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support for students, faculty, staff, and visitors. Key applications include real-time
location tracking, detailed information of campus facilities, route optimization, and
integration with other platform. A review of the literature was therefore carried out to
the applications and benefits of GIS in creating digital campus maps as well as the
technologies used in this development. The articles were selected from SpringerLink,
the IEEE Xplore digital database and Semantic Scholar using the keywords ‘digital map’,
‘campus map’, ‘mobile application’ and ‘Geographic Information System (GIS)’ and a
total of 1870 articles were obtained and screened from the referenced databases.
Finally, a total of 15 publications were chosen to evaluate information after inclusion
and exclusion criteria in order to accomplish the primary goals of this research. The
benefits of implementing GIS in digital campus maps are manifold: it provides a unified
user experience, ensures consistent and up-to-date information, improves
accessibility, and enhances data security. From the review finding, majority of
researchers have increasingly focused on creating digital campus maps to provide
essential navigational and informational support, making it easier for students, faculty,
and visitors to navigate and utilize campus resources efficiently. However, these
functions often remain distributed across various platforms and systems rather than
being centralized in a single interface. Centralizing digital campus map functions offers
numerous benefits, including a unified user experience, consistent information,
streamlined management, and enhanced data security. By leveraging GIS technology,

Keywords: educational institutions can provide a more efficient and effective means of campus
Geographic Information System; digital navigation and resource utilization, ultimately improving the overall educational
campus; map experience for students, faculty, staff, and visitors.
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In recent years, the integration of technology into various sectors has revolutionized how data
is collected, analyzed, and utilized. One such technological advancement is the Geographic
Information System (GIS), which has found applications in numerous fields including education
sector, urban planning, environmental management, and disaster response. GIS is now invariability
used to describe computerized systems, which comprise a digital map background and layers of
additional information, which can be viewed in any desired combination and at any scale [1].
According to Restrepo [2] describe GIS is a system for management, analysis and visualization of
geographic knowledge that it is structured in different sets of information and interactive maps,
geographic data, geoprocessing models and data models. With the GIS technology it can enables
individuals and even organizations to manage georeferenced data and ensures proper mapping of
positions in an area such that organizations may make wise judgments and fully comprehend the life
cycle of a facility with the use of GIS and mobile devices application for campus facilities [3].

Additionally, GIS is also provides a great opportunity to create intelligent maps that serve both
spatial and attribute data about the geographical structures referenced to their physical locations
like buildings, infrastructure and other assets [4,5]. Moreover, with the growth of the Global
Positioning System (GPS), Location-based Service (LBS), and wireless communication, GIS has
developed from desktop software to mobile application. These maps can be accessed and viewed on
mobile devices, allowing field personnel to easily navigate the campus and locate specific assets.

The integration of GIS technology into digital campus map has significantly transformed the way
educational institutions manage their physical spaces and facilitate navigation. GIS technology
enables the collection, analysis, and visualization of spatial data, providing a powerful tool for
creating detailed and interactive maps of campus environments. These digital maps serve multiple
purposes, from enhancing campus planning and infrastructure management to improving the overall
user experience for students, staff, and visitors.

This review paper aims to systematically evaluate the applications and benefits of GIS in digital
campus map. By examining key studies and real-world examples, the paper will highlight how GIS
technology is being utilized to create smarter, more efficient, and user-friendly campus
environments.

2. Methodology

In this study, systematic literature review methodology is used to address the applications and
benefits of Geographic Information System (GIS) in digital campus map and also review the various
technologies used in the development of GIS-based digital campus map systems. A systematic
literature review aims to address the problem by identifying, critically appraising, collecting and
analysing data of all relevant studies addressing on a specific area to answer a specific research
questions [6]. It emphasizes the importance of a replicable, scientific, and transparent process to
achieve a synthesis of scientific research on a specific topic through a rigorous analysis of past and
current studies [7]. By following a systematic approach, researchers can ensure comprehensive
coverage of available literature sources and develop a scientific synthesis in response to specific
research questions [8]. Moreover, systematic literature reviews offer significant advantages over
traditional narrative approaches by minimizing bias through exhaustive searches of published and
unpublished studies and providing an audit trail of reviewers' decisions and procedures [9].
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2.1 Procedure
2.1.1 Identification

The area of this study is covered by the essential keywords, specifically, ‘digital map’, ‘campus
map’, ‘mobile application” and ‘Geographic Information System (GIS)’. The search process is a manual
search, researchers choose to restrict their search to the SpringerLink, the IEEE Xplore digital
database of scholarly and technical literature and Semantic Scholar, the search focused on full-text
articles, written in English, and published between 2007 until 2022. The reference list of all selected
articles were hand-searched to obtain useful studies for the review. Some researchers used ‘mobile
application” and ‘Geographic Information System (GIS)’ synonymously. By neglecting the word
‘mobile application” would not be in the best interest of enlightening the issue and could exclude
some significant contributions.

