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Abstract 

When designing for the general population it is important to design inclusively in order to 

invite to participation in today’s digital society. With this study the widely used Web 

Content Accessibility Guidelines (WCAG) gets investigated for its sufficiency in guidance 

towards inclusive design within mobile devices. Through a comparative analysis between 

the principles of WCAG and literature considering the effects of the limited attentional 

resources, deficits with WCAG are detected and discussed. Additionally, a parallel effort 

making a real-case with a WCAG adapted prototype based on a UX-design process is 

conducted in order to gain further insight and discussion. This process includes iterative 

sketching, persona-workshop, Service Blueprint-creation and usability testing. Findings 

show that WCAG does not fully consider the effects of the limited attentional resources. 

Recommendations are given for further scientific work in developing complementary 

guidance considering cognitive limitations to WCAG towards an inclusive design. 
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1 Introduction 
The capacity of the human mind is limited. We are limited in the extent that we 

perceive, store and interpret information even though the brain is extremely complex. 

One known reason for this is our limited attentional resources. In the modern society, 

technology makes us available to communicate online, search for information and 

gather knowledge. The Web has modified the nature of social relationships and the 

way we communicate (W3C, n.d.-b). W3C (n.d.-b) argues that it is important to 

support interactions between users on the web. The mobile device has developed 

from a telephone into a mini-computer and is today as common as a stationary or 

personal computer. Meanwhile as technology and mobile devices grows into a bigger 

role in our society, there is a large population that often becomes excluded due to 

mental or physical disabilities. World health organization has a report that reveals 

that 15% of the world’s population are suffering from some sort of a disability (WHO, 

n.d.). When designing for a general population, as many users as possible should be 

included in order to invite anyone to the communication possibility. This is a human 

right, and neither a disability nor other individual differences should interfere. 

Therefore, it is essential to design with any user in mind. In the light of how to 

include different people with disabilities, the need to develop content that suits the 

limited human mind in attentional resources is forgotten. Considered these facts, it 

has never been more important to make mobile devices available to anyone than it is 

today.  

 

A design does not necessarily become completely inclusive by solely following 

guidelines that are aimed to include people with disabilities. More than that might be 

needed. It is important to consider that the user has a context when using its mobile 

device, such as distractions in the environment and its cognitive limitations. The 

question is how to include every human mind, if that even is possible. Why we should 

aim at including an as diverse group as possible is simply to improve the usability of 

systems for a full-wide population. For these given reasons, it is essential to design 

with both cognitive limitations and disability in mind. An appropriate way to fulfill an 

inclusive design may be through well-developed principles and user experience (UX) 

design. UX-design gives the user a central role in the process, where the designer 

gains understandings of the user’s thoughts and needs. In summary, there is a strong 

relevance to design inclusively in order to invite anyone that wants and needs to use a 

product or service, as a social and human right.  

 

Web content accessibility guidelines (WCAG) by the World Wide Web Consortium 

(W3C) are well-developed guidelines (version 2.0 is classified as an ISO-standard: 

ISO/IEC 40500:2012 (ISO, 2012)) and the claim is that by following those 

recommendations, the web will be available for “a wider range of people with 

disabilities” (W3C, n.d.-e). The guidelines focus on different disabilities and claims to 

touch the field of cognitive limitations as well (W3C, n.d.-e). A common approach 
throughout the world is for nations to support and adopt WCAG 2.0 (Webaim, n.d.). 

As an addition to this subject, there is a fundamental human right in Europe (EU 
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Charter of Fundamental Rights, article 21) that prohibits discrimination based on 

grounds of disability (among other grounds) (FRA, n.d.). In Sweden among other 
countries, there is a discrimination act (2008:567) that has a purpose to combat 

discrimination, that promote equal rights where opportunities for disabilities (and 

elderly) is included (Government Offices of Sweden, 2015). Additionally, according to 

United Nations (n.d.) it is a human right to participate fully in all aspects of life, to 

access information and communications, including information and communication 

technology and systems. Included in these rights are measures such as “To promote 

access for persons with disabilities to new information and communications 

technologies and systems, including the Internet” (United Nations, n.d.). There is not 

much research about how the WCAG standards meet cognitive limitations. There is 

no way to know if the guidelines are suitable for all types of contexts and all users 

since the different needs are many. What needs to be figured out is how guidelines 

should be shaped to meet the limitation of attentional resources, and if WCAG is 

suitable on its own for developing user-centered applications on mobile devices. As 

part of the investigation, WCAG was applied on a mobile application prototype on 

mission by XLENT AB. Their customer ordered an application for digital waybills 

used by truck drivers. The stakeholder requested a mobile application that showed 

digital waybills that made it possible to correct delivery details, collect signatures and 
report returns. 

 

1.1 Purpose & aim 
The purpose of this study was to evaluate the suitability and sufficiency of adopting 

Web Content Accessibility Guidelines on mobile devices when reaching for an 

inclusive design. Through a comparative analysis between the principles of WCAG 

and principles in favor of the limited attentional resources, together with a case with 

a WCAG-adapted prototype, WCAG gets evaluated and recommendations are given. 

This brings knowledge on what recommendations should be followed for inclusive 

design. The aim was to detect, visualize and compare the effects of WCAG to effects of 

the limitations of attentional resources.  

 

1.2 Research questions 
The study will answer the following questions: 

• Are the Web Content Accessibility Guidelines (WCAG) sufficient as 

guidance for inclusive design? 

