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Abstract. This research paper, therefore, tries to identify the educational gaps that exist within Lahore in
Pakistan, integrating geospatial analysis with Al tools to draw the blueprint for an equitable and accessible
public education system. The study is based on census 2022-2023 dataset of 1120 public schools of
Lahore. To analyze the school’s education disparity researcher operationalized twenty-six independent
and education disparity is one dependent variable from the census dataset encoded to the geodata frame.
Dataset of schools was spatially visualized on map and identified cluster of schools covering district
Lahore. OLS regression highlighted, that drinking water, security measures, toilets and dangerous
classrooms were confounding variables. Hotspot analysis highlighted male (ED value 9.4) schools face
more education disparity than female (ED value 9.232). However, urban settings including males and
females face more education disparity as compared to rural areas. Proximity analysis identified the 279
schools with the highest nearest neighbor distance having an average area covered 7,282.57 square feet 8
working classrooms and an average of students per school is 378 showed less accessibility. Predictive
analysis using Al highlighted 728 additional teachers were required in Lahore school.
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Introduction

In Lahore’s dynamic urban environment, a city with
rapid population growth and socio-economic
transformation. The population of Lahore as of 2024
is estimated about 14407074 from which 586505
students are studying in public schools according to
census 2022-23 that is only 4% of total population
which is less from previous year as in 2021 this
population in schools was 610,697. (Haider et al.,
2024) Lahore, a cosmopolitan city with a growing
population, faces an ongoing task of adapting its
education systems to meet the evolving aspirations of
its people. Geospatial assessment provides powerful
tools to cope with this task. (Chen et al., 2019) The use
of spatial mathematics furthermore, the integration of
Al-driven methodologies enhances the precision and
predictive abilities of the evaluation. Lahore, a vast
city in Pakistan, is located alongside the banks of the
Ravi river, Lahore holds a strategic role in the
coronary heart of the Punjab area. Its geographical
coordinates vary approximately from 74°14' to 74°37’
east longitude and 31°22' to 31°34’ north range.
Covering a diverse landscape, Lahore serves as a

