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Abstract 
Today a large shift is seen towards mobile devices which have resulted 

in the increased use of the mobile web. Development for the mobile web 

requires different approaches than for the traditional web. In this study 

four different mobile development approaches were compared for a 

Swedish government agency, SPV, as they currently lack an alternative 

to meet their mobile users. The aim was to find the single most suitable 

development approach for SPV. The approaches included using a sepa-

rate mobile website, using native or hybrid applications, and using a 

website applying Responsive Web Design. The method for determining 

the most suitable approach included a literary study which together 

with practical requirement capturing was the basis of a specification of 

requirements. Based on this, a prototype was created with the purpose 

to demonstrate the potential of adopting the approach in the future by 

SPV. Special consideration was taken to the accessibility as Swedish 

government agencies are bound to uphold certain accessibility guide-

lines. The resulting prototype boasted, among other things, a responsive 

image slider, a mobile menu and a flexible columnar layout. Using a 

screen reader, automatic evaluation tools and manual assessment the 

prototype was tested against the requirements. The prototype displayed 

some implementation-specific accessibility problems, particularly in 

regards to screen readers, but was still deemed to successfully prove 

that Responsive Web Design may be an acceptable development ap-

proach for SPV and Swedish government agencies in general. Further 

research into the other approaches is necessary to conclusively deter-

mine the optimal development approach. 

Keywords: accessibility, prototyping, Responsive Web Design, web 

applications, web development. 
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Terminology 

Acronyms and Abbreviations 

3G Third Generation. The third generation of 

mobile communication standards. 

4G Fourth Generation. The fourth generation of 

mobile communication standards. 

CMS Content management system. 

CR Candidate Recommendation. A W3C specifica-

tion level. 

CSS Cascading Style Sheets. Used for styling web 

pages. The latest revision is CSS3. 

DNS Domain Name System. System for translating 

domain names to IP-addresses, see IP. 

DOM Document Object Model. Language-

independent convention for representing and 

interacting with objects in HTML and XML 

documents. 

EPiServer A web content management system. 

E-service Electronic service. 

HTML HyperText Markup Language. The latest 

revision is HTML5. 

HTTP Hypertext Transfer Protocol. 

IDE Integrated development environment. 

IMT-Advanced International Mobile Telecommunications-

Advanced. 4G requirements issued by the ITU-

R, see ITU-R. 

Internet The largest group of interconnected networks. 
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IP Internet Protocol. The main protocol for com-

munication across the Internet. 

IT Information Technology. 

ITU International Telecommunication Union. 

ITU-R ITU Radiocommunication Sector. Division in 

ITU responsible for radio communication, see 

ITU. 

LTE Long Term Evolution. A telephone and mobile 

broadband standard. 

LTE-A Long Term Evolution Advanced. A 4G stand-

ard, see LTE. 

MWI Mobile Web Initiative. 

OS Operating system. 

PR Proposed Recommendation. A W3C specifica-

tion level. 

REC W3C Recommendation. The final W3C specifi-

cation level. 

SDK Software development kit. 

SPV Statens tjänstepensionsverk (National Govern-

ment Employee Pensions Board). 

spv.se SPV’s deployed external website. 

UI User  interface. 

URI Uniform Resource Identifier. 

W3C World Wide Web Consortium. 

WAI Web Accessibility Initiative. 

WAP Wireless Application Protocol. 

WCAG Web Content Accessibility Guidelines. 
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WD Working Draft. A W3C specification level. 

WiMax Worldwide Interoperability for Microwave 

Access. A 4G standard. 

WWW World Wide Web. 
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1 Introduction 
Since the conception of Information Technology (IT), a dream has exist-

ed of a system where the aggregated knowledge of humankind could be 

accessed by everyone, at any time. While perhaps a pipedream, signifi-

cant improvements in communication networks and data storage has 

certainly put systems of today closer to that goal. One of the largest and 

most accessible information systems in the world today is the World 

Wide Web, or simply the web. The web, being only a few decades old, 

builds upon the world’s largest collection of interconnected networks, 

i.e. the largest internet, called the Internet [1]. Seen from a high-level 

perspective the web is based on linked documents and unique identifi-

ers making it a flexible and dynamic service capable of presenting not 

only textual information, but also more complex content such as images 

and audio. The web may be used as an interface for purely delivering 

information but can also be used as a layer for more advanced services 

known as e-services. Some examples of e-services include online banking, 

online governmental services and online shopping. 

Traditionally, access to the Internet in general, and the web in particular, 

has been limited mostly to desktop and laptop computers. In later years 

the emergence of mobile devices, such as tablets and smartphones, has 

changed this tradition. Devices used to access the web are no longer 

homogenous with regards to screen resolutions, web browser support 

and input devices. As a result – web designers and web developers alike 

– face new challenges in creating a web which offers the same accessibil-

ity, functionality and information to all its users – regardless of device 

used. 

In 2009 the International Telecommunication Union (ITU) predicted 

mobile broadband subscriptions to reach one billion the following year, 

having exceeded 600 million in 2009 – an increase of almost 200 million 

from 2008. While ITU’s prediction of reaching one billion subscriptions 

did not come true until 2011, in 2013 they estimated there to be over 2 

billion mobile broadband subscribers, far exceeding wired broadband 

subscriptions [2][3]. 
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The large shift towards mobile devices with Internet capabilities has 

resulted in the increased use of the mobile web. The mobile web is by 

itself not a separate service from the web most users are familiar with 

from their desktop browsing experiences. Instead the term mobile web 

refers to a website or web application which has been specifically de-

signed for a mobile device, e.g. smartphone or tablet. It could refer to a 

website which is used as a complement to a standard, desktop-oriented, 

website or it could simply refer to a website where the content like text 

and buttons has been placed and shaped, respectively, in a way which 

makes more sense on a mobile device than a desktop computer [4]. 

Government agencies in Sweden aim to improve their availability, 

accessibility and service on the web continuously; one such agency is the 

National Government Employee Pensions Board (SPV). Established in 

1963, SPV is today one of Sweden’s largest pension administration 

providers responsible for the state pensions of over 800 000 employees 

and retirees, along with 400 employers [5]. SPV employs their own web 

developers solely dedicated to developing new e-services and maintain-

ing a modern website. In its current state the website aimed at their 

target audience is designed with desktop-users in mind and does not 

respond to changing user device conditions. With the growing mobile 

trend in consideration, SPV will have to adapt their web services and 

perhaps even strategy in order to reach the broadest possible audience 

while maintaining accessibility requirements and information integrity. 

In this introductory chapter the problem motivation will be formulated, 

along with the thesis aim and goals. Furthermore the thesis scope and 

limitations are defined. 

1.1 Problem motivation 

E-services continue to increase in popularity just as traditional brick-

and-mortar services continue to decrease. Whether a citizen is situated 

in the developed or the developing world, efforts to increase the availa-

bility of e-services have never been more thorough. Multiple challenges 

face governments wanting to introduce e-services. Acceptance, accessi-

bility and the digital divide are but a few of the keywords associated 

with e-services. In particular, the digital divide is cited as a major prob-

lem for e-services since it splits the population; given that some citizens 

will not have the possibility to access the e-services, while others lack 
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the knowledge of how to use the e-services [6]. The problem is further 

complicated by the increased usage of mobile devices as e-services may 

in some cases be platform-specific. 

The problem with developing for mobile devices as opposed to desktop 

computers is twofold: the hardware is different and the software is 

different. In addition to this, mobile devices rely on different types of 

external services e.g. wireless broadband. At the same time it is still 

reasonable to deliver web services to mobile devices if that is where the 

customers reside. 

The main physical constraints in mobile devices are their form factors. 

Small screen areas and potentially low resolutions result in users having 

to spend the majority of their browsing session with scrolling a web 

page rather than using the sought-after function [7]. Generally a website 

will be scaled in size to fit a virtual canvas of the device, potentially 

making the text appear unintelligible, see Figure 1. Other hardware 

limitations include low available memory and limited processing capa-

bilities [8]. The devices themselves are not the only limiting factor; the 

wireless networks used by mobile devices are also less reliable and 

deliver lower bandwidths than their wired counterparts [8]. 

 

Figure 1. The external desktop-oriented website of SPV as it appears on a mobile 

device. The smartphone frame is decorative but accurate in scale. 
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Web accessibility is another concern in the shift to a mobile web. Ensur-

ing that the web is accessible by everyone regardless of disability is 

paramount in retaining the universality of the web. The World Wide 

Web Consortium (W3C), the leading international standards organiza-

tion for the web, has presented guidelines on how to make the web 

accessible and has also set up The Mobile Web Initiative (MWI) to spe-

cifically address the challenges faced when developing for the mobile 

web [9]. 

Technical considerations and complications for citizens using the e-

services are not the only problems that arise when governments intro-

duce new e-services. The shift towards e-governance also affects work 

conditions for the employees of the agencies deploying these services. In 

a case study carried out on the Swedish Board for Study Support (CSN) 

it was found that the increased use of e-services by CSN led to different 

demands for competence in the organization. The increased use of e-

services furthermore had implications for job codification and specifica-

tion, rule observation, and interaction with the public [10]. 

In 2011, the Swedish government presented Sweden’s new IT-strategy. 

The strategy includes the goal where Sweden is the best in the world at 

utilizing the opportunities of digitalization [11]. In the following year, 

2012, SPV confirmed its IT-strategy for the period 2012-2016. SPV’s IT-

strategy takes the general IT-strategy of Sweden in account and defines 

points such as offering a stable and user-friendly IT-support in the form 

of different e-services [12]. In late 2012 SPV also established a client and 

channel strategy. This strategy defines the goal of SPV’s client meeting 

of which the external website, aimed at their target audience, is a part. 

The external website is categorized as a prioritized channel for all client 

types, i.e. private individuals and employers, contrary to non-prioritized 

channels such as social media and mail. SPV states they will meet the 

client in whatever channel the client naturally uses [13]. 

As a result of the newly established strategies SPV maintains an on-

going e-service project with the intent of introducing several new e-

services, as well as upgrading existing ones. Among the newest addi-

tions is an integration of minpension.se, a pension portal that aggregates 

reports of the total pension for citizens. Recent upgrades to the external 

website are also parts of the ongoing project, though the website is still 

desktop-oriented. SPV aims to increase their presence on the web, 
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including the mobile web, through the use of e-services and as such now 

also face the challenges other agencies such as CSN also has, and still do, 

face. 

Taking the growing mobile trend and SPV’s desktop-oriented website 

into account the question can be raised as to whether SPV currently 

reaches all their clients in the channels the clients naturally use and what 

can be done to reach the mobile segment without sacrificing accessibil-

ity, availability or quality of service. 

1.2 Overall aim 

The aim of this study was to compare different approaches for creating 

web applications where functionality, governmental demands and 

presented information could be retained regardless of end user device. 

The study furthermore aimed to illustrate suitable approaches through 

prototyping, effectively showcasing strengths as well as weaknesses of a 

given approach. Finally the study aimed to determine whether a certain 

approach or combinations of such approaches would be more fitting 

than others for the Swedish government agency SPV, with the purpose 

of securing their future on the mobile web. 

1.3 Scope 

The project goal includes whether Swedish government agency de-

mands can be met for different mobile development approaches. In this 

regard the study was to be limited solely to the demands set forth by 

SPV. Seeing as those demands are at least derived partially from the 

general demands set upon agencies by the Swedish government this 

thesis should still render a fairly good reflection of how the problem 

may be approached by other agencies. 

