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Abstract

The applications of Geographic Information System (GIS) in the education sector are increasing day by day. The geospatial
information can be published, discovered, searched, analyzed, and displayed through webGIS-based applications. Lack of an
open source geospatial resource-based platform for data sharing, discovery, and service delivery in the education sector is a
critical issue in managing the education of large population in India. The use of open geospatial consortium (OGC) developed
open standards for geospatial web services will result in the interoperability of geographic information. In this paper, an
interoperable and secure service-oriented architecture (SOA)-based webGIS framework is developed to handle the technical
and non-technical issues in the education sector. In this research work, spatial analysis on schools is performed along with the
design and development of webGIS framework using SOA, OGC standards, and open source software. The developed webGIS
framework, acronym as EduGIS, is interoperable and secure which is implemented for the education sector. The development of
webGIS framework is based upon three-tier thin client architecture. The present research work has investigated an optimized
adoption of various free and open source software like Quantum GIS, GeoServer, Apache Tomcat, PostGIS, and uDig in different
tiers of developed webGIS framework. The interoperability of developed EduGIS ensures that it can be shared across different
technologies, data, platforms, and organizations. The development of open source-based webGIS framework will serve as a
means of reducing licensing costs in developing countries like India and will promote indigenous technological development for
primary education in rural areas.

Keywords WebGIS - OGC - SOA - Education - School - Open source - Thiessen polygon

Introduction

Education is recognized as the fundamental right in India
(Sripati and Thiruvengadam 2004). Several initiatives have
been taken to promote primary and secondary education
(Singal 2006). The importance of schooling and factors affect-
ing it in different countries like Brazil (Duryea and Kuenning
2003), Ghana (Lavy 1996), Malaysia (Anderson et al. 2010),
Nigeria (Lincove 2009), Pakistan (Hazarika 2010), and
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Tanzania (Burke and Beegle 2004) are well covered in the
literature. India has made significant growth in the education
sector. There is a continuous growth in the literacy rate, num-
ber of schools, and number of enrolments. Child education in
India is affected by several factors like land and landless child
labor (Foster and Rosenzweig 2004), agricultural advances
due to green revolution (Foster and Rosenzweig 1996), and
urbanization (Kochar 2004). Child labor, poverty, and gender
bias are the major hindrances in primary education
(Chamarbagwala 2008).

Since independence, there are constant efforts to improve
primary education in India (Govinda and Bandyopadhyay
2010). On the basis of the census data published by the
Government of India, the literacy graph is compiled in Fig.
1. From 1951 to 2011, continuous progress is achieved in
literacy as there is an increase of 55.71% in total literacy rate.
Spectacular growth is made in female literacy, which jumped
from meager 8.86% in 1951 to 65.46% in 2011. Although
there is a significant gap of 16.68% between male and female
literacy rates in the year 2011, this gap is also bridging if it is
compared from the past data. According to the school count
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Fig. 1 Literacy rate in India from
1951 to 2011. All values in
percentage. Source: Census
(2011)
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data published by the Ministry of Human Resource
Department (MHRD) of India, a large number of schools have
been built in this period. As compared with 1950-1951, there
is 3.5 times increase in primary schools in 2010-2011. The
efforts were made for increasing the higher education as there
is a 33 times increase in upper primary schools in this period.

In India, initially, the right to education was taken as an
unenforceable principle as per the Constitution, but the Indian
Supreme Court interpreted it to be a judicially enforceable
right (Heymann et al. 2014). The National Policy on
Education of 1968 and the National Policy on Education of
1986 have emphasized to achieve the universalization of ele-
mentary education. The 5-year plans also made repetitive ef-
forts in this field. Elementary education was added in the
National Programme of Minimum Needs of 5-year plans.
After the long-term efforts by the Supreme Court of India,
educationalists, members of civil society, and parliamentar-
ians, it was added as a fundamental right (Sripati and
Thiruvengadam 2004; Grewal and Singh 2011). On
December 12, 2002, the president of India made education a
fundamental right to the children from age six to fourteen by
approving the 86th amendment to the Constitution Act, 2002.
The right to free and compulsory primary education was
established as the Right of Children to Free and Compulsory
Education Act (RTE) of 2009. To promote RTE and reduce
disparity, initiatives have been taken like Sarva Shiksha
Abhiyan (SSA), uniform distribution, stationary distribution,
and midday meal (Mukhopadhyay and Sahoo 2016). As per
NUEPA (2014), there are 858,916 primary schools with 132.4
million students and 589,796 upper primary schools with 66.5
million students in India. These facts and numbers indicate the
need of a support system for the education sector. WebGIS
can give significant support to government, policy makers,
decision makers, and common public in the education sector.

