decisions concerning where to increase or decrease school capacity, to
combine schools or plan new schools.

Similarly, Pizzolato, Barcelos, and Lorena (2004) applied operation
research to establish public schools in Rio de Janeiro, Brazil, where students simply
walk to schools from home. The least total sum of distance between residences and
schools is preferred to find optimum locations. The obtained results suggested best
school locations and recommend on short-term and long-term administration.

In Thailand, Rattana Rujirakul applied GIS to evaluate locations and
elementary education service areas in Muang District, Nakhon Ratchasima by studying
models from research papers and developed models using population and transportation
variables by allocation analysis. Results found in the study were used to evaluate proper

locations and elementary education service areas in Mueang District, Nakhon
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Ratchasima and to create the map locating proper locations and elementary education

service areas, which can be applied to improve the improper ones. (3au1 393na, 2548)

2.3 P-Median and Gravity P-Median Models

Location-allocation (LA) model is a mathematical algorithm normally applied
in the resource management analysis in order to balance demand and supply and
maximize the efficiency. In the GIS context, the word allocation indicates the process
of identifying specific areas, districts, road segments etc. surrounding a centre; areas
that should “serve” the particular centre concerning the in- or outflow of people or
goods, generally known as “demand”. There might be more or less demand than the
centre can “handle”- specified by “supply” or “capacity” of the centre. The word
location, on the other hand, indicates the process of identifying optimum locations for
new centers given a set of objectives related to, for example, accessibility. A being a
part of the GIS network analysis tool package, allocation modeling assumes that the
area surrounding a centre is represented as a network of linear features. These linear
features identify location of possible transport routes and indicate how these routes are
connected to each other, and reflect the fact that transportation of resources on the
ground normally takes place along certain pre-defined corridors. Each linear feature in
the network has associated impedance value indicating cost (measured in meters,
minutes, petrol etc) of moving along this line. This impedance value will often be
related to specific means of transportation.

2.3.1 Concept of the p-median model

The p-median problem is probably the most applied location-allocation
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model. In essence, it is a LA model that takes into account the total distance between
demand points and service points (facilities). This algorithm is normally used to
determine best locations to place limited number of the service points (e.g.,
supermarket, hospital, police station, fire station, dump site or school). For reviews see
Mirchandani and Francis (1990) and Current, Daskin, and Schilling (2002). Demand is
generated at a set of demand points (nodes in a network environment) and given as a
weight. Proper locations for p facilities are to be found by the model’s simulation.
Each customer is serviced by the facility located closest to them only. The objective
function is to minimize the total travel time of all customers. Concept of the p-median
model can be summarized as follows (Marianov and Serra, 2009):

“Given the location of n points that house known amounts of demand,
designate p of these points as facilities and allocate each demand to a facility, in such a
way as to minimize the total weighted distance between demands and facilities”

The crucial input data for the model are as follows (Ruslim and Ghani
2006):

1) Finite number of demand points (with demand values) to specify
the location and amount of demand that needs to be satisfied.

2) Finite number of potential facility locations (or service points).
These are the preferred positions where facilities can be established.

3) Distances between demand points and the facility locations.
Depending on the problem, these can be calculated from network analysis or Euclidian
distances.

4) Specific positive integer number (p) of required facilities needed to

be known.
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In principle, an optimization algorithm tries to find a solution for the
objective function that returns a minimal (or maximal) value. For the p-median study,
the objective function is total distance from every demand point to the closest service
point within the configuration. The travel distance is weighted (or multiplied) by a
population number of the demand point. A crucial constraint is that each demand must
be assigned to its closest facility only (the total number of available facilities is p)
(Reese, 2006).

Algorithm of p-median problem can be illustrated mathematically using
following notations (Varsic and Predic, 2011):

I = {1,..., M} is set of demand points
J = {1,..., N} is set of potential facility locations (service points)

P = {1,..., p}isset of demand points

Xij = 1 (if customer at demand point i allocated to service point j), otherwise
Xij=0

y; = lifafacility is established at location j, otherwise yj = 0

Dj; = Shortest distance between location i and location j

w; = Number of population at demand point i.

Then, the p-median problem can be formulated in the following manner:

Minimize = > > w,D;X; (2.1)
iel jel
(1)> x; =1forViel (2> y;=pforviel
Subject to jed jed

B)x; sy, forviel,Vjel @) x; {01}y, 0,1}
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This model can be used when each node is a point of demand as well as
facility site or when a set of eligible sites is restricted to some predefined discrete set
of network points. The objective function (2.1) is proposed to minimize total weighted
distance of the assignment. When the demand node i is assigned to a facility located at
J (xij = 1) then the associated term w;Dj; is included in sum. The first constraint (1) is
to ensure that each demand point must be assigned to at least one facility point while
constraint (2) restricts the placement or allocation of the facilities to exactly p facilities
of interest. Constraint (3) maintains that any such assignment must be applied to only
those sites that have been selected for a facility. The final constraint (4) restricts
variables to 0 or 1 values.

2.3.2 Concept of the gravity p-median model

General concept of the gravity p-median model was proposed by
Drezner and Drezner (2007) based on the integration of gravity rule in economic
location-allocation planning and the standard p-median model mentioned earlier.
Reilly (1931) proposed the gravity rule to conceptually explain how people tend to
patronize different supermarket of their interest. According to this theory, suppose a
customer resides in an intermediate town near the two large cities, the probability that
he/she will patronize one of the cities is proportional to city’s size and inversely
proportional to the squared distance from that city. This rule was later applied in
critical works of Huff (1964, 1966) to model consumer behavior in selecting a store to
patronize. He asserted that the probability that a customer patronizes a store (or
shopping mall) is proportional to the store’s floor area and inversely proportional to
some power of the distance to the store. He applied gravity model to consumer choice

behavior and generalized the distance decay function from the square of distance to
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some power of distance depending on the retail category. The gravity model was
extended by Nakanishi and Cooper (1974) who suggested replacing floor area with
multiplicative competitive interaction (MCI) as the measure of store’s attractiveness.

Over the years the gravity rule was applied to several retail categories
and various distance decay functions were proposed for its implementation, see
Drezner (1995) for a review. For examples, Jain and Mahajan (1979) and Bell, Ho,
and Tang (1998) applied it to the grocery stores. Wilson (1976) and Hodgson (1981)
had applied an exponential distance decay function to their work. Ripley (1993)
applied it to explain the motion event such as the influence of retailing in the city. It is
similar to Hartshorne (1990) who modified the gravity model for the use in
investigating retailing. He found that the service point of the retailing shop in general
is small and people will never walk far to buy goods. Customers attracted by high
quality goods will walk farther. In addition, Wimonporn Paisopa (2003) used gravity
model to model travels of city dwellers, outskirt dwellers and rural dwellers in the city
plan of Chiangmai. She found that main variables affecting the used model are number
of students, parents’ income, accessibility which influence in selecting service points.
Wallapha Pornpatcharaphong (2005) applied the gravity model to analyze scope of the
service point of the secondary schools in Nakhon Ratchasima Province and found that
the school fame affects decision in selecting a school.

The gravity p-median model was developed as being more realistic
form of the popular p-median model because a crucial assumption in the standard p-
median problem is that customers select the facility closest to them. This may become
valid assumption if customers are directed by a central command to the closest facility

(e.g. being forced by law), or when customers have complete information about
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distances and select facility in a rational manner. It is also implicitly assumed that all
the available facilities are equally attractive. In reality, this is seldom true for most
customers as they usually tend to make selection of facility to patronize based on
several factors apart from the distance factor.

The gravity p-median problem assumes a more realistic scenario that
customers divide their patronage among the available facilities with the probability
that a customer patronizes a facility being proportional to the attractiveness scale of
that facility and to a decreasing utility function of the distance to that facility. This
distance-based factor is normally called “distance decay function” that could be
described in several forms, e.g. inverse square form, power form, or exponential form.
Similar to p-median model shown in Eqg. 2.1, the gravity p-median model can be

written in general form as

Minimize = ZzWiRikDik ; Ryo= Ui

ieM keP ZUU

jeP

(2.2)

where Rjx is the probability function that indicates the proportion of total customers w;
residing at demand point i that is given to the facility k and Ui is the attractive
function, which depends on the facility’s own attractiveness level and the chosen
distance decay function. For example, Uy = C/Di (for the inverse-square form) or
Uik = Ci/exp(aDik) (for the exponential form), where Cy is the attractiveness level of

the facility k.
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2.3.3 Applications of p-median and gravity p-median models

The p-median and gravity p-median models have been applied fruitfully
in several researches conducted in the past on the location and allocation purposes.
Examples of the reported works are as follows.

Harvey, Hung, and Brown (1974) employed the p-median model to fix
number and the center location of a hospital in Sierra Leone by studying a one-fold
level of the problem. They were also aware on interactions between the low-high
levels of hospitals. Reilly (1976) employed p-median model to analyze problem of the
hospital location and its emergency ambulance for best service management by
conditioning on the shortest distance and least time to travel from the incident spot to
hospital. Calvo and Marks (1973) used p-median model with the medical service
planning. The hierarchical model showed that the model able to best access the service
stations, minimize cost but maximize benefits.

Banerji and Fisher (1991) employed both the p-median model and the
hierarchical model to plan proper location for service station in India. They set the
hierarchical model as a network, i.e. high level affairs providing the lower level of
services, and found that the demand points are enabled to best use of the service points
with the shortest distance.

Drezner (2006) used the gravity model in studying multiple facilities
location in the plane using the Gravity median two problems are considered in this
article. The first problem is the p median where the total distance traveled by
customers is minimized. The second problem focuses on equalizing demand across

facilities by minimizing variance of total demand attracted to each facility.
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Drezner and Drezner (2007) used the gravity p-median model to
calculate gravity towards customers divide their patronage among the facilities with
the probability that a customer patronizes a facility being proportional to the
attractiveness of that facility and to a decreasing utility function of the distance to the

facility.



CHAPTER Il

REASEARCH METHODOLOGY

3.1 Conceptual Framework

This research consists of 3 main parts in according with the objectives
described in Chapter | (see flowchart in Figure 3.1). The first section devotes to the
development of GIS database necessary for further study. These data were acquired
from 3 main sources: (1) responsible agencies, (2) internet resources, and (3) field
surveys, and can be separated into 3 main categories (as described in Table 3.1):

(1) General data of the area; e.g. road network map or administrative map.

(2) School data; e.g. location, official name, or number of students, and
teachers.

(3) Tambon/village data; e.g. location, area cover, or number of population.

In the second part, efficiencies of the existing schools (primary, lower-
secondary, and upper-secondary levels) are assessed in terms of the service area,
service loading, and travel distance to school. These results are then compared with
those obtained from other two methods: idealized and the p-median model. The
optimal location maps of schools for present scenario (year 2007) and future scenarios
(years 2015 and 2020) at each school level are also created using the p-median model
and their efficiencies are subsequently evaluated based on methods formerly applied to

the existing schools stated earlier.
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In the third part, optimal location maps for the upper-secondary schools at
present (year 2007) and in the future (years 2015 and 2020) are generated using the
gravity p-median model and their efficiency in term of travel distance is subsequently
evaluated. The obtained results are then compared with those from the idealized
method and the p-median model.

Major results of the work mentioned in the first part are reported and discussed
in this chapter whereas results of the works stated in the second and third part are

presented and discussed in Chapters IV and V, respectively.

Table 3.1 Details of the essential data included in the database construction.

General data

Data class — -
Specific details Format Source (year)
. . — Department of Provincial
Administrative map  District/tambon boundary Polygon Administration (DPA) (2009)
: : City Planning Department
Road network Available road network Line
(CPD) (2009)
School data
Data class — -
Specific details Format Source
Location Geographic location Point/map Internet, surveys (2007)
Name/details Official name and general details
Teachers/students Numbers at class/educational level
Class rooms Numbers at educational level _ Nakhon Pathom
] ) ) Attribute Education Service Area
School area in “rai” and m Office 2 (2007)
Admission rate Annual data at educational level
Accessory data E.g., Administrative board.
Tambon/Village data
Data class — .
Specific details Format Source
Location Geographic location Point/map
Name/details Official name and general details The Bureau of Registration

Attribute Administration (2009)
Population Number at tambon/aged level
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Objective 1
v v v v
School data Village data Road network Population data
(2007) (2007) data (2007, 2015, and
(2007) 2020)
Objective 2
* vy * v
Present Idealized P-median Gravity
scenario method model p-median model
v v v v
School maps School maps School maps School maps
(P, LS, US) (P, LS, US) (P, LS, US) (US)
v v v v
Efficiency Test Efficiency Test Efficiency Test Efficiency Test

1. Service area
2. Service loading
3. Travel distance

1. Service area
2. Service loading
3. Travel distance

1. Service area
2. Service loading
3. Travel distance

1. Travel distance

Objective 3

Figure 3.1

Results comparison

1. School location map
2. School efficiency

Conceptual framework of the entire research procedure.
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3.2 Research Methodology

The entire research procedure has been divided into 5 major sections in
according with the conceptual framework (Figure 3.1) as follows.
3.2.1 Construction of the GIS database

(1) Assemble interested data from corresponding sources (as listed in
Table 3.1), then categorize and keep them in form of the GIS database. The
school/village map with road network as a background is shown in Figure 3.1.
Detailed procedure of the database construction is illustrated in Section 3.4.

(2) Estimate population data (at tambon/village level) in years 2015
and 2020 based on relevant records during years 1998-2007 (assuming uniform linear
changes during years 1998-2020). The computing process is detailed in Section 3.5.

3.2.2 School efficiency assessment for present situation

(1) Generate location map of the interested 143 schoolsand their
surrounding 443 villages in the study area (result is illustrated in Figure 3.2).

(2) Evaluate efficiencies of existing schools (at each level) in terms of
the service area, service loadings, and average travel distance to school of students,
under the given criteria of travel distance and choice of preferred school for students.
An assumed service area of each school was defined by proposed distance limits along
existing road network. These are 1-5 km (P level), 3-7 km (LS level) and 5-10 km (US
level). Typically, service area will rapidly grow with higher distance limit which
results in great reduction of the no-service area and also the substantial increase of

overlapped service area.
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The service loading value of a considered school is defined by

ACT

Service loading (SL) (in %) =
g (SL) (in %) SOT

100 (3.1)

where ACT is number of actual students (at the interested level) found at that school
and POT is the potential students (at the interested level) residing in the given distance
limit. The potential students (at each village) are determined by age level of its
population data: 6-11 (P level), 12-14 (LS level), and 15-17 (US level). Five classes of
the SL values are proposed in this thesis (Table 3.2): low (L), medium low (MH),
medium high (MH), high (H), and very high (VH).

In term of service loading (SL), the preferred schools should not have too
low or too high of the SL values. The recommended range of proper SL for the P and LS
schools is 50-150% in according with the current state’s policy that requires all children
to attend 9-year compulsory education (a 100% enrolment). School with a relatively low
SL values (e.g. SL<50) indicates its inefficiency to attract potential students living
within its service area to attend the school and the major causes of such failure should be
examined. In the contrary, a school with relatively high SL values (e.g. SL>150) mean it
can attract large amount of potential students that live outside its normal service area to
attend the school and knowledge of main factors contributing to its success are valuable
for the further improving of some less success schools (ones with much lower SL). In
general, a school with SL values of 50-150% indicates its moderate capability to attract
potential students residing within its service area to attend the school (for the education
at P and LS levels) when compared to the average rate of school enrolments at P and LS

levels nationwide that stands at about 80% (MOE, 2008a).
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Table 3.2 Classification of the service loading values.
SL Range
SL level SL meaning
P and LS levels US level
Low L 0-50% 0-15% Critical
Medium low ML 50-100% 15-30% Normal
Medium high MH 100-150% 30-50% Normal
High H 150-200% 50-100% Concerned
Very high VH >200% >100% Critical

Note: Critical (L)

Critical (VH)

Normal

Concerned

School is considered in a critical state as it fails to attract enough students to
attend (when compared to number of expected potential students residing within.
School is considered in a critical state as it over-succeeds in attracting students to
attend (when compared to number of expected potential students residing within
its service area). This might be destructive for the operation of the less-attractive
nearby schools (at the same level).

School is considered in a relatively comfort state as it can attract a satisfied
amount of students to attend (when compared to number of expected potential
students within its service area).

School is considered in a concerned state as it begins to over-succeed in attracting
students to attend (when compared to number of expected potential students
residing within its service area). This might be destructive for the operation of the

less-attractive nearby schools (at the same level).

At present, the average rate of attending schools at primary and lower

secondary levels in Thailand is approximately 80%, which is in contrast to the

attending rate at the US level that stands at about 35% (MOE, 2008a). Therefore, in

term of service loading, the public US schools with SL values of 30-50% should be

regarded as being moderately successful ones in recruiting potential students to attend

their places (different from what is expected from P and LS schools). As a result,

efficiency of schools in term of SL value is examined separately for class of the P and

LS schools and the US schools as illustrated in Table 3.2. Typically, the mostly-



36

concerned ones are small schools with low SL values as they are less effective in
attracting students to come for their services.

The average travel distance was calculated by assuming that a student
can attend only one school locating closest to their residences (at the corresponding
village location) and there is no limit on student’s travel distance (similar to that of the
p-median model). There are two distance-based parameters being considered here:
maximum travel distance and average travel distance (per student).

3.2.3 School efficiency assessment based on idealized method

(1) Identify the preferred numbers of functioning school at each
educational level. This was achieved by assuming that the ideal service area (for a
school) has a hexagonal shape. Then the preferred number of schools (at each level)
can be determined, which are 50 for P and LS levels and 18 for US level (Table 3.3).
These numbers were gain based on the method described in Section 3.3.

(2) Construct associated school location maps based on ideal numbers
of schools obtained in step (1) and the suitable school locations systematically selected
based on the following prescribed priorities:

(2.1) Be location of the existing medium/large schools with moderate
or high SL values. The existing small schools (especially at primary level) are largely
ignored except ones that are substantially needed in the remote area.

(2.2) Locate within villages/tambons that have relatively high
population density.

(2.3) Have relatively high amount of potential students residing
within specified service area (3 km-distance for P and LS level and 5 km-distance for

US level).
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(2.4) Provide well-distributed school map in which the chosen sites
do not situate too close to each other (e.g. >3-5 km apart).

These stated criteria were assessed throughout the study area (for all
schools and tambons) and suitable locations (at each school level) were identified and

mapped. Their corresponding service areas are also shown on the obtained maps.

Table 3.3 Numbers of preferred schools by the idealized method.

P Level LS Level US level
District
Original Idealized Original Idealized Original Idealized

Bang Len 49 23 12 20 4 5
Nakhon Chai Si 34 12 11 12 6 6
Phutthamonthon 8 4 5 6 2 2
Sam Phran 36 11 11 12 4 5
Total 127 50 39 50 16 18

Note: 1. AtP level, all 50 chosen sites are the existing medium/large P or P/LS schools. Only two
small schools (SB6 and SB7) were chosen to serve some remote areas (Table C1.1).
2. At LS level, out of 50 sites chosen, 39 are the existing P/LS and LS/US schools and 11 are
the additional medium/large scales P schools seen fit to the preferred map (Table C1.2).
3. At US level, out of 18 sites chosen, 15 are the existing LS/US schools and 3 are the
additional P/LS schools seen fit to the preferred map (Table C1.3).

Most selected locations (for all levels) are the existing medium/large
schools with moderate/high SL values that are well distributed throughout the area.
Some school sites in the remote region were selected just to reduce gaps of the current
service area map (to reduce no-service areas). These new maps are created to reduce
amount of overlapping service areas and no-service areas, and to eradicate some

ineffective small schools.
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(3) Consider efficiency of the identified school locations from (2) (at
each level) in terms of service area, service loading, and average travel distance to
school, under the given criteria of travel distance limits [1-5 km (P level); 3, 5, and 7
km (LS level); 5, 7, and 10 km (US level)], and choices of preferred school for
students. The entire process is similar to ones described earlier in Section 3.2.2 (for the
present situation) but the calculation of SL was more complicated as it greatly depends
on how we transfer existing students from the not-chosen schools (at present) to
preferred schools given by the idealized method also. The assumption adopted here is
that all students of the neglected schools (at each level) are transferred to any chosen
school (at that level) that locates closest to them only.

(4) Compare and discuss results obtained from 3.2.3(3) (idealized) and
3.2.2(2) (present scenario). Some suggestions for better school management are also
given.

3.2.4 School efficiency assessment based on p-median model

(1) Select potential sites of being school locations (at each level) and
define ideal number of schools required in the creation of the school maps (at district
level). Potential sites are identified in according with criteria described in Section
3.2.3(2) where priority is given to the appropriate existing schools that are not situate
too close to each other and to villages or tambons with high population residing within
the given distance limits (see more details in Appendix D). Numbers of the potential
and preferred school sites (at each school level) for each district are as described in
Table 3.6.

(2) Produce optimum school location map (for each district) that gives

minimum value of total travel distance to school using p-median model. Concept of
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the used model is described in Chapter Il and results are reported in Chapter V.

Table 3.4 Numbers of potential/ideal school sites (p-median).

P level LS level US level
District
POS PRS PC POS PRS PC POS PRS PC
30 25 30 25 15 9
BLIN 1300 so  #2%06 218 a1 29 i pe 20
24 12 24 12 24 4
NCS [240] [12.0] 2,704,156 [11,13] 18.4] 2,704,156 [5,19] [3.1] 10,626
5 3 5 3 3 1
PMT 501 [30] 10 O] [30] 10 Bol o
16 10 16 10 16 4
PR meo) poop 39 s s 808 iy gy 18D
Total 75 50 i 75 50 i 58 18 i
[7.0] [50,0] [39,36]  [30,20] [16,42]  [9.9]
Note: 1.POS = Potential sites, PRS = ideal sites, PC = Possible combinations for potential
solutions.

2. [ES,NES] = [Existing school, Non-existing school].
3. At P level, all potential sites are the proper existing P or P/LS schools, while at LS and LS

level, some proper not-existing school locations (tambon sites) are also included.

(3) Examine efficiency of the chosen school locations from (2) (at
each level) in terms of the service area, service loading and average travel distance
under the prescribed criteria [like ones applied to the assessment of idealized school
maps in Section 3.2.3(3)].

(4) Compare and discuss results gained from 3.2.2(4) (present
scenario), 3.2.3(3) (idealized scenario), and 3.2.4(3) (p-median scenario). Some
suggestions were also given about the reorganizing of existing school locations.

(5) Perform steps (1)-(3) but using population data of years 2015 and
2020, and compare results with those of the year 2007 situation (p-median scenario).
The used potential sites for these two years were assumed to be the same as those in

year 2007.
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3.2.5 School efficiency assessment based on gravity p-median model
(1) Select potential sites for being US school locations and define
number of the school needs in the formulation of school maps (at district level). All
potential sites are systematically identified based on the aforementioned criteria given
in Section 3.2.3(2). There were 59 potential sites proposed for 18 sites preferred as

described in Table 3.5 and in Appendix D (for comprehensive details).

Table 3.5 Numbers of potential/ideal sites (gravity p-median).

District Potential locations Preferred locations Po§sibl_e
Total ES NES Total ES NES  combinations
BLN 15 4 11 9 4 5 5,005
NCS 24 6 18 4 1 3 10,626
PMT 4 2 2 1 0 1 4
SPR 16 4 12 4 2 2 1,820
Total 59 16 43 18 7 11

Note: ES = Existing school, NES = Non-existing school.

(2) Determine attractiveness values for each potential site based on
number of the population living within 5km distance limit and express in form of the

normalized value defined by the following definition (see Table 3.6 for results):

_ TPOP(K)
C(k) = —ZTPOP 0 (3.2)

jeN1

where C(K) is the attractive value of potential site k, TPOP (k) is number of population

within the 5 km radius and N1 is set of the chosen potential sites.
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(3) Determine attractiveness values for each chosen existing schools
based on the number of application (at US level) per seat defined by (see Table 3.6 for

results):

AP(K)
> AP(j)

jeN2

C(k) = (3.3)

where C(K) is attractive value of selected school k, AP(k) is number of applications (at
US level) per available seat of school k, and N2 is set of the chosen existing schools.