*Author for correspondence;
E-mail: tayyabaabbas9090@outlook.com

73

cultural, historical and economic hub within Pakistan.
The metro region population of Lahore has skilled a
steady growth, attaining 13,542,000 in 2022 (a 3.41%
boom from 2021), 13,979,000 in 2023 (a 3.23%
increase from 2022) and is projected to be 14,407,000
in 2024, marking a 3.06% increase from the preceding
12 months. According to census 2022-23 there were
1100 public schools in Lahore. Traditional methods of
allocating resources to public schools were often
based on historical facts and demographic forecasts.
Geospatial analysis, a discipline that integrates
geographic statistical systems (GIS), spatial data and
statistical models, provides a powerful tool for
knowledge narrative, spatial relationships and
modeling spatial statistics, in this context facilitating
in-depth knowledge of the distribution of Lahore
public schools. Atrtificial intelligence (Al) has
changed many things and education is no exception.
Al-driven processes have gained popularity in recent
years to optimize interventions, predict instructional
improvements and improve strategic choices The aims
of the study is to identify spatial disparities: pinpoint
areas with inadequate get entry to public schools and
those with surplus ability, highlighting spatial
disparities, to evaluate accessibility present schools
and predict future demand by utilize gadgets to get to
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know fashions to predict destiny demand for training
primarily based on population growth, demographic
changes and different relevant elements. Education
researchers and policy makers all over the world feel
an increasing interest in investigating the gearing
factors of student performance and results across
varying educational contexts. (Zartashia et al., 2024)
The purpose of this literature review is to bring
together recent studies that investigate factors
influencing student attainment-of variables starting
from school infrastructure to teacher qualifications,
parental involvement and spatial distribution of
educational institutions. According to (Engin-Damir
et al., 2009) he researched public schools in Turkish
context where he noted that there was a significant
correlation between the quality of the infrastructure
and the academic score of students. This goes on to
underline one major factor: good facilities as support
for effective learning environments. Research views
parental involvement as one of the major determinant
factors of students’ success. (Alothman et al., 2024)
used Saudi Arabia to explain how parental
involvement contributes to positive academic
outcomes and went ahead to demonstrate ways of
building closer ties between schools and homes. Back
home in Ghana, (Antwi, 2024) looked into some of the
determinants that accounted for students’ performance
in secondary schools, unravelling kinds of factors
outside infrastructure and parental involvement that
play a critical role in educational outcome. Similarly,
research has been done on the relationship between
teacher qualifications and student performance.
(Ahmad et al., 2023) did his study in Pakistan and
proved that the level of competence of the teacher
greatly influenced the level of achievement among the
students and thus there was the reason for continuous
professional development programs. (Nawaz et al.,
2022) Researched how school physical infrastructure
influences the outcome in students in the urban parts
in Pakistan and provided an empirical proof that
infrastructure investments correlate with improved
educational achievements. (Yaakub et al., 2022)
Examined factors affecting undergraduate student
performance in Malaysia. This research emphasizes
the multifaceted nature of educational success, which
is influenced by socio-economic factors and learning
environments. (Sele et al., 2024) Conducted a
comparative study of urban and rural public secondary
schools in Nigeria. It was realized that there were huge
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disparities in resources and academic outcomes for
these; therefore, underpinning the importance of
having responsive and equitable educational policies.
The work of (Singh et al., 2021) from India, which
focused on the role of technology in enhancing student
learning outcomes, calls for innovative approaches to
learner learning, including the use of technology to
improve student engagement in and achievement of
learning during COVID-19. On their part, these
studies identify different factors that have borne on
educational outcomes: from infrastructure and
technology through socio-economic factors and
regional inequalities to global inequalities. It is the
dimensions shown here that future research will go
through from time to time, enlightened by evidence-
based policies in augmenting equity in education and
providing quality education for all. (Stone et al., 2021)
worked on predicting student success in general
chemistry courses from a large public university,
outlining the role of academic preparedness, study
habits, and instructor effectiveness in driving
academic achievement within specified disciplines.
(Adewoye et al., 2022) Searched for the effect of
computer-assisted  instructions on the higher
secondary students’ academic achievement in India,
thus driving home the dormant potential of
technology-aided instructions in bringing out the best
in student outcomes. (Kumar et al., 2023) Authors
used GIS analysis to find the spatial distribution of
secondary schools in Quetta city, Pakistan by
monitoring water quality and identified geographical
factors that affect access to education and educational
outcomes. These authors tried to find out the
determinants of educational outcomes at the north
eastern region of India and manifested the socio-
economic, cultural and infrastructural factors which
influence the pupil performance in underserved
regions. (Fahd et al., 2022) Applied machine learning
techniques in predicting students’ performance to
predict academic outcomes and tailor interventions
through advanced analytics in educational research.
(Khuma et al., 2023) Tried to signify the determinants
of student academic performance regarding the higher
institutions of education. In particular, he showed
institutional factors, student characteristics and
pedagogy, all of which were critical for educational
success. (Dabhade et al., 2021) evaluated the various
factors that determine the academic achievement of
technical institutes in India, using machine learning
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tools. (Alam et al., 2021) conducted an empirical
investigation of the infrastructure of schools and
student achievement concerning Bangladesh. His
findings proved a positive relationship between the
two-a relation between the infrastructure and
academic achievement. (Meena et al., 2023) studied
the spatial distribution of rural and urban India’s
schools to conclude that the access existed and mars
equity in terms of quality in education. (Kapoor et al.,
2021) studied how the school’s physical environment
influenced the academic achievement of pupils at
various levels of schooling in India. (Peprah et al.,
2024) conducted a cross-national study regarding the
relationship between teacher qualifications and pupil
achievement in sub-Saharan Africa; it emerged that
improvement in educational outcomes requires quality
input in teacher training and continuous professional
development. (Sharma et al., 2022) Contributed an
empirical study of the infrastructure of the school and
the performance of students in India. The existing
literature shows that adequate facilities were
positively correlated with educational outcomes. It is
in connection with this that (Sajjad et al., 2022) were
reviewing the spatial inequality of education in
Pakistan and insisting that targeted policies be
designed to achieve sustainable development goals as
regards regional disparities. The running thread in all
this educational research points to how much
infrastructure is related to student performance.
(Zaman et al., 2023) used a machine learning-based
approach to model the impact of educational
interventions in enhancing school quality, therefore
underlining potential use of advanced analytics in
improving education practice.