2.1.2 Inclusion / exclusion criteria

The researcher formulates inclusion and exclusion criteria to choose appropriate and focused
studies to answer the research questions. The process of defining inclusion and exclusion criteria is
essential for maintaining the focus of the research and ensuring that the selected studies align with
the research objectives. It helps researchers to systematically identify and select studies that are
most relevant to the research questions, thereby enhancing the rigor and validity of the review
process [10].

The following Inclusion Criteria (IC) were employed to determine which papers would be included
in the review:

i. IC1: All studies published between 2007 and 2022.

ii. 1C2: The studies are included which are published in the Journal.

iii. 1C3: The studies are included which are written in the English language.
Excluding articles Criteria (EC) were also identified:

i. EC1:Studies were excluded if the content were book or systematic review

ii. EC2:If the language of the articles published other than the English language.

2.1.3 Study selection

Based on the research terms, 1870 articles were obtained in SpringerLink, the IEEE Xplore digital
database and Semantic Scholar. A total of 236 of these were then selected according to the titles,
abstracts, and keywords. After reading the selected articles (n=20), a total of 15 articles were chosen
which met the inclusion and exclusion criteria (as shown in Fig.1).
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Fig. 1. Flow chart of study selection process
3. Findings

The summary report of the selected journals has presented on Table 1. The reviewed findings
have been presented following the sequences such as the name of the authors, publication years, a
sample of study and the findings to maintain the purpose of this paper.

Table 1
Summary of selected review
Bil Study Application Technology Benefits
1 Syafuanet Developing Android and web apps for e ArcGIS 10.6.1 e More efficient and
al., [1] reporting damage at UPNM. e ArcGIS Online effective reporting of
(AGOL) infrastructure-related
e AppStudio for issues within the
ArcGIS specified area.
2 Odekunleet Smart Bosso map shows interactive o ArcGIS, Google e The smart campus map
al., [11] mobile map creation on open source Earth Pro, and can be accessed via
platform. Android Studio. mobile devices and web
o Global Positioning applications, making it
Digital maps are essential for easy System (GPS) convenient for users to
navigation and spatial understanding. get information anytime

and anywhere, both
within and outside the
campus.
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The map includes
interactive elements
such as real-time
location tracking, route
planning, and detailed
information about
campus facilities, which
enhances the user
experience and provides
valuable insights.

3 Nurdinet
al., [12]

Develop a geographic information e Google Maps API
system (GIS) application using Google

Maps API to accurately map the

distribution of Bidikmisi scholarship

recipients across Central Sulawesi,

Indonesia, based on their region and

economic geography

It can helps universities
and government bodies
make better decisions by
providing a clear map of
where scholarship
recipients are located,
ensuring that aid reaches
the most deserving
students based on
economic and
educational criteria.

The system allows for
easy integration and
management of student
data, making it simpler
for university
administrators to update
and access information
about scholarship
recipients, thereby
improving coordination
among different
university divisions

4 Wardetal.,
[13]

Integrate Geographic Information e Recap, AutoCAD,
System (GIS) and Building Information and 3DS Max
Modeling (BIM) data to help createa e ArcGIS software
smart campus for the Faculty of e Structured Query
Engineering at Cairo University, .Language (SQL)
aiming to improve the educational

environment, emergency response,

and facilities management by

managing, visualizing, sharing, and

exchanging attribute and spatial data

in a user-friendly way

Develop practical applications, such
as a 2D interactive map of the
S5campus on the web and a6 smart
building cellphone application using
QR codes, to make campus
information easily accessible and
manageable in real-time

The integration of GIS
and BIM data helps in
creating a smart campus,
improving the
educational environment
by providing real-time
geographic coordinates
and building attributes
through web and mobile
applications.
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5 Obediencia Developing a mobile app map e Android Studio e The eMap app helps
etal., [14] directory with a web-based e Mapbox API users easily locate
management panel to help users buildings and rooms
navigate the campus more easily within the Eastern
Visayas State University -
Tacloban Campus,
reducing confusion and
saving time by providing
the shortest routes to
destinations.

e It keeps users updated
with the latest university
news and events,
enhancing the campus
experience by ensuring
they don't miss out on
important activities.