GIS is an enabling technology that displays the data in such
a manner that gives the insight into spatial analysis, which
would be otherwise hidden or missed (Ding and
Fotheringham 1992). GIS can play a major role in the progress
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of the education sector as it could be used in the generation of
maps that depict various statistics like primary gross enrolment
ratio, school enrolment and gender ratio, and school distribu-
tion (Mulaku and Nyadimo 2011). Nowadays, GIS and remote
sensing can be used to produce several types of data (Kulawiak
et al. 2019), which can be used in an unconventional manner in
education, e.g., crowdsourcing is the data collected by the vol-
unteers or the common public. It can be used in child safety by
participatory mapping (Dalyot and Dalyot 2018). Artificial
light-at-night data is freely available which can be used in the
identification of research and educational activities (Rybnikova
and Portnov 2017). One of the applications of GIS is in school
mapping. According to Al-hanbali et al. (2005), “School map-
ping is the art and science of building geospatial databases with
relational databases of educational, demographic, social and
economic information for schools and educational directorates
to support educational planners and decision makers”. WebGIS
can help in making spatial queries related to schools (Attfield
et al. 2002). Therefore, many countries are supporting the
school mapping projects like Bangkok (Makino and
Watanabe 2002), Georgia (Sharma 2018), India (Govinda
1999), Kenya (Odhiambo and Imwati 2014), Nigeria (Aliyu
et al. 2012), and Tanzania (Galabawa et al. 2002).

WebGIS can provide the open geospatial consortium
(OGC) web services. OGC is a non-profit consortium of com-
panies, government agencies, and universities. It was founded
in 1994 with the mission “to serve as a global forum for the
collaboration of developers and users of spatial data products
and services, and to advance the development of international
standards for geospatial interoperability.” OGC provides var-
ious technical documents which are known as standards that
give detail of interfaces. These documents are used by the
developers in the building of products and services. OGC
web services (OWS) are OGC standards created for use in
web applications. OWS are vendor-neutral, interoperable
framework for geoprocessing and location services using
technologies such as XML and HTTP for the communication
among distributed geoprocessing systems (Chen et al. 2006).
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OWS can be used to develop geoprocessing applications or
for integrating geoprocessing capability into other applica-
tions. OGC-based services are used to implement several
computational models that are applicable in diverse fields like
e-governance (Latre et al. 2013), service-oriented environ-
ment modeling (Granell et al. 2010), disaster management
(Salvati et al. 2009), and modeling in combination with other
services (Gebhardt et al. 2010; Peckham and Goodall 2013).

OGC provides several services like Web Map Service
(WMS), Web Feature Service (WFS), Web Coverage
Service (WCS), and Catalog Service for the Web (CSW).
WMS is a commonly used service which is based on WMS
specification and the ISO/TC211 specification. WMS renders
the spatial data as an image in formats like png, gif, or jpeg (de
la Beaujardiere 2006). The registered images can come from
multiple servers which get superimposed and displayed.
WMS contains some default styles for the representation of
data. If customized styles are required, then an OGC standard
known as Styled Layer Descriptor (SLD), which is an XML
schema, can be used to define new styles for WMS. The im-
plementation of WMS is also very important (Wenjue et al.
2004). WMS provides three operations, namely
GetCapabilities, GetMap, and GetFeaturelnfo.
GetCapabilities provides the service metadata, i.e., server’s
mapping content and processing capabilities. The response
of this request is an XML document, which is a machine
readable detail of the services. GetMap enables a client to
request the map layers and then renders it as per the client’s
parameters in the request like coordinate reference system,
bounding box, size, and format. GetFeaturelnfo provides
more information about the user specified feature in the
map. It is an optional operation and works on those layers
whose attribute “queryable” is set to 1 (true). It is mandatory
for the WMS to provide both GetCapabilities and GetMap
requests. WMS can combine the maps from different web
map servers to generate the result for thin clients, which is
known as cascading WMS. Currently, several WMS software
are available like MapServer, GeoServer, and Deegree.

Many of the webGIS applications are built using service-
oriented architecture (SOA). SOA is an architectural style of
system development (Van Der Aalst et al. 2007; Papazoglou
and van den Heuvel 2007). In this, web services can perform
three different roles which are provider, broker, and requestor.
Various standards and protocols were given for SOA like
Universal Description Discovery and Integration (UDDI) reg-
istry, Web Services Description Language (WSDL), and
Simple Object Access Protocol (SOAP) (Curbera et al.
2002). SOA helps the geospatial services to communicate
with each other in an interoperable manner (Foster 2005;
Kiehle et al. 2006; Friis-Christensen et al. 2007).

This research work is an attempt to support RTE by
webGIS using open standards. The objectives of this paper
are to perform GIS-based school mapping and geospatial

analysis on the education data for assessment and planning
of school infrastructure for RTE implementation; to design
and develop webGIS framework using SOA, OGC standards,
and open source software; and to implement developed inter-
operable and secure webGIS framework for the education
sector. The developed system is named as Educational GIS,
with the acronym as EduGIS.

Study area

The study area of this work is Bara tehsil of Prayagraj
district, which is located in the state of Uttar Pradesh,
India. Bara tehsil consists of Jasra and Shankargarh
blocks. The geographical extent of the study area is from
25° 02" 09.6" N to 25° 21’ 21.6" N latitudes and from
81° 30" 43.2" E to 81° 50" 34.8" E longitudes. It covers
an area of 743.60 km?>. The spatial framework of the
study area is created from Survey of India (SOI) topo-
graphical maps. Sheet numbers of these maps are G44P,
G44Q, G44V, and G44W. These maps are
georeferenced, mosaiced, and digitized by using the
Quantum GIS (QGIS) software. WGS 84 is set as datum
and UTM is taken as projection system. This process
gives the district and tehsil boundary. Further block
boundaries and village boundaries are extracted through
the digitization of maps obtained from the local authori-
ties, as shown in Fig. 2.