• How should accessibility guidelines be shaped to include the effects of the 

attentional resources? 

 

1.3 Delimitations 
There are testable success criteria within the principles of WCAG that are distributed 
into three levels of conformance; A (lowest), AA and AAA (highest). The success 
criteria are not concerned, and the levels of conformance are not separated in this 
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study. There are many interesting perspectives that could have been added to this 
research within the massive field of cognition and inclusive design. Unfortunately, 
there is no possibility to include them all. Aspects that are not included in this study 
are potential cultural differences, it does not test the prototype on a general user 
group, and it does not give a complete practical guide. 
 

1.4 Declaration of interests 

This research is conducted as a master’s thesis at the master’s program in cognitive 

science at Linköping University. There is former knowledge that without intent could 

affect the work. The project size is within the walls of a master’s thesis which is full 

time studies during a semester. A UX-design process was conducted in order to 

develop a grounded and realistic prototype. This is in the researcher’s interest, and 

the literature research could have been conducted without it. However, without 

considering UX-design principles, there would not be much material to work with 

and possible insights from working with the WCAG guidelines could be lost. The 

prototype creates a realistic case and conducting the UX-process makes it easier to 

see where WCAG is not enough despite a well-developed prototype.  
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2 Theoretical framework 
This section explains WCAG, describes accessibility, inclusive design, attentional 

resources, and describe UX. 

 

2.1 Web Content Accessibility Guidelines (WCAG) 

The World Wide Web Consortium (W3C) is an international community of people 

who work together to develop Web standards. The W3C’s mission is to guide the Web 

toward its full potential (W3C, n.d.-a). A primary goal is to make the benefits of the 

World Wide Web available to everyone, no matter what hardware, software, native 

language, culture, or mental or physical ability (W3C, n.d.-b). A vision that W3C has is 

that the Web would involve participation and sharing knowledge so that trust would 

be built upon a global scale. W3C’s Web Accessibility Initiative has published Web 

Content Accessibility Guidelines (WCAG) to guide authors in creating accessible 

content to people with disabilities. W3C promotes the possibility to publish 

regardless of the software used, choice of computer, what language is spoken, if wired 

or wireless, regardless of our sensory or interaction modes and regardless what size of 

display we use. When the Web meets the goals, W3C (n.d.-d) argues that the Web is 

accessible to people with diverse range of hearing, movement, sight and cognitive 

abilities. The disabilities that are included is accommodations for blindness and low 

vision, deafness and hearing loss, limited movement, speech disabilities, 

photosensitivity (and a combination of these) and a couple of accommodations for 

learning disabilities and cognitive limitations (W3C, n.d.-e). Normally, the Web may 

facilitate communication for a person having a disability through removing barriers 

that exists in the physical world. However, when a Web or application has poor 

design, there can be other barriers that exclude people from using the Web instead. 

According to W3C (n.d.-e), accessibility depends not only on accessible content but 

also on Web browsers and other user agents. 

 

WCAG 2.2 is the latest published working draft (published 21 February 2020), and 

was used in this study. WCAG 2.2 is an extension of WCAG 2.0 (and WCAG 2.1), 

which is an ISO-approved standard (ISO/IEC 40500:2012 (ISO, 2012).). WCAG is 
under constant development, and the accessibility guidelines working group is 

currently developing a major version of the guidelines as a multi-year project (W3C, 

n.d.-f). The WCAG does not address every user need that a person with disabilities 

can have, since they are many (W3C, n.d.-e). According to W3C (n.d.-g), people with 

cognitive disabilities may have following problems in general: 

• Memory 

• Executive functions 

• Reasoning 

• Attention 

• Language 

• Understanding figurative language 

• Literacy 
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• Other perception 

• Knowledge 

• Behavioral  

 

2.1.1 WCAG principles 

WCAG consists of four main principles with 13 sub-guidelines (Table 1) which are; 

perceivable, operable, understandable and robust. The principles are constructed 

with main principles, specified with guidelines, which further has success criterions 

and practical advices.  

Table 1: WCAG principles. 13 main principles picked from WCAG 2.2 (W3C, n.d.-f). 

Perceivable Operable Understandable Robust 

▪ Text alternatives 
▪ Time-based media 
▪ Adaptable 
▪ Distinguishable 

▪ Keyboard Accessible 
▪ Enough time 
▪ Seizures and physical 

reactions 
▪ Navigable 
▪ Input modalities 

▪ Readable 
▪ Predictable 
▪ Input 

assistance 

▪ Compatible 

 

Out of these 13 principles, there is further detailed information in the four tables 

(table 2) below. The robust guidelines do not give advice for interfaces but for the 

logistics and programming behind the interface, which is not relevant for this thesis. 

 

Table 2: WCAG 2.2 principles (W3C, 8, n.d.). 

1. Perceivable “Information and user interface components must be presentable to users 
in ways they can perceive.” 

1.1 Text 
alternatives 

“Provide text alternatives for any non-text content so that it can be 
changed into other forms people need, such as large print, braille, 
speech, symbols or simpler language.” 

1.2 Time-based 
media 

“Provide alternatives for time-based media.” 

1.3 Adaptable “Create content that can be presented in different ways (for example 
simpler layout) without losing information or structure.” 
 

