










   
      

      
    

     
  

 
  

 
 

Konklusjon: Gjennom dette arbeidet er viktige elementer i inkluderende design 
oppsummert, utfordringene med å ta hensyn til et mangfold av brukere er belyst, og noen 
tiltak for å møte disse utfordringene er foreslått. Videre er det pekt på flere åpne 
spørsmål, og noen områder for videre arbeid er foreslått. 

Emneord:	 universell utforming av IKT, inkluderende design, design for alle, 
brukermedvirkning, brukersentrert design, tilgjengelighet, 
funksjonsnedsettelser, brukskvalitet, brukervennlighet, digital 
inkludering, e-inkludering, hverdagsteknologi, etikk 
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1 Introduction 
Information and communication technologies (ICTs) have transformed the way we live, 
learn and work. They influence people’s everyday lives in ways that most of us could not 
have imagined just decades ago. Many activities in our society depend on access to and on 
the ability to use ICT-based tools and services. Tasks undertaken at school, at work and in 
everyday life require access to and the skills in using technology. There has been a rapid 
increase in the use of self-service technologies among both public and private service 
providers, where citizens, customers and consumers help themselves by using electronic 
products and services (Burrell et al. 2000). Examples of such services are paying bills 
through Internet banks, filling in and submitting tax returns electronically, finding and 
buying tickets for travel or events either from ticket machines or through the Internet, 
e-learning, filling in and sending electronic forms, finding and sharing music and films and 
managing bank accounts and personal finances. People with disabilities feel that the 
increased use of inaccessible self-service terminals such as kiosks, ticket machines, ATMs 
and queuing management systems have introduced new barriers into their daily lives 
(Paper F). 

We use ICT for finding and sharing information, to access public and private services, in 
education, to find and qualify for work, as a means for social communication, for shopping 
and for entertainment. The proliferation of ICTs in all parts of society and in nearly all types 
of activities means that it is no longer a realistic possibility to avoid technology altogether. 
The more reliant society becomes on technology to perform fundamental aspects of 
everyday living, the more imperative it is that all individuals have access to this technology, 
and the more costly will be the consequences of a failure to ensure access. Not being able 
to use the technology makes people dependent on others (Paper F). Not being able to 
access and use ICT prevents people from full and equal participation in politics, education 
and various social and organisational activities (Fuglerud & Solheim 2008). Moreover, it is 
often necessary to use ICT to be able to contribute to society on equal terms to others. In 
short, access to and the ability to use ICT is necessary to take part fully in society. The 
opportunity and ability to access and make use of ICT is recognised as an important aspect 
of a broader question regarding dignity and human rights. 

In 2006, the Convention on the Rights of Persons with Disabilities was adopted by the 
United Nations (UN 2006). This Convention aims to ensure that disabled people can enjoy 
the full range of human rights: civil, political, economic, social and cultural. This shall be 
ensured, among other things, through requirements for accessible ICT (Article 2). The issue 
of accessibility (Article 4) deals with the elimination of obstacles and barriers to enable 
persons with disabilities to access the environment, transportation, public facilities and 
services and ICTs. The Convention refers to the concept of universal design (UD) as a 
means through which to achieve this goal (Article 4). 

3 



  

   
 

   
   

    
   

   
    

  

     
 

  

  

    
      

      
  

   
  

   
 

    
  

  
   

   
 

   
  

    
    

     
     

 

 
 

1 Introduction 

The integration of all citizens into the information society is often referred to as e-
inclusion. This has become an important policy goal internationally. Consequently, several 
states are extending their laws to ensure equal access to information, products and 
services for everybody. The Norwegian Anti-discrimination and Accessibility Act 
(Diskriminerings- og tilgjengelighetsloven 2008) came into force in 2009. The objectives of 
the Act are to promote equality, ensure equal opportunities and rights and to prevent 
discrimination based on disability (see more about this legislation in section 2.3). The law is 
fairly unique in that it introduces UD as a legal term. It contains a duty of general-
accessibility accommodation, which is to be achieved through UD. 

In the next section, I describe my motivation for working on this subject, and then I briefly 
describe the concept of UD and similar approaches, and some of the main challenges with 
these approaches. 

1.1 Motivation 

My interest in usability, accessibility and UD is based on personal experiences and 
knowledge related to the use and development of technology. Not least, being married to 
a person who is virtually blind, gives me inspiration and an urge to work within this field. 
He encounters, on a daily basis, small and large obstacles in the environment and when 
interacting with technology. This is a continual reminder of the need for more accessible 
environments. 

I have seen at close hand how accessible technologies can make the difference in terms of 
being able to be independent, and to participate and contribute on an equal footing with 
others, or not. Changes that are seen as improvements by many have meant major 
obstacles for my husband. Often, new solutions have poor accessibility. For example, when 
our children’s school started to send all the parent information by e-mail instead of on 
paper, it was a major improvement. The e-mail technology was accessible for my husband, 
and this change made it easy for him to read and follow up on the information and 
communication from the school. Then, when the school started to use an ICT-based 
learning management system that was not accessible, it was a major setback for us, since 
now he could no longer follow up on this kind of information. Again, much more planning 
and organising was required, since everything had to go through me. Another similar 
development is the possibility of receiving information electronically from various 
agencies, such as banks, insurance companies and travel companies etc. This has meant 
that my husband can read the information by himself; taking care of these issues when it 
suits him, not needing to wait for me or other people to have the information read out 
loud to him. 

4 



  

    
  

       
       

 
  

    
      

   
     

   
 

    
      

    
    

   
   

   
  

   
    

   
  

   
   

    
  

  
   

 

   

    
    

 

    
 

 
 

                                                      
 

1 Introduction 

However, the introduction of PDF documents1 created a new set back, because these 
documents were not accessible with his equipment. Thus, we were back to the situation 
where either I had to take care of these things or we had to find common time to read the 
information through so that he could make notes on what was important. Again, we 
experienced a “two steps forward and one step back” situation. The technology design 
directly affected the independence of my husband. It restricted how we could distribute 
everyday tasks among us, and it required more coordination, organisation and time for us 
both to be able to solve everyday tasks. These examples may seem small, but taken 
together, all the things that require special thought and organisation because of poor 
accessibility have a major impact on how we are able to organise our lives. I am sure that 
this situation is not unique; it is just an example of how technology affects and changes our 
lives. 

The situation where new technology arrives with new barriers for people with impairments 
may seem like a paradox, because on the one hand, only our imagination delimits the ways 
in which we can interact with technology (Paper A). For example, people who are 
paralyzed from the neck down have fundamentally new possibilities by using technology to 
control their environment. Another example is people without speech who can speak 
through synthetic speech technology. On the other hand, the proliferation of everyday 
technology that is not accessible seems to increase the ICT barriers for people who are not 
fully able in all respects (Fuglerud & Solheim 2008). Moreover, studies show that even for 
established technology, such as web pages, there are still major accessibility problems and 
little, if any indication of improvement over time (Kane et al. 2007; Power et al. 2012). In 
other words, the accessibility movement is generally unable to keep up with technology 
development (Miesenberger 2011). 

Politicians, legislation and technology developers point to UD and similar approaches as 
the means to make mainstream technology more usable and accessible. I will use the label 
inclusive design approaches (IDAs) as a collective term for these design directions, and 
inclusive design as a general term for any of these. In the next section, I will give a short 
overview of IDAs in general and of UD in particular. I will proceed by describing some of 
the main challenges of these approaches and then I will point out the direction of this 
thesis. 

1.2 Inclusive design approaches 

Various things are associated with IDAs, such as UD or Design for All (DfA) (Harper 2006). It 
is often placed within the discussion of society at large by referring to socioeconomics, 
ethics and issues of general discrimination. Others see it as a technological issue and a 

1 While it is possible to create accessible PDF documents, documents in this format had and still often have 
poor accessibility. 
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1 Introduction 

problem to be solved. Many think of IDAs as design for the disabled, although the general 
intention of these approaches is design for everybody, including the disabled. 

The development of assistive 
technology (AT) – that is, technology 
specially dedicated to aiding people 
with a particular disability in 
performing functions that might 
otherwise be difficult or impossible – 
has a longer history than the IDAs. A 
screen reader2 (see Figure 1) is a 
typical example of AT used by many 
visually impaired people. 

The development of the typewriter 
and the transistor are two famous 
examples of AT from the 19th century. 
In 1808, Pelligrino developed the 
typewriter to help his blind friend 
Countess Carolina Fivizzono to 
communicate in writing (Jacobs 2002; 
Magar 2011). Graham Bell was 
concerned with aiding deaf people to 
communicate. In 1875, after much 
research, he came up with a simple 
receiver that could turn electricity into 
sound. This research later inspired the 
invention of the microphone, speaker, 
telephone, speech recognition, speech synthesis, stereophonic recording and the 
transistor (Jacobs 2002). An interesting aspect of these early AT achievements is that they 
laid the foundation for a broad range of current mainstream technology. 

The development of ATs and rehabilitation engineering emerged as disciplines in the 
middle of the 20th century. These came as a response to the need to rehabilitate 
thousands of disabled veterans from World War II in the 1940s (CUD 2008). The term 
“assistive technology” was applied to devices for personal use created specifically to 
enhance the physical, sensory and cognitive abilities of people with disabilities and to help 

2 A screen reader is an assistive technology often used by blind and visually impaired people that can read 
Braille. Usually it denotes both hardware and software. The hardware component consists of a Braille display 
and/or audio output equipment. The software component interprets what is being displayed on the screen, 
and the content can then be presented either as synthetic speech through the audio equipment or as Braille 
on the Braille display. 

Figure 1: A laptop PC equipped with assistive 
technology; i.e., a hardware braille display and screen-

reader software. 
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1 Introduction 

them function more independently in many environments, regardless of their needs (CUD 
2008). 

As the types of application areas and user groups of computer technology expanded 
considerably during the 1980s and 1990s, the human–computer interaction (HCI) 
community became engaged in the issue of how to make this technology available to 
various groups of disabled people. Design approaches to meet this objective started to 
emerge within the ICT communities from the middle of the 1980s. 

There are now several design approaches that encompass the goal of producing ICT 
solutions that can be used by broad and diverse populations, including disabled people, 
elderly people and people with low ICT skills, people with reading and writing difficulties, 
the poor or otherwise disadvantaged people etc. I use the term IDA to denote a design 
approach with this goal. Examples of such design approaches are accessible design 
(EIA&EIF 1996), universal design (CUD 1997), universal usability (Shneiderman 2000; 
Vanderheiden 2000), universal access (Stephanidis & Savidis 2001), designing for dynamic 
diversity (Gregor et al. 2002), user-sensitive inclusive design (Newell et al. 2011), inclusive 
design (Clarkson et al. 2003; Keates, S. & Clarkson, P. J. 2003), DfA (EC 1995-2007; EDeAN ; 
EIDD ; Stephanidis & Salvendy 1998), e-accessibility (Klironomos et al. 2006), designing for 
accessibility (Keates 2007) and ability-based design (Wobbrock et al. 2011). 

There are also more general design approaches that explicitly refer to the issue of 
accessibility for the disabled as one of several societal or ethical objectives in design, such 
as value-sensitive design (Friedman et al. 2006) and the capability approach (Oosterlaken 
2010; Oosterlaken 2012). 

While there are differences between the various IDAs (see details in section 3.6), the 
common idea is to make mainstream products and services accessible and usable by as 
many people as possible, including people with disabilities. 

IDAs are seen as complementary to the development of AT, which is technology that is 
dedicated to people with a special type of impairment. 

There are several reasons for the shift in focus from the development of AT to IDAs. Access 
to ICT is in a continual state of flux. While ATs for enabling disabled users to access ICT 
products and services are improving, technologies in general are evolving. The fact that we 
are increasingly surrounded by evolving technology has made it difficult for developers of 
AT to keep up with the new technologies, and this results in a lag that creates problems 
and barriers for disabled users (Brown et al. 2012). The idea of the IDA is therefore that it 
is cheaper and better if the mainstream technologies can be used by disabled people, 
either alone or with the aid of AT, rather than designing stand-alone ATs for disabled 
people from scratch (Bühler 2008; Keates, S. & Clarkson, P. J. 2003). Often, the IDAs and 
the AT meet somewhere in the middle (CUD 2008), where mainstream solutions may be 
used by disabled people only in combination with certain types of AT. For example, a blind 
person will (currently) not be able to use the web without a screen reader, and a mobility­
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1 Introduction 

an integral part of the overall design process, which of course will include a broad range of 
issues, such as those that have been mentioned. 

Since the seven principles of UD were developed in another context – that is, in relation to 
buildings and architecture – one might ask whether these principles can be applied directly 
to an ICT environment, or whether some adjustments or precision with regard to the UD of 
ICT are required. Some properties of ICT may distinguish UD in ICT from UD in other design 
areas. As the label of ICT implies, these technologies are, by nature, very information and 
communication intensive. There is usually a substantial amount of information to take on 
board, and the user’s ability to communicate is often more important when interacting 
with ICT than when interacting with other designed objects or environments. This suggests 
that the use of ICT is cognitively demanding. To lower the threshold for use, it is 
particularly important to emphasise UD Principle 3, simple and intuitive use, when aiming 
at universally designed ICT. Another important precondition for use is that the information 
is perceptible to the user in the first place (Principle 4). Depending on each individual’s 
abilities, s/he needs to be presented with the information in a way that is perceptible to 
him or her. Thus, UD in ICT is very much about the flexibility (Principle 2) in presenting the 
various users with information in a way that they can perceive (Principle 4), and in a way 
that is easy to understand and interpret (Principle 3). These aspects will be elaborated on 
further in the next sections. 

1.4 Challenges of handling diversity in the inclusive design 
approaches 

The design for diversity is a key objective in all of the IDAs. In the following, different 
challenges surrounding this objective are discussed. 

Shneiderman (2000) has pointed to three main challenges in attaining universal usability: 
user diversity, gaps in user knowledge and technology variety. Even when considering 
subgroups of a population, such as the elderly, user diversity is regarded as a fundamental 
challenge (Dickinson et al. 2011; Gregor et al. 2002). 

The challenge of user diversity is about the fact that when trying to target everybody (or as 
many people as possible), the user population will be extremely heterogeneous. Users 
have varying physical or cognitive abilities, skills and knowledge, personalities and socio­
cultural backgrounds. Harper (2006) has noted that the design for everybody (or as many 
people as possible) seems to be utopian and in contradiction with common views of 
design. These views can be illustrated by some rather famous slogans in design, as shown 
in Table 2. The problem is that if you try to design for everybody, you end up not doing 
very well for anybody, because everybody has different needs. 

The challenge of the gaps in user knowledge – that is, the bridging of the gap between 
what users know and what they need to know – concerns how to present the user with the 
necessary and sufficient help and information to enable the user to explore and learn to 
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1 Introduction 

use an interface. Of course, there is a great variety in terms of what users know; thus, this 
represents another dimension of diversity among users. 

Table 2: Design slogans 

• Know thy user! 

• Design for one person, and be sure that at least that person can use it! 

• If you design for everybody, you can be sure nobody can use it! 

The challenge of technology variety concerns the design of ICT products and services so 
that they can run on the various types of operating systems, browsers and devices that the 
users have. The use of AT together with products and services can also be viewed as an 
aspect of technology variety. 

The rapid development of new types of technology such as mobile technology (e.g. smart 
phones and tablets) and everyday technology (e.g. self-service machines and smart 
things3) leads to a fourth challenge for IDAs. This is the challenge of designing for various 
usage situations. It is clear that new user devices, self-service machines and other smart 
things can be used in varying environments and situations. 

Table 3: Challenges of diversity in IDAs Vanderheiden (2000) points out that universal 
usability is “a function of keeping all of the 

• User diversity 
people and all of the situations in mind, and 
trying to create a product which is as flexible as • Variety in user knowledge 
commercially practical, so that it can • Technology variety 
accommodate the different users and usage 
situations”. • Various usage situations 

In summary, the acknowledgement of user diversity, in contrast to the image of an average 
user or a typical user without disabilities, is important in IDAs. Knowledge and awareness 
of the different needs, preferences, abilities, technologies and usage situations of the 
spectrum of potential users are also central. Moreover, technology trends towards mobile 
technology and everyday technology makes it necessary to take diversity in usage 
situations into account as well. Table 3 summarises these four challenges of diversity. 

While the overall motivations, principles and design objectives of IDAs are quite easy to 
grasp, it is less clear when it comes to the finer details of how to achieve this in practice 
(Keates, S. & Clarkson, P. J. 2003). Therefore, some say that UD is an elusive and impossible 

Smart things refer to many types of things that are connected through a (wireless) network. Often it is 
associated with smart homes, smart traffic and smart health. An example is a medicine cabinet that 
communicates when to take what types of medicine to a person, or it can communicate with the owner’s 
doctor or with a pharmacy to order new medicine when it is empty. 

10 
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1 Introduction 

goal, while others argue that there is no problem in interface design that cannot be solved 
or at least improved (Lazar 2007). To discuss further the challenges of designing for 
diversity in IDAs, it would be advantageous to have a clearer picture of what the key 
elements of these design approaches are. This leads to the first research question of this 
thesis: 

RQ1 What are the key elements in IDAs? 

The second principle of UD concerns flexibility in use (see Table 1 on page 8). 
Vanderheiden (2000) (see quote above) and others (Carbonell 2006; Harper & Chen 2012; 
Horton & Leventhal 2008; Keates & Varker 2007; Kelly et al. 2008; Shneiderman & 
Hochheiser 2001; Wobbrock et al. 2011) have also pointed out that inclusive design calls 
for flexible design. In the next section, I discuss what this may entail in relation to IDAs. 

1.5 Diversity calls for flexibility in the design 

The need for flexibility in inclusive design may refer to flexibility in the design process itself 
and in the resulting outcome from that design process. In the following sections, I will 
present some types of flexibility required in inclusive design of ICT solutions and some 
research challenges related to this. Then I will present the current challenges of 
accommodating diversity in the inclusive design process. 

1.5.1 Flexibility in inclusive design 

One simple example of flexibility in an ICT solution is the possibility of being able to change 
text sizes and contrast in the user interface. Another kind of flexibility is to let the user 
interact through different modalities: A blind user needs information presented in audio or 
as haptics4 (e.g. braille), while hearing-impaired users need information in a visual or 
haptic (e.g. vibration) form. In contrast to non-digital objects, the potential for conversion 
and transformation of information is vast in ICT. Information can be presented in many 
different ways by using different modalities, such as text, pictures, film, audio and haptic 
technology (Ellcessor 2010). In addition, the cognitively disabled may be helped by getting 
the information presented in complementary ways – for example, through written or 
spoken information in combination with illustrations (Fuglerud 2007). This relates to UD 
Principle 4 concerning perceptible information (see Table 1 on page 8). 

Being able to utilise different modalities is also necessary when designing for changing 
contexts and situations. For example, if there is much noise (e.g. in a production room) or 
where silence is preferred (e.g. during a meeting), a system notification in visual or haptic 

4 Haptic technology is a tactile-feedback technology that takes advantage of the user’s sense of touch by 
applying forces, vibrations, or motions to the user (Haptic technology 2013). 
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1 Introduction 

Even if a user interface is standardised, the number of choices necessary to accommodate 
the vast variety of user needs may be huge. Personalised and adaptive user interfaces are 
proposed as a solution to this challenge (Darzentas & Miesenberger 2005; Hanson & 
Crayne 2005; Nevile 2005; Savidis & Stephanidis 2004). However, the benefits of adaptive 
and personalised interfaces are said to be overrated or even counterproductive (Solheim 
2009). For example, users have found alterations to the interface to be very disconcerting 
or confusing (Dickinson et al. 2011; Solheim 2009). It has been pointed out that 
developments in adaptive systems have mainly focused on some parts or aspects of the 
adaptation process, such as particular technical issues, and less on the user interface and 
the usage context (Savidis & Stephanidis 2004). 

Thus, research on how flexibility affects users and how to avoid complexity in inclusive 
design appears to be necessary. This discussion leads to the second research question: 

RQ2 What is the relationship between “flexibility in use”, complexity and “simple 
and intuitive to use” in mainstream ICT? 

1.5.3 Accommodating diversity in a user-centred design process 

While there is broad consensus that it is good practice to follow accessibility guidelines and 
standards in IDAs, there is an increasing awareness of the fact that this is not enough to 
achieve accessible and universally designed solutions (Arrue et al. 2007; DRC 2004; Kelly et 
al. 2009; Power et al. 2012; Theofanos & Redish 2003). 

A number of authors stress that this has to be complemented with user-centred design 
(UCD) and user testing with disabled users (Arrue et al. 2007; Billi et al. 2010; Brajnik 2008; 
Bühler 2008; Keates 2007; Kelly et al. 2008; Paddison & Englefield 2003; Petrie et al. 2006; 
Stephanidis 2001; Theofanos & Redish 2003; Wattenberg 2004). (See further details on 
UCD in chapter 3.4.) 

Some researchers point out that the problem in applying a traditional UCD is that the 
research on the development of mainstream ICTs has been focused on the (non-existent) 
average user, rather than on the diversity of the users (Darzentas & Miesenberger 2005). 
Traditionally, these approaches seek to homogenise the user group to more clearly 
evaluate design decisions (Gregor et al. 2002). This tends, at best, to cause ignorance of 
the diversity and, at worst, to suppress it. Therefore, they argue, there is a need for more 
specific knowledge on how to handle the issue of diversity in design (Gregor et al. 2002). 
The IDAs can be viewed as extending the ICT design disciplines of making good ICTs for a 
particular user or user group, to making good ICTs for a whole population. However, as 
Keates and Clarkson (2003) put it, “there is a significant knowledge gap between applying 
usability for individuals and applying it for populations”. 

Furthermore, the techniques in UCD need to be modified to be appropriate for more 
diverse user groups (Gregor et al. 2002; Stephanidis 1999). This is because not all UCD 
techniques can be applied successfully with all users and there is a need for knowledge 
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1 Introduction 

about which design techniques are appropriate for which users (Keates, S. & Clarkson, P. J. 
2003). Many researchers stress the importance of the involvement of people with 
impairments in inclusive design processes (Abascal & Azevedo 2007; Czaja & Lee 2007; 
Gemou & Bekiaris 2009; Keates, S. & Clarkson, P. J. 2003; Kelly et al. 2008; Stephanidis 
1999). There are several existing ICT design approaches that deal with user involvement – 
particularly UCD and participatory design (PD) – and it is therefore relevant for IDAs to 
draw upon the experiences and knowledge from these design approaches. However, these 
approaches originated in working-life contexts. Today, we not only use ICT as employees in 
organisations, but equally or even more often, we use it as citizens in society or as 
individuals in our homes. In fact, many of our everyday activities depend on access to, and 
the ability to use various ICT tools and services (Paper A). This means that the context of 
design has changed quite significantly during the last few decades. The third and last 
research question is related to what challenges the need to accommodate diversity in IDAs 
pose in relation to existing knowledge in UCD and PD: 

RQ3 What challenges does diversity pose in relation to UCD and PD? 

1.6 Research questions summarised 

In this section, the research questions presented in the previous sections are repeated. The 
overall objective of this research is to study the challenge of diversity in design, the very 
core challenge of the IDAs. I study this challenge from various angles, both with respect to 
how the design process may take diversity into account, and in relation to the seemingly 
conflicting properties of a universally designed mainstream solution; namely, “perceivable 
and flexible” versus “simple and intuitive to use”. The first and the third research questions 
are mainly about the design process, while the second question is more about the required 
properties of an inclusive ICT solution. 

RQ1 What are the key elements in IDAs? 

RQ2 What is the relationship between “flexibility in use”, complexity and “simple and 
intuitive to use” in mainstream ICT? 

RQ3 What challenges does diversity pose in relation to UCD and PD? 

1.7 Delimitation 

The research questions in this thesis touch upon fundamental challenges of IDAs, namely 
how to handle diversity when aiming at inclusive design of mainstream ICT. The full answer 
to these challenges cannot be given through one PhD project. However, I seek to 
contribute to the answers on these important research challenges with a basis in 
experiences and with results from several research projects that I have participated in. 
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2 Background 

2 Background
 

In this section, I give some background information about the development of the human 
rights and disability rights movements and the developments regarding e-inclusion. I show 
how these developments have contributed to the current e-inclusion policies, which have 
adopted IDAs as a strategy. I also try to show how these ideas have influenced the 
Norwegian policy in this area. Then I present the current definitions of UD in Norway and 
discuss the interpretation of this concept in more detail. 

2.1 Human rights and disability 

In 1964, the American Civil Rights Act was signed. It promised full and equal enjoyment of 
goods and services. Although it was aimed at racial discrimination, it served as a model for 
the subsequent disability rights movement (Vavik & Gheerawo 2009). 

The United Nations (UN) Convention on the Rights of Persons with Disabilities entered into 
force in May 2008 (UN 2006). It was ratified by the European Union (EU) in 2010. The 
Norwegian government was one of the first countries to sign this Convention (AID 2007), 
and it was ratified by Norway on the 3rd of June 2013 (FN-Sambandet 2013). By December 
2013, 158 countries had signed the Convention and 78 countries had ratified it (UN 2013). 

During the last decade, legislation to prevent discrimination against people with disabilities 
has emerged in many countries (Brynn 2009; EDeAN 2009; Lepofsky & Graham 2009; 
Loiacono & Djamasbi 2012 online first; Thorén 2004). In the following, I briefly describe 
some ideas that I believe have contributed to this development. 

2.1.1 The disability gap model 

Traditionally, the terms “handicapped” or “disabled” referred to the loss, damage or 
deviation in psychological, physiological or biological functions. Disability was seen as a 
property of the individual; that is, the handicapped or disabled person. Within disability 
research, there has been a development from a disease and individual-oriented 
understanding of disability, to a social model. In the social model, the lack of rights and 
lack of access to different areas of society create disability (Olivier 1990). In this model, 
disability is not a constant factor, but rather something that may occur in an individual’s 
meeting with society. 

The relational manner of regarding disability has been advocated for in Norway for more 
than thirty years. It has often been illustrated by the disability gap model. 
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2 Background 

This model was first published by Ivar Lie5 in 1989, but it had been used in teaching for at 
least ten years prior to that (Ness 2011). A simplified version of this model is presented in 
Figure 3. 

Figure 3: The disability gap model, based on the white paper on Dismantling of Disabling Barriers 
(St. meld. nr. 40 (2002–2003)). 

In accordance with this model, and the definition in the Official Norwegian Report6 (NOU 
2001: 22) entitled: “From user to citizen”, a “disability” occurs when people’s practical lives 
are significantly limited because of a gap or mismatch between the person's ability and the 
demands of the environment or society. This gap, which creates disability, is marked with a 
red horizontal arrow in Figure 3. Moreover, the physical and social conditions that limit 
participation in the community are referred to as “barriers”. This understanding means 
that disability must be viewed in relation to the environment that surrounds a person. 
Thus, attention is drawn not only towards the person's function or ability, but also, to a 
greater extent, to factors that can be changed to decrease requirements or increase 

5 Ivar Lie was Professor at the University of Oslo, Department of Psychology. 
6 The Norwegian government or a ministry may constitute a committee or a working group who report on 
different aspects of society. A report can be published either as an Official Norwegian Report, i.e., an NOU, or 
as a regular report. The Norwegian title of this report is “Fra bruker til borger”. 
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2 Background 

functioning and thus to reduce disability. In the disability gap model, the emphasis is on 
the individual's own evaluation of their opportunities based on the experienced gap 
between their abilities and the requirements from their environment. UD and other IDAs 
are strategies to reduce the requirements from the environment; that is, strategies to 
lower the threshold for the use of ICTs. These approaches can therefore be placed at the 
thick, green down arrow to the right in Figure 3. ATs can be regarded as tools to 
strengthen the abilities of individuals, and can therefore be placed at the thick up arrow in 
the lower left corner in Figure 3. Thus, IDAs and ATs can be used to close the disability gap 
(illustrated with a red curly bracket) from either side. 