While the development approaches were considered using several 

criteria, some criteria were deliberately excluded due to them not being 

the focus of this study or in the highest interest of SPV including: brand-

ing, social media integration, and security. Branding is of natural lower 

importance for government agencies than it would be for for-profit 

organizations. Social media is a channel of stated lesser importance by 

SPV themselves. Lastly, security, while important, was not to be the 

focus of this study either. 
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The prototype to be developed was to be limited to a single approach as 

some development approaches may turn out to be infeasible for use by 

SPV already in the theoretical stage, and the time available for prototyp-

ing being too short for developing multiple prototypes. 

1.4 Concrete and verifiable goals 

The goal of the study is the comparison of different approaches to de-

veloping for mobile devices, primarily for the mobile web. The ap-

proaches include: 

 Websites specifically designed for mobile devices, in conjunction 

with websites designed for desktop computer browsers. 

 Responsive websites which adjusts parts of the layout as a re-

sponse to changing browser conditions. 

 Applications native for a specific mobile platform, e.g. Android or 

iOS. 

 Hybrid applications which are mobile websites packaged into na-

tive applications. 

The development approaches should be compared using several tech-

nical and non-technical criteria: accessibility, functionality, maintenance 

and support demands, performance, platform support, and expected 

user experience. Non-technical criteria including approval cycle, distri-

bution and monetization are also of interest. 

The comparison should take into account the possibility of combining 

techniques and the fact that not all functionality may have to be retained 

for all approaches. 

The project should identify what demands SPV has set for its e-services 

and the external website, and derive demands for the development 

approaches from these. In addition to this, one or several showcases 

should be created demonstrating the potential of adopting these ap-

proaches in the future by SPV. This showcase should be based on a 

specification of requirements, established based on the theoretical and 

practical findings. The final goal is to conclusively determine what, if 
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any, mobile development approaches SPV can best use to offer their 

services on mobile devices. 

1.5 Method 

This thesis uses a combination of theoretical study, practical require-

ment capturing and proof-of-concept prototyping to reach the goal 

where SPV can make a decision about its future mobile web. 

The theoretical study is mainly based on prior research made in the 

areas of mobile development, mobile web and web accessibility, pub-

lished in peer-reviewed scientific journals. It is not meant to be an ex-

haustive description of every element pertaining to the mobile area. 

Rather it aims to describe the fundamental knowledge necessary to 

understand the results of this project. The theoretical study will be the 

basis for comparison of the different development approaches using 

established criteria. Furthermore the theoretical study divulges what 

similar research has concluded – something which is important for the 

presumptions made in this project, in particular for the prototype. 

The specification of requirements is based on both the theoretical study 

and the practical research into what demands SPV has set for its related 

systems, e.g. the external website and e-services. The specification has 

been allowed to grow as more requirements surfaced during the actual 

prototype design and development phase. 

The results will summarize both the theoretical and practical findings 

from the project, from which the conclusions are then drawn. 

1.5.1 Prototype work 

For an organization such as SPV it is important to prove system capabili-

ties beyond theoretical results. To meet the goal of showcasing SPV’s 

future on the mobile web a prototype, building upon a proof-of-concept 

model, was to be developed. 

The prototype to be developed was limited to a single mobile develop-

ment approach and was chosen based on an analysis made on the pre-

liminary specification of requirements. The prototype aims to prove an 

approach conceptually and is not meant to represent what decisions 

SPV may take for a given approach in a production scenario – as is the 
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nature of any prototype. However the prototype should also fulfill the 

specification of requirements to the extent where the prototype is a 

seemingly plausible solution; accessibility testing and a subsequent 

analysis matching the specification of requirements will determine how 

well the prototype lived up to the requirements. As such the model will 

not be a mere visual prototype, but will with the subsequent testing and 

analysis answer whether the development approach is suitable for SPV. 

1.5.2 Accessibility measurement 

The accessibility will be measured by the level of compliance to the Web 

Content Accessibility Guidelines 2.0 (WCAG). The measurement will 

incorporate an offline website accessibility checking tool, a color contrast 

assessment and a screen reader test. The method of measuring accessi-

bility is a scaled down alteration of the methods and tools used in the 

double-blind peer reviewed article Website accessibility in Western Aus-

tralian public libraries by Vivienne Conway [14]. In the article, Conway 

uses several tools and techniques to great effect as parts of her research 

for determining web accessibility on Western Australian public library 

websites [14]. The importance of not relying on a single automated tool 

is highlighted in her study [14]. In this study the accessibility measure-

ment is not quite as diverse since it lacks user interviews, but should still 

give a fairly accurate representation of problems with the prototype’s 

accessibility as it incorporates both quantitative measurements through 

the automatic tools and qualitative measurements through the tests with 

screen readers, even if some hindrances may be missed. 

An alternative way to approach accessibility measurement would be to 

completely rely on user surveys. Surveying and interviewing impaired 

users may lead to more accurate results than using automated tools and 

manual calculating. However this is also vastly more time-consuming 

and would thus likely be more fitting for a study whose focus is mostly, 

or entirely, on accessibility. 
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1.5.3 Ethical concerns 

SPV as a government agency servicing the public has a special ethical 

responsibility to provide its users with services that are not only morally 

responsible, but have been produced ethically. 

In the article Defining Web Ethics, Marsha Woodbury discusses the issues 

of web ethics. As a fluid medium with simple procedures to publish 

content, special care has to be taken when considering ethicality. Two 

key concerns in web ethics are presented: accessibility and privacy [15]. 

Accessibility is a concern due to the large impact a developer has on the 

accessibility of websites: No screen reader can work efficiently if a 

developed website uses poorly designed elements. Inclusion of every 

potential user and not only the largest market segment is to be consid-

ered an ethical practice [15]. 

Cookies and caches are mentioned in the context of privacy. Cookies are 

files stored on a user’s computer containing data which may be used to 

enhance the user experience across consecutive visits to a website. What 

is stored in a cookie differs depending on implementation by the devel-

oper, but will include website URLs and could for example include data 

which allows for the automatic login of a user. Since the cookie is stored 

locally on a user’s computer without the user’s knowledge it is accessi-

ble to anyone with access to that computer, raising privacy concerns 

[15]. 

Cache files work differently than cookies but still store information on 

users’ computers. Cached files appear when browsers store content such 

as images for quicker loading upon subsequent visits to a particular 

website. Cached files may be stored with date, time and size clearly 

visible to anyone with access to the computer [15]. 

This study aims to uphold scientific research ethics. The implemented 

prototype will be created with accessibility and the aforementioned 

privacy issues in mind, and will not use cookies in any other way than 

the currently deployed website of SPV does. 
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1.6 Outline 

Following the introduction in chapter 1, this report consists of five main 

chapters. In chapter 2 the web, accessibility, relevant mobile technolo-

gies and the development approaches are described in greater detail. 

Following the theory chapter is the Model chapter – complete with a 

specification of requirements and the underlying models used for meas-

uring and testing the prototype. In chapter 4 the actual implementation 

of a prototype adhering to the requirements and design principles is 

presented. Finally, in chapter 5 the results are presented and analyzed 

whereupon conclusions are drawn in chapter 6. 

1.7 Contributions 

The prototype was developed using software and development envi-

ronments, property of Microsoft and licensed to SPV. The prototype was 

developed by the author, with design input from: André Byström, web 

communicator, SPV and Jens Altbäck, web developer, SPV. The initial 

black and white proof-of-concept model was fully designed by Byström. 

The existing external website from which the prototype builds upon is 

property of SPV. Any and all frameworks used and not developed by 

either Microsoft or SPV are covered under open source licenses. 

This work has contributed to SPV as it will facilitate a decision for its 

future web; in particular for the mobile web. It will enable SPV to decide 

whether the mobile web is worth bothering with, and if so – what de-

velopment approach is the most suitable, given the organization’s 

conditions of today. 

For mobile web development as a whole this work has contributed by 

making a comprehensive comparison of several mobile web develop-

ment approaches in not only the theoretical sense but also by proof-of-

concept prototyping.  
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2 Theory 
The theory chapter contains a presentation of the World Wide Web, 

what the mobile web actually is, some fundamental web design princi-

ples, and the development approaches followed by accessibility and 

prototyping. 

2.1 World Wide Web 

The World Wide Web, also known simply as the web, is the most exten-

sive system of linked hypertext documents in existence. As a service 

accessed through the globally available Internet the web has grown 

tremendously since its invention in the early 90s – to the point where 

colloquially the distinction between the web and the Internet no longer 

exists. In reality, the Internet supplies a multitude of services in addition 

to the web, e.g. e-mail, voice over Internet Protocol (VoIP), and peer-to-

peer networks – however the web remains the largest Internet service. 

The World Wide Web Consortium (W3C) defines the web as the follow-

ing: “The World Wide Web (WWW or simply Web) is an information 

space in which the items of interest, referred to as resources, are identi-

fied by global identifiers called Uniform Resource Identifiers (URI)” [16]. 

Uniform resource identifiers are strings of characters representing a 

unique reference of a resource available on the web, an important tech-

nology for the functioning of the web. The W3C definition of the web, 

specifically the term information space, can be viewed as the broadest 

definition possible to make. 

The W3C is the principal organization in the development of web stand-

ards and protocols. Founded in 1994 the W3C has, as of 4 March 2014, 

reached 388 member organizations [17]. Their mission is to develop the 

web to its full potential all the while employing a set of design principles 

and incorporating their vision. Their design principles are: web for all 

and web on everything. The principles say that the web should be availa-

ble for everyone regardless of whom or where a user is, in addition to 

being able to access the web on any device. Their vision includes a web 

with rich interaction where the web is not only a read-only service. It 

also includes the fact that the web can be both a repository for linked 
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data and a layer for several services that exchange data. Finally their 

vision acknowledges the fact that the web should be trustful, from a 

security and privacy stand-point [18]. 

For specifications the W3C retains several levels of maturation. In the 

event that a specification becomes unfeasibly large it may also be split 

into independent modules which retain their own maturity level. The 

W3C defines four primary levels of specification maturation [19]: 

 Working Draft (WD). A WD is created when a draft is ready for 

public review. The specification may have significant changes be-

fore reaching its final stage. 

 Candidate Recommendation (CR). At this point the creators be-

hind a specification are generally content that the specification 

conforms to the goal behind the specification. The development 

community has the ability to comment on how implementable 

the specification would be. Thus the specification may still 

change. 

 Proposed Recommendation (PR). A PR is ready for final approval 

by the W3C Advisory Council. At this point it must be possible to 

show that each feature of a specification’s technical report has 

been implemented. 

 W3C Recommendation (REC). This final stage of maturity proves 

that a specification has undergone extensive testing and is now 

endorsed by the W3C. 

2.2 Mobile devices 

Access to the web from mobile devices has been increasing ever since 

the introduction of smartphones and tablets to the point where they 

have become integral parts of the everyday life for many; the research 

has followed: on adaptation, usability, mobile web design and perfor-

mance [4][20][21][22][23]. 

The mobile web has been available on handheld devices longer than the 

smartphone or tablet has existed. Initially it was be required for a devel-

oper to use custom languages, e.g. Wireless Application Protocol (WAP) 

to create websites which would be readable with mobile phones sup-
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porting WAP-browsers. These websites were more limited than their 

desktop counterparts due both to technical limitations in the standard 

and wireless carriers’ particular implementations of WAP [23]. 

