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Mobile devices provide an opportunity to complement Geographical Information Systems (GIS) education. They contain internet 

browser software which can act as a thin client to Web-based GIS. The opportunities for such a system are immense. Learners 

are no longer tied to desktop applications but can carry out their work using an online GIS laboratory. Institutions in Africa 

have an opportunity to take advantage of a system with no installation on their part. Today's students are "digital natives". They 

were born into the digital world, and web-based learning comes naturally to them. Mobile-learning can engage students in a 

variety of fields and improve teaching and learning effectiveness. Mobile devices initially seen as a distraction in class provides 

an opportunity to complement teaching of GIS in ways not experienced before.  
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INTRODUCTION  

 

Traditional education, in which instructors transmit to their 

students’ knowledge in the classroom, is a very well known 

communicative process. Today, however, teaching and learning 

are increasingly shaped by the development of the new 

technologies in information and communication. This influence 

has given rise to the creation of the e-learning concept. Two of 

the most relevant advantages of this new educational 

framework are the flexibility and the context adaptation 
capacity. We live in a world that increasingly requires skilled 

workforce. These can be achieved through individualized 

teaching which is not feasible with large class numbers. 

Mobile-learning presents an opportunity to solve some of these 

problems. The aim is to develop a web-based software system 

that makes it possible for students to carry out spatial analysis 

and visualization on mobile devices. The system should 

provide templates that users would only need to make minor 

changes in order to customize it to suit their respective data and 

applications. 

Like in many other disciplines, the technology that underlies 

GIS is continually evolving towards providing Internet-based 
solutions. Software and hardware investment has been one of 

the biggest impediments to GIS uptake in Africa. However, 

Web   GIS-based  on  free  and  open  source  software  (FOSS) 

attempts to reduce barriers to entry.  

The main objective of this study is to develop a Web GIS-

based education software solution that can be used across 

mobile devices including Tablets and Smart phones running on 

different operating systems to act as an online GIS laboratory 

(http://www.apple.com/ipad/; 

http://www.opera.com/docs/specs/opera95/canvas/; 

http://microsoft.com/windowsmobile/; 
http://www.android.com/). 

 

 

Problem statement 

 

1. The aim is to develop a software system that allows students 

to carry out GIS laboratory work online. This has been a major 

hindrance (major gap) to GIS education uptake in Africa. The 

instructor provided with administrator rights and privileges to 

the system should be able to track students’ progress e.g. 

creating spatial databases and dataset configuration, creating 

layers, styles etc.  
2. The aim is to provide a large pool of style symbolization 

templates (5 already developed) that a student with no 

programming skills can be able to customize for their
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Table 1. Institutions and type of courses offered in GIS. 

  

 
 

 

project using mobile devices. 
3. A project that involves generating a thematic map and 

graphs for revenue allocation in the financial year 2014/2015 to 

all counties in Kenya using mobile devices has been created to 

show how the system works. 

 

TEACHING AND LEARNING WITH WEB-BASED GIS 

 

Background 
 

While many generally think of GIS education as being 

concentrated largely in universities, it is now extending beyond 

that confine. For instance, OpenStreetMap (OSM)1 has started 

a project with young school children from Kibera slums in 

Kenya to map it2. In particular, there are several universities 

offering GIS at various levels in Kenya as shown in Table 1 

(http://www.openstreetmap.org/; http://geojson.org/). 
Despite the changes in GIS education over the past 20 years, 

its model of delivery has held remarkably constant over much 

of that time. While it is true that more spatial data has become 

available and accessible, and while hardware, software, and 

computer networks have certainly become more powerful and 

mobile throughout the period, the hardware-software model of 

GIS use has remained more-or-less the same. This model has 

essentially consisted of loading and running GIS as a desktop 

software application on a computer running UNIX, Windows, 

or Macintosh operating system, and loading and using spatial 

data from an outside source.  
At first, the source of this spatial data was largely drawn from 

physical media including magnetic tapes, ZIP drives, CD-

ROMs, DVDs, or some other external device. Lately, spatial 

data has been increasingly downloaded from the Internet. 