In this thesis, I use the term “disability”7 in accordance with the disability gap model; that 
is, as something that occurs when there is a mismatch between the requirements of the 
environment and the abilities of a person. Moreover, in accordance with the gap model, 
disability is defined by the individual’s own experience of the gap. I will argue that a 
consequence of this is that the individual should have a say with regard to the evaluation 
of their opportunities. 

2.1.2 The capability approach 

One important philosophical theory in the area of human rights and disability is the 
capability approach, developed by the Indian philosopher and economist Amartya Sen and 
the American philosopher Martha Nussbaum, Professor of Ethics at the Divinity School, 
University of Chicago (Nussbaum 2011). This approach focuses on human dignity and 
respect. Human dignity lays the groundwork for the notion of equal worth and treating 
people with respect. 

The capability approach does not only ask about what a person is able to do, but also 
about the opportunities that are available to each person. Having equal human value does 
not mean that each person must be treated equally, but that they should be treated with 
equal respect and that they should have equal opportunities. 

7 There is a discourse on the use of terms in this area (Oliver 1996). In the Norwegian white paper no 40 on 
Dismantling of Disabling Barriers (St. meld. nr. 40 (2002-2003)) there is a differentiation between the 
concepts of reduced (or limited) functional ability, impairment and disability. The term reduced functional 
ability or impairment refers to any loss of function that affects the mind or body, while the term disability 
refers to the experienced gap between the abilities of the individual and the requirements from the 
environment. The two terms can, for example, be used when describing measures to prevent persons with 
reduced functional ability from becoming disabled. The term functional impairments can be used 
synonymously with the term reduced functional ability. In some situations, it is necessary to mention specific 
groups, such as the hearing impaired, visually impaired, or mobility impaired etc. Some prefer the term 
“person with visual impairment” rather than “visually impaired” etc., to underscore that it is primarily a 
matter of a person who happens to have impairment rather than of defining the person by his or her 
impairment. Although I sympathise with this argumentation, I will not be rigorous in the use of these terms, 
mainly because the language may become rather stiff and awkward by only adhering to the long form. 
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2 Background 

However, it must be acknowledged that what is central for people is different, in terms of 
both quality and quantity. Additionally, the opportunities that each person has not only 
reside inside the person, but also are a result of the combination of personal abilities and 
the environment. Therefore, the capability approach talks about both internal capabilities 
and combined capabilities, where the internal capabilities reside within the person, and 
the combined capabilities are the totalities of opportunities a person has for choice and 
action in his or her specific political, social and economic situation (Nussbaum 2011 p. 21). 
A society should promote both the internal capabilities (e.g. through education, providing 
healthcare etc.) and combined capabilities (through developing the society itself). For 
example, a person can have the internal capability for political thinking, but if the 
environment is not accommodating, he or she may not have the combined capability of 
being able to exercise his or her right to vote. According to the capability approach, people 
with disabilities are equals who need to be taken into account from the start when 
designing any social scheme (Nussbaum 2011 p. 150). 

Overall, the capability approach is focused on choice and freedom, and acknowledges that 
while everybody has equal rights to dignity, respect and opportunities, it is up to each 
person to decide what opportunities to choose (for example, choosing not to vote) 
(Nussbaum 2011). 

Several of the thoughts and arguments from the capability approach can be said to be 
relevant to IDAs. For example, the question of whether equal opportunities with regard to 
ICT means offering everybody the same interface to treat people equally, or whether a 
focus on equal opportunities and human dignity may open up other solutions such as 
alternative interfaces, AT or personalisation. In addition, the idea of including people with 
disabilities from the beginning when designing any social scheme resonates well with 
several of the IDAs, which also stress the importance of including users in the design 
process (see section 3.6). 

2.1.3 The universality of disability 

The universality of impairments or disability – that experiencing disability is a part of all 
human lives – is another theme that recurs in the disability movement. Normal adulthood, 
for example, is only a temporary phase of human life. It is preceded by a period of 
childhood, during which basic needs for food, comfort, shelter, cognitive development and 
social interaction must be provided by adult caregivers. In addition, even “normal” 
adulthood is often followed by a period of increased dependency and reduced abilities, as 
ageing raises new physical and mental needs (Nussbaum 2011 p. 151). 

In the area of biometric authentication, the fact that human beings change over time is 
acknowledged because it affects the reliability of these systems (Paper B)) (Answers 2011). 
For example, if a person is ill or injured because of having an eye infection, a hoarse voice 
or rough fingers from labouring, a retina-recognition system, voice-recognition system or 
fingerprint scanner, respectively, will have difficulties in identifying a person accurately. 
Other examples include how the fingerprints of people working in the chemical industries 
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2 Background 

may be affected or how the voice may be changed when a person has the flu or a throat 
infection. The voice of a person may also change with age, and people with diabetes may 
have their eyes affected over time. Thus, temporal or permanent impairment due to age, a 
disease or injury affects all people to one degree or another at some points during their 
lives, and this must be taken into account when designing ICTs. 

Moreover, as pointed out by Vanderheiden (2000), people will frequently find themselves 
in situations that will constrain some of their functional abilities with regard to them being 
able to operate ICTs in a similar way as an impairment will do. For example, people 
wearing a chemical suit or gloves, who have a repetitive stress injury, an arm in a cast, or 
who are in a bouncing vehicle may have the same difficulties in manually operating an ICT 
device as a person with physical impairments or dexterity problems. Similarly, people 
whose eyes are busy (e.g. when driving a car or performing surgery, or who are in 
darkness) may be equally constrained with regard to operating a graphical user interface 
as a person with visual impairments. This means that everybody experiences disability 
from time to time, and this stands in direct opposition to the view that people with 
disabilities are a discrete minority that is different from “normal” people. 

These thoughts, sometimes referred to as the universality of disability (Bickenbach 2010), 
have begun to receive considerable attention in the human rights movement, the disability 
research area (Ellcessor 2010) and in the area of inclusive design and multimodal design 
(Papers A, B) (Knudsen & Holone 2012; Oviatt 2003). People promoting inclusive design are 
often confronted with the argument that because people with impairments constitute 
small and special groups, it is too expensive to accommodate them in the design process 
(Abascal & Azevedo 2007; Dong et al. 2004; Eikhaug et al. 2010). It is therefore important 
to acknowledge the universality of disability in all its dimensions, and to show that 
everybody is affected by temporal impairment, situational constraints or permanent 
impairments at some points during their lives. Otherwise, we risk being stuck in a situation 
where the interests of disabled people always compete with the interests of people 
without disabilities (Ellcessor 2010). 

2.2 E-inclusion and e-accessibility policies 

To include all citizens in the information society is an important policy goal in the EU. This 
policy, often referred to as the e-inclusion policy, covers many areas, such as e-
accessibility, ageing, e-competence, socio-cultural and geographical aspects and e-
Government (EC 2011a). 

The development of the e-inclusion policy in Europe began in earnest in 2000. At that time, 
the EU leaders met in Lisbon and set out a new strategy to make Europe more dynamic 
and competitive. The initiative became known as the “Lisbon Strategy” and it covered a 
wide range of policy areas. Among the main objectives of the Lisbon Strategy was “The 
eEurope 2002 Action Plan: An information society for all”. This was followed by the 
eEurope 2005 Action Plan, the “i2010 Strategy” and the “Digital Agenda” of the current 
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2 Background 

“Europe 2020 Strategy” (EU Digital Strategy). The overall goal of these strategies is to 
develop the potential of ICTs to promote innovation, economic growth and progress. 

In June 2006, the Ministers of the EU, Member States, and accession and candidate 
countries, European Free Trade Area countries and other countries adopted a declaration 
on e-inclusion. This is called the Riga Declaration. It defines e-inclusion as follows: 

“eInclusion” means both inclusive ICT and the use of ICT to achieve wider inclusion 
objectives. It focuses on participation of all individuals and communities in all aspects 
of the information society. eInclusion policy, therefore, aims at reducing gaps in ICT 
usage and promoting the use of ICT to overcome exclusion, and improve economic 
performance, employment opportunities, quality of life, social participation and 
cohesion. (EU 2006) 

The “European i2010 Initiative on e-Inclusion: To be part of the information society” was 
proposed in 2007. This initiative comprised of an e-inclusion campaign “e-Inclusion, be part 
of it!”, and a strategic framework for action to implement the Riga Ministerial Declaration. 
The strategic framework had three main objectives: enabling the conditions for everyone 
to take part in the information society by bridging the broadband and accessibility gaps, 
and tackling competence gaps; accelerating effective participation of groups at risk of 
exclusion and improving quality of life; and integrating e-inclusion actions to maximise 
lasting impact. 

The focus on e-inclusion continues in the Digital Agenda of the Europe 2020 Strategy, 
where “Enhancing digital literacy, skills and inclusion” is one of seven mentioned actions 
(EU Digital Agenda). 

As I see it, there are two important drivers for the development of the e-inclusion policy in 
Europe. One concerns the developments within the human rights and disability 
movements and the acknowledgement of the ideas discussed in the previous sections; that 
is, human rights and the universality of disability. The other driver in the e-inclusion policy 
relates to the demographical changes. Populations all over Europe, and, in fact, all over the 
Western world (EC 2010), are ageing, and there is a need for more efficient ways of taking 
care of these ageing populations. ICT is seen as an important tool in meeting these 
challenges. 

According to the European Commission (EC 2010), the number of people over 50 years will 
rise by 35% between 2005 and 2050, and the number of people over 85 will triple by 2050. 
At the same time, fertility rates are declining. It is estimated that on average in Europe, the 
ratio between people at work and the remaining population will change from 4 to 1 in 
2010 to 2 to 1 by 2050. These changes in demographics will escalate the pressure on 
Europe's social models and public finances. Important strategies to meet these challenges 
are, with the help of ICT, increasing the level of elderly in employment and making older 
persons live at home for longer by facilitating independent living for older persons. 
Moreover, ICT is considered to be an essential tool in increasing the quality, effectiveness 
and efficiency of public health and welfare services (EC 2010). 
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2 Background 

As the population ages, the need for the information society to find ways to accommodate 
people with age-related impairments increases. Of people over 50 years, 21% have severe 
hearing, vision or dexterity problems, which makes it difficult or impossible for them to use 
standard or mainstream ICT solutions (EC 2012b). According to Europe’s thematic portal on 
the information society, “eAccessibility is aimed at ensuring people with disabilities and 
elderly people access to ICTs on an equal basis with others. This includes removing the 
barriers encountered when trying to access and use ICT products, services and 
applications”(EC 2012a). 

Thus, by developing applications that are accessible, easy to use and easy to understand, 
more people will be able to serve themselves. The goal is that mainstream ICTs will be 
designed to be accessible to as broad a range of users as possible, including older people 
and people with disabilities. This will allow people to stay independent, active and 
productive as they grow older. To achieve this, the EC has, from the mid-1990s, funded 
research within e-inclusion and e-accessibility (EC 2011b). Other important policy areas are 
market regulation and legislation: 

To develop, implement and maintain Universal Design strategies, incentives should 
be given to key actors in different sectors of society, public as well as private. With 
countries organising their social life differently in Europe, both the market and 
legislation are important arenas and should be addressed by policy makers (CM/Rec 
2009). 

2.3 Norwegian policy on disability and inclusion 

Since the empirical work of this thesis has been conducted in Norway, some background 
relating to the policy on disability and inclusion in Norway is of relevance. In the next 
sections, a description of the developments leading to the current policy and anti-
discrimination legislation in Norway is presented. 

2.3.1 Action plans and reports 

The Norwegian government has produced several action plans for disabled people: 1990– 
1993, 1994–1997 and 1998–2000. In these action plans, disability is defined as a mismatch 
between individual abilities and environmental demands to function in areas that are 
essential for the establishment of independence and a social life (St.meld. nr. 34 (1996­
97)). In addition to giving concrete measures at various levels, these action plans have also 
given input to the government's overall policy for the disabled. The action plans point to 
challenges and strategies in the policy for the disabled. However, they also put forward 
solutions to some of the key challenges in this area, such as pointing to UD as a strategy. 
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2 Background 

The publication titled “Universal design – planning and design for all8” (Aslaksen et al. 
1997b) is the first publication in Norway about UD (SHDIR 2003). It was published by the 
National Council for Equal Rights for the Disabled in Norway. The report builds on the 
definition, principles and guidelines about UD developed by the Center for Universal 
Design at North Carolina State University, and is an attempt to further develop and 
concretise UD as a concept (Aslaksen et al. 1997b). 

The publication illustrates and represents an important shift in the thinking about disability 
towards the relational model, where a disability is created by a gap between the 
requirements of the environment and the abilities of the individual (see Figure 3 in section 
2.1.1 “The disability gap model”). Moreover, it prescribes UD as the preferred approach to 
close this gap, and underscores that the concept of UD is in opposition to unnecessary and 
stigmatising special solutions. The central themes are equal opportunity, equal treatment 
and equal human worth. Further, the importance of a holistic approach, were different 
disciplines collaborate in creating universally designed solutions is emphasised (Aslaksen et 
al. 1997b). It states that real participation is a necessity to achieve UD. The principles of UD 
are regarded as part of a quality-assurance process for evaluating the design. See also “The 
seven principles of universal design” in Annex B. 

The Official Norwegian Report “From user to citizen9” (NOU 2001: 22), laid an important 
foundation for the policy development in this area. It recommended using UD as a strategy 
for participation and equal opportunities, together with a proposal for a law on anti-
discrimination, as the two main instruments for improving the lives of people with 
impairments in Norway. 

This report was followed up by a white paper on Dismantling of Disabling Barriers (St.meld. 
nr. 40 (2002-2003)). It shows a commitment to applying UD to improve accessibility in a 
number of areas, such as transportation, buildings and outdoor areas, information and 
communication, and products as well as in culture and leisure. According to this report, the 
principles of UD should be sought with the help of various measures such as increased 
information and guidance, research and development as well as through cooperation with 
the standardisation bodies. 

The next Official Norwegian Report in this area, on Equality and Accessibility (NOU 2005:8), 
laid the foundation for the development of a law to strengthen the legal protection against 
discrimination on the basis of an impairment. This legislation is described in the next 
section. The appendix to this report, written by Nicolai V. Skjerdal, has been a particularly 
important theoretical contribution to the understanding and definition of the term UD 
(Skjerdal 2005). As the first country in the world to do so, Norway adopted the term 
“Universell utforming” (translation: universal design) as a legal term. Even though the 

8 The original title in Norwegian is “Universell utforming – planlegging og design for alle”. 
9 The original title in Norwegian is “Fra bruker til borger”. 
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2 Background 

seven principles of UD (see section 1.3) are not explicitly referred to in the Norwegian 
legislation, they are central to the understanding of UD (Brynn 2009 p. 4; SHDIR 2003 p. 12; 
NOU 2005:8 pp. 280-282). As the formulations of the seven principles are rather broad, 
they should be seen as an expression of ideal goals and as the basis for further discussion 
(NOU 2005:8 pp. 280-282). 

Five years after the Official Norwegian Report “From user to citizen” (NOU 2001: 22), a 
report titled “Full participation for all? Trends 2001–200610” was published (SHDIR 2006a). 
This study reported on the development related to inclusion and accessibility during the 
five-year period from 2001–2006. The report covered important areas of society (SHDIR 
2006b) including the ICT area (Fuglerud 2006). The general conclusion was that the 
situation was largely unchanged. A conclusion related to ICT was that it is especially 
important to gain more knowledge about ICT and physical accessibility as a barrier to work 
participation (SHDIR 2006a p. 23). Other important conclusions in the ICT area were that 
the consequences of not being able to use the technology had increased because of the 
increased use and proliferation of ICT in all areas of society (Fuglerud 2006) and that the 
lack of access to information constitutes a democratic problem (Fuglerud 2006; SHDIR 
2006a p. 37). 

The white paper no. 17 (St.meld. nr. 17 (2006-2007)) laid down further ICT policy in 
Norway. In this report, inclusion is listed as one of six target areas for Norwegian ICT policy. 
The other target areas are research and development, ICT and business policy, e-
Government, personal privacy and security. According to this document, the Norwegian e-
inclusion policy must be based on three main pillars: 

•	 Access to the Internet, equipment and content 
•	 UD 
•	 Digital skills 

2.4 Norwegian legislation 

In this section, I will comment on two laws that are of special importance with regard to 
the UD of ICTs in Norway: 

•	 The Norwegian legislation about public procurement (Anskaffelsesloven 2006) 
•	 The Norwegian Anti-discrimination and Accessibility Act, in effect from January 

2009 (Diskriminerings- og tilgjengelighetsloven 2008) 

10 The original title in Norwegian is “Full deltakelse for alle? Utviklingstrekk 2001-2006”. 
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2 Background 

2.4.1 Public procurement 

In 2004, the EU adopted a new directive on public procurement (EC 2004). According to 
this directive, “Contracting authorities should, whenever possible, lay down technical 
specifications so as to take into account accessibility criteria for people with disabilities or 
design for all users”. Following this directive, the Norwegian Law on Public Procurement 
was amended and included a clause about UD from 2007. One may interpret the 
Norwegian legislation to go somewhat further than the EU directive because it omits a 
“whenever possible” phrase, and requires that UD is taken into account from the planning 
stage of a public procurement. According to Paragraph 6 of this law, all public bodies shall 
take into account the life cycle cost, UD and environmental impact of the acquisition when 
planning each acquisition (Anskaffelsesloven 2006). 

2.4.2 Anti-discrimination and accessibility 

The purpose of the Anti-discrimination and Accessibility Act is to promote equality and 
ensure equal opportunities for and rights to social participation for all persons regardless 
of disabilities, and to prevent discrimination based on disability. The Act shall help to 
dismantle disabling barriers created by society and to prevent new ones from being 
created. The Act applies to all areas of society with the exception of family life and other 
relationships of a personal nature. In the following, I summarise some important aspects of 
the law11. The law contains the following definition of UD: 

“Universal design” shall mean designing or accommodating the main solution with 
respect to the physical conditions, including information and communications 
technology (ICT), such that the general function of the undertaking can be used by as 
many people as possible (ADAA 2013). 

Paragraph 3 is about the duty to make active efforts towards UD and to report on such 
activity. It states that public authorities shall make active, targeted and systematic efforts 
to promote the purpose of the Act. Employers in the public sector and employers in the 
private sector with more than 50 employees have an obligation to actively plan and work 
towards UD through their own undertaking. The undertaking shall give an account of the 
measures that have been implemented and measures that are planned for future 
implementation to fulfil the legal requirements. 

Paragraph 9 of this law concerns the obligation to ensure general accommodation (UD). It 
states that public undertakings shall make active, targeted efforts to promote UD within 
the undertaking. The same applies to private undertakings that offer goods or services to 
the general public. Public and private undertakings that offer goods or services to the 

11 The summary is based on an unofficial translation of the Norwegian Anti-discrimination and Accessibility 
Act collected by the Law Library, University of Oslo: 
http://www.ub.uio.no/ujur/ulovdata/lov-20080620-042-eng.pdf 
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3 Previous and related research 

user experience (UX) design, has emerged as a response to these changes. This is a broad 
concept that encompasses all aspects of the user's interaction with a company and its 
products and services (Nielsen & Norman). However, the proliferation of technology in all 
areas of society are only reinforcing the need to make technologies accessible for more 
diverse user groups in multiple and diverse usage situations and for a variety of ICT 
equipment. These design challenges coincide with the design challenges of the IDAs. 

Many researchers recommend, as mentioned in section 1.5.3, that inclusive design should 
be based on a UCD process involving people with impairments. The experiences that have 
arisen from design traditions that focus on user participation, such as STSD and PD, are 
therefore relevant to IDAs, as well as experiences from the UCD approach itself. In the 
following, I will give a more detailed background on these branches of HCI and then I will 
present the characteristics of various IDAs. 

3.2 Socio-technical systems development 

Socio-technical ideas were interlinked with action research ideas and can be traced to 
work at the Tavistock Institute during the ‘50s (Mumford 2006). Action researchers 
believed that the best way to study complex social systems, such as an organisation, 
would be to study them as a whole entity. The study of parts or single variables would not 
give satisfactory answers. As complex social systems consist of dynamic processes, action 
researchers contend that a fruitful way to study this is to introduce changes and then 
observe the effects of the changes (Baskerville 1999). The Tavistock pioneers believed 
that their research projects should not only be attempts at increasing knowledge, but that 
they should also embrace the idea of improving work situations that were unsatisfactory 
in human terms (Mumford 2006). This approach and methodology was called “socio­
technical”. The main idea was that the human aspects and the technical aspects were 
equally important in a socio-technical system. 

When ICT researchers started to be concerned about job quality and satisfaction, they 
turned to these socio-technical ideas. One of the pioneers of STSD was Enid Mumford. 
She stated that if one does not explicitly design a system according to goals of job 
satisfaction, the effect of the system will be arbitrary and unpredictable (Mumford 1996). 
The result can be that the system produces undesirable human consequences, such as 
routine work and low-skilled jobs. While many HCI methods have focused on the 
individual, STSD focused on organisations and groups within organisations (Baxter & 
Sommerville 2011). 

STSD also had an important democratic component; namely, that employees who used 
the new systems should be involved in determining the required quality of working-life 
improvements. However, the PD traditions in Scandinavia that emerged in the same 
period had an even more explicit emphasis on democracy. This will be described in the 
next section. 
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3 Previous and related research 

3.3 Scandinavian and participatory design 

Even if the socio-technical principles became widely recognised among both managers 
and system developers, an objection was that these ideas had little impact on how 
systems were designed in practice (Bansler 1989). The socio-technical thinking was 
therefore criticised. The main critique was that the importance of economic, political and 
social forces behind technological development was underestimated. The socio-technical 
approach was built on the assumption that there is a harmonious relationship between 
workers and management, and that they mainly have common interests (Bratteteig 
2003). Moreover, the socio-technical approach did not necessarily support democracy in 
the workplace. The introduction of semi-autonomous groups at Volvo Kalmar was 
described as an example of a socio-technical solution that did not change the power 
balance in the organisation. On the contrary, the vertical power structures and division of 
work was only further reinforced (Ehn 1993). It was concluded, therefore, that the socio-
technical theory did not have enough impact. In practice, it did not have any 
democratisation effect, and it could even be manipulative (Bjerknes & Bratteteig 1995). 

These were the main reasons why researchers in Scandinavia in the late ‘60s and early 
‘70s developed an alternative approach to STSD; that is, a worker-oriented approach. This 
approach is denoted as the critical tradition, the collective resource approach or the 
Scandinavian design tradition (Bansler 1989; Bjerknes & Bratteteig 1995; Bratteteig 2003 
p. 17; Ehn 1993; Kyng 1994). The advocates for the alternative approach did not criticise 
the socio-technical principles in themselves, but criticised the way in which they were 
advocated for (Grønvall & Kyng 2011). Scandinavian researchers argued that the 
importance of power and resources had been greatly underestimated in previous 
approaches. Therefore, the political aspects of technological development were 
emphasised, as well as structural rights to participation and democracy (Bansler 1989). 

In parallel with the introduction of information systems in working life during the ‘60s and 
‘70s, Scandinavian researchers therefore initiated systems development projects 
involving the trade unions (Grønvall & Kyng 2011). At the same time, the trade unions 
began to recognise the need to participate in systems development processes to be able 
to influence future systems (Berntsen et al. 2002). The collaboration between the 
national Labour Organisation in Norway, the LO (Landsorganisasjonen), the National 
Employers’ Federation, the NAF (Norsk Hovedorganisasjon), and researchers from the 
Norwegian Work Research Institute, the AFI (Arbeidsforskningsinstituttet) and the 
Tavistock Institute is an example of efforts towards working-life democracy and industrial 
productivity (Bratteteig 2003). 

Researchers at Norwegian Computing Center (NR)12 were, at that time, involved in 
several projects related to the development of better methods for systems development 

12 In Norwegian: Norsk Regnesentral (NR). 
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3 Previous and related research 

and training (Berntsen et al. 2002 p. 151). The Norwegian Union of Iron and Metal 
Workers (NFJM)13 decided at their annual meeting in 1970 to collaborate with 
researchers at the NR on methods and strategies for planning, management and the 
handling of data, and they applied for funding to the Research Council of Norway 
(Berntsen et al. 2002). Through the NFJM project, a new strategy was developed: the 
“collective resource” approach (Grønvall & Kyng 2011). This built on the assumption that 
there is an inherent conflict in the relationship between capital and labour. In this 
approach, the unions played a central role, and researchers had the role of supporting the 
local unions. It became clear that in the struggle for democracy, it was necessary to 
strengthen the workers through strengthening their knowledge. The NFJM project and 
other union projects contributed to building the unions’ expertise in these matters and 
helped them to make use of the new law, the Data Agreement, about participation in 
systems development. The Data Agreement came in 1975, and it regulated the rights for 
employees to participate and have some influence when new computer systems were 
introduced (Berntsen et al. 2002; Grønvall & Kyng 2011). Thus, principles of participation 
in systems development in a work context are enshrined in legislation and agreements. 

The Nordic research project, UTOPIA, is often referred to as an example demonstrating 
that it is possible to find a solution that avoids deskilling when it is one of the objectives 
of the project (Ehn 1993; Garson 1995 p. 22). This project had a tool perspective. The 
focus was on how to develop a system that could function as a tool for its users. 
Moreover, it was an explicit goal to design tools that would increase the workers' skills. At 
a time and in an industry where other studies showed a tendency towards deskilling of 
groups of workers (e.g. typographers), the UTOPIA project managed to create solutions 
that strengthened these groups. The empowerment of the workers was seen as a key to 
democratisation in the workplace, and at the same time, it would contribute to high-
quality results (Bjerknes & Bratteteig 1995; Ehn 1993). 

The democratic ideal is a beautiful human intervention: Every human should have 
the right to participate equally in decisions concerning his or her life. (Ehn 1993 p. 
42) 

The degree of actual influence and power varies in the Scandinavian traditions from this 
period. While the main objective of many researchers in Norway was first and foremost 
the democratisation of the workplace, researchers in Sweden placed a greater emphasis 
on job satisfaction and productivity (Ehn 1993). However, a common feature in all the 
Scandinavian traditions is the strong emphasis on user participation and influence during 
system development. Scandinavian design is a set of perspectives and practices for 
increasing the role of users as active participants in the process of designing computer 
artefacts so that they have a positive impact on the users’ lives (both in and out of the 
workplace). 

13 In Norwegian: Norsk forbund for jern og metallarbeidere (NFJM). 
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3 Previous and related research 

Later, research on user participation in system development shifted from a focus on 
democracy to a greater focus on the system developer's ethical obligation to make good 
systems (Bjerknes & Bratteteig 1995). Democracy is seldom an explicit goal in PD projects 
today, where the focus is mostly on user participation and the resulting design (Kyng 
2010). 