The iPhone is cited as the phone which broke the trend of separating the 

two webs. Instead, with the iPhone, surfing the standard web and using 

web applications was supposed to work just as well as on a desktop. In 

reality due to the increasingly available bandwidth on wired connec-

tions modern websites started using a multitude of technologies and 

complex media adding to not only the user experience, but also band-

width demand. Accessing these heavier websites on mobile devices 

through the slower wireless networks would then still lead to a sluggish 

experience [23]. 

2.2.1 Performance in wireless communication systems 

Mobile devices are limited in performance due to several factors: availa-

ble bandwidth and thus data rate, and latency. Smaller, less powerful 

hardware components, than that of personal computers, also adversely 

affect the performance. 

While still slower than wired networks, wireless communication stand-

ards have also been improving over the past years. The fourth and most 

current generation of wireless communication standards, 4G, promises 

very high data rates and efficient use of bandwidth. Its aim is to deliver 

up to 100 Mbps while roaming at higher speeds, e.g. accessing the 

network while on a moving train, and 1 Gbps while stationary or slow-

moving as in pedestrian walking speed [24]. 

There exists two commercially deployed 4G systems as of today: 

Worldwide Interoperability for Microwave Access (WiMAX) and Long 

Term Evolution Advanced (LTE-A) [25]. Both systems are expected to 

reach the technical requirements for International Mobile Telecommuni-

cations-Advanced (IMT-Advanced), 4G, set forth by the ITU 

Radiocommunication Sector (ITU-R). Not all mobile devices have access 

to or even the capability to use 4G networks and may have to rely on 

older technologies and standards for Internet connectivity. These older 

standards support a variety of peak data rates; see Table 1 [26]. 
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Table 1. Theoretical downlink peak data rates for mobile communication 

standards [26]. 

Communication standard Peak data rate 

GSM 9.6 kbps 

IS-95 14.4 kbps 

GPRS 171.2 kbps 

EDGE 473 kbps 

cdma2000 1x 628.4 kbps 

WCDMA 1920 kbps 

GERAN/EGPRS2 947.2 kbps 

HSDPA Rel-5 14 Mbps 

cdma2000 1xEV-DO 3.1 Mbps 

HSPA Rel-9 84 Mbps 

LTE Rel-8 300 Mbps 

WiMax 26 Mbps 

WiMax/802.16m 303 Mbps 

LTE-Advanced Rel-10 3 Gbps 

The generations of mobile telecommunications technology which are 

today referred to as 1G, 2G, 3G, 4G, and sometimes as something in-

between generations e.g. 3.5G, began in earnest after the introduction of 

the digital telecommunications standard Global System for Mobile 

Communications (GSM) – the second generation, 2G. The GSM standard 

allowed for data rates of up to 9.6 kbps and would allow users to use the 

most basal mobile services including SMS. The later introduction of the 

General packet radio service (GPRS) enabled significantly higher data 

rates, peaking at 171.2 kbps. GPRS, being packet-oriented instead of 

circuit-switched, is a best-effort service with variable throughput and 

latency. It would allow for constant online Internet access, MMS and 

several other online services [26]. 

The true data-packet revolution came in the early 2000s with the third 

generation. Common denominators for the third generation include: 

hybrid automatic repeat requests, adaptive modulation and coding, fast 
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scheduling, turbo coding and de-centralized architecture [26]. Together 

they not only increased data rates to the orders of Megabits per second, 

but also lowered latencies [26]. This enabled the future possibility of a 

mobile web, as HTML documents and images can have the size of 

several hundred kilobytes with images averaging at 793 KB per web 

page [23] – something which would have taken a significantly longer 

time to retrieve and download using earlier systems, even in best-case 

scenarios. 

The throughput on mobile devices is hindered by an additional prob-

lem: latency. Latency is unavoidable in any communication system; 

however it is much more prominent in wireless ones. With exception to 

sudden network congestion, there is very little variance in latency for 

wired Internet connections. In wired networks the latency is based 

mostly on the transmission cable’s resistance. Instead, in wireless sys-

tems transmission occurs in the air which not only introduces resistance, 

like cables do, but is also prone to interference [23]. 

In an experiment carried out by programmer Tom Hughes-Croucher 

throughput was measured in the form of number of requests that could 

be completed, for a given connection, as a function of introduced laten-

cy. The experiment showed that introducing a latency of 50 ms would 

result in a reduction of throughput by almost 67%, over a period of 300 

seconds. By increasing the latency to 300 ms for the same experiment, 

the throughput was reduced by nearly 90% [23]. 

Accessing a web page for the first time means that a browser requests 

several resources. First the domain name has to be translated to an IP-

address by some domain name server (DNS server), second the actual 

document has to be requested and fetched. Finally the fetched document 

itself may point to any number of resources that in turn may also rely on 

external resources, and so on. The described cascade is the reason why 

latency is a major factor in determining the effective throughput; every 

request may be delayed by the latency reducing the effective data 

throughput [23]. 

Requesting and fetching data is not the only thing which a web browser, 

mobile or not, is concerned with. A web browser also has to handle and 

execute eventual scripts, format the page styling, calculate the element 

layout and finally render the page in full, see Figure 2 [27]. These, some-
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times processor-heavy, operations can be taxing on processors and 

memory alike. This in turn, may lead to inferior web browsing experi-

ences when compared to that of a desktop computer. Loading web 

pages on mobile devices may take several seconds, and at times in the 

order of tens of seconds [28]. 

 
Figure 2. The operations of a web browser after a page has been requested. [27] 

Increases in page loading time can lead to what is cited as “strong nega-

tive impacts”; starting at 200 milliseconds. Delays reaching half a second 

may even impact business metrics [27]. 

In 2007 Steve Souders published the book High Performance Web Sites 

containing a list of 14 prioritized rules for better web performance [29]. 

In the book, Souders emphasizes the importance of frontend perfor-

mance after conducting an experiment which proved that, with an 

empty cache, the time spent loading a web page by a browser was larger 

on the frontend than on the backend. The list contains the following 

prioritizations: 

1. Make fewer HTTP requests 

2. Use a content delivery network 

3. Add an Expires header 

4. Gzip components 

5. Put stylesheets at the top 

6. Put scripts at the bottom 

7. Avoid CSS expressions 

8. Make JavaScript and CSS external 

9. Reduce DNS lookups 

10. Minify JavaScript 

11. Avoid redirects 

12. Remove duplicate tags 

13. Configure ETags 

14. Make AJAX cacheable [29] 
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While the prioritizations are generic for any website, they are also appli-

cable for mobile websites. Souders conclude that without prioritizing 

performance the quality of service declines. Furthermore Souders state 

that performance considerations should not be an afterthought but 

rather be interwoven with the construction of the interface – otherwise 

significant amounts of developer time may be spent solely on optimiz-

ing the performance, which is not desirable [29]. 

2.3 Mobile development approaches 

When it comes to mobile development there exist several distinct ap-

proaches. They all come with their own set of advantages and disad-

vantages which may be inherent to the approach itself, but sometimes 

also in how the approach is usually implemented. It is possible to define 

four different approaches: 

1. Combining a website for the standard web with a separate web-

site for the mobile web. 

2. Creating one or several platform-specific, i.e. native, applications 

for specific e-services to augment a standard website. 

3. Creating one or several hybrid applications masking a website 

through the interface of a native application. 

4. Using Responsive Web Design to create a single site capable of 

adjusting its layout in response to changing user conditions [4]. 

Nothing explicitly prevents the combination of these approaches. As an 

example, it is possible to imagine taking the approach of using a respon-

sive website and still developing native applications for some specific e-

services. As a result consideration has to be taken not only in the choice 

of a single approach, but also the possibility of a combination of several 

approaches. 

There is no single solution for choosing which approach to use in every 

situation; however there exist technical and non-technical criteria from 

which some general conclusions can be drawn. These include: platform 

support, device capabilities, performance, user experience, distribution, 

upgradability, approval cycle and monetization [4]. In the subchapters 

2.3.1-2.3.4 the four development approaches are presented using these 
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criteria as a basis for comparison. The approaches are primarily aimed 

for the mobile web; however native applications may also be developed 

for use outside of the mobile web. 

2.3.1 Complementary mobile website 

A mobile website could refer to a website whose content is structured 

and organized in a fashion which makes more sense on a mobile device 

[4]. It could also refer to a separate website intended for mobile devices 

which complements a desktop-oriented website [4]. The latter does not 

necessarily exclude the former but for the purpose of the comparison in 

this section the latter is what is referred to. 

For a separate mobile website approach, platform support is dependent 

on what mobile web browsers are supported on the targeted devices 

and by extension the browsers’ respective support for commonly used 

web technologies [4]. Mobile web browsers are different, if somewhat 

similar, to their desktop counterparts. Many browsers, for example 

those using the WebKit rendering engine, exist in different versions on 

both mobile and desktop platforms using the same rendering engines 

across both platforms [30]. As a result modern mobile web browsers 

support web standards equal to that of desktop web browsers [30]. 

Some exceptions apply, like the lack of support for some multimedia 

content, requiring plug-ins on many devices [30]. This result in a greater 

platform support than when creating native applications, as the ap-

proach benefits from the already existing and abundant mobile browsers 

capable of handling standards like HTML5 and CSS3 rather than the 

developer creating a new application for each device [4]. In any case, 

with a separate mobile website, as a developer it is now necessary to 

maintain two sites instead of one. 

For the separate mobile website approach web browsers also interact as 

a layer between a web service and the user. This means that there is no 

simple way for the developer of a web service to access native device 

features, e.g. camera, Bluetooth peripherals or the device’s file system, 

thus hampering device capabilities [4]. 

Performance can be considered from two angles: On the one hand there 

are performance metrics for the user device which limit the web brows-

er’s performance, and on the other hand there are communication-
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related metrics, e.g. data rate and latency which also affect the overall 

performance. While the web browser act as an extra layer between the 

application and user, for performance reasons it can still be beneficial in 

cases where a rendering engine is embedded in the device, e.g. WebKit 

on Android-based devices, and is seen being used increasingly [30]. The 

web browser delay is however increased significantly by latency and 

most of all by resource loading times [28]. Resource loading refers to the 

way in which resources, e.g. files, are obtained from a server. The delay 

introduced by resource loading is based on factors like network condi-

tion, how the browser handles the resource loading, and the actual 

device performance derived from, in part, its processing power [28]. The 

resource loading contributes to the total delay to such an extent that an 

increase in bandwidth above that of a “typical 3G network” will only 

improve the performance marginally [28]. 

The user experience is naturally affected by the device capabilities and 

performance; no access to device functions like the camera and lacking 

performance due to sluggish web browsers are detriments to the user 

experience. However the approach also lacks in user experience due to 

the less responsive interface and the lack of access to device specific 

hand gestures [4]. Short of introducing a self-developed web browser, 

there is no feasible way for a mobile web developer to affect the inter-

face of a web browser. 

Distributing a mobile website does not differ in any way from distrib-

uting a standard website, i.e. they are accessed in the same way regard-

less of device – using a web browser. This means that upgradeability is 

also handled entirely on the server side; whatever website the web 

server delivers to its users will be what the users’ experience. 

Developing a separate mobile website means that there is no external 

approval cycle to conform to, as opposed to when developing applica-

tions which have to be published on an application store. In the same 

vein, with no application store, monetization is only applicable in the 

same way it is for standard websites. 
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2.3.2 Native application 

Native applications are applications which are specific, i.e. native, to a 

particular device or operating system (OS). Such applications run on top 

of the OS without the need for additional layers, as opposed to websites 

requiring a web browser as an intermediary layer [4]. 

In contrast with other approaches, native applications require the devel-

oper to use some programming language specific to the platform for 

which the application is to be developed. While standard websites 

generally require HTML, CSS and JavaScript, most native applications 

require Java or some version of C, see Table 2.  