However, the result was still the same with the data stored on a 

                                                        
1
OpenStreetMap Wiki, 

http://wiki.openstreetmap.org/wiki/Main_Page last accessed 2nd 

May 2015 

 

2 http://kibera.ushahidi.com/ (last accessed 2nd May 2015) 

hard disk. The hard disk was either local, externally attached to 
a local computer, or on a local network.  

The aforementioned model provided the foundation for 20 

years of teaching with GIS and about GIS. However, since the 

advent of Internet-based GIS, teaching with GIS and teaching 

about GIS have both been slowly but inexorably changing. This 

study focuses on the changes that Internet-based GIS brings to 

teaching and learning with GIS (Sui, 1995). 

 
Mobile devices 

 

Technology is a tool that can assist in the transitions needed for 

21st century learners. The ability to incorporate the devices that 

students already use into the educational programs is critical to 

the future direction and success of schools. Making school 

buildings accessible to these devices is as critically important 

as training teachers and staff to be able to incorporate the 

devices. The prospect of a wireless device in every student’s 

hand with real-time assessment and feedback presents the 
potential for a sweeping paradigm shift to learner-centered 

(Caverly et al., 2009). 

Educators are challenged by traditional classroom structures. 

Often we present the same lesson to a classroom of students 

offering them the same amount of time and resources to learn 

the material. However, this teaching approach is based on the 

premise that all students learn the same way and at the same 

rate. And although we maintain high expectations with an 

intense curriculum, this does not always provide an ideal 

teaching and learning environment. In a student-centered 

classroom, the teacher begins with mastery of the core 
standards in mind. However, the methods and pace in which 

students reach and exceed mastery look very different based on 

their educational needs and interests. Learning becomes the 

constant; time becomes the variable; and students leave our 

classrooms with the most crucial lesson we can present: how to 

keep learning (Mahmoud, 2008; Boc et al., 2007a; Boc et al., 

2007b; http://moodle.org/; Que Yi-meng, 2005). 

Firstly, the mobility component means that students are free 

to move within, beyond and between multiple environments 

http://wiki.openstreetmap.org/wiki/Main_Page
http://kibera.ushahidi.com/


Munyao and Kiema 68 

 

 

 

 
 

Figure 1. Typical Client-Server Architecture 

 

 
and between topics and disciplinary contents and contexts. 

Secondly, use of the portable devices means that learning is not 

confined to formal educational contexts, rather learning is 

extended within informal opportunities such as home and work. 

Thirdly, mobile learning is not a one-way discourse/exchange 

from lecturer to students, but constructs understanding within 

participating communities. The fact that all this devices are 

touch screen makes it easier to pan, zoom in and out with one’s 

fingers as use of a mouse has been fairly cumbersome in many 

applications. The nearly universally presented rationale for 

mobile learning is that the current and incoming tech-savvy 21st 
century learners, many of whom, have “grown up digital” 

expect it (Andone and Pemberton, 2009; LIU, 2007; European 

Commission, 2005; Fisler et al., 2005; Katterfeld and Sester, 

2005; Bednarz and Audet, 1999; Zaslavsky, 2000). 

 

 

DESIGN AND METHODOLOGY 

 

Model-view-controller structure and data model 

 

The web-based GIS application in this study has been 

developed under a software pattern known as Model-View-
Controller

3
. The 

following sections describe these tiers in detail Figure 1, 

illustrates the interaction among tiers, outlining the main 

components of the system and their logical position.  This is a 

common pattern for developing of software which divides the 

code according to the main parts to construct any computer 

program. These parts are generally based on data (information), 

interface and commands (functions) that include model, view 

and controller, respectively. This structure represents an 

advantage to focus segments of software and makes 

modifications without affecting other parts. GIS web 
application makes comparison between MapServer and 

GeoServer which process Web Map Service (WMS), Web 

                                                        
3
http://www.ibm.com/developerworks/Struts, an open-source MVC 

implementation.htm(last accessed 3rd May 2015) 

Feature Service (WFS) and Web Processing Service (WPS) 

represents the “Controller” part, therefore “Model” and “View” 

could be the same for both developments. Model-View-

Controller pattern makes the structure of the program to be 

divided by model or structure of data, view or interface and 

controller or commands to define functions.  

