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Abstract: 
 

 

 

Web Accessibility emerged as problem when disabled 

and elder people started interaction with web contents 

soon after the inception of World Wide Web. When 

web based GIS applications appeared on the scene of 

web and users of these kinds of applications increased, 

these applications faced the similar problem of 

accessibility. The intensity of web accessibility 

problems in GIS based applications has increased 

rapidly during recent years due to extensive interaction 

of user with maps. Web Accessibility problems faced 

by users of GIS applications are identified by content 

evaluation and user interaction. Users are involved in 

identification of accessibility problems because 

guidelines and automated tools are not sufficient for 

that purpose. User Centered Approach is used to 

include users in the development process and this has 

also helped in identification of accessibility problems of 

the users at early stages. The thesis report identify the 

accessibility issues in Web based GIS application by 

content evaluation and user interaction evaluation. 

MapQuest, a web based GIS application, is taken as a 

case study to identify the web accessibility problems in 

GIS applications. This thesis report has also studied that 

how accessibility of the web based GIS applications can 

be enhanced by using UCD approach in development 

process of GIS applications.  

Keywords: Web Accessibility, UCD (User Centered 

Design), Web based GIS applications. 
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INTRODUCTION 
 

A Geographical Information System (GIS) can be defined as a computerized system which 

facilitates the entry of geo-referenced data, analyze that data in different ways and finally 

present the analyzed data in different forms like maps.[1]. The specific feature which is 

related to our thesis project is the presentation of the data in more usable and accessible form 

to the users.  

GIS is a broad and growing field and researchers are trying to dissolve issues related to GIS 

to enhance the accessibility of GIS applications. Visualization is the vital ingredient of GIS 

because it facilitates users in comprehending and communicating multifaceted spatial 

phenomenon. [2]. As the result of this widespread use of GIS as a single application or 

embedded in some other application, the number of users is also increasing. Traditional user 

interface design has most emphasis on the representation of software functionality rather 

than fulfilling the expectations of the users. But the user-centered design approach performs 

two-way mapping between functionality and user‘s conceptual model of the system. [3].  

Although great advancements have been made concerning technical aspects and collecting 

geospatial information, there is lack of research on human interaction with GIS. [4].The 

authors in this thesis project discuss about the human interaction with GIS based applications 

especially GIS web applications. The focal point of this thesis project is the accessibility 

issues in GIS based applications. Standard Geographical information Systems (GIS) has little 

focus on HCI issues and to make GIS more accessible. Often extracting data from GIS for 

common user requires knowledge of mathematical concepts like intersection, union and 

complement operation and some concepts of database languages. [5].The objective of this 

thesis is to study how to widen the base of users of GIS. Our hypothesis is that can be done 

by enhancing the accessibility of GIS based application by using user centered design. User 

base can be widened by designing clear and eloquent user interfaces. 

The thesis report is divided into the following chapters. 

 

 Chapter 1 discusses the background of the topic which is studied in this thesis. 

 Chapter 2 describes the problem definition, aims and goals of this thesis project. 

 Chapter 3 elaborates the methodology that we have followed to identify the 

problems, needs and requirements to enhance the accessibility of GIS based 

applications. 

 Chapter 4 discusses the literature review related to the topic of this thesis project 

and then theoretical work. 
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 Chapter 5 consists of the empirical work that has been conducted during the whole 

process of experiments for the research. 

 Chapter 6 discusses the results of the empirical study of the thesis. 

 Chapter 7 deals with the discussion and analysis of the derived results of the 

empirical study. 

 Chapter 8 is about conclusion, suggestions and future work. 
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1 BACKGROUND 
 

 

Now it is the demand of most people to get up-to-date information which is accessible in an 

easy format and in a quick way. Advancement in technology has made people‘s lives faster. 

In recent decades many revolutions have occurred in almost every area of technology such as 

in biomedicine, manufacture and computer science. But the invention of the internet has 

caused a tremendous change in all areas of technology. Due to this medium we can get up-

to-date information about the world irrespective of where we are geographically living. On 

the other hand people can interact and communicate with each other without physical 

presence due to this technology. Internet has connected people from all over the world and 

eliminated the geographical boundaries. Internet has made the world like a global village. 

Developed countries have picked up great advantages from this technology. The trend 

towards developing web based applications is also growing due to this technology.  

 

GIS has also moving towards web based applications during recent years because it 

simplifies the interaction between GIS and users and also reduces the ownership and 

maintenance cost. Dynamic maps, spatial data and metadata related to geographical 

information systems are possible only due to internet mapping technology. On client side 

there is only need of a web browser and nothing else. This browser can be accessed easily 

via desktop, laptop computers and through mobile and wireless devices. It can display raster 

and vector data with high quality and the client can query, manipulate and interact with that 

data. GIS can display a wide variety of data types such as topographic survey data, satellite 

imagery and geographical data. Maps may be linked further to other databases and 

information systems to enable video, photographs, sound and other related information. [6].  

 

Internet GIS technology consists of a number of components that include GIS server 

hardware, software and server applications that process the user‘s query and make the 

information available for the user. On the client side internet connection and a web browser 

are required. Since the maps displayed by this technology are dynamic, the user can interact 

with them, modify view according to his/her needs and perform desired function. [6]. 

 

Although there are some customized GIS applications where connectivity with the internet is 

not necessary, most geospatial technology is now switching on to the web for better 

outcome. By definition, GIS is defined as a system that extracts, saves, analyzes and presents 

data related to locations [7]. GIS does not only represent physical features on the map but it 

is a way of binding together all types of data that have some spatial connection. 
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Geographical Information System (GIS) has spread dramatically all over the world as 

computers and allied hardware have become available at reasonable prices as well as our 

realization that geography and its associated data is part of our everyday life. Almost every 

decision that we make in our daily life is controlled, influenced or dictated by some fact of 

geography. 

 

During the last 20 years there have been dramatic developments in GIS technology and 

geographical information science. Most of the industrial solutions have emphasis on 

fulfilling the basic needs of spatial data such as capture, archive and visualize. But recent 

research has begun to focus on issues such as user friendly interfaces, interoperability and 

optimized databases. Ubiquitous software and hardware have been developed to build 

powerful GIS applications. An Open source GIS library (called TerraLib) has been designed 

that provides a rich environment for the development of multiple GIS tools. This library aims 

to be supportive in cartographic projections and other techniques for re-projections and 

integration of spatial data. TerraLib has been designed as a multi-tier library in which the 

higher layer presents the abstract data classes and intermediate layer presents geometrical 

data structures, map representation, data formats and algorithms. The lower layer provides 

spatial indexing structures for managing a large data set in an efficient way. [8]. 

 

If we want to access the spatial data efficiently then there is a need of optimized databases 

and effective methods for data storage and retrieval because in geographical information 

systems data is captured in different formats that comes from a variety of sources and 

geographical locations. On the other hand ―GIS is a database system that supports 

management of spatial data‖ [9]. It occupies a considerable amount of space and special 

analysis and formatting operations are required for its output. The current nature of geo-

referenced data demands that present DBMS should be extended to give adequate support to 

GIS applications. Data to be stored in GIS can be categorized into three classes:  

Conventional data: Traditional alphanumeric data. [9]  

Spatial data: Data that includes the attributes that illustrate the location and geometry of the 

geographic phenomena. [9] 

Pictorial data: Data that includes the attributes that accumulate images. [9] 

 

GIS is playing a vital role in various areas, especially in disaster management where it is 

used as an effective tool for planning, communication and training. To mitigate the disaster 

the first step is the accurate and timely availability of spatial information and then the 

dissemination of this information to all concerned. This information should be available in 

an easy, fast and cost-effective manner. Normally a large percentage of the money is spent to 
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get this relevant information. In case of a disaster event such as a flood, earthquake, 

landslide etc, maps and spatial information are very significant components of the overall 

information. [10]. 

The demand for GIS and spatial technology is also increasing in the business world. The 

total worldwide revenue for GIS software is $ 1.17 billion and this increases by 5 percent in 

2003. The total revenue that has been estimated for spatial technologies and relevant 

products and services is $ 15-20 billion. [4]. 

 

Most of the research work so far has been conducted in the area of technical design, 

applications and spatial technologies in business and there is lack of research about the 

behavioral aspects and human computer interaction [4]. Powerful cartographic and 

visualization techniques have been utilized in current geographical information systems 

(GIS) but these systems display a lack of knowledge of how to use them effectively. This 

deficiency can be overcome through GIS user interfaces that provide help to users in creating 

effective visualization of their data [2].          

The quality of user interface has great impact on the accessibility of geographical 

information systems. The appearance of the user interface should be natural, easy to learn 

and independent of any implementation complexities such as algorithms and data structures. 

Traditional user interface design puts most emphasis on the software functionality instead of 

fulfilling the expectations of the user. To design an excellent user interface, the designer 

must keep in mind how people think and work. The user interface creates the illusions that 

hide the underlying architecture [3].  

 

Accessibility can be described as the practice of making an application in such a way that it 

can be usable by people of all abilities. Web accessibility is making web pages that are 

accessible to people of all abilities. When web pages are designed and developed according 

to web accessibility guidelines, users with different skills and abilities can have equal access 

to information. The need for making web pages accessible led to adaptation of different 

standards, guidelines and checklists for accessibility. The basic motives of all these standards 

and guidelines is to identify what is needed to make web pages accessible and then handing 

over this information to designers and developers. [11]. Some guidelines are suggested for 

the designer for making web pages accessible to all users especially to elder people. The first 

version of Web Content Accessibility Guidelines (WCAG) by Web Accessibility Initiative 

(WAI) was published in 1999, while an updated version WCAG 2.0 was published in 2008. 

[12] 
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In user centered design (UCD) the most prominent and core component is the end user. All 

the stages of the design process revolve around the end user. UCD is defined as the design 

philosophy or the process in which more stress is put on the needs, wants and limitations of 

end users of an interface. UCD tries to optimize the user interface in the way in which user 

wants to work, rather than forcing the users to change their behavior according to the design. 

The main purpose of the UCD approach is to give answers to developers and designers about 

users and their goals and tasks. This approach also aims to provide answers to the following 

questions. [13]. 

 Who are the end-users? 

 What are the goals and tasks of the end-users? 

 What is the users‘ experience level? 

 What types of functionalities the users want to use? 

 What information do the users want to access and in what form? 

 

Donald A. Norman has first used the term ‗user center design‘ in his book ―The Design of 

Everyday Things‖, originally called ―The Psychology of Everyday Things‖ that was 

published in 1986. In this book he explains the psychology behind what he feels is ‗bad‘ and 

‗good‘ design through examples. He has explained the significance of design in our everyday 

life.  According to his observations, the structure of the tasks should be simple, things should 

be visible and should get the mapping right [13].  

 

http://en.wikipedia.org/wiki/Donald_Norman
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2 PROBLEM DEFINITION AND GOALS 
 

2.1 Problem Definition 
 

In the early days of GIS, not much emphasize was put upon how users interact with GIS but 

only on gathering and presenting more and more geographical data. But today, research on 

geographical data use is focusing more and more on how users interact with this data [14]. 

Before the internet revolution GIS was only developed and used by specialists and persons 

who were somewhat fluent in understanding geographical terminologies. But when GIS 

became available on the web, its user base expanded dramatically and now it is not only for 

geographers or others who know geographical terms but also for naive users. With the 

expansion of the pool of targeted users with variety of skills and knowledge, there is a need 

of more user-centered design of GIS. 

Although great advancements have been made concerning technical aspects and collecting 

geospatial information, there is a lack of research on human interaction with GIS and 

behavior factors [4]. Geovisualization accessibility largely depends upon the ability of the 

user to understand things in GIS and most of the GIS applications are not user centered. 

The use of GIS is increasing day by day and to make GIS accessible online to almost every 

user it is important to make it more users centered. Most of the GIS are designed for expert 

users [15]. There may be two ways to enhance the accessibility of Geovisualization; either 

teaches the non expert users about GIS or make GIS usable for non experts through user 

centered design. The first approach to enhance the accessibility has limitations due to the 

large and rapidly growing number of non expert users and their lack of understanding of GIS 

terminologies. Yet another issue is that while making GIS more users centered, the true 

shape and most of the features of GIS should not be compromised. 

Different users mean people of all abilities and disabilities, and concerning the web 

difference between users also implies users using applications in different situations. 

Generally users demand clarity and usability. But accessibility is also an essential condition 

to usability because if an application is not accessible it will not be effective and satisfying to 

user demands. [16]. 

In this thesis project we have discussed the accessibility issues faced by users with different 

disabilities, different knowledge and different social environments. Today many web based 

GIS applications are available to use. We have studied general accessibility problems of the 

disabled users while interacting with these applications. We used web based GIS application 
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MapQuest in our case study and identified the accessibility problems faced by all kinds of 

users particularly elder people while interacting with this application. 