Table 2. Common mobile operating systems and their respective primary 

programming languages [31]. 

Mobile OS Programming language 

Apple iOS C, Objective C 

Google Android Java 

RIM BlackBerry Java 

Symbian C, C++, Python, HTML/CSS/JS 

Windows Mobile .NET 

Windows 7 Phone .NET 

HP Palm webOS HTML/CSS/JS 

MeeGo C, C++, HTML/CSS/JS 

Samsung bada C++ 

The wide array of different programming languages used by these 

platforms makes platform support for the native application approach a 

much more difficult task when compared to developing mobile web-

sites. Developing native applications is not a one-size-fits-all affair, but 

instead a question of what range of devices the developer wants to 

support. This question could be considered from different angles: On 

what devices do the majority of users reside? Is the development team 

skilled in the necessary languages? Is it necessary to reach the entire 

user base? To further complicate things operating systems exist in dif-

ferent version and may support devices with varying capabilities [4]. 
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With a development team skilled in every programming language listed 

in Table 2 it could theoretically be possible to develop for all the respec-

tive systems. However the task is further impeded by the large amount 

of different software development kits (SDK) that have to be used. 

Different software frameworks, application programming interfaces 

(API) and build systems ensure that developing native applications is 

not necessarily a simple task simply because the team has prior 

knowledge of the used programming languages [31]. 

If the goal is to reach a broad audience with support for multiple devic-

es, and making a one-time effort of development, the native application 

approach may be ill advised as new devices with new operating systems 

along with new versions of existing operating systems will continuously 

be developed [4]. In Mobile application development: Web vs. native, Andre 

Charland and Brian Leroux, puts it as the following: 

In the world of native code, the main challenge is reimplementing to multiple 

targets. In the world of the Web, the main challenge is limiting your footprint 

as much as possible to produce a responsive user experience [31]. 

One major gain with developing native applications and having direct 

access to a multitude SDKs and APIs is the ability to use the device’s 

capabilities in full. Access to physical features like a camera is enabled as 

well as software features like the file system [4]. 

Performance is better in native applications when compared to all the 

other development approaches. This is generally the case since there are 

no additional layers between the application and the OS, and because 

graphics-heavy components and user interfaces (UI) can be rendered 

without the need for additional data processing [4]. Pixels are drawn 

directly on the screen using available APIs, and abstractions can be used 

for common interface components which significantly increase perfor-

mance [31]. Furthermore native applications use native code. In contrast 

with languages like JavaScript where the code has to be interpreted, 

native code is compiled in full before execution; with no intermediary 

code performance is increased [31]. 

Native applications have the best prerequisites for delivering a good 

user experience [4]. The better performance compared to other ap-

proaches means that not only can the application be loaded faster, but 

the interface will be more responsive as well. The user experience can 
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also be considered from outside an application. The ability to wake 

applications from a notification bar or the ability for the device to wake 

an application when device conditions e.g. location or weather data 

change can also positively contribute to the user experience of native 

applications [31]. 

The access to device features like the camera through APIs gives the 

native application approach another edge; however hardware device 

features are not the only benefit of the approach. Software features like 

device-specific hand gestures are also accessible for native applications, 

further enhancing the user experience [4]. 

Distribution and upgradability works quite differently for applications 

not residing on the mobile web. While the latest version of a mobile 

website is merely published on a web server, a native application has to 

be distributed to clients on a per-user download basis. This means using 

an application store which will vary depending on the platform. Using 

an application store can be advantageous as it naturally increases the 

application’s discoverability, which could further lead to lower market-

ing costs; however as the amount of applications in these stores increase 

the effect of this is reduced [4]. Discoverability is in a part a function of 

where a user is looking for a specific type of content. It is possible to 

imagine a user who is looking for games of a specific genre to use an 

application store where a multitude of games are categorized in a simple 

manner, while on the other hand a user looking for a specific service 

may go to directly to the responsible company’s website. Upgradability 

is also affected by the native application approach, whether an applica-

tion store is used for distribution or not. As with any code that reside 

locally on a device it is impossible to force application updates. This may 

fragment the user base as they may use different versions of the original 

application. Attempts to support this fragmented user base ultimately 

leads to additional complexity on the, back-end, server side of develop-

ment [4]. 

Having an approval cycle to conform to is a major differentiation be-

tween applications published in a store and websites published on web 

servers. While websites can be published, and thus upgraded, at any 

time, for applications an approval cycle has to be included in the devel-

opment process. Certain stores may have far stricter requirements in 

regards to design and conformance of convention than others, and the 
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time for approval may vary even more – while generally being far 

shorter when there are no rejections [4]. Stores also simplify the moneti-

zation process. Payment gateways are generally well defined and enable 

simple ways to increase the conversation rates. It does however come at 

a significant price, with the store owners taking a cut out of all profits; 

for iOS this number is about 30% [4]. 

2.3.3 Hybrid application 

In the advent of a cloud-computer era new applications that reside 

partly on a device and partly in the cloud have been introduced. These 

are called hybrid applications. Hybrid applications are in reality close to 

native applications, with the major exception that they are not devel-

oped using programming languages commonly used for native applica-

tions, but instead with the same tools used for websites: HTML5, CSS 

and JavaScript [4]. In short they are mobile websites, or mobile applica-

tions, wrapped using some framework to appear as a native application 

for the end user. 

The underlying drive for hybrid applications is HTML5. HTML5 ad-

dress limitations in earlier versions of the markup language and provide 

many new tools for the exchange and storage of data, along with multi-

media features for video, audio and animations. Coupled with cloud 

computing both application code and data may be split between the 

device and the cloud, giving rise to the hybrid applications [32]. 

Platform support for hybrid applications lies somewhere in-between the 

support for native applications and standard websites. Developers can 

fall back on using traditional web development methods, using HTML5, 

CSS and JavaScript, to create applications and then use some framework 

for the porting to different devices [31]. The predominant framework for 

this purpose is PhoneGap [4]. 

PhoneGap supports a variety of device features, including both hard-

ware-based and software-based functionality. Examples include access 

to the camera, accelerometer and compass, along with the file system, 

geolocation and network, for a variety of platforms including Android, 

iOS and Windows Phone [4][33]. While it only servers as an example, as 

the predominant framework for creating hybrid applications, PhoneGap 
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proves what is possible in terms of device capabilities for the hybrid 

development approach. 

While hybrid applications use APIs to access device features they are 

still reliant on web technologies, i.e. HTML, CSS and JavaScript for the 

user interface. This result in lower performance with a less responsive 

interface, similar to what a separate mobile website would experience 

[4]. 

In the same vein the user experience suffers from the degraded perfor-

mance. However with the access to APIs unlocking many of the device’s 

capabilities the user experience can be enhanced. The result is a user 

experience that can be placed somewhere in-between that of native 

application and a mobile website [4]. 

The four final criteria: distribution, upgradability, approval cycle and 

monetization are rather similar for both the hybrid and native approach. 

This is in large part because a hybrid application may also use an appli-

cation store with all the accompanying consequences it has for distribu-

tion, upgradability, approval cycles and monetization, see subchapter 

2.3.2. There are some differentiating points to consider though. For one, 

hybrid applications could be built in such a way that most of the appli-

cation resides on a server, as is the case for separate mobile websites, 

which would in that case enable simpler ways to upgrade and keeping 

users on the same version of the application. One other thing to take into 

consideration is the power application store owners have over published 

applications. Application store owners may remove applications at their 

own discretion and while this problem certainly persist for native appli-

cations as well the risk may be even greater for hybrid applications, 

where the store owners have less control over the application content, 

should they feel that a potential revenue stream is threatened [4]. 
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2.3.4 Responsive Web Design 

Responsive Web Design encompasses several tools and techniques used 

in order to develop websites that can respond to context. Here it be-

comes important to distinguish between a mobile website and a separate 

mobile website. While the development approach of using a separate 

mobile website result in a fragmented user base where some users will 

reside on the desktop-oriented version and some on the mobile-oriented 

version, the Responsive Web Design approach aims to use a single 

website which is presented to all its users. 

In the past it would be a common occurrence in web design to first 

create a sketch outlining all the elements of a particular page and then 

trying to replicate the sketch using the most current web technologies. 

This way of designing, called pixel-perfect design, works fairly well for 

media where there is knowledge in advance about the user medium, e.g. 

printed paper of a certain size. For the web however, there exists a 

multitude of different devices, operating systems and browser software. 

Furthermore users may change browser dimensions, font sizes, and 

zoom on the fly. All-in-all quite little is known about the end users 

conditions in advance. Responsive Web Design addresses these issues 

using the following tools [34]: 

 Fluid grids 

 Flexible images 

 Media queries 

The key to these tools lies in the application of CSS. Fluid grids and 

flexible images are used by setting their sizes to relative units, most 

commonly a percentage, instead of the widely used static pixel unit. 

Media queries is a module in CSS3 which allows for the application of 

different CSS rules depending on the context, e.g. screen width and 

device orientation. Together they form the cornerstones of Responsive 

Web Design [34]. 

Platform support and device capabilities are not changed in any way 

when applying Responsive Web Design techniques on a website. The 

primary changes that are applied are merely visual and require no 

special frameworks or APIs when compared to traditional web devel-

opment. As such a website using Responsive Web Design will be sup-
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ported by the same device and browsers as any website – with one key 

difference: Responsive Web Design not only benefits but is reliant on 

CSS3 and as such require web browsers to conform to the CSS3 standard 

in order to work properly. 

One of the largest drawbacks with Responsive Web Design is its impact 

on performance. Having all content, complete with the responsive 

additions stored in a single website ensures that responsive websites 

require significantly more space compared to a separately designed 

mobile website where data-heavy components like large images may 

have been dropped for the benefit of faster load times. Conditional 

loading can be used to combat this problem by modifying the loading of 

some content so that it is appropriate for the current conditions, e.g. 

loading a lesser quality image for mobile devices, or disabling computa-

tion-heavy JavaScripts. However in a performance test carried out in 

2012 on 347 responsive websites by web performance researcher Guy 

Podjarny it was found that 86 percent of them did not show any per-

formance gain when loaded with minimal dimensions compared to 

maximum dimensions [34]. 

Implemented correctly, Responsive Web Design can lead to a greater 

user experience – in particular for mobile devices. In contrast to separate 

mobile websites where some assumption about a mobile device still has 

to be made, Responsive Web Design makes no assumptions and will 

adjust the layout so as to avoid the need for panning, pinching and 

zooming, regardless of what the user device resolution and orientation 

is. The responsive websites will then also present all its content to all 

users, only altering the way it is presented. If this is not the aim, but 

instead there is a knowledge that, for example, all mobile users are only 

interested in one particular part of the content offered, then a more 

specialized approach might better suited or perhaps the combination of 

a responsive website and another approach [34]. 

In some ways Responsive Web Design can also be a detriment to the 

user experience. It is possible to imagine an experienced visitor of a 

desktop-oriented website to be familiar where certain specific elements 

are positioned on a page. Such a user may find it disorienting at first to 

visit a responsive website on a mobile device since the layout will be 

unfamiliar, and may have even preferred to use the desktop-oriented 

site on mobile devices despite all the required panning, pinching and 
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zooming. By combining JavaScript and CSS to modify the viewport it is 

possible to create ways for the user to opt out of a responsive layout 

[34]. 

