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Abstract Despite an extensive system of public
schools, Abbottabad, Pakistan has a chronically low
literacy rate. A factor contributing to these low literacy
rates might be a spatial mismatch between public
schools and dense settlements in fast-growing urban
and semi-urban areas of this municipal region. To test
this proposition, the locations of 153 public schools
were collected using hand-held GPS devices to create
a geo-database, and a road network was created from
the open street map and Google imagery. Nearest
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neighbor, K-function, Spearman’s Rho, and direc-
tional analyses were applied to this data to overcome
limitations of sparse geo-spatial data. A point pattern
analysis shows that more than 50% of secondary
schools were clustered south of the city while most of
the built-up area was in the north. Localizing Geo-
spatial data, spatial restructuring, and reorganization
of schools in the study area would support rational
planning and enhance student access to school
facilities.
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Introduction

Basic education is the right of every child and key to
success towards progress in Pakistan. Easy access and
upgraded school facilities can act as a catalyst to
increase the number of students attending classes at all
levels. Schools scattered across uneven geographical
terrain, however, limits accessibility in isolated areas
like Abbottabad, Pakistan. This problem can be
framed in terms of non-spatial and spatial accessibil-
ity. Non-spatial accessibility focuses on non-geo-
graphic factors like income, religion, and ethnicity
while distance and travel time are spatial accessibility
variables (Awad-Gladewitz 2014). The problem in
Abbottabad is not the number of school facilities, but
rather the spatial distribution of schools that is limiting
the services of schools to students.

A distribution pattern analysis of schools for
education planning can incorporate the expected
marked area as a key factor in the location-based
decision-making. Analysis based on the concept of
distribution and accessibility is therefore ideally
suitable to be integrated with GIS (Al-Enazi et al.
2016; Li et al. 2014; Jong and Ritsema 1999).
Geographical Information Systems (GIS) provide
advanced analysis tools and complete data packages
for analyzing service pattern distributions and demo-
graphic information. The goal is to analyze the
mismatched distribution pattern of schools in Abbot-
tabad with localizing geospatial technologies to suit
the conditions in isolated areas like Abbottabad,
Pakistan.

Acquiring and authenticating of data related to
schools and overcoming the sparsity of spatial data is
the main problem; putting the data into a structure for
the area where no study has been conducted using
spatial data is a challenge that must be tackled. A
geographic, non-geographic and statistical data into a
local geo-database will aid in finding a mismatch in
distribution pattern. With the help of GPS locations of
schools, pattern analysis, and optical imagery, school
locations can be analyzed and distribution problems
can be solved. Output results of the analysis are carried
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out using GIS-based methodology based on spatial
data spatial analysis.

Background

Pakistan is among the most densely populated coun-
tries in the world with population of 197 million in
2017, but ranks among the least developed in terms of
human development as estimated by World Bank
2017. Pakistan has not shown improvement in the field
of education and in terms of education spending, it is
ranked 145th out of the 160 countries (Munir et al.
2015). The literacy rate in Pakistan is only 58%, which
means that 42% of the population is unable to read and
write. Budget allocation is another constraint as the
government spent only 2.0% of GDP in the last decade
on education directed toward personnel, leaving
insufficient funding for curriculum development,
teacher training, supervision of education, or physical
infrastructure improvements (Qazi et al. 2014).
Growth in these areas can lead towards a higher
overall level of education, one that supports national
development goals (Scott and Rajabifard 2017).

Pakistan is among the developing countries that
face income inequality as well as low literacy rate,
reaching a critical level during the 1980s and early
1990s (Shahbaz et al. 2012; Gylfason and Zoega
2003). In countries where the distribution of land,
labour, capital and education is equal, it is more
probable that the income will be equally distributed
(Sumari et al. 2019; Carnoy et al. 2012; Lucas 1988).
The majority of people settled in rural areas of
Pakistan are poor, thus there are insufficient financial
resources for rural communities to provide primary
education to their children.