1.4 
Distinguishable 

“Make it easier for users to see and hear content including separating 
foreground from background.” 
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2.1.2 WCAG on mobile 

Designing specially for mobile devices provides much better user experience to 
mobile users (W3C, n.d.-c). Mobile users operate in a context that differ much from PC 

users (W3C, n.d.-c). According to W3C (n.d.-c), the best way to design for mobile users 

would be to provide them with an experience that are customized to their needs, 
which often comes from an own set of design considerations. The W3C has a list of 

mobile web best practices (from 2008), that are similar to WCAG but have a 

perspective on the mobile device (W3C, n.d.-c). According to W3C (n.d.-c) there are 10 

ways to mobilize: 

- “Design for one web” 

- “Rely on web standards” 

- “Stay away from known hazards” 

- “Be cautious of device limitations” 

- “Optimize navigation” 

- “Check graphics & colors” 

- “Keep it small” 

- “Use the network sparingly” 

- “Help & guide user input” 

2. Operable  
“User interface components and navigation must be operable.” 

2.1 Keyboard 
accessible 

“Make all functionality available from a keyboard.” 

2.2 Enough time “Provide users enough time to read and use content.” 

2.3 Seizures and 
physical 
reactions 

“Do not design content in a way that is known to cause seizures or 
physical reactions. 
  

2.4 Navigable “Provide ways to help users navigate, find content, and determine 
where they are.” 

2.5 Input 
modalities 

“Make it easier for users to operate functionality through various 
inputs beyond keyboard.” 
 

3. Understand-
able 

 
“Information and the operation of user interface must be understandable.” 

3.1 Readable 
 

“Make text content readable and understandable.” 

3.2 Predictable “Make Web pages appear and operate in predictable ways.” 
 

3.3 Input 
assistance 

“Help users avoid and correct mistakes.” 

4. Robust “Content must be robust enough that it can be interpreted by a wide variety 
of user agents, including assistive technologies.” 

4.1 Compatible 
 

“Maximize compatibility with current and future user agents, 
including assistive technologies.” 



 

8 
 

- “Think of users on the go” 

2.1.3 Former findings on WCAG  

WCAG has been proven to be useful, however, the principles are commonly ignored 

or overlooked and therefore not well integrated on the web (Stephanidis, n.d.). 

According to Hoehl (2016), WCAG has failed to meet the needs of individuals with 

disabilities, or, he argues, might it be that websites cannot successfully be 

implemented even when they are designed to follow the guidelines. Hoehl stated that 

research support both alternatives. Furthermore, he found that the assumption that 

cognitive accessibility requires simple and reduced content is not validated and likely 

to apply to a smaller set of populations than former believed. 

 

2.2 Attention 
Attention is how we actively process a limited amount of information from enormous 

amounts of information available through our senses, our stored memories and other 

cognitive processes (Duncan, 1999). Attentional resources represent the amount of 

attention available to perform a cognitive task, where the ability to distribute 

attention is under the individual’s control (McDowd & Shaw, 2000). Attention can be 
divided to several objects and between stimuli in one or several sensory modalities 

(Braun, 1998). Executive function manages several cognitive processes that we need 

for everyday behavior (Girotti et. al., 2018), such as the need to concentrate and pay 

attention. Working memory, attention, response inhibition and cognitive flexibility 

are all cognitive processes and they require effort and a conscious engagement 

(Girotti et. al., 2018). According to Sternberg (2009), the amount of information that 

could be focused on at one time is limited by our mental resources. Sternberg states 

that we highlight information that interests us; both the internal thoughts and 

memories, and external sensations. The ability to focus on interesting stimuli 

increases the chances to respond quickly and accurate to that stimuli (Sternberg, 

2009). Furthermore, Sternberg argues that information to which we paid attention to 

is more likely to be remembered than information that we ignored. An area of 

interest, that the designer wants the user to be attracted to, can be highlighted using 

contrast, size, color and intensity. This attracts attention according to Wickens, 

Hollands, Banburry and Parasuraman (2013). We might however get distracted from 

our focused attention by other attention-seeking-elements. It is not sufficient to 

instruct people to ignore goal-irrelevant stimuli, and the distractor processing also 

depends on the level and type of load that is involved in the processing of goal-

relevant information (Lavie, 2004). Holistic processing could according to Wickens et 

al. (2013) be used as a way to reduce attentional resources. Holistic processing is 

when all information must be processed at once in order to reveal the organization 

(Wickens et al., 2013). This could mean that to get a quick overview, there needs to be 

a holistic scan and processing in order to understand the interface and its functions. 

Additionally, the effort of searching an object could matter as well. When searching 

for a specific target, we scan the environment for it, and distracters (non-targets) 

makes the scanning more difficult (Sternberg, 2009). The number of distracters and 

targets to scan through affects the difficulty. Visual search is basically a systematic 



 

9 
 

scanning across the visual search field (Wickens et al., 2013). According to Engle 

(2002), the central executive component (controlled attention) is not about storing 
memories but the capacity for a controlled, sustained attention in the face of 

interference and distraction- This perspective is important, since it changes how we 

define attention. 