Responsive Web Design does not affect the way in which websites are 

accessed by the users. As such a website will be distributed in much the 

same way, with one outstanding difference when compared specifically 

to the separate mobile website approach: There is no need to advertise 

two websites. Since the user base is unified on a single website, discov-

erability is naturally enhanced since marketing does not have to be 

targeted for a separated mobile or desktop user base. The single website 

has additional advantages when it comes to upgradability and even 

maintenance in the form of a content management system (CMS) which 

will only need to publish towards a single target [34]. 

A responsive website is not published in application stores, but resides 

on the web, as any website. Thus there is no approval cycle to conform 

to, neither any particular monetization opportunities. 

2.4 Web accessibility 

When talking about accessibility what is generally referred to is the 

inclusion of people to access a device, environment or service regardless 

of user condition. Although a postulate, accessibility often focuses on 

users with disabilities as they are at the highest risk of being excluded 

[35]. 

Web accessibility is a sub topic of accessibility that specifically addresses 

the problems raised where the web meets users. As the web increases in 

complexity, with more dynamic and interactive content, the challenge of 

ensuring equal access to everyone becomes an ambitious task [35]; Tim 

Berners-Lee, cited as the creator of the web, once stated: “The power of 

the web is in its universality. Access by everyone regardless of disability 

is an essential aspect” [14]. 

Several guidelines exist for the benefit of web accessibility; The W3C’s 

Web Accessibility Initiative’s (WAI) Web Content Accessibility Guide-

lines (WCAG) 2.0 is one of the definitive accessibility guidelines of the 

web today [35]. WCAG 2.0 is a W3C Recommendation as of December 

2008 and contains four principle areas consisting of twelve primary 

guidelines, each with its own success criteria. By conforming to the 
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WCAG 2.0 guidelines the W3C claims that the conforming web content 

will be more accessible to people with disabilities of varying degree 

including: low vision and blindness, hearing impairment and deafness, 

learning disabilities, cognitive limitations, movement limitations, speech 

impairment, photosensitivity as well as combinations of the aforemen-

tioned disabilities [36]. 

WCAG 2.0 includes three levels of conformance for all guidelines: A, 

AA, AAA, where A is the lowest level of conformance and AAA is the 

highest. The higher levels of conformance typically puts more stringent 

requirements on the web design, while at the same time can be consid-

ered as of lower priority than the lower levels of conformance. The 

levels reflect the fact that some issues in web design impact the accessi-

bility more so than others. However they also reflect how reasonably the 

success criteria for a guideline can be met and whether it is possible to 

satisfy the criteria for all types of web sites [37]. 

Assistive tools, e.g. screen readers and speech recognition software exist 

for the benefit of people with specific disabilities. These tools, however, 

rely on the web content being designed in such a way that the tools can 

fulfill their function. In the same way that a wheelchair may need an 

elevator to allow its operator to traverse a slope, a web site needs con-

tent that is logically ordered for a screen reader to be able to traverse it. 

This is known as accessible web design [35]. 

While accessible web design primarily focuses on enabling access to the 

web for people with disabilities, it is generally agreed upon that it also 

leads to a better user experience for all users [35]. This is a key point in 

accessible web design as it means the application of it does not infer a 

compromise to any users. Rather it may lead to a better structure of the 

code, as well as increasing the searchability of the website [38]. 

In Sweden, organizations in the public sector are advised to adhere to 

guidelines published by the expert group E-delegationen. Established in 

2009 by the Swedish government, E-delegationen supersedes the agency 

Verket för förvaltningsutveckling (Verva), with the primary mission of 

furthering the e-development within the public sector. E-delegationen 

recommends, as their very first guideline, that all websites within the 

public sector at least adheres to WCAG 2.0, priority level AA [38]. In 

addition to this, other guidelines are presented related to not only 
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accessibility but also usability and standards to follow when developing 

a website. In total there are 110 guidelines, with six overarching themes 

[38]. 

The agency Verva is known for having published Vägledningen 24-

timmarswebben, the guidelines for a 24-hour web. The publication, while 

outdated in some areas including accessibility, still contains useful 

information about the general web development process and prototyp-

ing [39]. 

2.5 Prototyping 

Visualizing design is an important aspect of any development; one way 

of achieving this is by creating prototypes. Prototypes exist in different 

shapes and fidelity, however when referring to software development 

what is usually meant is some form of pre-release software. Although 

there are no strict rules on what defines a prototype, much less the 

method, prototyping, by which they are created and used; their main 

point is that they allow a designer to express ideas quickly taking into 

account the constraints that applies for a final product [40]. 

2.5.1 How to prototype 

Prototypes are generally categorized by how closely they represent the 

expected final product. Those who closely represent the final product 

are referred to as “high-fidelity” prototypes and those who do not are 

referred to as “low-fidelity” prototypes. They serve different purposes, 

with the former generally focusing more on layout and form, and being 

quick to construct, while the latter generally also includes function but 

takes more time to develop. A combination of low-fidelity sketches, 

proof-of-concepts and high-fidelity prototypes may be preferred when 

prototyping to ensure quality in the final prototype [40]. 

Prototyping as a method is useful as it allows for a better way to convey 

design elements compared to talking or writing about layout and form. 

Prototypes are not all about form though; they can also include ways 

with which it is possible to interact with them. This can range from 

crude paper-based interactivity to more advanced software-based 

interactivity. For websites of multiple pages or with user interfaces that 

contains multiple steps it can also be useful to apply storyboarding. By 
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using storyboarding a series of sketches are created where the required 

steps for interacting with the interface are clearly laid out [40]. 

When it comes to higher-fidelity prototyping the main problem is decid-

ing on what to include and test, and what to exclude and not test. Test-

ing absolutely everything is neither feasible nor is it the purpose of a 

prototype; testing everything would be equivalent to creating the final 

product. The trade-off between having a wide array of different func-

tions where the functions are barely active and having a small set of 

functions that instead are usable can be defined as horizontal and verti-

cal prototyping, respectively. Balancing horizontal and vertical proto-

typing is important for getting the most out of any high-fidelity proto-

type [40]. 

One of the simpler solutions for high-fidelity prototyping is using a 

software-based approach. Both when it comes to developing mobile 

native applications and standard web applications integrated develop-

ment environments (IDE) like Visual Studio are helpful. Visual Studio 

supports web development natively and can emulate some mobile 

environments, e.g. Windows Phone, see Figure 3 [40]. 

 
Figure 3. Visual Studio 2010 with Windows Phone integration. 
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2.5.2 Guidelines for Swedish government agencies 

The prototyping recommendation in Vägledningen 24-timmarswebben 

is based on the fact that prototypes simplify communication between the 

project’s interested parties as well as the project development group 

itself. They present several guidelines for developing prototypes, includ-

ing: 

 Starting with sketches which are simple to adjust. Avoid focusing 

on graphical elements, e.g. logotypes. It is important that the pro-

totype does not bottleneck the development work. 

 Working in iterations with the prototype. This means that devel-

opment should be interleaved with follow-ups with the project 

group as to whether the prototype development is heading in the 

right direction. 

 If the prototype is constructed using HTML, decide early whether 

the guidelines for accessibility should apply for the prototype. If 

the prototype follows these guidelines accessibility problems 

have a far greater chance of being discovered and the prototype is 

expanded from only evaluating form and function to including 

accessibility. 

 Evaluate the prototype with users. Depending on the prototypes 

expanse it may also be possible to use it for evaluating language 

and terminology [39]. 

The guidelines further state that prototypes are beneficent when com-

pared to pure images and text as they lead to better questions and more 

elaborate critique of both the design and implementation [39]. 
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3 Model 
This chapter includes the assumptions made for the prototype, the 

measurement model, and the specification of requirements. 

3.1 Tools of the trade 

Several tools were used for the development of the prototype and for 

the measuring of data. 

3.1.1 Development tools and model 

The integrated development environment used for the development of 

the prototype was Visual Studio 2013 Professional with Team Founda-

tion Server integration. The prototype is based on code written in 

HTML, CSS and JavaScript. Visual Studio also supports the creation of 

websites using .NET but the commonly used web technologies were 

chosen instead as the existing external website was created in a similar 

way, thus speeding up development of the prototype. 

Tools for creating websites are fairly diverse and many other options 

exist on the market. For pure web design, live environments allowing 

previews like Codepen or Brackets could be used [41][42]. IDEs such as 

NetBeans and Eclipse can be used for back-end web development to a 

similar effect as Visual Studio [43][44]. In this case Visual Studio was 

chosen for convenience, though other tools may have been used to reach 

the same goal using the same approach. 

Internet Information Services (IIS) was used for hosting the web server 

which enabled mobile device testing. Visual Studio also includes an 

integrated version of IIS which was used for local testing. The precursor 

to the high-fidelity prototype, the proof-of-concept, was designed using 

graphics editing programs Photoshop and Paint. 

This study uses prototyping as described in Mobile Interaction Design, by 

Matt Jones and Gary Marsden, and follows prototyping guidelines from 

Vägledningen 24-timmarswebben, by former Swedish government agency 

Verket för förvaltningsutveckling (Verva) to ensure that any and all partic-

ular standards which apply for Swedish governmental agencies are 
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adhered to. The practical application of the guidelines were to also take 

into account the limited amount of time available, the available re-

sources, licenses and tools available, and other SPV-specific needs as a 

government agency. 

3.1.2 Accessibility tools and model 

The accessibility will be measured by the level of compliance to the Web 

Content Accessibility Guidelines 2.0 (WCAG). The measurement will 

incorporate an offline website accessibility checking tool SortSite which 

can automatically match most WCAG guideline violations to specific 

parts of the implementation. SortSite also has the ability to categorize 

the violations in accordance with the guideline priority levels. Further-

more SortSite can check for accessibility violations in other guidelines, 

including: WCAG 1.0 and Section 508. Section 508 will be excluded as it 

is not relevant to Swedish government requirements on accessibility. 

Color contrast will be measured on all introduced elements which 

include text. The tool contrast ratio is used for this purpose. It is a tool 

which calculates the contrast ratio between any two valid CSS colors. 

Using one color for the background and another for the font it immedi-

ately returns the contrast ratio and whether the ratio is sufficient for 

different priority levels of WCAG 2.0, and if so also for what font sizes. 

The screen reader test will be conducted using WebAnywhere, alpha 

version, an online screen reader which can access any website available 

on the public web, and JAWS, version 15, an offline screen reader for 

Windows capable of reading web pages. JAWS was chosen as it is cited 

as one of the primary screen readers available for the web [14][35]. 

Neither screen reader is capable of reading Swedish text in a believable 

way; however this does not affect their ability to traverse HTML docu-

ments, which is what is actually tested. 

Several other screen readers exist such as ScreenReader.net and 

CromeVox [45][46]. In this case JAWS was chosen due to it being a 

renowned, universal screen reader and WebAnywhere as an online-only 

alternative. While testing with as many screen readers as possible would 

be preferable, the hypothesis is that JAWS and WebAnywhere will 

represent the best practices when traversing the HTML documents. 
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3.1.3 Performance tools 

The performance will be measured using WebPagetest, an open source 

project supported by Google. WebPagetest features several ways to 

adjust test parameters, e.g. connection speed, browser and origin server. 

Furthermore it allows for advanced data presentation using tables and 

waterfall views. 

The tests in this thesis use an origin server based in Stockholm, Sweden, 

the web browser Chrome and uses the full site features including JavaS-

cript to test the performance of the index page. The first test employs a 

native connection of 100 Mbit/s for both the downlink and uplink, while 

the second test employs a 3G connection of 1.6 Mbit/s and 768 Kbit/s 

with 150 ms roundtrip time, for the downlink and uplink, respectively. 