Despite elements related to non-physical accessi-
bility, physical accessibility is also one of the funda-
mental components that is directly related to the
schooling of children. If the schools are far from
residential areas, people especially poor families
might refuse to send their children. This suggests that
the positioning and design of school buildings should
match the distribution of the population. In other
words, lower accessibility to schools is directly
homologous to how the schools are located in the
city. Therefore, understanding the spatial occurrence
pattern of school points in the city is necessary to
overcome location problems.
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A point is a location of an event of interest; a point
pattern analysis addresses the spatial arrangement of
groups of points or events in a geographical space.
From a statistical point of view, an observed spatial
point pattern can be thought of as the outcome of a
spatial stochastic process. The behaviour of a typical
spatial distribution process may be categorized in
terms of its first-order and second-order properties.
Informally, the first-order properties describe the way
in which the expected value (mean or average) of the
process varies across space, however, second-order
properties describe the covariance or correlation
between values of the process at different regions in
space. Some second-order statistics use the informa-
tion on all inter-point distances and provide more
information on the scale of the pattern (Ripley
1976, 1977, 1981; Diggle 1983; Bailey and Gatrell
1995).

To understand ‘pattern’ in observed spatial data, it
is valuable to appreciate that this might rise either
from region-wide first-order variation or from second-
order variation, or from a combination of both.
Formally, first-order properties are described in terms
of the intensity, A(s), of the process, which is the mean
number of events per unit area at the point ‘s’ (Diggle
1983). This is defined as the mathematical limit:

i(9) = jim { ALY 1)

ds—0 ds

where ‘ds’ is a small region around the point ‘s’, ‘E( )’
is the expectation operator and ‘ds’ is the area of this
region. Y(ds) refers to the number of events in this
small region.

The second-order properties of a spatial point
process involve the relationship between numbers of
events in pairs of sub-regions within a study region.
This is again formally defined in terms of a limit, the
second-order intensity of the process:

. E Y(de)Y de
y(S,', Sj) = dﬁ%i}Lo{W} (2)

with similar notation to that described above.

We say that a point process is stationary if the
intensity is constant over a study region, so that;
‘(s) = X’ and, in addition, ‘y (si, sj) =y (si — sj) =y
(d)’. The latter implies that the second-order intensity
depends only on the vector difference, d (direction and

[

distance), between ‘si’ and ‘sj’ and not on their
absolute locations.

Analysis goal is to explore primary connection
between public school points in order to explain and
evaluate the phenomenon of mismatched pattern of
schools. In this research, points are schools that are
spread in different areas of the Abbottabad. Geo-
graphical information System (GIS) technologies are
used to understand the geographical distribution of
schools and to rectify the distribution pattern problems
(Al-Enazi et al. 2016; Mgller and Waagepetersen
2003). Understanding the significance of having a
planned spatial distribution of schools does not only
aid in construction of new school facilities but also in
converting some of the existing buildings into school
classrooms and other facilities (Sumari et al. 2017;
Musakwa 2017).

Methodology

A methodology developed for identifying spatial
variation in school facilities in terms of spatial
distributional mismatch of schools. To map the spatial
distribution of school facilities, locations of school
facilities were collected by hand-held GPS devices
and geocoded in software platform. The spatial
configuration of road network in the study area was
mapped in terms of the spatial layout to represent road
structure using both open street maps and Google
imagery.

A point pattern analysis aids in formalizing a
hypothesis that how well points distributed in space
and relation among them. There are many point
pattern analysis methods to evaluate the pattern or
arrangement of points. Based on different analysis
points categorized into random, uniform, clustered
and dispersed. In this study, we are considering
spatially clustered and dispersed school facilities. In
order to assess the mismatch in distribution Nearest
Neighbor, Standard Deviational Ellipse, Spearman’s
Rho and Ripley’s K techniques were performed.