 

2.2 Research Questions 
 

1. What are the main accessibility issues in web based GIS? 

2. How can user centered design (UCD) be helpful to enhance the accessibility of web 

based GIS? 

 

2.3 Goals/Results 
 

The role of GIS has increased in daily life especially in the areas of crisis management and 

emergency management. Everyone has to interact with GIS to get geospatial information. So 

the goal of our study is to explore issues related to the accessibility of GIS through user-

centered approach. We will also study the common problems faced by naive users in using 

GIS applications. In this way we aim to find out the common design attributes for GIS 

applications that can be accessible for all types of the users. Our study aims to prove the 

importance of the end-users in all phases of software development. Our goal is to study the 

UI design of GIS and identify shortcomings that can be tuned to increase the accessibility. 

GIS are not mostly comprehendible for common users, so it is vital to translate GIS 

terminology into common language to make GIS applications accessible to everyone. One of 

our goals of our study is to identify the role of UCD design in designing GIS applications 

which are more accessible to users of all abilities. In this way we will study the role of UCD 

approach in enhancing the accessibility of web based GIS applications. The study may act as 

a scientific contribution in the scientific literature which will describe accessibility issues 

related to GIS through user centered design. 

2.4 Expected Outcomes 
 

1. Understanding of what accessibility is  

2. Understanding of why accessibility is essential to widen the user base 

3. Analysis of user‘s difficulties relating to web based GIS  

4. Identification of accessibility issues in web based GIS 

5. Discussion of the results  

6. Guidelines for the designer to enhance the accessibility of web based GIS 
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3 RESEARCH METHODOLOGY 
 

In this chapter we have presented the chosen research methodology for our study. First we 

have explored briefly the question what is research? Then we have presented the research 

approaches, methods or techniques that we have chosen for this study and why we have 

chosen these methods for this study. By following these research methods we have aimed to 

collect the relevant data and then perform analysis based on that data.  

3.1 Research Process 

Research is defined as the systematic way to investigate the solution of problems in our 

research work. A research process defines a layout of the research. It involves a number of 

steps from the beginning to the end of the research. We have also followed the same layout 

to answer the questions successfully. Part of the research process concerns selection of 

appropriate methods for addressing the questions that we are striving to answer and the field 

within which we are conducting our research. In the research process, first we chose the area 

in which we want to conduct the research. In this case we wanted to conduct the research on 

‗Geographical information system (GIS)‘. But it is a broad area and we have narrowed our 

research. After studying the literature related to GIS, we identified certain of gaps in the 

research and tried to fill one of these gaps. After brainstorming we formulated the topic 

‗Enhancing the accessibility of web based GIS applications‘. Under this topic we have posed 

a number of research questions which we have tried to answer and for this purpose we have 

used different research methods and approaches that are further discussed in this section one 

by one. From each approach we got a variety of data in order to find the answers to the 

research questions and to validate our results. Our research work is a contribution in the area 

of GIS and in the development of web based GIS applications. Our hypothesis is that after 

using the User Centered Design (UCD) approach that is discussed in the research work, 

designers can enhance the accessibility of the web based GIS applications and such user 

friendly applications will be more in demand in the market. In answering the first question 

we have determined the accessibility issues in web based GIS applications and in answering 

the second question we examined how user centered design is helpful for a UI designer to 

enhance the accessibility of the application.  

The research process that has been conducted in the research work is shown in fig1.1 in 

order to promote a better understanding of the overall research process.  
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  Figure 3.1: Research Process [17] 
 

 

We have studied a number of methods/techniques and after group discussion we decided to 

use a mixed approach in our research work. With this approach the following techniques are 

more appropriate in our research area. 

 

3.2 Literature Review 
 

We planned to conduct a literature survey to hold on this study as this is the best tool 

particularly in our area of research. Researchers also call this process ‗doing a ‗survey‘, 

‗literature search‘, or ‗study‘ or ‗doing a literature review‘ [18].   

―Literature refers to all available research on this subject and „Literature Search‟ refers to 

the process of finding the material and a „literature survey‟ simply describes the literature 

which exists‖[17].  

Literature survey methodology is a cheap and effective way of gathering data particularly in 

a short period of time. The end results may be analyzed rapidly as this is also the goal of our 

study. This methodology produces suitable and consistent data which can be generalized 

with more assurance. Literature survey may be comparatively easy to manage and does not 

need any fieldwork. [18]. 
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We have aimed to carry out a comprehensive literature review to discover what has already 

been done in this field, gather data according to our angle and then execute analysis on that 

data. Through the literature review we have aimed to accomplish high quality of data [17]. In 

our research area we have used literature survey as an iterative cycle. In the first cycle we 

have gathered data, analyzed that data and if we perceive some deficiency in that data then 

second iteration of this cycle has been performed and in the same way iterations have been 

executed until we have found satisfactory answers of the research questions. This iterative 

process is shown in the figure 3.2. 

 

 

 

 

 
 

 

 
 

 

 
 

 

 

 

         Figure 3.2: Iterative Cycle 
 
 

 

The main objective of the literature review is to learn from previous work and provide a 

foundation for our research work based on the brainstorming of the previous researchers in 

this field [19]. For literature review different sources have been used as shown in figure 3.3. 

 

 

 
Data 

Analysis 

 
Literature 

Survey 

 
Data 

Gathering 

Under Chosen  
Approach/ 

Methodology 
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Figure 3.3: Sources of literature review 
 

3.3 Informal Discussion 

In informal discussion information is shared with different people having different 

experience and belonging to different fields. But this discussion is not conducted in a pre-

planned way and can occur at any stage. No rules and layout is followed in this discussion. 

During casual discussion data is collected from users having a variety of backgrounds. The 

potential users of this system are those who spend most of the time travelling, such as 

tourists and army persons. The second category is the ordinary users who interact with this 

system infrequently. Feedback from users has contributed in the next step in which an 

experiment have been performed to evaluate the accessibility issues of the application 

MapQuest. 

 

3.4 Experiment 

After the literature review and informal discussion we came to the point where a test was 

conducted to evaluate the web accessibility of MapQuest. For this purpose we decided to use 

the automated tool EvalAccess 2.0 in this report. But this tool tests the accessibility based on 

some guidelines and it is a content based evaluation. So this evaluation is not sufficient to 

check the accessibility. Therefore Questionnaire technique is used to further evaluate the 

accessibility of MapQuest and this is a user interaction based evaluation.  

Knowledge about 

web based GIS 

applications 
 

Knowledge about 

accessibility issues 
in web based GIS 
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3.5 Questionnaires 

Questionnaire is an excellent technique that is used to accumulate demographic data and user 

views related to a topic [20]. The Questionnaire should be designed in a careful manner 

because confusing and redundant questions can lead to the breakdown of this process and 

wastage of resources. Questions should be clear and close ended so that users feel easiness in 

answering those questions [20]. Questionnaire technique is used as an important tool to 

gather data from users and it is also one of the cheapest tools for evaluation of a system [21].  

We have used this technique to evaluate the first research question. We have designed the 

questionnaire based on the data retrieved from the literature, informal discussion and 

experiment. To avoid ethical issues in our limited study we chose selected elderly people 

who may have some type of vision and hand mobility problems due to old age. This process 

is shown in the figure 3.4. 

Each user is given a task to perform on MapQuest web application. After this, a 

questionnaire, which is designed relevant to the accessibility issues of the web based GIS 

applications (MapQuest), is given to each user and feedback is collected from them.  

 

 
 

 

 
 

 

 

 
 

 

 
 

 

  

 
 

 

 
 

 

 
 

 

 

 
 

 

  Figure 3.4: Questionnaires process 
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3.6 Interviews 

The interview is a type of query and it is defined as ―a conversation with a purpose‖ by 

Kahn and Canell [22]. Interviews can be conducted as ordinary conversation related to some 

specific topic or questions related to the topic can be asked from the users to get their 

comments, observations and experience about that topic. By conducting interviews with 

users, quantitative and/or qualitative data is collected from the participants to evaluate the 

target. [22] 

There are many types of interviews such as unstructured interview, structured interview and 

semi-structured interview. Each type has its own significance and choice of type depends 

upon the situation in which it is being used. Structured interview is predetermined and it is 

more suitable when we have a clear idea about the goal and we ask related questions from 

the users. We have used structured interview approach to evaluate the second research 

question in our thesis. [22]. For this purpose we planned to visit a company and conduct an 

open ended conversation like interview with the head of the development team that is 

working on web based GIS applications. We planned to first get some briefing about the 

development process and accessibility issues in the GIS applications developed at the 

company. 

 

To get better results from the interviews these guidelines may be helpful. It is recommended 

that you avoid asking difficult, compound and irritating questions from the users. Questions 

should be simple, clear and understandable for the users. Be attentive during the interview. 

Ask the question in a natural way and encourage the user response and do not give your own 

opinion (liking and disliking) on user response. [21, 22] 

3.7 Case study 

Case study is a qualitative approach with the focus of in-depth study of a particular field. In 

the beginning we tried to identify accessibility issues generally faced by users in almost 

every web based GIS application. At the end we have conducted a case study in our research 

work with the ambition to evaluate the accessibility issues particularly related to MapQuest 

application. For this purpose we have aimed to match MapQuest with general accessibility 

issues and perceive to what extent MapQuest fulfills these requirements. In the next step it is 

compared with different GIS applications from accessibility perspective. Related material 

search on the internet and user observations and comments have been included in this work. 

 

With the rapid evolution of World Wide Web different online applications became available 

to common users and web based GIS is one of them. MapQuest is used as a case study 
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application in this thesis project. MapQuest is the oldest web based GIS application since it 

was founded as a cartographic service in 1969. MapQuest started as internet service in 1996. 

It was the most popular and most widely used web based GIS application before the advent 

of Google Maps. Still it is a widely used web based GIS application in the world. MapQuest 

claims distributing over 20 million maps on daily bases [23].  

  



  16 

4 THEORETICAL WORK 
 

We have organized this chapter into four sections. In section 1, we discuss the role of 

WebGIS, the potential of Web based GIS and who are its users. Further, HCI related issues 

in web based GIS are discussed. In section 2, we discuss the evolution of Web Accessibility 

and the importance of accessibility of web contents. We have also studied the guidelines and 

web standards regarding accessibility made by the international community World Wide 

Web consortium (W3C). Then we have studied the accessibility of web based GIS. In 

section 3, we look at what is User Centered Design, its elements and relevance of User 

Centered Design and Accessibility. In section 4 there is some discussion about the web based 

GIS application MapQuest that we have chosen for our case study. 

 

 

 

4.1 What is GIS? 

In the beginning of this chapter we start by defining GIS to get a general understanding 

about this type of system. Good science is said to begin with clear definitions; but it is hard 

to give a clear cut definition of geographical information systems. As a result, different 

definitions have been purposed with the passage of time depending on the context. So we 

can define the term geographical information system in a variety of ways and each definition 

depends upon what we are searching for. The immense in GIS in recent years is due to the 

advancement in other technologies and fields that correlate and support the GIS system, such 

as geography and cartography, geo-visualization, computer science, database theory and 

mathematics field. Ron Abler has defined GIS as “Not just one but many simultaneous 

technological revolutions” [24]. So it is clear that GIS is not a new killer-application but it is 

an essential and innovative application like spreadsheet, database management systems and 

word processors. Another author, Peter Burrough, has defined GIS as “A powerful set of 

tools for storing and retrieving at will, transforming and displaying spatial data from the 

real world for a particular set of purposes” [24]. Different authors have tried to define GIS 

in terms of its functionality. So another definition of GIS is “An automated system for the 

capture, storage, retrieval, analysis and display of spatial data”. [24].  

4.1.1 Potential of GIS 

From the above it can be concluded that geographical information systems are known as 

powerful and integrating tools for managing and analyzing geo spatial data. The merging of 

Section 1 

Web Based GIS 
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the GIS technology with internet has introduced a new area of research referred to as web 

based GIS, on-line GIS, internet GIS and internet distributed GIS services. As accessibility 

to the web is easier for every one; web based GIS plays a major role by offering GIS 

functionality on the web [25]. Initially static maps have been developed then interactive 

maps with zooming features were introduced and now dynamic maps have been introduced 

with multiple features to give maximum functionality and accessibility to its users as a 

virtual communication tool. Web based GIS is still an emerging field and it is a broad area 

which involves a lot of issues that still need to be researched, such as spatial analysis and 

modeling, spatial database designing, wireless and mobile services and 3D data access and 

query. [26]. 