The performance results will be based on the document object model 

(DOM) element load time, the document load time, and the time to fully 

load the page. The total amount of requests should also be measured for 

analysis purposes as it is closely tied to the load times. 
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3.2 Requirements 

Demands for the mobile web development approaches were derived 

from the formal requirements of SPV’s external website spv.se. This is 

possible due to the nature of the mobile web and mobile applications as 

they would act as a complement or replacement to spv.se. Some of 

spv.se’s demands are set as organizational demands and some as archi-

tectural demands. The latter are considered non-functional require-

ments, as opposed to the functional demands set by the organization, 

and are presented in Table 3. 

Table 3. Architectural non-functional requirements. 

Requirement Description 

Performance 

2 seconds delay or less to open a static 

web page. 

10 seconds delay or less to open a PDF or 

when using forms. 

Scalability 
500 concurrent users and 2000 page views 

per hour. 

Availability 
99.6% availability between 06.00-22.00, 

every day. 

Administration 

Content changes shall be visible immedi-

ately. Error messages and information 

messages shall be possible to change 

without having to send new code to 

production. 

Authentication 
Authentication shall be made when 

updating pages in the editor interface. 

Traceability 

It shall be possible to trace changes, 

creations, saves, deletions and published 

information. It shall be possible to trace 

user behavior on the web site. 

Authorization 

It shall be possible to control what pages 

are shown and what rights users have 

through authorization groups in the 

editor interface. 

Accessibility 

The website shall be accessible in accord-

ance with SPV’s web profile (W3C, WAI 

and WCAG). 

For spv.se the non-functional demands are already being realized, see 

Table 4. The functional demands and their realizations are presented in 

Table 5. 
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Table 4. Realization of architectural non-functional requirements on spv.se. 

Requirement spv.se realization 

Performance 

spv.se is placed on redundant web 

servers with load balancing maintained 

by EPiServer hosting. 

Scalability See Performance. 

Availability See Performance. 

Administration 
All texts, messages and errors are pub-

lished in EPiServer. 

Authentication 

Editors are authenticated through 

EPiServer form login. Users are stored in 

SQL Server. 

Traceability 

Updates on any information are done 

through EPiServer where any changes are 

logged. Users can be traced in real-time 

through Live Monitor and statistically 

through Google Analytics and 

SiteCatalyst. 

Authorization 

Authorization groups are created in 

EPiServer to differentiate administrators 

and editors. 

Accessibility 

The website is created in accordance to 

W3C XHTML Strict with doctype for 

WAI ARIA and is tested continuously 

using validation tools to ensure that the 

HTML code conforms to WCAG 2.0 

guidelines. 

 
Table 5. Realization of organizational functional requirements on spv.se. 

Requirement spv.se realization 

The website shall be adapted to the target 

audience 

Page types for selectable target audience 

are created as page types in EPiServer. 

The user’s choice of target audience is 

saved as a cookie. 

The website shall function on mobile 

devices (iOS, Android, Windows Phone) 

System tests are executed for all support-

ed devices. The website is meant to 

function in Internet Explorer 8 through 11 

and the latest versions of Firefox and 

Chrome. The website is prepared for 

responsive design, though does not fully 

support it. 
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Some of the requirements for spv.se are not applicable for the prototype 

implementation, i.e. they are not, or should not be, affected by the 

implementation. This is because regardless of the chosen development 

approach, EPiServer’s configuration will not be modified in any way. 

The chosen development approach may require additional code to be 

added to the back-end, i.e. EPiServer, but it will not be directly modified 

by the implementation. 

The requirements for the prototype, presented in Table 6, are based on 

the aforementioned requirements for SPV, the theory discussed in 

chapter 2, and SPV’s client and channel strategy. 

Table 6. Requirements for implemented prototype. 

Requirement Description 

Performance 

2 seconds delay or less to open a static 

web page. 

10 seconds delay or less to open a PDF or 

when using forms. 

Usability, user devices 
The prototype shall be usable on mobile 

devices. 

Maintenance 

Content introduced through the CMS 

should optimally be displayed on the 

prototype, in addition to spv.se. 

Accessibility, general 

The prototype shall be accessible in 

accordance with the guidelines in WCAG 

2.0, priority AA. 

Accessibility, color contrast 

The prototype shall use colors producing 

a color contrast ratio of no less than 4.5 

for font sizes below 18, in accordance 

with WCAG 2.0. 

Accessibility, screen reader 

The prototype shall be usable by screen 

readers with logically placed headers. 

The screen reader must be able to read all 

visible elements on the page within 

reasonable time and should not read 

invisible elements.  
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3.3 Choice of development approach for prototype 

Based on the preliminary specification of requirements, the time span 

which was available for development and the available development 

tools, the choice was made to create a prototype employing Responsive 

Web Design. 

Applications which are distributed on application stores and have to be 

downloaded by the user are generally more suitable for services which 

are used recurrently rather than services which are seldom used. While 

SPV’s services are not less important than other government agency 

services, they are deemed to fall into the latter category as private indi-

viduals are in the general case only interested in their state pensions a 

few times per year. 

Using Responsive Web Design over a complementary website automati-

cally solves the requirement of having CMS changes occur for all users, 

and furthermore no assumptions have to be made for the user device, 

resulting in better availability. 

The prototype was to be an adaptation of the already deployed website 

spv.se, rather than a completely new website due in part to the fact that 

EPiServer, the CMS used, generates all the HTML content, meaning any 

and all HTML changes imposed by the prototype would have to be 

reflected on the back-end server. Creating a new website would natural-

ly incur large HTML changes and was thus deemed unfeasible. In some 

regards spv.se was also prepared for the application of full-scale Re-

sponsive Web Design, further facilitating the decision. Combinations of 

approaches were also excluded as an option due to the aforementioned 

factors. 
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4 Implementation 
The implementation includes the initial proof-of-concept 

model and the later functional prototype, presented in 4.1 

and 4.2, respectively. 

4.1 Proof-of-concept model 

The implemented prototype was based on HTML, CSS 

and JavaScript. The precursing proof-of-concept model 

was designed using graphics editing programs, see Figure 

4. 

The model depicts what a responsive version of the SPV 

external website may look like in a single-column format, 

assumed to be most suited for devices with minimal 

horizontal resolution, e.g. smartphones in portrait-

orientation. The model retains all the information from 

the external website and does not differ majorly visually 

from the external website with the exception for the 

single-column format and the changed menu structure 

and header. 

The menu structure on spv.se was based on a table struc-

ture with a width-stretching background and table-cell 

elements place on a single line. As such a structure would 

be infeasible on narrow devices a button representing an 

expandable menu was opted for instead. The same was 

done for the search bar as keeping it visible all the time 

would consume precious space in the header part of the 

website, while at the same time being a vital function of 

the website. This is not an uncommon approach towards 

the mobile menu structure, regardless of starting point; 

there are several examples of other Swedish organizations 

using two buttons: one for the menu and one for the 

search function [47][48]. 

Minor accommodations were also made for the tools 

Figure 4. Black 

and white 

model. 
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menu, i.e. the menu for the function links including: information in 

other languages, simplified text, terminology, web map and contact 

details. The tools menu was placed at the top of the web page as it was 

assumed to hold critical, must-be visible, information for those needing 

it. 

The final alteration was in the adjustments for the sliding images func-

tion, the slider or image carousel. The slider was already prepared for 

touch interactivity on the external website, with sliding actions switch-

ing images in the appropriate direction, and was kept in the initial 

model. The included alterations referred to how the text would be 

presented and to the placement of the arrow icons which enables the 

user to switch images manually on the external website. 

4.2 Responsive prototype 

The responsive prototype was created using code consisting of HTML, 

CSS and JavaScript including using the jQuery plug-in. It represents a 

functioning version of what a responsive home page and standard page 

may look like and how they may function. The home page in this con-

text refers to the index page, or first page, that a user will arrive at when 

browsing to the root URL of the website. A standard page refers to the 

most common type of web page on the existing external website, which 

follows a certain template, enabling changes to affect many web pages 

of the website at once. The responsive prototype is an adaptation of the 

existing external website of SPV, rather than a completely new website. 

For screenshots of the prototype’s web pages in three different horizon-

tal resolutions with differing layouts, see Appendix A. 

Designed and developed as any website could be the prototype was 

created with accessibility in mind. Web accessibility is ultimately an 

ethical responsibility of both the developer and the responsible organi-

zation. Choosing to forego accessibility demands would not simply be a 

question of whether Swedish agency guidelines are broken or not, but 

rather be an active choice of excluding certain user groups which is to be 

considered unethical in the sense of what ethical responsibility develop-

ers hold to their users. 
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4.2.1 Columnar layout 

The prototype uses a columnar layout for most of the content. This was 

an intuitive decision as the external website already employed fixed 

columns. These were adapted to a flexible percentage unit as a first step 

towards making the website responsive. The columnar layout is useful 

for responsive websites as it provides a natural cut-off point for when 

the current layout no longer displays correctly. In this prototype the 

columnar layout is implemented in such a way that it will shift three 

times. For the home page the columns are displayed as: side-by-side 

with four columns, a grid of dimensions 2x2, and as a single column, for 

larger, medium, and smaller horizontal resolutions, respectively. For a 

standard page three, two and a single column are employed for large, 

medium and small resolutions, respectively. The idea was to keep a 

multi-columnar layout for as small resolutions as possible while also not 

breaking the layout, or making the text too hard to read by having too 

few words on each line in each column. 

4.2.2 Percentage as a unit 

Percentage units are key components in Responsive Web Design. Not 

only do they allow flexible images; they also enable fluid grids and 

context-sensitive sizing. 

Some websites may use media queries alone to modify the layout, e.g. 

the amount of columns used, and opt for a static grid instead of a fluid 

grid [49]. In this prototype a completely fluid grid is implemented to 

fully use the available screen area of a device. The images, columnar 

div-elements, and the slider of the home page all adapt to use the full 

horizontal resolution, up to 1020 pixels from where on only the back-

ground images will continue to stretch. This type of layout was chosen 

since it does not make any assumptions about the user devices’ horizon-

tal resolution, as opposed to static grids where the layout and element 

sizes may be the exact same for two differing resolutions which reduce 

the used percentage of screen area. 

4.2.3 Colors 

The colors used for the new elements introduced in the prototype are 

based on SPV’s graphical profile. SPV uses a soft color palette primarily 

consisting of blue, yellow and white. 
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As an example, the mobile menu uses several different tones of blue, see 

Figure 5. 

 
Figure 5.  The mobile menu uses several tones of blue in accordance with SPV’s 

graphical profile. 

In addition to the graphical profile, two main factors affected the choice 

of colors: the ability to distinguish the colors from each other and the 

ability to read black or white text against them. The former is important 

for creating a layered effect for the different levels of the mobile menu 

while the latter is a near-necessity for accessibility. 

4.2.4 Mobile menu 

The mobile menu is one of the key features introduced in the prototype, 

see Figure 6. It imposes new demands for the CMS which generates the 

HTML and it uses JavaScript for the menu-related functions. 

The mobile menu is an expandable menu which contains the main topics 

and all their sub-topics of the website, see Figure 6. It also contains the 

tools menu for smaller resolutions as it is no longer displayed at the top-

hand side of the website due to it cluttering the header. The mobile 

menu enables a user to navigate almost the entire website from any web 

page within the website without having to browse across several web 

pages, thus reducing unnecessary load times. The drawback of this 

feature is that the entire website structure must be stored in list-form in 

the HTML code; further multiplied by the fact that it is duplicated across 

all pages from where the mobile menu should be accessible. Since the 

CMS EPiServer generates the HTML, changes to the back-end are neces-

sary to put such a structure into production. 
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Figure 6. The mobile menu as it looks in its expanded form. A sub-menu is opened, 

followed by an opened sub-sub-menu, both which are distinguished by their 

different background colors. 