Material and Methods

Al technology, along with predictive analytics and
device mastering, play a pivotal characteristic in
optimizing resource allocation and improving
academic get access. Predictive models forecast pupil
enrollment, understand at-danger populations and
advocate interventions to decorate fairness. Geospatial
Information  Systems (GIS) facilitate spatial
assessment, mapping and visualization of instructional
infrastructure. GIS tools investigate accessibility,
demographic trends and spatial disparities, informing
city selection-making choices. The convergence of Al
and GIS complements choice-making abilities through
manner of integrating predictive insights with spatial
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Framework
Al in education equity

Integeration of Al and Geospatial analysis
Predictive analysis and Al technologies
Geospatial Analysis

| GIS tools for spatial analysis and mapping |

facts. This synergy helps a proof-based coverage
device and fosters sustainable city development.

Data collection. The primary data of geographic
coordinates (longitude and latitude) of all schools in
the Lahore district were collected from Google maps
by searching their respective street addresses. The
district monitoring office in Lahore was of great help
for the researcher to obtain secondary data from the
school census of 2022-23. The dataset consisted of
1121 records and 149 columns, covering information
of schools, from student demographic details and
teacher strength to the facilities available in the school
at that time. Convenience sampling technique were
used while collecting data from Google maps. The raw
CSV-form data was imported in Python and was pre-
processed further. In the initial phase of cleaning, any
extra columns irrelevant of the research were deleted
from the data.

Data encoding. The categorical variables in the dataset
were encoded using the one-hot encoding method to
facilitate analysis and visualization of data. The
categorical columns contain data about the ownership
and physical condition of the school’s building and
whether it in rural or urban region. The numerical
representation of encoding is ‘0’ for ‘No’ and ‘1’ for
‘Yes’ with regard to different features of the schools.
With respect to incorporating spatial analysis require-
ments, geometries were incorporated, which showed
the geographical point locations of the schools.

This conversion enable the researcher to visualize and
map the data on base map of Lahore. To make the
dataset capable for spatial analysis; the type of the
DataFrame is converted to GeoDataFrame so that it
could be much easier for the researcher to have better
level of mapping approach. Education disparity (ED)
is the dependent variable applied to analyze the school
performance and comprehension of educational
inequalities in the district. A number of independent
variables related to school resources and facilities
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were tested for their influence on the ED values. The
independent variables were:

f.=functional classrooms

d.=dangrous classrooms

h.=has electricity (binary variable)

h,,=has drinking water (binary variable)
h=has toilets(binary variable)

h;, = has boundarywall (binary variable)
hy=has main gate (binary variable)

hs=has seawrage (binary variable)

h,=has playground(binary variable)

h,=has open classrooms(binary variable)
S,=has security arrangments(binary variable)
hgy=has smart board(binary variable)
hp=has head(binary variable)

ty.=total sections

t,=total students

t,=total teachers

Education disparity (ED) calculated on the bases of the
following conditions:

0= {y it 1, o[y,
E0s={gitnico E={oitmct -
5= {3 ithe: ED={gifhoy.
S {cl) y Ezjl)
EDg={g i 121, EDw={o j1nsr.
w={oitna Ee={g ity