 

According to Mendl (1999), attention shifting and narrowing leads to too little or 

over-focused information, which may affect decision making. Mendl argues that in a 

similar way in which stressful situations may affect task performance, there is a risk 

that a decision rapidly is taken before the decisionmaker assimilates all relevant 

information. There is according to Mendl some evidence that non-specific stressors 

such as noise could lead to narrowing attention on central features. Furthermore, 

attention may be divided. Divided attention is when we manage to engage in more 

than one task at a time, where we shift conscious attentional resources in order to 

allocate them deliberately (Sternberg, 2009). According to Sternberg (2009), we also 

engage in an active search to find stimuli of interest. According to resource theory, as 

each of the tasks practiced gets automatized, performance of each task becomes less 

demanding to the limited-capacity attentional resources (Sternberg, 2009). It is 

according to Sternberg harder to divide attention to two tasks that are part of the 

same sensory modality, like two visual tasks, rather than a visual task and a reading 

task. When we focus too much on information within a range, we could fail to notice 

important information outside the range, which is the issue of attentional narrowing 

(Wickens et al., 2013). Moreover, there are individual differences in how demanding 

a task is for a person. The working memory capacity might be low for one person 

whereas for another it might be high (Wickens et al., 2013). Working memory and 

executive function has been shown to be heritable. According to Sandi (2013), 

individuals are affected differently in their cognitive capabilities when exposed to 

stress conditions. This is an important aspect, since, according to Sandi, some 

individuals are vulnerable and others nearly resistant to the effects that stress may 

cause. The differences are according to Sandi probably due to previous life 

experiences and/or predisposing factors. For examples Sandi mentions factors such 

as gender, genetic endowment, personality traits and age, which possibly have 

important roles in cognitive consequences of stress. 

 

2.3 Inclusive design 
Microsoft (n.d.) defines inclusive design as a methodology that enables and draws on 

the full range of human diversity. This leads us to accessibility. Accessibility is 

defined by ISO (2019) as “usability of a product, service, environment or facility by 

people with the widest range of capabilities”. Accessibility does not only involve 

people with disabilities, but also elderly, people in rural areas and people in 

developing countries (W3C, n.d.-d). It is worth mentioning that there is a benefit 

adopting accessibility even for people without disabilities in a variety of situations. 

There have been struggles for a while within the web accessibility community to agree 
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on guidelines that should be applied to web content for better including design 

(Webaim, 2013). The web is still not easily accessible to everyone, particularly not to 
people with cognitive disabilities (Hoehl, 2016). The range of disabilities is vast, and 

access to the web is dependent on the device and software platforms that the 

individual use, according to Hoehl. Adding the fact that web content comes in many 

forms such as different media, text and interactions, making the web accessible to 

everyone might get difficult. Whitenton (2019) argues that a design that targets 

“everyone” can seem inclusive, but may rather lead to a less usable experience for 

most of the users. Whitenton further argues that we need to figure out who the user 

is, what it will do and what content they need to have a successful experience. 

 

Users have diverse characteristics, needs and requirements built on differences of 

age, skills, expertise, language, culture and education. “Design for all” is a term for a 

range of design approaches, methods, techniques and tools that is meant to help 

address the diversity of needs in the interactive technology (Stephanidis, n.d.). 

Accessibility is something that human-computer-interaction designers work with 
through designing an experience as near as possible to what a person without 

limitations will experience (Stephanidis, n.d.). According to Stephanidis, cognitive 

disability affects the capacity to think, for example conceptualizing, planning 

sequencing thoughts and actions, remembering and understanding symbols. There 

are general principles that can facilitate the access for a user with a cognitive 

disability, that also includes other user groups such as elderly users. According to 

Stephanidis, when perceiving and processing information, age plays a significant role. 

Guidelines that make technology more accessible by users with poor domain 

knowledge and keeping efficiency for the experienced user, are such as providing help 

options and explanations, being consistent in naming conventions and using 

uncluttered interfaces (Stephanidis, n.d.).  

 

Stephanidis (n.d.) argues that temporary states of impairment such as lower 

efficiency may be created as a consequence of environmental noise and visual 

environmental distractions when interacting with technology. Also, technology itself 

can cause such impairment. A mobile is used in a context where the environment 

plays an even bigger role, with noise, poor lighting and most of all, where the user 
needs to multitask, which drags a part of the user’s attention away from the mobile. 

As examples, Stephanidis mentions contexts such as dark or bright environment that 

makes it hard to see elements, and a crowded place that makes it hard to have a 

verbal conversation. Besides an increased importance in design methodologies, 

according to Stephanidis there are three fundamental approaches to consider when 

designing for all; guidelines and standards, user interface adaption and accessibility 

in the cloud. Design guidelines have been formulated according to Stephanidis in 

order to support interaction with products, services and applications among “most 

potential users without any modifications”. Stephanidis further argues that guidelines 

that apply following a “one-size-fits-all” approach, does not support personalization 

or an improved interaction experience. Stephanidis finally argues that arguments for 
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a “design for all” not holds, and that the principle of “knowing the user” becomes 

“knowing the diversity of users”.  