6 Zhangetal, To designandimplementa mobile e WebKit engine e Users can access campus
[15] digital campus that extends the e jQuery Mobile services and information
traditional digital campus by anytime and anywhere
integrating mobile network using their mobile
technology to provide convenient, devices, which is not
rapid, and personalized services to restricted to network
users and computer locations,
making it highly
convenient for students
and staff
7 Llerand Develop an intelligent system for e Global Positioning e  Making it easier for
Zainon [16] mobile phones that helps users find System (GPS) residents, students, staff,
the shortest path between points of e Dijkstra's and visitors to find
interest within the Universiti Sains shortest-path locations and plan routes
Malaysia (USM) main campus, aiming algorithm for efficiently.
to provide an optimal navigation route calculation.
solution that enhances the
experience of route-planning and
location-search for students, staff,
and visitors
8 Arenghiet To develop a mobile application e Google Maps APl e The app UniBS4All makes
al., [17] named UniBS4All, which helps and it easier for people with
people, especially those with e Google Directions disabilities to find their

disabilities, find accessible navigation
paths within the urban university
campus of the University of Brescia,
avoiding architectural barriers and
enhancing mobility for everyone

API

way around the
University of Brescia by
suggesting paths that
avoid barriers, which is a
big help for those who
have trouble moving
around or seeing.

By using Google Maps
API, the app ensures that
the navigation and
wayfinding information is
reliable and up-to-date,
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which means users can
trust the directions they
get.

9 Candy [18] Create a computer program that Map Server e By integrating RFID
helps people find their way inside PostgreSQL with technology, the system
buildings using their mobile phones the PostGlIS. can provide precise
or PDAs, showing them maps and RFID-equipped indoor locations,
directions based on where they are phone. enhancing the user
without needing to install any special experience by offering
software on their devices accurate navigation
inside buildings.
10 Lizaetal, To create a mobile application that Android Studios e The application provides
[19] helps users find the shortest path Tiled Map Editor the shortest path to
from one place to another within a JSON files and specific locations on
school campus, aiming to improve MySQL campus, saving users
accessibility and convenience for time and making
students and staff navigation easier, which
is a significant benefit for
new students or visitors
unfamiliar with the
campus layout.
11 Liuetal, To create a mobile service platform Location-based ¢ A mobile platform that
[20] for schools that uses technology to services (LBS) and integrates location-based
make it easier for teachers and WebGIS . services (LBS) and
students to find their way around ZigBee WebGlS, offering precise
campus, keep track of each other, navigation, tracking, and
manage registration, and access personalized map
personalized maps and services services for campus
through their mobile devices environments, enhancing
convenience for teachers
and students.
12 Faustryjak et To develop a web application that Global Positioning e The application improves
al.,[21] makes it easier for students, teachers, System (GPS) campus navigation by
and visitors to navigate through the OpenStreetMap. using GPS and
extensive and complex campus of ArcGIS software OpenStreetMap, making
Lodz University of Technology using it easier for users to find
GPS and OpenStreetMap, ensuring locations and events on
efficient management and display of the university campus.
a large amount of information on a
multilayer map
13 LinandlLi To design a campus navigation system VB6.0 e The system updates and
[22] using GIS technology to help new environment unifies data in real-time,
students and visitors easily navigate SuperMap 6.0 ensuring users access the

the expanding and densely populated
university campus, making it more
accessible and understandable for
everyone

latest campus
information, making
navigation efficient and
user-friendly.

It includes a shortest
path selection function,
which simplifies finding
locations on campus,
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making the system
practical and easy to use
for visitors.

e By integrating GIS
technology, the system
provides a
comprehensive view of
the campus, including
map queries, navigation,
environment preview,
and campus profiles,
enhancing the overall
understanding and
experience of the

campus.
14 Abd to create a geographical database for e ArcMap 10.3 e The digital map and its
Elrahman, the College of Technology at Sudan layers make it easy to
Sahar [23] University of Science and Technology access and query
using GIS, which helps in academic information about
and administrative decision-making different features of the
for the college college, such as finding

the nearest vegetation
area for students to take
a break, thereby
enhancing the user

experience.
15 B. to create a detailed database of e ArcGIS Software e The study created
Jagadeesha  various facilities such as academic detailed maps of the
Pai et buildings, hostels, ATMs, and dustbins Manipal Institute of
al.,[24] inside the Manipal Institute of Technology campus,
Technology campus using GIS making it easier for
technology students, staff, and

visitors to find various
facilities like academic
buildings, hostels, and
recreational areas

4. Discussion

The objective of this research is to provide a comprehensive review of the existing literature on
the applications and benefits of Geographic Information System (GIS) in digital campus maps as well
as the technologies used in this development.