It is assumed that number of potential students (age 15-17) of village i
[call Q(i,j)] are contributed to a chosen potential school j in according with the

following relation:
Q(i,k) =R(i,k)x POT(i) (3.4)

where POT(i) is the potential students living at village i, R(i,k) is the contributing

weight defined by the following formula:

o)
. \D(@,k)?) _ CD(,k)
R(n,k)z( ci) j_ZCD(iJ) (3.5)

D(l,_l)2 jeP

jeP

which makes R = 0-1., C is the school’s attractiveness value defined by Egs. 3.2 and 3.3,

D(i,j) is the travel distance from village i to site j, and P is set of needed school sites.



following relation (M is set of the villages),

TD= > > QK xD(iK) = > Rk xW(i)xD(i,k) = > > R(i,k) x DW(i,K)

ieM keP

=2 25" coin

ieM keP
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As a consequence, total travel distance (TD) can be estimated using the

CD(i,k) x DW(i,k)

ieM keP
TD=>>
ieM keP
jeP
Table 3.6

Z CD(i,))

CDW(i k)
> CD(i,)

jeP

ieM keP

(3.6

)

Data of C values for all 59 potential sites (calculated from Egs. 3.2-3.3).

Not-existing school

Not-existing school

Site Name DIST _Cc__ ot Name DIST __C
1 avumd TB3 0.06 32 athului TS1 0.12
2 e TB4 0.14 33 aundn TS2 0.09
3 RTRREET TB5 0.05 34  avunszin TS3 0.09
4 a.119Insih TB6 0.17 35 9.11908 TS4 0.11
5  aaougy TB8 0.09 36  avownia TS5 0.08
6 RO TB9 0.13 37  anaeelni TS7 0.07
7 A.AABIUNNTZI TB10  0.12 38  a.nsziudy TS8 0.08
8 A.UTDTUS TB12  0.05 39  adoulng) TS9 0.10
9 A damys TB13 0.06 40 eI TS11 0.09
10 aldydne TB14  0.06 41 @ansAued TS12 0.02
11 a.Insaw TB15 0.06 42 A.AA1AIUA TS13 0.02
12 avudadh TN2 0.03 43 awmdhw TS14 0.12
13 A.UNNTEN TN3 0.12 . Existing school
14 A.UNNTE TN4 0.04 Site Name SCH C
15 9.U932M TN5 0.03 1 UIAUING SB5 0.61
16 a.aouudn TNG6 0.03 2 URUANING SB12 0.11
17  aseng TN7 0.05 3 fahamann SB31 0.22
18  a.lannszdd TN8 0.02 4 dowmsine SB41  0.06
19  aquuin TN9 0.07 5 asnudainen SN1 0.02
20  aaumnih TN11  0.02 6 urantnINe SN17 0.14
21 a.nziton TN14 0.06 7 dininen SN21 0.05
22 annizdy TN15 0.08 8 gﬂiwutyﬁ%”aaqyﬁ{ SN22 0.24
23 amdmiin TN17 0.10 9 NADYIWITIUA SN27 0.05
24 a.lnonna TN18 0.06 10 ANTYIUING SN36 0.50
25  adunou TN19 0.07 11 fieswinanay SS15 0.08




Table 3.6

(Continued).
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Data of C values for all 59 potential sites (calculated from Eqgs. 3.2-3.3)

Not-existing school

Existing school

Site Site

Name DIST Name SCH C
26 a.ATHENDY TN20 0.08 12 Fa'lsia3nen SS27 0.53
27 adiuming TN21 0.05 13 aasswimedea SS38 0.22
28  adaozye TN23 0.05 14 ewwsmine SS40 0.17
29  adadlsq TN24 0.03 15  Saulndunsaulny SP9 0.49
30 anaeele TP1 0.52 16 maamnAnInedy SP10 0.51
31 awmasan TP2 0.48 - - -

(4) Produce ideal US school location map (for each district) that gives

minimum value of the total travel distance to school using the gravity p-median model

(concept of this model is described in Chapter I1).

(5) Consider efficiency of the chosen school sites from (4) in terms of

average travel distance and compare with those obtained from idealized and p-median

scenarios.

It should be noted here that, for the calculation of travel distance, the

criteria of students attending the closest schools is not applicable to the gravity p-

median scenario. This is because, in the model’s simulation, each student can attend

any available schools of their interest regardless of the travel distance (as described in

Eq.3.6). And this can result in the significantly higher average travel distance to school

of the students.

(6) Perform steps (1)-(4) using population data of year 2015 and 2020,

and compare results with those of year 2007.
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3.3 Determination on Ideal Numbers of School

In principle, to maximize school planning and managing efficiency in term of
the service area, the no-service and overlapped areas should be minimum. This
objective can be achieved if number of the servicing schools (at each level) is not too
high (to reduce the running cost), and the proposed school service area should not be
too low (to provide high percentage coverage of total service area). Theoretically, the
ideal number of needed schools can be determined based on knowledge of total study
area and a defined service area of individual school. In theory, the ideal service area
that provides least overlapping area should have a hexagonal shape (Hallak, 1977),
from which for a given radius R, the service area (SA) of a school could be readily
identified using relationship SA = 2.598R?. This makes sizes of the service area for R
=1,2,3,4,5,7and 10 km become 2.60, 10.39, 23.38, 41.47, 64.95, 127.30, and 259.8

km?, respectively (as shown in Table 3.7).

Table 3.7 Ideal numbers of schools (based on the idealized hexagonal service area).

School’s service area at different service radii (in km?)

District 1 km 2 km 3 km 4 km 5 km 7km 10 km
(2.60) (10.39) (23.38) (41.57) (64.95) (127.3) (259.8)
BLN 221.30 55.32 24.59 13.83 8.85 4.52 221
NCS 102.21 25.55 11.36 6.39 4.09 2.09 1.02
PMT 27.73 6.93 3.08 1.73 111 0.57 0.28
SPR 87.26 21.81 9.70 5.45 3.49 1.78 0.87
Total 438.49 109.62 48.72 27.40 17.54 8.95 4.38

For schools that provide education only at primary level, the increase of

proposed service radius from 1 to 3 km means 9-fold expansion of its total service
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area. This would dramatically reduce demand for the primary schools to serve most
villages locating in the area. Table 3.7 indicates that, it should be only about 49
primary schools which are well-placed geographically (at 3km service radius) required
to serve the entire area. However, the number of 50 is preferred in this study (instead
of the original number of 49) where the extra 1 school is added to support possible
excess number of P-level (or LS-level) students that are required to attend schools
each year. But if the service radii of 1 or 2 km are applied, numbers of the preferred
schools (under these situations) are about 440 and 110 respectively. This means with
1km-radius criteria (with hexagonal shape), more than 300 new schools is required to
serve this area (only) at this level. This is very unlikely to be succeeded. However, at 2
km radius, number of the required P school is comparable to the existing one (110 and
129). On the contrary, under the given criteria of 3km-radius, number of the ideal
primary schools can be reduced by about 60% of the present number (from 127 to
about 50), which has more opportunity to be fulfilled. However, great reduction on the
number of functioning schools might lead to more no-service area if the overlapping
area is still relatively high.

In case of the lower and upper secondary levels, numbers of the preferred
schools under the criteria of 3, 5, and 7 km service radii are about 50, 18, and 9,
respectively. This means if the 3 km criterion is imposed, number of the suggested
ideal schools for LS level will be slightly higher than that of the existing one (39) but
if 5 km criterion is enforced, this number will decrease to about 18 and, in this case,
substantial number of the present LS schools might be able to be dissolved or merged
with some other larger school nearby to reduce running cost of doing service at this

level. For the US level, if the 5 km criterion is imposed, number of the ideal schools
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will be about 18, which is similar to that of the existing US schools (16). But if the 7
km criterion is applied, this number will decrease to about 9 only. This can make
several of the present US schools become redundant but the no-service areas may
increase if the functioning schools are not properly placed.

As a consequence, if the state’s policy of applying 3 km service area to P and
LS schools and 5 km for US school are fully enforced in the area, ideal number of the
schools needed at these levels will be about 50, 50, and 18, respectively (under
hexagonal shape). If compare to present situation (same level), number of the existing
P-level schools must be dropped dramatically (from current 127 to about 50) whereas
numbers of existing LS and US schools (39 and 16) are rather similar to that of the
ideal ones (50 and 18).

Therefore, the noticeably change in their preferred numbers might be not much
required (unlike for the P level) but the relocation, or dissolving, of some small
schools to provide higher efficiency in term of the service area may still be necessary.
However, it is crucial to emphasize here that all these numbers were come up under
assumption that a school’s service area has a hexagonal shape (at different radii) which
is not exactly true in the actual analysis (where a service area is determined by the
prescribed distance limit along the road network). But these numbers are still practical
for general use in this study as they represent the ideal scenarios that were interested

in.
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3.4 Database Construction Process

As stated earlier, the first objective of this thesis is to develop GIS database
necessary for further study. The data were acquired from 3 main sources: (1)
responsible agencies, (2) internet, and (3) field surveys, and can be separated into 3

(1) General data of the area; e.g. road network map or administrative map.

(2) School data; e.g. location, official name, or number of students and
teachers.

(3) Tambon/village data; e.g. location, area cover, and number of population.
Detailed process of the database construction is as follows:

Assemble interested data from the responsible sources. These data were then
categorized into 6 broad groups to be stored in the database as listed in Table 3.8.
Details of the associated attribute data included in each mentioned data category are

described in Table 3.9a-3.9f, respectively.

Table 3.8 List of 6 broad groups of data contained in the constructed database.

Data category Format Data description

Administrative/Amphoe  polygon General data at district level (as stated in Table 3.9a)

Administrative/Tambon  polygon General data at sub-district level (as stated in Table 3.9b)

Road Network line General data of used road network (as stated in Table 3.9¢)
School Data point General data of the studied schools (as stated in Table 3.9d)
Village Data point General data of the studied villages (as stated in Table 3.9¢)

Tambon Data point General data of the studied sub-districts (as stated in Table 3.9f)




Table 3.9a

category.
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Details of the attribute data included in the Administrative/Amphoe

Projected Coordinate System:

Shape Name:  Npt 2 gis
Feature Class: Polygon
Data Source:
(2009)
Scale:  1:50,000

Department of Provincial Administration (DPA)

WGS84/UTM zone 47N

Data File Attribute Description
FID * Polygon identification code AU polygon
Shape * Data type wiiadoya
mumﬁyuﬁmm polygon
AREA * Polygon area
(M1519LUAT)
PERIMETER *  Polygon perimeter gé’uiangﬂmm polygon (1N#7)
AMPHOE_ * Programming code sriameluveslisunsy
~ AMPHOE_ID  User-defined identification code  svid Taef 14 T1sunsu
NPt2gis AMPHOE_IDN  District identification code A UND
AMPHOE_E District name (in English) %aéwmammﬁaﬂqy
AMPHOE_T District name (in Thai) Fosunenim'ne
PROV_CODE Province code FHEAVINIA
AMP_CODE District code SHADUND
PROVINCE_E  Province name (in English) 5o N IANIHITING Y
PROVINCE_T  Province name (in Thai) Fosanianwlne

* Standard values set by the operating system.
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Details of the attribute data included in the Administrative/Tambon

Projected Coordinate System:

Shape Name:
Feature Class:

Npt 2 gis
Polygon

Data Source:
(DPA) (2009)

Scale: 1:50,000

Department of Provincial Administration

WGS84/UTM zone 47N

Data File Attribute Description

FID * Polygon identification code AU polygon
Shape * Data type wiiadoya

Vafiufived polygon
AREA * Polygon area

(MINUNAT)

_ ifusoug1/uea polygon

PERIMETER * Polygon perimeter

(tumy)
Tam _* Programming code svameluveslysunsy

~ Tam_ID User-defined identification code  svia Taod 19 11/sunsu
Npt 2 gis 4. .

Tambon_E Tambon name (in English) FOAUA (NYIDINGY)
Tambon_T Tambon name (in Thai) Foswa mu'lne)
AMPHOE_IDN District identification code INADUND
AMPHOE_E District name (in English) %aﬁwmamméﬁﬂqy
AMPHOE_T District name (in Thai) Fosunenim'Ing
PROV_CODE Province code IHANINIA
AMP_CODE District code A UND
PROVINCE_E Province name (in English) %aﬁw’iﬂmmﬁmqy
PROVINCE_T Province name (in Thai) Fosaanwlne

* Standard values set by the operating system.
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Table 3.9c  Details of the attribute data included in the Road Network category.

Shape Name:
Feature Class:

Data Source:

Scale:

Projected Coordinate System:

Road network

Line

City Planning Department (CPD)
(2009)

1:50,000

WGS84/UTM zone 47N

Data File Attribute Description

FID * Line identification code WAV line
Shape * Data type wiadoya

siamoluvos
FNODE_* Prqgrammlng code for the starting Tlsuns e

point '

Tudu

sameluves
TNODE * Programming code for the Tl5uns e

- terminating point 3

9aUYA

LPOLY_* Polygon number (left side) 1a% polygon AU
Road network RPOLY_* Polygon number (right side) 199 polygon AUYN
LENGTH * Line length ANVENIVBUTY
\ siameluves

ROADCL_* Programming code

Talsunsw

S s laod 19

ROADCL_ID User-defined identification code

T1lsunsw
RC_LNUM Road number RUWAVDUY
RC_HWTYPE Road type UYsznmdunia

o fMeoduelszian

DESC _ Description of road type Y

TUNN

* Standard values set by the operating system.



51

Table 3.9d  Details of the attribute data included in the School Data category.
Shape Name:  School data
- Feature Class:  Point
- - Data Source:  Education Service Area Office 2 (2007) and field

Projected Coordinate System:

surveys
Scale: 1:50,000

WGS84 /UTM zone 47N

Data File Attribute Description
FID * Point identification code IWAUD point
Shape * Data type wiiadoya
X X-coordinate of a point WAAA KU X VD4 point
Y Y-coordinate of a point WAAAWHKUL Y VD4 point
School id User-defined identification code  s¥alaofl#11/sunsu
School code School code sialssou
School name School’s location name Soamuiifidavedlsadon
Moo Order of village §duiiveanytn
tambon_id Tambon identification code sdaAa
amphoe_id District identification code INADUND
School data  province_id Province identification code IaIIvda
boss_name School’s director name %aé’u?ms
wneay Insfnifiaade
tel School’s telephone number
Ts9i5ou
moldiiumsquaves
under School’s supervision agency .
NUBU
size School’s size vavedlsasou
level Operating education level ixﬁumiﬁﬂmﬁgﬂﬂﬁau
room Number of classroom oS oy
teacher Number of teacher NUIUAJ

student_ total

Number of total student

A
INUIUUAGTIUNIH VA

* Standard values set by the operating system.
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Table 3.9e  Details of the attribute data included in the Village Data category.
Shape Name: Village data
- Feature Class: Point
-— Data Source:  Education Service Area Office 2 (2007) and field

Projected Coordinate System:

surveys
Scale: 1:50,000

WGS84 /UTM zone 47N

Data File Attribute Description

FID * Point identification code FUAUDI point
Shape * Data type wiiadoya
CODE Village code swanythu
VILL_NAME Village name Fonyihn
CWRAB Province code TN I
AMPRAB District code IHADUND

Village data . .
TMBRAB Tambon code TNaAMNVA
VILLRAB Village code Fianyiu
CWT_NAME Province name "ld'fﬁl NN
AMP_NAME District name @T}aﬁnm
TAM_NAME Tambon name ¥oda1ua
VILL_NO Village number Lamﬁwﬁﬁm

U

* Standard values set by the operating system.
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Table 3.9f  Details of the attribute data included in the Tambon Data category.

Shape Name:  Tambon data
Feature Class:  pgint

-— Data Source:  Department of Provincial Administration
(DPA) (2009)
Scale:  1:50,000

Projected Coordinate System: \W@GS84 /UTM zone 47N

Data File Attribute Description
FID * Point identification code AU point
Shape * Data type wiiadoya
Tambon data X X-coordinate of a point WAAA KUY X ¥DY point
Y Y-coordinate of a point WAAA KUY Y U499 point
NAME_T  Tambon’s name %aﬁmuﬁﬁywmﬁma

The Database Structure

The stated database was constructed using the MySQL programming tool,
which is a popular free software that can be operated on the UNIX, OS/2, Mac, and Os
or Windows operating systems and can be supported by several common web
development platform, e.g., C, C++, JAVA, Perl, Python, and Tci, or ASP. The
conceptual structure of the developed database is displayed in Figure 3.3 where in
three levels of the operations were created:

(1) Client level-Constructed based on MySQL Client software and chosen
Web Development Platform programs.

(2) Application level-Constructed based on the Minnesota Mapserver
platform as being local administration GIS Map Server of the system.

(3) Server level-Constructed based on the RDBMS MySQL software.

Results of the study in this part are reported in Section 4.1.
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laseasisuvansaumndanianaas (GIS)

nIsGinWIUS:VUIGS2UNgduIN2SitiG
Client level Working

: station
School 615 MapServer

Application Ieveil

Figure 3.3  The conceptual structure of the developed database (with 3 operating

Gisclients

levels).

3.5 Estimation of Future Population

As amounts of population in years 2015 and 2020 are required in this study, the
proper method to find their values was executed (at tambon level) based on the
relevant records during years 1998-2007 (assuming uniform linear changes during
years 1998-2020). In this process, past population annual records of each tambon were

plotted with time (year) and assumed to have a simple linear relationship:

y=ax+b (3.7)

where y is the expected annual population number, x is order of year under

consideration (start from 1 for year 1998 and so on, e.g. 10 for year 2007), and a, b are

proper constants of the calculation (for each considered tambon). From Eq. 3.7,
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population number in years 2015 and 2020 can be estimated by using x = 18 (for year
2015) and 23 (for year 2020) in the equation. For better understanding, case of Nakhon

Chai Si District is shown here as an example.

Amp.NCS
115000 y=758.02x+102809
& 2_

110000 - R*=0.7408

¢ Amp.NCS
105000 & —&

——Linear (Amp.BL)
100000 TRy
1996 1998 2000 2002 2004 2006 2008

Figure 3.4  Linear relationship of population and years at the Nakhon Chai Si

District.

Figure 3.4 illustrates the variation of annual population records with time
during 1998-2007 for the Nakhon Chai Si District, from which, the suitable linear

relationship to describe this changing pattern was found to be (with R? = 0.7408):

y = 758.02x + 102809 (3.7)

This equation indicates the gradual increase of population number from 1998 to 2007

at rate of about 758 persons per year and the numbers for year 2015 and 2020 can be

estimated as being approximately 116,453 and 120,243 persons, respectively.



CHAPTER IV
EFFICIENCY ASSESSMENT FOR PRESENT AND

IDEALIZED SCENARIOS

This Chapter presents three main topics of thesis work: (1) result of the
database development and population prediction, (2) efficiency assessment of the
present school locations, and (3) efficiency assessment of the selected school locations
based on the introduced idealized method. Three main aspects on school efficiency (at
each school level), were evaluated: service area, service loadings, and travel distance

to school as described in Sections 3.2.2 and 3.2.3.

4.1 Outcome of the Database Development and Population

Prediction

4.1.1 Database development
In practice, a general client can search for school, or village, data
available in the completed database system by entering some searching keywords in
the searching area displayed on the User Interface’s page of the system (e.g. as seen in
Figure 4.1). The valid keywords for searching school data are, for examples, code,
name, size, educational level, or name of school’s director, and those usable for the
village data are village’s identification code or name. The general searching algorithm

for needed school data is displayed in Figure 4.2.
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User Interface’s pages of the constructed database.
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Figure 4.3  Database inner structure showing relations among school, village, and

tambon data.

Figure 4.3 illustrates relations of the school, village and tambon data contained
in the developed database. These data can be separated into 5 categories as follows:

(1) Province: including province code and name.

(2) District: including district code and name.

(3) Tambon: including tambon code and name.

(4) School: including code, name, director’s name, numbers of male
and female students, number of total students, size, number of rooms or teachers,
school levels.

(5) Villages: including school code, name, numbers of school-aged
students (<6 years male/female/total, 6-11 years male/female/total, 12-14 years

male/female/total, and 15-17 years male/female/total).
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4.1.2 Population prediction

By performing the similar process stated above at all tambons in the
study area, their future population in years 2015 and 2020 can be estimated (as shown
for examples in Table 4.1 for 16 tambons of the Sma Phran District). From these
obtained numbers, along with numbers of years 1998 and 2007, trends of population
change at each tambon can be assessed. It was found that, during years 1998-2007,
there are only 14 tambons (out of 58) that have numbers of population decreased
(mostly in the Bang Len District). The rest have higher number of the population
number and distinctively high rise was observed at the Sam Phran District (Table 4.2).
In addition, the population density maps for years 1998, 2007, 2015, and 2020 (at

tambon level) are displayed in Figure 4.4.

Table 4.1 Population prediction formulas for tambons in Sam Phran District.

Total population

Tambon Prediction formula

1998 2007 2015 2020

Ban Mai y =159.27x + 7299.9 7295 8977 10167 10963
R2=0.9474

Bang Chang y =129.39x + 6458.1 6709 7531 8787 9434
R2 =0.9003

Bang Krathuek y =149.52x + 7844.7 7970 9325 10536 11284
R2=0.9853

Bang Toei y =14.812x + 3860.3 3878 3953 4127 4201
R2 =0.6075

Hom Kret y =172.74x + 6253.1 6457 7863 9362 10226
R2=0.9813

Khlong Chinda y =-103.72x + 11167 11051 10232 13034 13553
R2=0.9332

Khlong Mai y = 175.09x + 9069.6 8868 9778 12221 13097
R2 =0.5832

Krathum Lom y = 457.01x + 11558 12683 16106 19784 22069
R2=0.8934

Om Yai y =973.36x + 17189 11943 15399 34709 39576
R2 =0.0938

Rai Khing y =524.18x + 15774 17218 21955 25209 27830
R2=0.7803

Sam Phran y =393.37x + 12733 11765 11491 19814 21781
R2 =0.0803

Song Khanong y =82.079x + 3077.1 3288 4082 4554 4965
R?=0.7916

Talat Chinda y =57.127x + 6936.6 7137 7671 7965 8251

R? = 0.7866




Table 4.1

(Continued).
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Population prediction formulas for tambons in Sam Phran District

Total population

Tambon Prediction formula
1998 2007 2015 2020
Tha Kham y =136.7x + 8385.9 8618 9712 10847 11530
R2=10.9273
Tha Talat y =370.58x + 11031 11411 14590 17701 19554
R?=0.9833
Yai Cha y =181.2x + 6274.8 6592 8201 9536 10442
R? = 0.9662
Table 4.2 Number of tambons at different population change classes.
Population change class (%0)
District Period
-10to0 O0tol0 10to20 20to30 30to40 > 40
Bang Len 1998-2007 8 7 - - - -
(15 tambons)
2007-2020 8 5 2 - - -
Nakhon Chai Si 1998-2007 4 16 4 - - -
(24 tambons)
2007-2020 4 12 7 1 - -
Phutthamonthon ~ 1998-2007 - - - - 3 -
(3 tambons)
2007-2020 - - - - - 3
Sam Phran 1998-2007 2 2 4 8 - -
(16 tambons)
2007-2020 2 1 3 2 6 2
Entire area 1998-2007 14 25 8 8 3 -
(58 tambons)

2007-2020 14 18 12 3 6 5
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4.2  Efficiency Assessment of Present School Locations

As detailed in Table 1.2, there were 143 public schools of interest in the
academic year 2007, providing formal educations at 3 levels: primary (P), lower-
secondary (LS), and upper-secondary (US), distributing over four districts of the study
area (Figure 1.2). Among these, 104 schools have only P level, while 23 schools have
both P and LS levels, and another 16 schools have both LS and US levels. The Bang
Len District had highest number of the referred schools (50) while Phuttamonthon had
lowest number (10).

4.2.1 Consideration in term of the service area

In term of the service area, the travel distance limits of 1, 2, 3, 4, 5 km
along road network were applied for P level while the distance limits of 3, 5, 7 km,
and 5, 7, 10 were applied for the LS and US levels, respectively (Figures 4.6a-4.6e,
4.7a-4.7c, and 4.8a-4.8¢c).