C(Lifs,=0 ___(Lifhy=0
ED13_{0 if 5, =1’ CO14” {o if hy=1 °

_ 1 |f hCI:O _ 1if hi:O
EDlS‘{o ifhy=1 ' ED16™ {o if h.=1

n
ED= ) ED,
i=1

A preview of calculated education disparities on the
bases of variables is shown in Fig. 1. All schools
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geographic data were mapped on Lahore base map to
visualize the different schools facing education
disparities. The school locations, which were overlaid
onto a base map of Lahore to form spatial context and
geographical reference upon which the analysis was
done. In hot spot analysis the Getis-Ord Gi*G_i"*Gi*
statistic were used.

. 2t Wi - X X0k Wi

Gi =
s\/[n Xk Wiz,j‘(zjnzl Wi,j)z]
n-1

In density analysis following formulas for area and
standard ~ deviation L, =1/n) nAi=~11,111 sqfeet
i=1

Ox= /EZ(A;HA)%B,ZOS sqfeet were used and the
n 5=

proximity analysis were done under following
calculation:

uNND=12NNDi ~0.0095
=

1 n
Onnp \/ﬁ Z (NND;-p)? =~ 0.0046
=

Predictive analysis following model were used by the
researcher

ED=B¢+ Bixstudent+ BoxTeachers+e

Where:

Bo, 1, B2are coefficients of model € is error term
Using the model, it was possible to predict the ED
values for each school in the dataset.

Results and Discussions

Geographic visualization of schools. Using the
python libraries, some specifically used include
Geopandas, Shapely.geometry, Pandas, Contextily
and Matplotlib.Pyplot to geographically visualize the
cleaned data set for schools on a map of Lahore. It
forms the basic exercise before one can actually start
making sense of the spatial distribution and clustering
of schools across the district. Geopandas and its
functionalities were used to handle and analyze
geospatial data in such a way that geometries and
attributes can be manipulated relatively efficiently.
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Columns in the DataFrame:
Index([ "schocl id",
‘official school type”,
"building condition’,
"dangerous classrooms”,
"total sections’,

"has electricity’, '"has toilet’,
"has sewerage', 'has playing ground’,
"has library ', "has science lab’',
"has =ce room', 'has care giver',

"School MNames', "tehsil®, "latitude’, '"longitude”,

‘Aarea’, "hawe building®, 'building owner ',
‘constructed area sqft’, "functicnal classrcoms”,
"dangercous mnon functional classrooms’',

"has open classes', '"has drinking water',

"has boundary ', "'has main gate’,
"security arrangements”’,

"has computer lab®', "has internet’,
"has ece kit', "has multimedia"’,

[1128 rows x 3 columns]

Total Education Disparity Sum: 18429

"has smart board’, "has Head", "Total female students",
"Total male students', "Total students', "Total Teacher', "P5ST",
"ESTs total', 'SSTs total', "Subject Specialists total”,
"total Teacher', "geometry’', "ED"].,
dtype="object"’)
school id School Names ED
a Se1a9 Gowvernment girls higher secondary Schoocl BARKI 4
1 S@1s7 Gowvernment girls high School HAIR LAHORE CANTT 5
2 S@193 Gowvernment girls high Schoocl CHARRAR 8
] S@133 Government girls high School KARBATH (Mewly Up. .. =]
4 @139 Gowvernment girls high School LIDHAR =1
1115 S@816 Gowvernment high School GHAZI ABAD (EX-MCL) =]
1116 Sas31l7 Government high School GUJIAR COLONY JORAY PUL. .. =]
1117 Sas4l Gowvernment high School MUSLIM BAGHBAN PURA a
1118 Sasel Government high School TAJPURA SCHEME LAHORE =]
1119 31185 Gowvernment elementry School TALEEM-O-TARBIAT r