The World Wide Web has also altered the role of maps and makes them more dynamic. The 

map can be an essential part of the search engine, especially if we are referring to geospatial 

data. Maps can also play an important role by acting as an interface for geographical and non 

geographical information on the net. Maps can be helpful in guiding us from A to B, viewing 

the arrangement of the landscape, displaying urban plans and show changes occurring in 

population distributions. Hardware and software developments have made a tremendous 

change in the scientific and social needs for spatial data and for maps. The web not only 

presents dynamic data but also gives the user the ability to interact with the system, and there 

is subsequently a growing demand of the current users for faster and real time access to data. 

The role of the maps is definitely central in the web based GIS environment. The dynamic 

and interactive nature of the maps assists the users in solving geo-spatial analysis problems. 

[25]. 

4.2 Role of GIS/ Web based GIS 

The role of GIS is broad and it can act as an information system, support for decision making 

and may be helpful for emergency management, crises management and earth quake 

situations. Jack Estes and the late Jeffrey Star have taken GIS as an information system and 

they defined this as “An information system that is designed to work with data referenced by 

spatial or geo-graphic coordinates. In other words, a GIS is both a database system with 

specific capabilities for spatial-referenced data, as well as a set of operations for working 

with the data”[24]. Based upon the above definition we can say that GIS is an information 

system that answers the user‘s queries. Whenever it receives a query from the user side, it 

collects relevant data, filters and sorts that data and then displays it before the user in a 

relevant form. Thus we can say that a GIS tool gives the solution of generic problems. [24]. 

GIS has proven its importance worldwide and web based GIS technology has shown its 

advantages in a variety of areas such as planning applications, decision making, management 

of historical buildings, and e-government etc. Web based GIS fulfils the requirements of e-
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government by sharing geographical data both within the organization and with the outside 

world. Geography is in some sense the glue that can integrate the data scattered in different 

departments and lying at different locations. Web based GIS is the first step in e-government 

that ensures the sharing of essential information between all the departments in local 

authority. Thus this technology enhances the internal and external communication, 

operations, efficiency within the organization and builds up a positive relationship with its 

citizens and/or visitors. [27]. 

 

 

Figure 4.1: GIS working as glue, integrate scattered data [27] 
 

Web based GIS provides centralized and easy access to spatial data for the users. It is the 

demand of the users for up-to-date, timely and rapid access to the data. Web based GIS 

fulfills all these requirements and provides dynamic geographical information to the users in 

an easy and accessible format. Web based maps assist the users in location finding, route 

finding and quick decision making. 

4.3 Geographical visualization  

GIS; also called geographical visualization, consists of a set of tools and techniques that 

support analysis of geospatial data by using interactive visualization. The main emphasis of 

GIS is on knowledge construction over information transmission or knowledge storage [28].  

Traditionally, GIS applications have played a significant role in analysis and decision 

making processes, but recent developments have caused a great revolution in this area, since 

we can access geographical data online, integrating tools and particularly map based 

interfaces. High interactivity and strong end user participation are the most prominent 

characterization of the next generation of GIS applications. GIS provides a lot of capability 



  19 

through interactive maps such that we can explore different layers of the map, perform 

zooming functions and modify the visual look of the map according to our desires. [29]. 

With the advancement of geospatial information technology the volume of geospatial data is 

rapidly increasing and this will further increase by several orders of the magnitude over the 

next decade. Under these conditions, the question arises how to efficiently and effectively 

analyze and utilize the geo-information for various decision making processes. This is also 

the main challenge faced by geospatial scientists. [30]. 

Conventional maps have less capability for interactive exploration, as they are static.  The 

conventional map reading process is also reactive, which means readers have to put extra 

effort in understanding the map symbols and other geographical data they present.  The 

deficiency of exploratory capability in conventional maps is due to that they serve as a 

geographical database. But this situation has changed with the arrival of new interactive 

techniques and now maps do not serve as geographical databases. Visual representations and 

geographical information are kept separate [31]. 

4.4 Web based GIS end-users  

Many design and development projects still fail after deployment because they are not 

designed based on the actual user needs, problems and requirements. Identification of the 

end users and their abilities can influence the design and development phase of GIS. To 

enhance the accessibility of web based GIS applications we have to identify the end-users, 

tasks they execute with GIS to achieve desired goals, when and where they use GIS, how 

they react and what they expect from GIS systems. Some end-users have very specific 

knowledge of GIS technology and others having very little knowledge or no knowledge 

whatsoever of GIS. [32]. There are two broad categories of GI users that can be 

distinguished as 

Consumer/end-users: Users who have only domain knowledge but may not be geospatial 

professionals and/or GIS experts. 

Super-users: Users who have necessary skills and experience for developing and 

customizing of GIS applications. 

Under the category of Consumer/end-user there are three basic user groups; 

 Viewers: Those users, who access, visualize and print GI data but having no GIS 

expertise. 

 Users: Those who access and analyze GI data and may have GIS experience. 

 Implementers: Those who organize, maintain database (expert of geospatial 

database) and most probably having GIS experience. [32]. 
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4.5 HCI and Web based GIS 

Web based GIS applications have a variety of users with different backgrounds and these 

users access the web based GIS frequently for a variety of purposes. So HCI issues and 

principles also need to be implemented in the designing of complex web based GIS. GIS 

interfaces make use of a large amount of exploration and spatial data so visualization of that 

data should be simple and convenient from the perspective of the user so that users can 

easily access and interact with GIS interfaces. 

HCI (Human computer interaction) refers to the study of how users interact with the 

computers. The interface is only the medium through which users interact with the system, 

and this interaction occurs both at hardware and software level. Users do not know the 

programming language or other technical details but it is the interface that makes them 

capable to interact with the system. So the interface has great influence on the success or 

failure of an application. HCI principles are supportive in interface designing as users want 

to see the interface designed according to their needs and requirements. The Association for 

Computing Machinery (ACM) defines HCI as ―a discipline concerned with the design, 

evaluation and implementation of interactive computing systems for human use and with the 

study of major phenomena surrounding them‖ [33]. The main objective of HCI is to enhance 

the interaction between users and computers by creating systems more receptive and usable 

in relation to the user‘s needs. [34]. 

During the designing of innovative interfaces the following experimental HCI principles 

should be kept in mind. 

 Early focus on user(s) and tasks: identify the appropriate end-users and their tasks 

and then define when and where those tasks will be performed. 

 Empirical measurement: Test the interface with the real users who come in contact 

with the interface daily and perform this test on an early basis. 

 Iterative design: Use the iterative approach in designing the interface such as design 

the interface, test this one, validate the results and then repeat this process till the 

completion of sensible and user-friendly interface. [34]. 

 

 

 

 

4.6 Web Accessibility 
 

When we talk about accessibility of a web page, it means that the web page should be 

accessible to almost every one with all abilities. During the start of World Wide Web, pages 

Section 2 
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were more accessible because almost all web pages consisted of text which could be made 

more accessible with less complexity. With the advancement of web technologies and hence 

addition of more complexity, it is now difficult to make web pages accessible to all. Web 

designers started to include images, frames, streaming audio and video and different kinds of 

applications, which have made web pages full of hurdles for users with disabilities. [35] 

The awareness is on rise about user‘s rights about the access of World Wide Web and there 

is recognition worldwide about the same rights of access to information on Web for people 

with disabilities. Legislation about the accessibility of web contents in different countries 

portrays the importance of the issue of making information on web accessible for all. [11]. 

Most of the developed countries have built their own guidelines or refined WCAG guidelines 

to make web contents more accessible. Increasing accessibility of web content is not only 

beneficial for people with disabilities but also for common users with lower ebb of resources 

like lower connection speed, lower processing speed. As the average age of world population 

is increasing [36] as a result there will be increase in the group of senior citizens accessing 

information on the web. With aging, most people have deprived some of their abilities like 

focus, resolve images and distinguish colors. So if we look at cost to benefits ratio, it is 

clearly indicating more benefits than cost. It may increase the cost one to percent to make 

website accessible but it will result in increase of users by almost twenty percent. [35]. 

Web Accessibility is directed to address different kind of users and accessibility varies 

depending upon the disability type of the users. The users which could be addressed by Web 

Accessibility may have the following disabilities 

 

 Visual: From intense degree of blindness to low vision and color blindness all 

include in this group 

 Mobility: People feeling difficulty in using input devices particularly mouse due to 

immobility or loss of control of relevant muscle 

 Auditory: people feeling difficulty or disability to listen 

 Cognitive: peoples having difficulty or disability to understand, learn, memorize or 

giving attention etc. [35]. 

4.6.1 Importance of Web Accessibility 
 

There is general perception that accessibility means web contents should be make accessible 

to users with disabilities like blind users. The area of web accessibility deals more than this 

limited view. In broader view Web Accessibility means making web contents available for 

as many users as possible. The user may range from common user to user with disabilities 

such as vision, mobility or learning impairment, users having limited network speed, slow 
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processing speed compelling browsers to show text only version of websites and also users 

with mobile phone and PDAs with limited bandwidth and memory.[37].  

If we look at the cost benefit equation of making web content accessible we can clearly find 

this equation giving more benefits than cost by increasing users with substantial effort. For 

example minor changing of adding ALT tags for images will make large some difference. 

Advantages of making web contents more accessible can be increased by broadening the 

definition of ‗who‘ will get gain more access by this adaptation. Elder people are big percent 

of whole population and if you ignore web accessibility you are simply ignoring large chunk 

of possible users. Also this portion of population posses more free time and also 

discretionary spending power. Web contents can be converted into more accessible for adults 

by making the contents easy to read, reducing cognition and more efficient and easy use of 

keyboard and mouse. [11]    

4.7 Web Accessibility Guidelines 

In 1997 the Web Accessibility Initiative (WAI) was setup by World Wide Web Consortium 

(W3C) to define international standards for user with disabilities. The standards are divided 

into three different groups. 

1. Web Content Accessibility Guidelines [38] 

2. User Agent Accessibility Guidelines [39] 

3. Authoring Tools Accessibility Guidelines [40] 

 

WCAG 1.0 the first version of web content guidelines is mainly for websites with static 

information. But with advancement in web technology these guidelines are not sufficient to 

handle the emerging issues related to accessibility of web contents. To meet this challenging 

situation W3C‘s Web Accessibility Initiative gave a new version of guidelines namely 

WCAG 2.0. [41]. Since 1997 W3C‘s Web Accessible Initiative is successfully promoting 

WCAG around the world. Many organizations have taken benefits from these guidelines in 

changing their web contents into more accessible form. Also there is more inclination now at 

national level to adopt these guidelines to standardize the web content. [42] 

4.7.1 Principles of Web Accessibility 
 

Web Accessibility Initiative released WCAG 2.0 in 2008 which work on the top of the four 

principles. These principles give foundations for the Web Content Accessibility. These 

principles are perceivable, operable, understandable and robust.   

 

 Perceivable: It means that information presented and web components must be 

presented in such a way that it could be perceived by users of all abilities. 
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 Operable: User interface and navigation component should be designed in such a 

way that users of all abilities can operate the interface. 

 Understandable: Content and functionality should be in a way that users of all 

abilities can understand information and operation of UI. 

 Robust: The content should be robust and advance enough to be accessible by using 

different assistive technologies. The content should remain accessible as user agent 

or technologies evolve. [43] 

4.7.2  Guidelines of WCAG 2.0 

The 2
nd

 layer of guidance provided by Web Accessibility Initiative‘s WCAG 2.0 is set of 

guidelines for the authors of web contents to be followed to make Web Content more 

accessible for users of different disabilities. These 12 guidelines gave the framework and not 

testable. These guidelines help authors to understand about better techniques for accessibility 

and also know about criteria of success in the objective to make web contents more 

accessible. [43]   

4.7.3 Essential Components of Web Accessibility  
 

Web Accessibility depends upon several components of web development. World 

Accessibility Initiative studies the effect of improvement in specific component over Web 

Accessibility.  These Components include  

 Contents: It include information (text, sounds, images, programming language code 

etc) 

 User Agents: Multimedia, web browser and other user agent 

 Authoring tools: software for web developments  

 Developers: All who participate in web development including designer, coder and 

even users who contribute the web contents 

 Assistive Technology: Hardware that assists user with disabilities to use web like 

screen reader, alternate keyboard etc. 

 Evaluation Tools: The tools to evaluate the web accessibility of the code used in web 

development 

 

These web development components are highly interdependent and it is necessary that these 

components work together to achieve higher level of web accessibility. If implementation of 

web accessibility is weak on one component then there is little or no benefit to implement on 

other component. For example authoring tool like browser does not support some feature of 

web accessibility then there is little chance that developer implement that feature.[44]. There 

can be one possible solution available sometime if web accessibility is affected by one weak 
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component. Sometimes it is possible that other components can work around the 

functionality that is missed by weak component. For example developers can compensate the 

lack of accessibility feature in browser by coding markup instead of tools. [44]. 

How these web components are related to each others can be explained in the following 

figure. 