These numbers were proposed based on the state’s policy on school
mapping that limit travel distances to school of students to be 3 km at P and LS levels

and 5 km at US level, and with recommendation issued by the Council of Educational

Facility Planners International (CEFPI) quoted in $au1 natmesafsna (2521). Distance

limits at the P level were selected to represent appropriate modes of the travelling from
home to school of students: walking (1-2 km), cycling (2-3 km), and taking motor
vehicles (e.g. car, bus, motorcycle) (3-5 km), respectively. Similarly, distance limits
for the LS and US levels were chosen to represent cycling and motor vehicle-based
travelling modes from home to school (3-5 km for cycling and 5-10 km for taking

motor vehicles).



64

Core assumption for this service-area concept is that each school is
responsible to provide educational service only for villages that situate within
responsible distance limit of its service area only (regarding to location of the village’s
center). According to this concept, higher travel distance limit (for a specific school)
means more villages that will come under its service. This will lower chances of
having no-service area but, in reverse, it shall increase chances of having overlapped
service area provided by several schools that locate relatively close to each other.

Table 4.3 and Figure 4.5 illustrate efficiency of existing school
locations (at all 3 school levels) in term of service area experienced at village level
(under different criteria of travel distance limits) as displayed in Figures 4.6a-4.6e,
4.7a-4.7c, and 4.8a-4.8c. It is obvious that numbers of no-service villages are
significantly reduced when distance limits increase. For example, at P level,
percentage of no-service village reduces from about 77.43 to 11.6 and 0.23% when the
distance limit increases from 1 to 3 and 5 km, respectively (Figures 4.6a, 4.6¢, and
4.6e).

However, the expansion of defined service area can greatly produce
high amount of the service-overlapping villages; e.g. at P level, percentage of the
overlapped village increases from about 0.45 to 49.43 and 94.58 when a distance limit
changes from 1 to 3 and 5 km, respectively. Most overlapped villages (at all levels) are
under services of 2-5 schools simultaneously but if a distance limit increases, the
overlapping service of more than 5 schools is more visible (e.g. at distance limit >5

km).



Table 4.3 School efficiency in term of the service area (present situation).
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. . Overlapping Overlapping
Dl_sta_nce No service No overlap 25 schools 6-10 schools
Level limits
&km)viL % viL % VIL %  VIL %
P 1 343 7743 98 22.12 2 045 - -
(127)
2 181 40.86 189 42.66 73 16.48 - -
3 49 11.06 175 39.50 217 48.98 2 0.45
4 10 2.26 65 14.67 343 7743 25 5.64
5 1 023 20 451 316 71.33 106 23.93
LS 3 207  46.73 188 42.44 48 10.84 - -
(39)
5 70 15.80 184 4153 185 41.76 4 0.90
7 9 203 112 25.28 283 63.88 39 8.80
us 5 239 53.95 127  28.67 77 17.38 - -
(16)
7 137 30.93 171  38.60 132 29.80 3 0.68
10 38 858 175 39.50 166 37.47 64 14.45

Note: VIL = Number of villages, % = Percent of total villages (443).
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Figure 45  School efficiency in term of service area from Table 4.3 (present

situation).
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Figure 4.6b Map of the school service areas (2 km limit) at P level (present

situation).
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618000

74

1570000
L

1540000
1

1530000
1

T
1570000

Legend

©  Lower-secondary Schools -,%

Villages

wn
&
=
=]
=2
wn
:
=
&
&
H
c
Y
Ll
1640000

T
1530000

T
1520000

T
1510000

§ -
) e Kilometers
0 2 4 8 12
B130;IO BZ?OCIIO 8380:39 84501'10 6540:)0
Figure 4.7c  Map of the school service areas (7 km limit) at LS level (present

situation).



654000

1570000

1560000

1550000

1540000

1530000

1520000

1510000

©  Upper-secondary Schools
°  Villages
Road

[ ] Administrative
School Service area

s Kilometers
0 2 4 8 12

T T T
618000 627000 636000

T T
645000 654000

1570000

1560000

1550000

1540000

1530000

1520000

1510000

75

Figure 4.8a Map of the school service areas (5 km limit) at US level (present

situation).
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It is interesting to find at the distance limit of 3 km (for P and LS
levels) and 5 km (for US level) that are preferred by state’s policy, the no-service
villages become 11.06%, 46.73%, and 53.95%, while the overlapped villages become
49.43%, 10.84%, and 17.38%, respectively. These numbers indicate that present
positions of the existing primary schools are relatively sufficient to provide education
for the whole study area at 3km-limit criteria (with about 90% coverage), but the
overlapped villages of 49.43% (at this limit) implies that number of the existing
schools is too high resulted in the relatively crowded school distribution. On the
contrary, at distance limits of 3 km (for LS level) and 5 km (for US level), numbers of
no-service villages are still relatively high (at 46.73% and 53.95%, respectively) but
numbers for those with overlapping services are rather low (at 10.84%, and 17.38%,
respectively). This means the current positions of the concerned LS and US schools
are considerably well located but their numbers are still not sufficient to serve most
villages existing in the area (at the given distance limits).

The possible solutions for this situation are the increases in number of
LS and US schools and/or values of distance limit. For examples, if the distance limits
become 5 km (for LS level) and 7 km (for US level), numbers of the observed no-
service villages will be reduced to be 15.80% and 30.93%, respectively, while those of
the overlapped villages shall become 42.66% and 30.48%, respectively. This option
might be more convenient to implement than to build more schools in the area which
may need a considerable amount of budget to fulfill. Actually, the distance limits of 5
km (for LS level) and 7 km (for US level) should be reasonably accepted nowadays if
we assume that students at these levels can travel to school by taking some kinds of

the motor vehicles mentioned earlier.



79

In addition, it is obvious from Figures 4.6a-4.6e, 4.7a-4.7c, and 4.8a-
4.8c that, over the upper half of the area (Bang Len District), numbers of the existing
school (at each level) are significantly lower than those of the lower half. This makes
it less prone to occurrences of overlapped but the prospect of having high no-service
area is rather imminent, especially at the LS and US levels (Table 4.4). However, high
overlapped area of the P level in Bang Len (41.11%) indicates that school locations are

still not distributed well (mostly along main streets.)

Table 4.4 School efficiency in term of the service area at district level (present

situation).

oy Umis  Mesie | Neowiwp  GTRS G
VIL % VIL % VIL % VIL %

P (49) 3 24 13.33 82 45.56 74 41.11 - -

LS (12) 3 106 58.89 73 40.56 1 0.56 - -

uUs (4) 5 132 73.33 48 26.67 - - - -
nes s Tose Nooverlap G 10 sehoals
VIL % VIL % VIL % VIL %
P (34) 3 8 7.41 25 23.15 73 67.59 2 1.85

LS (11) 3 33 30.56 50 46.30 25 23.15 - -

Us (6) 5 34 31.48 28 25.93 46 4259 - -
ur Lmis  Nosrvie  vooeriw  SSRRD SRS
VIL % VIL % VIL % VIL %

P (8) 3 6 33.33 9 50.00 3 16.67 - -

LS (5) 3 10 55.56 6 33.33 2 11.11 - -

Us (2) 5 6 33.33 7 38.89 5 27.78 - -
spR e oS Nooverlap G 510 sehoals
VIL % VIL % VIL % VIL %

P (36) 3 17 12.41 60 43.80 60 43.80 - -

LS (11) 3 58 42.34 59 43.07 20 14.60 - -

uUs (4) 5 67 48.91 44 32.12 26 18.98 - -

Note: VIL = Number of villages, % = Percent of total villages at each district.
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4.2.2 Consideration in term of the service loading

The service loadings (SL) for all schools were computed based on the
definition given in Eq. 3.1 and the gain results were separated into 5 classes as stated
in Table 3.2. From Table 4.3 (and Figure 4.5), it was found that general trend of the
SL values (at each level) depends critically on distance limits where higher one leads
to lower number of SL. For examples, at P level, numbers of schools at Low-SL level
rise from 14 schools at 2 km limit to 43 schools (3 km), 79 schools (4 km), and 101
schools (5 km), respectively. And at the limits of 3 km (for P/LS levels) and 5 km (for
US level) preferred by the state’s policy, numbers of schools with low SL are 43
(33.86%), 13 (33.33%), and 2 (12.50%), respectively, where numbers of schools with
very high SL values become 16 schools (12.60%), 10 schools (25.64%), and 5 schools
(31.25%). Detailed analysis at district level is given in Table 4.5 for distance limits of
3 km (P/LS levels) and 5 km (US level). In general, the Bang Len yielded best results
in term of low-SL schools while Nakhon Chai Si yielded worst at all school levels.

These results indicate that at these preferred distance limits, numbers of
schools with low SL are still relatively high, especially at P level. This might be due to
the large number of schools at P-level residing in the area (127 schools) that leads to
the potential low rate of attending to the comparatively less attractive ones situating in
the area. Relatively high numbers of the LS and US-level schools with very high SL
values reflect capability of these schools to attract potential students living far beyond
the prescribed distance limits. This situation might affect effectiveness of the other
schools (at same level) that are less competitive in recruiting their new students and

providing proper services to the potential students residing within their service areas.
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Table 4.5 School efficiency in term of the service loading (present situation).

P level LS level US level
SL level
1 2 3 4 5 3 5 7 5 7 10
km km km km km km km km km km km
L - 14 43 79 101 13 23 23 2 3 6
(critical)
ML 12 28 40 30 17 8 10 10 2 3 4
(normal)
MH 4 17 17 7 7 7 4 4 4 4 4
(normal)
(Conc':me g O 1B 8 4 1 1 2 2 3 5 2
VH 3% 3 16 7 1 10 - - 5 1 -
(critical)
Other 66 21 5 - - - - - - - -
Total 127 127 127 127 127 39 39 39 16 16 16
schools

Note: 1. L = Low, ML = Medium low, MH = Medium high, H = High, VH = Very high.
2. Other = Cases with POT = 0.

Table 4.6 Average SL values for different categories of school scales (present

situation).

P level LS level US level
Schoo

Iscale
km 2km 3km 5km 3km 5 km 7 km 5 km 7 km

10 km

S 2211 1522 738 242 408 20.1 8.2 19.0 9.9
M 517.3 255.1 1128 39.6 1204  53.8 29.7 32.6 195
L 856.9 209.2 1456 60.3 4843 914 62.0 75.0 57.1

VL 956.1 3439 1671 850 2813 96.9 48.0 - -

5.84

10.25

28.51

Note: 1. Cases with POT = 0 were not included in the analysis.

2. School scale: S = Small (1-120 students), M = Medium (121-600 students),

L = Large (601-1500 students), VL = Very large (>1500 students).
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Table 4.7 School efficiency in term of service loading at district level (present
situation).
Ly Limits ML MH H/VH Other
(km)  scH % SCH %  SCH %  SCH % SCH %
P (49) 3 16.33 19 3878 8 16.33 10 2041 4 8.16
LS (12) 3 25.00 1 8.33 4 33.33 4 33.33 - -
US (4) 5 - - - - 2 50.00 2 50.00 - -
Nog  Limits ML MH H/VH Other
(km)  scH % SCH %  SCH % SCH % SCH %
P (34) 3 17 50.00 13 3824 2 5.88 1 2.94 1 2.94
LS (11) 3 45.45 3 27121 2 18.18 1 9.09 - -
Us (6) 5 50.00 3 5000 - - - - - -
oy Limits ML MH H/VH Other
(km)  scH % SCH %  SCH % SCH % SCH %
P (8) 3 2 25.00 1 1250 1 12.50 4 50.00 - -
LS (5) 3 2 40.00 4 - - - 3 60.00 - -
UsS (2) 5 - - g - 1 50.00 1 50.00 - -
opg  Limits ML MH H/VH Other
(km))  scH % SCH %  SCH % SCH % SCH %
P (36) 3 16 44.44 7 1944 6 16.67 7 19.44 - -
LS (11) 3 3 27.27 4 3636 1 9.09 3 27.27 - -
US (4) 5 1 25.00 1 2500 2 50.00 - - - -

Note: 1. SCH = number of schools, % = percent of total schools at each district (at a specific level).
2. Other = Cases with POT = 0.

Table 4.6 demonstrates that average SL value (at each school scale)

significantly decreases as the given distance limit increases. For example, average SL

values at P-level for distance limits of 1, 2, and 3 km are 221.1%, 152.2%, and 73.8%,

respectively. This means the servicing capability of the studied schools (in term of SL

value) shall be dramatically reduced if their service distances are extended. It is

interesting to find that the existing small schools at P level under consideration have

high average SL of 221.1% at 1km limit. However, this does not mean most P schools

did well in term of SL values as there were still 39 small schools (with POT = 0) being

omitted (30.71% of total school number).
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It should be noted that as the derivation of SL value for each relevant
school was performed independently based on the known values of its actual and
potential students residing within the specified service area, this method might lead to
an under-estimation of the SL values for schools whose service areas being
overlapped. This is because under this situation these schools have to compete with
each other to attract students living over the overlapping area to attend their school and
have to regard all potential students found at that area to be their target group which is
not true in practice. These two reasons can result in the lower SL values for these
schools when compare to schools that do not have to compete much with other
neighboring schools (at same school level), or do not have much of the overlapped
area. As a consequence, the interpretation of the found SL values in term of school’s
efficiency must be performed with particularly cautious. In addition, as the strict
school’s service area policy is still not implemented in Thailand and students can
attend any schools available to them regardless of the travel distance, this can cause

substantial difficulty in the interpretation of a school’s SL value properly.

Table 4.8 Comparison of school efficiency in term of the average travel distance.

. P level LS level US level
Distance

(km) PR1 PR2 CLT PR1 PR2 CLT PR1 PR2 CLT
127)  (@27)  (50)  (39)  (39) (50) (16)  (16) (18)

Maximum  5.02 29.42 7.78 8.33 10.29 758 1316 39.92 12.83

Average 1.62 2.63 2.46 2.66 4.84 2.40 4.80 10.56 419

Note: 1.PR-1= Present situation (students attend the closest existing school only)
PR-2 = Present situation (students attend closest schools recommended by authorities only).

2.CLT = Idealized scenario (students attend closest schools recommended by idealized

analysis).
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4.2.3 Consideration in term of the travel distance to school

In this case, average travel distances to school (along road network) per
potential student are considered under some given criteria. The important criteria are
that a student can attend only one school (at each level) closest to their residences
(assumed to be at the corresponding village location) and there is no limit set on the
travel distance (similar to those required in the p-median and gravity p-median
models). In addition, average travel distance of the students to specific schools that are
presently designated to them by the local authorities is also evaluated at all 3 levels.
However, only at P level that the one-to-one matching between designated school and
village is arranged, but at LS and US levels, 1-3 schools are normally attached to a
single village. Therefore, in finding average travel distance at the LS and US levels
(case PR-2), a student is assumed to attend the closest school under the state’s
recommendation only. There are two distance-based parameters being considered (in
km unit): the maximum travel distance and the average distance (per student), under
three scenarios as described in Table 4.8.

Results reported in Table 4.8 indicate that average travel distances of the
potential P-level students under PR-1 and PR-2 situations are approximately 1.62 and
2.63 km, respectively but these values increase to 2.66 and 4.84 km for the LS-level
students and 4.80 and 10.56 km for the US-level students. This means students have to
travel to school at longer distance if level of the school increases (from P to LS and
then US). The found value of 1.62 km at P-level (of PR-1 scenario) is reasonably
acceptable for the walking and cycling modes of traveling to school, and values of
2.66 and 4.80 km at LS and US levels (of PR-1 scenario) are rather practical for the

cycling and motor-vehicles-based modes of traveling for most students at these levels.
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However, it is interesting to find that average travel distances at all school levels of the
PR-2 scenario (students attend closest schools recommended by authorities only) are
noticeably higher than those of the PR-1 scenario (students attend the closest existing
school only) (about 60% at P level, 90% at LS level, and 120% for the US level).
These differences are more obvious in term of the gained maximum travel distance.
For examples, the maximum distance values at P and US levels of the PR-1 case are
only 5.02 and 13.16 km, compared to those of the PR-2 case, which are 29.42 and
39.92 km, respectively. Based on these obtained results, it can be primarily concluded
that present school zoning system authorized by the responsible state’s agency is still
rather ineffective in reducing average travel distance of the students at all educational
levels when compared to the simple strategy of assigning the students to their existing

closest schools (along road network) only.

4.3  Application of the Idealized Method

Main objective of this section is to generate new school maps for the study area
(at all levels) based on the preferred numbers of schools seen in Table 3.3 and the
criteria described in Section 3.2.3. These new school maps were created to reduce or
abolish the no-service or overlapped service areas and the existing small-scale/low SL
schools seen in the area. However, no-service areas should still be seen in some
remote regions (from main roads or district centers), especially in Bang Len District.
And the overlapping areas might still occur in some parts of the area where the
population density is relatively high, or several existing medium/large schools locate
close to each other (especially within the lower half of the area) as described in Table

4.10
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4.3.1 Formulation of the relevant school maps
Tables 4.9a, 4.9b, and 4.9c are presented details of the preferred school
locations (at each level) from the idealized method in according with the school
numbers seen in Table 3.3 (district level). Then, the associated school location maps
for all selected sites (and their corresponding service areas) at each school level were
constructed as illustrated in Figures 4.10a-4.10e (P level), 4.11a-4.11c (LS level), and

4.12a-4.12c (US level).
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Figure 4.10a Map of the school service areas (1 km limit) at P level (idealized).
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Figure 4.10b Map of the school service areas (2 km limit) at P level (idealized).
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Figure 4.10c Map of the school service areas (3 km limit) at P level (idealized).
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Figure 4.10d Map of the school service areas (4 km limit) at P level (idealized).
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Figure 4.10e Map of the school service areas (5 km limit) at P level (idealized).
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Figure 4.11a Map of the school service areas (3 km limit) at LS level (idealized).
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Figure 4.11b Map of the school service areas (5 km limit) at LS level (idealized).
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Figure 4.11c Map of the school service areas (7 km limit) at LS level (idealized).
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Figure 4.12a Map of the school service areas (5 km limit) at US level (idealized).
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Figure 4.12b Map of the school service areas (7 km limit) at US level (idealized).
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Table 4.9a  Information of the 50 selected sites at P level (idealized).
Bang Len (23) Bang Len (23)

Code Level Scale Official TAM Code Level Scale Official TAM

name name
SB3 P L thuaau TB1I SB30 P M Fatfmdu TB7
SB6 P S thuaianans TB2 SB34 PILS M UM TB8
SB7 P S thuvuesuzie  TB2  SB36 P M Jafaya TB9
SB11 P L Javnan TB2 SB39 P M AT TB11
SB16 P M dasuimea TB3  SB40 P M IAd Y TB11
SB18 P/LS M  Jaflvmaans TB3 SB44 P M Sagdwewwsl  TB12
SB20  P/LS M asamzusa TB4  SB45 P M Jaunasud TB12
SB21 P/LS M Jauatlan TB4  SB47 P M R TGIVE P TB13
SB23 P M Sagudawsw  TB5  SB49  P/LS M Saldyine TB14
SB24  P/LS M lneSginens TB5  SB52 P M IAUNHATIT TB15
SB26 P M Sevwlsnse  TB6  SB53 PILS M dalnd TB15
SB29 P M aaeesyge TB7 - - - - -

Nakhon Chai Si (12) Nakhon Chai Si (12)

Code Level Scale Official TAM Code Level Scale

name
SN2 P/ILS M  davuwsy TN2 SN14 P M dadteslns TN10
SN5 P M Satenzin TN5S SN20 P L Janmanauds  TN12
SN8  P/LS L daveng TN7  SN22 P L St TN13
SN9 P/LS L Jalnnnsznad TN8  SN25 P L Ta'lns TN15
SN10 P M dadszanun TN9  SN30 P L IANNAA TN19
SN12 P/LS L dadSumIng TN9 SN33 P/LS M IneFHENog TN20

Phutthamonthon (4) Phutthamonthon (4)

Code Level Scale Official TAM Code Level Scale Official TAM

name name
SP3  P/LS M Jauzinde TP1 SP6 P M 0gITIUNTIN TP3
SP5  P/LS L thusseslos TP2  SP8 P VL  wsgdming TP3

Sam Phran (11) Sam Phran (11)

Code Level Scale Officialname TAM Code Level Scale Or:c:r;isl TAM
SS2  P/ILS VL Jaiisuda TS1 SS26 PILS L Javiya TS10
SS8 P/LS VL Jaaounne TS3  SS27 P VL el TS10
SS11  P/LLS L  Janewnia TS5 SS30 P VL dhuewwse TS11
SS15 P M Jaliesw TS6  SS35 P/LS L UMY TS13
SS16 PILS M Safuihwm TS6 SS39 P M Saassmsy  TS16
S§S22  P/LS VL thunszijudw TS8 - - - -

Note: TAM = Tambon, Scale = Resulted school scale in the idealized scenario.
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Table 4.9b  Data of the 50 selected sites at LS level (idealized).
Bang Len (20) Bang Len (20)
Code Level Scale Officialname TAM Code Level Scale Or:::rfr;:gl TAM
SB4 PILS M dwbssgimeziia  TB1  SB30 P M i iu SB30
SB5 LS/US L VNENINe TB1 SB31 P/US M fathniine SB31
SB6 p S Tuaanan TB2 SB34 P/LS M Jaaum SB34
SB7 P S Thunueazi TB2 SB40 P M Jadman TB11
SB12 LS/US M VNHANING TB2 SB41 LS/US M A0MNIIN SB41
SB16 P M Jasretmena TB3 SB44 p S Saaieorsual TB12
SB18 P/LS M Jafamaany TB3  SB45 P M Fausinsud TB12
SB20 P/LS S ammmzua TB4 SB49  P/LS S alryde TB14
SB21 P/LS S Favnan TB4  SB52 P M TANBATITY TB15
SB24 P/LS ) Inesginn 4 TB5 SB53 P/LS M Salnd TB15
Nakhon Chai Si (12) Nakhon Chai Si (12)
Code Level Scale Officialname TAM Code Level Scale Org:fr;::l TAM
SN1 LS/US M Usnufaine TN1 SN19 P M Faawandh TN11
SN2  P/LS M Sz TN2 SN21 LS/US M iiwine TN12
SN8 P/LS S Jartong TN7 SN27 LS/US M WABENIATTUAT TN16
SN9 P/LS M Falannszdd TN8  SN33 P/LS M T yzNno TN20
SN12 P/LS M FarumIng TN9 SN34 LS/US M gaiWﬂuiyﬂi"mquﬁ' TN21
SN17 LS/US M unaniinIne TN10 SN36 LS/US L AnsanuIne TN22
Phutthamonthon (6) Phutthamonthon (6)
Code Level Scale Officialname TAM Code Level Scale ?I;ﬁ':l TAM
SP2 P/LS S Thunaesaneesuel TP1 SP5 P/LS S Thunaoales TP2
SP3 P/LS M Jauzindo TP1 SP9 LS/US L sauTnduns TP3
SP4 P - thunaeamaiad TP2 SP10 LS/US L MY TP3
Sam Phran (12) Sam Phran (12)
Code Level Scale Officialname TAM Code Level Scale Onf:rﬂsl TAM
SS2 P/LS M Jarfiouda TS1 SS22 P/LS M thunszeudy TS8
SS6 P M Favnadhald TS2 SS26 P/LS M Favima TS10
SS8 P/LS M TanaunY TS3 SS28  LS/US L Fals3eimen TS10
SS11 P/LS M Jarouina TS5 SS35 P/LS M Savuaauy TS13
SS16  P/LS M Sasnhn TS6 SS38  LS/US L nal.s.9mendsa TS15
SS17 LS/US M Yianswinean TS6 SS40  LS/US L AWNIIWING TS16
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Table 4.9c  Data of the 18 selected sites at US level (idealized).
Bang Len (5) Bang Len (5)

Code  Level Scale Official TAM Code Level Scale Official TAM
name name

SB5 LS/US M VIAUING TB1  SB31 LS/US S 1haninen TB7

SB12 LSMUS S yuwaninen  1B2 SB4l  LS/US S domsinen  TB11

Nakhon Chai Si (6) Nakhon Chai Si (6)

Code  Level Scale Official TAM Code Level Scale Official TAM
name name

SN2  PILS M P TN2 SN21 LS/US S s Gnen TN12

SN9 PILS M Solannsznag TN8  SN34  LS/US M Smogms TN21

%ﬁﬁqyﬁ{
Phutthamonthon (2) Phutthamonthon (2)

Code  Level Scale Official TAM Code Level Scale Official TAM
name name

SP9 LS/IUS M Zoulnauns TP3 SP10 LS/US L mMayamAwna  TP3

aulnya
Sam Phran (5) Sam Phran (5)

Code Level scale Ol 1AM code  Level scale  Officdl Ay
name name

SS2 LS/IUS M Safausa TS1 SS38 LSIUS M a4l 5519 TS15

B IALIE
SS17  LS/US S PBarsm TS6 SS40 LS/US M AN TS16
A e
SS28 LS/US L Sa'ls55ne TS10

4.3.2 Efficiency assessment in term of the service area

Efficiencies of the new school maps presented in Figures 4.10a-4.10e,

4.11a-4.11c, and 4.12a-4.12c were evaluated in terms of the service area, service

loading (SL), and average travel distance to school, under the prescribed criteria and

the results are reported in Tables 4.10 and 4.11.
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Table 4.10  School efficiency in term of the service area (idealized).