Using a jQuery function, the mobile menu and its sub-menus will slide 

smoothly when expanded or contracted. A JavaScript function is also 

used to automatically expand the relevant sub-menu whenever a user 

opens the mobile menu while being on a sub-page of the website. These 

functions were created purely to add to the user experience. 

Icons were used extensively in the mobile menu to enhance the visual 

aesthetic, simplify finding content and to create simple clickable ele-

ments. 

Different colors were used for the background elements to separate the 

different depths of the structure and simplify the navigation, see also 

4.2.3. 



Mobile development approaches  - Proof-

of-concept prototyping a responsive 

website with accessibility testing  

Jimmy Åhlander  

4 Implementation 

2014-08-23 

 

44 

4.2.5 Slider 

The carousel of sliding images, simply the slider, was implemented in 

the prototype with major alterations from the slider on the existing 

website. The slider is still based on the Nivo Slider jQuery plugin which 

was used for the existing website; however the application of it had to 

be changed to accommodate for responsiveness and smaller resolutions. 

The Nivo Slider is a light-weight plug-in for creating sliders. In the 

existing application of the slider, a semi-transparent text box was over-

laid to provide information alongside each image, see Figure 7. 

 
Figure 7. The slider as presented on the home page. The overlaid text on the right-

hand side uses a semi-transparent background. In the bottom center are barely 

visible icons which allow a user to switch images. 

The slider presented several problems for a responsive approach: 

 As images were scaled down, the text box would overlay the fo-

cus part of the image, decreasing the aesthetic appeal and making 

the text harder to read, or in some cases where the image itself 

contained text, break the usability. 

 The images’ horizontal size had been enlarged to accommodate 

the text boxes. This meant that on some images, were the text box 

to be removed, there would emerge large empty spaces with off-

center focus. Decreasing the image size would then make the im-

portant, focus parts of an image appear very small. Further com-

plicating the problem the text boxes would sometimes appear on 

the left and sometimes on the right, with the images being ac-

commodated accordingly. 
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 The circle-shaped icons which allowed users to switch to a certain 

image manually would sometimes be barely visible against dark 

backgrounds, as seen in Figure 7. 

The slider underwent several iterations until a compromise was found 

where: the text would still be presented, the images were visible on 

smaller resolutions and the image-switching functions were retained 

and usable. 

The most noticeable change to the slider for medium and smaller resolu-

tions is the new text placement, see Figure 8. The text box has been 

placed below the sliding images with a solid background color. This 

prevents the text from overlapping with the images. The icons allowing 

a user to switch images are now clearly displayed at the bottom of the 

slider regardless of image shown. 

 

Figure 8. The implemented slider as shown at minimum horizontal resolution. 

Through the use of HTML5 data attributes and JavaScript plug-in 

jQuery an image adjustment function was implemented that can switch 

image sources on the fly, e.g. when a browser window is resized or 

when a mobile device switches between portrait and landscape mode. 

The function is used as a solution to the wide images that would have 

been created if the semi-transparent text box were to be simply removed 

for smaller resolutions, see Figure 9. 
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The drawback with the image adjustment solution is that it adds 

maintenance to the system since optimally two images have to be creat-

ed for each previous image in the slider. However, in the event that only 

one image is present the function will fall back on using that particular 

image across all resolutions. 

 

Figure 9. How the implemented slider would have looked like without image 

adjustment. 

One other drawback with the implemented slider is that the height of 

the entire slider, image and text, varies depending on how long the 

accompanying text description is. This means that content below the 

slider will be pushed in either direction as the slider contracts and 

expands when changing images at a set time interval. 

The touch interactivity already implemented on the existing site which 

allows users to switch images by swiping was lent to the prototype as 

well. As such the arrow icons were removed since they were deemed 

redundant. 
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5 Results and analysis 
In this chapter the results of the study and an analysis of these results 

are presented. 

5.1 Accessibility of the prototype 

In this subchapter the results of the different accessibility measurements 

are presented. 

5.1.1 Automatic evaluation of WCAG 2.0 guidelines 

The results of the automatic evaluation carried out using SortSite are 

presented in this subchapter. In total three problems were identified, see 

Table 7. 

Table 7. Accessibility guideline violations as identified by SortSite. 

No. Priority Description Violated 

guideline 

1 A IMG tags must have an ALT attribute. 
WCAG 2.0 A 

F65 

2 AA 
Ensure that foreground and background colors 

have enough contrast. 

WCAG 2.0 AA 

1.4.3 

3 AAA 

If several links on a page use the same link text, 

all those links should point to the same direc-

tion. 

WCAG 2.0 AAA 

2.4.9 

The three identified violations are all placed on different priority levels, 

depending on their expected impact against certain user groups, as 

defined by the guideline. In this context A refers to the guideline of 

highest priority, AA to those of high priority, and AAA to those of less 

than high priority. 

It is important to distinguish between the problems that have arisen as a 

result of the specific implementation and the problems which may be 

inherent to a Responsive Web Design approach. 

Problem #1 refers to one or multiple images which lack an ALT attrib-

ute. This is an accessibility problem since screen readers will not be able 
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to present the image in an alternative form. In this instance, SortSite 

refers to the images in the slider. Without a screen reader test it is diffi-

cult to claim whether having ALT attributes on images which are con-

stantly rotating is beneficial or not. It is easy to imagine that a screen 

reader would either read all the alternative texts at once no matter the 

image currently shown, or that a screen reader might get stuck as the 

images keep rotating. Regardless it would be fair to conclude that keep-

ing some form of alternative text and then testing is a more valid ap-

proach than the opposite. Not adding alternative text for images is in no 

way related to Responsive Web Design and is thus an implementation-

specific problem. 

Problem #2 refers to one or multiple elements which have a contrast 

ratio between text and background with a lower value than accepted; 

for AA level the value is 4.5. In this instance, SortSite refers to a de facto 

non-visible menu which contains access key shortcuts. Access keys are 

used to jump to specific parts of a web page using the keyboard. In the 

prototype this menu is inherited and unchanged from the existing 

website, meaning any problems affect both. While de facto non-visible to 

the user, in the CSS styling the menu is defined as visible, and is simply 

placed outside of the visible area of the page. This means that while 

SortSite reports potential contrast ratio problems for this element, the 

element is not actually visible to the user, and is thus not affected by it. 

Problem #3 refers to one or multiple links which use the same link text, 

but refer to different targets. As an example, if there are two links where 

each present the text “Pensions” to the user, then both of these links 

should lead to the same URL. In this instance, SortSite refers to every 

link visible in the content part, i.e. everywhere except for the header and 

footer part, of the website. Specifically a phrase containing Swedish 

letters is referred to as violating this guideline. This is of importance 

because the detected violation is seemingly a false positive. An excerpt 

of the violation report states the following: 

This text is used in some of the duplicated links: "Får utbetalning från SPV". 

Link 1: <a href="/Privatperson/Statlig-tjanstepension/Handelser-i-
livet/Nyanstalld/">Nyanställd</a> 
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Link 2: <a href="/Privatperson/Statlig-tjanstepension/Handelser-i-
livet/Slutat-din-statliga-anstallning/">Slutat din statliga 

anställning</a> 

The text detected as duplicated is not present in either Link 1 or Link 2. 

The same is true for all other links where this violation was detected. 

Because of this, it is fairly safe to assume that the reported errors related 

to problem #3 are false positives. It is possible that SortSite may have 

issues with parsing certain characters of the Swedish alphabet and thus 

return erroneous results. Regardless, problem #3 refers to a violation of 

priority AAA which is of lower priority than the AA priority that is 

recommended for Swedish government agencies to at least upheld. 

While, for ethical reasons, the aim should always be to keep accessibility 

as high a standard as possible, the recommendation of upholding the 

AA priority level would not be broken. 

5.1.2 Color contrast 

The color contrast ratio of introduced elements’ text and background 

were measured using the tool contrast ratio, to ensure the WCAG 2.0 

requirements for readable texts were upheld. 

The contrast ratio is measured in a decimal value using two input colors 

specified as hex values. The elements which introduced new back-

ground colors in the prototype are the different menus; their contrast 

ratios are presented in Table 8. 

Table 8. Color contrast ratios for elements introduced in the prototype. The 

background colors are all some tone of blue while the font colors are either white or 

black. 

No. Element Font size 

(pixels) 

Font 

color 

Background 

color 

Contrast 

ratio 

1 Mobile menu 26 #000 #4DA3D6 7.5 

2 
Mobile menu, 

expanded, root level 
15 #000 #4DA3D6 7.5 

3 
Mobile menu, 

expanded, sublevel 1 
15 #000 #CFEAF7 16.8 

4 
Mobile menu, 

expanded, sublevel 2 
15 #000 #E7F4FB 18.7 

5 Tools menu 15 #FFF #4DA3D6 2.8 
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Contrast ratios above 7 are defined as suitable for all usable font sizes 

and thus satisfy WCAG 2.0 AAA. The mobile menu and its expanded 

sub-menus all have a contrast ratio above 7. Given that the mobile menu 

has a contrast ratio above 7 at the root level; it is not unexpected that the 

sub-menus also have an acceptable contrast ratio since the tone of the 

background is lighter for each successive level. This is reflected in the 

continually increasing contrast ratio, see Figure 10. 

 
Figure 10. The contrast ratios of elements introduced in the prototype. Higher values 

are better for readability. 

The tools menu has a contrast ratio of 2.8 and a font size of 15 pixels, 

lower than the 4.5 required to satisfy priority AA of WCAG 2.0 for font 

sizes below 18 pixels. This is a design problem with the prototype. The 

tools menu uses a different font color than the other elements of the 

mobile menu in order to make it distinguishable and increase usability, 

see also Figure 6. While making the tools menu easier to separate from 

the other menus this could lead to accessibility problems for users with 

impaired vision, or even for regular users should the viewing conditions 

be sub-optimal, e.g. viewing the menu in bright light. It would be advis-

able to find a font color which does not compromise the accessibility 

while still being distinguishable, if at all possible. Otherwise the back-

ground color must be changed too. 
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5.1.3 Screen reader test 

The screen reader test results are based on the following factors: wheth-

er the screen reader could reach all visible elements and read them, 

whether non-visible content would be read, and whether the header 

placements were logical, i.e. headers were used only as actual headers 

and not as a secondary way of enlarging text. 

For the home page the screen readers could reach all visible elements on 

the page including reading and displaying access key shortcuts. The 

time to traverse the entirety of the page was however in the excess of 

five minutes for both screen readers. This problem arose as a result of 

non-visible content being read. The pension contract menu, which is also 

a part of the existing website, contains large sections of text which are 

read despite not being shown. While time consuming, the screen readers 

were able to continue reading. The header placements were deemed 

logical as they were never used for any purpose other than header 

content and the screen readers could jump between them in an expected 

fashion. 

Once reaching the slider more severe problems arose. The slider relies 

on a large amount of HTML-elements which are not necessary displayed 

but still used to enable the rotation of images. The screen readers were 

both unable to handle this and would continue reading non-relevant 

information for several minutes. The problem was particularly outstand-

ing as it was difficult to skip the infringing part. 