Average Education Disparity per School:

9.3116871428571435

Fig. 1. Review of calculated education disparities of schools

Shapely geometry is used to generate point geometries
for the geographical locations of the various schools.
Pandas is used for data manipulation in combining the
resultant geometries with geospatial operations.
Contextily is used to add base maps from various Web
tile providers to allow for the visualization of the
locationality of schools in the context of Lahore.
Matplotlib.pyplot is used in creating visual plots and
maps.contextily was employed in extracting the
school locations, which were overlaid onto a basemap
of Lahore to form spatial context and geographical
reference upon which the analysis was done. This kind
of integration enhances the interpretability of the
patterns of distribution seen among the schools.
Besides visualization, the distribution of schools helps
to assess the strategies of resource allocation. By
spotting clusters or voids in school coverage over
urban and rural zones, it would help in planning by the
policy-makers for optimal resource allocation to
achieve equitable facility distribution for education.
With the mapped data in Fig. 2 were the preliminary
insights on the geographical distribution of
educational resources across Lahore. Future studies
can use the techniques of spatial clustering and
proximity to make substitute deep optimizations and
improvements in the educational outcomes through
resource allocations. As in Fig. 3 analysis in the

cartography process, two locations of the schools
having high and low density were identified, and later
on the identified results were plotted on the map. The
red spots were the locations where the high
concentration of schools is located.

Table 1 shows the summary of high and low density
schools and with the mapped data in Fig. 2 were the
preliminary insights on the geographical distribution
of educational resources across Lahore Future studies
can use the techniques of spatial clustering and
proximity to make substitute deep optimizations and
improvements in the educational outcomes through
resource allocations. As in Fig. 3 analysis in the
cartography process, two locations of the schools
having high and low density were identified and later
on the identified results were plotted on the map. The
red spots were the locations where the high
concentration of schools is located. School areas of
low density were denoted by the dots in the color red,
which means the number of schools in that region is
low. Such spatial representation is provided by means
of this illustrative process in order to compare with
distribution of schools in the study area and to
understand the allocation of educational resources and
potential gaps in coverage. To display values of
Education Disparity on the district map, a choropleth
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map was made with the help of Folium. Circle
Markers of School Locations and red-dotted regions
of high disparities have been indicated. Upon this
map, one can easily understand the overall distribution
of ED and for which Schools to pinpoint for further
targeted intervention to address effectively
educational disparities.

Resource impact analysis. By conducting OLS
regression described the significant contributors to ED
across different schools shown in Fig. 4 and they were
taken as aberrant resource.

The quality of drinking water or its availability also
tested an influential predictor of ED, therefore, an

1e6 Schodsin Lahore with Basemap

TR ) T3

410000

420000 430000 440000 450000 460000
Fig. 2. Visualization of public schools in Lahore

with basemap.

important variable. Safety precautions that were in one
way or another below the part the school were
reflected in higher ED. It means that safety was an
influential predictor of disparities in education. Access
to the right toilets and sanitation facility is also an
influential predictor of ED-impacting variables that
seemed to be visibly different between schools with
limited or insufficiency of toilet facilities. Dangerous
classrooms that were considered unsafe due to
damaged infrastructure also affected the ED values
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significantly from the others, thus highlighting the
influence of safety from the perspective of infra-
structure on the learning environment. As in Fig. 5.

By identifying urban areas as focal points for high ED
values and pinpointing influential resources using the
OLS regression as in Fig. 6.

This analysis provides a comprehensive framework
for addressing educational disparities. Implementing
targeted interventions desired to improve identified
resources will work towards equalizing educational
opportunities and improving learning outcomes for
students in urban and rural settings alike.

Hotspot analysis. Hotspot analysis is the detection of
clusters that exhibit low and high ED values. The hot
spots exhibited high values and the cold spots
exhibited low values of ED as in Fig. 7.