Distance N service No overlap Overlapping Overlapping

Level limits 2-5 schools 6-10 schools

(km) VIL %  VIL %  VIL % VIL %

P 1 389 8781 54 1219 - - - -

(50) 2 281 6343 158 3567 4 0.90 - -

3 158 3567 242 5463 43 971 - ;

4 72 1625 225 5079 146  32.96 - ;

5 23 519 153 3454 267  60.27 ; ;

LS 3 168 3792 226 5102 49 1106 - -
(50) 5 28 632 173 3905 239 5395 3 0.68
7 1 0.23 60 1354 330 7449 52 11.74

us 5 200 4718 146 3296 88  19.86 - -

(18) 7 81 1828 207 4673 155  34.99 - ;
10 18 406 130 2935 272 6140 23 5.19

Note: VIL = number of villages, % = percent of total villages (443).

Table 4.11  School efficiency in term of the service area at district level (idealized).

BLN Limits  No service No overlap Overlapping Overlapping
(km) 2-5 schools 6-10 schools

VIL % VIL % VIL % VIL %
P (23) 3 57 31.67 114 6333 9 5.00 - -
LS (20) 3 72 40.00 107 59.44 1 0.56 - -
us (5) 5 117 65.00 63 35.00 - - - -
NCS Limits  No service No overlap Overlapping Overlapping
(km) 2-5 schools 6-10 schools

VIL % VIL % VIL % VIL %
P (12) 3 30 27.78 61 56.48 17 1574 - -
LS (12) 3 30 778 52 48.15 26 24.07 - -
us (6) 5 18 16.67 58 5370 32 29.63 - -
PMT Limits  No service No overlap Overlapping Overlapping
(km) 2-5 schools 6-10 schools

VIL % VIL % VIL % VIL %
P (4) 3 12 66.67 6 3333 - - - -
LS (6) 3 8 4444 8 4444 2 1111 - -
us (2) 5 6 3333 7 3889 5 2778 - -
SPR Limits  No service No overlap Overlapping Overlapping
(km) 2-5 schools 6-10 schools

VIL % VIL % VIL % VIL %
P (11) 3 60 4380 59 43.07 18 13.14 - -
LS (12) 3 57 4161 60 4380 20 1460 - -
us (5) 5 48 35.04 60 43.80 29 21.17 - -

Note: VIL = number of villages, % = Percent of total villages at each district.
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Tables 4.10, 4.11 and Figure 4.13 are described efficiency of school
locations (at all 3 school levels) from idealized method in term of associated service
area as presented in Figures 4.10a-4.10e, 4.11a-4.11c, and 4.12a-4.12c. It is obvious
that numbers of villages without service are significantly reduced when distance limits
of the associated service area increase. For example, at P level, percentage of the no-
service village reduces from about 87.81%, 35.67%, and 5.19% when distance limit
rises from 1, 3, and 5 km, respectively (Figures 4.10a, 4.10c, and 4.10e). Similar
trends occur at the LS and US level also. However, the expansion of defined service
area may result in notably higher amount of service-overlapping villages; e.g. at P
level, number of the overlapped village increases from about 0%, 9.71%, and 60.27%
when the distance limit changes from 1, 3, and 5 km, respectively. Most overlapped
villages are under service of 2-5 schools simultaneously but if a distance limit
increases (e.g. >5 km) the overlapping service of more than 5 schools are more visible.

At the distance limits of 3 km (for P and LS levels) and 5 km (for US
level) that are in favor by the state policy, the no-service areas become 35.67%,
37.92%, and 47.18%, while overlapped areas become 9.71%, 11.06%, and 19.86%,
respectively. These numbers indicate that the selected primary schools can provide
services to about 2/3 of all villages and about 1/3 of them are still off service (at 3 km
distance limit). This number is notably higher than the present situation (at 11.06%).
But the overlapped villages of about 9.71% infer the relatively well-placed locations of
the selected schools. This number decreases dramatically from one obtained from
idealized method (49.43%) due to great reduction in number of the relevant primary

schools (from 127 to 50).



105

Similarly, at distance limits of 3 km (LS level) and 5 km (US level),
numbers of the no-service villages are about 1/3 and 1/2 of the total village numbers,
respectively. These results mean that the preferred number and/or positions of the LS
and US schools are still not sufficient, or appropriate, to contribute school services to
most villages residing in the area (at these distance limits) as primarily required.

And like being discussed earlier in Section 4.2.1, the possible solutions
for this situation are the increases in number of the LS and US schools and/or values
of distance limit. For examples, if distance limits become 5 km (for LS level) and 7
km (for US level), numbers of the no-service villages shall decrease to be 6.32% and
18.28%, respectively, while overlapped villages shall become 54.63% and 34.99%,
respectively. These resulted numbers should justify substantial need to reduce numbers
of the no-service villages if the notable increase in numbers of the overlapped villages
does not raise much concern. Actually, distance limits of 5 km (for LS level) or 7 km
(for US level) should be plausible nowadays if we assume that students at LS/US
levels can travel to schools by cycling or taking some kind of the motor vehicles (but
not by walking).

4.3.3 Efficiency assessment in term of the service loading

As stated earlier, to determine the SL value and calculate potential
school scale for a chosen school location (on the new school maps), all current
students of neglected schools are assumed to become members of chosen site that
locates closest to them only. And, as usual, the crucial criteria imposed in calculating
average travel distance are that each student can attend only one school situating
closest to their residences (assumed to be at the village location) and there is no limit

on the used travel distance.
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From Table 4.12, it was found that higher distance limit leads to lower
number of SL as expected (at all school levels). And at preferred distance limits of 3
km (for P and LS levels) and 5 km (for US level), numbers of the low SL schools (L)
become 3 schools (6.0%), 13 schools (26.0%), and 0 schools (0%), respectively, while
numbers of the very high SL schools (VH) become 14 schools (28.0%), 9 schools

(18.0%), and 5 schools (27.78%), respectively.

Table 4.12  School efficiency in term of the service loading (idealized).

SL level P level LS level US level
2 3 4 5 3 5 7 5 7 10
km km km km km km km km km km km
(crihcal) - - 3 6 17 13 25 30 - 1 4
(no'\r/lnl;al) - 2 6 21 24 9 7 8 1 3 3
(ncl)\l/rImHaI) 1 3 11 13 7 7 5 1 3 4 5
(conct:'rned) 1 7 14 4 1 1 2 - 5 5 2
VH 30 34 14 6 1 9 - - 5 1 i}
(critical)
Other 18 4 2 - - 11 11 11 4 4 4
Total
schools 50 50 50 50 50 50 50 50 50 50 18

Note: 1.L =Low, ML = Medium low, MH = Medium high, H = High, VH = Very high.
2. Other = Cases with AOT or POT =0.

Table 4.13  Average SL values for different categories of the school scales (idealized).

Schoo P level LS level US level
Iscale 1km 2km 3km 5km 3km 5km 7km 5km 7km 10km
S - - - 80.75 521 309 15.8 - - -

M 788.3 506 1859 69.01 1201 541 28.5 81.5 39.8 23.1
L 11355 2931 190.1 842 4301 83.6 55.8 89.8 60.6 30.9
VL 1004.3 3403 2023 804 52.1 30.9 15.8 111 51.8 31.8

Note: 1. Cases with AOT or POT = 0 are not included.
2. School scale: S = Small (1-120 students), M = Medium (121-600 students),
L = Large (601-1500 students), VL = Very large (>1500 students).
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Table 4.14  School efficiency in term of the service loading at district level
(idealized).
. I(]lml)ts ML MH H/VH Other
SCH % SCH % SCH SCH SCH % SCH %
PR3 3 - -4 1739 2 2 13 5652 2 870
LS(20) 3 3 1500 1 500 8 8 4 2000 8  40.00
Us( 5 - -1 2000 1 1 1 2000 1 2000
\os  Limit ML MH H/VH Other
(km) scH 9% SCH % % % SCH % SCH %
P12 3 2 1667 1 833 5 4167 2 1667 - -
LS(12) 3 5 4167 3 2500 2 1667 1 833 1 833
Us®) 5 1 1667 3 5000 - - - - 2 3333
oMT Limits ML MH H/VH Other
(Km) ScH % ScH % % % SCH % SCH %
P (4) 3 - Y - ) -4 1000 - -
LS(6) 5 2 3333 - - - - 3 5000 1 1667
Us@ 5 - 7\ 4 1 5000 1 5000 - -
o Limits L ML MH H/VH Other
(km) scH 9% SCH % SCH % SCH % SCH %
PAY) 3 1 909 1 909 3 2727 6 5455 - -
LS(12) 5 3 2500 5 4167 1 833 2 1667 1 833
UsG 5 1 2000 1 2000 2 4000 - - 1 2000

Note: 1. SCH = number of schools, % = percent of total schools at each district (at a specific level).
2. Other = Cases with AOT or POT = 0.

These results indicate that at these distance limits; percentages of the
considered school with low SL values drop dramatically from the present scenario at P
level (from 33.86 to 6%) but they are rather comparable at the LS level (from 33.33 to
26%), and noticeably decreased at the US level (from 12.85 to 0%). This should be

due to large drop in number of the functioning primary schools (from 127 to 50) where
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most of the discarded ones are the small-scale schools (according to criteria described
in Section 3.2.3). Relatively high proportion in number of schools with
moderate/high/very-high SL values (at all levels) indicates capability of the used
idealized technique to abolish the relatively low SL ones and to encourage higher
service capability to most functioning schools that still exist in the study area (from the
idealized method).
4.3.4 Efficiency assessment in term of the travel distance to school

As mentioned earlier, the criteria in calculating average travel distance
are that a student can attend only one school situating closest to their residences
(assumed to be at the corresponding village location) and there is no limit on the travel
distance of a student (similar to ones required in the p-median model). Results of the
analysis are reported in Table 4.8 which indicate that average travel distances of the
students (from the idealized method) are 2.46 km (at P level), 2.40 km (at LS level),
and 4.19 km (at US level). The average value of 2.46 km (with maximum of 7.78 km)
at P level is notably higher when compared to those before applying the idealized
method (average 1.62 km and maximum 5.02 km) due to great decrease in number of
the functioning schools (from 127 to 50). However, these numbers should still be
reasonably acceptable for the cycling or motor-vehicle using modes of travelling to
school (for the students). However, it should be noted that, at P level, many students
may prefer walking to schools along some specific shorter paths that do not include in
the available road network maps. This could result in the potential shorter travel
distance to school (average value) than one being obtained by using formal road

network alone.
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The average values of about 2.40 km (with maximum value of 7.58 km)
at the LS level, and 4.19 km (with maximum value of 12.83 km) at US level, are rather
comparable to those obtained before applying the idealized method (average 2.66
km/maximum 8.33 km at LS level and average 4.80 km/maximum 13.16 km at the US
level). These should be due to similar numbers of considered schools before and after
applying the idealized method (39 to 50 at LS level and 16 to 18 at US level) where
most existing old schools at both levels (except ones with rather low SL values) were
still functioned after applying the idealized method. This makes school’s location
maps (before and after applying the idealized method) do not look much different from
each other (at each school’s level) (see Figures 4.7a-4.7c and 4.8a-4.8c for comparison
at LS/US levels, respectively).

As discussed earlier in this Section, basic assumption of students
traveling to schools along the road network might be not valid in some cases as many
students may take shorter routes to attend their school which are not included in the
used road network map (especially at the P and LS levels that walking and cycling are
popular). This could introduce potential shorter travel distance to school (average
value) than the one being obtained by using formal road network alone. Results of the
school efficiency (in term of the travel distances) reported here should be more
applicable if the school’s zoning policy is fully enforced in Thailand at the

corresponding school levels.
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4.4  Efficiency Comparison between Present and Idealized Scenarios

Results obtained from previous works reported in Sections 4.2 (present
scenario) and 4.3 (idealized scenario) were compared in Tables 4.8 and 4.15. These
are:

(1) number of the functioning schools,

(2) amount of the no-service and overlapped areas (village-based),

(3) number of the low SL schools, and

(4) average travel distances to school (at each school level).

It was found that in term of the functioning schools, number of preferred
schools at P level drops significantly after idealize method being applied (from 127 to
50), mostly from the dissolving of most small-scale schools after applying the
idealized method. On the contrary, at LS level, number increases from 39 to 50 but, at
US level, they are rather comparable (from 16 to 18). Lower amount of needed schools
means less running cost and better chances to improve chosen school efficiency in
terms of service loading and teaching quality. Maps of school locations for each
scenario are given in Figures 4.15a-4.15c.

In term of the no-service area, at P level, present situation did notably better
than the idealized situation at all distance limits due to its much higher number of
functioning schools (127 to 50). For examples, amounts of no-service area for present
and idealized scenario at distance limit of 1, 2, and 3 km are 77.43/87.81, 40.86/63.43,
and 11.06/35.67%, respectively. But the smaller number of preferred schools in the
idealized method leads to much lower number of overlapped villages. For examples,
these numbers at limits of 1, 2, and 3 km are 0.45/0.0, 16.48/0.90, and 49.43/9.71%,

respectively.
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Figure 4.15a School location map at P level (present and idealized scenarios).
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Table 4.15  Efficiency comparisons between present and idealized scenarios.

School No-service (%) Overlapped (%) Low SL (%0)

(village-based) (village-based) (school-based) Total schools

level
Present Idealized Present Idealized Present Idealized Present Idealized

P(lkm) 7743 8781 045 - - -

P(@km) 4086 6343 1648  0.90 11.02 -

P@km) 1106 3567  49.43 971  33.86 6.0 127 50
P@4km) 226 1625 8307 3296 6220 120

PGkm) 023 519 9458 6027 7953  34.0

LS 3km)  46.73 37.92 10.84 11.06 33.33 26.0
LS (5km)  15.80 6.32 42.66 54.63 58.97 50.0 39 50
LS (7 km) 2.03 0.23 72.68 86.23 58.97 60.0

US (5km)  53.95 47.18 17.38 19.86 125 -

US (7 km)  30.93 18.28 30.48 34.99 18.75 5.56 16 18

US (10

8.58 4.06 51.92 66.59 375 22.22
km)

At LS level, numbers of the no-service village drop noticeably at all used
distance limits (3, 5, and 7 km) due to the moderate increase in number of the
functioning schools from the idealized method (from 39 to 50). This trend was also
found at the US level where number of considered schools slightly increases from 16
to 18 after applying idealized method. However, in term of overlapped area, there are
rather comparable between those observed before and from the idealized method (at
each distance limit of LS/US levels) with numbers of the idealized method slightly
higher (at all distance limits). These results mean idealized method does not give much
impact on total amount of the overlapped area but it has some significant impact on

amount of the no-service area, especially at longer distance limits.
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At distance limits of 3 km (for P and LS levels) and 5 km (for US level) that
are preferred by state’s policy, the no-service villages become 35.67%, 37.92%, and
47.18%, respectively, while overlapped villages become 9.71%, 11.06%, and 19.86%,
respectively. These numbers indicate that the selected primary school locations (from
the idealized method) can provide services to about 2/3 of all villages and about 1/3 of
them still left out (at 3 km distance limit). But the overlapped villages of 9.71% infer
the relatively well-placed locations of the preferred schools. Similarly, at distance
limits of 3/5 km (LS/US level), numbers of the no-service village are about 1/3 and 1/2
of the total villages, respectively. This means the preferred number and/or positions of
the LS and US schools are still not sufficient to provide service to most villages
located in the study area (at these distance limits). It is therefore suggested that more
schools at all levels should be placed in the study area (regarding to results of the
idealized scenario) to meet some certain target of the maximum no-service area, e.g.
10-15% of the total villages. Or, the official distance limits should be extended from
the ones in use at present, e.g. from 3 to 5 km at LS level, or from 5 to 7 km at US
level, which will result in the much lower no-service area as follows: 37.92 to 6.32%
(LS level) and 47.18 to 18.28% (US level).

In term of the number of low SL schools, it was discovered that percentage of
the low SL schools at P level drops sharply in the idealized scenario at most distance
limits, e.g. from 11.02 to 0.0% (2 km), 33.86 to 6.0% (3 km), and 79.53 to 34.0% (5
km). The significant drops are also observable at US level, e.g., from 12.5 to 0.0% (5
km) and 18.75 to 5.56% (7 km), but not much decrease appears at LS level, e.g., from
33.33 t0 26.0% (3 km) and 58.97 to 50.0% (5 km). The large drop occurred at P level

is due to lower number of the preferred primary schools (from 127 to 50) where most
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of the abandoned ones are the small-scale schools. In addition, relatively high
proportion of schools with moderate or high SL values indicates capability of the
idealized process to abolish the relatively low SL ones and promote higher SL schools
residing in the area (by the idealized method).

In term of the average travel distance, those values seen before/after applying
the idealized process at LS and US levels are rather comparable, which are 2.66
km/2.40 km (at the LS level) and 4.80 km/4.89 km (at the US level) due mainly to the
similar numbers of preferred schools before/after applying the idealized process. But
at P level, average distance is substantially higher after applying the idealized process
(from 1.62 to 2.46 km) due to great drop in number of P schools after applying the
idealized process (from 127 to 50). At this stage, it can primarily conclude from the
obtain results that the idealized method introduces considerably longer travel distance
for students at the P level due to significantly lower number of functioning schools
(from 127 to 50). But it does not have much impact on average travel distances of
students at the LS and US levels due mainly to the similarity in both number and
location pattern of schools (at each level) before and after idealized algorithm taking
place.

The found value of 2.46 km at P-level should be reasonably acceptable for
cycling modes of travelling to school, and values of 2.40 and 4.89 km (at LS and US
levels) are rather practical for the cycling and motor-vehicles-based modes of

travelling for students at these levels in the study area.



CHAPTER V
APPLICATIONS OF P-MEDIAN AND GRAVITY

P-MEDIAN MODELS

This chapter reports main results obtained from applications of the p-median
and gravity p-median models to school mapping analysis in the study area. In both
cases, the optimum school maps (at each school level) were produced first under some
prior criteria of the used models. Then efficiencies in terms of the service area, service
loading, and average travel distance were examined for the p-median school maps, and
in term of the travel distance for the gravity p-median school map. The gain results
were subsequently compared with those from the idealized method formerly described

in Chapter IV.

5.1 Application of P-Median Model

As stated in Chapter Il, an ultimate purpose of the p-median model is to
determine specific set of the service locations (from a number of given potential
sites) that provides the least total travel distance for customers assumed to situate at
the given demand points. In this case, several potential school locations within the
study area were identified based on prior criteria described in Section 3.2.3(2) where
in priority is given to the appropriate existing schools that are not locate too close to

each other and to villages or tambons with high population density. Numbers of the
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potential sites and the preferred school sites (at each school level) are as described in
Table 3.4.
5.1.1 Formulation of optimum school maps

Table 5.1 presents results of the p-median application at district level
wherein the five lowest values of the total (and average) travel distance to school at
each considered district are described while Tables 5.2a-5.2c provides details of the
chosen school locations for the optimum case of the lowest travel distance referred to
in Table 5.1 (for each district). Then, associated school maps for the optimum case
(and the corresponding service areas) at each school level were constructed as
illustrated in Figures 5.1a-5.1e (P level), 5.2a-5.2c (LS level), and 5.3a-5.3c (US level)
and their efficiencies were subsequently evaluated.

From Table 5.1, it can be seen that average travel distance values for
the 5 lowest cases (for each school level) are just slightly different from each other.
This means any of them could be used as a possible solution if only the average
distance result is concerned. However, values of the lowest travel distance to school
among the relevant districts are significantly different at each school level. For P level,
the highest value of 2.51 km was found at Bang Len District and the lowest value of
1.60 km was found at the Sam Phran District. This trend is also seen at the LS level
with average distance value of 2.52 km at the Bang Len District and 1.65 km at the
Sam Phran District. However, at the US level, the highest value of 4.32 km appears at
Phutthamonthon District and the lowest values of 2.7-2.8 km were found for the rest.
These results indicate that traveling at P and LS levels are most severe at the Bang Len
District with average distance of more than 2.5 km. This might be due to its large area

coverage and low population density of the area (Table 1.1). But at US level, the most
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severe situation is at the Phutthamonthon District which should be due mainly to a low

number of school available (just only 1).

Table 5.1 Lowest values of the average travel distance in 2007 (p-median method).

Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran

®) Total Average Total Average Total Average  Total Average

1 17132.72 251  18369.53  2.29 4362.97 1.67 22691.90 1.60
2 17235.72 253  18471.03 2.30 4613.73 1.77 22814.87 161
3 17529.72 256 1859253 231 4996.63 191 22964.52 1.62
4 1746331 256  18887.06 231 4999.59 191 23087.49 1.63

5 17543.06 257 1894542 232 5360.23 2.05 23159.29 1.63

Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
Order

(LS)

Total Average Total Average Total Average  Total Average

1 9869.06 252 1014419 230 2437.78 1.70 12874.99 1.65
2 9918.16 254 1017831 231 2788.64 1.95 13108.73 1.68
3 10016.74 256  10220.60 2.32 3038.23 212 1311451 1.68
4 10042.12 257 1063445 237 3041.15 2.13 13181.57 1.69

5 10078.84 258  10755.02 = 2.40 3091.77 2.16 13229.58 1.70

Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
Order

(US)

Total Average Total Average Total Average  Total Average

1 11670.84 2.81 1276576  2.79 5805.29 4.32 20320.97 2.78
2 11681.68 281  12935.85 2.82 5839.87 4.35 20388.56 2.79
3 1171981 2.82  12939.21 2.83 6954.62 5.18 20643.45 2.82
4 11733.77  2.82 1301037 2.84 - - 20843.78 2.85

5 1174275 283 1302333 2.84 - - 20912.65 2.86

Note: 1. Total =Total travel distance (in km), Average= Average travel distance per student (in km).
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Table 5.2a  Information of 50 selected sites at P level (p-median).
Bang Len (25) Bang Len (25)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SB2 P M Sansugiiuum TB1 SB30 P M Saifandu TB7
sB3 P M dwwwan TB1 SB34 PILS M ‘aawm TBS
SB4 PILS M  fhubszgimszia TB1  SB36 P M afiaa TB9
SB11 P L Fav1aman TB2 SB39 P M Saoausw TB11
SB14 P M  dhunaesnszuedide TB3 SB40 P L Sasgwan TB11
SB16 P M Jasuimena TB3 SB44 P M Saadwersusl TB12
SB18 P/LS M Jafaaaane TB3 SB46 P M Jaiham TB13
SB19 P M Famezusa TB4  SB47 P L dadamys TB13
SB20 P/LS M AMAIMEZLTA TB4 SB48 P S thulrden TB14
SB21  P/LS M Faunala TB4 SB49 P/LS M Aaldyde TB14
SB23 P M Sequisnsw TB5 SB52 P M Sansansw TB15
SB25 P M A TB6  SB53 PILS M Salwi TB15
SB26 P M Javalinse TB6
Nakhon Chai Si (12) Nakhon Chai Si (12)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SN8  P/LS M Jarong TN7 SN22 P M Satas TN13
SN9  P/LS M JaTlannszdd TN8 SN25 P L dalns TN15
SN10 P L Fadsgynnn TN9 SN26 P L Saes TN16
SN12 P/LS L FarGur Ing TN9 SN28 P M Jamédmin TN17
SN19 P M Faawanih TN11 SN30 P L dannaa TN19
SN20 P L Seseanud TN12 SN39 P L Salmigausisw TN23
Phutthamonthon (3) Phutthamonthon (3)
Code Level Scale Officialname TAM Code Level Scale Official name TAM
SP3 P/LS L Jauzinde TP1 SP8 P VL  wszdmiing TP3
SP5 P/LS L thunaesled TP2
Sam Phran (10) Sam Phran (10)

Code Level Scale Officialname TAM Code Level Scale Official name TAM

SS2 P/LS L  dadieuda TS1 SS22 P/LS VL dhwnszsudy TS8

SS6 P L Seunduld TS2 SS24 P L dhwnaesdadonlun) TS9

SS8 P/LS VL Saneunnsg TS3 SS26 P/LS VL daiwy TS10
Ss11 P/ILS L Janownia TS5 SS35 P/LS L dedumisw TS13
SS16 PILS L Safuiom TS6 SS39 P L Seassmrsy TS16

Note: TAM = Tambon, Scale = Resulted school scale in the p-median scenario.
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Table 5.2b  Information of 50 selected sites at LS level (p-median).
Bang Len (25) Bang Len (25)
Code Level Scale Officialname TAM Code Level Scale Official name TAM
SB2 P M FaunugTauIg TB1 SB30 P M Sarfavidu TB7
SB5 Lsé/U L VaUING TB1 SB31 LS/US M 1111 1namen TB7
SB12 LSS/U M VNHANING TB2 SB34 P/LS M Taum TB8
SB16 P M Asuimena TB3 SB36 P M Tafaya TB9
SB17 P M AAIATNNTENY TB3 SB40 P M Tadman TB11
SB18  PI/LS M Safiamaaae TB3 SB41 LS/US M A0INIING TB11
SB19 P M Mz TB4 SB44 P S Jagdiwosual  TB12
SB20  P/LS S AMAMEITA TB4 SB46 P S Faham TB13
SB21  PI/LS S Fatnean TB4 SB48 P S thu lrdeow TB14
SB23 P S Faguiamsy TB5 SB49 P/LS S Falriydna TB14
SB25 P M AN TB6 SB52 P M TANATITIY TB15
sB26 P M s TB6 SB53 PLS M dalni TB15
SB29 P M AAATY Y TB7 - - - - -
Nakhon Chai Si (12) Nakhon Chai Si (12)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SN1 L M Usnuiainen TN1 SN27 LSS/U - NADYIIRIIUM TN16
SN8  P/LS M Fariaong TN7 SN33 P/LS L Jariugnog TN20
SN9  P/LS M Jalanuszndd TN8 TN14 - - a.nzitlon TN14
SN12  P/LS M Joum Ing TN9 TN17 - - ERTRERVIVY TN17
SN17 L M urantiaInen TN10 TN18 - M a.lnerna TN18
SN21 L M dindnem TN12 TN24 - - a.Jad1 154 TN24
Phutthamonthon (3) Phutthamonthon (3)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SP3  PILS M Jauzinde TP1 SP10 PILS VL  mgemnamng TP3
SP5  PILS S thunasales TP2 - - - - -
Sam Phran (10) Sam Phran (10)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SS11  PILS L Saweunsa TS5 TS2 - M R RLAN TS2
SS17  LS/US M Beswinean TS6  TS7 - - a.na04ln TS7
$S22  P/LS L thunssaiudy TS8  TS9 - VL adoulng TS9
SS35  P/LS L Safuasw TS13 TS11 - M ALEUNTIY TS11
SS40 LS/VS L awwswidnen TS16 TS12 - L A.N3IAUD TS12
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Table5.2c  Information of 18 selected sites at US level (p-median).
Bang Len (9) Bang Len (9)
Code  Level Scale Officialname TAM Code Level Scale Official name TAM
SB5 LSUS L wvwauine TB1 TB6 - - a.019nsih TB6
SB31 LSUS S fhaminen TB7 TB9 - - A.fuYa TB9
SB4l LSUS S wowsinen  TBIl TBI3 - e ™
TB4 - - aanalm TB4 TBI15 - - a. lnsaw Tgl
TB5 - - 9.U3EM TB5
Nakhon Chai Si (4) Nakhon Chai Si (4)
Code  Level Scale Officialname TAM Code Level Scale Officialname TAM
SN17 LSUS S uvawid Tyl SN27 LS/US S wapea1sIUA  SN27
SN21 LSMUS M wiwine T’;l TN7 - - .oy TN7
Phutthamonthon (1) Phutthamonthon (1)
Code  Level Scale Officialname TAM Code Level Scale Official name TAM
SP10 us L mgamamng TP3
Sam Phran (4) Sam Phran (4)
Code  Level Scale Officialname TAM Code Level Scale Officialname TAM
SS17  LS/US S fSewmwinean TS6  SS40  LS/US L AWNI I TS15
S§s28  LSUS L 54 TS3 TS15 - - a.huln TS1
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Figure 5.1a Map of school service areas (1 km limit) at P level in 2007 (P-median).



618000 627000 636000 645000 654000

1570000

1560000

1550000

Primary Schools
Villages

1540000

/ School Service area

1530000

1520000

1510000

e Kilometers
0 2 4 8 12

T T T T T
618000 627000 636000 645000 654000

126

1570000

1560000

1550000

1540000

1530000

1520000

1510000

Figure 5.1b  Map of school service areas (2 km limit) at P level in 2007 (P-median).
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Figure 5.1c  Map of school service areas (3 km limit) at P level in 2007 (P-median).
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Figure 5.1d Map of school service areas (4 km limit) at P level in 2007 (P-median).
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Figure 5.1e  Map of school service areas (5 km limit) at P level in 2007 (P-median).
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Figure 5.2a  Map of school service areas (3 km limit) at LS level in 2007 (P-median).
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Figure 5.2b  Map of school service areas (5 km limit) at LS level in 2007 (P-median).
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Figure 5.2c  Map of school service areas (7 km limit) at LS level in 2007 (P-median).
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Figure 5.3a  Map of school service areas (5 km limit) at US level in 2007 (P-median).
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Figure 5.3b  Map of school service areas (7 km limit) at US level in 2007 (P-median).
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5.1.2 Efficiency assessment in term of the service area

After location and service area maps of the modeled optimum school
location sets (as shown in Figures 5.1a-5.1e, 5.2a-5.2c, and 5.3a-5.3c for each school
level) were generated, their overall efficiencies were then subsequently assessed in
terms of the service area, service loading, and average travel distance under given
criteria and results are

Table 5.3 and Figure 5.4 illustrate efficiency of chosen school locations
by the p-median model (at all school levels) in term of the service area as depicted in
Figures 5.1a-5.1e, 5.2a-5.2c, and 5.3a-5.3c. It is seen that numbers of villages without
school service are significantly decreased when distance limits of the service area
increase. However, the expansion of given service area could result in notably higher
amount of service-overlapping villages, e.g. the overlapped villages for the 3, 5, and 7
km distance limits at the LS level are 15.12%, 36.34%, and 50.56%, respectively. And
like in the idealized scenario (in Table 4.8), most overlapped villages (at all levels) are
associated with 2-5 schools at once, but if distance limit increases, the overlapping
service of more than 5 schools are more visible (e.g. at distance limit >5 km). This
indicates more redundancy of schools in the overlapped area.

At the distance limits of 3 km (for P and LS levels) and 5 km (for US level) that
are preferred by the state’s policy, the no-service villages become 38.60%, 44.24%, and
39.73%, while the overlapped villages are 15.80%, 15.82%, and 7.45%, respectively.
These numbers indicate that the selected schools locations still cannot provide services
to most villages found in the area under these distance limits (about 40% of them are
still left out) while the overlapping problem should not be of much concerned. The high

value of no-service area at LS level (44.24%) should be of particular concerned.
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Table 5.3 School efficiency in term of the service area (P-median).

Loy Difance  Noservice  Noowerlp  GYEUIREIS IR
(km) VIL % VIL % VIL % VIL %

1 387  87.36 56 12.64 - - - -

2 286 6456 136 30.70 21 4.74 - -

(5%) 3 171 3860 202  45.60 70 15.80 - -

4 87 19.64 202 4560 154  34.76 - -
5 38 8.58 161 3634 241 5440 3 0.68

3 196  44.24 180  40.63 67 15.12 - -

('gg) 5 68 1535 214 4831 161  36.34 - -
7 45 10.16 174 3928 215 4853 9 2.03

5 176 3973 234 5282 33 7.45 - -

(lfg) 7 68 1535 214 4831 161  36.34 - -

10 13 2.93 89 20.09 341  76.98 - -

Note: VIL = number of villages, % = percent of total villages (443).

The no-service problem can be substantially solved if the preferred

distance limits are extended, for examples, from 3 km to 5 km at P and LS levels and

from 5 km to 7 km at US level. This modification will result in much smaller numbers

of no-service villages, which are 8.58% (P level) and 15.35% (LS and US levels).

Otherwise, more new schools are required at all educational levels of interest.

At district level (for the distance limits of 3 km at P and LS levels and

5km at US level), Phutthamonthon did worst in term of the no-service area followed

by Sam Phran while Bang Len and Nakhon Chai Si did comparatively well. But in

term of overlapped area, Phutthamonthon did best followed by Sam Phran (Table 5.4).
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Figure 5.4  School efficiency in term of the service area from Table 5.3 (P-

median).
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Table 5.4 School efficiency in term of the service area at district level (P-median).
o . Overlapping Overlapping
BLN L:(mlts Noservice Nooverlap 2-5 schools 6-10 schools
(km) VIL % VIL % VIL % VIL %
P (25) 3 57 31.67 91 50.56 32 17.78 - -
(IEES’) 3 61 33.89 90 50.00 29 16.11 - -
Us (9) 5 83 46.11 83 46.11 14 7.78 - -
o . Overlapping Overlapping
NCS Limits No service No overlap 2-5 schools 6-10 schools
(km) VIL % VIL % VIL % VIL %
P (12) 3 36 33.33 38 35.19 34 31.48 - -
(IIS) 3 4 379 36 3333 31 2870 - :
Us (4) 5 25 23.15 65 60.19 18 16.67 - -
o . Overlapping Overlapping
PMT Limits No service | il 2-5 schools 6-10 schools
(km) VIL % VIL % VIL % VIL %
P(3) 3 13 72.22 5 27.78 - - - -
LS (3) 3 11 61.11 7 38.89 - - - -
Us (1) 5 9 50.00 9 50.00 - - - -
o . Overlapping Overlapping
SPR Limits No servIcg PV 2-5 schools 6-10 schools
(km) VIL % VIL % VIL % VIL %
P (10) 3 65 47.45 68 49.64 4 2.92 - -
LS
(10) 3 83 60.58 47 34.31 7 511 - -
Us (4) 5 59 43.07 76 56.20 1 0.73 - -

Note: VIL = number of villages, % = Percent of total villages at each district.

5.1.3 Efficiency assessment in term of the service loading
Efficiencies of the produced school maps (as shown in Figures 5.1-5.3)
in term of the service loading were examined and results are reported in Table 5.5 and
Figure 5.5. As stated earlier, to determine SL value and calculate potential school
scale for a selected school location (on the derived school maps), all current students

of the neglected schools are assumed to become members of a selected site that locates
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closest to them (weather existing or not-existing school site).

It was evidenced that higher distance limit shall lead to higher number
of schools with low SL (at all school levels) as expected. And at distance limits of
3km for P and LS levels and 5km for US level, numbers of school with low SL values
(0-50) are about 8.0%, 18.0%, and 5.6%, respectively. This result indicates that the p-
median method can generate fairly satisfied result in term of reducing number of
schools with relatively low SL values and promoting the moderate/high SL ones. It did
comparative well in term of the low SL schools when compared to the idealized
method shown in Table 4.12 [at 6.0% (P), 26% (LS) and 0% (US), respectively] and
did much better than the present situation reported in Table 4.5 [at 33.86% (P),

33.33% (LS) and 12.5% (US), respectively].

Table 5.5 School efficiency in term of the service loading (P-median).

P level LS level US level
SL level
1 2 3 4 5 3 5 7 5 7 10
km km km km km km km km km km km
L ; ; 4 13 21 9 18 23 1 4 7
(critical)
ML 1 6 14 16 18 5 6 10 3 4 3
(normal)
MH 1 5 12 10 6 6 6 - 4 2 1
(normal)
H
(concerned) 6 ! 5 2 2 3 ) 3 1 1
VH 29 31 13 6 3 12 1 1 1 1 -
(critical)
Other 19 2 - - - 16 16 16 6 6 6
Total 50 50 50 50 50 50 50 50 18 18 18
schools

Note: 1. L = Low, ML = Medium low, MH = Medium high, H = High, VH = Very high.
2. Other = No valid SL identified as ACT or POT =0.
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Table 5.6 Average SL values for different school scales (P-median).

School P level LS level US level

scle ) ym 2km 3km 4km 5km 3km 5km 7km 5km 7km  10km

S 1035.7 2548 385 228 22.8 546 313 199 26,5 13.0 7.4

M 1028.9 4152 133.8 87.0 59.6 150.2 632 317 50.6 34.7 19.5

L 1276.1 356.6 3254 148.0 1039 7785 1169 60.4 87.7 613 30.4

VL 1062.0 287.1 1973 1484 96.4 9844 162.1 1205 - - -

Note: 1. Cases that have no potential student in the specified service area (POT = 0) are not included.
2. School scale: S = Small (1-120 students), M = Medium (121-600 students),
L = Large (601-1500 students), VL = Very large (>1500 students).

Efficiency: service loading (P-median)
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35 > TR =y
30
25 uT.
m NMT.
20
uNMH
15 =L
10 = VH
5 m Other
o]
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Efficiency: service loeading (P-median)
(INumber school)
25
20 -
15 = ML
=uNMH
10 =H
=V
5
= Other
0]
L3 (3) L3 (5} L3 (7y School level (ki)

Figure 5.5  School efficiency in term of the service loading from Table 5.5 (P-

median).
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Table 5.7 School efficiency in term of service loading at district level (P-median).
Limits L ML MH H/VH Other
BN km) Tscn SCH % SCH %  SCH % SCH %
P (25) 3 3 1200 6 2400 6 2400 10 40 - -
LS(25) 3 2 800 2 800 4 1600 5 2000 12 48.00
US (9) 5 - / - 1 1111 3 33.33 5 5556
Limits L ML MH H/VH Other
NCS T km) Tscn SCH % SCH %  SCH % SCH %
P (12) 3 1 833 5 4167 5 4167 1 8.33 - -
LS(12) 3 4 3333 1 833 2 1667 2 16.67 3 2500
US (4) 5 - 1 2500 - - 3 75.00 - -
Limits L ML MH H/VH Other
PMT km) sen SCH % SCH %  SCH % SCH %
P (3) 3 - - - - - 3 10000 - -
LS (3) 3 1 1250 - - - - 2 66.67 - -
US (1) 5 - - - - - 1 10000 - -
Limits L ML MH H/VH Other
SR kM) “sch SCH % SCH %  SCH % SCH %
P (10) 3 - 3 3000 1 1000 6 60.00 - -
LS(10) 3 2 2000 2 2000 - - 5 50.00 1 10.00
US (4) 5 - - - - - 3 75.00 1 2500

Note: SCH = number of schools, % = percent of total schools at each district (at a specific level).
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Table 5.8 School efficiency in term of the average travel distance (comparison).

. P level LS level US level
Distance

(km) PRI IDL PMD PR-1 IDL PMD PR1 IDL PMD GPMD
(127)  (50)  (50) (39) (50) (50) (16)  (18)  (18)  (18)

Maximum  5.02 7.78 8.63 8.33 758 776 1316 1283 12.83 27.98
Average 1.62 2.46 1.97 2.66 240 201 480 419 291 422

Note: 1. PR-1 = Present situation; IDL = ldealized scenario; PMD = P-median scenario;

GPMD = Gravity P-median scenario.

5.1.4 Efficiency assessment in term of the travel distance to school

Results of the analysis in Table 5.8 indicates that average travel
distances of the students (based on the p-median method) are 1.97 km (P level), 2.01
km (LS level), and 2.91 km (US level). The average value of 1.97 km (with maximum
of 8.63 km) at P level may be rather higher than that of the existing situation (average
1.62 km with maximum 5.02 km) due to significant decrease in number of the
preferred schools (from 127 to 50). However, these values are still reasonably
acceptable nowadays for the cycling or motor-vehicle modes of travelling to school of
students. However, in the walking mode of travel students may be able to find some
shorter routes (not on the major road network) that can take them to their schools at
shorter distances than the found average value of about 2 km mentioned here. This
makes the walking mode of travel still being applicable in reality. And obtained value
of 1.97 km provided by p-median method is significantly lower than that of the
idealized method (at 2.46 km). This means solution of the p-median model should be
more advantage to the students in term of the traveling distance alone than that one
being derived from the idealized technique.

The average values of 2.01 km (with maximum of 7.76 km) at LS level,

and 2.91 km (with maximum of 12.83 km) at US level, are significantly lower than
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those obtained from the present situation (average 2.66 km/maximum 8.33 km at LS
level and average 4.80 km/maximum 13.16 km at US level). These should be due to
the initial conditions of the model that try to determine a specific set of school
locations that provide minimum average travel distance to students, though numbers
of schools preferred at these levels are rather comparable (39 to 50 at LS level and 16
to 18 at US level) and most existing schools at both levels were still retained by p-
median method. This makes school location maps (at LS and US levels) of the present
and p-median scenarios do not appear much different from each other but the found
average travel distances are noticeably different, especially at the US level (see
Figures 4.7a-4.7c, 5.2a-5.2c, and 4.8a-4.8c, and 5.3a-5.3c for a visual comparison at
the LS and US levels, respectively). The p-median method also performed much better
than the idealized method in term of the travel distance alone as seen in Table 5.8.
5.1.5 School mapping and efficiency assessment in years 2015 and 2020

To evaluate effect of the local population variation on the
characteristics of future optimum school maps initiated by the p-median model, the
school maps for years 2015 and 2020 were synthesized as shown in Figures 5.7a-5.7e,
5.8a-5.8c, and 5.9a-a.9c using predicted population data of those years. These maps
were produced based on the typical process of the p-median method described in
Section 3.2.4. Numbers of the potential and ideal school sites (at each relevant school
level) for each district are as described in Table 3.4 and the potential sites in both

years were assumed to be the same as those for year 2007.
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Table 5.9 School efficiency comparison for years 2007, 2015, and 2020 (P-
median).
school  ererte 00 Cumred 0 ot astae
level 2007 2015 2020 2007 2015 2020 2007 2015 2020
P(lkm) 8736 87.36 87.36 - - -
P(2km) 6456 6456 6456 474 451 451
P(3km) 3860 3950 3950 158 1558 1558  1.97  2.06 1.97
P (4km)  19.64 2054 2054 3476 3341 33.41
P (5km) 858  10.16 10.16 55.08 54.18 54.18
LS (3km) 4424 41.76 4176 1512 1354 1354
LS (5km) 1535  9.26 9.26 3634 5372 5372 201 210 2.21
LS (7km)  10.16  0.23 023 5056 8443  84.43
US (5km)  39.73 3657 3973 745 1084  7.45
US (7km) 1535 1670 1535 36.34 4221 3634 291 265 2.56
US (10km)  2.93 6.09 293 7698 7675 76.98

It was found that the generated optimum school maps for years 2015
and 2020 (at each school level) do not look much different from each other and some
of the obtained maps have exactly the same set of preferred school locations (as seen
in Figures 5.7a-5.7e, 5.8a-5.8¢, and 5.9a-a.9¢). The constructed 2015 and 2020 maps
also look rather similar to those invented for year 2007 (Figures 5.1a-5.1e, 5.2a-5.2c,
and 5.3a-5.3c). These similarities are likely to come up from the same set of used
potential sites and numbers of population (at village level) that do not differ much
during 2007-2020 (except in some areas). Due to the similarity of optimum school
maps created for all these years (2007, 2015, and 2020), their general efficiencies in
term of the service area (no-service and overlapped service) and average travel
distance are also not different much from each other as shown in Table 5.9 and Figure

5.6.
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Figure 5.6  School efficiency comparisons for years 2007, 2015, and 2020 (P-

median) (Table 5.9).
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Table 5.10a Lowest values of travel distances given by the p-median model (2015).

Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(P) Total Average Total Average Total Average  Total Average
1 16852.16 2.43 19296.10 2.28 7003.46 2.03  41621.00 153
2 16965.37 2.45 19411.23 2.29 7103.77 206  41697.38 153
3 17069.07 2.46 19481.55 2.30 7718.29 224 4245589 156
4 17131.95 2.47 19588.23 2.31 8138.90 236 4253227 156
5 17181.58 2.48 19600.90 2.31 8916.59 258  42562.82 156
Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(LS) Total Average Total Average  Total Average Total  Average
1 9822.77 247 10652.97 2.30 4469.63 2.36 22304.86 1.49
2 9892.901 2.49 10672.97 2.30 4540.74 2.40 22642.01 151
3 9960.577 2.51 10716.70 231 5109.23 2.70 22722.78 1.52
4 9973.862 2.51 10759.71 2.32 5201.96 2.75 22737.93 1.52
5 10002.53 2.52 10768.81 2.32 5553.19 2.94 22813.21 1.53
Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(US) Total Average Total Average Total Average  Total Average
1 12534.31 2.83 13162.29 2.78 12409.74 6.99  33616.92 240
2 12549.17 2.83 13362.03 2.82 12988.41 7.31  34215.09 244
3 12583.28 2.84 13374.08 2.82 13058.70 7.35  34946.71 2.50
4 12598.14 2.84 13378.46 2.82 - - 35353.24 2.53
5 12601.28 2.84 13395.23 2.83 - - 35923.56 2.57

Note: Total =Total travel distance (in km), Average= Average travel distance per student (in km).
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Table 5.10b  Lowest values of travel distances given by the p-median model (2020).

Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(P) Total Average Total Average Total Average Total Average
1 16693.61 2.38 19852.99 2.27 8058.58 2.03 53191.42 1.50
2 16794.58 2.40 19963.7 2.28 8191.45 2.06 53491.38 151
3 16892.57 241 20019.56 2.29 8878.99 2.23 54060.74 1.53
4 16942.19 242 20160.02 231 9380.78 2.36 54238.29 1.53
5 17005.41 2.43 20172.73 231 10290.96 2.59 54360.70 1.54
Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(LS) Total Average Total Average Total Average Total Average
1 10070.69 251 10959.99 2.29 5145.32 2.36 29159.54 1.50
2 10158.88 2.53 10985.35 2.29 5226.71 2.40 29717.46 1.53
3 10205.26 2.54 11004.97 2.30 5880.52 2.70 29809.50 1.53
4 10246.82 2.55 11023.92 2.30 5994.53 2.75 29833.14 1.54
5 10292.23 2.57 11037.81 231 6386.09 2.93 29837.55 1.54
Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(Us) Total Average Total Average Total Average Total Average
1 11800.71 2.76 13565.78 2.77 14352.50 7.01 40405.27 2.24
2 11849.68 2.78 13746.85 2.80 14991.98 7.32 42218.38 2.34
3 11896.59 2.79 13769.69 2.81 15104.40 7.38 42300.29 2.35
4 11902.25 2.79 13775.89 2.81 - - 42787.13 2.38
5 11935.90 2.80 13798.73 2.82 - - 43090.95 2.39

Note: Total =Total travel distance (in km), Average= Average travel distance per student (in km).
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Figure 5.7b  Map of school service areas (2 km limit) at P level in 2015/2020 (P-

median).
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Figure 5.7c  Map of school service areas (3 km limit) at P level in 2015/2020 (P-

median).
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median).
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Figure 5.8a Map of school service area (3 km limit) at LS level in 2015/2020 (P-

median).
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Figure 5.8c  Map of school service area (7 km limit) at LS level in 2015/2020 (P-

median).
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5.2  Application of Gravity P-Median Model

As mentioned in Chapter Il, the gravity p-median model was developed to
represent a more realistic form of a standard p-median model in which customer can
choose to adopt any of the available service locations depending on the attractiveness
scale of each given service site and distance from the service point and demand point
(as shown in Eq. 3.5). In the thesis, a concept of the referred model was applied to the
formulation of optimum school maps at US level in years 2007, 2015, and 2020
(Figure 5.10). These maps were produced based on the typical process of gravity p-
median method described in Section 3.2.5. Numbers of potential and preferred school
sites for each district are as described in Table 3.3. Potential sites and C values in 2015
and 2020 were assumed to be the same as those by year 2007 (as described in Table
3.6).