Data used

Survey of India (SOI) topographical maps and village map of
Bara tehsil from National Informatics Centre (NIC) are used to
obtain the district, tehsil, block, and village boundary. The
Government of India has conducted the latest census in the
year 2011. This census data is used in the present work. As per
Census (2011), the total population of Bara tehsil is 365,605 in
which 177,185 are in Jasra block while 188,420 live in
Shankargarh block. It also provides socioeconomic data.
Literacy rate and gender wise population data are used in the
spatial analysis. The study is performed on 475 schools of
Bara tehsil, among which 204 schools are in Jasra block while
271 schools are in Shankargarh block. GPS-based field survey
is conducted to collect the location of these schools. School-
related data is available on the website of District Information
System for Education (DISE).

Creation of integrated geographic database

The geographic database is the core of any GIS and consists of
data of varied types and nature. It caters to the needs of
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Fig. 2 Map showing location of the study area

different applications. The spatial framework of the database
consists of the reference latitudes and longitudes and the
boundary map showing the geographical domain of the study
area for which an integrated geographic database is being
created. The coordinate system determines the way coordi-
nates of spatial features are stored in the GIS database. The
spatial framework and the coordinate system have to be se-
lected by the user in accordance with the referencing system as
adopted by the national survey agency of that particular coun-
try. In the present work, geographic coordinate system WGS-
84 is taken, which is later converted to a projected coordinate
system UTM zone 44N. All the spatial elements of the inte-
grated geographic database are referenced to this uniform co-
ordinate system.

The spatial elements of the present geographic database
are SOI topographical maps, block boundary map of
Prayagraj district, village boundary map for Bara tehsil,
and GPS survey based school location for Bara tehsil.
Prayagraj district and tehsil boundaries are created from
SOI topographical maps. The study area is Bara tehsil, which
consists of Jasra and Shankargarh community development
blocks, popularly known as blocks. Boundaries of Jasra and
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Shankargarh blocks are obtained from the block boundary
map, which is collected from NIC. The village boundaries of
these blocks are derived from the map collected from NIC. In
Bara tehsil, there are 326 villages in which 114 belong to
Jasra block and 212 belong to Shankargarh block. All the
digitization is performed on the QGIS software. In this work,
the boundary of Bara tehsil is the master template, and all the
themes are created on this master template. The snapping
option is enabled during digitization to avoid errors. The
location of each school of Bara tehsil is required for the
spatial analysis in GIS. The position of these schools
was not available; therefore, GPS-based field survey has
been conducted. The location of all 475 schools of Bara
tehsil was collected in this survey.

In the feature coding step, a specific code is assigned to
each feature. A unique code is assigned to each district, tehsil,
block, and village by the Census (2011). In the block and
village boundary theme, this code is assigned as the feature
code. DISE provides the code for school which is a 11 digit
code. The decomposition of a school code is as follows: first
two digits are for state, next two digits for district, next two
digits for block, next three digits for village, and last two digits
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for school sequence. Feature coding of the school theme is
done by DISE school code. All the themes are thus generated
that contains the features with unique code.

There are non-spatial data sets that will populate the inte-
grated geographic database. The attribute data for the villages
is taken from Census (2011) data. Out of 93 parameters of
Census, attributes used in the present study for all 326 villages
of Bara tehsil are state code, district code, subdistrict code,
town/village code, the total population of in each village,
number of males and females, number of literate males and
females, and number of illiterate males and females. For
schools, DISE data has been taken as the attribute data. The
DISE attributes are used for all 475 schools of Bara tehsil are
school code, school name, district name, block name, cluster
name, village name, school category, school management,
number of common toilet, number of boy’s toilet, number of
girl’s toilet, number of male teachers, number of female
teachers, total number of teachers, total boys enrolled from
class 1-8, and total girls enrolled from class 1-8.

Spatial and non-spatial databases are created as per the
above discussion. There is a need to link these databases to-
gether. Figure 3 shows the process of spatial and non-spatial
database integration adopted in the present work. The link
field used in this process should be present in both the data-
bases. It must be unique for each feature, i.e., there must be
one to one mapping so that for any spatial feature, there will be
only one set of attributes.

Previously listed census parameters are linked to the village
boundary layer. The primary key used in this linking is the 11
digit unique village code, which is assigned to each village by
the Census department. In the village theme, it assigned dur-
ing feature coding. In this step, it is matched with its non-
spatial database. After this, area of each village is computed
by using the inbuilt function of QGIS and then added as the
attribute of the village. Population density is also calculated
and added as an attribute by dividing the total population of
the village from the computed area. These parameters are

Fig. 3 Process adopted for
linking of spatial and non-spatial
database

required in the spatial analysis. Previously listed DISE data
is also linked to the school layer. The primary key used in this
linking is the 11 digits unique DISE code assigned for each
school. In the school theme, it assigned during feature coding.
In this step, it is matched with its non-spatial database.

Spatial analysis of schools

Spatial thinking helps to make a diverse type of conclusions
on the basis of location and distance (Wilson et al. 2019). It
helps in defining the spatial relation, identifying the spatial
patterns, analyzing the neighborhood effects, and performing
the analytical analysis of spatial phenomenon (Logan et al.
2010). Spatial thinking is very much useful for planning and
decision-making in the education sector. For example, it can
be used in studying the spatio-temporal pattern of academic
activities like student enrolment (Mackenzie et al. 2016). It
can be useful in determining the safe and optimized transpor-
tation route for the children to the school (Bouzarth et al.
2018; Chica-Olmo et al. 2018; Ikeda et al. 2018; Pocock
et al. 2019). It can also be used in dealing the business aspect
like school property price assessment (Orford 2018), compe-
tition between the schools (Powers and Topper 2019), and site
selection for the opening of new schools (Kumar and Bansal
2019; Murray et al. 2019; Panahi et al. 2019).