There were some common mathematical formulas
have been used to calculate the Getis-Ord G_i**

* ZP:]_ Wi,j_x Z]n:l Wi,j

G'=
S\/[n I Wi (S Wi,j)z]

n-1

Fig. 3. Schools Locations and High ED Value
Region.

For each school here, the numerator represents the
weighted sum of the difference of the ED value of
school i and the expected sum if no spatial cluster
exists. This analysis opens the way for understanding
how best interventions can be focused on reducing
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identity constructing U hm m AR Mmoo in iR
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Fig. 6. OLS regression line.



Fig. 7. Visualization of schools with high and
low ED value depending upon con-
founding variables.

disparities and for optimal designing and allotment of
resources in Fig. 7 to ensure the even distribution of
facilities in the education sector. Therefore, the study
includes the assessment of correlations between
variables to identify important factors affecting the
ED value. Further, the Getis-Ord Gi*G_i**Gix
statistic was employed to contrast ED values in the
male and female schools. Pearson’s correlations were
populated to identify in which the factors affect the
ED values through the most significant degree and
thus which would account for the most variation about
differences in the education system among schools. It
identified the most significant factors in ED by the
exploration, as such ranking about which the most
attention needs to be given to effectively reduce ED.

Gender differences in education. A contrast to the
Getis-Ord Gi*G_i"*Gix statistic revealed as in Fig. 8
that a male school had an average ED value of 9.4,
whereas a female school had a slightly reduced
average ED value of 9.232. This further tends to
suggest that male schools, on average, also suffer from
slightly more educational disparities than those
experienced in female schools as in Fig. 9.
Educational disparities, especially with male schools,
warrant critical evidence-based interventions through
policy changes. By considering those influential
factors identified by the correlation analysis,
policymakers and educators might take real and
material steps in working that there must be more
justice and equality to increase the effectiveness of the
outcomes of education in all schools. By considering
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those influential factors identified by the correlation
analysis, policymakers and educators might take real
and material steps in working that there must be more
justice and equality to increase the effectiveness of the
outcomes of education in all schools.

Urban influences on disparities in education and
resource effects analysis. The results showed not only
the presence of extremely high ED values in the urban
area of between the two groups in Figs. 10 and 11 but
also indicated what resources were negatively, ED
affecting and how intense. The strikingly high
proportion of variance explained by OLS regression
for factors that increase ED is superior to what has
been reported in OLS literature thus far for any other
educational contrast.

Resource influence relative to education inequa-
lities. Urban areas showed high ED values for males
and females alike. The inequality that nonetheless
emerges from this spatial trend is significant in that the
variation in resources and outcomes extends beyond
what would be expected and is therefore the focus of
redress in urban settings, where such inequality can
best be mediated.

Spatial mathematics. Density analysis. On the
subject of high-intensity areas, the dataset of Lahore
schools produced several results describing it.

There were 280 schools identified in these high-
density areas. The schools showed striking variations
and patterns across the following key attributes.
Following were the mathematical calculations

Male schools Gi* values:
School Names ED
Government high School HADYARA
Government high School PADHANA LAHORE
Government high School LIDHAR
Government high School HAIR LAHORE CANTT 6.8 2.458393e-15
Government high School KARBATH 5.8 2.462667e-15)

Female schools Gi* values:

School Names
Government girls higher secondary School BARKI
Government girls high School HAIR LAHORE CANTT 6
2 Government girls high School CHARRAR ¢
3 Government girls high School KARBATH (Mewly Up...
Government girls high School LIDHAR

Fig. 8. Preview of Gi* value of some male and
female schools



GIS Overview of Public School of Lahore

constructed.Area(A):
here

n=count=280 schools
Mean=m
stand.deviation=s

—1/nz nAi ~11,111 sqfeet

Z(A {1,)*~15,203 sqfeet

Functional.classroom(Cs):