5.2.1 Formulation of optimum school maps

Table 5.11 presents results of the model’s application at district level
wherein the five lowest values of the total (and average) travel distance to school at
each considered district are described while Table 5.12 provides details of the chosen
school locations for the optimum case of the lowest travel distance referred to in Table
5.11 (for each district). Then, associated school maps for optimum cases (and the
corresponding service areas) at each level were constructed as seen in Figure 5.10.

It was found that the chosen locations (that provide optimum travel
distance) are very similar for each year of interest stated above, except at the Sam
Phran District that chosen locations are different as shown in Table 5.11. As the
students are not obliged to travel to the closest school as usual, the service area

concept is then not applicable
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Lowest values of travel distance in years 2007, 2015, and 2020

Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(2007) Total Average  Total Average  Total Average Total  Average
1 21725.24 5.23 17605.90 3.84 6123.93 4.56 28002.93  3.83
2 22637.11 5.45 17701.23 3.86 6398.04 4.77 2847196  3.89
3 22779.76 5.48 17896.17 391 6883.77 5.13 28603.40 3.91
4 22785.96 5.48 17902.96 3.91 7179.42 5.35 28689.82  3.92
5 23145.64 5.57 17944.67 3.92 - - 28695.05  3.92

Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(2015) Total Average  Total Average  Total Average Total  Average
1 23211.40 5.24 18478.24 3.90 8037.45 4.53 47379.69 3.38
2 24097.52 5.44 18615.70 3.93 8436.39 4.75 47897.12 3.42
3 24211.63 5.46 18740.71 3.95 9116.62 5.13 48118.38 3.44
4 24219.52 5.46 18804.56 3.97 9523.59 5.36 48149.08 3.44
5 24636.45 5.56 18854.89 3.98 - - 48337.97 3.45

Order Bang Len Nakhon Chai Si Phutthamonthon Sam Phran
(2020) Total Average  Total Average  Total Average Total  Average
1 22198.54 5.20 19037.11 3.88 9217.09 4.50 57376.30 3.19
2 23126.62 5.42 19178.07 3.91 9703.93 4.74 57983.09 3.22
3 2317080 543 1925248 393 %1 513 5708313 322
4 235805 545 1939921 396  TO00% 535 5032506 3.9
5 23627.93 5.54 19442.46 3.97 - - 59529.57 331

Note: 1. Total =Total travel distance (in km), Average= Average travel distance per student (in km).
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Information of the 18 selected sites at US level (Gravity p-median).

Bang Len (9) (2007, 2015, 2020)

Bang Len (9) (2007, 2015, 2020)

Code Level Scale  Official name TAM  Code Level Scale Officialname TAM
SB5 LS/US M UNEUING TB1 TB4 - - o091/ TB4
SB12  LS/US S UNHAWING TB2 TB5 - - A.UNIEM TB5
SB31  LS/US S 11hnmane TB7 TB6 - - a.119'nsih TB6
SB41  LS/US S ADIMIING TB11  TB9 - - a. AUy TB9
TB3 - - CRTARE RS TB3
Nakhon Chai Si (4) (2007, 2015, 2020) Nakhon Chai Si (4) (2007, 2015, 2020)
Code Level Scale  Official name TAM  Code  Level Scale Officialname TAM
SN2L LSS L siwinen N2 N7 - - ashong ™
TN5 - - ERTANEED ) TN5  TN14 - - a.nzitlon -Ial
Phutthamonthon (1) (2007, 2015, 2020) Phutthamonthon (1) (2007, 2015, 2020)
Code Level Scale  Official name TAM  Code Level Scale Officialname TAM
TP2 - - Aumaian TP2
Sam Phran (4) (2007) Sam Phran (4) (2007)
Code Level Scale  Official name TAM  Code Level Scale Officialname TAM
S§S17  LS/US S Uimswaneny TS6 TS3 - - A.119n58 70 TS3
SS38  LS/US L nilsswinedea  TS15 TS9 - - .8ou1nq) TS9
Sam Phran (4) (2015) Sam Phran (4) (2015)
Code Level Scale  Official name TAM  Code Level Scale  Official name TAM
TS9 - - a.80ulvn) TS9 SS15 LS/US L Salsdeinen Tgl
TS13 - - A.AA1ATUAM TS13  SS38 LS/US L n.1l5. 919 Medoa TES)I
Sam Phran (4) (2020) Sam Phran (4) (2020)
Code Level Scale  Official name TAM  Code Level Scale Officialname TAM
TS3 - - A.119n527n TS3 TS13 - - #.90193UA Tgl
TS9 - - a.80ulvn) TS9O  SS38 LSS L adsswineder o
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Table 5.13  School efficiency in term of the travel distance (Gravity p-median).

Model 2007 2015 2020
P-median (km) 291 2.65 2.56
Gravity p-median (km) 4.22 3.86 3.80

5.2.2 School efficiency assessment

After the optimum school maps for years 2007, 2015 and 2020 were
produced (as depicted in Figure 5.10), efficiency of these preferred school maps were
assessed in term of the travel distance and result is shown in Table 5.13. As general
concept of the gravity p-median model allows students to attend any school of their
preference regardless of the travel distance, therefore, efficiency of these maps in term
of the service area and service loading are not considered here as both require students
to attend the closest school only.

The model gave optimum average travel distance of 4.22 km (2007),
3.86 km (2015), and 3.80 km (2020) which are much higher than those of the p-
median model in the same year (Table 5.13). These differences are due to nature of the
gravity p-median model that allow students to attend any school of their favor
(regarding to the school’s attractiveness and travel distance as described in Section
3.2.5), not only the one located closest to their residences only as required in the p-

median model.
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5.3 Comparison of the Results

Results from the p-median and gravity p-median models exhibited in this
chapter were compared to those obtained from the previous chapter in Sections 4.2
(present) and 4.3 (idealized). Some important features are shown in Tables 5.14 and
5.15, which are:

(1) amount and locations of the preferred schools

(2) amount of the no-service and overlapped areas (village-based),

(3) number of the low SL schools, and

(4) amount of the average travel distance to school.

5.3.1 Consideration in term of the school locations

If consider in term of number of functioning schools required for these
situations, the present situation has most advantage at P level with highest number of
schools (127) compared to other situations (50). However, at LS and US levels, it has
least number (39 and 18) when compared to those of other situations (50 and 18).
However, several of the 127 existing P schools (present scenario) are classified as
being small schools and mostly neglected in the formulating of P-level school maps by
other methods.

It was also found that school maps (at each school level) obtained from
idealized, p-median and gravity p-median models do not look particularly different
much from each other. These similarities are likely resulted from the similar set of
used potential sites and numbers of preferred school sites of each model. Only at the
US level that the differences might be more visible especially for the idealized model
and the p-median and gravity p-median models. These maps can be used to assist

school zoning system if required.
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Table 5.14  Efficiency comparison in terms of service area and service loading
(2007).
No-service (%) o Low SL (%)
School (village-based) Overlapped (%) (school-based)
level PRS IDL PMD PRS IDL PMD  PRS IDL  PMD
P
(1km) 7743 8781 8736  0.45 - - - - -
P 40.86 6343 6456 16.48 0.90 4.74 11.02 - -
(2km)
i 11.06 3567 38.60 49.43 9.71 1580  33.86 6.0 8.00
(3km)
P 2.26 16.25 19.64 83.07 3296 3476 6220 120  26.00
(4km)
P 0.23 5.19 858 9458 60.27 5508 7953 340  42.00
(5km)
(3ka’n) 46.73  37.92 4424 1084 1106 1512 3333 260  18.00
(5Il_<§n) 15.80 6.32 1535 4266 5463 3634 5897 500  36.00
(7"k?n) 2.03 023 1016 7268 86.23 5056 5897 60.0  46.00
(5lIJ<rSn ) 5395 4718 3073 1738 1086 745 2500 1L11 556
(7lf(rsn ) 3083 1828 1535 3048 3499 3634 6250 3889 2222
us 8.58 4.06 293 5192 6659 7698 8125 61.11  38.89
(10km)
Note: PRS = Present situation, IDL = Idelaized, PMD = P-median model.
Table 5.15  Efficiency comparison in term of travel distance (2007).
P level LS level UsS level
D'(Sgan)ce PRS IDL PMD PRS IDL PMD PRS IDL PMD GPM
m
(127) (50) (50) (39) (50) (50) (16)  (18)  (18) D (18)
Maximum 5.02 7.78 863 833 758 7.76 13.16 12.83 12.83 27.98
Average  1.62 246 197 266 240 201 480 419 2091 4.22

Note: PRS = Present situation; IDL = Idealized scenario; PMD = P-median scenario;

GPMD = Gravity p-median scenario.
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Efficiency: Service area at P-level
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Figure 5.12  Efficiency comparisons in terms of service area/service loading (Table

5.14).
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5.3.2 Consideration in term of the service area

At P-level, the present situation did the best in term of the no-service
area (due to higher number of functioning schools), while the idealized and p-median
scenarios did comparably well, e.g. 77.43%, 87.1%, and 87.36% (1 km limit), 40.86%,
63.43%, and 64.56% (2 km limit), and 11.06%, 35.67, and 38.60% (3 km limit). But
in term of the overlapped area, the idealized scenario did best (especially at 1-3km
distance limits) and the present scenario did worst due to high number of its existing
schools (127).

At LS-level, the idealized scenario did best in term of the no-service
area, while the present and p-median scenarios did comparably well, e.g. 37.92%,
46.73%, and 44.24% (3 km limit) or 6.32%, 15.80%, and 15.35% (5 km limit). But in
term of overlapped area, present situation did best at 3 km limit (10.84%) and the p-
median did worst (15.12%). However, at 5 and 7 km limits, the p-median did best
(36.34% and 50.56%) while the idealized did worst (54.63% and 86.23%) though they
have the same amount of functioning schools (50).

At US-level, the p-median scenario did best in term of no-service area
followed by idealized scenarios, e.g. 39.73% and 47.18% (5 km limit) and 15.35% and
18.28% (at 7 km limit). In both cases, present situation did worst at 53.95% (5 km
limit) and 30.93% (at 7 km limit). But in term of the overlapped area, the p-median did
best at 5km limit (7.45%) while the present and idealized have comparable results (at
17.38% and 19.86%, respectively). But at 7 km and 10 km limits, the present situation
did best (at 30.48% and 51.92%) followed by the idealized scenario (at 34.99% and

66.59%) and the p-median scenario (at 36.34% and 76.98%), respectively.
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5.3.3 Consideration in term of the service loading

At P level, the gravity p-median did best in term the service loading as
no low-SL schools appeared at all distance limits followed by the idealized and p-
median scenarios, respectively while the present scenario did worst. For examples,
results for the last three scenarios mentioned above are 6.0%, 8.0%, and 33.86% (3 km
limit).

At LS and US levels, the p-median still did best followed by idealized
scenarios while present scenario did worst. For examples, results at LS level are
18.0%, 26.0%, and 33.33% (3 km) and 36.0%, 50.0%, and 58.97% (5 km), while at
the US level are 5.56%, 11.11%, and 25.0% (5 km) and 22.22%, 38.89%, and 62.5%
(7 km).

5.3.4 Consideration in term of the travel distance

As shown in Table 5.15, at P level, present scenario did best in term of
the travel distance (at 1.62 km) due to high number of schools (127). This follows by
the p-median and idealized methods (at 1.97 and 2.46 km). On the contrary, at LS
level, the p-median did best follows by the idealized and present scenario, respectively
(2.01, 2.4, and 2.66 km). At US level, the p-median also did best follows by the
idealized, gravity p-median and present scenario, respectively (and 2.91, 4.19, 4.39,
and 4.80 km).

If consider in term of the maximum travel distance, p-median did worst
at P level (at 8.63 km) while present scenario did best (at 5.02 km). But at LS level,
the idealized did best (at 7.58 km) and the present scenario did worst (at 8.33 km). At
US level, the gravity p-median did worst (at 27.98 km) while results of other methods

are about 13 km.
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5.3.5 General conclusions on school efficiency under different scenarios
From results of the comparison about school efficiency under different
scenarios reported in Tables 5.14 and 5.15, the efficiency order of each considered
scenario in term of the service area, service loading and travel distance is shown in

Tables 5.16a and b.

Table 5.16a Efficiency order for the studied scenarios in terms of service area,

service loading and travel distance (2007).

School No-service Overlapped Low SL
level PRS IDL PMD PRS IDL PMD PRS IDL  PMD
P
(1km) 1 3 2 2 1 1 1 1 1
P
(2km) 1 2 3 3 1 2 3 1 1
P
(3km) 1 2 3 3 1 2 3 1 2
P
(4km) 1 2 3 3 1 2 3 1 2
P
(5km) 1 2 3 3 2 1 3 1 3
Average 1 2.2 2.8 2.8 12 1.6 2.6 1 1.8
LS
(3km) 3 1 2 1 2 3 3 2 1
LS
(5km) 3 1 2 2 3 1 3 2 1
LS
(7km) 2 1 3 2 3 1 2 3 1
Average 2.67 1 2.33 1.67 2.67 1.67 2.67 2.33 1
us
(5km) 3 2 1 2 3 1 3 2 1
us
(7km) 3 2 1 1 2 3 3 2 1
us
(10km) 3 2 1 1 2 3 3 2 1
Average 3 2 1 1.33 2.33 2.33 3 2 1

Note: PRS = Present situation, IDL = Idelaized, PMD = P-median model.

1 = First best, 2 = Second best, 3 = Third best.
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Table 5.16b  Efficiency order for the studied scenarios in term of travel distance

(2007).

P level LS level US level
Distance PRS IDL PMD PRS IDL PMD PRS IDL PMD GPM

(127)  (50) (50) (39) (50) (50) (16) (18) (18) D (18)

Maximum 1 2 3 3 1 2 3 1 1 4
Average 1 3 2 3 2 1 4 2 1 3
Average 4,5 95 3 15 15 35 15 1 35

order

Note: PRS = Present situation; IDL = ldealized scenario; PMD = P-median scenario;

GPMD = Gravity p-median scenario.

Table5.17  Accumulative scores for efficiency orders appeared in Table 5.16a and b.

School level PRS IDL PMD
P 7.40 6.90 8.70
LS 10.01 7.50 6.50
us 10.83 7.83 5.33

It can be seen from Table 5.16a that, based on the average value of the
efficiency order, at P-level, the present scenario did best in term of the no-service area
while the idealized scenario did best in term of the overlapped area and the low SL
aspect. At LS level, the idealized scenario did best in term of no-service area but the
present scenario (along with the p-median scenario) did best in term of overlapped
area while p-median scenario did best in term of the low SL aspect. At US level, the p-
median scenario did best in term of the no-service area, as well as in term of the low
SL aspect, while the present scenario did best in term of the overlapped area. And

from Table 5.16b (in term of the travel distance), the present scenario did best at P
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level, while idealized scenario did best at LS level (along with p-median scenario) and
p-median did best at US level.

If the efficiency orders of each relevant scenario given in Table 5.16a
and b were combined, results can be found as seen in Table 5.17. It can be initially
concluded from these data that the idealized scenario should be mostly preferred in
operating education at the P level (followed by the present and p-median scenarios,
respectively). However, at the LS level, the p-median scenario should be mostly
preferred (followed by the idealized and present scenarios, respectively). Similarly, at
US level, the p-median scenario should be mostly preferred (followed by the idealized

and present scenarios, respectively).



CHAPTER VI

CONCLUSIONS AND SUGGESTIONS

Main purpose of this thesis is to demonstrate capability of the GIS technology
and location-allocation models (p-median and gravity p-median) in the preparation of
suitable school location maps at the district level in local Thailand. The study area is
Educational Service Area Office 2 in Nakhon Pathom Province which is covering 4
districts (Bang Len, Nakhon Chai Si, Phuttamonthon, and Sam Phran), 58 sub-districts
(or tambons) and 443 villages with area coverage of approximately 1,139.2 km? (Figure
1.1 and Table 1.1). There were 143 schools included in the study (mostly at the primary
level).

The research consists of three main parts. The first part is about the
development of relevant GIS database that are necessary for the subsequent school
mapping analysis. These data were acquired from their responsible sources or field
surveys and categorized into three broad groups: general data, school data, and
tambon/village data (as described in Table 3.1). In the second part, efficiencies of the
existing schools (at primary, lower-secondary and upper-secondary levels) were
assessed in terms of the service area, service loading, and travel distance to school.
Comprehensive details of the assessment process are described in Chapter Ill. These
results were then compared with those obtained from the other two methods: idealized
and p-median. In the third part, gravity p-median was applied to school mapping.

Optimal school location map for 2015 and 2020 were also created and assessed for
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efficiencies using p-median and gravity p-median models.

6.1 School Efficiency Assessment for Present Situation

From the results, it is obvious that numbers of no-service villages are
significantly reduced when distance limits increase. For example, at P level,
percentage of no-service village decreases from about 77.43% to 11.6% and 0.23%
when the distance limit increases from 1 to 3 and 5 km, respectively. However, the
expansion of defined service area can greatly raise number of the service-overlapping
villages; e.g. at P level, percentage of the overlapped village increases from about 0.45
to 49.43 and 94.58 when a distance limit changes from 1 to 3 and 5 km, respectively.
Most overlapped villages (at all levels) are under services of 2-5 schools
simultaneously.

It is interesting to find that at the distance limit of 3 km (for P and LS levels)
and 5 km (for US level) that are preferred by state’s policy, the no-service villages
become 11.06%, 46.73%, and 53.95%, while the overlapped villages become 49.43%,
10.84%, and 17.38%, respectively. These numbers indicate that present positions of
the existing primary schools are relatively sufficient to provide education for the whole
study area at 3km-limit criteria (with about 90% coverage), but the overlapped villages
of 49.43% (at this limit) implies that the number of the existing schools is too high
resulted in the relatively crowded school distribution. On the contrary, at distance
limits of 3 km (for LS level) and 5 km (for US level), numbers of no-service villages
are still relatively high (at 46.73% and 53.95%, respectively) but numbers for those
with overlapping services are rather low (at 10.84%, and 17.38%, respectively). This

means the current positions of the concerned LS and US schools are considerably well
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located but their numbers are still not sufficient to serve most villages existing in the
area (at the given distance limits).

The possible solutions for this situation are the increases in number of LS and
US schools and/or values of distance limit. For examples, if the distance limits become
5 km (for LS level) and 7 km (for US level), numbers of the observed no-service
villages will be reduced to be 15.80% and 30.93%, respectively, while those of the
overlapped villages shall become 42.66% and 30.48%, respectively.

In term of service loading, it was found that general trend of SL values (at each
school level) depends critically on the distance limits where higher limit leads to lower
number of SL. For examples, at P level, numbers of schools at Low-SL level increase
from 14 at 2km limit to 43 (3 km), 79 (4 km), and 101 (5 km), respectively. And at
limits of 3 km (for P/LS levels) and 5 km (for US level) preferred by the state’s policy,
numbers of schools with low SL become 43 (33.86%), 13 (33.33%), and 2 (12.50%),
respectively, whereas numbers of schools with very high SL values become 16
(12.60%), 10 (25.64%), and 5 (31.25%). These results indicate that at these preferred
distance limits, numbers of schools with low SL values are still relatively high,
especially at P level. This might be due to large number of P schools residing in the
area (127) that leads to the potential low rate of attending to the comparatively less
attractive ones situating in the area.

In term of the average travel distances under PR-1 and PR-2 criteria (as
described in Table 4.8) are 1.62 and 2.63 km, respectively, but these values rise to 2.66
and 4.84 km at LS-level and 4.80 and 10.56 km for US level. This means students
have to travel longer if level of the school increases (from P to LS and then US). The

found value of 1.62 km at P-level (of PR-1 scenario) is reasonably acceptable for the
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walking and cycling modes of traveling to school, and values of 2.66 and 4.80 km at
LS and US levels (of PR-1 scenario) are rather practical for the cycling and motor-
vehicles-based modes of traveling for most students at these levels.

However, it is evident that average travel distances at all school levels of the
PR-2 scenario are noticeably higher than those of the PR-1 scenario (about 60% at P
level, 90% at LS level, and 120% for the US level). These differences are more
obvious in term of the gained maximum travel distance. For examples, maximum
distance values at P and US levels of the PR-1 case are only 5.02 and 13.16 km,
compared to those of the PR-2 case, which are 29.42 and 39.92 km, respectively.
Based on these obtained results, it could be primarily concluded that the present school
zoning system authorized by the responsible state’s agency is still rather ineffective in
reducing average travel distance of the students at all educational levels when
compared to the simple strategy of assigning the students to their existing closest

schools (along road network) only.

6.2 School Efficiency Assessment based on Idealized Method

In term of the service area, it is obvious that numbers of villages with no
service provided are significantly reduced when distance limits of the service area
increase. For example, at P level, percentage of no-service village reduces from about
87.81 to 35.67 and 5.19% when distance limit rises from 1 to 3 and 5 km, respectively.
Similar trends occur at the LS and US level also. However, the expansion of defined
service area may result in notably higher amount of the service-overlapping villages;
e.g. at P level, number of the overlapped village increases from about 0 to 9.71 and

60.27% when the distance limit changes from 1 to 3 and 5 km, respectively. Most
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overlapped villages are under service of 2-5 schools simultaneously.

At the distance limits of 3 km (for P and LS levels) and 5 km (for US level)
that are in favor by the state policy, the no-service areas become 35.67%, 37.92%, and
47.18%, while overlapped areas become 9.71%, 11.06%, and 19.86%, respectively.
These numbers indicate that the selected primary schools can provide services to about
2/3 of all villages and about 1/3 of them are still off service (at 3 km distance limit).
This number is notably higher than the present situation (at 11.06%). But the
overlapped villages of about 9.71% infer the relatively well-placed locations of the
selected schools. This number decreases dramatically from one obtained from
idealized method (49.43%) due to great reduction in number of the relevant primary
schools (from 127 to 50).

Similarly, at distance limits of 3 km (LS level) and 5 km (US level), numbers
of the no-service villages are about 1/3 and 1/2 of the total village numbers,
respectively. These results mean that the preferred number and/or positions of the LS
and US schools are still not sufficient, or appropriate, to contribute school services to
most villages residing in the area (at these distance limits) as primarily required.

In term of service loading, it was found that higher distance limit leads to lower
number of SL as expected (at all school levels). And at preferred distance limits of 3
km (for P and LS levels) and 5 km (for US level), numbers of the low SL schools (L)
become 3 schools (6.0%), 13 schools (26.0%), and 0 schools (0%), respectively, while
numbers of the very high SL schools (VH) become 14 schools (28.0%), 9 schools
(18.0%), and 5 schools (27.78%), respectively. These results indicate that at these
distance limits; percentages of the considered school with low SL values drop

dramatically by idealized method at the P level (from 33.86 to 6%) but they are rather
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comparable at the LS level (from 33.33% to 26%), and noticeably decreased at the US
level (from 12.85% to 0%). This should be due to large drop in number of the
functioning primary schools (from 127 to 50) where most of the discarded ones are the
small-scale schools (according to criteria described in Section 3.2.3). Relatively high
proportion in number of schools with moderate/high/very-high SL values (at all levels)
indicates capability of the used idealized technique to abolish the relatively low SL
ones and to encourage higher service capability to most functioning schools still exist
in the study area (after applying the idealized method).