Data storage according to Entity-Relationship model, which 

involves every edition of data into the same environment, the 

model is within PostgreSQL with its respective PostGIS 

extension. After, there was analysis of data collected which are 

defined variables that make up the system. Then the spatial 
database to store the information was designed. Additionally, 

creation of flow charts according to functions and basic 

structure “input/output” to identify queries of GIS web 

application was done. Interface and its design were done by a 

kind of programming language, which is separated from 

commands development or functions. The view segment was 

constructed through Hypertext Markup Language (HTML) and 

Cascaded Style Sheet (CSS). The controller is the 

programming which responds to the client requests. 

Furthermore, the programming area is based on JavaScript for 

GeoServer. Typical client-server architecture as well as the 

basic architecture that was employed in the development of the 
system is shown in Figure 1. Also indicated are the FOSS 

software used in each block. 

 

Database  

 

Postgres version 9.3 and posgis version 2.1 had been used for 

this project, pgAdmin tool interface has also been installed to 

help create and configure the database. Figure 2 is a screen shot 

of pgAdmin exposing part of the mypostgis1 database and 

datasets e.g. county dataset that have been used for this project. 

PostgreSQL is installed first and the postGIS is installed as a 
spatial extension to PostgreSQL 

(http://opengeo.org/technology/postgis/). 

 

Java software development kit 

 

The Java programming language is designed for maximum
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Figure 2. Sample Postgres-postgis database layout interface using pgAdmin 

 

 

portability with as few implementation dependencies as 

possible. Defining everything possible about the language and 

its runtime environment enables users to run compiled code 

anywhere and share code with anyone who has a Java runtime 

environment. The web server and web map server have been 

developed using the java programming language and therefore 

require that you install the java runtime environment before 

their installation. For this project java 7 has been used 
(https://netbeans.org/kb/docs/java/javase-intro.html). 

 

Web server installation 

 

Installing Tomcat on Windows can be done easily using the 

Windows installer. Its interface and functionality is similar to 

other wizard based installers, with only a few items of interest. 

  

Installation as a service: Tomcat was installed as a Windows 

service no matter what setting is selected. Using the checkbox 

on the component page sets the service as "auto" startup, so 
that Tomcat is automatically started when Windows starts. For 

optimal security, the service should be run as a separate user, 

with reduced permissions (see the Windows Services 

administration tool and its documentation). 

 

Java location: The installer will provide a default JRE to use 

to run the service. The installer uses the registry to determine 

the base path of a Java 7 or later JRE, including the JRE 

installed as part of the full JDK. When running on a 64-bit 

operating system, the installer will first look for a 64-bit JRE 

and only look for a 32-bit JRE if a 64-bit JRE is not found. It is 
not mandatory to use the default JRE detected by the installer. 

Any installed Java 7 or later JRE (32-bit or 64-bit) may be 

used. Apache Tomcat version 8.0.20 running on port 8090 has 

been used as the web map server as shown in (Figure 3). Three 

files have been deployed on it i.e. GeoServer, docs and 

benjamin which is the user interface for interacting with all the 

softwares in the system (http://tomcat.apache.org/docs/). 

 

Web map server installation 

 

GeoServer is Java based, platform independent, server side 

software that takes your data and publishes it on a network with 

a strong emphasis on OGC standards (WMS, WFS, WCS). 
GeoServer version 2.6.2 has been used as the software of 

choice for a web map server as shown in Figure 4 

(http://geoserver.org/). 

 

Style editor window 

 

Style editor window with a developed sample of the style 

language definition code used to style a thematic map in this 

case for revenue allocation as shown in Figure 5 

(http://docs.geoserver.org/trunk/en/user/styling/sld). 

 

Applications user interface 

 

Figure 6 highlights the developed user interface that the user 

interacts with in order to access the various system 

functionalities (http://lifehacker.com/5416100/how-html5-will-

change-the-way-you-use-the-web). 