The idea of standard deviational ellipse (SDE) is to
show the dispersion of points around the mean center.
This can be used to analyze the ambiguity between the
school points, directional growth, and estimating the
spatial uncertainty between coordinate frames repre-
senting the relative locations (Smith and Cheeseman
1986; Wong 1998). Nearest neighbour analysis
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examines the distances between each point and the
closest point to it, and then compares these to the
expected values for a random sample of points from a
complete spatial randomness (CSR) pattern (Boots
and Getis 1988). Ripley’s K-function is typically used
to compare a given point distribution with a random
distribution; i.e., the point distribution under investi-
gation is tested against the null hypothesis that the
points are distributed randomly and independently
(Kiskowski et al. 2009).

Study area

The study area for this research is Abbottabad City,
Khyber Pakhtunkhwa (KPK) shown in Fig. 1. Abbot-
tabad is one of the fastest developing cities in KPK,
with an area of 18,013 km? at the altitude of 4120 feet
(1260 m) with almost 1.3 million people. Most of the
population lives in north-western areas of the city
because the eastern areas are occupied by the military
bases and academies. The city is well known for its
beautiful weather and popular scenic spots attracting
thousands of tourists every year. The city is sur-
rounded at all four sides by the Sarban hills which
allow for pleasant weather in summer but gets very

cold during winter. We selected this study area
because there is no research has been done in this
domain and there is no definitive dataset of Abbot-
tabad school pattern analysis available. Therefore, we
created a local geo-database to meet the requirements
for the school pattern analysis.

Data collection and pre-processing

The school facilities data were collected from two
main sources: (a) Abbottabad District Education
Office (DEO) and (b) Independent Monitoring unit
(IMU). Both of these datasets were merged together to
find the duplicate values. These duplicate values were
then deleted to get the unique value for each school
facility. After that, these values were geocoded and
joined to the already geocoded point level school
locations. A total of 165 school locations were found
in the data set and reduced to 153 after eliminating
duplicate values. Figure 2 demonstrates the school
facilities data collection and preparation.

Knowing the residential area of the city in order to
understand the distribution of the population can be
very useful. This is not the key focus of our research,
but population in the city can help in analyzing the

&

Legend

ALC A

Fig. 1 The location of the study area
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Fig. 2 School facility data collection and geo-database preparation process

relationship between schools and various residential
areas of the city. If a school facility is near the
residential area, it will be easy for students to access
that school, hence the accessibility will be high.
However, the data limitations created problems for
achieving the desired results.

Because there is no parcel data for city municipal-
ity, it was not feasible to identify or differentiate the
industrial, commercial, and residential buildings.
Therefore, all the buildings are considered as residen-
tial area because, as from 4 years of field experience,
we observed that commercial, industrial and house
buildings are located close to each other. The process
of classification and extraction of a residential area
described in a process diagram shown in Fig. 3.

Results and analysis

Most of the areas in Abbottabad city contain hills,
mountains, and inclined plains. Geographical visual-
ization aids in the recognition of the pattern of schools
in those areas. In Fig. 4 ‘a’ shows primary, ‘b’ shows
middle, and ‘c’ shows high schools. Figures depict the
distribution of school separately in order to understand
the allocation of schools relative to the type, visualized
as points in relation to roads.

Figure 4, suggests a disorder in the distribution of
schools. The distribution of primary schools is rela-
tively uniform as compared to secondary schools but
many primary schools are outside the boundary of the
city. Schools that are situated outside the boundary of
the city are in the high, hilly areas, and difficult for
primary school students to reach, especially in cold

Assemble training samples }—»I Evaluating samples |

| Making Signatures

A 4
| Editing Signatures |

v

Post-Classification Process |<

Fig. 3 Supervised classification process

I Applying Classification |
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Fig. 4 Distribution of primary, middle and high schools

winter season. Figure 5, shows a kernel density map of
schools in the Abbottabad, which explores how
schools are concentrated.