 

Universal design is thought to create physical and digital products that are accessible 

to the widest range of people possible (Hoehl, 2016). Hoehl (2016) argues that there 

is no such thing as a “one-size-fits-all”. Experts argue that a universal design does not 

benefit all users, considering people with diverse needs, and claims that a mass 

solution does not work well (Treviranus, 2014). What is being discussed instead 

according to Trevianus (2014, 2016) is an adaptable design where the user adapts the 

presentation of the content according to its needs. According to Funka (2014), there 

is no perfect navigation concept, since all concepts have their strengths and 

weaknesses. Funka also argues that the interface and amount of information affects 

how the navigation should be chosen. According to Webaim (2012), there is not a 

single design that truly fits all. They argue that people with moderate or severe 

cognitive disabilities may benefit from designs that are radically different from 

designs aimed at a more general target group. As an example, Webaim claims that 

each disability needs a specific design, such as large fonts, high contrast, signing 

avatars or simplified pages. Webaim argues that the strongest advantage of a 

personalized design approach is that it seeks to create web content that truly is 

accessible to everyone. A personalized design is attempting to meet everyone’s needs 

ideally, which a single design can rarely do (Webaim, 2012a). A personalized design 

could, according to Webaim, consider all the various needs of users in ways that a 

single suitable-for-all-design cannot. There are, unfortunately, problems with the 

personalized-design-approach. Webaim lists that such a design is difficult to create 

and maintain since several versions of web sites are needed to meet the several needs. 

Webaim claims that it is entirely impractical to design a web site for every type of 

disability since there are too many types of disabilities. They stress that people with 

the same type of disability often have different preferences. Therefore, they argue that 

the single design approach is the most reasonable option. 

- “It is impossible to say that any one design accurately accounts for all the 
preferences of any one type of disability”.  - Webaim (2012). 

According to Webaim (2013a), the technical standards are important, but if the 

developers do not understand when and how to use the standards or when to go 
beyond the standards there might be cracks/faults in the accessibility. Webaim 

argues that developers rarely design web content to be accessible to people with 

cognitive disabilities, since those disabilities are the least understood and least 

discussed. The amount of research related to the accessibility of web content is 

relatively thin according to Webaim, which makes information about designing for 

people with cognitive disabilities more difficult to implement. There is not yet a well-

defined recommendation for this issue.  
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2.4 UX design principles 
User experience is defined by Norman and Nielsen (n.d.) as a term including all 

aspects of a user’s interaction with a company, its service and its products, to meet 

the needs of the customer. There are many guidelines that could be followed in order 

to make a product or system usable. A recognized set of principles are the heuristics 

from Nielsen (1994a), that are presented as: 

1. Visibility of system status: The users should be informed on what is going 

on, generally with feedback. 

2. Match between system and the real world: Use comprehensive and 

familiar language and make information appear in a natural order. 

3. User control and freedom: Support undo and redo, since users often 

choose functions by mistake. 

4. Consistency and standards: Follow standards, where the users should not 

be confused by the system’s words or actions. 
5. Error prevention: try to design with error prevention or use good error 

messages. Present confirmation options before committing action. 

6. Recognition rather than recall: Minimize the user’s memory load; make 

content visible. The user should not have to remember information between 

dialogues. 

7. Flexibility and efficiency of use: Use accelerators to speed the interaction, 

allow users to tailor their frequently used actions. 

8. Aesthetic and minimalist design: Irrelevant or rarely needed information 

should not be in dialogues. 

9. Help users recognize, diagnose, and recover from errors: Error 

messages should be clear and suggest a solution. 

10. Help and documentation: It may be necessary to provide help and 

documentation, even though it is better if documentation would not be 

needed. 
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3 Method 
The design process was conducted in parallel with the literature research and 
learning of WCAG. The process is visualized in the figure below (Figure 1). The 
methods were divided into two parts; (1) the literature research with the comparative 
analysis and (2) the design process. These two parts were connected in the discussion 
and conclusion.  
 

 
Figure 1: Method procedure 

 

3.1 Comparative analysis 
In order to evaluate WCAG and the limitation of attentional resources, there was a 
literature search to find relevant information. First the WCAG needed to be 
understood by reading the background and relative information of it. Academic 
articles related to the study was searched in the UniSearch (Linköping University) 
database. Books were searched to find information, inspiration and guidance. 
Keywords were searched, such as “divided attention”, “inclusive design”, “web 
content accessibility guidelines” and “attentional resources”. Literature were read and 
excluded if not relevant. First, relevant literature from multiple sources was found 
and written about. The comparative analysis then began by creating a table including 
the WCAG principles in one column and literature on attentional resources in the 
other. Thereafter the analysis was built upon with further literature, until there was a 
saturated comparison.  
 
 

3.2 Design process 
The design process (Figure 2) included an iterative design process with a workshop 

preparation, a workshop and an iterative design development. This development 

included sketching, stakeholder feedback and usability test with think-aloud-test and 

a SUS-questionnaire (see Appendix D). The principles from Norman’s heuristics 

(1994a) was applied. 
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              Figure 2. Design process. 

 

3.2.1 Workshop preparation 

As a first step into the design process, a workshop preparation was conducted. To 
gain insights of what the company already knew about the user’s workflow, former 
data was requested and explained by the company. Former data consisted of a flow-
chart of their current system. In order to prepare the Workshop, the insights were 
translated into a Service Blueprint (Figure 3). A Service Blueprint is a visualization of 
the user’s journey and its interaction with the intended application split onto five 
levels (Stickdorn, Hormess, Lawrence & Schneider, 2018). It shows the physical 
evidence of means that are used to fulfill the user’s actions, and is connected with an 
interaction line where the interaction between the user and the application is stated, 
along with the underlying process that is required to make the application do what 
the interaction requires it to do (Stickdorn et al., 2018).  
 