The forms and degree of user involvement varied in the Scandinavian traditions, from 
representative users, to consultants, to collaborators (Bjerknes & Bratteteig 1995). The 
main thought was that the users of future system(s) were experts in their own work, and 
that their knowledge was needed in systems design. Moreover, involving users would 
contribute to the knowledge upon which the systems were built, would enable people to 
develop realistic expectations, and thus would reduce resistance to change (Bratteteig 
2003). 

3.4 User-centred design 

User-orientation in system design is not a new idea, and can be traced to at least the mid­
‘60s. In what Gould (1995) describes as an experimental paper from 1966 about empirical 
methods in system design, Gloria L. Grace observes that “User-oriented design has 
become an increasingly important feature for modern computer-based systems” (Grace 
1966). 

The term “user-centred design” (UCD) appeared in the early ‘80s (Baecker et al. 1995) and 
became widely used after the publication of the book entitled: “User-Centred System 
Design: New Perspectives on Human–Computer Interaction” (Norman & Draper 1986). 
Norman built further on the UCD concept in the widely known book “The Psychology of 
Everyday Things” (Norman 1988). Norman emphasised the importance of exploring the 
needs and desires of the users and the intended uses of the product. 

Gould and Lewis (1985) are famous for introducing the three main principles of a user­
centred approach (Sharp et al. 2006 p. 425), which are: 

1. An early focus on users and tasks 
2. Empirical measurement 
3. Iterative design 

With the first principle, to focus on users and tasks early on, Gould and Lewis (1985) 
emphasised that developers should understand users, rather than just identify them. This 
meant that they should have direct contact with users prior to designing the system. The 
second principle is a recommendation to make the intended or potential users use 
prototypes or simulations of the system to carry out real tasks, and to measure their 
performance and reactions. This user testing should be done as early as possible, and the 
system should then be redesigned to mitigate the identified usability problems. The cyclic 
process of prototyping, user testing and redesigning, should be repeated as many times 
as necessary. This is what is meant by principle three: iterative design. According to Gould 
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3 Previous and related research 

and Lewis (1985), iteration is necessary because the design will never be right the first 
time. More recent texts also recommend incremental development in the iterations, 
allowing for refinements based on empirical evaluations with users (Gulliksen & Lantz 
2000; Sharp et al. 2006 p. 428), and during the 1990s, most new development methods 
were iterative and incremental, acknowledging the instability of initial user requirements 
(Bygstad et al. 2008). 

Along with increasing demands for usable ICT solutions, there was also an increasing 
demand for defining the concept of usability and developing usability measurement 
methods (Karat & Karat 2003). Various frameworks and models were suggested (Eason 
1984; Madan & Dubey 2012; Shackel 2009), and usability was placed in a broader context 
of system acceptability; that is, whether the system is socially and practically acceptable 
(Nielsen 1993 pp. 24-25). Later, the definition of usability provided in ISO 9241-11:1998 
by the International Organization of Standardization (ISO 9241-11 1998) was generally 
accepted and is frequently referred to (Alsos & Dahl 2008; Følstad et al. 2010; Gulliksen et 
al. 2003; Karat & Karat 2003; Keinonen 2008; Stephanidis et al. 1998; Svanæs & Gulliksen 
2008). This definition reads as follows: 

Usability is the extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency, and satisfaction in a specified context 
of use. (ISO 9241-11 1998) 

Usability assessment emerged as a discipline during the ‘80s, with dedicated conferences 
(Dumas & Salzman 2006). Empirical methods to evaluate and measure usability, such as 
usability testing, interviews and surveys were introduced in this period. Usability 
inspection has been a popular alternative to user testing because it is regarded as less 
resource intensive. Usability inspection is usually performed by one or more usability 
professionals inspecting the ICT solution with the aim of finding usability problems, often 
with the aid of guidelines and checklists (Nielsen 1994). During the last two or three 
decades, the usability measurement methods have been evaluated, refined and adjusted 
to be more efficient, cost-effective, manageable and reliable. Several studies to compare 
usability testing with inspection methods have also been conducted (Dumas & Salzman 
2006; Fernandez et al. 2012; Følstad et al. 2010; Hwang & Salvendy 2010). Although these 
studies have revealed weaknesses regarding the validity of both usability testing and 
inspection, empirical usability testing is still regarded as the gold standard in usability 
evaluation (Dumas & Salzman 2006). However, it has been pointed out that usability 
testing does not uncover all usability problems and that this must be taken into account 
when comparing the two approaches (Dumas & Salzman 2006; Følstad et al. 2010; Hwang 
& Salvendy 2010). Researchers also recommend combining user testing with inspection 
methods because these methods are regarded as complementary (Hwang & Salvendy 
2010; Nielsen 1994). 

The need to involve actual users, often in the environment in which they would use the 
product being designed, was, according to Baecher et al. (1995), a natural evolution in the 
field of UCD. Early proponents of user involvement included both system developers and 
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3 Previous and related research 

human-factor specialists (Grudin 1991). The motivation for involving users in the 
development process was mainly to increase usability and user acceptance. 

A further development of these ideas is found in user-centred system design (UCSD) 
(Gulliksen et al. 2003). UCDS is user-centred and focuses on usability through the entire 
development process. Gulliksen et al. provide a quite elaborate description of UCSD, 
summarised as a set of principles. These are based on empirical research. According to 
Gulliksen et al. (2003), the key principles of UCSD are: 

1.	 User focus: The goals of the activity, the work domain or context of use, the users’ 
goals, tasks and needs should guide the development at an early stage. 

2.	 Active user involvement: Representative users should actively participate, early 
on, and continuously throughout the entire development process and throughout 
the system lifecycle. 

3.	 Evolutionary systems development: The systems development should be both 
iterative and incremental. 

4.	 Simple design representations: The design must be represented in such ways that 
it can be easily understood by users and all other stakeholders. 

5.	 Prototyping: Early on and continuously, prototypes should be used to visualise and 
evaluate ideas and design solutions in cooperation with the end users. 

6.	 Evaluate use in context: Baselined usability goals and design criteria should control 
the development. 

7.	 Explicit and conscious design activities: The development process should contain 
dedicated design activities. 

8.	 A professional attitude: The development process should be performed by
 
effective multidisciplinary teams.
 

9.	 Usability champion: Usability experts should be involved early on and continuously 
throughout the development lifecycle. 

10. Holistic design: All aspects that influence the future use situation should be
 
developed in parallel.
 

11. Processes customisation: The UCSD process must be specified, adapted and/or 
implemented locally in each organisation. 

12. A user-centred attitude should always be established. 

A central standard of UCD is ISO 9241-210:2010 Ergonomics of Human–system 
Interaction, Part 210: Human-centred design for interactive systems (ISO 9241-210 2010). 
In this standard, the term human is used instead of user to emphasise that it addresses a 
number of stakeholders, not just those typically considered as direct users of a system. 
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3 Previous and related research 

According to this standard, a human-centred approach should follow the following 
principles: 

•	 The design is based upon an explicit understanding of users, tasks and 

environments
 

•	 Users are involved throughout design and development 
•	 The design is driven and refined by user-centred evaluation 
•	 The process is iterative 
•	 The design addresses the whole user experience 
• The design team includes multidisciplinary skills and perspectives 

The human-centred design process is illustrated as a circular process (see Figure 4 below). 

Figure 4: The human-centred design process (ISO 9241-210:2010). 

The process has six main activities, and these are: 

1.	 Plan the human-centred design process 
2.	 Understand and specify the context of use 
3.	 Specify user and organisational requirements 
4.	 Produce design solutions 
5.	 Evaluate design against requirements 
6.	 ICT solution that meets user requirements 
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3 Previous and related research 

Activity numbers two to five are to be repeated as many times as necessary until the ICT 
solution has the appropriate quality and meets the user requirements. 

UCD emphasises empirical evaluation with users. The development of prototypes, that is, 
an early version or sample of the solution that can be evaluated or tested by users, is 
therefore central to UCD. Prototypes can be characterised by their maturity level; that is, 
from low to high fidelity. A low-fidelity (lo-fi) prototype is quick, easy and cheap to make. 
The main purpose of lo-fi prototypes is to demonstrate design suggestions rapidly 
through tangible and testable artefacts. It is also an advantage that non-programmers can 
take part in the development of lo-fi prototypes (Egger 2000). Paper-based design 
sketches are commonly used as lo-fi prototypes in the early design phases. 

High-fidelity (hi-fi) prototypes are at the other extreme. They are characterised by being 
hi-tech working prototypes with partial to full functionality. The advantage with hi-fi 
prototypes is that users can truly interact with them. However, they are more costly and 
time consuming to develop, and competence in programming is required. There is a 
continuum from lo-fi to hi-fi prototypes (Egger 2000). During a development process, the 
solution often evolves from being a lo-fi prototype, towards being an increasingly more 
hi-fi prototype, until it is a fully developed and final solution. It is advisable to use lo-fi 
prototypes to explore design alternatives and high-level design directions, whereas hi-fi 
prototypes are better for more detailed design decisions (Memmel et al. 2007). 

3.5 User involvement 

In the Scandinavian design projects, the development was conducted in a work-
environment context, where the users were known from the outset of the project. Grudin 
(1991) characterises this as in-house development. He points out that the situation is 
different in the case of competitive bids for contract development, and for product 
development. In contract development based on competitive bids, the development is 
often done based on systems specifications and users are typically not a part of the 
development process, although they may have been involved in the systems specification 
phase. In product development, the actual users often remain unknown until the product 
is sold (Grudin 1991). Thus, the conditions under which to engage users will differ 
depending on the development context. 

With the increased use of interactive systems and off-the-shelf products, the competitive 
pressure for usability and creating a great user experience has increased. The necessity of 
involving users in the development of interactive systems is now widely acknowledged 
(Boivie et al. 2006; Gould & Lewis 1985; Göransson 2004; Kujala & Kauppinen 2004; Kyng 
1994; Rasmussen et al. 2011). It is recognised that early user involvement is most efficient 
and influential as the costs involved in making changes increase as the development 
continues (Abras et al. 2004; Kujala 2008). However, user involvement is practised to 
varying degrees. Users can be treated as anything from passive objects of study to fully 
empowered decision makers (Göransson 2004). 
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3 Previous and related research 

User involvement may be categorised in various ways. It can be characterised according 
to the influence that the users have on the design, and the responsibilities they are given 
in a development process (Stålbrôst 2008). One way of characterising user involvement is 
to place it on a continuous scale from informative, through consultative to participatory 
(Kujala 2008). On the informative end, users only provide information, while on the 
participatory end, they may participate actively in the development process and have a 
say in the decisions that are made. Users play a consultative role when they can comment 
on the design and make suggestion for improvements. 

A common piece of advice in the literature is to involve representative users in the 
development process. However, there are several different interpretations of what this 
means and of what aspects are important when selecting and involving users (Kujala & 
Kauppinen 2004; Muller et al. 2001; Rasmussen et al. 2011). 

One important distinction can be made according to whom the user participant is 
representing. User participants who only represent themselves participate at an 
individual level, while users who represent an organisation or a group of users participate 
at a system level (FFO 2000; NS 11040 2013). If a user has difficulties in participating and 
expressing his or her opinions (e.g. because of dementia), a relative or other caring 
person can sometimes represent this person on an individual level. A user representative 
at the system level is expected to have knowledge about the needs of the whole group 
that he or she represents. A system-level user participant should bring forward 
viewpoints from the group she or he represents, and provide feedback to the group. It is 
important that all parties are aware of the role of the user participants in this respect (NS 
11040 2013). This means that whom the user is representing (himself or herself or a 
group) should be explicit, although this is often not the case. In the HCI literature, the 
term “representative users” often implicitly refers to users who participate at an 
individual level. In the PD literature, the term is often used about users who participate 
on a system level. 

When developing ICT solutions for broad user groups, it will, in practice, not be possible 
to recruit a truly cross-sectional representative sample of users (Keates 2006; Kujala & 
Kauppinen 2004). Keates (2006) illustrates the difficulty of recruiting a sample of impaired 
users that reflects the variations in types and degrees in the real world by drawing on an 
example. In this example, he makes the assumption that for three categories of 
capabilities involved in an interaction (vision, hearing and dexterity), one might say that 
ten degrees of impairment and variations could be sufficient as a representative sample. 
Then, if five users are required for each degree of impairment, and taking into account 
interaction effects between the three types of disabilities and the 10 degrees of 
impairment, the number increases exponentially (5*103), and around 5000 users would 
be necessary. The conclusion is that it is not possible to recruit anything near a 
representative sample (Keates 2006). 

While Kujala and Kauppinen (2004) suggest a process for identifying and selecting 
representative users, Rasmussen et al. (2011) argue that it is particularly important to 
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have user participants who are able to advocate for the needs of the whole group that 
they represent. They appreciate the fact that usually it will not be possible to involve a 
truly representative sample of users. Therefore, the role of a user representative is as 
much about empathy as about knowledge. Without considerable empathy, it will not be 
possible for a user representative to advocate convincingly for needs that differ from 
their own needs. 

Another categorisation of representative users is provided by Muller et al. (2001). They 
identify and compare six different interpretations: 

•	 Statistical average user: One stands for all. In this interpretation, the 
representative user is selected so that the important user characteristics, and 
possibly usage settings, are average in terms of the target user population of the 
ICT solution in question. 

•	 Statistical stratified sample: Range of users. In this interpretation, the target 
population is divided into subpopulations (stratums) according to a range of 
important user characteristics. User participants are selected to cover this range, 
and the size of the sample from each subpopulation reflects its relative proportion 
to the whole target population. 

•	 Grounded theory: Sampling for diversity. In this interpretation, the sampling of 
users continues across multiple persons in the target population until the 
researcher is satisfied that the important sources of heterogeneity are exhausted 
and thus that the important user characteristics are represented and covered. 

•	 Participatory design: Political delegation. In this interpretation, the user 
representative is chosen by other users to represent their interests in the design 
process. 

•	 Persona. In this approach, one or more personas are produced to serve as the 
representative users. Personas are in-depth descriptions of fictive, but typical 
users. The personas are often created through a process that utilises various types 
of knowledge about the user population in question, e.g. from observations, 
previous encounters, interviews and surveys. 

•	 Extreme characters. In this approach, fictive descriptions of untypical users that 
may challenge the design are developed. 

In the first four of these interpretations, actual people are selected to represent users in 
one way or another, while the last two interpretations refer to fictive user descriptions. 

Another aspect of user involvement that should be considered is to what extent each user 
is involved. In a study of user involvement in UCD (Lai et al. 2010), it was found that 
quantity with regard to user involvement is not necessarily linked with quality of the 
design outcome; that is, it is not necessarily the case that the more the user contact, the 
better. The way in which users are involved also matters. The findings indicate that it may 
be better to have a user participant for a longer time and to get feedback through several 
development iterations of a solution from the same user, than to have new participants 
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all the time (Lai et al. 2010). Others have also found a very limited effect from short-term 
participation (Rasmussen et al. 2011). However, involving users on a full-time basis in a 
project may turn them into domain experts rather than representative users, and 
therefore it is important to involve users on a temporary basis as well as on a long-term 
basis (Gulliksen et al. 2003). 

To what extent users are involved will be determined by the applied theory and advice, 
and not least by the practical considerations and constraints in each case. This will be 
discussed in the next section. Studies of practices in industry suggest that user 
involvement is more of an ideal than the reality (Bygstad et al. 2008). 

3.6 Barriers to user-centred design and user involvement 

Despite much research within the area of UCD and quite detailed guidelines, such as the 
UCSD principles and the mentioned, standard human-centred design process (see section 
3.4), many new ICT systems and web services are delivered with major usability flaws. The 
UCD methods and techniques are often not properly applied (Bygstad et al. 2008; Svanæs 
& Gulliksen 2008). A reason for this may be that there are a lack of usability experts and 
that the principles of UCD are not fully understood (Boivie et al. 2006). 

Another reason might be that the principles of UCD can be difficult to implement in 
organisations. For example, Cajander (2011) found that the concept of iterative 
development is not always fully understood. In addition, it can be difficult to incorporate 
an iterative process into a development organisation if it does not fit well with the 
organisation’s project management methods or business plans. Therefore, it is an 
essential task to establish and enmesh a user-centred process into the general 
development process. Moreover, it has been found that management support and 
commitment among the stakeholders are necessary preconditions for being able to 
conduct a user-centred process (Gulliksen & Lantz 2000). 

Various challenges in relation to user involvement have also been documented, not least 
when developing mainstream ICT solutions for the general market (Bak et al. 2008; 
Bygstad et al. 2008; Grudin 1991; Kujala 2008). As mentioned, the type of development, 
whether it is in-house, contract development or product development, influences the 
possibility of involving users (Grudin 1991). Tight delivery deadlines may be another 
important obstacle (Bygstad et al. 2008). Additionally, when the target user group is very 
inhomogeneous, there is a need for more guidance on how to treat representativeness, 
for example, what characteristics are important when selecting users (Baxter & 
Sommerville 2011; Kujala & Kauppinen 2004; Rasmussen et al. 2011). 

In general, there is a range of issues surrounding a project that can influence the 
possibility of carrying out UCD. Svanæs and Gulliksen (2008) propose using the concept of 
“context of design” to denote such boundary conditions that may constrain the 
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development process. They suggest analysing the context of design to enable the better 
tailoring of UCD activities into the development process. 

In summary, although there are different interpretations of what UCD means, such as 
which users, and to what extent the users should be involved in the development 
process, the principles of UCD originally provided by Gould and Lewis and further 
developed, detailed and visualised in ISO 9241-210-(2010), are generally accepted as the 
best practice for the development of interactive systems. In spite of this, it seems that 
UCD is seldom applied according to this best practice in industry. 

3.7 Inclusive design approaches 

In section 1.2, I list several terms and design approaches that I have gathered under the 
label of inclusive design approaches (IDAs). While these approaches have a common goal 
of designing for diverse user groups, they may have varying perspectives and emphasize 
somewhat different aspects. In this section, I will give some background on some of these 
terms and approaches, and try to highlight some of their specifics. 

The term “universal design” (UD) had its origin in the USA, while the term “Design for all“ 
(DfA) is widespread in Europe. “Inclusive design” is frequently used in Britain and Ireland 
(Darzentas & Miesenberger 2005; Keates et al. 2004). Countering design exclusion, user-
sensitive inclusive design and ABD are newer approaches with their origins in the UK. 

3.7.1 Universal design 

UD has been briefly introduced in section 1.3 because the empirical work of this thesis 
has been performed in Norway where this term is used. 

The term UD was introduced in 1985 in an article by Ronald Mace (Vavik & Gheerawo 
2009). Mace’s pioneering work within accessibility and what he termed UD formed much 
of the basis for legislation that prohibits discrimination against persons with disabilities, 
such as the Fair Housing Amendment of 1988 and the Americans with Disabilities Act of 
1990 (Center for Universal Design 2010). In 1989, Mace established the Center for 
Accessible Housing, currently known as the Center for Universal Design, in the School of 
Design at North Carolina State University in Raleigh (Center for Universal Design 2010). 

3.7.1.1 Definitions of universal design 

The definition of UD developed by the architect Ronald Mace at the North Carolina State 
University Mace is widely known and adopted in many fields, including, more recently, in 
the design of ICT: 

Universal design is the design of products and environments to be usable by all 
people, to the greatest extent possible, without the need for adaptation or 
specialized design. (CUD 1997; MD 2007) 

42 



  

     
   

  

    
     

     

  
  

    
   
   

   

       
    

     

  
    

 

     
   

  
   

  

    
    

 

      
  

    
     

  
    

  

  
      

     
   

  

 
 

3 Previous and related research 

The definition is normative and provides a framework for specifying the qualities of 
products and environments, such that these may be used by all members of society on an 
equal footing. 

In the Norwegian legal definition (see section 2.4), the requirements can be interpreted 
as having been reduced somewhat from being “usable for all people, to the greatest 
extent possible” to “can be used by as many as possible”. 

In UD, a holistic view is taken (MD 2007), meaning that an individual UD solution is 
assessed in an overall context (e.g. corresponding to the individual’s meeting with society 
in the disability gap model described in section 2.1.1 and to the concept of combined 
capabilities in the capability approach in section 2.1.2). It is stated that the concept of UD 
incorporates a stronger focus on equality than is implied in the concept of “accessibility 
for persons with reduced functionality”: 

While it is possible to obtain accessibility for persons with disabilities by means of 
specially-targeted solutions, the universal design principle stipulates that the 
primary solution must be designed to anticipate the needs of all users. (MD 2007) 

The definition of UD in the Convention on the Rights of Persons with Disabilities is similar 
to the original definition (CUD 1997), except that it includes a sentence about assistive 
devices: 

“Universal design” means the design of products, environments, programmes and 
services to be usable by all people, to the greatest extent possible, without the 
need for adaptation or specialized design. “Universal design” shall not exclude 
assistive devices for particular groups of persons with disabilities where this is 
needed. (UN 2006) 

The inclusion of assistive devices in this definition acknowledges that it may be necessary 
(at least in the current situation), to combine UD and ATs to close the disability gap (see 
the disability gap model in section 2.1.1). 

The seven principles of UD developed by a group of architects, product designers, 
engineers and environmental design researchers at the North Carolina State University is 
a central part of UD as a concept. (A full and detailed version of the principles can be 
found in Annex B). These principles represent the main qualities that a universally 
designed solution should fulfil. They are generic, and they are adopted within a wide 
range of design disciplines, from architecture and product design to the design of ICT 
products and services. 

The definitions of UD have a strong focus on equitable solutions before special solutions, 
and on usability for all people. This is also reflected in the seven principles of UD (see also 
section 1.3.), where Principle 1 is about equitable use, and Principles 2–7 can be seen as 
different aspects of usability, although Principles 6 and 7 are more directed towards the 
physical properties of a solution. 
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3.7.1.2 Universal design as a process 

In a concept-clarification document from the Norwegian Ministry of the Environment (MD 
2007), it is underscored that UD is a strategic approach. It is an approach and a strategy to 
design products and services in such a way that they can be used ideally by all people, 
regardless of their age, training and (dis)abilities. UD involves the planning and the 
process of designing products and environments. The overall goal is to achieve an 
inclusive society that ensures full equality and participation for all. The document 
establishes the importance of user participation in the development process and 
encourages the involvement of a wide array of users from various types of user groups. 
Moreover, it is stated that relevant special-interest organisations should be key partners 
in the development processes, and a democratic decision-making process is advocated 
for: 

The universal design strategy necessitates cross-disciplinarity in planning, follow-up, 
implementation, and assessment activities. Appropriate processes for participation 
are needed to encourage the involvement of a wide array of users, and such 
processes play a fundamental role in promoting democratic decision-making. 
Universal design thinking does not necessarily entail the establishment of new work 
procedures, but requires broad participation from NGOs and various types of user 
groups. Insight from persons with disabilities is of central importance, and relevant 
special interest organisations thus comprise a key partner in development 
processes and quality control of solutions. (MD 2007) 

3.7.1.3 Universal design and democracy 

In the discussion and development of the UD concept, there is also a clarification of the 
principle of equality (Aslaksen et al. 1997b). The principle of equality is expressed in the 
goal whereby all physical products and the environment in the broadest sense should be 
usable by all people. This is based on the requirement that all people should have the 
same opportunities to participate in various areas of life, relating to, for example, 
education, work and leisure (Aslaksen et al. 1997b). It is emphasised that it is not 
satisfactory to refer specific groups to special solutions, making it explicit that UD is highly 
preferred to ATs. Equality implies that everybody should be entitled to access the same 
services. 

Aslaksen et al. (1997b) point out that the development of the UD concept in many ways is 
a further development of democracy, with a strong emphasis on the rights of the 
disabled. They maintain that there are clear parallels to the work on gender equality and 
the work on equality between people of different ethnic backgrounds (Aslaksen et al. 
1997b). 

For UD to be a strategy to strengthen democracy, it should build upon a relational model 
of disability, where both environmental and individual factors are included. Lid (2012) 
argues that it is important to take into account the complex interplay of political, social, 
environmental and individual factors that contribute to disability and discrimination. As 
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an analytical tool to analyse this complex phenomenon, she suggests that it can be useful 
to differentiate between the micro, meso and macro level (see Table 4 below). 

The individual experience; that is, to what extent a solution is accessible and usable for a 
particular person, can be analysed at a micro level. Project-related issues, such as what 
technical standards and approaches to follow, can be analysed at the meso level, while 
politics, legislation and social justice is influenced at a macro level (Lid 2012). Different 
factors come into play on the different levels, and using these levels in the analysis may 
help to encompass the complexity of UD as an approach to achieve equality and 
democracy. 

Table 4: Analysing universal design according to various societal levels, adapted from Lid (2012) 

Macro level Societal level: concepts of humans, politics, legislation and social justice 
Meso level Project level: the development process, context of design and technical 

standards 
Micro level Individual experience: usability and accessibility 

When it comes to the UD of ICTs, there are also clear parallels to the Scandinavian 
systems development tradition, where democracy and user involvement are important 
elements. With this approach, user participation and knowledge are regarded as essential 
for improving working-life democracy and for producing products of higher quality 
(Bjerknes & Bratteteig 1995; Ehn 1993). Similarities and differences in this approach are 
discussed further in the next section. 

3.7.1.4 Parallels in participatory design and in universal design 

The PD research in information systems originated in studies carried out primarily in 
Scandinavia and Britain, and later on in the United States. The European PD approaches 
can be divided into two main traditions: the collective resource approach or the 
Scandinavian design approach adopted in Scandinavia, with an emphasis on union and 
worker empowerment (see section 3.2 Socio-technical systems development), and the 
socio-technical approach in Britain (see section 3.2 Socio-technical systems 
development). The latter focused on autonomy in workgroup organisations through 
power sharing, joint responsibility and multiple leadership (Byrne & Alexander 2006). 

In very much the same way as in the early PD traditions, “participation” in UD is viewed 
both pragmatically and ideologically; that is, as something that helps efficiency, 
satisfaction and progress, but also as something which is morally right (Byrne & Alexander 
2006). Thus, UD can be said to help efficiency in society at large, but is also the morally 
correct thing to do. In the early work on defining and clarifying UD, the democratic ideals 
and human rights perspectives were important. Moreover, the process view is 
underscored by pointing to the importance of user participation and of continually 
evaluating the solution against the seven principles of UD, from project inception to the 
final result (Aslaksen et al. 1997b). 
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One argument that is often mentioned in relation to UD is that there may be conflicting 
interests between different groups of the disabled. Actually, this does not only apply to 
people with different types of impairments, but between various groups in general. When 
planning solutions for the entire population, the considerations of the disabled are 
central, but not sufficient (Aslaksen et al. 1997b). These considerations must also be seen 
in relation to the needs and desires of the rest of the population, whether they are 
children, the elderly, women or men, or people with different ethnic backgrounds and 
traditions. Therefore, one must be aware that there may be different interests and 
conflicts in UD regarding the environment (Aslaksen et al. 1997b). PD has paid particular 
attention to the aspect of how to handle conflicting and different interests in the design 
process. The lessons learned in PD may therefore be of particular interest for UD. While 
there has been a focus on guidelines in accessibility research, it seems that more and 
more researchers are realising that this is too simplistic; thus, the emphasis on UCD. 
Some go further and use the same type of argumentation as can be seen in the PD 
literature: 

Accessibility is a property of the relation between the user and the resource in the 
context of how that is mediated; not a property of the resource. Accessibility must 
be situated within a real-world context, and acknowledge the unequal power 
structures that constitute disability and accessibility. (Cooper et al. 2012) 

UD challenges are related to how to get disabled people represented and how to get the 
most vulnerable groups to speak. There are also ethical (and validity) questions with 
regard to letting one person or even a few persons represent a group. How participants 
are included in the research (i.e. whether they are self-selected or whether they are 
elected, or appointed by an organisation or otherwise) is important in terms of both the 
ethical considerations and in terms of how we can regard and interpret the outcomes. 
These issues have been discussed previously (Kraft & Bansler 1994; Svanæs & Gulliksen 
2008). 