 

 

 

 

 

Figure 4.2 How Web Components related to achieve web accessibility [44] 
 

Web Developers use different authoring tools to produce web contents and then evaluate the 

accessibility of these contents by evaluation tools. Users interact with the web content 

through user agent like browsers and media players and assistive technologies related to 

disability of the user. [44] 

4.8 Web Accessibility Evaluation 
 

Accessibility of web content is evaluated to check the degree of accessibility available to the 

contents for users of all kinds. There are different methods to evaluate the web accessibility 

of any web content. Generally web content can be considered accessible if it follows the 

regulation provided by WAI‘s WCAG 2.0 [45]. The guidelines provided by WCAG 2.0 are 

divided into different set of check points and every checkpoint is assigned different level 

according to severity. [46] One of the web accessibility evaluation methods is to involve user 

in this evaluation process. The user will interact and explore the real problems relating to 

accessibility. Strictly adopting the guidelines provided by WAI‘s WCAG does not guarantee 
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the success. Users‘ experience is necessary to validate the accessibility of web content. [45]. 

There are some automated tools to evaluate the accessibility of any web content. According 

to WAI the following documents can be part of evaluation of web accessibility. 

a) Preliminary Review of web content for Accessibility 

b) Conformance evaluation of web content for Accessibility 

c) Involving Users in Web Accessibility Evaluation 

d) Evaluation of Web content Accessibility through tools. [47]  

 

So evaluation of accessibility of any web content depends upon adherence of guidelines and 

user satisfaction level. In this thesis project we have evaluate accessibility of GIS web 

content by firstly using tool to check the adherence of guidelines provided by WAI‘s WCAG 

2.0 and then conduct survey of users with disabilities.  

 

 

 

 

4.9 What is User Centered Design (UCD) 
 

UCD is a broad term and it is defined as the design philosophy or process in which needs, 

limitations and demands of end users of an interface have been extensively considered in the 

entire design process. The entire design process revolves around the end users who have core 

role in the design process. In other words, UCD is a multi-stage problem solving process in 

which designer not only analyzes how the users interact with the interface but also perform a 

test to validate their assumptions with respect to user behavior in real world scenario. The 

main distinction of UCD from other design philosophies is that UCD optimizes the user 

interface according to which users feel easiness and want to work rather than bounding the 

user to change their behavior according to the design approach. Purpose of UCD is already 

explained in chapter 1 under heading background. 

Currently, different UCD models and approaches have been used to design a product and 

each approach has its own pros and cons. Models assist the software designers in engineering 

a product for their users. In these models requirement of the users are kept under 

consideration right from the beginning till to the end of the product cycle. All the following 

models follow ISO (ISO 13407 model, 1999) standard. These models are as: 

Cooperative design: This approach evolved in Scandinavia since 1970. End-users are 

involved very early in the design process. Thus end-user is given a ‗voice‘ in the design and 

development process and ultimately this thing enhances the quality of end results. 

Section 3 

User Center Design 
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Cooperative design demands the right set of participants, right location and physical space. It 

is also essential to create such environment in which all participants can contribute actively 

to get some meaningful results. [48] 

Due to cultural difference among users and designers it may be possible that users are unable 

to understand the language of designers. So for this purpose it is recommended that 

prototypes such as mockups (three dimensional paper based representation) or a paper based 

outline for web screen shots or other product. [49]. 

Participatory design: It correlates with the cooperative design in which end users, 

developers and business representatives work collaboratively. This design model is more 

beneficial in early stages of design process. This design model gives a lot of advantages such 

as  

 Provide equal participation opportunity to technical and non-technical members 

 Provide the close collaboration between developers and end users 

 Provide a forum for investigating product related issues. [50]. 

Contextual design: Context design also called customer center design provides the 

assistance to cross-functional team to reach an agreement on what the customer‘s needs and 

how to design the product for their customers. Cross-functional team listen the whole story 

of an interview but confine the concepts and issues related to design problem. Contextual 

design user says ―When I was coding I was behind a mirror... but when I sat together with 

the user in front of the system, I felt like I was looking through the mirror and becoming 

aware that there was a human being on the other side”. [51] 

The term ‗User Centered Design‘ was presented by the Donald Norman in 1980s and then 

this term widely spread after the publication of the book entitled: User-Centered System 

Design: New Perspectives on Human-Computer Interaction (Norman & Draper, 1986). In 

the book The Psychology of Everyday Things (POET) (Norman, 1988), Norman has 

further built on UCD concepts. He has proposed four suggestions related to interface 

design 

 The interface should be simple enough in order to determine the possible actions 

at any moment. 

 The things on the interface should be visible. 

 Current state of the system should be evaluated easily. 

 Interface provides the natural mappings between the required actions and 

intentions; between actions and the resulting effect; and between the 

interpretation of the system state and visible information. [49]. 

According to Donald Norman recommendation, user should be in the center of the design. 

Designer should design the interface that assists the users in performing their tasks and users 
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have to put a little effort to learn a system. Small pamphlet should be delivered along with 

the products but that pamphlets should be understandable. Just to say designer the design of 

the product should be intuitive is not enough. There are some designs principles that should 

be adopted to give better outcome. Norman (1988) has recommended seven designs 

principles that can assist the designers in their task. 

1. Utilize the knowledge both in the world and in the head. Build the manual before 

implementing the design and it should be in understandable format. 

2. Structure of the tasks should be simple that giving full control to the user over tasks. 

Tasks provide mental aids to the user for easy archival of information. 

3. Things should be visible such that if user presses right click (mouse) on an object it 

exposes its full functionality for the user. 

4. Graphics or icons should be used to make the things understandable. 

5. Constraints both artificial and natural should be used to restrict the users. 

6. After proper error tracking, the error should be displayed before the user in readable 

and understandable format so that user can perform error recovery.  

7. Standardize the action if all else fails to avoid any abnormal action. 

In short all the work performed by Norman stressed on the exploration of user needs and 

requirements before designing the product. [49] 

4.9.1 Advantages and disadvantages of UCD 
 

Table 4.1: Advantages/disadvantages of UCD [49] 

Advantages Disadvantages 

Final Product will be more effective, 

efficient and having maximum probability of 

acceptance in market.  

Extra economic and human resources are 

involved in this model. 

It will fit on the expectations and demands of 

the end-users leading to the success of the 

product. 

To collect the requirements from the user is a 

time consuming process.  

As user is given a prominent place in the 

design process so this thing creates sense of 

ownership for the user. 

Sometimes additional team members are 

hired such as ethnographers, usability 

experts that acts as intermediate between 

users and designers. 

Avoid iterative design and product has more 

chances of integration with the environment. 

Sometimes cultural differences such as 

language act as a barrier between end-users 

and designers in understanding the problem. 
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As end-users and designers have close 

collaboration from the start of the 

development so creative and innovative 

solution is determined for each problem. 

Final product is more specific as it is 

designed to work in some specific 

environment. Additional cost and resources 

are required to deploy same product in 

different environment.  

 

4.9.2 Elements of UCD 
 

UCD model have the following four elements. 

1. Visibility 

Visibility provides the assistance to the user in constructing the mental model about the 

things. Essential elements such as those that aids in navigation should be highly visible for 

the user. Visibility is such that user can predict what he can do and what he cannot at a 

glance. The important information should be made prominent and placed at top place. [52] 

2. Accessibility 

Accessibility is another element of UCD in which information is made available for the users 

easily and quickly no matter what the size of the document either it is long or short. Avoid 

the users from brainstorming to find specific information. Variety of ways have been 

provided to look into the information such as search function, page no and navigation 

elements. ‗Chunking‘ technique should be used in which information is divided into sections 

or blocks and relevant information is kept together and organized in a meaningful manner. 

Bold and italic pattern is used to make the information prominent. [52] 

3. Legibility 

Text such as text size, font and style should be used that make the information convenient for 

the readers. It is hard to read such text or information written in ornamental fonts or all in 

capital letters but making bold and italic to the text can be helpful for the readers. High-

figure-ground contrast between text and background can enhance the legibility such as dark 

text on light background. [52] 

4. Language 

Information should be displayed in short sentences and in simple words instead of using 

technical terms. Utilize the active voice or verbs for writing information instead of noun 

strings. [52] 

4.10 UCD and Web based GIS  
 

Although GIS are dominating in the market and usage of them are increasing but on the side 

usability of GIS technology is pitiable. Poorly designed GIS user interface can be made 
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usable by arranging the training for them but this solution is not good according to the 

economic point of view. Relating to GIS user interface it is said “GIS user interfaces should 

be designed such that they fulfill user requirements instead of adapting the end-user to a 

GIS” [32]. Comprehensive and accurate knowledge of the user requirements acts as a 

prerequisite for the GIS customization and development and it is said “User requirements 

are the criteria against which quality of GIS is tested”[32].  Quality of use is also defined 

and measured like other technical and economical quality aspects. Quality of use is a multi-

dimensional concept in which multiple aspects are checked such as robustness, visibility; 

learn ability, legibility and accessibility. Quality of use should be evaluated during the 

customization and development phase in order to get rid of the expensive market failures 

later. [32] 

The development of GIS is different from other software development processes as GIS user 

interfaces are very complex and to make them usable it is essential to tailor them to specific 

user requirements. Mostly users interact with web based GI data and modify the parameters 

to achieve their desired results on the screen so it is crucial to provide interactive interface 

between end-users and the GIS. The design principles of UCD may be helpful for creating 

effective, efficient, innovative and interactive GIS user interfaces. [32] 

 Focus on end-users 

 Iterative design 

 Appropriate allocation of functions between end-user and GIS 

 Multidisciplinary design team 

1. Focus on end-users 

End-users can contribute a lot in the design process of GI user interface by sharing 

knowledge and experience about GIS domain, tasks, workflows, objective, responsibilities 

and working environment. Users participate actively or passively in this development 

process. Users just state the needs, demands and requirements in passive participation but in 

active participation users have close collaboration with the designer or sometimes users itself 

design the interface. Representative users having different hand-in experience and working 

in different environments should be involved to analyze variety of requirements. [32] 

2. Iterative design 

Iterative design cycle can enhance the quality in use and shape the interface according to 

user demands. Two to three design cycles are enough in GIS user interface development 

process. Iterative design process can minimize the designing errors and reduces the chance 

of failure of application. [32] 

3. Appropriate allocation of functions between end-user and GIS 
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Proper functions should be allocated between GI and users. Tasks should not be completed 

in single function rather to use procedure (sequence of GIS functions) to process the task. It 

is also beneficial for end-users if functions are hidden behind macros for task execution. [32] 

4. Multidisciplinary design team 

Variety of skills is required to design GIS user interface such as domain experts, technology 

experts and design experts. So users from different groups should be involved but this multi-

disciplinary team should be limited in size. [32] 

 

 

 

 

4.11 MapQuest - A Case Study 
 

There are lot of web based GIS now available and some of them are very popular among 

users of computers and internet. Computerized mapping started in 1980s but user with 

special needs and technical skills only use this facility. In 1996 online mapping reached to 

common user with launch of very famous project MapQuest. MapQuest is not the first map 

application which facilitate user with searching city maps. Although Yahoo Maps allows 

user to search city maps prior to MapQuest but MapQuest is the first web based GIS 

application which got popularity in common people after its launch. Early years of this 

century saw very slow progress in public and private Online web based GIS applications but 

in 2004 it started a fierce competition when Google acquired Keyhole in October 2004.  At 

present three main internet search sites –Google, Yahoo and MSN started mapping service as 

their expansion of their natural search with hugely funded projects. MapQuest is still very 

popular among user despite the entrance of big competitors in the field. With the entrance of 

IT giants into web based GIS field and due to the environment of competition in the field 

number of user of this field have dramatically increased. [53]. We selected MapQuest.com as 

our case study application because it is still one of leading web based GIS application in the 

world with respect to number of users.   

Section 4 

MapQuest 



  31 

5 EMPIRICAL STUDY/CASE 
 

This chapter introduces the plan overview for evaluating the accessibility of MapQuest. 

Different terms and methodologies have been used in the conduction of the experiment so a 

comprehensive discussion of each of them is also given in this chapter in order to create 

better understanding of our test plan. 

5.1 Planning for Web Accessibility Test  

We used quantitative approach to conduct the web accessibility evaluation. To quantify the 

attributes of known objects is vital in enhancing the state of science of any field. Currently 

web, one of the most growing and researching object has generated many metrics that are 

helpful in scientific investigation [54]. To measure web accessibility in accurate and 

quantitative form is very critical due to many reasons. First it will enhance our understanding 

related to the web. Secondly we can determine the current situation of web accessibility. 

Compare and rank different sites based on the accessibility and even the accessibility level of 

single site can be judged at different times. 

All electronic information should be accessible to all the persons in the world and web sites 

are the significant spots that represent the information before users and people rely on that 

for electronic information. Persons with different disabilities also access them for electronic 

information, so web sites should be designed in such a way that people with disabilities can 

interact and access them easily. 