In this section, spatial analysis is carried out on the schools
whose locations are collected through GPS. The methodology
followed for this is shown in Fig. 4. Data from various sources
are obtained, which is used in the creation of a comprehensive
database under the GIS environment. Different maps are cre-
ated by using GIS, which gives an attractive visualization of
education data. Attribute data are also attached to each map
that help in getting further detail of any area. Different levels
of zoom help to get information at various levels of resolution.
Each aspect of spatial analysis, as shown in Fig. 4, is discussed
under subsequent heads.

Integrated Geospatial Database

I
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|
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Database I Link Field ’ Database
v 4
Thematic Attribute Data
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Fig. 4 Methodology adopted for the spatial analysis
Literacy map
Education is fundamental to overall development. The literacy
map of Bara tehsil is created using the integrated geographic ~ Table 1  Literacy statistics of Bara tehsil villages
qatabase. The literacy statistics of the Bara tehsil is compiled S. 1o, Literacy rate Number of villages
in Table 1.
Figure 5 shows the literacy map of all 326 villages of Bara 1. 0-10% 29

tehsil. The polygons in black, red, maroon, pink, and orange 2. 11-20% 0
color are the villages where literacy is very low. There are 103 3. 21-30% 8
such villages where literacy is less than 50%. In 18 villages, 4. 31-40% 9
more than 70% population is literate. A very high literacy rate 5, 41-50% 57
can be observed in villages Ledar, Tikrohini Khurd, and ¢ S1-60% 116
Batpara where it is 92%, 93%, and 83%, respectively. The 5 61-70% 89
pie chart on the map is used to compare male and female ¢ 71-80% 15
literacy. In maximum villages, male literacy is more than fe- ¢ 81-90% 1
male literacy. Only 5 villages have female literacy more than | 91-100% 5

male literacy. In 30 villages, male and female literacy is equal.
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Fig.5 Literacy map of Bara tehsil

Literacy Map of Bara Tehsil
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Catchment area map

Catchment area represents that area around a school where the
residing people desire to enroll their children to that particular
school as compared with others on the basis of distance.
Thiessen polygon can be used in forming the catchment area
(Fotheringham et al. 2001). If the size of the catchment area is
large, then it shows the requirement of more schools at that
place. The catchment area of a school is calculated by using
the GIS-based functions. Table 2 provides the details of the
catchment area of schools.

Figure 6 shows the catchment area of each school. Color
varies from light to dark shades of red according to the area.
Small areas are depicted by lighter tones while large areas by
the darker shades. In the given map, the largest catchment area

s @ AL S
B o1 -60 [ Lit mate
- 70 - 80 |:| Lit_Female
81-90
[ o1 - 100

is 9.83 km?. A child living near the border of this catchment
area will make a journey of 3.29 km for the school. According
to the State Government norms, for students from class first to
fifth, there must be a school within a range of 1 km while for
students from class sixth to eighth, there must be a school

Table 2  Catchment area of schools

S. no. No. of schools Catchment area (km?)
1. 163 0-1
2. 174 1-2
3. 89 2-3
4. 36 34
5. 13 >4

@ Springer
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Fig. 6 Catchment area map of
Bara tehsil schools
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within a range of 3 km (Uttar Pradesh State Education
Department 2011).

Map showing population covered by each school

The population falling in the catchment area of a school is
an essential parameter in school-related studies. This pop-
ulation can be found from Thiessen polygon and popula-
tion density data (Black et al. 2004). The population den-
sity of each village is calculated using population data and
village boundary shapefile that gives the area of each vil-
lage. Table 3 shows the data of the population covered by
the schools of Bara tehsil.

Figure 7 shows the population covered by each school. The
large population in a catchment area indicates that there is a
need for more schools at that location. In the study area, the
largest population of 3422 people is covered by a school
whose catchment area of size is 2.10 km?.
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Student gender ratio map

The number of girls per thousand boys enrolled in school is an
important factor and can be analyzed using the student gender
ratio map. Ideally, the ratio needs to be 1:1, but in reality, this
ratio is imbalanced. The inequality in male and female literacy

Table 3  Population covered by each school

S. no. No. of schools Population covered
1. 77 300 or less

2. 210 301-800

3. 120 801-1300

4, 44 1301-1800

5. 19 1801-2300

6. 2301-2800

7. > 2800
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Fig. 7 Spatial map showing
population covered by each
school of Bara tehsil

Population Covered by Schools Map
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in the study area is evident from the pie chart shown in Fig. 5
where the slice of male literacy (depicted by green color) is
larger than that of female literacy (indicated by pink color) at
most of the places. It is important to note that there are 900
females on 1000 males in the study area. Therefore, the ideal
situation of 1:1 in gender ratio is not possible.

The gender ratio map is shown in Fig. 8. In this map, only
boy’s schools and only girl’s schools are indicated by orange
and pink colors respectively. Schools where there are lesser
boys than girls and boys more than girls are shown by red and
blue colored points respectively. Seventeen schools, shown in
green color, are having an ideal situation where both girls and
boys are in equal numbers. With the substantial increase in the
enrolments, girl’s education is keeping pace with it. It is es-
sential to maintain this enrolment increase in the transition
from primary to upper primary and then to higher secondary
classes. Further, Table 4 gives the number of schools in a
specific range of this ratio.