4.1.1 GIS in digital campus map

The rapid advancement of technology has significantly transformed various sectors, including
education. One of the pivotal technological innovations in recent years is the Geographic Information
System (GIS), which has revolutionized how spatial data is managed and utilized. GIS is a framework
for capturing, storing, analyzing, and visualizing geographical data, offering a powerful tool for
enhancing various aspects of campus life in educational institutions. By integrating GIS into campus
operations, universities can create digital maps that provide a myriad of benefits, ranging from
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improved navigation and accessibility to efficient infrastructure management and enhanced
decision-making.

Digital campus maps by GIS technology have become essential in modern educational
environments. These maps provide interactive, real-time information about campus facilities,
enabling students, staff, and visitors to navigate the campus more efficiently [11-16][18-24].
Moreover, GIS-based digital maps support administrative functions by offering precise spatial data
that can be used for planning, maintenance, and emergency response.

The significance of GIS in digital campus maps lies in its ability to integrate various types of data
into a single, coherent system. This integration facilitates better coordination and communication
across different departments within the institution. For instance, a GIS-based campus map can
include layers of information such as building locations, emergency exits, parking areas, and
accessibility routes, all of which are crucial for daily operations and long-term planning.

Furthermore, the application of GIS in digital campus maps extends beyond mere navigation. It
encompasses various functionalities that improve the overall campus experience. For example, GIS
technology can be used to develop applications that help report and manage infrastructure-related
issues [1], visualize the distribution of resources like scholarships [12], and integrate with other
technological systems such as Building Information Modeling (BIM) [13] to create smart campuses.

The integration of GIS in campus maps also addresses the needs of diverse user groups, including
individuals with disabilities [17]. By providing accessible navigation paths and real-time updates, GIS
ensures that all users can move around the campus safely and efficiently. This inclusivity is a crucial
aspect of modern educational environments, where diversity and accessibility are highly valued.

Majority of researchers from this review have increasingly focused on creating digital campus
maps to provide essential navigational and informational support, making it easier for students,
faculty, and visitors to navigate and utilize campus resources efficiently. However, these functions
often remain distributed across various platforms and systems rather than being centralized in a
single interface. Centralizing digital campus map functions offers numerous benefits, including a
unified user experience, consistent information, streamlined management, and enhanced data
security. However, achieving these benefits requires careful planning and coordination. By assessing
current systems and needs, defining clear objectives, selecting the right technology, developing a
detailed implementation plan, ensuring data security and privacy, integrating with existing systems,
providing user training and support, and fostering continuous improvement, educational institutions
can successfully centralize their digital campus map functions. This approach ensures that the
centralized system meets the diverse needs of the campus community and enhances the overall
educational experience.

4.1.2 Technology for development digital campus map using GIS

Developing digital campus maps using Geographic Information System (GIS) technology involves
several key components and processes. GIS technology allows for the integration of diverse
geospatial data layers, including building locations, infrastructure details, and environmental
features, into a comprehensive mapping platform. By utilizing GIS tools and techniques, institutions
can generate detailed and precise representations of campus environments, facilitating efficient
navigation and resource utilization. The capability to overlay multiple data sets and conduct spatial
analysis within GIS enhances the functionality of digital campus maps, enabling the creation of
customized mapping solutions tailored to specific campus requirements.

GIS software is the backbone of digital campus map. Tools like ArcGIS, QGIS, and SuperMap GIS
are widely used for data collection, processing, analysis, and map creation. These software packages
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provide a range of functionalities, including digitizing, editing, and attributing spatial data, as well as
advanced spatial analysis and visualization capabilities [1,11,13,21-24]. For instance, ArcGIS 10.6.1
and ArcGIS Online (AGOL) have been used to develop Android and web applications for reporting
infrastructure damage at Universiti Pertahanan Nasional Malaysia (UPNM), making the reporting
process more efficient and user-friendly [1].

Additionally, ArcGIS Online and SuperMap iPortal, also can enable the creation of interactive web
maps and mobile apps for campus navigation. These platforms allow users to access campus maps
and related information through web browsers and mobile devices, enhancing accessibility and
convenience. For example, the smart campus map developed using ArcGIS, Google Earth Pro, and
Android Studio provides real-time location tracking, route planning, and detailed information about
campus facilities, making it convenient for users to get information anytime and anywhere.