E boundry

Number of Schools A

005 1 2 3 4
[ = Kilometers

Fig. 5 School density map
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In Fig. 5, Dark red color shows the high concen-
tration of schools in a particular area while light-red
color shows low density; suggesting that the concen-
tration of schools is higher in southern and eastern
parts and lower in the northern and western parts of the
study area.

Directional distribution of schools

The mismatch of school facilities reflected in the
direction of school distributions cross the study area.
Directional ellipses show how far schools are spread
and in what direction. A standard distance of school
points, are calculated in both x and y directions that
define an ellipse in direction of distribution. To define
the axis of the ellipse, the mean points for x and y
coordinates for primary and secondary schools were
calculated using Eqs. (3) and (4):

T - X
Directional Ellipse(x) = i = X) (3)
n
T i —Y'
Directional Ellipse(y) = 2= V) (4)
n

Figure 6 shows the direction of high school ellipse
has a narrower shape, with a tighter, clustered
distribution extending from southwest to northeast.
The middle school’s shape ellipse is wider and runs
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Fig. 6 Directional distribution of schools

more sharply from west to east. The directional ellipse
for primary schools is close to shape of a circle,
representing a more evenly distributed pattern.

Student—school association ratio in each buffer

A method of Spearman’s Rho (R) used to determine a
correlation of the number of students with respect to
their school-level within each 500-m buffer. This
approach used to find correlation among irregular
distributed ordinal variables. We applied two variables
in this are; the number of students in all schools in each
buffer cell, and the distance band of each buffer.
Calculation was performed results using Eq. 3 for the
value of Covariance, the values of standard deviation
“St.Dev X” and “St.Dev Y” defines whether the
correlation is significant.

Covariance

R= (5)

(St.DevX x St.Dev Y)

Figure 7a, shows histogram and the values of R and
P. The association between primary schools is statis-
tically significant, (R = — 0.8022, p = 0.00097;
N = 127).

Figure 7b, shows middle school correlation with
students at distance of 500 m from are however not
statistically significant, (with R = — 0.34387, for
N = 127).

Figure 7c shows a relatively similar association of
high schools with number of students at a distance of
500 m, that is also not statistically significant, (with
R = — 0.34387, for N = 127). A statistical analysis of
the correlation between distance bands and students is
not enough to evaluate school mismatch. The distance
between types of schools adds to this analysis, as no
population data are available. The locations and
counts of students at those schools is an indirect
indicator of the target population of school-age
children. That information applied in future to develop
a standard distance between schools. Problems of the
irregular distribution of schools can be resolved to
some extent if a distance standard is set.

Nearest neighbor analysis

This method uses multiple techniques to identify the
pattern of points. To establish whether these points are
clustered or dispersed, a distance between each point
and its closest neighbor is being calculated to averages
these distances. This way an expected mean distance
compared with observed mean distance. Now the
index or ratio of nearest neighbor measure the
similarity between observed values and expected
values. If the value of ratio is less than 1 it is
considered to be clustered and if the value is higher
than it is considered to be dispersed. In order to
observe if the observed points are randomly dis-
tributed a Z score test is computed at a confidence
level of 95%; if value of Z is > 1.96 it indicates
dispersed pattern and if it is < — 1.96 it indicates
cluster pattern.

Table 1 shows a comparison among the results of
point pattern analysis for primary, middle and high
schools in the study area. As the ratio index of high
schools is less than 1 that means it is clustered while
the value of middle and primary is higher than 1. The
middle school has the highest value of Z that shows, it
is mostly dispersed while the value of primary school
is 3.16 that indicates some of the areas have distribu-
tion closer to be clustered. Z-score value, also justifies
this point pattern as the value of Z-score value, for
high schools were < — 1.96, denoting a cluster while
values of Z in primary and middle schools are > 1.96

@ Springer
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Fig. 7 a Primary school
correlation with students at
500 m from central
highway. b Middle school
correlation with students at
500 m from central
highway. ¢ High school
correlation with students at
500 m from central highway

Table 1 Nearest neighbor
analysis
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that indicates a dispersed pattern. In order to justify
our results more extensively, used Ripley’s K
function.