_—ZC =13.36 classrooms

—Z((Cf) He, )2=9.59 classrooms

Dangerous.classroom(Cg):

__Z(C ); = 0.09 classrooms

—Z((C )He, )? ~ 0.44 classrooms
i=1

Total.Section(S):

:_Z(S) ~10.07 sections

i=1

%Z((Si )-1s)° ~ 6.62 sections
p=)

Total.Students(N):

_—Z(N) ~378.05 students

/—Z((N )-ty)? ~434.14 students
i=1

Total.Teachers(T):

1y Z(T) ~9.01 Teachers

_Z((T) -1;)? ~10.97 Teachers

In the high-density schools, the constructed area had a
mean of about 11,111 square feet, while the standard

-
o
L

Mean education disparity (ED) value

Number of schools

Number of schools

81

9.40 9.23

oo
L

L=
L

.
f

(%]
L

L=]

Male schools Female schools

School gender

Fig. 9. Comparison of mean ED value of male
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deviation was 15,203 square feet. This extreme
deviation denotes tremendous dispersion in the
number of schools hosted groups. On average, the
schools had 13.36 functional classrooms, with a
standard deviation of 9.59, pointing toward wide
variations in the availability of classes. In terms of
safety, the figures indicated that every school had
about 0.49 risky classroom sections on average, while
the standard deviation of sections was 2.69. This
measure showed the need for better infrastructural
facilities in some schools. Schools in a high-density
area also told that each school had an average of 14.45
total sections, while the standard deviation of this
number stood at 10.45; hence, there was a very large
difference in the number of sections between one
school and another. The average total of student
population with regard to these high-density schools
settled at 655.64 students, with a standard deviation of
573.44, a clear indication that there is huge variation
in the size of strength. Similarly, the distribution of the
teacher force was wide, with an average of 17.58 and
a standard deviation of 15.40 teachers per school.
More statistical analysis went into giving insights on
how these attributes were distributed. For instance, the
25th percentile of this constructed area was 3,584
square feet and the median was 518.5 students. The
75th percentile of total sections was 16 sections and
the maximum total student that their population in a
school could reach is 4,090 students.

MED:EZEDi ~9.85
i=1

It shows how the educational facilities were up to
school, the mean score of average density (ED) of
these high-density schools being 8.29. Similarly, the
mean density from other attributes thus obtained was
approximately 16.69, referring to better educational
infrastructure in high-density areas. These findings
provide an alternative perspective on the school
infrastructure and its distribution in high-density
zones of Lahore to help identify improvement areas
and understand resource allocation.

Proximity analysis. Nearest neighbor analysis
(NNA). In this light, to determine how close schools
were to one another, all while identifying potential
areas of over attention, or areas where there were gaps
in the coverage of education, a nearest neighbor
analysis was conducted. This analysis evaluated the
spatial distribution of schools, particularly focusing on
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those with the highest nearest neighbor distances
destined to explain their distribution. The location of
schools is shown in Fig. 3.

In research investigation, 279 schools containing large
nearest neighbor distances were found. Various key
attributes were tested to provide an insight into the
nature of the schools. The following descriptions paint
a very clear picture of these schools. Average
constructed area is 7,282.57 square feet (10,746.77
square feet as a standard deviation), 7.91 functional
classrooms (standard deviation of 6.26) and 0.09
dangerous classrooms (standard deviation of 0.44).
The total number of mean sections was 10.07 per
school with the standard deviation 6.62. The popu-
lation of students was on average 378.05 with a
standard deviation of 434.14 and an average of 9.01
teachers with a standard deviation of 10.97.

pNND:lZNNDi ~0.0095
N =t

1 n
G _\/HZ (NND;~tp)* = 0.0046
=1

The percentile analysis stated that 25% of the schools
had an built up area less than 1,700 sq.ft., the median
students per school were 185 and 75% of school has
up to 11 sections and the maximum population of
student observed is around 3,880 with average ED
density score rates at 9.85, which implies that a school
records slightly more than 9 deficiency points, while
the average score for nearest neighbor distance is
approximately 0.0095 with a standard error of 0.0046;
this provides an explanation for the spatial distribution
and has point inclusion of gaps in the coverage limit
of the school.