Before we explain the plan how we will conduct the web accessibility evaluation test, it will 

be better to discuss some ideas, terms and techniques. We have planned and structured the 

accessibility test on same outline. A comprehensive discussion on the following headings 

will assist in understanding our test plan. 

 

Dichotomous method Vs Continuous numerical measurement method 

There are two ways to measure the web accessibility. One is more rigid called dichotomous 

method in which it is checked either site is accessible or not accessible. The result of 

dichotomous method is absolute compliance with the standard guideline called web content 

accessibility guideline (WCAG). But this method is more rigid and may lead to inaccuracy in 

accessibility labeling. The other method, continuous numerical measurement method 

determines the accessibility in term of ‗degree‘ rather than dichotomous (accessible-

inaccessible). It categories the web sites into four accessibility degrees having name 1) 

highly accessible, 2) mostly accessible, 3) partly accessible and 4) inaccessible. This method 

is more flexible that offer discrimination power and support scientific approach. [55]. 
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Web Accessibility Guidelines  

Abundant guidelines have been developed by different technical and skilled persons to make 

the web site accessible specially to disable persons. The first initiative towards web design 

standards was taken by city of San Jose, California to make the web accessible for disabled 

persons [56]. In 1997, Web Accessibility Initiative (WAI) was established by W3C which 

proposed the Web Content Accessibility Guideline version 1.0 (WCAG) in 1997 [57, 58]. 

The latest version WCAG 2.0 has been published in 2008 which is capable of evaluating the 

multi-media web sites more precisely. The WCAG is assumed as stable and international 

specification that is used as a base to evaluate the accessibility of web contents with disabled 

persons. [59]. 

WCAG is organized into 14 guidelines that are further divided into 91 checkpoints. These 

checkpoints are used to evaluate web accessibility and they are further divided into three 

priority levels. [55]. 

 Priority 1 

It contains 29 checkpoints. For example provide text to non-text element that serves 

the same purpose, present the steps in a sequence if a task consists of a no. of steps, 

information should be operable through keyboard, all these checkpoints belong to 

priority l. These checkpoints must be fulfilled during the web development 

otherwise it will leave a hole in web accessibility. 

 Priority 2  

It contains 40 checkpoints such as headings and labels clearly express the topic or 

purpose, suggestions should be presented in front of the user against an error, all 

these checkpoints relate to priority 2. These checkpoints may be fulfilled to make the 

site accessible to the users having any kind of disability. The violations of these 

checkpoints may degrade the web accessibility. 

 Priority 3  

It contains 22 checkpoints such as user can continue his/her activity or task after re-

authentication whenever an authenticated session expires, context-sensitive help 

should be available, all these checkpoints are included in priority 3. These 

checkpoints may be fulfilled if we want to make the site maximum accessible for all 

types of users. [55] 

WCAG conformance logos have been introduced by WAI which are used by different 

companies/organizations on their sites to claim conformance level. This thing will create 

awareness of accessibility issues in the public. The conformance levels are defined as 

 Conformance level ‗A‘: This level meets all priority 1 checkpoints. 

 Conformance level ‗AA‘: This level meets all priority 1 and 2 checkpoints. 
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 Conformance level ‗AAA‘: This level meets all priority 1, 2 and 3 checkpoints. [55]. 

 

The need for automatic evaluation 

Due to rapid development in web technology volume of web pages has also increased. In this 

scenario automatic scoring and evaluation approach is more preferable than manual. Some 

other advantages of automatic evaluations are cost reduction, minimize effort and time to 

conduct the evaluation, increased consistency in final results, reduce the demand for 

accessibility expertise and finally assist in web design process. [55]. 

 

Properties of Good Web Accessibility Metric 

Metrics are helpful in controlling, understanding and improving a product. In accessibility 

context metrics are more beneficial in improving the accessibility of target products and 

companies may introduce accessibility issues in the development process from the beginning 

of the process. Many researchers have discovered variety of accessibility metrics for web 

based systems and goal of those metrics is to summarize the results in quantitative form. 

[55]. Researchers have proposed the following properties of good web accessibility metric. 

[59]. 

 Metrics should measure the accessibility in numeric form  

 Metrics should measure the value in continuous range instead of dichotomous 

 Metrics should be fair that also consider size and complexity of the site. 

 Metrics should be scalable 

 

Web Accessibility Barrier (WAB) 

WAB method compares the web contents against standard checkpoints defined in WCAG 

and then determines the number of violations against each checkpoint. It is the component 

that determines the score called Web accessibility barrier (WAB) score. If a web site has 

fewer accessibility checkpoint violations then it is assumed as having fewer barriers for 

disabled persons and the WAB score of the site will also be lower. As previously discussed 

WCAG divides the checkpoints into three priority levels but in WAB scoring these priority 

levels are used in the reverse order. For example, in priority 1 the weight age of WAB score 

is three times greater than priority 3 as persons with disabilities feel more web accessibility 

problems in priority 1 violations. It means that lower WAB score indicates lower 

accessibility barriers and higher WAB score denotes higher accessibility barriers for the 

persons with disabilities. If a web site having zero WAB score then it means it has no 

accessibility barriers and fully accessible to the people with disabilities. [55]. 

However, WAB metric is not fair in the sense that a web page with 5 violations (‗Image 

without alternative text‘) out of 500 image objects and another web page with 1 violation out 
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of 1 image object endorsed in that page. So “the number of actual violations of a checkpoint 

must be normalized against the number of potential violations of a checkpoint” [56]. For 

example ‗Image without alternative text‘ is a true violation and potential violation consists of 

all image objects over a page. [55]. 

Final WAB score is calculated as the average score of all the pages within a site. 

Mathematically, it is written as 

 

 
 

Figure 5.1: WAB formula [55] 
 

 

5.2 Construction of plan to evaluate the Web 

Accessibility of GIS Website - MapQuest 

 
MapQuest is the oldest web based GIS application since it was founded as cartographic 

service in 1969. It was most popular and most widely used web based GIS application before 

the advent of Google Maps. Still it is widely used as web based GIS application in the world.  

We have performed the accessibility evaluation test by focusing on the web based GIS 

application MapQuest that we have also chosen as our case study. We have aimed to find out 

accessibility issues facing the users with disabilities in accessing MapQuest. Different 

methods and approaches are in common in evaluating the accessibility of web based 

applications. But we have planned to use the following methods to evaluate the accessibility 

of MapQuest. 
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Figure 5.2: General view of MapQuest 
 

1. Standards Review method 

Standards review is a user-centered process that determines either a product conforms to the 

interface design standards. Different software or tools are available in the market to check 

the accessibility of web pages in a site. To perform the accessibility test with MapQuest we 

have followed internationally accepted standards defined in WCAG1.0. Test is automated by 

using a suitable accessibility evaluation tool such as EvalAccess2.0. This tool provides 

different options to evaluate the accessibility such as we can evaluate a single page or whole 

site or HTML mark-up. This tool is freely available online and generates complete error 

report after evaluation. The tool matches the web contents of MapQuest with WCAG1.0 

standards and then outcome the results. These results are further discussed and analyzed in 

next chapter. 

 

2. Goal Question-Metric (GQM) approach 

“GQM approach [61] is used to define what was going to be evaluated and the main 

objective of this approach is that measurement should be goal-oriented”[61]. In this 

approach explicitly a goal is defined then this goal is refined in the form of several questions 

that divide the goal into its major components. Then each question is measured on the 

defined scale. [61]. 

We also used GQM approach to evaluate the accessibility of MapQuest. In this evaluation 

test we have defined a variety of tasks given in next section and each task is performed by 

elder persons individually using the application MapQuest. After completing the task, a 

questionnaire related to the accessibility issues found in MapQuest is given to the same 

individual and requested to answer these questions. Thus answers of the given questions are 

used to evaluate the accessibility of MapQuest and to declare the results. In our work the 

GQM goal is  
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Table 5.1: GQM Goal in this test [61] 
 

To analyze GIS web site 

For the purpose of Evaluating 

with respect to  Accessibility 

From the view points of  users with disabilities 

In the context of  MapQuest 

 

 

 

Figure 5.3 Flow Diagram: Evaluation process for Accessibility of Web based GIS 
 

5.3 Plan to evaluate the 2
nd

 research question 

Data regarding second question is gathered through interviews. Interviews are taken from the 

developers working in any organization on web based GIS applications. The interview is 

supported with different types of questions. After asking questions we judged what are the 

expert observations, comments or experience about that. What they suggests about that thing.  



  37 

It is our hypothesis that ―User centered design (UCD) can be helpful for UI designer to enhance the 

accessibility of web based GIS”.  

But data regarding this approach is collected through interviews and based on the analysis of 

that data we can say that our hypothesis is true or false. Interview questions and their 

responses during the interviews are given in appendix C. 

 

5.4 Selection of participants 

As observations and comments of participants have a major role in the evaluation of a test so 

some caring attitude is required in the selection of the participants. In our test plan we have 

selected two broad categories of users. To evaluate the accessibility of MapQuest we have 

selected elder people who have used this application or at least have knowledge about GIS 

applications. Before conducting the test particulars of each participant are noted which 

include the name, age, knowledge about GIS and any physical or mental disability? The 

second category of participants consists of the designer who is working and developing web 

based GIS applications. In this case particulars of each individual are also noted which 

include name, organization and experience in this field.   

 

Table 5.2: User‘s category 
 

Category Explanation 

Category 1 
Elder people who use MapQuest or have some knowledge about 

GIS 

Category 2 Designer who are developing web based GIS applications 

 

5.5 Environment and Equipment used in the test 
 

The test is conducted in quiet and user friendly environment and this environment is 

supportive in evaluating the better results from the users. Both hardware and software are 

utilized in this experiment. Hardware includes the personal computer, mouse, keyboard, 

printer, camera and software includes web browser and evaluating tool(s). Other accessories 

include paper, ball point etc. Camera is used to take the snapshot of each participant at the 

end of the task to create the originality in the test. 

5.6 Tasks and Task Explanation 

Tasks that are performed by users in Accessibility Test are given below. 
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                               Table 5.3 : Task List 

 Task 1: Finding a location in MapQuest by search option 

  

 Open www.mapquest.com in web browser. 

 Write the search keyword in the address or intersection field. 

 Add city name in city field and state name if place is in USA 

 Add zip code in the zip code field 

 Find the location on the map 

 

 Task 2: Finding the direction from one city to another 

  

 Click on the direction button next to the maps button on the top 

 Write the name of the location from which the direction will start 

 Write the second address location in end address or intersection field. 

 Click the Get Directions or ENTER from keyboard 

 Locate the directions on the map. 

 

 Task 3: Find the location outside of US & Canada 

  

 First set MapQuest for all countries by selecting from drop down list of 

international 

 Select country name in country drop down list 

 Write location name in location field 

 Write city name in city field 

 Click Get Map or ENTER from key board 

 

 Task 4: Search location by exploring map 

  

 Focus on the map portion of the main page. 

 Out zoom the map and go to Europe  

 Then search for Sweden  

 By dragging the map search the location Ronneby. 

 Zoom in to search the roads and streets of Ronneby 

 Zoom out back to original location 

 

 Task 5: Sign In or Sign Up to add My Places 
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 Sign In to MapQuest 

 If do not have account then sign up to get screen name or user name 

 Add required information in signup page 

 After making an account sign in to MapQuest  

 Add some places as My Places 
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6 RESULTS 

 

This chapter introduces the results achieved through the evaluation methods. The first 

method that we have used to evaluate the accessibility of MapQuest is the content based 

evaluation method and the second one is called evaluation based on user interaction. 

Interview results which show that the UCD approach is supportive to enhance the web 

accessibility are also included in this chapter. 

6.1 First Evaluation- Standard Review Method: 

In this experiment work, Accessibility evaluation of the site MapQuest has been done by 

using the tool EvalAccess 2.0 which uses the standard web content accessibility guideline 

1.0 as a foundation. But this is a content based evaluation method and this is not sufficient to 

evaluate the accessibility of MapQuest. So we have used another method that is user 

interaction based evaluation that is discussed in the next section. Both evaluation methods 

can provide useful results. This tool demands three types of input that is ‗Insert the URL you 

want to evaluate‘, ‗Depth‘ and ‗maximum number of URLs you want to evaluate‘. After 

giving the URL of GIS site MapQuest, depth value 3 and maximum number 15, the tool took 

some time to evaluate the desired site. In depth 1 we selected 1 page, depth 2 we chose 3 

pages and finally from depth 3 we also chose 1 page. Thus a total of 5 pages of MapQuest 

have been taken under consideration. The results thus achieved have been further 

summarized into tables. At the end the WAB score of 5 pages has been calculated 

mathematically.   

 

The following tables (table 6.1, 6.2, 6.3) show occurrence of errors against each checkpoint. 