There are important differences between UD and PD as well. One such difference is the 
fact that much of the early PD work was related to developing technology within 
organisations and in a work context. There are not so many examples of the PD of ICTs 
outside of the work context (Byrne & Alexander 2006). Another difference is the focus on 
involving disabled people. 

Therefore, a particular challenge of applying PD in a UD context is that many of the tools 
referred to and used in previous PD research (and in UCD research for that matter), will 
work best for people without impairments. For example, low-fidelity prototypes such as 
paper mock-ups would typically not work very well with visually impaired people. 
However, the recommendation of Pelle Ehn is still valid: 

To make real user participation, a design language-game must be set up in such a 
way that it has a family resemblance to language-games the users have participated 
in before. (Ehn 1993 p. 74) 
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This could mean that since the language of visually impaired people (as an example) is 
largely based on audio or tactile communication, design activities involving them should 
be based on these communication means. 

3.7.2 Design for all and inclusive design 

Design for all (DfA) is, according to the European Design for All and e-Accessibility 
Network (EDeAN), a European term that promotes inclusion, equality and socially 
sustainable development. The purpose of DfA is to support access to the environment, 
the usability of products and access to services. It refers to a process of ensuring that 
products and environments address users, irrespective of their age or ability, and to a 
process that has a focus on user involvement. The EDeAN was initiated by the EC in 2002, 
in accordance with one of the specific goals of the eEurope 2002 Action Plan (EDeAN). 

Figure 5: The usability pyramid based on Nordby (2003). 

The role of this network, which organises more than 160 organisations in the EU, is to 
increase awareness about DfA, to facilitate idea sharing between scholars and to provide 
DfA teaching and academic resources (EDeAN). DfA is regarded as a graded concept that 
allows for adaptation and usage of ATs (Darzentas & Miesenberger 2005). Darzentas and 
Miesenberger point to the usability pyramid (see Figure 5) to illustrate this point. Knut 
Nordby, a deceased Norwegian psychologist who contributed greatly to European 
standards within the DfA area, has been credited with this model (Nordby 2003; Nordby 
2004).The usability pyramid illustrates access levels in relation to ICT solutions, and the 
whole pyramid represents all people. When moving from the base of the pyramid to the 
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top of the pyramid, the ability level changes from very high to very low. The wide area at 
the base of the pyramid represents people who can use ICT solutions that are designed 
without any special thought regarding diversity. The next level, above the base level, 
represents people who can use ICT solutions that are inclusively designed. 

The green upward arrows in this area illustrate that the aim of inclusive design is to 
include as many people as possible while moving upwards in the pyramid. The next level 
illustrates those individuals who need to adapt to the technology to be able to use it, such 
as getting up very close to read a display, memorising a sequence of actions, or using 
notes or other aids in memorising passwords. The next level represents people who 
cannot use mainstream technology without some form of AT, and the final top level 
represents those individuals who cannot use ICT solutions without assistance from other 
people. 

I have intentionally included a pyramid (upside down) in the disability gap model (see 
Figure 3 on page 17) to show the parallels between the disability gap model and the 
usability pyramid. Both models are discussed by Nordby (2004), and I believe that Nordby 
based the usability pyramid on the ideas in the disability gap model. He argued that as the 
product complexity increases and the user specialisation diminishes, we witness a 
widening usability gap. This usability gap creates disability because people will not be able 
to use basic tools and services without usability. With the name of his model (i.e. the 
usability pyramid), Nordby emphasised the role of usability in inclusive design, and thus 
its role in closing the disability gap. 

3.7.3 Universal usability 

Usability is also emphasised by Shneiderman (2000), who calls for universal usability (UU). 
The focus of UU is to design products so that they are usable by the widest range of 
people operating in the widest range of situations as is commercially practical 
(Vanderheiden 2000). Vanderheiden (2000) demonstrated that there is a connection 
between UU and the design for various situations, and that for every type of disability, 
there is a situation with constraints that would produce similar requirements. I have 
elaborated on this in Paper A. 

More than ten years ago, Vanderheiden (2000) identified 200–300 resources and 
strategies for making products more accessible. The number of such resources has only 
increased since this work was carried out. This is overwhelming for designers. They have 
to prioritise both from among sets of guidelines and from among the guidelines within 
each set. Vanderheiden (2000) therefore outlined an approach for helping designers to 
prioritise features in a product from among the various dimensions of accessibility and 
usability issues. This important work has become the basis for better guidelines in terms 
of priority levels, such as in the web content accessibility guidelines (WCAG). 

Moreover, Vanderheiden (2000) points out that because of the multi-dimensional nature 
of disability and the vast number of guidelines, it is essential to be able to prioritise 
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between the different requirements and features. He therefore puts forward a 
framework to guide such prioritising activities. This framework is divided into several 
dimensions: 

•	 Accessibility and usability: To what extent are the features usable or not for 
certain user groups or in some situations? 

•	 Independence vs. co-dependency: To what extent does the user need assistance 
to be able to use a certain feature? 

•	 Efficiency and urgency: How often will it be necessary to use the feature and how 
urgent is it to be able to use it? 

•	 Effect of features vs. cost of implementation: To what extent are the costs of 
implementing a feature offset by its benefit to the market? 

Vanderheiden (2000) characterises cognitive constraints as a unique dimension from the 
dimensions above. The reason is that while it is possible to make most products usable 
for individuals with no vision, hearing or even with no physical abilities, there are very few 
products, if any, which are usable by individuals with no cognitive abilities. The strategies 
to increase cognitive access will therefore be characterised by facilitating access in 
different ways. Each technique that can facilitate cognitive access may push a few more 
people over the threshold and into the category of individuals who are able to use a 
product. Cognitive accessibility is therefore a more graded concept than accessibility for 
the sensory or physically impaired. 

3.7.4 The relationship between usability and accessibility 

Sometimes accessibility is divided into two aspects: technical accessibility and usable 
accessibility (Paddison & Englefield 2003). Technical accessibility can be achieved by 
conformance to accessibility guidelines and various standards. This can, to a certain 
extent, be tested through accessibility tools; that is, by software tools that check for 
conformance to such standards and guidelines (see more about this in sections 3.7.5 and 
3.7.6). The main goal of technical accessibility is to ensure that it is possible for people 
with disabilities to access and perceive the information in an interface. 

Usable accessibility ensures that the solution is usable for people with disabilities. It can 
be achieved by applying good usability principles, such as applying usability guidelines 
and UCD. An important element in UCD is evaluation with users. Therefore, a number of 
researchers advise complementing the application of accessibility guidelines and 
standards with user testing involving disabled users (Arrue et al. 2007; Billi et al. 2010; 
Petrie et al. 2006; Rømen & Svanæs 2011; Theofanos & Redish 2003). 

Rømen et al. (2011) point out that the definitions of accessibility in the world wide web 
(W3C) web content accessibility guidelines (WCAG) version 2.0 (W3C WCAG 2.0 2008) and 
in the International Standardisation Organisation standard no. 9241-171 (2008) are 
different. According to WCAG, a website is accessible ‘‘when people with disabilities can 
use the Web”. According to the mentioned ISO standard, accessibility is usability for 
people with the widest range of capabilities. One difference between the definitions is 
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that while the WCAG only requires the possibility for disabled people to be able to use 
the Web (i.e. “can be used”), ISO explicitly requires usability for people with the widest 
range of capabilities. This definition is also similar to the definition of UD. (See also the 
definition of usability in section 3.4.) However, WCAG continues by saying that “More 
specifically, Web accessibility means that people with disabilities can perceive, 
understand, navigate, and interact with the Web, and that they can contribute to the 
Web”. Being able to perceive, understand, navigate and interact are, in fact, important 
elements of usability. The problem is that the WCAG 2.0 guidelines per se do not put any 
weight on methods to achieve usability, although the benefits of involving users are 
actually described on the W3C Web pages (W3C WAI Users 2005). 

3.7.5 Accessibility 

According to “Guidelines for standardization to address the needs of older persons and 
people with disabilities” (ISO/IEC Guide 71 2001), accessible design may be achieved in 
three ways, 

1.	 By designing products, services and environments that are readily usable by most 
users without any modification; 

2.	 By making products or services adaptable to different users (adapting user
 
interfaces); and
 

3.	 By having standardised interfaces that are compatible with special products for 
persons with disabilities (such as ATs). 

Some people with disabilities are dependent on using specialised software, called AT, 
along with mainstream ICT solutions to benefit from these. A typical example is a blind 
person using a braille display (see Figure 1). Another example is text-to-speech software 
for dyslexics. The various definitions of accessibility and UD often lead to a discussion 
about where the boundaries are between universal or inclusive design, accessible design 
and AT. 

Accessible design is a subset of UD (ISO/IEC Guide 71 2001). While the emphasis of 
accessible design is on enabling access for the elderly and people with disabilities, UD has 
a more pronounced emphasis on designing products and environments to be usable by all 
people without the need for adaptation or specialised design. The distinction can be 
interpreted as UD having an ideal of equality, where the ultimate goal is to make the main 
solution accessible to all users, while accessibility is more pragmatic, and can be achieved 
in various ways, through DfA, adaptation or specific solutions. 

However, a mainstream solution that is accessible for a user only if used together with 
certain types of AT, such as a screen reader, is often accepted as being universally or 
inclusively designed. Thus, since it is accepted that UD does not exclude the use of AT 
when needed (see the UN definition in section 3.7.1.1 above), the concepts are rather 
overlapping in practice. 
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Interoperability between system components, such as operating systems, browsers, 
software and hardware, ensures that these components can work together. If one aims at 
accessibility by means of a combination of a mainstream solution and AT, interoperability 
between components of ICT solutions and AT is critical. Some even regard the lack of such 
interoperability as the biggest accessibility barrier (E-Access Bulletin 2011). 
Interoperability is achieved by using open standards, formats and protocols, which allow 
the various components to work together. 

Although the role of accessibility standards and guidelines (see the next section) has been 
rather prominent within the accessibility literature, and particularly in the web 
accessibility literature, several authors point to the need for more holistic approaches 
(Hailpern et al. 2009; Kelly et al. 2009; Leahy & Broin 2009; Milne et al. 2005; Sloan et al. 
2006). 

3.7.6 Standards and guidelines 

Adherence to standards and guidelines is a frequently mentioned approach in IDAs. 
Guidelines from W3C’s WAI are frequently referred to. The most widely accepted 
standard in this area is the W3C WCAG, adopted as an ISO/IEC International Standard 
(ISO/IEC 40500:2012) in October 2012. The W3C authoring tool accessibility guidelines 
(ATAG) and the user agent accessibility guidelines (UAAG) are examples of other 
important guidelines from WAI (E-Access Bulletin 2011). Other important international 
standards are CEN/CENELEC Guide 6: Guidelines for standards developers to address the 
needs of older persons and persons with disabilities. This is identical to the ISO/IEC Guide 
71. 

Several standards in the ISO 9241 series have high relevance, such as Part 20: Accessibility 
guidelines for information/communication technology and Part 171: Guidance on 
software accessibility. These standards cover issues associated with designing accessible 
web applications and software for people with physical, sensory and cognitive disabilities. 
Following accessibility guidelines, for example, to ensure that “alt” tags are labelled 
appropriately and that text size is relative rather than fixed, can be regarded as good 
software-engineering practice because it usually results in more robust ICT solutions 
(Paddison & Englefield 2003). 

However, a number of authors have noted that following standards and guidelines is not 
enough to achieve accessible and universally designed solutions (Arrue et al. 2007; Billi et 
al. 2010; Petrie et al. 2006; Rømen & Svanæs 2011). There are a number of possible 
reasons for this. First, accessibility guidelines tend to provide general principles rather 
than contextual and specific instructions. Second, designers who are required to follow 
specific accessibility standards or guidelines may not understand the underlying 
accessibility issues. Trying to follow accessibility guidelines without understanding why is 
both frustrating and ineffective. A third problem is that accessibility guidelines and 
standards often have poor usability with regard to their intended audience; namely, the 
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system designers (Law et al. 2008). Fourth, the designers face the challenge of prioritising 
between a large and growing number of standards and guidelines (see section 3.7.3). 

One can also use accessibility evaluation tools to check whether web pages conform to 
the WCAG guidelines. These tools are software programs or online services that can be 
used to determine whether certain guidelines have been fulfilled. A list of such tools can 
be found at the W3C web site14. Today, these tools can automatically determine 
conformance to parts of the WCAG 2.0 guidelines. Thus, they offer a quick way to identify 
potential accessibility flaws, but there are still a number of manual checks that must be 
performed as well. 

One problem is that the results of manual conformance evaluations differ considerably, 
even with experienced evaluators. In a study with 25 experienced accessibility evaluators 
and 27 novices, it was found that two experienced evaluators would only agree on 
average to slightly more than half of the WCAG 2.0 success criteria (Brajnik et al. 2012). 
They also found that untrained designers, developers or software quality auditors missed 
many accessibility barriers and the ones that were found were highly inaccurate. 
Therefore, Brajnik et al. (2012) assert that untrained professionals cannot reliably 
determine whether pages are conformant to WCAG 2.0 or not. This result indicates that 
there are similar problems with reliability in accessibility inspection using WCAG 2.0, as 
have been found with various usability inspection methods (see section 3.4 User-centred 
design). The divergent results from these evaluations are problematic when legislation 
requires WCAG 2.0 conformance. 

Another problem with relying on standards and guidelines is that a solution that conforms 
to the accessibility guidelines, to the extent that such conformance can be established, 
may be technically or “theoretically” accessible, but at the same time, the solution may 
be so difficult to use for certain user groups that it is hard or even impossible to use in 
practice (Gunderson 2009; Theofanos & Redish 2003). Guidelines and standards are 
helpful in removing many accessibility barriers, but they need to be complemented with 
other methods (Arrue et al. 2007). Therefore, many researchers have arrived at the 
conclusion that in addition to conformance with accessibility guidelines, inclusive design 
needs to be based on principles of UCD (Arrue et al. 2007; Kelly et al. 2009; Paddison & 
Englefield 2003). 

However, as pointed out in section 1.5.3, it is not straightforward to accommodate the 
vast diversity of users in UCD. The current UCD methods therefore need to be extended 
to support the development of inclusive technology (Gregor et al. 2002; Stephanidis 
1999). Areas that need to be extended and further developed include incorporating social 
context in the analysis, facilitating the involvement of users with disabilities, supporting 
requirement engineering methods that can facilitate the elicitation of requirements in 

14 http://www.w3.org/WAI/RC/tools/ 
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novel contexts of use and with different user groups and investigating multimodality 
(Stephanidis 1999). The Norwegian process-oriented standard for universal design and 
user participation (NS 11040 2013) address the need for involving users with disabilities. 
This standard is based on the UCD process described in ISO 9241-210 (ISO 9241-210 
2010). 

UCD does not assume a particular development process and it does not describe how to 
ensure effective systems design (ISO 9241-210 2010). A broad range of development 
methods are used in the industry and UCD can be integrated into different development 
processes, although this can also be challenging (see section 3.4). Design for accessibility 
can also be integrated into various design processes. Zimmerman and Vanderheiden 
(2007) describe a way to include design for accessibility into a general development 
process. The main idea is to introduce accessibility checkpoints into the overall 
development process by relating specific accessibility guidelines to existing tools, such as 
use cases, scenarios and personas. They also recommend complementing this with expert 
reviews and user testing. This is therefore an example of extending an existing 
development process by integrating ideas from UCD and accessibility. In the next three 
sections, IDAs that can be said to be extensions of UCD are described. These are 
countering the design exclusion (see section 3.7.7), user-sensitive inclusive design (see 
section 3.7.8) and ability-based design (see section 3.7.9). 

3.7.7 Countering design exclusion 

The aim of countering the design-exclusion (CDE) approach by Simeon Keates and John 
Clarkson is to design more inclusive products and services. A central theme in this 
approach is to raise the designer’s awareness of barriers to a product to avoid exclusion 
that is due to subconscious biases and assumptions about users’ capabilities. 

This approach is an extension of traditional UCD (Keates, S. & Clarkson, P. J. 2003). 
However, the traditional UCD approaches rarely address the functional capabilities 
(physical, sensory, cognitive) of their users explicitly. The basic assumption in CDE is that 
products exclude users because their features do not match user capabilities. Keates and 
Clarkson (2003 p. 69) suggest the following definition of inclusive design: An inclusively 
designed product should only exclude the users that the product requirements exclude. 

In other words, if the product requirements do not exclude specific user groups, the 
actual design should not do so either. 

To be able to estimate the level of exclusion of a product, it is necessary to assess what 
capability demands are placed upon the users by the various features of the product. By 
combining the capability demands of a product with functional-capability data about the 
target population, one can estimate the numbers of people excluded by that product in 
relation to the intended target population. 

This approach means that designers must be provided with detailed information about 
the functional capabilities and the spread of those capabilities throughout the general 
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population. Such information can generally be obtained from survey data about the 
prevalence of disabilities and there are several sources of such data. The appendix in 
Keates and Clarkson’s book, “Countering design exclusion, an introduction to inclusive 
design”, contains a comprehensive set of capability data based on a survey about 
disabilities in the UK. 

It is also necessary to be specific about what is meant by the target population of a 
product. The WINIT population scale (see Figure 6) is a tool to help designers to be clear 
about what the intended target population of their product is, so that they will be able to 
estimate the level of inclusion or exclusion in a product. The population definitions in the 
WINIT scale are: 

•	 Whole population –
 
everyone;
 

•	 Ideal population – the
 
maximum achievable, i.e.
 
the theoretical best
 
possible product;
 

•	 Negotiable maximum
 
population – everyone
 
included by the
 
specification. It is
 
negotiable because the
 
specification may change
 
during the development
 
process;
 

•	 Included population –
 
those who can actually
 
use the product. This can
 
be assessed as soon as 

prototypes exist of the
 
product; and
 

•	 Target population – those who were intended to use the product. This can be 
particular socioeconomic groups based on marketing strategies. 

The exclusion estimates based on functional-capability data in the population can provide 
a basis for correcting the features that cause exclusion of the highest numbers of users. 
However, addressing the requirements of one particular user group can introduce 
problems for other user groups. If there are conflicting requirements, estimates of 
exclusion with regard to various user groups can aid designers in making the necessary 
trade-offs (Keates, S. & Clarkson, J. 2003 p. 48). 

Keates and Clarkson also present an inclusive design knowledge loop (Keates, S. & 
Clarkson, P. J. 2003). This is an iterative UCD loop, similar to the human-centred design 
process presented in Figure 4 on page 37. An important extension to UCD is that inclusive 
design knowledge must be acquired throughout the loop. This means that the developers 
must acquire functional-capability data about the end users and about the available 

Figure 6: The WINIT scales 
(Keates, S. & Clarkson, P. J. 2003). 
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inclusive design methods and techniques. This information is used when deciding upon a 
target population and specifying the product. Then information and methods are applied 
while generating a product (prototype). The product should be verified against the 
specification, to ensure that the product meets the functional user requirements. 
However, to validate the product, it is necessary to test it with end users. If the product is 
not successfully verified or validated, the process is repeated. 

To be able to optimise the overall inclusive design practices with respect to the cost of 
applying them, one should be clear about the aim with regard to inclusion from the very 
outset of the process, and a holistic view of the design process is also necessary (Keates, 
S. & Clarkson, P. J. 2003). 

3.7.8 User-sensitive inclusive design 

Gregor et al. (2002) state that a new design paradigm is needed to design interfaces that 
are suitable for older people. This paradigm has to address a much greater variety of 
users than UCD has done. It has to handle the recruitment of “representative users”, 
handle conflicts of interest between user groups (including able-bodied users), it needs to 
specify the characteristics and functionality of the user group exactly, have tailored, 
personalised and adaptive interfaces and include provisioning for accessibility by offering 
interoperability with AT (Gregor et al. 2002). A new methodology, which they term user-
sensitive inclusive design (USID), is suggested. This methodology is further described by 
Newell et al. (2011), who point out some challenges that that occur when people with 
disabilities are part of a formal user group within a product development environment. 
These include: 

•	 It may be difficult to get informed consent from some users. 
•	 The users may not be able to communicate their thoughts, or may even be 

‘‘incompetent’’ in a legal sense. 
•	 The user may not be the purchaser of the final product. 
•	 Payments may conflict with benefit rules. 
•	 Users with disabilities may have very specialised and little known requirements. 
• Different user groups may have very conflicting requirements for a product. 

Gregor et al. (2002) argue that a traditional UCD approach is not adequate to address 
these issues. It is necessary to seek out diversity in a much more systematic fashion. 
Newell et al. (2011) argue that the developers need greater empathy with users, and that 
this must be reflected in research, development and in the design methods. 

By using the term user-sensitive as opposed to user-centred, they want to communicate 
the lack of a truly representative user group, the difficulties in communication with users, 
ethical issues and the importance of the attitude of the designers (Newell et al. 2011). 
Professional theatre is one method that can be used instead of direct user participation, 
for example when this is difficult because of ethical and practical issues, as with 
particularly frail people, or with people who cannot give informed consent (Newell et al. 
2011). 
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Some similar thoughts can be found in the article “Spark innovation through empathic 
design” by Leonard and Rayport (1997). Here it is argued that successful design requires a 
high degree of empathy with the target population, and they explain how techniques of 
empathic design can be used to understand consumer needs, even when the consumers 
themselves do not recognise that they have needs, for example, in areas where 
technology does not yet exist (Leonard & Rayport 1997). Ethnographic methods such as 
observation of customers are an important part of the empathic design approach. 
Brainstorming for solutions and the development of prototypes are other important 
elements. These are also important elements of PD. PD has also been regarded as an 
appropriate starting point for emphatic design for people with dementia (Lindsay et al. 
2012a). 

3.7.9 Ability-based design 

The emphasis of ability-based design (ABD) is to base the design on what abilities people 
have rather than on what disabilities they have (Wobbrock et al. 2011). The focus should 
be on what a person can do. Further, the focus should be on making the ICT solution 
flexible enough to fit the abilities of the person using it. Instead of making people 
dependent on AT, the ABD suggests making the mainstream technology flexible enough 
to meet the needs of people with diverse abilities. This can be done by adaptability or 
adaptivity. 

Adaptability denotes to what extent an ICT solution can be customised to fit the users’ 
needs. The customisation can be done either by the user or by other people, such as an 
expert or caregiver. Adaptivity refers to the extent to which the ICT solution can change 
itself to suit a particular user. To achieve ABD, Wobbrock et al. (2011) introduce seven 
principles (Table 5: The seven principles of ability-based design). 

The first two principles are required in ABD and have to do with the designer’s attitude or 
stance; that is, the designers must refocus from disability to ability, and the burden of 
change must be placed on the designers, not on the users. Principles 3 to 6 are 
recommended while Principle 7 is encouraged, recognising that some ABDs may require 
special hardware or software. 

Principles 3 and 4 are concerned with the interface. The aim of Principle 3 concerns 
removing the need for the user to adapt to the system. This includes removing the need 
for expensive add-ons, such as AT. This can be done by adaptive systems (i.e. systems that 
automatically adapt to the user) or by providing customisation options so that the user 
can adapt the system. Principle 4 is about giving the users control over any adaptation 
mechanism, so that they have the opportunity to override and adjust the mechanism. 

Principles 5 to 7 relate to the system. Principles 5 and 6 will support adaptation through 
the awareness and monitoring of users’ actions and the context in which the system is 
used. Principle 7 encourages designers to make use of readily available off-the-shelf 
hardware and software to lower the economic and practical barriers to use. 
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Table 5: The seven principles of ability-based design 
St

an
ce

 
1. Ability Designers will focus on ability not disability, striving 

to leverage all that users can do. 
Required 

2. Accountability Designers will respond to poor performance by 
changing systems, not users, leaving users as they 
are. 

Required 

In
te

rf
ac

e

3. Adaptation Interfaces may be self-adaptive or user-adaptable to 
provide the best possible match to users’ abilities. 

Recom­
mended 

4. Transparency Interfaces may give users awareness of adaptations 
and the means to inspect, override, discard, revert, 
store, retrieve, preview and test those adaptations. 

Recom­
mended 

Sy
st

em
 

5. Performance Systems may regard users’ performance, and may 
monitor, measure, model or predict that 
performance. 

Recom­
mended 

6. Context Systems may proactively sense context and 
anticipate its effects on users’ abilities. 

Recom­
mended 

7. Commodity Systems may comprise low-cost, inexpensive and 
readily available commodity hardware and software. 

Encour­
aged 

Adaption is a core idea in ABD, and is the opposite of the one-size-fits-all approach. 
Rather, it supports the idea of the universal application of “design-for-one”. An ABD 
process is one that focuses on abilities throughout the design process, and it should be 
based on iterative design (see section 3.4). Although Wobbrock et al. (2011) provide 
several good examples of projects were the principles of ABD are applied, they are not 
very specific on the design process. 

3.7.10 Personalisation and adaptation 

As pointed out in section 1.4, the main goal of the IDAs, namely, the design for diversity, 
seems to be the main challenge of these approaches. The problem is, according to Harper 
(2006), that to create DfA, you have to make generalisations about the users. However, it 
is these very generalisations that have led to the development of technology that is 
impossible to use for many people (Harper 2006). One recommended approach to deal 
with this challenge is to provide personalisation and adaptation. This has been put 
forward as a major research challenge (Stephanidis 2001). This is also a central idea in the 
ABD approach. 

To be able to personalise or adapt to a particular user, some information about the user, 
his or her device or context is necessary. Parts of this information may be retrieved 
automatically, for instance what type of device the user has (e.g. whether the user has a 
mobile device), but usually this is not enough information to achieve the required level of 
personalisation. In general, the user must be identified and she or he has to provide some 
initial information about his or her preferences. This information is collected into user 
profiles that hold information about the user, for example, about what modalities and 
interaction mechanisms best suit the user. 
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However, collecting these user preferences is a challenge. If the ICT solution is seldom 
used, the user will not bother with the extra work. Besides, research indicates that those 
who would gain most from effective customisation or personalisation, for example, 
novices or people with disabilities, are seldom able to customise effectively on their own 
(Bunt et al. 2004). They need assistance with the personalisation process itself. Another 
pitfall is that personalisation becomes a substitute for good user-interface design (Newell 
2011; Nielsen 1998; Raskin 2000). 

There is also a need for methods that allow for the detection of both generalisable design 
principles as well as the instances where the design must allow for substantial 
customisation to be able to meet the specific needs of individuals. McGrenere et al. 
(2003) suggest a participatory approach to achieve this. They use informal interviews, 
brainstorming among interdisciplinary researchers and iterative design, beginning with 
low-fidelity paper prototypes. They start by testing concrete design suggestions with two 
or three individuals. In each stage, they try to identify both general improvements and 
user needs that should be incorporated by customisation or adaptation. It is important to 
notice to what degree the specific needs and requirements vary among the participants. 
The design suggestions, one per participant, are expected to stabilise after a few 
iterations. Then these prototypes are presented to two or three new participants 
(McGrenere et al. 2003). Among the lessons learned is that it is difficult to have people 
with cognitive disabilities evaluate low-fidelity prototypes, and therefore that prototypes 
with higher fidelity are better (McGrenere et al. 2003). 