In term of the travel distance, the result indicates that average travel distances of
the students (by idealized method) are 2.46 km (at P level), 2.40 km (at LS level), and
4.19 km (at US level). The average value of 2.46 km (with the maximum of 7.78 km) at
P level is notably higher when compared to those of present situation (with average 1.62
km and maximum 5.02 km) due to great drop in number of functioning schools (from
127 to 50). However, these numbers should still be reasonably acceptable for the cycling
or motor-vehicle using modes of travelling to school (for the students).

The average values of about 2.40 km (with maximum value of 7.58 km) at the
LS level, and 4.19 km (with maximum value of 12.83 km) at US level, are rather
comparable to those obtained in present scenario (average 2.66 km/maximum 8.33 km
at the LS level and average 4.80 km/maximum 13.16 km at the US level). These
should be due to similar numbers of considered schools (39 to 50 at LS level and 16 to
18 at US level) where most existing old schools at both levels (except ones with rather
low SL values) were still functioned in the idealized scenario. This makes school’s
location maps (before and after applying idealized method) do not look much different

from each other (at each level).
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6.3 School Efficiency Assessment based on P-Median Model

In term of service area, numbers of no-service villages are significantly
dropped with increasing distance limits while numbers of overlapped villages
substantially grow. And like in the idealized or present scenarios, most overlapped
villages (at all levels) are associated with 2-5 schools simultaneously. At the distance
limits of 3 km (for P and LS levels) and 5 km (for US level) preferred by the state’s
policy, no-service villages become 38.60%, 44.24%, and 39.73%, and overlapped ones
are 15.80%, 15.82%, and 7.45%, respectively. These numbers indicate that the
selected schools locations still cannot provide services to most villages found in the
area under these distance limits (about 40% of them are still left out) while the
overlapping problem should not be of much concerned. The high value of no-service
area at LS level (44.24%) should be of particular concerned.

The no-service problem can be substantially solved if the preferred distance
limits are extended, for examples, from 3 km to 5 km at P and LS levels and from 5
km to 7 km at US level. This modification will result in much smaller numbers of no-
service villages, which are 8.58% (P level) and 15.35% (LS and US levels). Otherwise,
more new schools are required at all educational levels of interest.

In term of service loading, it was evident that higher distance limit shall lead to
higher number of the schools with low SL (at all school levels) as expected. At
distance limits of 3km for P and LS levels and 5km for US level, numbers of school
with low SL values (0-50) are about 8.0%, 18.0%, and 0.0%, respectively. This result
indicates that the p-median method can generate fairly satisfied result in term of
reducing number of schools with relatively low SL values and promoting the

moderate/high SL ones.
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In term of the travel distance, it was found that that average travel distances of
the students are 1.97 km (P level), 2.01 km (LS level), and 2.91 km (US level). The
average value of 1.97 km (with maximum of 8.63 km) at P level may be rather higher
than that of the present situation (average 1.62 km and maximum 5.02 km) due to
significant drop in number of the functioning schools (from 127 to 50). However, these
values should be still reasonably acceptable nowadays for the cycling or motor-vehicle
modes of travelling to school of students. However, in the walking mode of travel
students may be able to find some shorter routes (not on the major road network) that
can take them to their schools at shorter distances than the found average value of
about 2 km mentioned here.

The average values of 2.01 km (with maximum of 7.76 km) at LS level, and
2.91 km (with maximum of 12.83 km) at US level, are significantly lower than those
obtained from the present situation (average 2.66 km/maximum 8.33 km at LS level
and average 4.80 km/maximum 13.16 km at US level). These should be due to the
initial conditions of the model that try to determine a specific set of school locations
that provide minimum average travel distance to students, though numbers of schools
preferred at these levels are rather comparable (39 to 50 at LS level and 16 to 18 at US
level) and most existing schools at both levels were still retained by p-median method.

In addition, it was found that the optimum school maps for years 2015 and
2020 do not look much different from each other (and from those for 2007). These
similarities is responsible for outcome of the analysis which evidenced that their
general efficiencies in term of service area (no-service and overlapped service) and

average travel distance to school are also not different much from each other.
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6.4 School Efficiency Assessment based on Gravity P-Median

Model

After the optimum school maps for years 2007, 2015, and 2020 were produced,
efficiency of these preferred school locations were evaluated in term of the travel
distance alone. Like situation seen in case of p-median model, it was found that the
generated optimum school maps of years 2015 and 2020 (at each school level) are not
different much from each other and from those of year 2007. These similarities are
likely to come up from the same set of used potential sites and numbers of population
(at village level) that do not differ much during years 2007-2020 (except in some
areas). Due to the similarity of optimum school maps created for all these years (2007,
2015, and 2020), their general efficiencies in the travel distance term are also not
different much from each other.

IF compare with the gained results of the p-median model for years 2007,
2015, and 2020, the gravity p-median model does rather more poorly, e.g. 4.39 km to

2.91 km (2007) or 3.80 km to 2.56 km (2020).

6.5 Comparison of the Results

Results from the p-median and gravity p-median models were compared to
those obtained from the present and idealized scenarios in terms of:

(1) amount and locations of the preferred schools,

(2) amount of the no-service and overlapped areas (village-based),

(3) number of the low SL schools, and

(4) amount of the average travel distance to school.
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In term of number of functioning schools required for these situations, the
present situation has most advantage at P level with highest number of schools (127)
compared to other situations (50). However, at LS and US levels, it has least number
(39 and 18) when compared to those of other situations (50 and 18). However, several
of the 127 existing P schools (present scenario) are classified as being small schools
and mostly neglected in the formulating of P-level school maps by other methods.

It was also found that school maps (at each school level) obtained from
idealized, p-median and gravity p-median models do not look particularly different
much from each other. These similarities are likely resulted from the similar set of
used potential sites and numbers of preferred school sites of each model.

In term of the service area, at P-level, the present situation did best in term of
the no-service area (due to high number of schools), while idealized and p-median
scenarios did comparably well, e.g. 77.43%, 87.1%, and 87.36% (at 1 km limit),
40.86%, 63.43%, and 64.56% (at 2 km limit), and 11.06%, 35.67%, and 38.60% (at 3
km limit). However, in term of the overlapped area, the idealized scenario did best
(especially at 1-3 km limits) and the present scenario did worst due to high number of
its existing schools (127).

At LS-level, the idealized scenario did best in term of the no-service area,
while the present and p-median scenarios did comparably well, e.g. 37.92%, 46.73%,
and 44.24% (3 km limit) or 6.32%, 15.80%, and 15.35% (5 km limit). But in term of
overlapped area, present situation did best at 3 km limit (10.84%) and the p-median
did worst (15.12%). However, at 5 and 7 km limits, the p-median did best (36.34% and
50.56%) while the idealized did worst (54.63% and 86.23%) though they have the

same amount of functioning schools (50).
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At US-level, the p-median scenario did best in term of the no-service area
follows by idealized scenarios, e.g. 39.73, 47.18 (5 km limit) and 15.35, 18.28 (at 7 km
limit). In both cases, present situation did worst at 53.95% (5 km limit) and 30.93% (7
km limit). But in term of the overlapped area, p-median did best at 5 km limit (7.45%)
but at 7 km and 10 km limits, the present situation did best (at 30.48% and 51.92%).

In term of service loading, at P level, the idealized method did best followed by
the p-median scenarios while the present scenario did worst. For examples, results for
the methods mentioned above are 6.0%, 8.0%, and 33.86% (3 km limit), 12.0%,
26.0%, and 62.2% (4 km limit) and 34.0%, 42.0%, and 49.53% (5 km limit),
respectively. At LS and US levels, the p-median did best followed by the idealized
method while present scenario did worst. For examples, results at LS level are 18.0%,
26.0%, and 33.33% (3 km), 36.0%, 50.0%, and 58.97% (5 km), and US level are
5.56%, 11.11%, and 25.0% (5 km), 22.22%, 38.89%, and 62.5% (7 km).

In term of the travel distance, at P level, present scenario did best in term of the
travel distance (at 1.62 km) due to high number of schools (127). This follows by the
p-median and idealized methods (at 1.97 and 2.46 km). On the contrary, at LS level,
the p-median did best follow by the idealized and present scenario, respectively (2.01,
2.4, 2.66 km). At US level, the p-median also did best follows by the idealized, gravity
p-median and present scenario, respectively (2.91, 4.19, 4.39, 4.80 km).

If consider in term of the maximum travel distance, p-median did worst at P
level (at 8.63 km) while present scenario did best (at 5.02 km). But at LS level, the
idealized did best (at 7.58 km) and the present scenario did worst (at 8.33 km). At US
level, the gravity p-median did worst (at 27.98 km) while results of other methods are

about 13 km.



187

6.6  Suggestions

The works presented in this thesis still have some shortcomings due to the
applied assumptions and the methods used to determine school’s efficiencies, which
should be of particular interest in further study of this kind. These are (for examples):

(1) The SL derivation method might lead to an under-estimation of the SL
values for schools whose service areas being overlapped as, under this situation, these
schools have to compete with each other for having students living over the
overlapping area to attend their school and have to regard all potential students found
in that area to be their target group which is not true in practice. As a consequence, the
interpretation of school’s efficiency in term of the SL values should be done cautiously
with this fact in mind.

(2) The strict school’s service area policy is still not implemented in Thailand
and students can attend any schools available to them regardless of the actual travel
distance. By doing so, the students’ behavior will introduce substantial difficulty in the
interpretation of school’s SL value properly as its actual students can come from many
villages locating outside their service areas not mainly from potential students residing
in its service area as primarily assumed.

The student” performance, moreover, could also result in the potential longer
travel distance to school (average value) than ones gained in the PR-1 case.

(3) The students may take shorter routes to travel to school that do not include
in the available road network maps (especially at P and LS levels or for
walking/cycling modes of travel). This could introduce potential shorter travel distance
to school (average value) than one being obtained by using only formal road network.

This issue is significant and should be investigated more thoroughly especially at the
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primary level.

(4) Limit of school capacity is still not included in the present analysis as it
was only concerned about travel distance. In case of the factor is considered, the
average travel distance might be notably increased from the current obtained values.
This is because all schools have practical limit of their own on the potential number of
students affordable to them, therefore, if the closest schools are not available to the
students; they then have to travel longer to the new available schools within the area.
As a result, school’s capacity should be included if more realistic school maps are
needed.

However, limit of school’s loading capacity can be purposely improved if state
need to fully implement the strict school’s zoning system that requires students to
simply attend the closest available schools to their residences.

(5) All potential students were assumed to attend the state-run schools which
IS not true as in reality only about 70-80% of total students (at each level) attend state-
run schools while most of the remaining private schools locating in the area.
Moreover, a lot of potential students may not have chances to go to school as expected,
which makes real number of the attending rate lower than what should be in the
considering ideal cases. Hence, knowledge on actual school’s attending rate may help
in finding more valid data of school’s efficiencies, especially, in term of the service

loading.
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APPENDIX A

GENERAL INFORMATION AT TAMBON LEVELS

Table A1.1  General data for Bang Len District (listed by tambon).

Code Official name POP Are? PO_P Number of
English Thai (2007) ~ (km%) density \y_  scH

TB1 Bang Len STRNIG) 10,850 48.96 221.61 12 5
TB2 Bang Luang VNHAN 9,083 40.65 223.44 21 7
TB3 Bang Phasi VNME 9,307 37.42 248.72 13 6
TB4 Bang Pla vt 6,674 85.98 77.39 15 3
TB5 Bang Rakam PNIZM 9,151 36.46 250.99 15 3
TB6 Bang Sai Pa 1141nsth 5,806 21.96 264.39 10 2
TB7 Bua Pak Tha 11nm 4,450 23.76 187.29 5 5
TB8  Don Tum ADUAN 4674 2551  183.22 11 3
TB9 Hin Mun ﬁm;!a 5,874 55.84 105.19 12 2
TB10 Erg?h“fngmk AmeunnIzTe 3688 4407 8369 11 2
TB11  Lam Phaya angn 4,177 19.66 212.46 11 3
TB12  Naraphirom UNATNG 4,754 33.45 142.12 11 4
TB13  Nin Phet UALNYS 4,357 30.15 145.51 10 2
TB14  PhaiHuChang  Triyda 4,026 2952  136.38 7 2
TB15  Sai Ngam Tnsaw 5,348 41.51 128.84 11 4

Total 92,219 57493  160.40 180 53

Note: POP = Population; VIL = Village; SCH = School.
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Table A1.2  General data for Nakhon Chai Si District (listed by tambon).
Code Official name POP Are? POP Number of
English Thai (2007)  (km?) - density ) ooy

TN1 Bang Kaeo 1aui 3,564 10.78 330.61 4 1
TN2  BangKaeoFa  mnaudaih 3,006 6.71  447.99 5 1
TN3 Bang Krabao VNI 4,891 8.31 588.57 3 1
TN4 Bang Phra VNN 2,667 7.39 360.89 4 1
TN5 Bang Rakam PNIZM 9,151 8.17 1120.07 4 1
TNG6 Don Faek aouLEn 2,839 2.95 962.37 4 1
TN7 Huai Phlu ﬁ]ﬂwg 4,280 3.14 1363.06 5 2
NG okPhe Tanwssdd 4487 1314 34148 5 2
TN9 Khun Kaeo YU 6,787 19.15 354.41 4 3
TN10  Laem Bua uraui 6,841 6.60 1036.51 8 8
TN11 Lan Tak Fa auanih 6,868 8.79 781.34 5 2
TN12 Nakhon Chai Si  uas%oe3 10,986 3.14 1278.03 3 2
TN13  Ngio Rai 390 2868 2181 13150 4 1
TN14  Phaniat Nt 3,756 10.53 356.70 4 1
TN15  Tha Krachap MNILHY 3,877 23.98 161.68 4 2
TN16  ThaPhraya NINTZH 3,502 1151 304.26 5 2
TN17  Tha Tamnak MANN 7,182 1251 574.10 4 1
TN18  Thaiyawat Tnene 2,911 24.28 119.89 4 1
TN19  Sampathuan duiniu 3,831 6.18 619.90 6 2
TN20  Sisa Thong ATHETNOY 6,908 6.07 1138.06 5 2
TN21  SiMahaPho  efuming 3775 604 62500 5 1
TN22  Wat Khae 9 2,584 17.72 145.82 4 2
TN23  Wat Lamut Inazya 5,124 8.61 595.12 5 3
TN24  Wat Samrong a5 1,840 7.37 249.66 4 1

Total 110,066  265.55 405.02 108 40
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Table A1.3  General data for Phutthamonthon District (listed by tambon).
Code Official name POP Are? PO'.D Number of
English Thai (2007)  (km’)  density SCH
TP1  Khlong Yong RGRRIER 7,437 25.25 294.53 8 3
TP2  Maha Sawat wmaian 6,257  16.93  369.58 4 2
TP3  SalaYa 1811 16,034  29.85  537.15 6 5
Total 29,728  72.03 41272 18 10
Table A1.4  General data for Sam Phran District (listed by tambon).
Code Official name POP Areg PO'.D Number of
English Thai (2007)  (km?)  density v scH
TS1  Ban Mai il 8,977 19.36  463.69 5 2
TS2  Bang Chang 119919 7,531 1801  626.03 11 4
TS3 Bang Krathuek 11905ENN 9,325 14.59 639.14 8 2
TS4 Bang Toei UIUANY 3,953 8.70 293.68 7 1
TS5  Hom Kret Youin3a 7,863 1152 903.79 6 2
TS6  Khlong Chinda  Aa®daua 10232 19.60 522.04 14 6
TS7  Khlong Mai Aaod 11w 9,778 1346  623.99 7 3
TS8  Krathum Lom n3gudn 16,106  13.35  1740.65 9 2
TS9  Om Yai doulng) 15399 1567  418.11 8 2
TS10  Rai Khing 1594 21,955  12.03  1644.56 14 4
TS11  Sam Phran NI 11,491 925  966.44 9 2
TS12  Song Khanong NIIAUN 4,082 11.46 354.34 6 1
TS13  Talat Chinda ARIAIUA 7,671 36.83 391.38 11 4
TS14  Tha Kham M 9,712 5.57 847.47 6 1
TS15  Tha Talat RELRE 14590  11.89  2691.88 10 2
TS16  YaiCha 81091 8,201 5.42 45536 6 2
Total 167,825  226.69  740.33 137 40




GENERAL INFORMATION OF THE STUDIED

APPENDIX B

SCHOOLS

Table B1 School data for Bang Len District (2007).
Code Official name TAM Level STD Scale
English Thai
SB1  Ban Phai Cork Wua hu'liaents TB1 P 108 S
SB2  Wat Kasem Suriyumnai  Jansugsiuua TB1 P 198 M
SB3 Ban Bang Len Tunaau TB1 P 583 M
sp4  DBanPratunam Pra tnlssgiszive  TBL PILS 388 M
Pimon 9
SB5 Bang Len Wittaya V19@UING TB1 LS/US 1180 L
SB6 Ban Lad Luang. Tuaanai TB2 P 32 S
SB7  Ban Nong Mamuang Munuewzaiie TB2 P 74 S
SB8  Wat Lutti Wanaram Jadgganaw TB2 P 87 S
SB9 Wat Bang Noi Nai Jarnarieslu TB2 P 100 S
SB10  Wat Ratsamakkhee Jasgsanind TB2 P 120 S
SB11  Wat Bang Luang IAVNNAN TB2 P 419 M
SB12  Bangluang Wittaya. 1UNHANINY TB2 LS/US 274 M
SB13  Ban Rang Pla mor thusidamue TB3 P 108 S
SB14 I?/I?r;lsoar;g Pra Muaaenszueiide TB3 P 61 S
SB15  Ban Rang Krg Tum Tusunszu TB3 P 96 S
SB16  Wat Rang kamyard ELERNRVEATS TB3 P 193 M
SB17  Talad Rang Kra Tum ARIATNNIZY TB3 P 310 M
SB18  Wat Beung Lardsawai Fadlaaraane TB3 P/LS 287 M
SB19  Wat Koh Rat IUMzuIa TB4 P 202 M
SB20  Talad Koh Rat AAANITUTA TB4 P/LS 139 M

Note: 1. TAM = Tambon; STD = Number of total students.
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Table B1 School data for Bang Len District (2007) (Continued).
Official name
Code TAM  Level STD  Scale
English Thai
SB21  Wat Bang Pla Taunala TB4 P/LS 236 M
SB22  Ban Nong Prong. thunuestlss TB5 P 84 S
SB23  Wat Suk Wattanaram Jaguimnngu TB5 P 170 M
SB24  Thai Rath Wittaya 4 IneSyine 4 TB5 P/LS 148 M
SB25  Wat Pha Sukaram eI GIREREY TB6 P 144 M
SB26  Wat Bang Pai Nart SITARYIMVRETS TB6 P 154 M
SB27  Wat Borrn Yai Tavoulng TB7 P 39 S
SB28 Ban Nong Prong Thunuelsamaaun TB7 P 90 S
Kanchna X
SB29  Talad Charoensuk AAIALIIYY TB7 P 149 M
SB30  Wat Bua Wan Fatiom TB7 P 200 M
SB31 BuaPak Tha Witthaya. 1iihnnanen TB7 LS/US 331 M
SB32 Wat Lad Sakae PLLRELEA TBS8 P 39 S
SB33  Wat Don Yo IAADUYD TB8 P 154 M
SB34  Wat Lan Car U TB8 P/LS 369 M
SB35 Ban Phai Luang thulrvans TB9 P 65 S
SB36  Wat Silamul Jadaya TB9 P 241 M
SB37 E{:Qtrlﬁ:]lgng Nok thunaesunnszne TB10 P 43 S
SB38  Wat Bang Phasi Jaunmb TB10 P 111 S
SB39  Wat Weluwana Ram AT TB11 P 154 M
SB40  Wat Lam Phaya Tadman TB11 P 261 M
SB41  Sathaphorn Wittaya ADINIING TB11  LS/US 334 M
SB42  Ban Naraphirom thuunsud TB12 P 63 S
SB43  Wat Phramor phisai Janszuendy TB12 P 89 S
SB44  Wat Sawang Arrom Jaasersual TB12 P 108 S
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Table B1 School data for Bang Len District (2007) (Continued).
Official name
Code TAM Level STD Scale
English Thai
SB45  Wat Naraphirom Jaunasud TB12 P 364 M
SB46  Wat Bua Pak Tha Jatitham TB13 P 107 S
SB47  Wat Nin Phet Tatanys TB13 P 203 M
SB48 Ban Phai Lom Thu'lidou TB14 P 47 S
SB49  Wat Pai Hu Chang Sa'liyana TB14  P/LS 296 M
SB50  Wat Phai Jawrakhae Ja'lrasl TB15 P 70 S
sps1  WatPhaisam Salkiauida TB15 p 70 S
Tamlung.
SB52 Wat Kasettraram FANHATITIY TB15 P 169 M
SB53  Wat Pho Salnd TB15  P/LS 376 M
Table B2 School data for Nakhon Chai Si District (2007).
Official name
Code TAM Level STD Scale
English Thai
SN1 Prock Keaw Wittaya UsnuArinen TN1 LS/US 193 M
SN2 Wat Bang Phra IAUNNTE TN2 P/LS 324 M
SN3 Wat Tockkata Ja@nmm TN3 P 307 M
SN4 WatKlang Janan TN4 P 126 M
SN5  Wat Bohtakua fatonzi TN5 P 154 M
SN6 Ban Khlong Bang Kra TMuABBIUNNTL T TNG6 P 77 S
Chan

SN7 Ban Huay Plu Thuieng TN7 P 90 S
SN8 Wat Huay Plu Jaraowg TN7 P 338 M
SN9 Wat Kok Prajadee Falanwszad TNS P/LS 537 M
SN10 Wat Prachanat Jatlszanng TN9 P 195 M
SN11 Wat SawangArom Faarieensual TN9 P 221 M
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Table B2 School data for Nakhon Chai Si District (2007) (Continued).
Official name
Code TAM Level STD Scale
English Thai
SN12  Wat Si Maha Phot Jaasum InGg TN9 P/LS 392 M
SN13  Ban Huag Krod thuionsa TN10 P 118 S
SN14  WatThong Sai Yaoelns TN10 P 132 M
SN15  Wat Thung Noi Sarjarteu TN10 3 167 M
SN16 WatKok Khema Jalanin TN10 P 226 M
SN17 Laem Bua Wittaya urauIINe TN10 LS/US 408 M
SN18  WatPhut Thamrangsi  Jawns53suss TN11 P 96 S
SN19  Wat Lan Takfa Jamuainih TN11 P 259 M
sNzo  Wat Klang Bang Jana1au1anna TN12 P 851 L
Kaew