For example checkpoint 1.1 indicates 24 times the violation of this rule at different lines of 

the page under depth 1.  

 

Depth 1: 

 

Table 6.1: Accessibility evaluation under depth 1 [62] 
 

Accessibility evaluation results of http://www.mapquest.com/ 

Page 

No 

  Checkpoint Title (Checkpoint) Occurrence 

of  Errors 

1 1.1 Provide a text equivalent for every non-text element 24 

 6.4 
For scripts and applets, ensure that event handlers are input 
device-independent. 

67 

 10.1 Until user agents allow users to turn off spawned windows, do not 22 
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cause pop-ups or other windows to appear and do not change the 
current window without informing the user. 

 12.4 Associate labels explicitly with their controls. 4 

 5.5 Provide summaries for tables 2 

 10.4 
Until user agents handle empty controls correctly, include default, 
place-holding characters in edit boxes and text areas. 

5 

 
 

Depth 2: 
 

 

Table 6.2: Accessibility evaluation under depth 2 [62] 
 

Accessibility evaluation results of http://www.mapquest.com/settings 

Page 

No 

Checkpoint Title (Checkpoint) Occurrence 

of  Errors 

1 1.1 Provide a text equivalent for every non-text element 10 

 6.4 For scripts and applets, ensure that event handlers are input device-

independent. 
73 

 10.1 Until user agents allow users to turn off spawned windows, do not cause 

pop-ups or other windows to appear and do not change the current 

window without informing the user. 

15 

 12.4 Associate labels explicitly with their controls. 11 

 10.4 Until user agents handle empty controls correctly, include default, 

place-holding characters in edit boxes and text areas. 
1 

Accessibility evaluation results of http://www.mapquest.com/directions 

2 1.1 Provide a text equivalent for every non-text element 23 

 6.4 For scripts and applets, ensure that event handlers are input device-

independent. 
63 

 10.1 Until user agents allow users to turn off spawned windows, do not cause 

pop-ups or other windows to appear and do not change the current 

window without informing the user. 

18 

 12.4 Associate labels explicitly with their controls. 4 

 5.5 Provide summaries for tables 2 

 10.4 Until user agents handle empty controls correctly, include default, 

place-holding characters in edit boxes and text areas. 
5 

Accessibility evaluation results of http://www.mapquest.com/maps 

3 1.1 Provide a text equivalent for every non-text element 23 

 6.4 For scripts and applets, ensure that event handlers are input device-

independent. 
67 

 10.1 Until user agents allow users to turn off spawned windows, do not cause 

pop-ups or other windows to appear and do not change the current 

window without informing the user. 

22 

 12.4 Associate labels explicitly with their controls. 4 

 5.5 Provide summaries for tables 2 

 10.4 Until user agents handle empty controls correctly, include default, 

place-holding characters in edit boxes and text areas. 
5 

 

 

Depth 3: 

 

 

 

 

 

http://www.mapquest.com/settings
http://www.mapquest.com/directions
http://www.mapquest.com/maps
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Table 6.3: Accessibility evaluation under depth 3 [62] 
 

Accessibility evaluation results of http://www.mapquest.com/ 

Page 

No 
Checkpoint Title (Checkpoint) Occurrence 

of  Errors 

1 1.1 Provide a text equivalent for every non-text element 8 

 6.4 For scripts and applets, ensure that event handlers are input device-

independent. 
52 

 10.1 Until user agents allow users to turn off spawned windows, do not cause 

pop-ups or other windows to appear and do not change the current 

window without informing the user. 

23 

 10.4 Until user agents handle empty controls correctly, include default, place-

holding characters in edit boxes and text areas. 
1 

 

We can organize all the errors that have been diagnosed in above tables into priority levels 

with reference to the page under different depths. So the following tables show the errors in 

three defined priority levels. 

 

Depth 1: 

 

Table 6.4: Errors with respect to priority levels under depth 1 
 

Page 1 

 Priority 1 Priority 2 Priority 3 

Occurrence of  Errors 24 93 7 

 

 

Depth 2: 

Table 6.5: Errors with respect to priority levels under depth 2 
 

Page 1 

 Priority 1 Priority 2 Priority 3 

Occurrence of  Errors 10 99 1 

Page 2 

 Priority 1 Priority 2 Priority 3 

Occurrence of  Errors 23 85 7 

Page 3 

 Priority 1 Priority 2 Priority 3 

Occurrence of  Errors 23 93 7 

 

Depth 3: 

Table 6.6: Errors with respect to priority levels under depth 3 
 

Page 1 

 Priority 1 Priority 2 Priority 3 

Occurrence of  Errors 8 75 1 

 

The above results are further organized as how many checkpoints have been violated against 

each priority level under different depths. The following results have been calculated from 

tables (6.1, 6.2, and 6.3). As we have already mentioned that priority 1 contains of total of 29 

checkpoints, priority 2 contains of total of 40 checkpoints and priority 3 contains of total of 

http://www.mapquest.com/
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22 checkpoints. For example page 1 under depth 1 has violated one checkpoint out of 29 in 

priority 1, three out of 40 in priority 2 and two out of 22 in priority 3. 

 

Table 6.7: Violations against priorities 
 

Depth 1 

 Priority 1 Priority 2 Priority 3 

Violation of 

checkpoints 
1 (1.1) out of 29 3 (6.4, 10.1, 12.4) out of 40 2 (5.5, 10.4) out of 22 

Depth 2 (Contains 3 pages) 

 

Violation of 

checkpoints 

Priority 1 Priority 2 Priority 3 

1 (1.1) out of 29 3(6.4, 10.1, 12.4) out of 40 1(10.4) out of 22 

1 (1.1) out of 29 2(6.4, 10.1) out of 40 2(5.5, 10.4) out of 22 

1 (1.1) out of 29 2(6.4, 10.1) out of 40 2(5.5, 10.4) out of 22 

Depth 3 

 Priority 1 Priority 2 Priority 3 

Violation of 

checkpoints 
1 (1.1) out of 29 2(6.4, 10.1) out of 40 1(10.4) out of 22 

 

From table 6.7, we can easily conclude the accessibility according to this way of measuring 

accessibility. For example page 1 under priority 1 has violated 1 checkpoint out of 29 so in 

percentage it will be calculated as (1* 29 /100).  The percentage value indicates the number 

of barriers on each page. This value is inversely proportional to the accessibility of the page. 

This means that decrease in this ratio increases the accessibility and vice versa. Statistics in 

table 6.8 show that the percentage of accessibility barriers lies between 3.448(minimum) and 

9.091 (maximum). Minimum barriers exist on priority 1 and maximum barriers exist on 

priority 3.  

As the site does not satisfy all the checkpoints at priority level 1, it does not meet 

conformance level ‗A‘. There are barriers at priority level 2 and 3, thus it does not meet 

conformance level ‗AA‘ and ‗AAA‘ either. But one checkpoint has been violated in priority 

level 1 so approximately it meets the 97% of the conformance level ‗A‘. Similarly it meets 

92% and 91% conformance level of ‗AA‘ and ‗AAA‘. Accessibility barriers on web pages in 

percentage are shown below.  

 

Table 6.8: Accessibility Barriers in percentage with respect to priority levels 
 

Depth 1 

 Priority 1 Priority 2 Priority 3 

Accessibility Barriers 

on web page(s) 
3.4 % 7.5 % 9.1 % 
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Depth 2 

 Priority 1 Priority 2 Priority 3 

Accessibility Barriers 

on web page(s) 
3.4 % 7.5 % 9.1 % 

Depth 3 

 Priority 1 Priority 2 Priority 3 

Accessibility Barriers 

on web page(s) 
3.4 % 5 % 4.5 % 

 

 

The following graph shows the barrier and accessibility of MapQuest in percentage. For 

example in priority 1 the barrier ratio is about 3% and accessibility at that level is 97%. 

 

 
Graph 6.1: Comparison of barrier/accessibility of MapQuest 

 

 
The following graph shows the conformance level of MapQuest in percentage. 

 

 
Graph 6.2: Conformance level of MapQuest 

 
Table 6.9 shows minimum barrier ratio at depth 3 and maximum barrier ratio at depth 1. By 

removing the barriers at depth 1 we can enhance the accessibility of MapQuest. The 

accessibility of web pages on each depth is given below. 
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Table 6.9: Accessibility Barriers in percentage with respect to depths 
 

 Depth 1 Depth 2 Depth 3 

Accessibility Barriers 

on web page(s)  
6.6 % 6.6 % 4.4 % 

 

6.2 WAB Score of MapQuest: 

In the calculation of WAB score we have taken a total of 5 pages of MapQuest site and the 

distribution of those pages is such that 1 page is taken from depth 1, 3 pages are taken from 

depth 2 and finally 1 page is taken from depth 3. Weightage (Wv) of priority 1 is 3 times 

more than priority 3 and Weightage (Wv) of priority 2 is 2 times more than priority 3. 

From the above table 6.7, we have calculated the WAB score of MapQuest as follows.  

 
Here, total no of pages checked (Np): 5 

 

Page on depth 1: 

(1/29 * 3 + 3/40 * 2 + 2/22 * 1)  
(0.103 + 0.15 + .091) 

(0.344) 

 

Pages on depth 2: 

(1/29 *3 + 3/40 *2 + 1/22 *1) 
 

(0.103 + 0.15 + .046) 

 
(0.299) 

(1/29 *3 + 2/40*2 + 2/22*1) 
 

(0.103 + 0.1 + .091) 

 
(0.294) 

(1/29*3 + 2/40 *2 + 2/22*1) 
 

(0.103 + 0.1 + .091) 

 
(0.294) 

 

Total = (0.299) + (0.294) + (0.294) 

                                  = (.887) 

     

Page on depth 3: 

(1/29 * 3 + 2/40 * 2 + 1/22 * 1)  
(0.103 + 0.1 + .046) 

(0.249) 

 

According to WAB formula as given in figure 5.1, 
 

WAB Score of MapQuest = (0.344) + (.887) + (0.249) / 5    

                                         = 1.48/5  
                                         = .296 

 

Note: WAB score indicates the number of barriers out of 5 pages of MapQuest site. Zero 

WAB score indicates maximum accessibility of the site and six WAB score in this case 

indicates minimum accessibility of the site. MapQuest lies at ‘.3’ between scale 0 and 6. 
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6.3 Second Evaluation - Goal Question Metric Method 

(GQM) 

With this method, evaluation of accessibility of MapQuest was done with respect to elder 

people, what they perceived as difficult in accessing and interacting with this application. 

Each user was requested to perform a task that has been specified (see chapter 5 under table 

5.3) so that they could get some understanding of the MapQuest application. After this a 

Questionnaire was filled by that user. The questionnaire is designed in such a way that it has 

been partitioned into four categories. Each category contains a different range of questions 

with maximum 6 and minimum 1. These questions cover different aspects of the 

accessibility of MapQuest. Scale from I to 5 has been specified and the user has to answer 

each question by using that scale.  If users do not want to answer any question then they can 

use the option not applicable (N/A). 

After performing the tasks and answered the questions individually, we analyzed the 

questionnaire response to get quantitative results. That result is then populated differently to 

get clear idea of the statistical data gathered. We have used tables, graphs and diagrams to 

elaborate Questionnaire responses and to evaluate the accessibility of MapQuest with respect 

to the user experience of interaction with the application. 

6.4 Over All response of Questionnaire 
 

Different users mark different rating against each question. Quantitative data thus received is 

passed through mathematical formula to get useful information.  

 

Table 6.10: User‘s overall response in the Questionnaire 
 

1. Strongly 

Disagree 

2. Disagree  3. Average 4. Agree 5. Strongly 

Agree 

7% 17% 18% 32% 26% 

 

The following graph gives another view of the user‘s overall response to the Questionnaire. 
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Graph 6.3: User‘s overall response to the Questionnaire 
 

The questionnaire has been divided into four categories and the following graph shows the 

user‘s response concerning each category. 

 
 

 

Graph 6.4: User‘s response against each category 
 

The above statistics in table 6.10 are further organized into percentage against each category. 

The following table gives more precise and understandable results with respect to each 

category. 

 

Table 6.11: User‘s response in percentage against each category 
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Categories of 

questionnaire 

1-Strongly      

Disagree 
2-Disagree 3-Average 

4-Strongly 

Agree 
5-Agree 

Perceivable 4% 25% 21% 42% 8% 

Operable 3% 19% 19% 28% 31% 

Understandable 12% 13% 17% 37% 21% 

Compatible 17% 0% 0% 0% 83% 

 

Above facts and figures can be further summarized into two poles that are ‗Disagree‘ and 

‗Agree‘. The middle point of this pole is ‗Average‘. If we assume ‗Strongly Disagree‘ and 

‗Disagree‘ value to one that is ‗Disagree‘ and same ‗Strongly Agree‘ and ‗Agree‘ value to 

one that is ‗Agree‘ and leave the ‗Average‘ value unchangeable. The following table 

presents the response of the users on this limited scale. 