Al modeling. Predictive analysis with linear
regression model. This study proceeded with
predictive analysis of the school-based data to forecast
the ED values and subsequently compute the number
of additional teachers that would help to reduce this
value. The procedure and results were presented. A
linear regression model was implemented for the
estimation of the ED value based on the numbers of
students, teachers in each school as according to
school education department policy the ratio of
student teacher is 40:1 respectively. That’s why
student’s strength is directly related to the number of
teachers.
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The model implemented was
ED=Bo+p1xstudent+ BxTeacherxe

where:
Bo, B1, B2 are coefficients of model
eis error term

using the model, it was possible to predict the ED
values for each school in the dataset.

Evaluation of additional needs of teachers. The next
step was estimating the number of excess teachers
needed specifically to bring down the ED values to the
level needed. This was done by assuming that the ED
value would reduce by the predicted value from the
model and then adjusting the model to find the number
of teachers change needed to fulfill the required
increase:

Targeted.ED-Predicted.Ed
B,

Additional teachers required=

The results showed that 728 teachers among the
schools were needed such that the reduction in the
value of the ED is achieved.

To have an insight into the spatial query in which extra
teachers were required in different schools, locations
have been mapped by availing the tools of a
geographic information system (GIS). Point shapes of
schools, overlaying on a base map of Lahore, cast the
tone of feeling needed most. Schools that have needs
for more teachers were stored as shapefile format to
also be subject to a spatial. The analysis found that a
total of 728 teachers required to lower the educational
disparity, which can thus bring about positive changes
within education. The implication is that resource
allocation into given school sites and rational planning
were central factors in educational policy and
reinforcement in the quest for quality in student
learning environments.

Conclusion

This study has demonstrated a micro-level approach
to assessing educational disparities and optimal
resource allocation in schools in Lahore using both
geospatial and statistical techniques. Infrastructure
provision, including, at minimum, drinking water,
security, toilets and classrooms in good order, is
instrumental in ensuring equity in education. Similar
spatial bias in educational density is also observed as
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the male schools and urban schools were more, so they
again need to receive the intervention in terms of the
infrastructural gap. School coverage is adequate and
thus, there were many spatial gaps through which
NNA gives no results in showing spatial pattern of
result in school coverage; other parts of Lahore were
also provided with enough resources. Al data
analyses, amongst other Al techniques, have
improved enormously in ascertaining major
contributors of ED values like access to drinking
water, security measures, sanitation facilities, and
safety in classrooms for the census 2022-23 dataset.
Such an example underlines the potential with which
Al techniques can contribute to the enhancement of
decision-making processes by capturing areas most
critical and sensitive to interventions or improvement.
Spatial mathematics has provided a good framework
for the analysis of the spatial distribution of the
educational facilities and the spatial clustering of high
ED values. With techniques like the Getis-Ord Gi*
statistic available, identification of urban areas and the
gender-specific gaps in the educational outcomes has
been possible for targeting the interventions. Insights
into education policies were critical for policymakers
to optimize resource allocation and get better
educational outcomes in Lahore toward sustainable
development through informed and strategic planning.
Practical glitches may face government policies
intending to translate research findings into action,
such as bureaucratic hitches, scarcity of resources and
most importantly, resistance to change from
stakeholders. Although this work indicates areas for
optimizing resource allocation, the effectiveness of
the implemented interventions to achieve educational
results warrants continued monitoring and evaluation.
Data collection along with its analysis could also
introduce biases inadvertently or raise issues of
privacy, especially when it relates to sensitive
information  regarding  students, teachers or
educational institutions.
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