3.7.11 Barriers to inclusive design 

The number of barriers faced by impaired people (e.g. documented in Paper F) suggests 
that there are major barriers to inclusive design. User evaluations with people with 
impairments are seldom carried out (Arrue et al. 2007). In a study of current design 
practices in industry, several discrepancies between established design theories and 
current design practices were identified (Dong et al. 2003). Common reasons for not 
carrying out inclusive design in the industry include insufficient time and financial 
resources, inadequate access to users, inexperience in dealing directly with users, and, 
most frequently, a lack of demand from the commissioners of the designs. It is also found 
that designers worry that they may inadvertently offend people with impairments 
because of a lack of experience in interacting with them (Dong et al. 2003). 

A major obstacle to user involvement in inclusive design is that designers rarely have any 
formal access to users with impairments (Dong et al. 2003). Moreover, even if it is 
possible to get access to users with impairments, there is a need to consider the issue of 
representativeness (see also the discussion about the interpretation of representative 
users in section 3.5). 

Pullin and Newell (2007) propose considering a number of “outriders”, or so-called extra­
ordinary users in depth as individual people rather than as representatives of an age 
group and/or disability. The extra-ordinary users are older users with multiple minor 
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disabilities and users with major disabilities, but who are otherwise in the target 
population of the ICT solution in question. Users should be selected to illustrate 
characteristics which are important (Newell et al. 2007). A similar approach is to select 
“edge cases”; that is, people who are on the borderline of being able to use a product, 
but who would commonly be expected to be able to use it (Keates 2007). While it may be 
easier to recruit users with varying degrees of impairments because there are more 
individuals to recruit from than when recruiting edge cases, involving edge cases can be 
more effective. The reason for this being that when the design can accommodate 
someone with a high degree of a particular impairment, the chances of including those 
with a lesser degree of that particular impairment are quite high (Keates, S. & Clarkson, J. 
2003). Similarly, Eikhaug et al. (2010) suggest including “lead users”, who are users that 
place greater demands on a product or system and therefore challenge it in ways beyond 
that of the average mainstream user. The lead users can be older people, people with 
disabilities, children or people with diverse cultural backgrounds. 

Obstacles to inclusive design can be divided into the following categories of barriers 
(Dong et al. 2004): 

•	 Perception barriers: The perception that inclusive design is unrealistic, complex, 
niche marked, more time consuming or that it is more expensive. 

•	 Technical barriers: That there is a lack of resources, knowledge, regulations or 
methods and tools. 

•	 Organisational barriers: That inclusive design does not fit into the business culture 
or business strategy, or that there is a lack of risk-taking or willingness to invest in 
new practices. 

Dong et al. (2004) found perception barriers to be the most significant barriers. These 
included “lack of business case”, “perceived sacrifice of aesthetics”, a “perception that 
inclusive design is more expensive” and a “perception that it can be complex to design 
inclusively”. 

I believe that the extent of these barriers is a major reason as to why the existing 
literature often devotes a great deal of space to arguing why IDA is important (Eikhaug et 
al. 2010; Fuglerud 2009; Keates, S. & Clarkson, J. 2003; Keates 2007; Lazar 2007; Paddison 
& Englefield 2003), and to identifying and correcting prejudices and preconceptions about 
inclusive design. For example, Eikhaug et al. (2010) have identified ten such prejudices: 
expensive, boring, only about physical objects, only about accessibility and disability, only 
about AT, not for me (as a designer), not concerned with aesthetics, for niche markets 
such as older people, just another buzzword and only about public services. 

3.8 Summary 

In the field of HCI, we have seen the development from a focus on specialist users, such 
as operators or programmers, to a focus on how technology impacts us all. Although 
researchers in HCI became aware early on of the importance of context in the design of a 
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computer system, the scope of the context has only been extended through the influence 
of traditions such as socio-technical design and PD. Today, most HCI researchers see the 
user as part of a complex social system in which ICT plays an increasingly important role. 

Usability and UCD are central concepts within the HCI field, and they are defined in 
accepted ISO standards. Along with these concepts come a set of techniques and 
methods, such as usability guidelines and various design and evaluation techniques and 
methods. The key elements of UCD can be derived from ISO 9241-210:2010. UCSD 
provides an even more elaborate set of principles for user-centred systems design. 

The necessity of involving users in the development of interactive systems is now widely 
acknowledged. However, the extent to which users are involved and how they are 
involved varies. Users can be treated as anything from passive objects of study to decision 
makers. 

A number of approaches to develop accessible and inclusive ICT solutions have emerged 
since the mid-eighties, such as accessibility (ACC), universal design (UD), universal 
usability (UU), design for all (DfA), countering design exclusion (CDE), user-sensitive 
inclusive design (USID), and ability-based design (ABD).  These approaches share the 
common goal of making technology accessible to as many people as possible, including 
people with disabilities. To get an overview, I have collected these design directions 
under the umbrella of IDAs. It is, however, also important to study the peculiarities of 
each approach because they emphasise, explore and discuss different aspects that are 
relevant to this field. While there is broad consensus that it is good practice to follow 
accessibility standards and guidelines to achieve inclusive design, there is an increasing 
awareness of the fact that this is not enough to achieve inclusive ICT solutions. 

Some researchers make a distinction between technical accessibility and usable 
accessibility. For an ICT solution to be inclusive, it needs to be both technically accessible 
and have usable accessibility. An ICT solution is technically accessible if it provides access 
to content and functionality for people with impairments. This can largely be achieved by 
meeting technical criteria in the ICT solution, and many such criteria can be found in 
guidelines and standards. An ICT solution has usable accessibility if it is usable by people 
with impairments, and this can be achieved by applying UCD and usability techniques to 
people with impairments. However, these techniques need to be adapted for people with 
impairments. In addition, user involvement is one of the major barriers to both UCD and 
IDAs. 

Although there are several suggestions as to how to extend UCD with measures to 
increase accessibility, it is still a great challenge to handle diversity and to create solutions 
that can be used by everyone. Personalisation and adaptivity as a possible solution seems 
to have gained increasing attention. 

To summarise, from among the IDAs, the following elements are regarded as important: 
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3 Previous and related research 

•	 Based on a user-centred development process (DfA, CDE, USID) 
•	 The approach being holistic (UD, ACC, CDE) 
•	 The approach being interdisciplinary (UD) 
•	 A focus on the variety of users and usage contexts (all) 
•	 Involving users with impairments, and in particular conduction empirical
 

evaluations with impaired people (DfA, CDE, USID)
 
•	 Handling conflicting requirements between user groups (CDE, USID) 
•	 Using accessibility standards and guidelines and ensuring interoperability with AT 

(ACC, DfA, UU) 
•	 A focus on a combination of accessibility and usability from the beginning (DfA, 

UU) 
•	 Using personalisation and adaptation to achieve flexibility (UD, DfA, UU, USID, 

ABD) 
•	 A focus on equitable use before special solutions (UD, ABD) 
•	 A focus on user abilities and what users can do (ABD) 
•	 Utilising a framework to prioritise requirements and features (UU) 
•	 Acquiring knowledge about user capabilities across populations (CDE) 
•	 Considering ethical issues and paying special attention to certain categories of 

disabled people, such as frail older people and those who are cognitively impaired 
(UU, USID) 

The abbreviations in parenthesis after each item indicate in what IDAs I judge that specific 
element to emerge most clearly. 
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4 Research approach and methods 
This chapter covers the research approach, research methods and data analysis applied in 
the work of this thesis. I describe my perspective and point of departure. The research 
approach has been mainly interpretive, while one can argue that there are also aspects of 
a critical and emancipatory approach. Several research methods have been used: focus 
groups, interviews, participant observation, personas and automatic-accessibility testing 
tools. I also discuss ethical issues and describe how the empirical material has been 
collected and analysed. Lastly, I discuss the strengths and weaknesses of the selected 
research approach. 

4.1 Philosophical perspective and outlook on technology 

This research is qualitative, and has been performed within an interpretive paradigm. I 
share the view of ICT solutions as social systems, whose behaviour is heavily influenced by 
the goals, values and beliefs of individuals and groups, as well as by the properties of the 
technology (Cornford & Smithson 1996 p. 9). In particular, it will be influenced by the 
perspectives of those involved in the development and implementation of technology in a 
specific environment. Although one may use technology in many different ways, I believe 
that the design of technology will have a major impact on how we use it and understand it. 

Before starting this PhD work, I was aware of various aspects and challenges of the 
technology for disabled people, particularly for visually impaired people, and I knew that 
the situation was quite complex. It has been important for me to understand the aspects 
of use and of acquiring the technology, its meaning for people with disabilities, the 
dependencies involved as well as the aspects related to development. 

Parts of this work can also be categorised as being within a more critical or emancipatory 
paradigm. This is because it touches upon policy issues, and possibly sensitive issues of 
potentially vulnerable groups, which I – because of my personal situation in being married 
to a disabled person who works in the area of disability policy – am aware of, am affected 
by and may possibly influence. Walsham (2005) argues that interpretive research can also 
be critical, although critical research tends to focus more heavily on issues such as 
asymmetries of power, alienation, disadvantaged groups or structural inequity. 

I see my research as my small contribution to the work for the rights of the disabled and 
vulnerable groups, and my work is certainly affected by a wish to influence decision 
makers in a direction towards more inclusive ICT. This has, to a certain extent, influenced 
the way in which I have carried out the research and how the research results have been 
framed and presented. Thus, I would label this research as mainly interpretative, with a 
critical flavour. 
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4 Research approach and methods 

One concrete example of this was the summary and presentation of the project results 
for the study on the barriers for the visually impaired (see Paper F). On the one hand, I 
was overwhelmed and slightly aggravated because of the sheer number and seriousness 
of the barriers revealed through the observations and interviews in this study. I thought 
that these barriers, in the form of delays, time spent, hassle and exclusion were quite 
extensive and I thought that no “able-bodied” person in Norway would have accepted 
such conditions. On the other hand, many of the participants seemed to tackle the 
obstacles and accept the barriers with stoic calm and patience. The project was carried 
out in collaboration with the Norwegian Organisation for the Blind and Partially Sighted 
(NABP), where my husband works, although he did not participate in the project. For 
many years, his main field of responsibility has been to influence politicians to create 
better conditions for the visually impaired. We had discussed aspects of his work many 
times, from his experiences; I knew that the way in which problems are framed and 
presented is of importance with regard to the possibility for change. If the decision 
makers get the impression that the problem is too difficult or requires a lot of work and 
resources, they may think that the situation is hopeless, and might be reluctant to do 
anything. Therefore, it is important to balance the presentation of results to instil some 
hope and optimism with regard to what can be done to improve the situation and in such 
a way as not to scare employers off from hiring visually impaired people. I was quite 
conscious of this aspect while writing the report on this project and in the subsequent 
presentation of the results, both in relation to politicians and to developers and usability 
experts. It was important not only to present the problems and obstacles, but also to 
balance this with notes on resources and strengths among the participants, and 
possibilities in terms of what could and should be done. 

4.2 Projects 

During the last decade, I have been involved in many projects where the main theme has 
been the UD of ICT and e-accessibility. I was admitted as a PhD student to the 
Department of Media and Communication at the University of Oslo from June 2008. 

I have been involved in defining the projects through my work with the project proposals. 
I have been the project leader in four of the projects and I have participated in another 
three projects. Therefore, I have had an influence on the formulation of the research 
questions and the direction of the research in all of the mentioned projects. This has 
given me the chance to work within my overall research interest of the UD of ICT in all the 
projects in a way that has been meaningful. The research questions and the issues in the 
projects have been related, and the overall research theme of this thesis has emerged 
through my work in various projects within this area. One may say that the projects have 
paved the way for this thesis. Six of the projects that I have been involved in are selected 
to shed light on the research theme, and they are listed in Table 6 below. More details on 
the projects are provided in the next sub-sections. 
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4 Research approach and methods 
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6 Discussion 
In the previous chapter, the main findings of the research papers were pointed out. In this 
chapter, these findings are categorised, structured and discussed. I also bring in 
experiences and findings from the projects presented in section 4.2. The organising 
principle of this chapter is the research questions. 

6.1 RQ1: The key elements in inclusive design 

Various lessons learned and recommendations from the papers were presented in the 
previous chapter. By sorting and structuring these lessons and recommendations, I have 
identified thirteen elements of inclusive design (see Figure 7: Identified elements of 
inclusive design). In the following, I will discuss these elements in light of the empirical 
findings, the experiences from the projects and related research. The sub-sections below 
correspond to the thirteen identified elements. 

6.1.1 Based on a user-centred process 

Many researchers assert that inclusive design must be based on a user-centred design 
(UCD) process. While there are different interpretations of UCD (see section 3.4), there 
seems to be general agreement about the three main principles of UCD; namely, 1) an 
early focus on users and tasks, 2) empirical measurement with users, and 3) iterative 
design. Research in inclusive design would probably benefit from more specific and explicit 
descriptions of what is meant by basing it on UCD. 

In all the cases included in this thesis, there has been an empirical evaluation of some kind 
of software. In four of the seven projects (i.e. P2, P3, P5 and P7 in Table 6 on page 65), the 
development process corresponded to the human-centred design process (see Figure 4 on 
page 37). In the three other projects (P1, P4 and P6), the ICT solutions under scrutiny have 
either been existing ICT solutions or prototypes developed by others. 

The three-year project, Diadem, is an example of an iterative development project with 
prototyping and empirical evaluation. It focussed on the elderly and people with cognitive 
impairments. To get user input early on (i.e. before anything was developed), a focus 
group was conducted, and participants were recruited to evaluate existing ICT solutions 
that were similar and relevant to the software to be developed (i.e. electronic forms). This 
gave a good starting point for the requirements’ specification. 

The project proceeded with the development of a prototype, which was evaluated through 
a user trial. Based on the results from the user trial, a new and updated prototype was 
developed and evaluated in a second user trial. 
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6 Discussion 

Figure 7: Identified elements of inclusive design 
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6 Discussion 

6.1.4 Focus on a variety of users and usage contexts 

The general advice in the IDAs is to focus on a wide range of users, various devices and 
usage situations. However, as pointed out in section 1.5.3, there is a lack of empirical-
based advice on how to do this in practice. The requirement to focus on diversity is, in 
principle, where the IDAs differ from UCD, because the latter focuses on design for typical 
users from representative user groups (Gulliksen et al. 2003). 

The variety of users has been a theme in all the projects. In Papers A, B, C and E, a matrix 
with some main categories of impairments is used as a simple tool to analyse (parts of) the 
ICT solution in question across diverse user groups. In Paper A, the overlap between design 
for people with impairments and design for impairing situations is also highlighted. While 
the experience is that such an analysis cannot in any way be used as a basis for 
requirement specifications, it is a simple and helpful tool to keep diversity in mind, and this 
can be used as a rough framework for ensuring the coverage of a wide range of different 
users. This will be further discussed in relation to RQ3 in section 6.3.2. 

I also believe that the need for flexibility in the inclusive design of ICTs stems directly from 
the need to focus on diverse users and usage contexts. This topic will be discussed further 
in relation to RQ2 in section 6.2. 

6.1.5	 Involve diverse users early on and throughout the development 
process 

In inclusive design, it is important to have an early and continual focus on diverse users, 
and the process of user involvement started quite early in all the projects. During the 
project proposal stage, we usually contacted some NGOs and asked them to participate in 
the project, making it clear that an important task for them would be to help in the 
recruitment of participants for the project from among their members. (An overview of the 
project participants and funding can be found in Annex A) 

The initiative for the ICT barriers of the visually impaired project came from the NABP. 
They were actively involved in shaping the project proposal through several meetings. 
They were also engaged in finding funding. In the other projects, the NGOs were invited to 
participate in the project by the researchers. The NGOs did have the opportunity to 
comment on the project proposals, but meetings were not organised. The reason for not 
having any NGOs formally participating in the e-Vote project was mainly due to the timing 
of the call for tenders (8 July 2009, during the Norwegian summer vacation), and the short 
period from the tender call to the tender deadline (15 July 2009). It was not possible for us 
to engage NGOs during this inconvenient and short period. 

Thus, in the majority of the projects, there was user involvement both at a system level 
and at an individual level (see the categorisation of user involvement in section 3.5). In the 
ICT barriers of the visually impaired project, the user involvement was participatory. In the 
other projects, the user involvement was of a consultative nature. Although we were able 
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6 Discussion 

to involve users in all the projects, I believe that the active engagement of the NABP in the 
ICT barriers of the visually impaired project resulted in a special impact. In this project, the 
aspect related to the two higher levels of UD, namely the meso and macro levels (see 
Table 4 on page 45), became more pronounced than in the other projects. 

Long-established knowledge from UCD has shown that it is important to pay attention to 
both the strategic and operational commitment towards user participation among key 
stakeholders to get the necessary resources and support to perform user-related activities 
and to take their priorities into account (Gulliksen et al. 2003). 

The necessity of involving people with impairments in inclusive design is underscored by 
many researchers. However, it is challenging to achieve real involvement in practice. 
Depending on the goals of the project, it is important to explain why the involvement of 
diverse users is necessary, what type of involvement will be adequate and how it can be 
done. This is further discussed in sections 6.3.1 and 6.3.2, respectively. 

6.1.6 Facilitate communication between user and developer 

While there has been user involvement in all the projects that form this research, it has 
also been the case that there has been a division of labour. Usually, the people doing the 
actual programming and development were not engaged in the user research. Most of the 
observations and interviews were conducted in the field (see section 4.6.1 ). One or two 
researchers visited the participants. It was rarely feasible to have more than two observers 
for user evaluations in the field. Thus, while myself and my colleagues had the opportunity 
to observe and learn from the users, one key question relates to how effective we were in 
communicating this knowledge to the developers. 

It can be difficult to communicate some of the aspects that emerge from direct 
observation and interaction with users effectively and realistically. One example concerns 
the findings related to the use of queuing systems in the ICT barriers of the visually 
impaired project. I felt that it was difficult to communicate the consequences of poorly 
designed and implemented queuing systems fully. The number of unpleasant, 
embarrassing and frustrating situations that were described by the participants, and the 
voice, tone and body language that were used when these situations were described made 
a profound impression on me. When thinking of this, I can recall a quite strong feeling, 
impression and knowledge about the adverse effects of poorly designed queuing systems, 
even several years afterwards. We chose to list a number of citations from the participants 
in the project report (Fuglerud & Solheim 2008 pp. 66-68). However, I do not think that the 
reader will get anywhere close to gaining the same impression from reading the report as I 
got from communicating directly with the participants. 

Another similar experience is related to observations of participants’ difficulties when 
trying to log in to the e-voting system in the e-Vote 2011 evaluation. This was a challenge 
for many of the participants, and they took several minutes for this one operation. One 
mobility-impaired participant used around one hour for the log-in process and another 
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6 Discussion 

various user groups than is the case for many ICT solutions today. This is because people 
with different types of impairments often struggle with many of the same problems. 

Observing users, interacting with users and stakeholders, interacting with colleagues both 
inside the team and from other organisations and attending conferences have contributed 
to a continual learning process with regard to inclusive design. This has meant that the 
need or wish for changes in the requirements’ specification could occur at any point during 
the projects. However, because users have typically been involved in evaluations of 
prototypes at the end of each development iteration, this has been the point in the 
development process where many new needs and requirements tend to emerge. (The 
challenge of involving users early on is discussed further in section 6.3.2.4.) 

In the projects, a more or less formal review of the requirements was typically performed 
after the user evaluation of prototypes. In several projects, an issue and bug-tracker tool 
(Jira19) was used for managing requirements. With this tool, issues and requirements could 
be grouped, given a priority, a deadline, a responsible person and a status etc. This tool 
was primarily used by the developers. As discussed in the previous section, it is a challenge 
to transfer knowledge from the project members that conducted the user research to the 
developers. Thus, if handling the requirement-management tool and prioritising 
requirements are left to the developers, one risks important knowledge, some of which 
may be tacit, not being brought into the prioritising process. This is unfortunate because 
the activity of prioritising between the requirements should be an interdisciplinary task. It 
should include participants with a deep knowledge of the user needs and the context of 
use. 

In general, it is beneficial to conduct a systematic and multidisciplinary review and 
prioritising process of the requirements, preferably with the aid of a tool for managing the 
requirements. However, the question remains regarding to what extent such tools are 
accessible and suitable in a setting including stakeholders and users with impairments. The 
issue of prioritising is discussed further in section 6.3.1.3 (Aid in prioritising). 

6.1.8	 Ensure conformance to accessibility standards and interoperability 
with AT 

When evaluating the e-voting prototypes (Paper E) we found that none of the prototypes 
conformed fully to the accessibility guidelines referred to in the requirements’ 
specification. In particular, the prototypes did not conform to the W3C WCAG guidelines, 
which are widely known as the de facto industry standard for accessibility. This is also what 
is required by the Norwegian Anti-Discrimination and Accessibility Act from 1 July 2014. As 
these accessibility requirements were so clearly stated in the call for e-voting tenders 

19 See https://www.atlassian.com/software/jira 
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6 Discussion 

(Paper E), it was somewhat discouraging that none of the prototypes conformed to these 
guidelines. Possible reasons for this may be that the developers lacked knowledge about 
accessibility or that it was not prioritised. A higher conformance level would probably have 
improved the accessibility of the prototypes. However, several of the problems identified 
through the user evaluations were not a direct violation of these guidelines, and would 
therefore not have been rectified by following these guidelines alone (Paper E). 

An improved version of the winning e-voting prototype from the 2009 evaluation (Paper E) 
was used during the 2011 election in Norway. In a field study on this solution, we found 
that it did not have satisfactory technical compatibility with all the screen readers that 
were commonly used in Norway (Fuglerud & Tjøstheim 2012). It is worth noting that most 
users with disabilities in Norway do not freely select the type of AT that they use, but that 
this depends on the welfare system, as the welfare system chooses and pays for their 
equipment. 

In Papers B and C, we show that accessibility guidelines can be in conflict with security 
requirements associated with authentication and identity management. Moreover, we 
argue that a straightforward implementation of accessibility guidelines in connection with 
security functionality will not always be possible. 

Recent research suggests that conformance to WCAG 2.0 will only solve about half of the 
problems encountered by visually impaired users (Power et al. 2012), and also that the use 
of automatic tools to determine conformance will only detect about half of the WCAG 2.0 
violations (Vigo et al. 2013). 

I have found several areas where following WCAG did not necessarily ensure accessibility. 
Examples include accessibility of security functionality and issues related to cognitive 
accessibility. (See more about cognitive accessibility in section 6.1.9, for more on 
technology diversity and interoperability see section 6.2.1.3, and for more on standards 
and guidelines see section 6.2.3.3). 

Therefore, the one-sided focus on following WCAG, for example in the Norwegian 
regulations for universal design of ICT, is worrying. As Newel (2011 p. 117) notes, there is a 
danger that the use of guidelines may become an excuse for not making an effort to 
understand the needs of people with disabilities. I support his warning that the heavy 
focus on the adherence to standards and guidelines can easily lead to a situation where 
accessibility is seen as a simple check that can be fixed towards the end of the design and 
development process. 

6.1.9 Focus on a combination of usability and accessibility in context 

Based on the user observations and interviews with participants from several different 
impairment groups, I have found that some of the most recurring problem areas are 
(Papers B, C, D and E): 
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6 Discussion 

•	 Inaccessible authentication mechanisms (Papers B, C and F) 
•	 Poor screen-reader accessibility (Papers D, E and F) 
•	 Difficulties related to navigation, scrolling and use of the mouse and keyboard 

(Papers D and E) 
•	 Confusing and disorienting sequence, menu and page structures (Papers C, D and E) 
• Poor layout and small text size (Papers D and E) 

Similar issues have been found in other studies with participants from different 
impairment groups. In a study that included the blind and partially sighted, dyslexic, the 
physically impaired and hearing impaired, the following problem areas were pointed out: 
incompatibility with screen readers, confusing and disorienting navigation mechanisms, 
cluttered and complex page layouts, poor contrast and text and graphics that were too 
small (Petrie et al. 2004). 

While inaccessible authentication mechanisms and poor accessibility for screen-reader 
users are genuine and major problems, this research and other studies with visually 
impaired people underscores that poor usability is an important part of the problem 
(Papers D, E and F) (Babu & Singh 2009; Leporini & Paternò 2004; Petrie et al. 2004; Power 
et al. 2012; Theofanos & Redish 2003). Moreover, while some difficulties related to 
navigation, scrolling and the use of the mouse have a solution that may be classified as 
accessibility related, such as allowing keyboard-only navigation, many of these problems 
are also related to confusing and disorienting page structures and navigation mechanisms, 
which are more usability related. Similarly, while small text may be regarded as an 
accessibility issue, it is clear that how much text is presented on one page will be related to 
the overall structure and page layout, which is again an important usability issue. 

Thus, this research demonstrates and confirms that there is a close relationship between 
usability and accessibility. It is important to consider usability aspects in connection with 
accessibility. To be able to talk about these nuances and at the same time underscore the 
close relationship between accessibility and usability, some authors have suggested 
splitting the term accessibility into two; namely, technical accessibility and usable 
accessibility (see section 3.7.4). 

6.1.10 Method triangulation: Use more than one method in user research 

In Papers A, B, C and E, more than one method for user research was recommended. In all 
the projects, observations have been complemented with interviews and other methods 
(see Table 7 on page 69). A focus group was formed for two of the projects. The persona 
method was used in two of the projects. In the e-voting project, conformance to guidelines 
was checked both manually and automatically through accessibility evaluation tools. 

UCD implies the use and combination of several different methods and techniques for user 
research (Gulliksen et al. 2003). Moreover, it is generally accepted that empirical user 
evaluation is necessary in UCD and that various other user-centred methods, such as 
usability inspection and walkthrough methods, should be used as complementary methods 
rather than as substitutes for evaluations with users (Greenberg & Buxton 2008; Hollingsed 
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6 Discussion 

& Novick 2007). As in UCD, researchers in inclusive design suggest complementing 
empirical user evaluation with other methods, such as expert reviews (Zimmermann & 
Vanderheiden 2007), personas (Schulz & Fuglerud 2012) and theatre (Pullin & Newell 
2007). See 6.3.2.4 for a more detailed discussion on the experiences with the methods 
used in this research and for recommendations based on these experiences. 

6.1.11 Consider using multimodality 

In Paper A, I assert that providing alternative modalities can be used to accommodate both 
various situations and people with different types of impairments. Modalities can be 
chosen according to the task, the environment and user capabilities. Multimodality can be 
a way to make a solution more accessible and inclusive in situations where the use of AT is 
not possible or practical, such as in mobile authentication (Paper C). 

The connection between accessibility and mobile web interfaces has also been pointed out 
by other researchers (Harper et al. 2007; Knudsen & Holone 2012; Leitner & Strauss 2010; 
Oviatt 2003). Multimodal interfaces are inherently flexible, according to Oviatt (2003), and 
this key feature makes them suitable for both universal access and mobile computing. 
However, there is a concern about whether multimodality will lead to increased 
complexity, which again will be in conflict with ease of use (see section 1.5). This issue will 
be discussed further in connection with research question two in section 6.2.1.4. 