 

Description of key menu features 

 

The key menu features illustrated in Figure 6 are described in 

the following sections. 

 

Workspace 

 

A workspace (sometimes referred to as a namespace) is the 

name for a notional container for grouping similar data
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Figure 3. Apache Tomcat web server manager window. 

 

 

 

 
 

Figure 4. GeoServer main window. 

 
 

 

together. It is designed to be a separate, isolated space relating 

to a certain project 

 

Store 

 

A store is the name for a container of geographic data. A store 

refers to a specific data source, be it a shapefile, database, or 

any other data source that GeoServer supports. A store can 

contain many  layers,  such  as  is  the  case  of  a  database  that 

contains many tables.  

 

Layer 

 

A layer (sometimes known as a feature type) is a collection of 

geospatial features or a coverage. Typically a layer contains 

one type of data (points, lines, polygons, raster) and has a 

single identifiable subject e.g., streets, houses, country 

boundaries etc.  
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Figure 5. Style editor window with sample of the sld code 

 

 

 

 
 

Figure 6. User interface (on Samsung Galaxy Tab 7.0 Plus) 

 

 

 

Layer group 

 
A layer group, as its name suggests, is a collection of layers. A 

layer group makes it possible to request multiple layers with a 

single WMS request. A layer group contains information about 

the layers that comprise the layer group, the order in which 

they are rendered, the projection, associated styles etc. 

 
Adding a style 

 

Perhaps the most important function of a web map server is the 

ability to style and render data. This section covers the task of 

adding a new style to Geo Server and configuring the default 

style for a particular layer4. A style is a visualization directive 

for rendering geographic data. A style can contain rules for 

color, shape, and size, along with logic for styling certain 

features or points in certain ways based on attributes or scale 

level.  

 

Explanation of the style SLD code  
 

The most important sections are5: 

                                                        
4
http://geoserver.org/(last accessed 3rdMay 2015) 

5
http://docs.geoserver.org/trunk/en/user/styling/sld(last accessed 

3rdApril 2015) 

http://geoserver.org/
http://docs.geoserver.org/trunk/en/user/styling/sld
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Table 2. Data sources and their characteristics. 

 

Data Format Sources 

Kenya county boundaries dataset Shape file Survey of Kenya (downloaded) 

County revenue allocation 2014/2015 Comma-separated values (CSV) Kenya National Bureau of Statistics (downloaded) 

 

 

 

 
 

Figure 7. Zoomed in Kenya County Revenue Allocations 2014/2015 Thematic Map (with point symbols overlaid). 

 

 

 

The <Rule> tag combines a number of symbolizers (one has 
also the possibility to define the Open Geospatial Consortium 

(OGC) filter) to define the portrayal of a feature. 

The <PolygonSymbolizer> styles polygons and contain styling 

information about their border (stroke) and their fill. 

The <TextSymbolizer > specifies text labels and their style: 

<Label> specifies the content of the text label 

<Font> specifies the font information for the labels. 

<LabelPlacement> sets the position of the label relative to its 

associate feature. 

<Fill> determines the fill color of the text label. 

 

VendorOption maxDisplacement: This controls the 
displacement of the label along a line. Normally GeoServer 

would label a polygon in its centroid, provided the location is 

not busy with another label and that the label is not too big 

compared to the polygon, or otherwise not label it at all. When 

the maxDisplacement is set, the labeller will search for another 

location within maxDisplacement pixels from the pre-

computed label point. 

Vendor option group: Sometimes one will have a set of related 

features that one only wants a single label for. The grouping 

option groups all features with the same label text, then finds a 

representative geometry for the group. 

 

Data and their sources 

 

The datasets used in the study to demonstrate the study concept 

are shown in Table 2.  

RESULTS AND DISCUSSION 
 

This section presents the results of the implementation on 

mobile devices. Screenshots of the user interfaces and the 

resulting layer visualizations are then described. The best way 

to demonstrate the efficacy of the developed web based system 

would be by redoing some typical assignments covered during 

the Master of Science in GIS course offered at the University 

of Nairobi. Specifically, these are selected for the module 

Digital Cartography and redone using the mobile-learning 

environment. Geospatial data has no intrinsic visual 

component. In order to see data, it must be styled. This means 

to specify color, thickness, and other visual attributes. All the 
codes in this chapter are well explained in a previous section. 