K-function

This function measures the expected number of events
within a distance of arbitrary points in a given radius.
Graphs show expected and observed values of disper-
sion and clustering of schools with respect to the
500-m distance.

Figure 8 shows expected and observed K-function
values of clustering and dispersion of high, middle and
primary schools respectively. In high school starts at
the distance of 500-m buffer and cuts at about the
distance of 3000 m where clustering happens and then
goes to the negative dispersion. In middle school,
values start with positive dispersion as the expected
value of K-function and start to shape zigzag values
where it cuts expected values and goes to negative
dispersion. Similarly, in primary values start from
positive and progresses to cluster and at distance of
2000 m it starts to be negative. All these shreds of
evidence show a mismatch and uneven distribution
with no pattern and standard distance.

With this uneven distribution in high slope areas,
the probability to access school facilities becomes low.
As the topography of the city has hills and inclined
plain that usually refer to slope; calculating slope can
help in perceiving the easiest path towards schools.
Since most of the small roads connected to schools,
calculating the slope of the area can help to find the
best path to school for students.

Extraction of residential area

Residential area extraction in the city considered all
the places with buildings. Since no municipality data
is available, therefore, this is very challenging and
hard to distinguish among different types of buildings.
Therefore, if there are buildings the area has higher
probability of people living there; thus, considered as
the residential area. A supervised classification tech-
nique was applied to identify the buildings.

Figure 9 showing the supervised classification
results of the study area. A red colour represents
buildings and roads that are zoomed, shown in Fig. 8.
Other two classes are vegetation and bare land. These
two classes are not the essential points of interest in

this research . Small forests, croplands and other kinds
of vegetation’s are included in a single class of
vegetation. On the other hand, most of the open spaces
including, playgrounds, mountains and simple plains
are included in a class of bare land. The purpose of
extracting residential area was achieved to some
extent, although the results are not of good accuracy.
Many buildings merged due to a very small distance
between them. An accuracy assessment test was
carried out but putting Google earth imagery as a
reference. The results of accuracy test shown in the
Table 2.

Results of classification show a significant red
colour in central and northwest parts of the city that
means a huge part of the population lives in this area of
the city. Nevertheless, according to the distribution of
schools, the percentage of middle and high schools is
very low in the north western and western areas where
the density of buildings is high. A cluster of high
schools, found in the southern area of the city where
the number of buildings is quite less. This means a
large number of students from northern and western
parts of the city comes to southern part to access high
schools.

On the other hand, in spatial distribution, many
primary schools established in northeast parts of the
city and according to classification results number of
buildings is comparatively low. This analysis can aid
decision makers to shift their focus towards high-
populated areas in central, northeast and northwest
parts when building a new school facility.

Discussion remarks and summary

In the Abbottabad District, 240,473 children were
enrolled in public and private educational institutions
as of 2015, but our research focused only on public
(governmental) schools because of the student dropout
and uneven locations in the city. The Elementary and
Secondary Education Department (ESED) data show
only 60% of the children are admitted in schools while
40% of the children in this district are not admitted in
schools (District Education Plan, District Abbottabad.
2015-2020). Since 2015, the numbers of students are
continuously increasing at school level and contains
more students as compared to the middle and high
levels. Statistics of the number of students at all levels
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High School K function values

Observed 6000
Expected K K Diff K 5000
500 1820.57 1320.57 2 4000
1000 2408.39 1408.39 £ 3000
1500 2780.97 1280.97 ...; 2000
2000 2854.49 854.49 it 1000
2500 2972.99 472.99 0
3000 3131.35 131.35 Dispersed
3500 3153.33 -346.66
4000 3218.35 -781.64 e——mErpectedK e ObservedK
4500 3303.06 -1196.93
5000 3426.20 -1573.79
Middle School K function values
Observed
Expected K K Diff K 6000
500 819.019432 | 319.0194 5000
1000 819.019432 | -180.981 T 4000
1500 1418.58327 | -81.4167 £ 3000
2000 2316.53678 | 316.5368 é 2000
2500 2653.92628 | 153.9263 2000
3000 2895.67097 | -104.329 5
3500 3326.87266 | -173.127 Dispersed
4000 3522.73578 | -477.264
4500 3522.73578 | -977.264 ————ExpectedK == ObservedK
5000 3708.2682 -1291.73