6.1.12 Identity management mechanisms need to be inclusive 

Authentication and identity management is a challenging area when it comes to 
accessibility and IDAs. Security functionality is often particularly inaccessible and difficult 
to use (Papers B, C and F). Through several of the projects, we have identified some main 
categories of challenges related to registration and authentication (Papers C and F) 
(Fuglerud & Tjøstheim 2012; Fuglerud et al. 2012): 

•	 Physical and technical barriers 
•	 Inadequate explanation and feedback during the log-in process 
•	 Difficulties related to the sequence and order of a log-in process (particularly when 

one has to combine a PC, mobile phone, password, letter and PIN codes etc.) 
•	 Unfamiliar or unclear concepts 
•	 The continually increasing cognitive load associated with having to remember an 

increasing number of different user names combined with codes or passwords 

There is great potential for improvement in this area. However, the increasing cognitive 
load associated with remembering user IDs and passwords for all the different ICT services 
cannot be solved in the realm of each individual ICT solution. There is a need for solutions 
at a higher level, that is, at a macro level (see Table 4 on page 45), involving a number of 
aspects such as technical, security, economic, social, political, and legislation aspects etc. 
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6 Discussion 

These issues are the focus of large research projects working with electronic identity 
management solutions on a national and international level, such as in the FutureID20 

project. Moreover, inclusive identity management is, as pointed out in Paper B, essential 
for achieving adaptation and personalisation (see further discussion in section 6.2.3.4). 

6.1.13 Personalisation and adaptation may be used to achieve flexibility 

Personalisation and adaptation may be used to meet individual users’ usability and 
accessibility needs and may increase the flexibility of an ICT solution (Papers B and C). 
However, these approaches also raise a range of new challenges, such as privacy and 
security related to user profiles, how to decide what functionality to keep as standard and 
what to personalise, the usability and accessibility of the personalisation mechanism itself 
and the accuracy and appropriateness of the adaptation mechanism. These issues are 
discussed further in connection with research question two in section 6.2.3.4. 

6.1.14 RQ1 Summary 

All of the thirteen elements of inclusive design that emerged through my research have 
also been discussed in previous research in UCD and inclusive design. This underlines the 
significance of the elements. I have also sought to bring some depth to the identified 
elements by describing my interpretation of them and how they have occurred in the 
projects. The purpose of this exercise, that is, the presentation and discussion of the 
various elements in this research, has been to synthesising related research, and to 
contribute with an overview of the important elements of inclusive design. The discussions 
relating to the second and third research questions will also shed light upon several 
elements, and my final list of the important elements of inclusive design is presented in the 
conclusion (section 7.1). 

6.2 RQ2: The relationship between flexibility, complexity and 
simplicity 

In this section, I discuss findings related to research question two: What is the relationship 
between “flexibility in use”, complexity and “simple and intuitive to use” in mainstream 
ICT? Several researchers have called for flexibility in inclusive design, but this is not a trivial 
matter: 

To build applications and content that allows for heterogeneity, flexibility, and device 
independence is incredibly difficult, incredibly challenging, and incredibly necessary. 
(Harper & Chen 2012) 

As flexibility is a natural consequence of the need to design for diversity and variability, it is 
particularly important to study the nature of it in relation to inclusive design. Findings that 

www.futureid.eu 
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6 Discussion 

can shed light on this have been reorganised and structured as shown in Figure 8: 
Relationship between flexibility, simplicity and complexity). They are categorised into the 
following themes: “diversity”, “multimodality, alternatives and flexibility” and “approaches 
to reduce complexity”. These themes are discussed in the following. 

Figure 8: Relationship between flexibility, simplicity and complexity. 

124 



  

   

      
  

        
     

      
         

     
   

   

      
  

    
    

    
    

    
  

       
  

   
  

  
   

  
     

     
     

  

   
    

     
    
     

    
   

       
   

 

6 Discussion 

6.2.1 Diversity 

Four challenges of diversity in IDAs are listed in Table 3 on page 10. These are user 
diversity, various usage situations, technology variety and variety in user knowledge. The 
variety of user technology, which is also an aspect of the usage context or usage situations, 
has been an issue in several of the projects, in particular in relation to the various types of 
AT that users may have. In Paper E, we describe our approach to testing with regard to 
technology variety, both in terms of various platforms and browsers. The issue of diversity 
in user knowledge is discussed in Paper D. Some aspects of these challenges are discussed 
further in the next sub-sections. 

6.2.1.1 User diversity 

The diversity in the capability of individuals in a population is vast. Moreover, the 
capabilities may change rapidly and vary in intensity both within and between individuals. 
This leads to a demanding design environment, and a better understanding of diversity in 
user capabilities is called for (Keates, S. & Clarkson, P. J. 2003; Langdon & Thimbleby 2010). 

User capabilities are commonly divided into cognitive, sensory and motor capabilities. In 
relation to the use of ICT, the sensory and motor capabilities are in some sense more 
fundamental than the cognitive functions. This is because the cognitive functions depend 
upon sensory and motoric input and output (Fairweather & Trewin 2010). That is, 
cognition may be regarded as a layer on top of the sensory and motor layers. The data 
input is transformed into meaningful information through cognitive processes such as 
memory, attention, recognition and problem solving. Impairments or distortions in these 
processes will naturally affect how people interact with computers (Fairweather & Trewin 
2010). For people with cognitive impairments, it is therefore essential that we pay 
particular attention to cognitive accessibility. 

As explained in section 1.5.1, the main strategy to accommodate diversity in sensory and 
motor capabilities is to make the information perceivable and operable to the user by 
offering flexibility in the input and output methods. Examples of this type of flexibility 
include offering various input and output modalities, interoperability with ATs and 
alternative presentation settings. 

For a person to be able to process and understand the information, it must not only be 
perceivable and operable, but also presented in a way that is usable and cognitively 
accessible to that particular person. ICT is per se very information intensive. As the 
interfaces become more dynamic and complex, it becomes more cognitively demanding. 
This is why it is not enough to focus on technical accessibility for any user group. Usability 
and cognitive accessibility are, therefore, not only important for people with cognitive 
impairments, but, in fact, for everybody. 

Many usability problems observed in the projects occurred across diverse user groups 
(Papers D and E). This is natural, because once the basic requirement of providing 
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6 Discussion 

perceivable and operable information is met (i.e. the solution is technically accessible), 
then the remaining issues are likely to be related to usability. This also illustrates the close 
connection between usability and accessibility (see section 6.1.9). 

Cognitive accessibility is, according to Pullin (2009 p. 83), one of the most difficult and least 
understood challenges facing inclusive design. More knowledge is needed about cognitive 
processes to be able to design very good interfaces for people with cognitive impairments. 

While people with cognitive impairments may benefit from new and innovative support 
mechanisms, it is also the case that poor usability leads to poor cognitive accessibility for 
any user group. To increase the cognitive accessibility in inclusive design, it is therefore of 
imperative importance to focus on usability in general and on usability for people with 
reduced cognitive abilities in particular. Thus, a good starting point might be to tailor 
commonly used usability tools and techniques to work with diverse users, and particularly 
to work with people with cognitive impairments. Depending on what type of cognitive 
process is limited or adversely affected, the designer needs to focus on how to enhance 
these processes or possibly, on how to compensate by strengthening or building on other 
cognitive processes that are not affected. 

For example, symbols and visual cues are important for people with dyslexia or limited 
language comprehension. This is probably why dyslexic participants in the e-Vote project 
rated the prototype with party logos above the other prototypes (Fuglerud & Røssvoll 
2012). A good example of a solution that is accessible for people with dyslexia and limited 
language comprehension is the successful St Math application21. This is a game-based 
math curriculum for pupils in elementary and secondary schools. Its creator, Matthew 
Peterson, having dyslexia himself, wanted to make mathematics understandable for pupils 
with low language comprehension (Peterson 2011). While basing the application on sound 
pedagogical principles, he managed to eliminate all textual and word-based instructions, 
resulting in a highly effective tool for teaching mathematics (Shapiro 2013). However, this 
tool is mainly visual, and therefore not appropriate for blind people. The question is 
whether such a tool could be made accessible for people with visual impairments without 
increasing the complexity. In section 6.3.3.3, I discuss the tension between accommodating 
everybody in one solution versus providing tailored solutions for various user groups. 

Cognitive accessibility is also closely connected to the issue of accommodating the variety 
in user knowledge, which is discussed in section 6.2.1.4. 

6.2.1.2 Various usage situations 

In Paper A, the connection between designing for people with various types of 
impairments and designing for various usage situations is demonstrated. An overview of 

21 http://www.mindresearch.net/programs/ 
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6 Discussion 

various types of situations that may put restrictions on a person’s use of technology with 
parallels to corresponding impairments is given. For example, when designing ICT for use in 
a very noisy place where the user may not be able to hear alarms and sounds, the designer 
has to rely on other interaction modalities to alert the user. The alternative alert 
mechanisms may be useful when designing for hearing-impaired people too, and not only 
in a noisy environment. The point being that alternative interaction mechanisms are 
necessary whether designing technology to be used in a wide range of situations or 
designing for people with a wide range of impairments. 

The connection between inclusive design and design for various situations becomes more 
pronounced when designing mobile services and many types of everyday technology, 
because these technologies will typically be used in various situations. Bringing along 
various types of ATs for use in various situations does not seem to be a feasible solution. 
Therefore, the alternative interaction mechanism needs to be built into the main solution 
so that it is flexible enough to be used in various situations, and this may be an advantage 
for people with impairments. 

As is pointed out in Papers B and C, it is currently not always possible to combine security 
functionality with AT. The problem is that if third-party software, such as AT, can hook into 
authentication mechanisms, then malicious programs could mask as AT and violate the 
security. In such cases, it is necessary to build the alternative modalities into the security 
application and therefore multimodality may be particularly important in terms of making 
security mechanisms accessible. The authentication solution described in Paper C included 
audio only in certain parts related to conveying security information. In other parts of the 
application, a visually impaired user would need AT. However, at the time of development 
and in the Norwegian context, it was actually quite common for the visually impaired to 
have such AT installed on their mobile phones, because they would get such AT covered by 
the welfare system. Thus, what is practically feasible, acceptable and affordable in a 
situation and in a specific cultural setting, may best be determined through a design 
process that is aware of the technological, cultural and social context of use. 

The ultimate goal of many of the IDAs is to eliminate the need for AT. However, in practice, 
one has to take the context into account to decide where the boundaries between the 
main solution and AT should be placed. For example, it is widely accepted today that in 
order for a website to be accessible to blind people, it must be usable with a screen reader 
together with a braille display and text-to-speech software (see an example of this type of 
AT in Figure 1 on page 6). However, in order for a bank terminal to be accessible, one does 
not expect the blind person to bring a screen reader with them. The size of a braille display 
together with security issues associated with connecting an arbitrary screen reader to a 
bank terminal is probably the most prominent reason for that. The most common solution 
is to equip the bank terminal with audio output so that blind customers can listen to the 
dialogue using their own earplugs. Thus, it is important to recognise that what may be 
regarded as inclusive design in practice is context dependent, and therefore a holistic 
approach is required. 
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6 Discussion 

6.2.1.3 Technology variety and interoperability with assistive technology 

The issue of technology variety is closely connected to the issue of interoperability with AT. 
Ideally, an ICT solution that has AT interoperability will give the user the flexibility to use 
whatever type of AT he or she needs or prefers together with the solution. In several of the 
cases in this thesis, there were deficiencies with regard to conformance with AT. 

Moreover, the extra layer of technology that AT represents introduces challenges for AT 
users. One difficulty reported in Paper F was connected to frequent technical problems, 
such as hanging computers, error messages and system crashes. These problems are often 
attributed to poor interoperability. Related to this is the fact that adding AT to a system 
introduces more components to it. Often, the technical problems would go beyond one 
single component, tool or piece of equipment, and the more components there were, the 
more potential causes for the problem there were. Therefore, it was difficult to pinpoint 
what parts of the system had caused the technical failure in the study on the ICT barriers of 
the visually impaired. It does not help that the various components of a system are often 
provided by different suppliers. As the participants in the study pointed out, the difficulty 
in determining which component had failed made it difficult to determine who should be 
responsible for correcting the problem. This means that the technical problems not only 
occur more often for AT users, but that such problems are also more critical and difficult to 
handle, particularly when the AT is affected. 

Another problem is that the AT needs to be continually updated along with the 
developments of the mainstream technology. The uptake of web 2.0 technologies, which 
enables rich interaction and content to be updated dynamically, poses particular 
challenges for AT users (Brown et al. 2012; Fuglerud et al. 2012; Gibson 2007; Hailpern et 
al. 2009) and for people with cognitive impairments (Fairweather & Trewin 2010). One part 
of the problem is that the AT industry is not able to keep up with the developments of the 
mainstream industry, and there are also other delaying factors such as the need for the 
translation of foreign AT software (as is often the case in Norway), and that there are 
financial, administrative or organisational factors involved in obtaining and maintaining the 
AT (Paper F). The resulting lag creates problems and barriers for people with impairments 
(Brown et al. 2012; Fuglerud & Solheim 2008). Another part of the problem is that 
developers need to learn about how to make the content accessible in these new 
environments (Brown et al. 2012; Fairweather & Trewin 2010; Fuglerud et al. 2012; Gibson 
2007). 

This illustrates that the flexibility in using various types of AT together with mainstream 
technology has also resulted in a highly complex situation for the AT users. This is an 
important reason as to why people with impairments sometimes prefer to use the 
emerging built-in accessibility features of new ICT, rather than well-established solutions 
from existing but separate AT suppliers. Some prefer built-in accessibility features even if 
they are less sophisticated than AT from established AT suppliers. For example, after the 
iPhone was introduced with a built-in VoiceOver functionality, many visually impaired 
users preferred this to a mobile phone with separate screen-reader software. 
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6 Discussion 

Thus, although it is currently accepted that inclusive design may be achieved through a 
combination of AT together with a mainstream solution (provided interoperability), a 
development towards more built-in accessibility functionality might eliminate many of the 
economic, organisational and technical difficulties described above. Such a development 
however, requires that mainstream developers acquire a high level of competence 
regarding accessibility. 

Solving the problem of making ICT solutions more compatible, robust and accessible with 
AT requires coordinated work on all societal levels (see Table 4 on page 45). The overall 
situation regarding what types of ATs are available for a particular user, lags in updates and 
the availability of support etc. must be handled at a macro level, while acquiring 
knowledge about how to make the technology technically accessible requires knowledge 
and decisions at the meso level. What is equally important is the actual user experience; 
that is, working with the accessibility and usability for AT users at the micro level. 

6.2.1.4 Variety in user knowledge 

Even when following the usability and accessibility guidelines, there are many possible 
ways in which to implement a particular type of ICT service, such as with an electronic 
form, which was used in several of the cases referred to in Paper D. This means that that 
the user faces the need to learn new ways of doing things when moving from one service 
or product to another, and sometimes within one service or product as well. 

In the study about user knowledge (Paper D), I found that even though the set of case 
applications was quite small and similar (electronic forms in three out of four cases), 
different subsets of features were used in the various implementations, and the 
participants knew yet other subsets of the features. For example, the functionality of 
entering a date could be done in several ways, and some participants were familiar with 
one way of doing this, while others were familiar with another way. Thus, even if the 
participants had learned certain features beforehand, they might face the need to learn 
new ways of doing this for another service because this feature may have been 
implemented in different ways. For several of the participants this caused significant 
difficulties. Part of the problem was that there seemed to be a lack of consistency in how 
to do things, both within a service and across services (see more about consistency in 
section 6.2.3.3). 

The analysis in Paper D indicated that a lack of ICT knowledge (i.e. a lack of experience 
regarding how to do things in an interface) and knowledge of how to interact with various 
features seemed to be a more severe obstacle to task completion than having an 
impairment, including a cognitive impairment. This conclusion was drawn on the basis that 
several of the cognitively impaired participants in the study performed better than people 
without a cognitive impairment did. The important factor seemed to be their level of 
previous ICT experience. People with little previous ICT experience appeared to be 
overwhelmed and lost. This was observed in several cases. It must, however, be taken into 
account that the participants in these studies did not have major cognitive impairments 
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6 Discussion 

(see the description of participants in section 4.3.2). Nevertheless, these findings only 
underscore the challenge of diversity in users’ knowledge and previous ICT experience 
when aiming at inclusive design. 

In Paper F about ICT barriers of the visually impaired, I point out that using a combination 
of AT and a mainstream system places extra demands on the users’ cognitive and learning 
abilities, and thus increases the demand for training. First, visually impaired people have 
less opportunity than others do to read error messages, instructions and learning 
materials, since these messages and materials are often inaccessible. Therefore, the 
visually impaired must be trained to handle issues covered by such inaccessible material. 
Secondly, there is a need for training in how to operate the AT, and in how to customise 
and optimise settings in the AT hardware and software. Third, there is a need for training 
in the use of AT in combination with other software, and last but not least, the frequency 
of change in the technology configuration may be higher for visually impaired individuals 
because of updates in both the AT and the mainstream technology. This requires more 
frequent learning of and adaptation to new configurations. Other researchers have also 
noted that visually impaired AT users have an extra mental load (Theofanos & Redish 
2003), and are required to have considerable computer skills (Buzzi et al. 2010). As the ATs 
that visually impaired people use are typically relatively complex, these issues might be 
more pronounced for the visually impaired than for other users of AT. However, the same 
issues will probably be present to a greater or lesser extent for other groups of AT users as 
well. 

These findings show that the notion of a design that is so easy to understand that it can be 
used regardless of the user's experience, knowledge and language skills, or current concen­
tration level (see UD Principle 3 in Annex B) is rather challenging. It cannot be addressed 
by the designers alone, since it is affected by issues such as consistency with other 
solutions. The principle can of course function as a normative goal to strive for, but the 
danger is that it becomes an excuse for service providers and authorities not to consider 
the need for training and support related to the use of ICT. Some kind of standardisation 
effort with regard to defining a set of basic ICT functions may also be needed. 

Even if ICT is inclusively designed, some basic training is needed, not least for AT users. In 
addition to legislation that requires inclusive design, other measures on a societal level are 
necessary to make people able to use mainstream ICTs. This means that when, for 
example, the Norwegian government decides to make online services the preferred means 
of communication with citizens and businesses (FAD 2012), it is of vital importance to 
accompany this with policies to ensure that people get the opportunity to acquire the 
necessary ICT skills. 

6.2.2 Multimodality, alternatives and flexibility 

The issue of multimodality was touched upon in the e-Vote study (Paper E). Several 
participants in the study, particularly people with reading difficulties, commented that they 
would like multimodal help in the form of instruction videos. Other researchers have found 
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6 Discussion 

that animations can help people to learn to use interactive systems, and that many people 
prefer them as compared to explanations without animations (Shneiderman & Hochheiser 
2001). However, too many animations or animations that are unclear or imprecise may 
confuse the user (Paper E). 

The two user groups, people with visual impairments and dyslexia, were positive overall 
regarding the introduction of audio in the authentication solution (Paper C). However, this 
study showed that introducing audio also brought up new issues regarding operating the 
audio, and different preferences related to this. 

The speed of the audio was an issue, and most of the users, but not all, found the audio in 
the prototype to be too slow. For visually impaired participants who did not read visually, 
slow audio was just a bit annoying. For some of the participants with dyslexia however, it 
caused some confusion because the audio would lag behind their visual reading, resulting 
in a form of dual asynchronous input. The problem of synchronisation when presenting 
identical information in two modalities (e.g. reading of and listening to the same text 
simultaneously) is also pointed out by Wickens (2002). 

Another issue was related to the grouping of the digits when a six-digit code was read 
aloud. Roughly half of the participants preferred having two digits read aloud at one time. 
People with dyslexia were more likely to prefer one digit at a time to avoid mixing up the 
number sequence. Another example of divergent preferences concerned whether to have 
automatic repetition of the code or not. Some participants thought automatic repetition to 
be an advantage because they did not catch the whole code the first time it was read 
aloud, but others did not need it. Issues such as audio speed, repetition or not, and 
grouping of numbers could have been fine-tuned and optimised through several test 
iterations. However, as is implied in Paper C, some issues might not have one single 
optimal solution because users simply have different needs and preferences. The provision 
of personalisation through preference settings may be a solution in such cases (see more 
about personalisation and adaptation in section 6.2.3.4). 

This research shows that the use of multimodality may in some situations be necessary to 
achieve accessibility for some users, and therefore it may be necessary to achieve inclusive 
design. I also found that the use of multimodality might lead to the need for 
personalisation, which, in turn, requires some functionality to manage the personalisation 
features (see section 6.2.3.4). Thus, introducing multimodality can introduce a new set of 
usability problems because new functions are needed to operate the new modality, and 
possibly for personalisation. Hence, it is likely that multimodality may increase the 
perceived complexity of a solution, and it is clear that providing multiple modalities is not 
in itself sufficient to accommodate everybody. 

An important question therefore, is how to reduce the overall complexity of a solution. 
This is the theme of the next section. 
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6 Discussion 

6.2.3 Approaches to reducing complexity 

Although complexity in terms of much functionality and many options probably is a more 
pronounced problem for some user groups than others, my findings suggest that it is a 
general problem across many user groups. As pointed out by Pullin: 

The danger of adding flexibility and complexity to achieve accessibility is that a 
product may become difficult to learn how to use in any of its different ways. It may 
be inclusive in principle, but not in practice. (Pullin 2009 p. 85) 

However, it is evident from the previous discussion that a certain degree of flexibility in the 
input and output mechanisms of a solution may be necessary to accommodate diversity. 
The use of AT is (currently) necessary for some users, and it may also be necessary to 
provide multimodality. Consequently, it seems that a certain degree of complexity is 
inevitable in inclusive design of ICT. 

Therefore, while keeping the flexibility that is necessary to provide sensory and physical 
accessibility, it is of particular importance to pay attention to how to reduce the overall 
complexity to provide cognitive accessibility. There are several ways of doing this, and in 
the following, I will discuss some approaches to reducing complexity: 

• Limiting the number of features, functions and options 
• Layered interfaces 
• Standardisation and consistency 
• Personalisation and adaptation 
• Limiting the number and frequency of updates 

6.2.3.1 Limiting the number of features, functions and options 

One potential misguided approach to flexibility for the user is to provide different ways to 
get at the same functionality. In the evaluation of the e-Vote prototypes (Paper E), four of 
the five prototypes had a navigation menu to the left of the screen. The software vendors 
had undoubtedly included this navigation menu because of the “Accessibility and usability 
requirements of the e-vote system” (E-vote 2011 2009). Here, adherence to the Elmer 2 
guidelines (NHD 2006), which is a comprehensive set of principles and specifications for 
the design of Internet-based forms, was required. The Elmer 2 guidelines require a 
navigation area on the left side of the screen consisting of one menu item for each page in 
the form22. The purpose of the left menu is to provide an option to navigate directly to 
each page. Another way to navigate between the pages is simply to use the previous or 
next buttons, and these buttons are also required by the Elmer 2 guidelines (see NHD 
(2006 p. 29)). 

22 A screenshot of a form conforming to Elemer 2 is provided in Paper D and in Figure 1 in Paper E. 
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6 Discussion 

Out of the five prototypes that were evaluated, the one prototype without the left 
navigation menu was preferred by most of the participants, and we largely attributed this 
preference to the lack of this navigation menu. Without the menu, the user interface 
became less crowded and thereby less complex. It also became more accessible for 
participants requiring magnification (Paper E). The Elmer guidelines were also followed in 
three of the four cases referred to in Paper D. Here, too, I found that many participants 
had problems with navigation, that few tried to use the navigation menu and that they did 
not seem to grasp how to use it. 

This is in line with the findings of Dickinson et al. (2011). They found that the multiple ways 
in which it is possible to carry out a task constitute a fundamental conceptual difficulty 
because this increases the complexity of the interface. This was also the reason for the 
decision to avoid the use of menus and to reduce the number of options in a redesign of an 
e-mail system for older users (Dickinson et al. 2011). They found that although there might 
be good arguments for including multiple pathways in some systems, it is not helpful to 
introduce them to older learners. 

I conclude that one should be cautious about including multiple pathways to the same 
functionality in mainstream systems, and particularly in systems that are not used very 
often, such as an e-voting system. 

6.2.3.2 Layered Interfaces 

Layered interfaces and scaffolding are related approaches to reduce the number of 
options, functionality and information that a user is exposed to (Lee 2004; Shneiderman 
2003). For example, one can divide the menu options into layers. The main layer or menu 
includes only the most commonly used options, while other less frequently used options 
are included in the next layer, often as a separate “advanced” menu. In this way, 
complicated functionality can be hidden from users who will never need to access it. 
However, one consequence is also that it becomes harder to find the advanced 
functionality. 

I have observed problems across several of the cases with a mechanism for hiding and 
showing information through expand (+) and collapse (−) buttons. In the ICT working-life 
project, this mechanism was used for expanding and collapsing chapters in an e-learning 
course. Some of the participants were not familiar with the expand/collapse mechanism 
(Fuglerud 2005). In several of the projects a similar problem occurred in connection with 
attaching (uploading) a document to a form, because participants were not familiar with 
how to expand and collapse file folders and therefore could not find the relevant 
document (Paper D). 

A similar problem was observed by Cranor et al. (2006). In an interface providing privacy 
information and settings, a layered approach was chosen. They used expand (+) and 
collapse (−) buttons in a summary of privacy policy settings to allow the user to choose 
their preferred level of detail. However, in user tests, it was observed that the 
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6 Discussion 

expand/collapse functionality was not completely intuitive, and a more obvious way of 
showing and hiding details was called for (Cranor et al. 2006). 

Other findings suggest that the elderly (Lim 2010) and people with dyslexia (Dickinson et 
al. 2003) experience difficulties in using layered interfaces. In addition, as I point out in 
Paper D, there is a challenge in selecting a basic functionality set; that is, the functionality 
that one would expect the user to be able to understand and use. This problem is also 
highlighted by Dickinson et al. (2003): 

A classic problem with current systems is that there is too much evident functionality 
which makes the interface crowded, confusing and hard to remember. To manage all 
the functionality the developers normally layer the information, hiding functions in 
menu systems.... The problem, in general, is not one of excess functionality per se, 
but of the excess interface complexity which is consequent on the additional 
functionality. Recognition that excess functionality often results in interface 
complexity is not, however, a solution to the problem; the question becomes: if 
functionality must be reduced, how should necessary, core functionality be selected? 
(Dickinson et al. 2003) 

The discussion above shows that there are several challenges with layered interfaces. 
There is a need for frameworks and methods to define and prioritise the basic layer (Paper 
D), but the usability and accessibility of functionality to hide and show layers is also of 
importance. These issues are also related to the issue of user-interface consistency within 
a service and across services, as discussed in the next section. 

6.2.3.3 Standardisation and consistency 

The first of Shneiderman’s eight golden rules of interface design is to “strive for 
consistency” (Shneiderman 1998). Standards, guidelines and style guides are used to 
achieve consistency. While Shneiderman recognises that following this rule can be tricky 
because there are many different forms of consistency, he recommends that exceptions 
should be few and comprehensible (Shneiderman 1998). 