However, it is important to note that software tools like ArcGIS and SuperMap can be expensive
and may not be accessible to all institutions or researchers, limiting their widespread use [11,22]. For
educational institutions, the high cost of ArcGIS licenses can be a significant financial burden [13].
Many universities and colleges operate on tight budgets and may find it challenging to allocate funds
for expensive software licenses. This financial strain can limit the ability of these institutions to
implement comprehensive GIS solutions for campus management, navigation, and other
applications. For example, the Lodz University of Technology utilized ArcGIS to integrate information
across multiple systems, enabling a more coherent approach to managing campus operations such
as public safety, health services, and facilities management [21]. While the benefits of such
integration are clear, the initial and ongoing costs of maintaining ArcGIS licenses can be prohibitive
for smaller institutions or those with limited budgets.

While commercial GIS software tools like ArcGIS and SuperMap can be expensive, there are
numerous affordable and even free alternatives available. Open-source platforms like QGIS and
GRASS GIS, educational discounts and grants, collaborative partnerships, free geospatial data
sources, in-house expertise development, and cloud-based solutions provide viable options for
developing digital campus maps. By leveraging these resources and strategies, educational
institutions and researchers can access the benefits of GIS technology, enhancing navigation,
accessibility, safety, resource management, and decision-making on campus. This approach ensures
that GIS technology remains accessible and beneficial to a broader audience, fostering innovation
and efficiency in campus management.

4. Conclusions

The application of GIS in digital campus map offers numerous benefits, including improved
navigation, increased accessibility, enhanced safety, efficient resource management, and better
decision-making. Despite their benefits, these functions often remain distributed across various
platforms and systems, leading to fragmented user experiences and management challenges.
Centralizing digital campus map functions presents a solution that offers a unified user experience,
consistent information, streamlined management, and enhanced data security. However, achieving
these benefits requires meticulous planning and coordination. This study outlines a comprehensive
approach to centralizing digital campus map functions, ensuring that the system meets the diverse
needs of the campus community and enhances the overall educational experience.

The first step in centralizing digital campus map functions is conducting a comprehensive needs
assessment. This involves engaging with key stakeholders, including students, faculty, staff, and
visitors, to gather insights on their needs and challenges. Stakeholder interviews, surveys, and focus
groups can provide valuable information about the current state of digital map applications and

10
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related systems. Additionally, a thorough system audit is necessary to review existing digital map
platforms and identify strengths, weaknesses, and areas for improvement. This assessment should
culminate in a gap analysis that identifies discrepancies between current capabilities and desired
functionalities.

Once the needs assessment is complete, it is crucial to establish clear goals for the centralized
system. Objectives should focus on enhancing accessibility, ensuring data accuracy, improving user
engagement, and increasing operational efficiency. Accessibility and usability are paramount,
ensuring that the system is user-friendly and accessible to all, including individuals with disabilities.
Maintaining accurate and up-to-date information about campus resources and facilities is essential
for providing reliable support. Integration with existing campus systems, such as student information
systems and learning management systems, should be a priority to ensure seamless interoperability.
Finally, robust data security and privacy measures must be implemented to protect sensitive
information and comply with regulations.

Choosing the appropriate technology platform is critical to the success of the centralized digital
campus map system. A unified platform that consolidates all digital map functions is essential for
providing a cohesive user experience. Open-source GIS software such as QGIS and GRASS GIS provide
robust functionalities comparable to commercial GIS tools without the associated licensing costs.
These platforms support a wide range of data formats, offer comprehensive spatial analysis tools,
and benefit from active community support. By adopting these open-source solutions, institutions
can develop detailed, interactive campus maps while keeping expenses manageable.

Next, protecting sensitive information and complying with data protection regulations are
paramount. Implementing encryption for data storage and transmission safeguards information from
unauthorized access. Role-based access controls limit data access to authorized users, enhancing
security. Regular security audits help identify and address vulnerabilities, ensuring ongoing
protection. Compliance with data protection regulations, such as GDPR and FERPA, is essential to
maintain trust and legal adherence.

Lastly, seamless integration with existing campus systems is vital for the success of the centralized
digital map. Using APIs facilitates communication and data exchange, ensuring consistent and up-to-
date information across all systems. Strategies for integrating or phasing out legacy systems without
disrupting services should be developed. Data synchronization ensures that changes in one system
are reflected across all integrated platforms, maintaining consistency and reliability.

By following this structured approach, educational institutions can successfully centralize their
digital campus map functions, creating a cohesive, efficient, and user-friendly system that
significantly enhances the overall educational experience and operational efficiency. This centralized
system not only meets the immediate needs of the campus community but also adapts and grows to
support future developments, ultimately contributing to a more connected and well-managed
campus environment.
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