Primary School K function values

Observed 6000
Expected K K Diff K 5000
500 766.2161 266.2161
1000 1092.026 92.02591 T e
1500 1559.872 59.872 £ 3000
2000 1873.169 -126.831 3 2000
2500 2149.655 -350.345 1000
3000 2424.88 -575.12
3500 2673.62 -826.38 °
4000 2869.317 -1130.68 Dispersed
4500 3056.622 -1443.38 e EXpECtEdK s ObservedK
5000 3276.428 -1723.57

Fig. 8 K-function analysis

since 2015 to 2018 in Abbottabad District shown in the The Table 3 shows continuous increment in num-
Table 3. ber of students from 2015 to 2018 at all levels.
Similarly, in 2017-2018, throughout the country,
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Fig. 9 Supervised classification of study area showing buildings and road in red color. (Color figure online)

Table 2 Accuracy assessment

Accuracy assessment test of classification

Ground truth

Commission

Omission

Producers accuracy 73.47
User’s accuracy 69.32
Overall accuracy 70.85

Table 3 Yearly growth in student numbers in Abbottabad
District. Source: Elementary and Secondary Education
Department (ESED), Khyber Pakhtunkhwa, Pakistan

Year 2015 2016 2017 2018

Primary 120,711 134,939 143,303 152,165
Middle 13,011 14,545 15,546 16,401
High 32,731 36,589 38,857 41,260

overall enrolment in government schools was 4.381
million with 3.116 million students enrolled at primary
level, 1.264 million students enrolled at middle and
secondary level. However, if the numbers of enrolling
students are increasing on one side, a continuous

dropout is happening on the other side. Dropout rate at
admitted level is highest, while at the level of class 5
dropout rate is almost 0%. Moreover, the statistical
data from educational department shows the dropout
ratio of boys in primary is approximately 5% higher
than the girls. Table 4 shows the dropout rates of both
boys and girls at primary level.

Table 4 shows that the primary school level has the
highest percentage of dropout rate. However, as the
level goes up the percentage of dropout rate drops
down. On basis of these statistics, multiple point
pattern analysis carried out in order to justify that
clustering of schools in a location and having of
schools far from residential areas can be the cause of
low accessibility and high dropout rate. Although
there are multiple reasons for students to drop out of
school, our research shows that low accessibility due
clustering and mismatch of schools in the city might be
a significant causal factor.

There is no definitive dataset of Abbottabad school
pattern analysis available to validate the results, as this
is the first research study that has been done in this
domain in Abbottabad. Comparing the results with
each other is a way to find out if they are more
applicable or less applicable. A geographical distri-
bution provided an overview of how schools are
distributed in the study area that was also illustrated
individually according to school’s level. It shows
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Table 4 Yearly boys and

Year Kachi Class 1 Class 2 Class 3 Class 4  Class 5 Total
girls dropout rate at primary
school level 2016-2017 (girls) 15,922 9995 9435 9021 8191 7134 59,698
2017-2018 (girls) 15,938 9664 9286 9074 8799 7616 60,377
2016-2017 (boys) 17,673 10,165 9591 9195 8534 7367 62,525
2017-2018 (boys) 17,082 9754 9263 8956 8837 8236 62,128
Girls dropout % 39.07 7.12 3.62 2.74 6.32 0.00
Boys dropout % 44.14 9.0 6.55 3.95 4.07 0.00
References

schools are randomly distributed that is evidently
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