To generate the map in Figure 7, click on the workspace menu 

item in Figure 6 and provide an appropriate name then click 

submit. 

 

- Click on the database connection menu item in (Figure 6) to 

link to the county dataset. 

- Click on the layer menu item in (Figure 6) to create a layer for 

county dataset. 

- Click on the style menu item in (Figure 6) to open the style 

page. 
- Click on the layer menu item in (Figure 6) and style from the 

publish section of the webpage. 

- Click on the preview layer section (Figure 6) to view this 

layer in a browser. A map like the one shown in Figure 7 is 

then generated. 
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Figure 8. Bar Graph for County Revenue Allocations 2014/1015 

 

 

 
 

Figure 9. Pie Chart Representing County Revenue Allocations 2014/2015. 

 

  

Thematic mapping 

 
Thematic maps classify continuous data into different colors, to 

display numeric information visually. GeoServer already has 

the ability to dynamically generate SLD documents from data 

sources, with support for equal intervals and quartiles, and 

creating color ramps using a number of categories supplied by 

the user. Styling interfaces for thematic mapping require the 

classification of data, and the assignment of styles to each 

classification. Unique value thematic maps use different colors 

or symbols to shade or represent objects with different values 

for an attribute. (Figure 7) shows a thematic and graduated dot 

map overlaid on it. Point symbols that have different sizes in 
proportion to the revenue are used to create the graduated dot 

map. The aim is to provide different data visualization 

templates for the learner. 

 

Geovisualization 

 

Given that this application is available online, JavaScript 

programming was used to create the charts output in Figures 8 

and 9. 

DISCUSSION 

 
The aim is to visualize county revenue allocation in Kenya 

using thematic map, dot map and charts. The revenue data used 

is for the financial year 2014/2015. A thematic map using a red 

color hue has been generated. A dot map overlaid on a thematic 

map has also been generated as shown in Figure 7. Charts have 

also been generated using JavaScript programming language. 

Figure 8 shows a bar graph with landscape orientations. A pie 

chart has also been generated as shown in Figure 9. From these 

figures one can be able to tell at a glance the county that 

received the largest and the smallest allocations, together with 

those that received similar amounts. The results shown here are 
the same as those obtained using ArcGIS and Excel. However 

in this case a mobile device is used to access an online 

application. The software templates provided are enough for 

this task. All the user needs to do is modification of the code 

provided and not reinventing the wheel per se.  

The system is web-based hence the task can be done from 

any location. Furthermore, the student can discuss the task with 

their instructor along the stairs or in a car and a change, in say 

the color scheme, done  on  fly  with   instant   feedback   being 



 

 

 

 

provided accordingly. The system is hosted from a central 

server hence the instructor can also track the students’ progress 
and provide the necessary feedback. With ArcGIS and Excel 

the assignment would only exist on student laptops and 

therefore appointments will be required and with large class 

numbers one can only get a few of these - if any. 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

The main objective of this study was to provide a Web GIS-

based education software solution that can be used across 

mobile devices. Clearly, open source tools have come of age 

and can be used in developing Web GIS-based teaching and 

learning software. Once installed in the server, users are able to 
access it online through the internet. No software installation is 

required and assignments can be carried from mobile devices 

as is aptly demonstrated in this study. However, it is observed 

that a module in GIS programming is a prerequisite. 

Having implemented a GIS assignment online, what remain 

are the infrastructure components to complement it. For 

instance, an email software component would be required for 

students to give and receive feedback. This should be 

complemented by instant messaging software in social media 

like Facebook, Tweeter etc and would mainstream 

development of Open, Distance and Electronic Learning 
(ODeL) modes. Lastly, services have to be paid for and a 

software component is required to achieve this task. Because of 

security requirements involved in financial transactions the best 

model would be to link up with online organizations that have 

been known to do this securely like PayPal. 
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