 

 

Table 6.12: User‘s response in dichotomous form 
 

Categories of 

Questionnaire 
Disagree Average Agree 

Perceivable 29% 21% 50% 

Operable 22% 19% 59% 

Understandable 25% 17% 58% 

Compatible 17% 0% 83% 

 

From the above table it is clear that 29% of users disagree with the opinion that the site is not 

perceivable and 50% agree. Similarly, 22% users disagree and 59% agree under operable 

category. In understandable category, 25% users disagree and 58% agree. 17% users 

disagree and 83% agree under compatible category. 

This means that more than 50% users agree that MapQuest displays the features of the 

category operable, perceivable, understandable and compatible as percentage of agree is 

more than disagree. During this analysis we have kept the average value untouchable. But if 

we include average value to the agree pole then results against each category will also be 

different. 

We assume percentage value of ‗Disagree‘ in table 6.12 as barriers for the users in accessing 

MapQuest. So we can plot a graph between barriers and accessibility of MapQuest against 

each category.  
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Graph 6.5: Accessibility/Barrier ratio against each category 
 

 

Note: Tasks (see table 5.3) were performed by six elder people and all the results related to 

the barriers and web accessibility as shown above were calculated based on the observations 

and questionnaire filled by those people.    

 

6.5 Role of UCD (User Centered Design) in Accessibility  

To probe the second research question of our research study i.e. what is the role of user 

centered design in accessibility we used the method of interviewing people who are involved 

in development of GIS applications. For this purpose we visited one of the leading GIS 

solution providers of Scandinavia, ESRI S-GROUP, which have branches in 4 different 

countries and clients from 30 different countries.  The company provides both desktop and 

web solutions to its clients. To prove our hypothesis that user centered design is helpful in 

enhancing accessibility, we wanted to investigate whether they use any User Centered 

approach, what are accessibility problems of their product and what approach they are using 

to handle accessibility problems in the products developed by the company. We visited ESRI 

S-GROUP Karlskrona office on 8
th
 December 2009 and met Development Manager Mr. 

Tony Wilsson. First he gave a brief presentation about their development process and the 

role of every member of the team in the development process. After that we asked some 

questions about the role of User Centered Design in the development process and handling 

of accessibility issues. Interview results are given below and sample interview is given in 

appendix C. 

6.5.1 Interview Results 

1. Responding to the question whether any User centered approach is used in the 

company‘s development process; the Development Manager said that they are using 

two approaches of User Centered Design to involve users in development process. 
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The company use Participatory Design approach by forming a REFERENCE 

GROUP as part of the team which consists of different types of users. They also use 

Contextual Design UCD approach by including in their development team a 

BUSINESS AREA SPECIALIST (BAS) who gathers product related data from 

users and other related people in the field. 

2. Answering question if there is any other approach that is more suitable than UCD in 

development process; the Development Manager said that the company has tried 

other approaches but has found involving users in early stages of development more 

suitable and fruitful than any other approach because it is very difficult to 

incorporate user‘s requirement at later stages of development. 

3. When asked about at what stage users should be involved in the development 

process, the Development Manager said that it is useful to involve users at an early 

stage of life cycle development of the product. 

4. When asked about what are the accessibility issues of the product developed by the 

company, the Development Manager replied that they face two kinds of accessibility 

issues, firstly the common accessibility problems that are faced by people with 

disabilities to use computers and web and secondly the lack of knowledge among 

many of the users about Geographical terminologies. 

5. When asked how they handle these Accessibility problems faced by users, the 

Development Manager replied that they use the UCD approach during development 

of product to gather accessibility problems of the users and Support approach after 

the product release to gather the accessibility problems of the users. After gathering 

these accessibility problems, development team incorporates solutions in the product 

that is being developed. 

6. When asked about Support approach, the Development Manager replied that users 

can point out errors in the product and communicate wishes and requirements of 

some extra functionality in the product by contacting the support manager. The 

support manager then ranks these errors and wishes on a scale of 1 to 3 by observing 

the fatality of error and need of functionality.  

7. When asked which approach is better to handle problems regarding accessibility, 

Development Manager said that UCD is better approach to handle the accessibility 

issues due to report of that problem at early stage and also it is easy for developer to 

include handling of that issue at early stages of development.  

8. When asked that what measures are planned to be taken to handle accessibility 

issues of the product, the Development Manager replied that the company has 

planned to widen the base of Reference Group and include persons having different 
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types of disability to handle most of the accessibility issues. They have also planned 

to educate the users about geographical terminologies. 
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7 DISCUSSION/ANALYSIS AND VALIDITY 

STATEMENTS 

This chapter contains discussion and validating statements. In the first section ‗Discussion‘, 

we have discussed methods used to evaluate the accessibility of MapQuest; highlight various 

accessibility issues observed during user interaction. A short but comprehensive discussion 

is also included in this section. The second section ‗Validating statements‘ gives a brief 

discussion on the methods used to evaluate the accessibility and UCD approach. 

 

7.1 Discussion 

The main aim of this report is to evaluate and highlight accessibility issues of web based GIS 

applications with respect to disabled persons and then propose UCD approach to enhance the 

accessibility of web based applications. To narrow down the research space and to get a 

deeper understanding about accessibility issues we have selected a broadly used web based 

application MapQuest as a case study.  We have used a systematic approach to evaluate the 

accessibility of MapQuest.  

 

We have used two techniques/methods, ‗Standard reviews method‘ and ‗Goal questionnaire 

metric method (GQM)‘ to evaluate the accessibility. The first one is a content based 

evaluation method and second one is an evaluation based on user interaction. After 

discussion with our supervisor it has been realized that a single evaluation method is not 

sufficient. Both evaluation methods can give useful results that complement each other and 

enhance understanding of the issues involved and thus we can find out accessibility issues 

with different perspectives.  

 

In the first evaluation method we have used an automated tool called EvalAccess 2.0 that 

gives the results based on the web content accessibility guideline (WCAG). Many similar 

tools are available on the net such as WAVE, Hera etc, but we have selected this one as it is 

freely available on the net and further it meets our requirements. Through this tool we have 

calculated web accessibility barriers at different priority levels (1, 2 & 3), conformance 

levels (‗A‘, ‗AA‘, ‗AAA‘) of MapQuest and finally calculated the WAB score of MapQuest 

through proposed WAB formula. Based on the WAB score we can rate MapQuest and also 

different web sites on the net. Although standards regarding web accessibility have been 

developed with respect to the user‘s needs, the results produced by this tool are not sufficient 
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and satisfactory so we have used a second technique to get maximum outcome from the 

users. We have observed the barriers in web accessibility in real time when the users were 

interacting with the application. The hurdles in accessing the web site are further discussed 

later specifically with respect to disabled persons. 

 

We have used a dual approach to evaluate the accessibility with different perspectives and 

the results achieved from each method can be compared to validate the findings. It is not 

necessary that both evaluation methods produce the same results. Each method has its own 

benefits and drawbacks. 

 

There are four principles of accessibility and we will discuss each one individually and try to 

mark the accessibility issues facing users in accessing MapQuest under each principle. 

 

7.1.1 Perceivable 
 

Information in web based applications should be perceivable, adaptable and distinguishable 

especially in those applications with users interact daily or fairly often. Perceivable means 

that information and user interface components on the web page should be presented in such 

a way that users can perceive them, not only normal users but disabled people also.  

If we observe the results in table 6.12 achieved after user interaction with MapQuest then we 

can conclude that 50% users agree that the site is perceivable and 29% disagreed with this 

opinion. But 21% users have responded in average against this principle.  

‗Text alternative to a non-text object‘ should be provided so that it can be changed into other 

forms according to the user needs. MapQuest has generally followed this rule but there are 

some places where this rule has not been followed. For example, at the top of the site on the 

left corner there is an input field ‗Search the web‘ which has label missing.  

 

 

 

During interaction it has been observed that when the user opens this site 

(http://www.mapquest.com/) and wants to see the map of Sweden he cannot succeed unless 

he selects the ‗All counties‘ option from the international list. Many users during interaction 

have raised this issue and feel it is a difficulty. So by default this option should be ‗All 

countries‘ instead of ‗USA & Canada‘ so that users belonging any region can access their 

maps easily. The location of this option should be prominent and name is also creating 

confusion for the users in understanding this feature. 

Label missing 
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During interaction it has been observed that whenever a user clicks on the map and holds 

down the ‗left mouse button‘ to move the map up and down, the shape of the cursor does not 

change in browser ‗Google Chrome‘. Although it should be changed from  to 

because anchor shape gives some meaning to the user and it is the de facto standard. 

Users are satisfied that contents on the site are distinguishable. Foreground and background 

color scheme have been chosen properly to make the contents and user controls prominent.  

 

7.1.2 Operable 
 

It is necessary that user interface components and navigation should be operable. Operable 

means that user components can be accessed through different ways. During interaction it 

has been observed that aged people that have not full grip on the mouse are feeling difficulty 

in accessing this site. 59% users said that site is operable and 22% have disagreed with it. 

We observed the following issues during user interaction with MapQuest. 

Through arrow keys user cannot move up and down, left and right within the map area. 

Users need mouse to do this which is a hurdle especially for elder people.  

The second thing that has been observed was user has to press many tabs to go to the ‗End 

country‘ whenever they want to get the directions through MapQuest.  

Users can not ‗Zoom IN‘ and ‗Zoom OUT‘ the map through mouse scroll button. They have 

to use ‗Zoom control‘ for this purpose so this thing is also a barrier in accessing this site. 

Google map has eliminated all these deficiencies to make the site maximum accessible for 

the users. 

 

7.1.3 Understandable 
 

Most of the information and user interface controls on MapQuest are understandable for the 

users but still the following issues have been raised by the users during interaction and they 

are also creating ambiguity for the users. 58% users have the opinion that the site is 

understandable and 25% have disagreed with it. 

When the user wants to see the map or direction then information ‗Find a business‘ is 

presented under the heading ‗Get map‘. Here user takes some time and feels difficulty in 

understanding this label. Further, icons (Find airport, find category) have been given that are 
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not understandable and give no meaning to the users within this task. This information is 

irrelevant and confusing for the users. 

 

 
 
 

7.1.4 Robust 
 

According to this principle, web content can be retrievable by using all types of user agents 

and assistive technologies. [44] During interaction it is observed that MapQuest gives proper 

feedback to the users and assists the users during a task. This application is also opened 

within different browsers such as ‗Google Chrome‘, ‗Mozilla Firefox‘ and ‗Internet 

Explorer‘ to check its compatibility. 83% users are satisfied with this feature and 17% 

disagree with it. When this application has been opened in different browsers the following 

issue is observed. 

 

Table 7.1: cursor shape (on MapQuest map) in different browsers 
 

Browser Cursor shape on map 
Cursor shape (when click and 

hold down left mouse button) 

Google Chrome 
  

Mozilla Firefox 
  

Internet 

Explorer  and   

 

7.2 User Centered Design and Accessibility 
 

From Interview response it is evident that the developer who was interviewed agree with the 

role of User Centered Design in enhancing the Accessibility. After probing the first 

researcher question we encountered the fact that normally used tools for web content 

evaluation cannot identify some problems faced by users having some disability. Even some 

Guidelines given by WAI (Web Accessibility initiative) are directed to be checked manually, 

thus limiting the role of automated evaluation tools for web accessibility. Developer that was 

interviewed therefore agrees that user participation in design cycle is very helpful to enhance 

the Accessibility of the content being developed.   
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7.2.1 User Centered Design  
 

During the interview, the Development Manager Tony Wilsson gave details about how 

company uses UCD in development process. He told that Participatory Design and 

Contextual Design are used to involve the user in development of the GIS application by 

Reference Group and Business Area Specialist. The company also gathers user responses 

after the release of the product by Support section getting in touch with users and vice versa 

to record anomalies and suggestions. So the Development Manager was in position to tell the 

difference between the results gathered form UCD approach and other approaches. The 

Development Manager ranked UCD as more suitable and result oriented approach to 

investigate user‘s problems regarding the product. The company uses two methods to apply 

UCD approach 

 

 Company has included Reference Group as part of its development team to include 

users as part of its development process. Participants are consulted frequently to 

discuss the problems that may hinder the accessibility and usability of the product 

that is going to be developed. 

 Company has a specialist called Business Area Specialist (BAS) who has also 

previously used the GIS applications to interact and collect user‘s preferences and 

expectations regarding the product and then convey these preferences and 

expectations of the users to developers.    

 Company uses support function that includes one farmer developer and feedback 

from customer. This support is regularly included in development projects at the 

start up discussions.   