 
Figure 3: Service blueprint draft before workshop; driver’s thought journey 

3.2.2 Material 

Material that was used during the workshop was Post-it notes of different colors, 
pencils, a projector, a digital presentation, timer and smartphone camera 
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3.2.3 Workshop  

To figure out what the stakeholder (customer of XLENT AB) had in mind with the 
ordered application, and to set the demands for the interface and user-context, a 
workshop was held. The designer (workshop leader), one stakeholder, one customer 
representant and one developer was participating in the workshop. During the 
workshop, possible users were discussed, personas were created, design ideas were 
generated, and a service blueprint were created. The Service Blueprint was a result of 
the overall understanding of the user’s thought journey. For preparation, the service 
blueprint draft from the former section was created, presentation material for the 
workshop participants was shaped, persona template with suggestion was created, 
post-it notes was brought with prepared questions together with an agenda. The five 
hours including breaks that originally was planned was also held. The workshop was 
held in a conference room and a projector was used to present material. 

 

The goal with the workshop was to: 

- Create an understanding of the stakeholder’s expectations. 
- Understand who the users are. 
- Gain insights and arouse ideas. 
- Create a mutual picture of: 

o The contextual flow that the user goes through. 
o The overall functions that needs to be implemented in the though. 

application (to support the user’s contextual flow). 

 

The workshop began with an introduction where there was a presentation of the 
agenda, time estimation and goals with the workshop. Thereafter, several user-
experience goals that the users would be desired to experience was suggested where 
the stakeholder and customer representant picked out three of them. The suggestions 
had been shown to the participants beforehand in order to let them choose 
thoughtfully. The goals were written on post-it notes and was put up on the wall as a 
reminder during the workshop.  

 

As a next step, there was an introduction of proto-personas. A proto-persona 
template (Figure 4) was presented and the task was to fill one or more templates with 
information of the user’s goals, needs and behaviors. The task in this step consisted of 
creating as many proto-personas (within the span of 1-4) as needed to cover the 
major user group. This was conducted with written post-it notes that got moved 
around on a wall while watching the proto-persona template on the projector.  

 

Questions inspired by Arvola (2014) were asked to the workshop participants in order 
to receive information about the users: 

- What is the cause of why they need an application? 

- Who are the users? 

- Is there a different on how permanent and temporal users conduct their 

work? 
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- What do we think the biggest issues and obstacles are for the users? 

- When and where is the product going to be used? 

- How often will the application be used? 

- How does the user do things and why? 

- What means, resources and tools are used? 

- How does the user experience the situation and the product? 

- With what targets are the user doing the activity? 

- What is success according to the user? 

- What goal conflicts are there? 

- What does the user expect with the future solution/intended application? 

 

 

Figure 4: proto-persona template including role, goal, behavior and needs. 

 

The next task was to generate ideas. Two tasks that were important functions for the 
intended application was stated beforehand: 

A. How to sign a waybill. 
B. How to register returns. 

 The step was conducted in order to create an understanding of the stakeholder’s 
expectations and to gain insights. The participants individually sketched 10 ideas in 
10 minutes (5 ideas and 5 minutes for task A, and directly switched to task B with 5 
ideas in 5 minutes). The strict time limit was made in order to minimize overthinking 
and exclude overly detailed ideas. The idea was to see opportunities on the interface 
and flow, in big or small scale, without greater economic or restraining perspectives. 
The ideas were sketched on post-it notes, in order to facilitate next step. When the 
timer ran out, there was a categorization of similar ideas. These were placed on the 
wall. Each participant shortly described its ideas. Thereafter, there was a discussion 
held. 

The last step of the workshop was the Service Blueprint creation. There was a 
presentation of the Service Blueprint draft as an introduction to creating a more 
accurate version. The goal was to create a mutual picture of the contextual flow that a 
user may go through and also to detect overall functions that needed to be 
implemented in the intended application. This was done on post-it notes on the wall 
while simultaneously watching the draft from the presentation. 
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3.2.4 Usability test 

As a measure on the usability of the UX-designed prototype, three participants 

conducted a think-aloud-test with a directly followed questionnaire. All participants 

were truck-drivers, which made them representative users. There were five small 

tasks that the participant was asked to complete, which made the participant interact 

and navigate in the prototype. The participant was asked to think-out-loud during the 

tasks. The test leader took notes on the users’ comments and actions. The interaction 

was videotaped in order to catch details. The participants signed a consent form and 

was informed about their rights. The consent form can be found in the Appendix E. A 

translated (to Swedish) System Usability Scale (SUS) Questionnaire (Usability gov., 

n.d.) was used, which can be found in Appendix D. The SUS questionnaire measures 

the usability by answering 10 questions with answers on a 1-5 option scale 

Questionnaire (Usability gov., n.d.). Issues that were found was rated in a list from 

highest to lowest severity according to Nielsen’s (1994b) severity ratings. The severity 

scale goes from 0 (do not agree there is an issue) to 4 (catastrophe). If the rate is 

higher than 68, the usability is good, and above 80.3 it is excellent (Alathas, 2018). 
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4 Results 
The result from the comparative analysis and the results from the design process is 

presented in this section. The connection of the analysis and the application is found 

in the discussion. 

4.1 Comparative analysis 
Table 2 presents the comparison between WCAG 2.2 and literature on attention. The 

comparison shows that literature on attention is not indicating the same suggestions 

as WCAG guidelines. Here are findings from the comparison: 

1. Literature on attention indicates that areas of interest can be highlighted in 

several ways, since it attracts attention. WCAG suggests that all content need 

high contrast. If all content is highlighted, important functions and content 

will be more difficult to notice. 

2. Literature on attention further suggest that content is better noticed if there is 

an interest in the object, which WCAG does not fully consider. 