Student teacher ratio map

Student teacher ratio is an important parameter in judging
the quality of education and gives the number of students
on one teacher. Figure 9 shows student teacher ratio in
schools of Bara tehsil. According to RTE norms, at the
primary level, student teacher ratio should be 40:1 while
at the upper primary level, this ratio should be 35:1.
Table 5 gives the number of schools in a specific range
of this ratio.

It can be observed that 296 schools are meeting the
standard ratio given by RTE norms. These schools are
depicted in the green and blue colored points on the map.
In 103, 36, and 19 schools, there is a single teacher on 41
to 60, 61 to 80, and 81 to 100 students respectively, which
are correspondingly shown in map by yellow, pink, and red
colored points. In the map, it can be observed that there is a
small aggregation of black points. In this place, there are
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Fig. 8 Map showing student
gender ratio in schools of Bara
tehsil

Student Gender Ratio Map
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four schools where there is only one teacher on every 119,
130, 142, and 592 students. Thus, by spatial analysis, the
geographic regions of concern can be identified. This can
help the government in investigating whether there is any
specific reason for the lesser number of teachers at that
location, and in taking the corrective measures.

Table 4 Student gender

ratio in schools S. no. No. of schools Gender ratio
l. 5 Only boys
2. 2 Only girls
3. 255 Boys < girls
4. 17 Boys = girls
5. 193 Boys > girls
6. 3 No student
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® girls>boys
girls= boys
® girls<boys

Student toilet ratio map

Basic facilities like toilets, electricity, and water help in
achieving a good teaching environment in the schools.
Given the option, parents, in general, prefer those schools
where these facilities exist. Among these facilities, toilet facil-
ity is an important one. It is found that the unavailability of
toilets compels the students to absenteeism. In the worst case,
the absence of a toilet leads to the dropout, in particular of girl
students. The Government of India is making a lot of effort in
this direction. It has targeted to construct toilets in every
school under its flagship program called Swachh Bharat
Mission by October 2, 2019. In order to assess the sanitization
situation in the study area, the student toilet ratio of each
school is calculated, which is shown in Fig. 10. It gives the
number of students on one toilet. Table 6 presents the number
of schools in a specific range of this ratio. The number of
toilets in a school is obtained from the DISE data.
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Fig. 9 Map showing student
teacher ratio in schools of Bara
tehsil

81 °3|5'0"E

Student Teacher Ratio
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25°100"N

25°5'0"N

Number of students per teacher

® 0-20
® 21-40
41 -60

As per RTE norms, student toilet ratio is ought to be 40:1,
i.e., there must be one toilet per forty students. In Bara tehsil, out
of 475 schools, 213 schools are meeting this standard ratio.
These schools are shown by the green color point on the map.
Schools where there is 1 toilet on 41 to 80 students, 81 to 120

Table 5  Student teacher ratio in schools

S. no. No. of schools No. of students per teacher
1. 296 40 or less

2. 103 41-60

3. 36 61-80

4. 19 81-100

5. 21 > 100

® 61-80
® 81-100
® >100

students, 121 to 160 students, and 161 to 200 students are shown
by blue, yellow, pink, and red color points respectively. The
worst situation is in 17 schools, demonstrated by the black point
on the map, where there is a single toilet on more than 200
students. Many schools need to build toilets on a priority basis.

Development of EduGIS

The development of EduGIS starts with the requirement spec-
ification, followed by analysis, design, implementation, and
testing. In the first phase, the database is created. In the second
phase, it is uploaded on the server and each layer is styled
using the software. Web services for SOA-based EduGIS
are then added.
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Fig. 10 Map showing student
toilet ratio in schools of Bara
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Requirement specification
The requirement specification is a crucial step in the devel-

opment of any system. In this phase, all the requirements or
needs of the client must be documented properly because

Table 6  Student toilet ratio in schools

S. no. No. of schools No. of students per toilet
1. 213 40 or less

2. 158 41-80

3. 55 81-120

4. 21 121-160

5. 28 > 160

@ Springer

incorrect specification leads to the development of an in-
correct or incomplete system (Mullery 1979). Therefore, all
the needs must be brought on the paper in this phase. The
UML use case diagram depicts the behavioral aspect of the
system (Sengupta and Bhattacharya 2006). The require-
ments of the EduGIS are shown in Fig. 11 by the use case
diagram. All the actors and their requirements are men-
tioned in the diagram. Three main actors are web developer,
administrator, and user. The web developer needs to create
OGC services, upload geotagged services, and update the
data. The administrator needs to provide the proper man-
agement of users. It can add, find, delete, and authenticate
the users. The general user requires the functions like view,
zoom, pan, maximize, and minimize the map. It may re-
quire getting the coordinate of any location or viewing the
attribute detail of any spatial entity.
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Fig. 11 Use case diagram of
EduGIS

Administrator

User

Bind User

Remove Users

View Geotagged
Images

Perform User
Registration

Develop OGC Services

N
Geotagged Images
Modify Data ]

Minimize Map

Attributes and
Coordinates

Web Developer

Design

In the design phase, the system architecture is created. The
system developed is based on thin client architecture. As per
this architecture, most of the processing is performed at the
server end (Alesheikh et al. 2002). The client side is only used
to send the request and render the results sent by the server
(Agrawal and Gupta 2017). At the server side, Apache tomcat
is used as the web server, GeoServer as the GIS server,
PostgreSQL/PostGIS as the spatial database, and QGIS as
the software. At the client end, any web browser like
Mozilla Firefox, Google Chrome, and Internet Explorer can
be used. SOA-based webGIS has been developed in the

Fig. 12 SOA-based architecture
of EduGIS

GIS
Web Client

present work, as shown in Fig. 12. The developed system
consists of three tiers, namely data tier, service tier, and pre-
sentation tier.