Three out of the four case applications described in Paper D involved electronic forms 
following the Elmer guidelines. However, the inconsistencies in how features were 
implemented caused problems for the users, as explained in section 6.2.1.4. It is therefore 
necessary to define a set of basic interaction mechanisms that is accessible and usable, 
which people can learn through basic ICT training, and which service designers may build 
upon when designing services for the general population. A standardised way to present 
help functionality should also be included in such a basic set of features (Paper D). For such 
a solution to work, however, the issue must be addressed at several societal levels (see 
Table 4 on page 45). The decision and funding to develop such a standard must be taken at 
a political level and for it to have a substantial impact, it would probably be necessary to 
have some legal enforcement of it (macro level). A decision to follow a certain standard 
can be taken in a project by a service provider, or by an educational institution or 
organisation; that is, at the meso level. 
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6 Discussion 

According to Ahmed and Ashraf (2007), the overall consistency of ICT solutions will 
generally be lost because of the way in which designers usually work; that is, by copying 
various previous projects and manually adapting these elements to new contexts. They 
argue that a model-based user-interface approach based on design patterns will help in 
maintaining an overall consistency (Ahmed & Ashraf 2007). In particular, they illustrate 
how different kinds of patterns can be used as building blocks for the establishment of a 
layout model for task and dialog presentation. Such an approach may help alleviate the 
problem of inconsistencies. Reducing the number of ways in which to do things will 
contribute to better cognitive accessibility. It may also contribute to better technical 
accessibility if the patterns are thoroughly checked for conformance to accessibility 
standards. 

Another challenge is that most accessibility standards and guidelines are intended for 
applications used in a desktop environment, although guidelines for accessible designs on 
mobile phones, tablets and other devices are emerging. Due to the trend towards greater 
device diversity, there is an urgent need for advice on accessible design in these contexts 
too. In addition to a wider variability in devices and usage contexts, there are also issues 
related to what kind of AT one may assume that the user has. In general, there is less AT 
available for use together with mobile devices than for use in a desktop environment, and 
there is even less available AT for use together with other types of technology, such as 
public self-service terminals and smart things and appliances. In any case, whether 
developing for desktop environments or for other environments, a combination of 
adherence to existing standards and guidelines, and a process that is sensitive to the usage 
context and users’ needs is necessary. 

In summary, even when comparing similar applications that follow the same guidelines, 
the implementations of various features vary so much that they appear as different for the 
users. This will often have consequences for the overall consistency between services and 
within services. This research confirms that lack of consistency causes trouble for the 
users, and therefore that consistency is an important issue. However, Grudin (1989) 
discusses some of the complexity surrounding this issue. He convincingly argues that 
consistency is a design goal that must be considered along with other design goals, such as 
performance. He also suggests that consistency may be more important when designing 
user interfaces for a wide range of users and situations (as is the case in inclusive design), 
than, for example, when designing special-purpose tools where efficiency is more 
important. 

My research supports the view that consistency is important, but also that inclusive design 
cannot be achieved by a stronger focus on standards and guidelines alone. The issue of 
consistency must be holistically addressed in the overall context, because it is affected by 
cultural and social factors, such as the users’ experience and training, the usage context 
and the design process. 
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6 Discussion 

6.2.3.4 Personalisation and adaptation 

Personalisation and adaptation is also a recommended approach to reduce complexity in 
inclusive design. This refers to what extent an ICT solution can be customised to fit the 
users’ needs. A major challenge of personalisation is the process of identification of the 
user and establishing a user profile. The first obstacle is the registration and authentication 
process to identify the user (see also section 6.1.12). It is not possible to find one single 
authentication method that will be accessible for all users (Paper B). Therefore, it is 
necessary to offer alternative authentication mechanisms to achieve inclusive 
identification. This again leads to more choices and potentially increased complexity. Other 
challenges include the capturing of user preferences, and determining what kind of 
personalisation or adaptivity should be provided. In general, functionality where the user 
can adjust their preferences adds more features to the application and more work for the 
user. In that sense, it may increase the complexity of the user interface. The possibility of 
having one global user ID and profile, to be used across various services, would reduce this 
problem. 

The goal of the e-Me project was to make identification technology more accessible, and 
several prototypes were developed. The e-Me OpenID prototype has several alternative 
log-on methods. OpenID allows the user to log in to multiple websites with the same 
credentials (userID and password). The idea behind the e-Me OpenID is that the user 
should be able to log in to various services by selecting an authentication method that is 
accessible and preferable for him or her. The e-Me OpenID service would also hold some 
basic user information in a user profile. One drawback with the solution is that the user has 
to choose from among several alternative authentication methods (five alternatives in the 
prototype) every time it is used. In that way, the solution introduces more options and 
thus more complexity. On the other hand, in relation to the real-world context where users 
have to remember a vast number of different user names and passwords, the solution may 
both increase accessibility and reduce complexity by offering a single accessible way to log 
in to various services. 

It is difficult to predict whether this approach could be a sustainable solution. It depends 
on many things, such as security and trust issues, the business model of developing and 
maintaining such a solution and whether enough services would adopt the accessible 
OpenID solution. 

From a user perspective, there is the question of trusting one service to manage all the 
personal information and access to various services on the users’ behalf. Another question 
is whether the advantage of having one place to log in to various services outweighs the 
inconvenience of increased complexity because of having to select between several 
options each time. Another aspect that needs further investigation is the possibility of 
offering the right authentication method to the user before the user has authenticated, 
and without compromising the user`s privacy. One of the problems with this is that if users 
openly provide their authentication preferences, it may be possible to infer things about 
the user (Paper B). For example, if the user prefers authentication by pictures, one might 
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6 Discussion 

click inside a field to proceed. The users, however, were often not aware of having a 
problem. The participants would therefore often become confused, frustrated and 
unsecure when the “intelligent” message popped up, because they had not understood 
what they had done wrong to activate the message. Furthermore, it seemed that the 
additional audio function, which was meant to be beneficial for this user group, also 
became a source of confusion. It appeared to come from nowhere and the participants did 
not see the relevance of the audio message. Dickinson et al. (2011) also found that 
automatic alterations to the user interface can be disconcerting to the users. 

Although adaptivity is considered a good approach to meeting diverse user needs, 
there is always the risk of confusing the user with dynamic interface updates. (Savidis 
& Stephanidis 2004) 

Even if there are examples of successful adaptation mechanisms, such as the T9 word-
prediction system for writing on a mobile phone (Newell et al. 2002), the experiences 
referred to above point to several challenges regarding personalisation and adaptivity. 
More work on the usability, accessibility and consistency of personalisation features and 
mechanisms is necessary. I also conclude that one should be wary about introducing 
dynamic changes in a user interface and that adaptivity must be used with particular care. 

6.2.3.5 Limiting the frequency and number of updates to the user interface 

Frequent changes and updates to user interfaces constitute a major problem for many 
people and particularly for people using AT, as described in section 6.2.1.3, and for people 
with cognitive impairments, as described in the previous section. There are, of course, 
many reasons for the need to update ICT services, such as anything from security threats, 
new versions of browsers, new standards and the need to fix bugs and improve the overall 
service. However, it may not be necessary to update the user interface every time a new 
version is launched. 

In one study, it was found that software engineers often, rather than asking the users, 
made their own assumptions about changing things in the user interface, such as text 
messages and output formatting (Albayrak et al. 2009). They did this because they found it 
easy to do so and because they believed that it would not be very costly or time consuming 
to update their proposed solution later. Moreover, it is often the case that updates are 
made without any concern for accessibility, and therefore, many sites actually become less 
accessible over time (Lazar et al. 2007; Vigo et al. 2007). 

My impression is that service providers in general are not aware of the great strain 
updates and changes in the user interfaces may cause for many users, and it seems to be 
the case that accessibility is not well enough integrated into the maintenance and 
upgrading processes. Any updates to the user interface should be well founded, well 
tested and planned. 
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6 Discussion 

6.2.4 RQ2 Summary 

Inclusive design is about accommodating diversity, and the ways in which to accommodate 
four types of diversity have been discussed: user diversity, various usage situations, 
technology variety and variety in user knowledge. Perceivable and operable interfaces for 
people with various sensory and motor abilities can be provided through alternative input 
and output modalities and interoperability with AT. The need for built-in multimodality will 
depend upon the type of technology and the usage context, including security 
requirements. 

Increased flexibility in terms of the functionality to select and operate alternative 
modalities, to combine with AT and potentially, extra functionality for preference settings 
and personalisation may easily increase the complexity of a solution. The lack of 
consistency within and between services will also contribute to the perceived complexity 
for users with different levels of experience and knowledge. 

The increased complexity reduces the usability and thus the cognitive accessibility. There is 
a close relationship between usability and accessibility. Reduced usability and cognitive 
accessibility is a great challenge for all user groups and particularly for people with 
cognitive impairments. Therefore, it is necessary to focus on how to reduce the overall 
complexity of a solution while keeping the required flexibility. 

Five different ways to reduce complexity for the users are identified and discussed. 
Limiting the number of features, functions and options can reduce complexity. When the 
functionality must be reduced, the question is how to select the necessary core 
functionality, and some form of prioritising must be done. This is also necessary when 
aiming for layered interfaces and personalised and adaptive interfaces. The question 
remains regarding what part of the functionality should be common for all users and what 
part of the functionality should be personalised. 

Standardisation and consistency are important, both to achieve interoperability with AT 
and to increase consistency within and between services. However, there are many 
standards and also different forms for consistency. The development of cross-service 
solutions, such as IIDM and common profiles, are part of the solution to create easy, 
accessible and efficient mechanisms for personalisation and adaptivity. 

Last, but not least, it is necessary to consider the need for user-interface updates carefully, 
both with regard to technical accessibility and with regard to cognitive load in connection 
with new versions and updates of ICT solutions. 

6.3 RQ3: The challenges that diversity poses in relation to UCD and 
PD 

In section 6.1 (RQ1: The key elements in inclusive design), I examined important elements 
of the IDAs more closely. Several of these elements correlate to well-known principles in 
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6 Discussion 

UCD. However, studies on design practices in the ICT industry reveal that there is a gap 
between theory and practice, both with regard to UCD (see section 3.6) and inclusive 
design (see section 3.7.11). In this section, I will discuss some challenges of diversity that 
have emerged from this research and I will relate these to existing knowledge from UCD 
and PD. The first theme is the issue of knowing the user when the user is “everybody”. This 
is related to the second theme, which concerns questions about whom to involve, how and 
why. The last theme in this section concerns challenges related to involving diverse users, 
in particular users with disabilities, in the inclusive design process. 

6.3.1 Knowing the user when the user is everybody 

The concept “user-centred” when the user is everybody seems difficult, or even 
impossible. Perception barriers have been found to be the most significant barrier to 
inclusive design in industry (Dong et al. 2004). An important reason for these perception 
barriers may stem from the seemingly utopian goal of designing for everybody. Why 
bother thinking about everybody when this surely is impossible anyway? An adverse effect 
of this may be that because everybody is such an elusive goal, advocates for IDA, including 
myself, often come up with examples of people that should be included, such as blind 
people. This again may give the impression that inclusive design is some kind of niche 
activity to include small user groups with special needs. 

Thus, it is very understandable that rather than trying to include everybody in a user­
centred process, developers should look for tools and checklists to aid them in inclusive 
design. 

One simple approach that is used to keep diversity in focus involves analysing the solution 
against some main categories of disabilities, as suggested in Papers A, B and C. In Paper A, 
the disability categories are analysed together with usage situations. In Papers B and C, 
various methods of authentication are analysed with regard to these categories. A tabular 
analysis provides us with indications of the challenges for each of the main user groups, 
but complementary methods to address actual usability and accessibility in a concrete 
context are needed. 

Recently, there has been an increasing interest in the development and use of user 
models, including models of people with disabilities (Kaklanis et al. 2012; Modzelewski et 
al. 2012; Mohamad et al. 2011). It is pointed out that developers of mainstream 
technology do not have a detailed understanding of the needs of people with disabilities, 
and virtual user models have been suggested to increase the researchers’ understanding of 
these users (Mohamad et al. 2011). It has been suggested that such models might reduce 
or even eliminate the need for producing real prototypes (Modzelewski et al. 2012). The 
models can be used in early development stages (Modzelewski et al. 2012) and for testing 
virtual prototypes (Kaklanis et al. 2012). Although many researchers stress that these tools 
will be used as a supplement to user involvement, there is a risk that automated-
accessibility evaluation tools and user-modelling tools will be used alone and instead of 
including people with impairments in design activities. 
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6 Discussion 

I argue that user involvement is necessary because it can fulfil other purposes than user 
models, profiles and automatic-accessibility evaluation tools can. User models are quite 
impersonal, without much social, cultural and political character. It is important to 
examine and communicate such aspects and purposes. In the following, I will examine 
aspects related to user involvement in the projects. 

6.3.1.1 Empathy and motivation 

The opportunity to meet, observe and interview many people with disabilities has taught 
me some important lessons. Before the ICT barriers of the visually impaired project, I had 
informally observed visually impaired individuals interacting with ICT, both my husband 
and others, for about 20 years. Therefore, I felt that I had some insight into the ICT 
challenges of the visually impaired in advance of the project. However, the possibility of 
systematically observing and interviewing the many participants with visual impairments 
through the project gave me a much more nuanced picture. Over several months, we 
visited 28 visually impaired participants. It brought to the fore that there was a huge 
variation in the knowledge, experience and capabilities among individuals with visual 
impairments, and the many contextual conditions that affect the possibilities of ICT usage 
were highlighted. It clearly demonstrated how ICT accessibility might have a profound 
impact on people’s daily lives. We also gained more insight into the complicated interplay 
between various factors, such as the institutional, political, organisational and individual 
factors, which influence ICT usage (Fuglerud & Solheim 2008). The awareness of the 
variation in any “user group” has only been reinforced through the other projects where 
we have had the opportunity to systematically observe and interview people with various 
types of impairments in connection with ICT usage. Often, participants have brought to our 
attention new aspects that influence a usage situation. Many of the meetings have made a 
long-term impression on me (see details in section 6.1.6), and the experience has 
undoubtedly increased my empathy and understanding of the situation of impaired people 
in general and has increased my commitment to inclusive design. 

In his book “Design and the Digital Divide: Insights from 40 years in Computer Support for 
Older and Disable People”, Newell (2011 pp. 116-119) notes that design for everyone is not 
a particularly useful design goal. Actually, many of the early efforts in design for a group of 
disabled people, or even for one particular disabled person, have led to developments in 
mainstream technology (see section 6.3.1.2). Newell (2011 p. 119) describes experiences 
where developers, after having being persuaded to interact closely with older people, 
changed their views on the users’ needs in ways that were important for the design 
process. He argues that arranging for the developers to interact with older people resulted 
in an increased level of empathy among developers that would not have occurred through 
reports passed on from others. 

The necessity of developing empathy with the users was reinforced during a personal 
meeting with Newell (2012). When discussing the challenge of engaging students and 
developers in industry in inclusive design, he underscored that the involvement of users 
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6 Discussion 

with impairments is necessary to make the work interesting and to sensitise developers to 
their needs. 

The importance of developing a relationship between the user and the designer is also 
emphasised in Pullin et al. (2011). They describe experiences from student assignments 
where the students would design interactive technologies for one of their grandparents 
(Pullin et al. 2011). Many of the resulting designs were surprising, innovative and highly 
appreciated by industry. In reflecting on these experiences, Pullin et al. (2011) suggest that 
the close personal relationship between the designer and the user (students designing for 
a grandparent), and the fact that they were engaging in the design for one particular 
person, in contrast to a population, or even a persona, contributed to the successful ideas. 

In a study comparing two kinds of feedback to developers from usability evaluation, 
namely usability reports with observations of user tests, it was found that both types had 
strengths and weaknesses (Hoegh et al. 2006). The strengths of user observation were that 
it facilitated a rich understanding of usability problems and it created motivation and 
empathy with the users. They too mention that observations seem to bring about a long­
term effect beyond the current project (Hoegh et al. 2006). Including people with 
disabilities early on in the development process will, according to Henry (2007 p. 13), give 
a high return on investment by making team members highly motivated, and thus helping 
them to address accessibility issues with effectiveness and efficiency. 

The importance of learning from people directly instead of through second-hand 
information is underscored by many other researchers (Alm & Newell 2008; Askheim 2011; 
Gould 1995; Pullin 2009). Newell (2011 p. 119) asserts that there is a need to include 
methods in design where developers are “exposed” to users at some time. To let 
developers watch videos of users performing tasks can be an effective way of improving 
communication between users, designers and developers (Hoegh et al. 2006; Masoodian 
1999). However, video recording requires consent by the users. Although many of the 
participants in the projects in this research gave such consent, some were also reluctant 
about this, which of course was fully respected. 

During the projects, I have gained experience with guidelines, checklists and the persona 
method in addition to quite a lot of user contact. Although empathy, commitment and the 
deep understanding of users are some of the aspects that that one tries to establish 
through the persona method (Grudin & Pruitt 2002), it does not give the same experience 
as working with real people. The persona method may be regarded as a kind of user 
modelling. Although this method may include some social aspects, particularly when 
informed by user studies (Maier & Thalmann 2010), this approach is descriptive, including 
mainly idealistic patterns. 

Based on these experiences and the similar experiences and reflections of other 
researchers, I am convinced that working with real people, particularly with potential users 
with impairments, is simply more informative, educational, enlightening, engaging, 
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6 Discussion 

motivating, socially rewarding and challenging than working exclusively with checklists and 
user models. The importance of this aspect should not be underestimated. 

6.3.1.2 Learning and innovation 

There is often an overlap between the constraints that a particular disability places on a 
design and the constraints that a particular usage context or situation requires of the 
design (Paper A). This is highlighted as a potential source for innovation: 

Accommodating a broader spectrum of usage situations forces researchers to 
consider a wider range of designs and often leads to innovations that benefit all 
users. (Shneiderman 2000) 

Thus, moving from design for different usage situations to inclusive design is one possibility 
in terms of creating innovations and inclusive designs. Moving in the opposite direction 
from inclusive design to new design ideas is also a possibility. History has shown that many 
efforts in developing technology to assist people with impairments have resulted in 
innovations that later have laid the foundation for a broad range of mainstream 
technologies (Jacobs 2002; Magar 2011; Newell 2011). A design for a person or group of 
persons with a disability can result in technology that can be very useful for people without 
impairments in situations or contexts where one or more senses or abilities are 
constrained (Paper A). Inclusive design can therefore result in innovative designs that can 
be useful for everybody (Dong et al. 2004; Fuglerud & Sloan 2013; Newell 2011). 

The importance of context is acknowledged in UCD. Models of impaired users usually focus 
on the capabilities of people with impairments independent of context. However, as stated 
in Paper B, problems arise and are formulated in the context of an application. The use of 
virtual user models will not give information about the needs and behaviours of impaired 
users in context, which is necessary for solving real-world problems. An efficient way for 
designers to get a deep understanding of the challenges and needs of people with 
impairments is therefore through direct contact in context. 

Examples, experiences and research referred to in Fuglerud and Sloan (2013), suggest that 
acquiring a deep and detailed knowledge of impaired people and their needs in relation to 
a context has been an important factor in inclusive design innovations. Such deep 
knowledge can be achieved through user involvement and ethnographic methods. 
Observation of task solving in a natural context with a subsequent semi-structured 
interview has been a central approach in all the projects in this thesis. This has resulted in a 
rich knowledge regarding the factors of importance for ICT use by impaired people in real 
contexts. Often, new problem areas on the outskirts of the research topic at hand have 
emerged. This has inspired new project proposals and research projects. Authentication, 
for example, was not a particular focus in our first projects, but the observations and 
interviews of users in context made us aware of the fact that the lack of inclusive 
authentication and identity management was a major accessibility barrier for people with 
different types of disabilities. This led to the development of the uu-Authentication project 
and the e-Me project, which focused on these challenges. 
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6 Discussion 

Pullin and Newell (2007) argue that the consideration of “extreme users”, that is, older 
users or users with disabilities, can act as an effective form of provocation within the 
design process, which again can inspire the creation of new and innovative ideas. 

An important point when involving impaired people in ICT development is that they can 
contribute with design ideas based on their broad experience in coping with specific 
constraints that are related to their impairment. Participants in our studies have 
sometimes shown us or described to us very unusual, new and creative ways of using 
technology. A few such examples came up during the field study of the ICT barriers of the 
visually impaired project (Fuglerud & Solheim 2008). For example, one blind participant 
showed how she had found a particular type of Dictaphone helpful for rehearsing music 
pieces when she did not have music notes in an accessible format. As people with 
disabilities have had to cope with specific impairments in various situations during their 
daily lives, they have lots of experience with alternative ways of coping. They know what 
solutions are effective in accommodating their particular needs for particular tasks in a 
particular situation. In that way, people with disabilities have a broad base of experience 
related to certain design challenges, such as designs for situations where a capability is 
constrained. This base of experience can be a rich source of ideas and creativity. 

User participation, as opposed to user consultation, or merely observing users, has a better 
potential for knowledge building (see categorising of user involvement in section 3.5). 
Participation enhances people’s ability to engage in the consideration of choices and 
options that may have implications for their lives (McIntyre-Mills 2010). Even though 
people are experts in terms of their own situation, they may not consciously have 
considered all of the important aspects of a particular ICT solution. For example, for one of 
the participants in the e-voting evaluation, the authentication process was such a hurdle 
that he required e-voting without any authentication whatsoever. However, this is not a 
conceivable option because it breaks with the principle of one vote per citizen. The e-Vote 
evaluation included one observation and interview with each participant (Fuglerud & 
Tjøstheim 2012), and therefore there was little room for a deeper level of mutual learning. 
Participatory design may support a process where both the participant and the designer 
reflect on, learn, develop and even change their views. It can enable people to give their 
points of view, but also to consider the implications of their ideas (McIntyre-Mills 2010). It 
may be the case that the participant in the mentioned example would have accepted the 
need for some kind of authentication during e-voting if there had been enough time to 
learn more about the implications of no authentication. Moreover, with more time, we as 
researchers might have learned enough from the participant to be able to suggest a 
solution that would have been acceptable in this respect. 

According to Kyng (2010), there is a growing recognition of the crucial role of users in 
innovation. Ethnographic methods have become increasingly popular in academia, 
although the form and intention is debated (Dourish 2006). It is argued that deep 
knowledge is important for steering creativity into areas that matter, and this can result in 
innovations that solve real-world problems (Blomberg et al. 2003). Successful design 
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6 Discussion 

groups in industry, such as the IDEO, engage with extreme users and use ethnographic 
methods to inform and challenge the design (Pullin & Newell 2007; Pullin 2009). As IDEO 
employees have stated, ”nowhere is a deep understanding of user needs more important 
than in the integration of new technologies in our daily lives” (Nielsen & Pullin 2005). 

6.3.1.3 Aid in prioritising 

In the previous discussions, the need for developing various types of prioritising has been 
pointed out: 

•	 Prioritising and dealing with conflicting needs of various users and stakeholders 
(see section 6.1.3). 

•	 Prioritising between the vast number of standards and guidelines, with potentially 
conflicting or at least diverging content (see sections 3.7.3 and 6.2.3.3). 

•	 Prioritising and selecting what functionality to keep and what to discard so that the 
user interface does not become too crowded and complex, or if using layering 
techniques, what to keep in the front layer and what to put in secondary layers etc. 
(see sections 6.2.3.1 and 6.2.3.2). 

•	 Prioritising what functionality to keep the same for all users and what functionality 
can be personalised (see section 6.2.3.4). 

•	 In an idea-generation and creativity phase, it is necessary to prioritise what ideas 
are relevant and may solve real-world problems (see section 6.3.1.2). 

There are certainly various models and theories to support these prioritising activities. 
Vanderheiden (2000) has provided a framework for prioritising among features in inclusive 
design (see section 3.7.3). Keates and Clarkson (2003) propose quantifying design exclusion 
through the use of population capability data (see section 3.7.7), and prioritising 
accordingly. Lee et al. (2010) propose a structural approach when combining various 
design components. 

While these methods are valuable and provide important guidelines and perspectives to 
aid the prioritising process, I will stress the importance of empirical experience and 
knowledge from diverse users and usage contexts as the input to the prioritising and 
decision-making process. Engagement with users will make the designers aware of details 
that otherwise could not have been discovered. These details may make an important 
difference to the outcome of the design. Pullin et al. (2011) underscore that the act of 
design does not descend into detail, but rather that the details are often where the most 
profound issues reside. They point out that the details, far from being mere details, are 
what constitute the design. This is, in a way, contradictory when designing for everybody, 
where details of the users are somewhat levelled out because there are so many of them. 

I conclude that prioritising frameworks is important in inclusive design because of the 
enormous complexity, amount of information and the number of decisions to be made. 
Collaboration activities between the designers or developers and users can prevent the 
details being lost in generalisations. Users can also help to shed light on the relative 
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6 Discussion 

importance of issues related to their real-world experiences. These are also weighty 
arguments for user involvement and fieldwork in inclusive design. 

6.3.2 Dealing with diversity when involving users 

Assuming that involving people with impairments in the development process is one main 
key to more inclusive ICT solutions, I think the practical, structural and political aspects of 
this issue have to be highlighted. Even though we have been able to recruit a number of 
impaired people during the projects, it has been challenging. While challenges related to 
user involvement have been described in the UCD literature (see section 3.6) and the 
inclusive design literature (section 3.7.11), it has been less discussed and problematised in 
the inclusive design literature. In addition, while the literature prescribes user 
involvement, I have found few details on how to get access to users, which users to select 
and how to address representativeness. Thus, in the following, I will discuss challenges and 
issues related to user involvement in the inclusive design process. While the discussion is 
based on the experiences with the methods used (described in chapter 4) and the resulting 
processes in this research, the purpose of the discussion is to come up with some advice or 
guidelines for practitioners of inclusive design. 

6.3.2.1 Empowerment, participation and democracy 

For the NGOs participating in the projects included in this thesis, the democracy aspect has 
been an important underlying motivation for participation (see the overview of project 
participants in Annex A). 

Having relations with NGOs has been an important factor in the effort to involve users in 
this research. I have had the closest relations with the NABP. The ICT barriers for the 
visually impaired project was the project with the most explicit political goals. They 
explicitly stated that they needed documentation to support their political work to include 
the visually impaired in the information society. The NABP was active in developing the 
project proposal, raising funding, helping to organise and participating in the focus group 
and recruiting participants for observation and interviews. This project was a 
documentation project, and did not include any development. In the other projects, the 
main contribution from the NGOs was to assist in the recruitment of participants for user 
evaluations. 

A more active involvement of NGOs in the other projects might have resulted in different 
outcomes in terms of the focus and proposed solutions. However, for the NGOs, it is also a 
question about resources, priority and potential impact. They do not have the capacity to 
engage politically in every development project. In situations where there are no close ties 
between the NGOs and the vendors, it may very well be the case that the most impact will 
actually be gained from recruiting participants. Thereby, the NGOs give the project teams 
the possibility of meeting with and gaining more knowledge about their members as users 
of the vendors’ future ICT solutions. 

146 









  

      
    
       

   
      

      
     

     
 

  

       
       

    
     

          

   
        

   
    

      
   

       
    

   
     

      

   
    
   
     
   
   
  
   
     

 
 

     
     

     
     

 

6 Discussion 

quite different things, and then it may be natural to split blind and partially sighted people 
into two subgroups. Likewise, if an interface has drag-and-drop functionality, it becomes 
clear that there is a big difference in being able to use a mouse or not. Then it may be 
natural to include keyboard-only users as a subgroup. Moreover, if the solutions require 
that these users interact through certain types of AT, the type of AT and the expertise in 
using these types of AT can form the basis for splitting users into more subgroups. The idea 
is to divide the users into distinct categories based on characteristics that one expects to 
have a major impact on the experienced usability and accessibility of the solution. To aid 
this assessment one could use expert opinions, capability data across populations and 
reports from empirical studies. 