3. Multi-tasking may affect decision making and an attention shifting may lead to 

over-focused information. WCAG does not cover this aspect. 

4. Tasks that are practiced will eventually become automatized, which leads to a 

less demanding performance. Literature on attention therefore indicates the 

importance of designing consistently in order to able the user to practice on 

the navigation. This, WCAG does concern. 

5. Literature on attention further points out that a divided attention is less 

demanding if the tasks practiced are not in the same sensory modality. This 

implies that the context around the use of the mobile device has an impact on 

attention depending on what tasks consist of. This is not covered by WCAG. 

6. A comprehensive navigation is very important. For example, if functions are 

easily found, scanning objects gets quicker conducted which makes processing 

less demanding. Also, it makes the holistic structure easier to process. 
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Table 2: comparative analysis 

 
 

 WCAG 2.2 Attention 

Perceiv- 
able 

 “Information and user interface components must be 
presentable to users in ways they can perceive.” 
 

• Text alternatives: “Provide text alternatives for any 
non-text content so that it can be changed into 
other forms people need, such as large print, 
braille, speech, symbols or simpler language.” 

• Time-based media: “Provide alternatives for time-
based media.” 

• Adaptable: “Create content that can be presented in 
different ways (for example simpler layout) without 
losing information or structure.” 

• Distinguishable: “Make it easier for users to see and 
hear content including separating foreground from 
background.”  

 

• We are better noticing information that interests us 
(Sternberg,2009). 

• The area of interest can be highlighted using contrast, size, 
color and intensity, since it attracts attention (Wickens et 
al., 2013). 

• attention shifting and narrowing leads to too little or over-
focused information, which may affect decision making. 
Mendl (1999). 

• There is according to Mendl (1999) some evidence that non-
specific stressors such as noise could lead to narrowing 
attention on central features. 

• As each of the tasks practiced gets automatized, 
performance of each task becomes less demanding to the 
limited-capacity attentional resources (Sternberg, 2009). 

• It is harder to divide attention to two tasks that are of the 
same sensory, like two visual tasks, rather than a visual task 
and a reading task (Sternberg, 2009) 

• There are individual differences in how demanding a task is, 
where the working memory capacity might be low for one 
person and high for another (Wickens et al., 2013). 

• It is mentally demanding to engage in memory, process, and 
attention (Girotti et. al., 2018).   

• the amount of information that could be focused on at one 
time is limited by our mental resources (Sternberg, 2009) 

• It is not sufficient to instruct people to ignore goal-irrelevant 
stimuli, and the distractor processing also depends on the 
level and type of load that is involved in the processing of 
goal-relevant information (Lavie, 2004). 

• Holistic processing could be used as a way to reduce 
attentional resources (Wickens et al., 2013). 

Operable  “User interface components and navigation must be 
operable.” 
 

• Keyboard accessible: “Make all functionality 
available from a keyboard.” 

• Enough time: “Provide users enough time to read 
and use content.” 

• Seizures and physical reactions: “Do not design 
content in a way that is known to cause seizures or 
physical reactions.” 

• Navigable: “Provide ways to help users navigate, 
find content, and determine where they are.” 

• Input modalities: “Make it easier for users to 
operate functionality through various inputs 
beyond keyboard.” 
 

• When searching for a specific target, we scan the 
environment for it, and distracters (non-targets) makes the 
scanning more difficult (Sternberg, 2009). 

• According to resource theory, as each of the tasks practiced 
gets automatized, performance of each task becomes less 
demanding to the limited-capacity attentional resources 
(Sternberg, 2009). 

Unders-
tandable 

 “Information and the operation of user interface must 
be understandable.” 
 

• Readable: “Make text content readable and 
understandable.”’ 

• Predictable: “Make Web pages appear and operate 
in predictable ways.” 

• Input assistance: “Help users avoid and correct 
mistakes.” 

• When searching for a specific target, we scan the 
environment for it, and distracters (non-targets) makes the 
scanning more difficult (Sternberg, 2009). 

• Information to which we paid attention to is more likely to 
be remembered than information that we ignored 
(Sternberg, 2009). 

• Holistic processing could be used as a way to reduce 
attentional resources (Wickens et al., 2013). 
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4.2 Design process 
The result from the design process was a well-founded digital prototype based on UX-

design practices and WCAG guidelines. Together with the comparative analysis, the 

prototype created further discussion and conclusion in order to answer the research 

questions. 

4.2.1 Workshop 

The workshop led to three design goals that potential users are desired to experience using 

the application; (1) clear, (2) reliable, and (3) smooth. It also generated ideas and a greater 

understanding of the needs and desires. Below are the created proto-personas (Figure 5) that 

were created during the workshop. Additionally, the Service Blueprint was corrected 

according to the participants’ knowledge (Figure 6). 

   

Figure 5: Personas that has goals, needs and behaviors. One is a positive person that wants to try new 

things, the other is thoughtful and want to continue work the way it used to be. 

 

 

Figure 6: corrected Service Blueprint  

 

4.2.2 Design Concepts 

In order to create a prototype, besides following WCAG principles and collected 

insights, there was design sketching along the process to develop concepts. Design 

concept phase one can be found in Appendix A, and concept two in Appendix B. The 

concepts were created from sketching different suggestions, and were developed 
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through the process of visualizations, the workshop and the usability testing. During 

the design process, some decisions were made after discussions with the developer 
team as well. 