Implementation and testing

In this phase, the conceptualized system is realized in the real
world. The EduGIS is implemented and coded as per the dis-
cussion in the “Requirement specification” and “Design” sec-
tions. Free and open source software (FOSS) is used in the
development of EduGIS, as shown in Fig. 13. FOSS provides
the freedom to use the software for any type of requirement
that may be academic or commercial, to modify the software

GIS Catalog
Service

Disco‘\‘/y

GIS Service
Provider (OGC
Services and
Spatial Data)

Bind
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Fig. 13 Layered view of EduGIS
architecture

Apache
Tomcat

lg

PostgreSQL

PestGIS

Spatial PostgreSQL

as per the requirement, sharing of software and distribution of
the modified version of the software (Steiniger and Hunter
2013). In this work, QGIS has been used for the spatial data
creation and analysis. QGIS was developed in 2002, in C++
programming language (Steiniger and Bocher 2009). Apache
Tomcat is used as the web server in this work. Apache Tomcat
is implemented using the model-view-controller design
(Fustes etal. 2014). GeoServer is used as the GIS server which
is the J2EE realization of open GIS web server. uDig (user-
friendly desktop internet GIS) is used in the WMS styling.
During 2004 and 2005, Refractions Research Inc. (Canada)
started uDig in Java for viewing and editing directly in data-
bases and over the web. It has many capabilities like direct
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GIS Shapefile

viewing of WMS, direct editing of WFS, integration and
editing of standard GIS data, and connecting to PostGIS,
MapServer, GeoServer, and etc. (Ramsey et al. 2005).
PostGIS/PostgreSQL is used as spatial database. Refractions
Research Inc. (Canada) started PostGIS in 2001. PostGIS is a
spatial database, while PostgreSQL is a standard database.
The presentation tier is created by using JSP, JavaScript,
HTML, and CSS. The web browser is used to view the pre-
sentation tier. The client interacts with various services
through a web browser.

Interoperability is an important feature of any webGIS.
It enables the sharing across the different technologies,
data, platforms, and organizations. Several standards are
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defined for developers and vendors to promote this in the
geospatial world. In the internet era, interoperability is
mandatory for the exchange and sharing of resources.
EduGIS is evolved as an interoperable system.
Interoperability is present in each of the data, service, and
presentation tier. At the data tier, all the spatial data along
with attributes are stored in the shapefile, which is the most
common format of spatial data. In the service tier, OGC
services are created in eXtensible Markup Language
(XML), which is a platform independent language and
commonly used on the internet. OGC-based services are
inherently interoperable. Thus, OGC WMS services that
are generated in EduGIS are also interoperable. In the pre-
sentation tier, the system can work on the browser without
any additional software. The languages used in the inter-
face development are JSP, HTML, and CSS. These lan-
guages can work on any standard web browser. In the case
of communication protocol, HTTP and HTTPS protocol
can be used, which do not have any interoperability issues.
Thus, the EduGIS can be opened in any browser and the
client can use it independently without any additional in-
stallation of software.

Security is an important aspect of the system that works
over the internet. Role-based security is provided in the
EduGIS. To access the services, users have to register on the
website to get user-id and password. Necessary checks are
provided so that no two user-ids will be identical. For the
password, a proper combination of alphabets, numbers, and
special characters is required. When the user wants to access
the service, he needs to provide the user-id and password.
Services are offered only after the authentication of the user.

The session log is also maintained. Therefore, the information
regarding the user activity can be obtained at any time by the
administrator. The addition or deletion of the services can be
done by the administrator only and he has the right to delete
any user. At the database level, there is user authentication that
ensures the security of data.

Methodology adopted in the development
of EduGIS

Figure 14 shows the methodology used for the development
of webGIS. Its details are discussed below:

Step 1: Creation of integrated geospatial database

This step is previously discussed in the “Creation of an inte-
grated geographic database” section.

Step 2: Storing data in PostgreSQL/PostGIS

The geographic database is created to store the spatial data.
For this, PostgreSQL is used as a database in EduGIS.
PostgreSQL is an object-relational database management sys-
tem (Stonebraker et al. 1990). PostGIS is an extension to the
PostgreSQL that adds spatial feature in it. pgAdmin is the
administration and development platform for PostgreSQL.
All the data which are created in the previous step are
imported to the PostgreSQL database.