When reflecting on the recruitment process for evaluation sessions, it can be useful to take 
the perspective of the ability-based design (see section 3.7.9) and focus on what the user 
can do in contrast to what the user cannot do. A task or action can be accomplished in 
various ways. Focusing on how the users’ abilities can be utilised and even strengthened to 
be able to perform a particular task may open up for new ideas on how to do it. 

In section 6.1.4, I recommend using a matrix with some main categories of impairments as 
a simple tool to analyse the diversity of users in relation to features of an ICT application. 
Such a matrix could also be a point of departure when identifying and selecting 
participants for user involvement. While one dimension in the matrix should be the 
subgroups of users, other dimensions to consider could be the various types of features in 
question and the usage situations. 

Kujala and Kauppinen (2004) have suggested a process for identifying and selecting users 
and user groups for UCD. Inspired by this, and the Norwegian Standard “Universal design: 
User participation and ICT” (NS 11040 2013), I suggest the following steps when 
considering which users to include in inclusive design. 

1. Develop a preliminary list of users by at least considering the following groups: 

•	 people that are blind 
•	 people that are partially sighted 
•	 people that are deaf 
•	 people that are hard of hearing 
•	 people with physical impairments, including dexterity 
•	 people with voice or speech impairments 
•	 people with various cognitive impairments 
•	 people with little ICT experience and 
•	 people with combined impairments (the elderly often have several minor
 

impairments)
 

2. Identify important user characteristics in relation to tasks and features. The user 
groups may be further divided according to the abilities required to perform the various 
tasks of the ICT solution. There are, of course, many aspects that might be important in 
addition to impairments, such as constraining contexts, expertise in using AT, ICT skills, 
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6 Discussion 

knowledge, language skills, domain experience, age, social belonging, cultural background 
and so forth. A matrix can be a relatively simple and useful tool in this work. 

4. Identify and prioritise user groups by considering the degree of diversity or overlap 
between different user characteristics. The focus should be on retaining groups that 
increase the knowledge about diversity among the development team within the available 
constraints and resources. While selecting participants with a minor degree and high 
degree of one type of impairment would demonstrate a span in diversity, developers with 
little experience of people with impairments might learn more from including people with 
medium and high degrees of sensory and physical impairment. 

5. Consider various complementary types of participation when involving users. By 
including participants with a broad knowledge about certain user groups at a system level, 
one can draw upon knowledge about a broader range of users than it is possible to include 
in one project. However, dividing people into user groups is a way to structure, sort and 
generalise knowledge. Involving users at an individual level can serve other purposes, such 
as preventing details being lost in generalisations, as well as creating empathy, motivation 
and learning opportunities among the development team, as discussed previously. 

6. Make all parties aware of their roles and responsibilities. The development team, the 
participants and possibly the group that is represented will provide more accurate and 
better contributions if they are aware of their roles. Being explicit about who the 
participants are representing, themselves or a group, and about the purpose of the 
participation, can also influence the choice of method and how to interpret the results. 

7. Consider the characteristics of the actual participants in relation to coverage of 
diversity. Even if having carried out a thorough analysis of what user groups and user 
characteristics to include in a project, it is not always feasible to recruit participants to 
match with this wish list. It is therefore important to map the characteristics and 
knowledge of the actual participants with the original list of users to include. It is often 
necessary to supplement the design process with knowledge about user groups that are 
not covered by information from experts, literature, guidelines and capability data. 

6.3.2.3 The number of users 

Practitioners in inclusive design will often ask how many users is it necessary to include. It 
is important to note that there is a difference between the activity of coming up with new 
design ideas, performing user evaluations to uncover usability and accessibility issues (i.e. 
formative evaluation23), and performing statistical measurements to decide on the number 

23 Expert inspection or user testing to provide feedback to improve the usability of the product during the 
UCD process is called formative evaluation. Summative evaluation performed towards the end of the 
development can be used to validate usability and accessibility requirements, to provide a benchmark, or to 
provide a basis for comparison of different products (Borsci et al. 2013; ISO 20282-2 2013). 
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6 Discussion 

and the extent of such issues (i.e. summative evaluation)(Sandnes 2011 p. 346). A quote by 
Dunne illustrates this point (Pullin & Newell 2007): “Populations can validate a design, but 
individuals can inspire new thinking”. Thus, some users should be included in the design 
process from the beginning to inspire innovation and inclusive design solutions. 

Several inclusive design innovations have sprung out of in-depth work with few users or 
even one single user (see section 6.3.1.2). However, addressing only one single user group 
can introduce problems for other user groups (Gregor et al. 2002; Keates, S. & Clarkson, J. 
2003 p. 48; Newell 2011 p. 117). Therefore, it is also necessary to address the needs of 
various user groups when developing inclusive designs. This can be done by formative user 
evaluations or trials. This approach is used when the goal is to uncover usability and 
accessibility problems so that they can be fixed. Conducting user trials is, according to 
Keates (2003), a cornerstone of inclusive design. It is difficult or even impossible, even for 
experts, to design a genuinely accessible product without some type of user trial (Keates, 
S. & Clarkson, J. 2003 p. 140). 

Research from usability testing has found that testing with five users is needed to have an 
85% chance of detecting problems that affect 31% of users (Sauro 2000) in a fairly 
homogenous user group. To have an 85% chance of detecting problems that affect 10% of 
the users, it is necessary to increase the number to eighteen users. As the curve is 
nonlinear, and begins to flatten out around five users, it is commonly accepted that testing 
with five users from a representative user group is a cost-effective way of uncovering the 
most common usability problems for that user group (Nielsen 2000; Sauro 2000; Turner et 
al. 2006). This is known as the “five-user assumption” (Borsci et al. 2013). Moreover, if one 
has the possibility of testing fifteen users, it is suggested that these users are split into 
three test iterations of five users and that the design is improved after each test, rather 
than testing all fifteen users at the same time (Nielsen 2000). The reliability of the five-user 
assumption depends hugely on the homogeneity of the target population and sample of 
users, the type of technology that is tested, and also on the evaluation technique that is 
employed. See Borsci et al. (2013) for a thorough discussion of the background of the five-
user assumption, and a more informed approach to decide upon the number of users 
needed for a cost-effective usability test. 

When the target population of an ICT solution is diverse, the population should be split 
into representative subgroups based on various characteristics, such as experience and 
knowledge (Dumas & Redish 1999). As some of the characteristics would probably overlap 
between different subgroups, it is recommended that three to four users per subgroup are 
included when having two subgroups, and three additional participants from each 
subgroup if having more than two subgroups (Borsci et al. 2013; Nielsen 2000; Turner et al. 
2006). A typical usability test should include between six and twelve participants from two 
to three subgroups (Dumas & Redish 1999). In inclusive design it is necessary to consider 
more subgroups because of heterogeneity in the user sample. (See the discussion about 
user groups in the previous section). 
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6 Discussion 

During the projects, many of the problems uncovered in the task-solving activities were 
related to cognition rather than perception or physical access (see section 6.2.1.1). If 
keeping to the distinction between technical accessibility and usable accessibility (see 
section 3.7.4), these are problems that can be characterised as relating to usable 
accessibility. Problems that pose major barriers for people with impairments will often 
affect people without impairments as well, although not so profoundly. In other words, it 
seems to be the case that many usability problems are often amplified or intensified for 
people with disabilities. This is in line with Petrie and Kheir (2007), who note that disabled 
and non-disabled people often encounter the same problems, although they may be 
differently affected by them. Similarly, Henry (2007 p. 116) asserts that evaluations with 
impaired people will easily uncover issues that impact most users. I argue that one would 
generally need more participants without any impairment to uncover many of the usability 
problems uncovered by people with impairments. User evaluations with disabled people 
can therefore be an effective means through which to uncover usability problems in 
general, as well as to uncover accessibility problems. 

In the two e-voting evaluations, the goal was two-fold, to uncover usability and 
accessibility problems and to evaluate whether the solution was inclusively designed. 
Respectively, 24 and 30 participants from various user groups were included (see Table 8). 
After between 15–20 evaluations, most of the issues had been noted before; that is, the 
usability and accessibility issues revealed started to converge. This was probably because 
many issues overlapped between the subgroups of impaired people. For example, both a 
blind and a mobility-impaired person need an interface that can be operated by keyboard 
only. Further, an elderly person may encounter many of the same issues as a younger 
person with some memory or concentration impairments. Similarly, because a deaf person 
often has sign language as his or her first language, she or he may experience similar 
problems as a non-native speaker without a hearing impairment. When the goal of a user 
trial is to evaluate to what extent the ICT solution is inclusively designed, one needs a 
broader sample of users (see for example standard about summative test method (ISO 
20282-2 2013) and a procedure on how to decide upon the most suitable number of 
participants in (Borsci et al. 2013)). 

In summary, based on the discussion above, I suggest that many of the recommendations 
from UCD can be applied in inclusive design. It seems reasonable to extend the principle of 
including at least three participants in each subgroup when there are more than two 
subgroups to inclusive design. However, this is of course dependent on how the subgroups 
are selected. The number of users will also be dependent upon the purpose of the activity, 
whether it is to inspire new thinking, to uncover usability and accessibility problems or to 
measure to what extent particular user groups are included or excluded. 

6.3.2.4 Ethical issues 

In section 6.3.2.4 I discuss ethical issues in relation to this research. Ethical issues are not 
only important in relation to research but in relation to inclusive design in general. Both 
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6 Discussion 

European and Norwegian data protection legislation are particularly strict in relation to the 
handling of “sensitive personal data”. Information about physical or mental health or 
condition, including disability, is regarded as sensitive personal data, and this must be 
taken into account in inclusive design projects. 

It is important to treat people with natural respect. At the same time, when including 
diverse users in the design process, there will inevitably be huge variations among the 
participants. This requires a continual sensitivity and flexibility in relation to each 
participant. The researcher must therefore be prepared to adapt and adjust the activities 
to the participants pace, energy and capabilities. For example, in the e-vote project the 
participants used from less than a minute to one hour for the log-in process (Fuglerud & 
Tjøstheim 2012 pp. 123-127). In another case, the sign interpreter was delayed, and the 
deaf participant and I had to improvise to be able to communicate. After some 
gesticulation, we ended up using a text editor so that we could communicate by typing. 
Thus, it is necessary to adapt the process to the participant, and sometimes to be creative 
and to improvise. This is also underscored by Culén and Velden (2013). 

The question of payment to or compensation for participants is particularly important for 
the development of mainstream ICT. Besides being a means to a practical end, namely to 
make it easier to recruit people for participation in a project, it gives some signals about 
the value, meaning and role of the participant. A participant being paid by an NGO might 
behave differently to a participant being paid by a vendor or a project. However, the 
practical and administrative issues surrounding compensation may constitute barriers to 
user involvement. 

In a traditional PD project, the workers will ideally participate throughout the project 
duration, and they will normally participate during their working hours. Their participation 
is therefore paid for through their normal salary. The situation is different in the inclusive 
design of mainstream ICT, where individual participants will usually participate 
independently of their work status. 

Payment to disabled or older participants may raise issues with regard to tax rules and 
income limits in relation to salary, benefits or pension rules. Tax exemption for user 
participation in inclusive design activities may stimulate participation. However, the 
current limit for tax-free payments in Norway is equivalent to a few hours of work24. It is 
perceived by many as involving too much administration in relation to the dividend to go 
beyond this limit. Due to such obstacles, Newell (2011 p. 121) suggests considering other 
types of rewards for participants in inclusive design, such as travel allowances, coffee 
breaks, organising time for socialising or offering computer training. An important 
outcome of the early PD projects was training material for the trade union members (Kyng 

24 The current tax-free limit in Norway is NOK 1000, and would normally allow for two–four hours of 
participation. If the work is performed for an NGO, the tax-free limit is NOK 6000 (Skatteetaten 2014). 
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6 Discussion 

2010). Similarly, developing training materials for members of NGOs could be an outcome 
in inclusive design projects. Actually, in the Diadem project and e-Me project, 
presentations at NGO seminars were given as a small reward to the organisations for their 
efforts in helping with the recruitment of participants (Fuglerud 2008). 

To facilitate user involvement, the principal, practical and economic issues surrounding 
participation for NGOs and individual participants need to be explicitly addressed. 

6.3.3 Dealing with diversity in the design process 

Even if users have been recruited for participation in a project, several other issues must 
be considered. A challenge in inclusive design is that the methods, materials and 
techniques used with participants need to be inclusive to allow diverse users to participate. 
In this section, I discuss issues that are related to the methods used and the inclusive 
design process. 

6.3.3.1 Inclusive methods, materials and techniques 

In the projects, we put extra effort into making the information and materials, such as the 
instructions necessary for task-solving activities, accessible to the participants. We, for 
example, offered information in alternative formats, such as accessible electronic formats, 
auditory information and sign interpretation. 

The “thinking-aloud” technique was used for the evaluation of prototypes or existing 
applications in all the cases. Since we did not focus on efficiency, we were able to prompt 
the user to comment if he or she was silent. As the sessions were conducted in an informal 
and conversational atmosphere, this worked quite well for most of the participants, and 
therefore I have found thinking aloud to be a valuable method. However, in addition to 
some challenges concerning getting participants to speak while doing, this method is 
particularly challenging when communicating with deaf participants through a sign 
interpreter, as experienced in the e-voting project. Then both the participant and the 
observer needed to share their attention between the prototype, the participant or 
observer and the sign interpreter. The thinking-aloud method may also be difficult for 
participants with cognitive impairments. If the cognitive load becomes too high, it may 
interfere too much with the task-solving activity (Dickinson et al. 2007). 

Empirical evaluation of the evolving prototypes in iterations is considered as the best 
practice in UCD (see section 3.4). However, working with lo-fi paper prototypes, commonly 
used in early development phases of both UCD and PD, is not suitable for all user groups. 
When it comes to visually impaired people, it is important that the prototype is technically 
accessible, or they may not be able to interact with the prototype at all. 

Through the Diadem project, we found that unstable and error-prone prototypes were not 
suitable for elderly people, people with cognitive impairments and people with low ICT 
literacy. The users were highly sensitive to disturbances and unnecessary interruption, and 
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6 Discussion 

more inclusive mainstream technology. Developers of inclusive mainstream technology 
may have much to learn from AT research and development. 

Rather than focusing on one common solution, the capability approach focuses on dignity, 
treating people with equal respect and providing equal opportunities. This perspective can 
be used to guide the design of inclusive ICT solutions as well. The results of this research 
suggest that flexible and multimodal interfaces, which in theory should include all users, 
may become more complex and thus less cognitively accessible. Providing several 
alternative solutions rather than one common design does not need to be in conflict with 
the goal of inclusive design as long as dignity and equal opportunity are taken into account 
and alternatives are provided for all users. The first principle of UD tells us to “Provide the 
same means of use for all users: identical whenever possible; equivalent when not” (Sevilla 
et al. 2007). 

Design for one vs. design for everybody is also discussed by Pullin (2009). He points out 
that today’s highly automated production methods allow for the flexibility to build a wider 
range of relatively focused products rather than multipurpose products with a vast number 
of functions and modalities, which are so complex that extensive personalisation, 
instructions and training are necessary. In other words, he suggests that the 
personalisation can happen at the production stage (Pullin 2009 p. 76), which is actually 
done by the retailers of the hardware and computers, such as Dell25. However, there may 
be social challenges with this option, such that it is difficult to learn from other people that 
do not have the same interface or functionality (see section 6.2.3.4). There is a need for 
more knowledge on personalisation in the early stages, during production, or during set-up 
and installation as a means to inclusion. 

6.3.4 RQ3 Summary 

The mantra from Gould and Lewis, “know your user”, is even more challenging in inclusive 
design than in UCD and PD, because inclusive design is about making the mainstream 
designs accessible and usable for everybody. This is a great challenge and paradox, 
because it is obviously not possible to know all the users when aiming at everybody. 

Designers need first-hand knowledge and experience with a range of different user groups 
to be able to design inclusively. In particular, it is necessary to know about impaired users 
and their challenges in relation to a usage context. It is in my opinion that this type of 
knowledge can best be gained through interaction with and observation of impaired users 
in a usage context. 

Interacting with people with disabilities will, in addition to producing concrete knowledge 
about users’ functional and cognitive abilities, also often create empathy and motivation, 

25 http://www.dell.com/ 
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6 Discussion 

enhance mutual learning between users and developers, spur innovation, and help in 
prioritising and making informed design trade-offs. 

While I do not think that it is feasible to include a statistically representative sample of 
users in inclusive design projects, it is necessary to have some knowledge about and 
guidance on how to select user participants. Therefore, based on the experiences from this 
and related research, I have given some advice with regard to how to identify and select 
user participants in inclusive design. Users from various subgroups should be selected 
according to the type of application and context, but one should at least consider including 
users from the main categories of disabilities. I have found that the recommendation of 
including at least three participants in each subgroup is a reasonable principle in formative 
user evaluations. This research supports the idea of including users with significant to 
extreme degrees of sensory and physical impairment in addition to users with cognitive 
impairments. It is important to be explicit about the roles of the participants, for example, 
whether the participants represent a group or only themselves. 

Some issues relating to inclusive methods and techniques when involving users with 
disabilities have also been discussed. In contrast to previous practices in UCD and PD, 
where users are often involved by working with lo-fi prototypes, prototypes need to be 
more mature and technically accessible in inclusive design. This is a challenge because it 
may delay user involvement. A concrete way in which to engage with users early on in 
inclusive design may be to draw upon several existing accessible solutions to start a 
discussion about features and designs. The best features from alternative solutions may be 
merged into one solution, or may be regarded as potential parallel functionalities for 
personalisation or adaptation. 

Personalisation, possibly at various stages (production, set-up or runtime), may be a 
solution to the challenge of accommodating diversity while avoiding complex and 
complicated multipurpose products. As long as all user groups are provided with equal 
opportunities, respect and dignity, it is my opinion that parallel and alternative solutions 
may be acceptable. 
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7 Conclusion and suggestions for further 
research 

The first three sections in this chapter correspond to the research questions presented in 
section 1.6 (page 14). Here, I will summarise the conclusions from this research. During the 
discussion, several open questions and suggestions for further research are also given. 
These suggestions are summarised in the last and final section of this chapter. 

7.1 What are the key elements in IDAs? 

In chapter 6, important elements of inclusive design have been identified and discussed. 
This exercise confirms that most of these elements are known from research within UCD, 
usability and PD. The usability aspect appears to be at least as important, if not more 
important in inclusive design, as it has been in traditional UCD. This is because the use of 
ICT is very cognitively demanding and puts high demands on a user’s ability to assimilate 
and interpret information and to communicate. 

An overview of the various elements that emerged from my research and those found in 
related research is given in Table 13. The elements identified through my research are 
listed in the first column, and the column marked “Discussed in section” lists the section in 
which that element is discussed. A cross in the column marked “Related work” indicates 
that this element emerged from the summary of previous and related work presented in 
section 3.8. 

Since it is widely recognised that IDAs should be based on a user-centred approach, it is 
not surprising that many of the identified elements can actually be recognised from the 
UCD literature. UCDS is one of the most detailed descriptions of a user-centred approach. 
In the column marked “Corresponds to UCDS principle” in Table 13, I give a rough 
indication of how the elements may compare to or relate to the principles of UCSD (see 
the descriptions of these principles in section 3.4). 

The projects that this research is based upon and my perspective also constitute a 
limitation in relation to the discussion of the elements in Table 13. For example, the two 
last elements in the table are not discussed. This is not because these elements are not 
relevant, but because this was not a focus in the projects. Thus, I did not gain enough 
experience with these elements during my research to be able to shed light on them. 
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7 Conclusion and suggestions for further research 
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7 Conclusion and suggestions for further research 

7.2 What is the relationship between flexibility, complexity and 
simplicity in mainstream ICT? 

This research shows that while various input and output modalities, interoperability with 
AT and alternative presentation settings may give the necessary flexibility with which to 
accommodate people with sensory and motor impairments, it also increases the 
complexity of the solution. This reduces the usability and thus the cognitive accessibility. 

While these types of flexibility may be necessary in inclusive design, it is important to place 
the focus on how to reduce the overall complexity. Five main approaches to reduce the 
complexity in ICT solutions have been identified and discussed: 

•	 Limiting the number of functions in an ICT interface to the necessary core
 
functions. The main challenge of this solution is to select the minimum but
 
necessary number of core functions.
 

•	 Utilising layered interfaces, which hide advanced or seldom-used functionalities. 
The challenge with this solution is how to decide what functionality should be 
hidden, and to make it easy to find the hidden functionality. 

•	 Standardisation and providing consistent interfaces. Challenges with this solution 
are related to interpretations of standards and to prioritising and making trade-offs 
when it is not possible to follow all the requirements or when the requirements are 
conflicting. 

•	 Personalisation and adaptation. The main challenge with this solution is related to 
the accessibility and usability of authentication, to establishing user profiles, to 
handling privacy, to deciding what parts of the functionality should be personalised, 
and what parts should be general, and to making the personalisation and 
adaptation functionality accessible and usable. 

•	 Limiting the frequency and number of updates. New interface features and 
changes in interfaces may have bigger consequences for the usability and 
accessibility of ICT solutions than developers are often aware of. These aspects 
must be taken into account before releasing updates. 

I have found that guidelines and standards are important but far from sufficient in inclusive 
design, and that a deep understanding of the great diversity of users, the challenges of 
each user group and their context are necessary. This is the theme of the last research 
question. 
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7 Conclusion and suggestions for further research 

7.3 What challenges does diversity pose in relation to UCD and 
PD? 

Research in UCD and PD has documented the importance of user involvement repeatedly. 
Knowing the user is even more challenging in inclusive design than it has been in previous 
approaches. The fact that it is impossible to know everybody does not lessen the need to 
gain a deep understanding of the users. It is the knowledge about the span in human 
capabilities, and how this span affects ICT usage in context, and in particular the 
knowledge about users at the extremes of the scale, which can challenge the designers to 
make interfaces to accommodate as many users as possible. 

I have found that involving people with impairments in the design process is not only 
important in terms of gaining knowledge about user variety, but also in terms of 
motivating designers to design inclusively and to inspire learning, innovation and empathy 
with their users. It seems that empathising with the users is necessary both to want to find 
inclusive solutions and to be able to find inclusive solutions. Moreover, involving people 
with disabilities will be of great importance and will aid in prioritising activities during the 
design process, because they can bring relevant issues and details to the surface. However, 
this requires the designers to pay close attention to which users to involve and to how the 
process is handled. Various types of user involvement can serve different purposes. It is 
therefore important to be explicit about the roles of user participants and the purpose of 
their involvement. A stepwise process for identifying and selecting user participants in 
inclusive design is suggested. 

A mixture of methods is necessary in inclusive design. Existing methods and techniques 
need to be modified to allow people with disabilities to participate in the development 
process. This research has provided insights from the use of focus groups, empirical 
evaluations using the thinking-aloud method, the persona method and the role of 
prototype maturity. Presenting parallel design solutions to users, possibly by including 
some existing and accessible designs, can be a vehicle to let the users engage early on in 
concrete discussions about design. 

Finally, I suggest that the central focus of inclusive design should be to offer equal 
opportunities through solutions that are perceived by the users to provide equal dignity 
and opportunity when compared to others. This may be achieved through one single 
inclusive solution and through personalisation or adaptive interfaces at the production, 
set-up or runtime stages. 

These recommendations build upon and extend the knowledge from previous work in UCD 
and PD into inclusive design. A main challenge in relation to user involvement remains 
though, and that concerns how to create conditions that can make it easier to recruit and 
involve user participants with disabilities in development projects. This and several other 
suggestions for further research are discussed in the next and last section of this thesis. 
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7 Conclusion and suggestions for further research 

7.4 Suggestions for further research 

ICT solutions are penetrating our everyday lives and are increasingly used in all kinds of 
situations. Inclusive design is important for democracy and participation in society. During 
my research, it has become increasingly apparent to me that many of the challenges 
related to creating an information society for all cannot be solved within separate 
development projects. 

While user involvement seems to be more of an ideal than a reality in UCD, it is even more 
challenging in inclusive design. Addressing how to create better conditions for user 
involvement is a major challenge that should be explicitly addressed in future work. To get 
a substantial increase in the involvement of people with impairments in the development 
of inclusive mainstream technology, regulations or frameworks at a societal level are 
necessary. Future work would benefit from being inspired by the early work in PD in this 
respect. This work led to legislation requiring user involvement when introducing new 
technology into organisations and agreements between the working-life parties. Similarly, 
the development of agreements between parties in society, such as NGOs on the one side, 
and possibly procurers of ICT on the other side, might be considered to aid inclusive 
design. While such ideas might seem foreign in many parts of the world, I believe that 
Scandinavia has a history and a structure where such developments might be possible. 
Practical, ethical and economic aspects of participation, including useful methods and 
accessible techniques should be further explored. 

A myriad of methods and techniques for user involvement and user research have been 
proposed in PD and UCD. However, many of these methods and techniques cannot be 
used successfully with impaired people because they are not accessible. These methods 
and techniques must therefore be adapted or new must be developed to be useful when 
working with people with disabilities. More research on existing and new methods and 
techniques for user participation in inclusive design is therefore necessary. 

I have suggested some approaches to reduce the complexity of inclusive ICT solutions, but 
further research along this line is necessary. There is a need for frameworks and methods 
to define and prioritise the basic functionality, whether one is aiming at layered or 
personalised interfaces. The usability and accessibility of functionality to hide and show 
layers, and to personalise, is also of importance. However, if the basic functionality has a 
different look and feel from one application to another, the overall effect across services 
may be that of increased complexity. Research beyond that of the individual ICT solutions 
may contribute to standardisation in this area and might alleviate this situation. 

The issue of creating inclusive identity management is still one of the great challenges in 
relation to inclusive ICT. A reduction in the accessibility and usability problems that people 
face in relation to managing their usernames and passwords would be a great 
improvement. The potential of having one global user ID and profile, to be used across 
various services, would also provide for easier personalisation and adaptation. Research 
efforts that take the scope and complexity of these challenges into account are needed. 
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7 Conclusion and suggestions for further research 

The emerging Internet of Things (IoT), including various smart objects with sensors and 
networking facilities, will challenge our present screen-dependent interaction paradigm. 
While there have been significant research efforts on the technical aspects of the IoT, such 
as hardware platforms, software infrastructure and application scenarios, the human– 
interface aspects are just beginning to receive attention. Multimodality in such 
environments can contribute to accessible solutions, provided they are not to complex. 
More research on how to include multimodality in intelligent things to make them 
accessible to everybody is needed. 

Technology diversity can be associated with the explosive development in the market of 
end-user devices, were ICT services can be accessed and used via everything from 
wristbands, smartphones, e-readers, netbooks, tablets and televisions to gaming consoles. 
The connection and interaction with everyday technology via personal devices is another 
possibility for achieving accessibility. The idea is that a user can interact with intelligent 
things and everyday technology through their personal device. The advantage with this 
would be that interaction could be transformed to suit the user according to his or her 
profile on a familiar device. This requires research into the interplay between everyday 
technology and personal devices. 

As all-encompassing and technically accessible solutions have a tendency to become very 
complex, which is in conflict with simplicity and thus with inclusive design, one could also 
explore approaches for producing more focused ICT solutions, in contrast to multipurpose 
designs. For service providers, this may be done through personalisation at various stages 
in the production process. However, it is important to keep the goals of inclusive design, 
namely, equal dignity and opportunity, in mind when exploring such solutions. 
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