5.2 Performance 

The performance test results of the index page for the native connection 

with 100 Mbit/s for both the downlink and uplink and the 3G connection 

with 1.6 Mbit/s and 768 Kbit/s for the downlink and uplink, respectively, 

are presented in Table 9. For the full waterfall diagrams, see Appendix 

B. 

Table 9. Prototype performance of the index page for two different connections. 

Point in time \ connection Native connection 3G connection 

DOM Element loaded 0.862 s 3.094 s 

Rendering started 0.985 s 3.191 s 

Document loaded 1.415 s 5.853 s 

Fully loaded 1.585 s 6.634 s 
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The resulting times reflect the point in time starting from when the first 

request is sent by the origin test server to the index page. In total 63 

requests were sent from the start to when the page would be fully 

loaded, regardless of connection used. The milestones are as follows: 

1. The DOM is loaded when the synchronous scripts are loaded, 

parsed and executed. It is an important milestone in the loading 

process since from this point on the DOM elements are ready for 

interaction. 

2. Rendering starts. It is from this point in time that the user will see 

elements become visible on the page, whether the elements are 

fully loaded or not. 

3. The document is considered loaded when all referenced images, 

frames and similar have been retrieved by the browser. 

4. When the document finished loading it triggered an on-load 

event which may reference additional media and scripts. When 

these have been retrieved and executed the document is consid-

ered complete, or fully loaded. 

The perhaps most important milestones on this timeline are when the 

rendering starts and when the document has loaded. For the user expe-

rience it is important to quickly start the rendering and then finish it 

quickly. A web page would also generally be usable once the document 

has loaded, even if it is not fully loaded yet. 

For the high-speed native connection the two-second limit, from the 

specification of requirements, is upheld – even managing to fully load 

the page within that time. The approximately half a second between the 

start of rendering and the page being loaded can be considered as fully 

acceptable for the user experience. 

For the lower-speed 3G connection with 150 ms roundtrip time the limit 

was breached before the DOM had even been loaded. The more than 

two and a half seconds that separate the start of rendering and the 

document being loaded is noticeable by the user, though it is hard to say 

to what extent this number can be lowered without further perfor-

mance-focused adjustments to the page. 
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The requirements were set without considering the end user conditions, 

e.g. connection data rate and roundtrip time, and were derived straight 

from the requirements for spv.se. This may have been an oversight since 

spv.se was designed with requirements where desktop-oriented users 

with fixed-line connections were in mind. Seeing as it may hypothetical-

ly be hard to reduce the full loading time below two seconds, perhaps 

new requirements will have to be established that differentiate between 

the users connecting to the website, rather than considering the ap-

proach a failure due to its poor performance on mobile devices. It is also 

an open possibility that spv.se does not live up to the two-second limit 

on mobile devices; something which its requirements fail to take into 

account. 

5.3 Fulfillment of requirements 

The specification of requirements as presented in 3.2 was fulfilled to 

varying degrees, see Table 10. 

Table 10. Requirements for implemented prototype. 

Requirement Description 

Performance Depends on the connection used, see 5.2. 

Usability, user devices 

Using Responsive Web Design, the 

prototype should be available to all user 

devices with a modern web browser, 

including mobile devices. 

Maintenance 

Using Responsive Web Design, there is 

no difference between the website used 

for different users; content added 

through the CMS will affect all users. 

Accessibility, general 
The prototype failed to conform to the 

guidelines in WCAG 2.0, priority AA. 

Accessibility, color contrast 
In one instance, the color contrast ratio 

was below the accepted 4.5 

Accessibility, screen reader 

The prototype had logically placed 

headers. All visible elements were 

readable, though not within reasonable 

time. Some invisible elements were read. 

Performance-wise the prototype varied in whether the requirements 

could be upheld depending on user connection data rate and roundtrip 

time. The requirements failed to specify for which connection the per-

formance time referred to. 
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The chosen approach of Responsive Web design resulted in a prototype 

supporting many devices as no assumptions had to be made about the 

user devices; the prototype website will work on any device with a 

modern web browser. The approach also ensured that there would be 

no additional maintenance demand as content published in EPiServer 

will affect all users, using the same website, in the exact same way. 

The prototype failed to live up to some of the WCAG 2.0 accessibility 

guidelines. These errors are not approach-based, but instead purely a 

result of the implementation. Accessibility problems were anticipated 

when keeping the slider for the prototype but the usability was expected 

to outweigh any accessibility problems. After failing the screen reader 

test dramatically this decision may be questioned. 

The slider is possibly the largest detriment to user accessibility for the 

responsive prototype. One could argue that while the slider was im-

proved for the prototype when compared to the existing website, espe-

cially regarding the visibility of the icons allowing users to switch imag-

es, it is still an inaccessible element of the website. The slider will rotate 

at a set interval which for slow readers may be irritating, if not outright 

disorienting. Furthermore, as stated in 5.1.3 the slider does not work 

with screen readers. Perhaps the correct move would have been to 

remove the slider altogether focusing on incorporating the information 

displayed in other, more accessible ways. User studies revealing the 

primary usage of the slider could help in identifying a better approach. 

The font color chosen for the tools menu is unfortunate as it breaks the 

WCAG 2.0 guidelines in regards to color contrast ratios. However this 

would ultimately be one of the simpler problems to correct. 

The resulting prototype is applicable and useful for SPV as it, despite 

the implementation-specific accessibility problems, proves that Respon-

sive Web Design is an approach showing much promise for their future 

on the mobile web. The prototype was designed to be both functional 

using HTML, CSS and JavaScript, and aesthetically pleasing following 

SPV’s graphical profile. The result is a solution which is not far-fetched 

but rather close to how a responsive website could look and function 

when, and if, deployed by SPV. In the more general sense the results 

show that a Swedish government agency can, in the event of only hav-

ing a desktop-oriented website today, use Responsive Web Design to 

reach a wider audience in an accessible and usable way. 



Mobile development approaches  - Proof-

of-concept prototyping a responsive 

website with accessibility testing  

Jimmy Åhlander  

6 Conclusions 

2014-08-23 

 

55 

6 Conclusions 
In this study four different mobile development approaches were com-

pared with a basis in the growing mobile web trend and a Swedish 

government agency, SPV, lacking an alternative to meet that trend. 

The aim was to find a development approach which would be suitable 

for SPV. The approaches included using a separate mobile website, 

using native applications, using hybrid applications and using a website 

applying Responsive Web Design. The method for determining the most 

suitable approach included a literary study which together with practi-

cal requirement capturing was the basis of a specification of require-

ments. The specification of requirements was then used in practice 

through the development of a prototype based on a given approach. 

The requirements, which were based in part on SPV’s requirement on 

their existing website, included detailed performance, scalability and 

availability demands. Whether such demands could be met by a specific 

approach would be tough to answer without testing, which is why other 

requirements including: immediately visible content changes, ease of 

implementation, and general cross-platform availability, became the 

deciding factors in the choice of Responsive Web Design. 

The prototype’s purpose was to demonstrate the potential of adopting 

the approach in the future by SPV. Special consideration was taken to 

the accessibility as Swedish government agencies are bound to uphold 

the accessibility guidelines WCAG 2.0 priority AA, and also because 

accessibility is an ethical issue. Other concerns for the prototype, as 

identified in the specification of requirements, included maintenance, 

usability and performance. 

The resulting preliminary proof-of-concept led to a functioning respon-

sive prototype based on HTML, CSS, JavaScript and JavaScript plug-in 

jQuery. The prototype boasts among other things a functioning and 

responsive slider, a mobile menu and a columnar layout. 

Using a screen reader, automatic evaluation tools and manual assess-

ment the prototype was tested against the requirements. The prototype 
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displayed some implementation-specific accessibility problems, particu-

larly in regards to the screen readers. It furthermore proved to have a 

satisfactory performance when the connection speed was high while the 

opposite was true for a slower connection, but was still deemed to 

successfully prove that Responsive Web Design may be an acceptable 

development approach for SPV. 

This study found that Responsive Web Design does not have to pose a 

hindrance in regards to accessibility, maintenance or usability for Swe-

dish government agencies and could be their way into the future of the 

mobile web. 

6.1 Future work 

To conclusively prove that, for Swedish government agencies, certain 

mobile development approaches are more fitting than others it would be 

useful to carry out a study similar to this one on another agency. A 

natural improvement to this study would be to try and implement 

several of the development approaches, rather than just one, and lessen 

the focus on full functionality which consumed large parts of this 

study’s time. Given enough time, the next logical step to this study 

would be to systematically implement each and every approach of the 

four identified. 

The theory study is fairly substantial but theory and tools will only take 

results so far, in particular with regards to accessibility and usability. 

User interviews and tests would greatly enhance the believability of the 

results from studies structured in this way, including this one, and it 

would be unfair to discard any development approach without doing 

this. In this study no development approach is ever discarded; Respon-

sive Web Design is merely pointed out as a potential candidate for SPV. 

Thus further studies on other approaches under different circumstances 

would be highly useful. 

User accessibility is a never-ending problem, regardless of platform and 

approach, and presents one of the greatest hurdles on the web today – 

including in this project. Developers in the future, of not only websites 

themselves but also of the libraries that support them, will have to put 

accessibility as their main priority if there is ever to be an approach 

which will solve the problem that is the exclusion of some users. 
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Appendix A: Screenshots of the 

responsive prototype 
This appendix contains screenshots of the implemented responsive 

prototype’s home page and start page. Three screenshots with different 

horizontal resolution are presented for each page. 

The prototype home page is nearly identical to the existing external 

website for resolutions exceeding or equaling 1024 pixels, see Figure 11. 

 

Figure 11. The top part of the responsive prototype home page as displayed in a 

browser with a horizontal resolution of 1024 pixels. 
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With a smaller horizontal resolution the full menu and search are re-

placed, and the slider text is moved, see Figure 12. 

 

Figure 12. The top part of the responsive prototype home page as displayed in a 

browser with a horizontal resolution of 800 pixels. 
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With close to the smallest resolution that still does not break the design, 

the single-column format is applied and most header elements are 

centered, see Figure 13. 

 

Figure 13. The top part of the responsive prototype home page as displayed in a 

browser with a horizontal resolution of 320 pixels. 
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The prototype standard page is, like the home page, nearly identical to 

the existing external website for resolutions exceeding or equaling 1024 

pixels, see Figure 14. 

 

Figure 14. The top part of the responsive prototype standard page as displayed in a 

browser with a horizontal resolution of 1024 pixels. 
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For smaller horizontal resolutions the full menu and search are again 

replaced. The three-column layout is also switched to a two-column 

layout, see Figure 15. 

 

Figure 15. The top part of the responsive prototype standard page as displayed in a 

browser with a horizontal resolution of 800 pixels. 
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Similar to the home page, with close to the smallest resolution that still 

does not break the design, the single-column format is applied and most 

header elements are centered, see Figure 16. 

 
Figure 16. The top part of the responsive prototype home page as displayed in a 

browser with a horizontal resolution of 320 pixels. 
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Appendix B: Waterfall diagrams 
In this appendix waterfall diagrams of the requests over time when 

accessing the index page are presented. They depict how long time each 

request takes to fulfill. The requests, represented in a waterfall diagram 

using the higher-speed connection are presented in Figure 17. 

 
Figure 17. Waterfall diagram for the higher-speed connection. 
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Orange represents the initial connection, green the time to first byte, and 

blue the content downloading. The vertical lines represent milestones. 

The requests, represented in a waterfall diagram using the lower-speed 

connection are presented in Figure 18. 

 
Figure 18. Waterfall diagram for the lower-speed connection. 