Fig. 14 Methodology adopted for |

Create integrated geospatial database ‘

the development of EduGIS

| Store the data in PostgreSQL/PostGIS database ‘

Select data from database |

:

Upload selected data in GeoServer |

v

| Generate SLD files for styling of layers using uDig |

v

| Upload SLD files in GeoServer to style the layer |

v

| Produce web map services for the uploaded layers using various styles ‘

s

| View the services related to education sector on client end ‘

|

- T
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Step 3: Data upload in GeoServer

Data is uploaded in the GIS server. GeoServer is used for this
purpose. It is an open source platform that supports OGC
standards. It can work with a large range of data formats like
shapefile, ArcSDE, and PostGIS. The following steps are per-
formed in the GeoServer:

i. Workspace is created in GeoServer.

ii. PostGIS store is then created in GeoServer.
iii. Layers are added in the store.

iv. OGC web services are created.

Step 4: Styling of layers using uDig

uDig can work as a rich client or can provide the tools for
editing, manipulation, and etc. (Cavur and Duzgun 2016). In
this work, uDig is used to generate SLD file for the layer that
decides how the data of that layer will be displayed. The SLD
file generated in the uDig is added as a style in the GeoServer,
which is used for styling of published layers.

Step 5: Generation of OGC web services

The OGC web map services are generated. WMS contains
some default styles for the representation of data. If the cus-
tomized style is required, then SLD, which is an XML sche-
ma, can be used to define new styles for WMS. WMS are
generated for the following categories:

i. Boundary layers

ii. Study area

iii. School mapping

iv. Proposed model for the identification of zones for the
opening of new schools

In WMS, a GetMap request gives the map of the requested
area. All the mentioned layers are displayed through this re-
quest. GetFeaturelnfo request gives the attribute information.
To get the attribute information related to any feature, just a
click is required on the feature and the details will get
displayed below the layer.

Workflow of EduGIS implementation

At the developer end, first of all, Java Runtime Environment
(JRE) and Java Development Kit (JDK) are installed whose
minimum memory and disk space requirements are 1 GB and
250 MB respectively. Apache Tomcat is then downloaded and
installed as a web server. The system variables, namely,
CATALINA HOME and JAVA HOME, are created. Web
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archive file of GeoServer (geoserver.war) is then downloaded
and copied to the webapps directory of Apache Tomcat. Now,
PostgreSQL/PostGIS and uDig are installed for database and
layer styling respectively.

At the client end, there is a requirement of only a computer
with a web browser like Mozilla Firefox, Google Chrome, and
Microsoft Internet Explorer along with the internet connec-
tion. Internet connectivity is not a challenge in EduGIS be-
cause it is based on thin client architecture. Low bandwidth is
required to send the results to the client. Apart from this, the
internet connection is easily available in most parts of the
world. In the Indian context, as per the National Telecom
Policy, it is aimed to provide universal broadband connectiv-
ity at 50 Mbps to every citizen. Accordingly, it is planned to
have 1 Gbps broadband connectivity to all Gram Panchayats
(village council) of India by 2020 and 10 Gbps by 2022. There
are 1183.51 million telecom subscribers in India in the finan-
cial year 2018-2019, among which 514.35 million reside in
rural areas (TRAI 2019). Thus, EduGIS can easily be used in
remote areas where the information infrastructure is not very
good.

Major functionalities of EAuGIS

All the major functionalities of developed EduGIS are provid-
ed on the web portal. When the user opens EduGIS, the home
page will appear. The home page gives basic details of RTE
and SSA. This also offers links to MHRD, RTE, and SSA for
detailed knowledge. If the user wants to access the RTE im-
plementation, then it has to register on the website. To ensure
the proper registration, the following checks are applied in the
form fields:

1. None of the fields can remain blank. If a user leaves a
blank field, then alert message will pop up on the browser
screen.

2. Checks are applied to the fields to ensure the use of
allowed characters only.

3. Validation is done on the e-mail field to ensure its proper
format.

On clicking the submit button, a connection is established
with the PostgreSQL database and all the data is inserted into
it. Username must be unique; therefore, it is checked during
registration to ensure that it is not given to any other user. In case
of duplication, alert message will pop up. Once a user registers
on the website, then it can access services by signing in. In the
sign-in page, the user has to input the username and password.
On clicking the submit button, the form is validated. If any input
field is left blank, then an alert message will pop up. The login
details are checked by establishing the connection from the
PostgreSQL database. If the details are correct, then data will
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be inserted into the session log and the user successfully logs in
into the system. The RTE page will appear on the screen page.
Session log will contain the login data of each user i.e.,
username, login date, login time, logout date, and logout time.

After the successful login, the user can access details re-
quired for RTE implementation under four categories, name-
ly, boundary map, study area, school mapping, and new
school location, as shown in Fig. 15. When the boundary
map link is clicked, a list of various administrative boundary
maps appears. Here, the user can view the administrative
boundary map of Prayagraj district, tehsils, and blocks. The
village boundary map of the Bara tehsil will appear when its
link will be clicked. If more detail of the village is required,
then it can be obtained by just clicking on the desired village.

When the study area link is clicked, then list of Jasra and
Shankargarh related maps appears. User can view the village
boundary map of Jasra and Shankargarh blocks. WMS
GetFearturelnfo request will generate when any of the village
polygon is clicked. This gives the attribute details of the vil-
lage. Other important information of the study area like village
area, population density, and literacy rate can be viewed by
clicking the respective links.