SN21  Poem Wittaya iuinen TN12 LS/US 342 M
SN22  Wat Ngyu Rai ot TN13 p 363 M
SN23  Wat Huay Tako JartaoazIn TN14 P 228 M
SN24  Khlong Tang laung ABBINIINA TN15 P 226 M
SN25  Wat Sai Ia'lns TN15 P 510 M
SN26  Wat Noi Yatlou TN16 P 164 M
SN27  Ploy Chaturachinda NADY W IIUA TN16 LS/US 170 M
SN28  Wat TaTum Nak Famdmiin TN17 P 408 M
SN29  Wat Thaiyawat Fa'lnerna TN18 P 111 S
SN30  Wat kok tarn nnata TN19 P 260 M
SN31 Wat Klang Ku Wiang  Jananagies TN19 P 308 M
SN32  Wat Satan Rattanaram  Jauadesinunsuy TN20 P 94 S
SN33  Wat Srisatong TafTbznes TN20 P/LS 530 M
SVTICA Rai Bunminest £ . eifi3ergy TN21  LSIUS 605 L
SN35  Wat Sampathuan Jaduilnou TN22 P 139 M
SN36 Pattanayarn Wittaya SMIYIVUIN TN22 LS/US 1326 L
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Table B2 School data for Nakhon Chai Si District (2007) (Continued).
Official name
Code TAM Level STD Scale
English Thai
SN37 Ban Larn Laem Thuatuuvau TN23 P 163 M
SN38 Wat Lamut Taoziya TN23 P 180 M
SN39 Wat Mal Jalmigausisw TN23 P 200 M
Sukhontharam :
SN40 Wat Samrong Jad1se TN24 P 120 S
Table B3 School data for Phutthamonthon District (2007).
Official name
Code TAM Level STD Scale
English Thai
SP1 BoonyaSrisawat. umﬂﬁ?ﬁ%ﬁﬁl TP1 P 477 M
spp  Ban Khiong thunaesainaersual TP1 P/LS 105 S
Sawang Arrom
SP3  Wat Makleur Jauzinde TP1 PILS 550 M
SP4 Ban Khlong fhunasamaian TP2 P 106 S
Mahasawad
SP5  Ban Khlong Yong. thunasale TP2 PILS 248 M
SP6 Wat Suwannaram. AYITIUITN TP3 P 178 M
SP7  Wat Salawan Taaaiu TP3 P 319 M
PraTumNak wszdminaaunra
SP8  Suankularbmaha TP3 P 1810 VL
Mongkon uMIna
Rattanakosin Sompotch FauTnduniaulny
SP9 Bovornnives Salaya. I TP3  LSUS 1772 VL
SP10 Ka}nchona.plsek MYINANINGITY TP3 LS/US 2304 VL
Wittayalai
SS1  Bang Pradaeng thuailszua TS1 P 194 M
SS2  Wat Tian Datt Taiouana TS1 P/LS 566 M
SS3  Ban Bang Muang IR TRRPLER TS2 P 83 S
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Table B4 School data for Sam Phran District (2007).
Official name
Code TAM Level STD Scale
English Thai
SS1  Bang Pradaeng thuailszua TS1 P 194 M
SS2 Wat Tian Datt Jarouda TS1 P/LS 566 M
SS3  Ban Bang Muang uasag TS2 P 83 S
SS4 Ban Hua Ao. thuen TS2 P 96 S
SS5 Wat Choeng Len Jouzaau TS2 P 175 M
SS6  Wat Bang Chang Tai Faunadald TS2 P 445 M
SS7 Klong Bang Kratuek ABBILNNTEAN TS3 P 274 M
SS8  Wat Don Wai IAADUNIY TS3 P/LS 1349 L
SS9 Ban Bang Toei RITRTARIEYY TS4 P 170 M
SS10  Ban Hom Kret thusneunia TS5 P 164 M
SS11  Wat Hom Kret Janounia TS5 PILS 737 L
SS12  Ban Pard Mon Thumanueu TS6 P 53 S
SS13  Ban Chang Tunng TS6 P 84 S
SS14  Ban Klong Chinda ThunaesIum TS6 P 90 S
SS15  Wat Preedaram TalSansm TS6 P 257 M
SS16  Wat Wang Nam Khao Safuihn TS6 P/LS 371 M
SS17  Pridaram Wittayakhom  d3amswaneauy TS6 LS/US 332 M
SS18  Wat Bang Chang Fanathamile TS7 P 73 S
SS19  Ban Don Thong Tuaeunes TS7 P 101 S
SS20  Ban Khlong Mai thunasalvi TS7 P 428 M
SS21  Ban Plern Wattana Tumauiann TS8 P 310 M
S§S22  Ban Kratum Lom thunsgjudu TS8 P/LS 1063 L
SS23  Wat Om Yai fasoulng) TS9 P 311 M
SS24  Ban Khlong Lad Aom  thuaaesdadeulng TS9 P 382 M
SS25  Wat Deja Nusorn. Jaamyasal TS10 P 117 S
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Table B4 School data for Sam Phran District (2007) (Continued).
Official name
Code TAM Level STD Scale
English Thai

SS26  Wat Tha Pued Javiya TS10 P/LS 1179 L
SS27  Wat Rai Khing Ta'l53s TS10 P 2027 VL
SS28  Wat Rai Khing Wittaya  Jal33sinen TS10 LS/US 2812 VL
SS29  Ban Dong Ket Thuaang TS11 P 341 M
SS30  Ban San Phran Tueuns v TS11 P 615 L
SS31  Wat Songkanong IANTIAUDY TS12 P 146 M
SS32  Ban Tak Dad uanuaa TS13 P 55 S
SS33 blpj)zrt]f?uljr?h Cham vananieusugliug TS13 P 80 S
SS34  Wat Rat Sattharam Janmgiasnssw TS13 P 163 M
SS35  Wat Jinda Ram 03UA13 Y TS13 P/LS 790 L
SS36  Wat Tha Kham. Famaw TS14 P 191 M
SS37  Ban Tha Talad umaaia TS15 P 97 S
SS38 ;glgrhor'ROh'RajaWitta n.1l.3. 519981809 TS15 LS/US 1269 L
SS39  Wat Sanphet INATINTDY TS16 P 522 M
SS40  San Phran Wittaya AN IUIN TS16 LS/US 1170 L




APPENDIX C

DATA FOR THE IDEALIZED METHOD

Table C1.1 Information of the 50 selected sites at P level (idealized).
Bang Len (23) Bang Len (23)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SB3 P L Thuaau TB1  SB30 P M Sataniu TB7
SB6 P S Tuaanais TB2 SB34 P/LS M Jaaum TB8
SB7 P S thunueawzine TB2  SB36 P M Jafaiya TB9
SB11 P L FAUHAN TB2 SB39 P M Janyiunsi TB11
SB16 P M 1AITNMEA TB3  SB40 P M Fa N TB11
SB18  PILS M jallsamene  TB3  SB44 P M Jaeineensual TB12
SB20  P/LS M amamzusa TB4 SB45 P M Sausidsud TB12
SB21  P/LS M Jaunalan TB4  SBA47 P M atiams TB13
SB23 P M Saguvimmsw  TB5 SB49 P/LS M Jaldydne TB14
SB24  P/LS M Inesginer 4 TB5 SB52 P M Janyasisu TB15
SB26 P M Jaudlwusa  TB6  SB53  P/LS M falni TB15
SB29 P M AAALIT YA TB7
Nakhon Chai Si (12) Nakhon Chai Si (12)

Code Level Scale Officialname TAM Code Level Scale Official name
SN2 P/LS M ¢IRNTEH TN2 SN14 P M Janoalns TN10
SN5 P M fadoazi TN5  SN20 P L Sananwnaudy  TNI12
SN8 PILS L Jaeng TN7 SN2 P L Saiase TN13
SN9  P/LS L Z;I;ﬂwjg TN8  SN25 P L Ja'lng TN15
SN10 P M Jalszrnag TN9  SN30 P L Jannaa TN19
SN12  P/LS L Jaaium Ing TN9 SN33 P/LS M TarEHEN09 TN20




Table C1.1

208

Information of the 50 selected sites at P level (idealized) (Continued).

Phutthamonthon (4)

Phutthamonthon (4)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SP3  PILS M Jauzinde TP1  SP6 P M Jagissansw TP3
SP5  P/LS L thusasales TP2  SP8 P VL  wszdmiing TP3
Sam Phran (11) Sam Phran (11)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SS2  P/LS VL Smiousn TS1 SS26 P/LS L faviwm TS10
SS8 PILS VL Sagounne TS3  SS27 P VL  Halsas TS10
SS11  P/LS L Saviouinia TS5 SS30 P VL {fhuauws TS11
SS15 P M Ja1lsa13w TS6 SS35 P/LS L JAUA15 1M TS13
SS16 PILS M Safuinm TS6  SS39 P M Saasamy TS16
§S22  PILS VL  {hunszqudy TS8

Note: TAM = Tambon, Scale = Resulted school scale in the clustering scenario.

Table C1.2 Data of the 50 selected sites at LS level (idealized).
Bang Len (20) Bang Len (20)
Code Level Scale Officialname TAM Code Level Scale Official name TAM
SB4 P/LS M ﬁ’mﬂsg@ﬁ”msgﬁua TB1 SB30 P M Sarfansu SB30
SB5 LS/US L 11911 INN TB1 SB31 P/US M {haminen  SB31
SB6 P S Tuanai TB2 SB34 P/LS M Faaum SB34
SB7 P S TUNUILNI TB2  SB40 P M Iaaman TB11
SB12 LSUS M 1NA1INN TB2 SB41 LS/US M ADNIIN SB41
SB16 P M Sasudmea TB3  SB44 P S damiwerswal  TB12
SB18 P/LS M Satainae TB3  SB45 P M Sausnsud TB12
SB20  P/LS S AAANIZIIA TB4 SB49 P/LS S Fa'lriyda TB14
SB21  P/LS S Jaunadan TB4  SB52 P M JAUNEATITIN TB15
SB24  PILS S neSyinens TB5 SB53 PILS M  Salwi TB15
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Nakhon Chai Si (12)

Nakhon Chai Si (12)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SN1 LS/US M  4fspuddnen TN1 SNI19 P M Saauanih TN11
SN2 P/LS M Saunanse TN2 SN21 LSUS M jiusnen TN12
SN8 P/LS S daewg TN7  SN27 LSMUS M  yaosngsauar  TN16
SN9 P/LS M Salannszaad TN8 SN33  P/LS M Sedsyeneg TN20
fasmutyﬁ
SN12  P/LS M - TN9 SN34 LSUS M » TN21
’Jﬂﬁ‘iu‘ﬂﬂ‘W‘ﬁ ‘Nﬁi]‘klﬂ
SN17 LS/US M wawiamen TN10 SN36 LS/US L fnsapainen TN22
Phutthamonthon (6) Phutthamonthon (6)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
01310
SP3 P/LS M Sauzinde TP1 SP9  LS/US L ulndund TP3
SP4 P - fhupaeswmataa TP2  SP10 LSMUS L ggmindina TP3
Sam Phran (12) Sam Phran (12)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SS2 P/LS M Safteusa TS1  SS22 P/LS M fhunsejudu TS8
SS6 P M Sauneengld TS2  SS26 P/LS M Sarimya TS10
SS8 P/LS M Saaeuning TS3  SS28 LS/US L 5al5995nn TS10
SS11 P/LS M Sevieounse TS5  SS35 P/LS M Sa5uesiu TS13
SS16 P/LS M SaSnhun TS6  SS38 LS/US L qa)55m TS15
Ine1aga
SS17 LSUS M EasusSnean TS6  SS40 LS/US L awwswdne TS16
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Table C1.3  Data of the 18 selected sites at US level (idealized).
Bang Len (5) Bang Len (5)
Code Level Scale Official name TAM Code Level Scale Officialname TAM
SB5 LS/US M  waauinn TB1 SB31 LS/US ) 11hamIne TB7
SB12 LS/US S YNHANING TB2 SB41 LS/US S ADIMNTING TB11
SB18 P/LS S  Saileewans  TB3
Nakhon Chai Si (6) Nakhon Chai Si (6)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SN2 P/LS M iﬂﬂ1iw53 TN2 SN21 LS/US S lﬁlﬁ‘ﬂﬂ‘l TN12
SN9 PILS M Salannsziaag  TN8  SN34  LS/US M c—
. Y TN21
JIAYHA
SN17 LS/US S uﬁauﬁ’ga‘wﬂq TNlO SNSG LS/US M ﬁwifyﬂm%ﬂﬂﬂl TN22
Phutthamonthon (2) Phutthamonthon (2)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
anlnya
Sam Phran (5) Sam Phran (5)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SS2 LS/US M  Sadisusa TS1 SS38 LS/US M n.4.5.519mMedeq TS15
SIELRERTY -
SS17 LSIUS S _ TS6 SS40 LS/US M TN IUINN TS16
IMNYIY
SS28 LS/US L Falivaane TS10 - - - - -




APPENDIX D

DATA FOR THE P-MEDIAN AND GRAVITY P-MEDIAN

MODELS

Table D1.1  Information of the 75 potential sites at P level (p-median).

Bang Len (30) Bang Len (30)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM

sB2 P M FunuNgI iU TB1 SB36 P M Jafaya TB9
sB3 P M thupaau TB1 SB39 P M Janyungw  TB11
SB4  PLS M fuphsgiwisina TBL SB4O P L adnmp TB11
SB11 P L Fananang TB2 SB44 P M Jamdwersuel  TB12
SB14 P M thunasanszueiids B3 SB46 P M Fatinthnm TB13
SB16 P M Jasafmena B3 SB47 P L Saiiaimnass TB13
SB18 P/LS M Saflamaane TB3 SB48 P S Tu'lidew TB14
SBI9 P M Sumsisa TB4 SBAY PLS M ialiwdhe TB14
SB20 P/LS M AANIZUTA TB4 SB52 P M SaNyATII TB15
SB21 P/LS M Sauratlan TB4 SB53 P/ILS M Sains TB15
SB23 P M Jaguianniw ™85 SB17 P M amasunsziy 183
SB25 P M Jamgmam TB6 SB24 P/ILS M Inesginen 4 TB5
SB26 P M Saunaliusn TB6 SB29 P M ANANT Y TBY
SB30 P M Sati s TB7 SB33 P M Sanougo TB8
SB34 P/LS M Saarum TB8 SB45 P M Saus1Asud TB12
SN8 PILS M Saowg TN7 SN2 PILS M Jau1anse TN2
SN9 PILS M Salannsziaad TN8 SN4 P M Janang TN4
SN10 P L Satlszaniunn TN9 SN5 P M Jarenzi TNS
SN12 P/LS L JassumIng TN9 SN11 P M Jaaeerswai  TN9
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Information of the 75 potential sites at P level (p-median) (Continued).

Nakhon Chai Si (24)

Nakhon Chai Si (24)

Code Level Scale Official name TAM Code Level Scale Official name TAM
SN19 P M Faamanih TN11 SN14 P M Jaftoalns TN10
SN20 P L Fanarauiauia TN12 SN16 P M Jalanmin TN10
SN22 P M Satme TN13 SN23 P M JartroazIn TN14
SN25 P L Fa'lng TN15 SN24 P M ANDINTNHAN TN15
SN26 P L Jarloy TN16 SN31 P M Janannagis TN19
SN28 P M daidnin TN17 SN33  PILS M dariuenos TN20
SN30 P L annata TN19 SN35 P M Jaduinu TN22
SN39 P L Jalnigausism TN23  SN37 P M dhuawuvay TN23
Phutthamonthon (5) Phutthamonthon (5)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SP3  P/LS L Jauzindo TP1 SP1 P M umﬂﬁ%ﬁiﬁ?{ TP1
SP5  PLLS L  thunaaeiles TP2  SP6 P M Sagassanam TP3
SP8 P VL wazdmiing TP3
Sam Phran (16) Sam Phran (16)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SS2  PILS L Jareuan TS1 SS35  PILS L Javuesm TS13
SS6 P L deunield TS2  SS39 P L Saassmagy TS16
SS8 P/LS VL  Jaesunne TS3 SS9 P M fhutnaae TS4
SS11  PILS Fanoun3a TS5  SS15 P M dadieansw TS6
SS16  P/LS Safnim TS6  SS20 P M fhunasslui TS7
SS22 P/LLS VL  tfhunssijudy TS8 SS26 P/ILS L Senwa TS10
SS24 P L Tunasada“ TS9  SS31 P M Jansenues TS12
SS27 P VL  dalsts TS10 SS40 P L dhwuawwsu TS11

Note: TAM = Tambon, Scale = Resulted school scale in the p-median scenario.
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Table D1.2  Information of the 75 potential sites at LS level (p-median).

Bang Len (30) Bang Len (30)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM

SB2 P M Sanbuaiiuun TB1 SB34 P/LS M Saarua TB8
SB5  LS/US L aauIne TB1 SB36 P M Jadaya TB9
SB12 LS/US M UaNa13INeN TB2  SB40 P M Jadman TB11
SB16 P M Sasusmenn TB3 SB4l LS/US M anmsinn TB11
SB17 P M aaasunssjy  TB3  SB44 P S Semdwewwsl  TBI2
SB18 PLS M Safmwas  TB3  SB46 P S Jmimhnin TB13
SB19 P M Samzusa TB4  SB48 P S STRITR LYY TB14
SB20 PILS S aammmsa  TB4  SBAY PSS glindng TB14
SB21  PILS S Jarnaan B4  SB52 P M Sanuasisw TB15
SB23 P S aguiannsw  TB5  SB53 PLS M alyi TB15
SB25 P M Samgms TB6 SB4 PLS M funlegimsz TB1
Wya
SB26 P M Saualduse TB6  SBl4 P M fhupaowwszwe  1B3
Wy
sB29 P M aaandyre TB7 SB24 PLS S lygszinens  TB5
SB30 P M Sy TB7  SB33 P M Janouwe TB8
SB31 LS/US M s hnnanen TB7  SB45 P M Sausiasue TB12
Nakhon Chai Si (24) Nakhon Chai Si (24)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SN1 L M Jsnudane TN1 SN34 LS/US M ’35'351834@3‘3 TN21
SaAnuA
SN8 P/LS M Sadaemg TN7  SN36 LS/US L fmsanainn TN22
SN9  P/LS M Salanwszedg  TN8  TN2 - - Jaunange TN2
SN12  P/LS M SaetunIng TN9  TN3 - - @902 TN3
SN17 L M uraviiIne TN10 TN4 - - AUNNTE TN4
SN21 L M e TN12 TN5 - SCRTARCET TNS
SN27 LS/US M WanuIYIIUM TN16 TNG6 - - A.ADULUAN TN6

SN33  PILS L Sasusnog TN20 TN11 - T TN11
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Information of the 75 potential sites at LS level (p-median) (Continued).

Nakhon Chai Si (24)

Nakhon Chai Si (24)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM
TNI4 - - anzilen TN14 TNI3 - - A TN13
TN17 - - gD TN17 TN15 - - A.NTZHU TN15
TN18 - M alnemna TN18 TN19 - - adudnu TN19
TN24 - - a.3ad1159 TN24 TN23 - - a.Jnazya TN23
Phutthamonthon (5) Phutthamonthon (5)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
P3PS M memde  TPL sp2 PS5 Mmoo
1T
SP5  P/LS S thumaesles  TP2  SP9  LS/US M Saulndunsa TP3
SP10 LS/US VL  mgawnawna  TP3 - - - - -
Sam Phran (16) Sam Phran (16)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SS11  PILS L Javiounia TS5  TS11 - - A.AWNTIY TS11
SS17 LS/IUS M lﬁmim TS6  TS12 - - A.N59AUDY TS12
NIy
S§S22  PILS M thunsgqudy TS8  SS2 PILS M Jaifiouda TS1
SS35  P/LS M IATUMTIN TS13  SS8 P/LS M IAADUNNY TS3
SS40 LS/US L awmswinn TS16 SS16 PILS M Safuinm TS6
TS2 - - A.019919 TS2  SS26 P/LS M Jamya TS10
TS7 - - a.naoq i TS7 SS28 LS/US VL Jalidainn TS10
TS9 - - a.8oulng TS9O SS38 LS/US L adsswineden TS15
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Table D1.3  Information of the 58 potential sites at US level (p-median).
Bang Len (15) Bang Len (15)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SB5 LSUS L  wusauine TB1  TB15 - - allnsaw TB15
SB31 LSUS S ihihaidnn TB7 SB12 LSMUS S qwaninn T2
SB41 LS/US S ADINSINY TB11 TB3 A.U19NH B3
TB4 - - anatdm TB4 TBS8 A.ADUYN TBS
TBS - - A58 TB5 TB10 f.AA0UNNTZIN TB10
TB6 - - avnlnsih TB6 TB12 A.UTATUE TB12
TB9 - M adiuya TB9 TB14 a. Triygans TB14
TB13 - - . amys TB13 - - - )
Nakhon Chai Si (24) Nakhon Chai Si (24)

Code Level Scale Officialname TAM Code Level Scale Official name TAM
SN17 LSMUS S unawi TN10 SN27 LS/US S :jaﬂm@nu SN27
SN21 LSMUS M wiwine TN12  TN7 - M asfong TN7
TN1 - - A TN1 TN14 - - awgiion TN14
TN2 - - avwdih TN2 TN15 - - awnsedu TNIS
TN3 - - AuwNATEAN TN3 TN17 - - amdgmin TN17
TN4 - - AansY TN4 TN18 - - alnoma TN18
TN5 - - auusih TN5 TN19 - - adulnu TN19
TN6 - - anouurn TN6 TN20 - - afswzmes  TN20
TNS - - alannszwedd  TN8 TN21 - - aduming  TN21
TN9 - - aquui TN9 TN22 - - a.Saun TN22
TN11 - - aaumnth TN11  TN23 - - A dnazym TN23
TNIZ - - atse TN13  TN24 - - adadilse TN24
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Information of the 58 potential sites at US level (p-median) (Continued).

Phutthamonthon (3)

Phutthamonthon (3)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SP9 LSUS L fyuinduns TP3 SP3  PILS M Sppznio TP1
anlnwist
SP10 LS/US L MYIUIALEN TP3
Sam Phran (16) Sam Phran (16)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SS17 LS/US S Sawwinewy  TS6  TS1 - - athulm TS1
SS38 LS/US L nalssInedsn TS15  TS3 - - CRTREEEA TS3
S§S28 LS/US L 15333 TS10 TS8 - - anszudu TS8
SS40 LS/US L UNI NN TS16  TS9 - - adoulug TS9
TS2 - - aueda TS2  Ts11 - - aammsy TS11
TS4 - - A.UNNY TS4 TS12 - - A.NTIAUDY TS12
TS5 - - ERIGIIGER TS5 TS13 - - #.A01ATUA TS13
TS7 - - anaealui TS7  TS14 - - ahdhw TS14
Table D1.4 Information of the 59 potential sites at US level (gravity p-median).
Bang Len (15) Bang Len (15)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SB5  LS/US M weauIne TB1  TB9 - - ERTIG TB9
SB12  LS/US S wmwmanIimen  TB2 TBS - - A.ADUAN TB8
SB31 LS/US S dithanamen  TB7  TB10 - - anaeunnszi  TB10
SB41 LS/US S a;mwmsine TB11 TB12 - - aundsd TB12
TB3 - - A.UNME TB3  TB13 - - AT TB13
TB4 - - avwlm TB4 TB14 - - aldydna TB14
TB5 - - A.U195EM TB5  TB15 - - a.Tnsaw TB15
TB6 - - a.nelnsth TB6  TB10 - - f.Aa0IUNNTENe  TB10




Table D1.4

(Continued).
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Information of the 59 potential sites at US level (gravity p-median)

Nakhon Chai Si (24)

Nakhon Chai Si (24)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM
TN2 - - aaudadh TN2 SN36 LS/US M  snsanaine TN22
TN3 - - RT N FEARTh| TN3  TN17 - - AN TN17
TN4 - - AU TN4  TN18 - - alnema TN18
TNG6 - - a.a0uudn TN6  TN19 - - a.duilnu TN19
TN8 - - a.lannsznad TN8  TN20 - - A.ATHINDY TN20
TN9 - - aquui TN9 TN21 - - asuming TN21
TN11 - - aauanih TN11 TN23 - - ajdaezym TN23
TN15 - - AMINTEFY TN15 TN24 - - a.3ad1 159 TN24
Phutthamonthon (4) Phutthamonthon (4)

Code Level Scale Officialname TAM Code Level Scale Officialname TAM
TP2 TPL  TPL  awmaiad TP2  SP9 LS/IUS M Saulndunia TP3

TP1 TP1 TP1  a.aaedles TP1 SP10 LSUS L MYUAAA TP3

Sam Phran (16) Sam Phran (16)
Code Level Scale Officialname TAM Code Level Scale Officialname TAM
SS17  LS/MUS S 3151 TS6 TS3 - - A.U1NTEN TS3
Ineran
SS38 LS/US L a5 579% TS15 TS9 - - a.doulng) TS9
Inde

§S28 LS/US L Y4355nen TS10 TS7 - - aaaedluy TS7
SS40 LS/US L AU INEN TS16  TS8 - - A.nTERURY TS8
TS1 - SN TS1 TS11 - e — TS11
TS2 - -t TS2  TS12 - - ansnaues TS12
TS4 i B RTRNTE TS4  TS13 - T aamaTum TS13
TS5 - T aveunia TS5 Ts14 - - s TS14
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