 

7.2.2 User Centered Design and Accessibility Problems 
 

During Interview Tony Wilsson the Development Manager told us how User centered 

Design is helpful in identifying the user‘s issues and handling that issues in time to make 

more accessible and usable product. According to Tony Wilsson company uses both UCD 

and conventional methods to identify and then resolve the accessibility issues and find UCD 

approach is better in identifying the accessibility issues. The benefit of using UCD approach 

is that the user‘s problems regarding accessibility are identified at early stage and are easier 

to handle at that stage. The main problem faced, when accessibility issues are identified at 

later stages or after release of the application either through conventional user response or 

through accessibility evaluation tools, is that at this stage it is very hard to incorporate the 

solutions of that accessibility issues. Tony Wilsson agrees with above problem because 
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according to him the company has used both methods as identification of accessibility issues. 

Also Tony Wilsson confirmed that some problems that cannot be identified by automate 

accessibility evaluation tools are identifiable by using UCD approach. So User Centered 

Design approach helps in enhancing accessibility of the GIS applications in the following 

way. 

 UCD approach helps identifying accessibility problems that cannot be identifies by 

automated accessibility evaluation tools and by addressing these problems final 

application should have increased accessibility level.  

 UCD approach identify accessibility issues at early stages of development process 

so development team has more time to address that issue and also at early stage it is 

comparatively easy to incorporate the solution of that accessibility problem. 

7.3 Validity Statement 
 

We have used both qualitative and quantitative approaches in this research thesis report and 

the validity of these methods used is checked by criteria proposed by Guba and Lincoln [63]. 

The criteria to be followed include Credibility, Transferability, Dependability and 

Conformability. 

 

7.3.1 Credibility 

We used symmetric approach to gather the results for research project. Firstly an evaluation 

tool is used to gather data about accessibility of web based application through content based 

evaluation. Since this evaluation method is not comprehensive and requires some manual 

testing so we conducted Questionnaire for people with some disabilities.  So both methods 

are complementary for each other. Participants of the questionnaire are people with 

disabilities and can identify true problems faced by users with disabilities during usage of 

web based GIS. 

 

7.3.2 Transferability 

We selected very commonly used web based GIS application MapQuest for our case study 

and objective of using this application is that results could be generalized to other web based 

GIS applications. The methods used in this research project can be used for any web based 

GIS application and in fact for any web content. The results of the Accessibility evaluation 

may vary according to measures taken in that application to overcome accessibility barriers 

and following WAI guidelines. However one can use different methods to check the role of 

User Centered Design to enhance the accessibility of web based application.  
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7.3.3 Dependability 

Dependability is the effect on the result due to changing in timing and setting [63]. We 

conducted content based evaluation with the same setting of the web based GIS application 

selected for case study. Then we conducted the questionnaire session of evaluation with the 

participants who can speak English well so they can understand and respond to the 

questionnaire easily and fluently. There was not too much difference in the timing of the 

conduction of interview for each participant so the setting and the time is not much changed. 

 

7.3.4 Confirmability  

This criterion ensures that other researcher can confirm the results gathered in present report. 

Confirmability is the degree to which the results gathered in underlying research are 

checkable by other researchers. [63]. We formatted the report in comprehensible section that 

could enhance the confirmability. Results and findings gathered from different methods are 

placed in separate chapter that make it easy for researcher to confirm the results. The design 

of the experiment and questionnaire are placed in different section and sample questionnaire 

and interview responses are added in the appendixes for further consultation. 
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8 CONCLUSION, SUGGESTIONS AND FUTURE WORK  

 

This chapter gives conclusion, suggestions to enhance the web accessibility of web based 

GIS applications and future work is added at the end of the chapter. 

8.1 Conclusion 

This study highlights general accessibility issues found in web based sites and then evaluates 

the accessibility of most popular web based GIS application ‗MapQuest‘ with respect to the 

persons having some disability and it was also the main objective of this study. It has been 

realized during the work that a single method is not sufficient to get the desired results. 

Application has been evaluated by two different ways because each method touches different 

mind approaches. Contents on the sites should be presented in such a way that can be 

transformed into other forms according to the user requirements and sites should be operable 

by different ways so that handicap and elder people can access it easily. It has been observed 

that accessibility barriers are present at all priority levels and application is maximum 

accessible but not 100%. It does not meet any conformance level even ‗A‘.  

 

During study it has been deducted that accessibility of a web site has great impact on its 

popularity because people specially disabled persons feel convenient to interact with those 

applications having fewer accessibility barriers than inaccessible web sites. This study also 

gives awareness and creates importance of accessibility of the web site in the mind of the 

designers and developers. Finally it has been concluded that user centered approach (UCD) 

is suitable in enhancing the accessibility of web sites. Through this approach we can 

eliminate the barriers and make the site maximum accessible for the users. WAB score of 

MapQuest is 0.296 which is closer to the 0 and zero is the indication that site is 100% 

accessible. 

8.2 Suggestions  

Thesis report discusses the accessibility issues in web based GIS applications and for this 

purpose we have selected the web application MapQuest. During our study we find out that 

very little attention is paid on how to enhance the accessibility in GIS application and there 

are issues which could be handled with no effort. We formulated some recommendations for 

Web based GIS applications, especially MapQuest, to enhance their accessibility.  Since the 

interfaces of most of the web based GIS applications have some commonality in their look 
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and feel and features so our recommendations can work generally for web based GIS 

applications.  

 

 The inputs fields to find directions between different locations should be located one 

after other so the user which can use only keyboard could find it easy to use Tabs to 

write these locations. 

 The Map Area should be navigable with keyboard as people having difficulty in 

using mouse will find GIS application useless because basic activity area of GIS 

Applications is map area. 

 No of fields for writing details about location should be minimum and ideally only 

one field could take all types of input to search location like name of the city, zip 

code state or address to minimize the confusion of the users having difficulty in 

understanding the contents. Also the input fields name should be simplified to 

enhance the understandability and hence accessibility. 

 Labels and tool tips for all tabs, buttons and input fields like search the web buttons, 

tabs like maps and directions etc, should be understandable to enhance the 

understandability of the application interface. 

 There should be facility to zoom in and zoom out the map area by using key board in 

addition to key board navigable functionality. Because user having difficulty in 

using mouse could not use the zoom in and zoom out, the basic functionality of any 

GIS application, to navigate the map. 

 User Centered Design approach is better in identifying accessibility issues at early 

stages of the development and then incorporating the solution of that problem in 

development process. 

 All types of user with disabilities should be part of development process in User 

Centered Design approach to identify maximum possible problems faced by users 

with disabilities 

8.3 Future Work 

In this study we have evaluated the web accessibility of ‗MapQuest‘ by selecting the elder 

people as a target group. Elder people may have a variety of disability such as vision 

impaired, mental retardation or hearing problem. They have also weak grip on the mouse. So 

in this study we have chosen them for web accessibility evaluation. But in future this study 

can be enhanced by choosing limited users from each category of disability. After this we 

can predict and evaluate the accessibility of any site with more accurate and precise way. 

Results will also be different and more concise.  
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Second thing is that different ways should be used to evaluate the hypothesis, for example to 

evaluate the statement ‗UCD approach is helpful for UI designer to enhance the web 

accessibility‘ different methods can be used.  

In future work, accessibility guidelines can be categorized according to the category of the 

disability. Based on these guidelines, find out the measurement metric that measure the web 

accessibility according to the category of disability. 
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APPENDIX A:  SCREENSHOTS OF             

EvalAccess 2.0 

 

Screen 1: First page of EvalAccess 2.0 

 

 

Screen 2.1: Web page at depth 1 
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Screen 2.2: Web page at depth 2 

 

 

Screen 2.3: Web page at depth 3 
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APPENDIX B:  User Evaluation for 

Accessibilty of MapQuest 
  

Name: ___________________  Age: ___________________    

 

Interact with GIS applications (Y/N): ____     
 

S. 

No 
Questions Level Of Satisfaction N/A 

            1. Perceivable  (Is the information and UI components are easily perceivable) 

 

1. 
The Contents of website are easy to 

understand (perceptible). 

Disagree    1      2      3       4       5 

Agree 

                   

N/A 

 

2. 
Use of color help to distinguish 
contents of website. 

Disagree    1      2      3       4       5 

Agree 
                   

N/A 

 

3. 
The Text size of web site is easily 

readable 

Disagree    1      2      3       4       5 

Agree 

                   

N/A 

 

 4. 
The name of Input fields describes that 

field properly.  

Disagree    1      2      3       4       5 

Agree 

                   

N/A 
 

            2. Operable  (Website Components and navigation are operable) 

 

5. 
Key Board functionality is available to 
operate the website. 

Disagree    1      2      3       4       5 

Agree 
                   

N/A 

 

6. 
Web page‘s title describe topic or 

purpose  

Disagree    1      2      3       4       5 
Agree 

                   

N/A 
 

7. 
Website offers enough time to read and 
use the contents. 

Disagree    1      2      3       4       5 

Agree 
                   

N/A 
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8. 
Headings and labels give clear 

understanding of the purpose 

Disagree    1      2      3       4       5 

Agree 

                   

N/A 

 

9. 

Website does not contain any Seizures 

effect (flash more than 3 times in a 
minute). 

Disagree    1      2      3       4       5 
Agree 

                   

N/A 
 

10. 
The website provides different ways to 

navigate and to find contents? 

Disagree    1      2      3       4       5 

Agree 

                   

N/A 

 

            3. Understandable  (Information and operation of user interface is 

understandable) 
 

11. 
The information and text on the 
website is readable and 

understandable. 

Disagree    1      2      3       4       5 

Agree 

                   

N/A 

 

12. Help for the Input field is available. 

Disagree    1      2      3       4       5 

Agree 

                   

N/A 

 

13. 
Help for User input assist the user to 

avoid the errors and mistakes. 

Disagree    1      2      3       4       5 

Agree 

                   

N/A 

 

14. Maps are very easy to navigate. 

Disagree    1      2      3       4       5 

Agree 

                   

N/A 

 

4. Compatible  (Compatibility of web contents with different types of user agents) 

 

15. 
Website is compatible with all types of 
browsers. 

Disagree    1      2      3       4       5 

Agree 
                   

N/A 
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APPENDIX C:   Interviews 
 

The following questions have been asked during the interview from the Development 

Manager. Detail answer against each question is given below.       

 

Name:  Tony Wilsson               Organization: ESRI S-Group Karlskrona Sweden        
 

Q: Is any UCD approach is used in development process GIS applications developed 

in the company? 

Answer: 

We use Participatory design approach of User Centered Design by involving user or 

participants in a Reference Group and then include this reference group in the development 

team. Users are called for meeting once or twice in a week to know their preferences and 

expectations. Contextual Design approach of UCD is also used by including a Business Area 

Specialist in the development Team who gathers the user‘s preferences and feedback on the 

product being developed.    

 

Q: Is UCD approach is supportive in the development of web based GIS applications 

like others?  

Answer: 

Yes. The UCD approach is very helpful because otherwise we got user‘s preferences and 

feedback after the development of the product and it we feel it really hard to integrate the 

desired functionality of the users after the development of product. Especially in GIS 

application where users have very limited knowledge about GIS terminologies it is very 

useful to interact with users at early stage of development and increase the understandability 

of the applications developed here.   

 

Q: What are the advantages and disadvantages of UCD approach according to the 

designer perspective in web based GIS applications? 

Answer: 

Well the main advantage is identification of user related problem at earl stage and 

subsequent advantages as told you earlier. We observe that advantages are much more than 

any disadvantage of using UCD approach. The only disadvantage we have observed is some 

slowness in the development pace of the product but if we think in long run we are doing the 

work which has to be done later. 
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Q: What type of accessibility issues you think users face during interaction with the 

GIS application that are developed here? 

Answer: 

The users of the product developed face two type of accessibility problems, Firstly the 

common problems of accessibility that are faces by disabled people and elder people to 

access computers and web and secondly most of the users are not aware of the GIS 

terminologies so do not understand the text of the applications. The common problem of 

accessibility aggravate here because of extensive interaction of user with maps application 

rather than common web application. 

 

Q: How you think that UCD approach can enhance the accessibility of GIS 

applications? 

Answer: 

UCD can enhance the accessibility in two ways. Firstly this approach involves user in 

development process and that make it easier to elicitation of user expectations and 

preferences secondly at the early stages of the development it is easy to incorporate the 

solutions of the demands of the users. Also UCD is complementary approach to know the 

issues of accessibility in application as guidelines and tools are not sufficient for that. 

 

Q: What measures you should take or planning to adopt in the future development to 

enhance the accessibility of your applications? 

Answer: 

We have planned to enhance the Reference Group by including the disabled and elder people 

and include the expectations and desires of wider user base. In this we could identify the 

accessibility issues of the disabled people and integrate the functionalities that support them.  

 

 

 

 

 

 

 

 