File Edit View History Bookmarks Tools Help

GIS World

School mapping represents a spatial database for
schools that contains data from different fields along with
the education. When “School Mapping” link is clicked,
then the rendered list shows the link of different maps.
These maps are built on various parameters of schools.
The location link gives the location of all the DISE schools
labeled by the school name and overlaid on the village
boundary map. Block in which a school falls can be easily
identified by the polygon color in which the school point
lies. The village details can be determined by clicking on
the polygon in which the school point lies. Other maps that
can be opened from the “School Mapping” link are cate-
gory, catchment, population covered, management, student
gender ratio, student teacher ratio, and student toilet ratio.
In case of any modification, the changes in the shapefile
will appear automatically on the website. This means that
the user will always get the updated data from the website.

In the “New School Location” link, various services related
to it can be accessed. From the “Village Without School” link,
villages that do not contain any school appear. The “Primary
Schools” link contains three links. From “Location with
Criteria” link, map showing the locations that are meeting

SCHOOL MAPPING

NEW SCHOOL LOCATION

Prayagraj District
Prayagraj Tehsil
Prayagraj Block

Bara Village

<

—_—

. off

Fig. 15 EduGIS user interface showing the various functionalities related to it
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the RTE criteria for the establishment of a new school can be
rendered. “Location without School” link shows those loca-
tions that are meeting the RTE criteria for the establishment of
new primary school and also do not have any school in that
village. If a user needs the location for the opening of new
primary schools along with priority, then “Location with
Priority” link should be visited. The user can navigate to the
“Upper Primary Schools” link for the locations that are meet-
ing the RTE criteria for the establishment of new upper pri-
mary schools.

Gallery link gives the images of some schools of the study
area. User can view the slideshow of some of the selected
geotagged images. Geotagged images contain the geographic
coordinates or latitude and longitude of that place. During the
field survey, the geotagged image of each school is taken from
the integrated camera of handheld GPS. Juno 3B handheld
GPS used in the survey comes with a 5-MP camera with
properties of autofocus and flash. For the users who need the
geotagged images of all the schools, this page contains the
links from which geotagged images of all the schools of
Jasra and Shankargarh can be downloaded. There are two
links in the left panel of the page, one for geotagged images
of Jasra schools and another one for geotagged images of
Shankargarh schools. On clicking this link, the zip file will
be downloaded on the local machine. The contact page pro-
vides the contact information of the developers. The users can
contact the developers from the details given on this page and
send their queries or feedback to the developers.

All the RTE-related data and services are integrated into
this webGIS framework. Various thematic maps along with
attribute data that are needed in the decision-making are avail-
able here and the relevant details of any location can be ob-
tained just by clicking at that position. This will help the users
to access the required information in one place. Decision and
policy makers do not have to go to different agencies for data
or spatial services. All of this is available under the EduGIS
umbrella that can be accessed from any platform.

Applications of EduGIS

In EduGIS, GIS has been efficaciously used in school map-
ping for spatial representation of various school parameters,
and for spatial gap analysis of existing facilities in the schools
vis-a-vis RTE norms. The spatial analyses carried out include
literacy, school category, catchment area of schools, popula-
tion covered by each school, student teacher ratio, student
gender ratio, and basic facilities in schools. This information
can be used by district administrators for planning the educa-
tional facilities/infrastructure in a better and more scientific
manner. The development of web GIS will allow even non-
GIS professionals to access and use spatial information and
analysis tools through any standard web browsers. It can be
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used by government officials for framing education-related
rules and policies as well as by local administration to identify
the infrastructure issues in the schools. The village councils
can also use this for the establishment of new schools. The
common public can locate the schools within their proximity.
Further, the framework developed in the present work can be
used for similar works in other areas/regions/countries. The
technology/framework developed can also be used for other
sectors like health sector.

Conclusions

Spatial analysis on the state of education in the Bara tehsil is
carried out. It clearly indicates the need of literacy improve-
ment in the study area. The geospatial analysis of the schools
is also performed. A webGIS framework EduGIS is designed
and developed by using SOA, OGC standards, and open
source resources. EduGIS is built on three-tier thin client ar-
chitecture and is implemented for education sector, in partic-
ular, for RTE to provide a mechanism so that geospatial in-
formation related to the education sector can be published,
searched, analyzed, and processed over the web in a cost-
effective, easy, and efficient manner. The developed SOA-
based webGIS framework is powered with interoperability
and security features, which enables the sharing across differ-
ent technologies, data, platforms, and organizations to provide
reusability, reliability, and improved performance. The
webGIS framework developed in the present work can be
used as a base for the development of similar webGIS appli-
cations for different districts of India.

The present research work has investigated the optimized
adoption of various free and open source software like QGIS,
GeoServer, Apache Tomcat, PostGIS, and uDig as related to
the development of the webGIS framework. It is recommend-
ed to use HTML, CSS, JavaScript, and JSP in the presentation
tier for the creation of menu-driven graphical user interface.
SOA-based geospatial web services can be provided in the
service tier using Apache Tomcat and GeoServer as a web
server and GIS server respectively while uDig can be used
for the styling of shapefiles. In the data tier, QGIS can be used
for data creation which can be stored in the PostgreSQL/
PostGIS database.

The development of open source-based webGIS frame-
work will serve as a means of reducing licensing costs in
developing nations like India and will promote indigenous
technological development for primary education in rural
areas. The development of WebGIS for the education sector
will allow more people, traditionally non-GIS professionals
such as planners and administrators, to be able to use the
spatial information and analysis tools through any standard
web browser leading to the improvement in the efficacy of
planning process in Bara tehsil of Prayagraj district.
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