4.2.3 Usability test 

Problems that were found by conducting the usability test is presented below (Table 

3). 

Table 3: Problems was found and sorted in a list with more severe problems to non-problems. 

# Issue Motivation Severity 0-4: 

1 Uncertain about whether 

return packaging input 

should be saved. 

Uncertainty about what you enter goes away when you 

move on to another step, lack of feedback. 

3 

2 Expect the top stop to be 

the next & finished are 

moved down. 

Expect something else and therefore are searching in 

the wrong place. 

3 

3 Don’t understand the 

return icon. 

Do not understand if it is packaging return or maybe 

just stop for return. It needs to be explained. 

2 

4 Don’t understand what the 

checkbox means. 

Don’t know what part it represents, signing. 

prepackaged, read? 

2 

5 Hard to see that two stops 

change places. 

Limitation in the prototype. Need longer or more 

proper animation for the change. 

2 

6 Don’t know how to sort. Something that is easy to understand and know as 

soon as you come into the right mind. Hard otherwise. 

There is nothing that shows it. 

1 

7 Trying to sign his/her part. Today, the signature is written on paper. 

As soon as you sign in a working app and know that you 

do not have to sign every time, this is not a problem. 

The prototype test did not show the part where you 

save your signing. 

0 

8 Believes that “signing” in 

the menu is not a heading, 

rather that you sign 

through touching the 

screen. 

Not occurring if you have any experience or 

explanation of the app. Unusual to think that a page in 

the menu is of such a kind. 

0 
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Insights and result from the think-aloud-test in the user-testing phase is represented 

in the Index-cards below (Figure 7). Important to know is that the test is conducted 
on first time-users and their first experience is tested.  

 

Discoverys 
during usability 
test 

Seems simple and 
smooth. 

No need to see 
completed 
stops. 

Not clear how 
to sort routes. 

Simplicity and 
confirmation are 
important. 

The delivery 
note looks like 
paper. 

Does not feel 
confident, but will 
surely be after a 
few times. 

Want to approve 
the registration 
to make sure it 
remains. 

The size of the 
text is good. 

Good that “return” 
info is there, but can 
also be difficult to 
understand. 

Good that there 
are colors on 
packaging 
return. 

Would like a name 
clarification as 
well. 

Good that there 
is a way to 
confirm and 
report. 

Want to see 
that changes 
have been 
made. 

Takes for granted that 
the top stop is next. 

Figure 7: Index cards of insights from the think-aloud-test 

 

The SUS Questionnaire result is presented in the diagram below (Figure 8). The mean of the 

results is 82.5, which is an excellent grade according to the scale according to Alathas (2018). 

 

Figure 8: SUS 
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4.2.4 WCAG additions to UX-prototype 

Changes were made from the UX-prototype in order to make it more WCAG-adapted. 

The changes are presented with figures in this section. In the next section, the whole 

WCAG-adapted prototype is presented as well. The contrast overall is stronger since 

some content was not sufficiently contrasted, as Figure 9 and Figure 10 shows. 

Furthermore, there is a possibility to enlarge text without needing to change settings 

in the operative system (Figure 11). Some buttons and target-areas are enlarged to 

match the principle of minimum size. A title is applied to the back-arrow leading back 
to the route overview (“ruttöversikt”). 

              

Figure 9: Before and after applying more contrast to button and moving the show/hide (“visa/dölj”). 

password in order to give clickable content more space. 

               

Figure 10: Before and after applying more contrast. 
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Figure 11: Before and after applying possibility to enlarge tex. Buttons are slightly larger. A title is 

applied to the back-arrow leading back to the route overview 

 

The time-based message has changed to a non-time-based message (Figure 12) that 

disappears when the screen is touched. This is made in order to let the user take as 

much time as needed to read it. Figure 13 shows the possibility to change color on 

background and foreground. 

    

Figure 12: The time-limited message is not time-based anymore. 
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Figure 13: Applied possibility to change color.  

 

If the higher requirement of contrast should be followed, a stronger contrast is 

needed as visualized in Figure 14. This contrast could also be achieved through 

allowing the user to choose color or contrast on its own. 

          

Figure 14: WCAG lower (level AA) and higher (level AAA) contrast.  

 

There has been a clarification on the information box where the icon was replaced by 

text, and the telephone icon was supplemented with a title “tel.” (Figure 15). These 

changes were made in order to make the title clear and interpretable to assistive 

technology. In Figure 16 there is an improvement where a non-active button shifts to 

an active button. Instead of changing the color, a shading has been applied to 

highlight it in an additional way than solely by color. 
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Figure 15: Before and after changing the information title/icon. Applied “tel.” to the telephone icon. 

 

             

           

 

 

 

 

Figure 16: The button changes color when activated. The WCAG version also higlights the button with 

shadow. 

 

There was a change in the description of how to sign, in order to be clear and provide 

instruction on how to conduct the task (Figure 17). 
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Figure 17: Improved instruction for signing.          

 

4.3 WCAG adapted prototype 
The WCAG adapted prototype is presented below. The prototype overall was built to 

be comprehensive, clear, reliable and flexible. It resizes depending on what screen 

size, it works both with landscape and portrait (even if portrait might be 

recommended if possible) and most important, color and font size can be changed by 

the user. First, there is a sign in (Figure 18). The e-mail is pre-filled if the user already 

has signed in before. When both information fields are filled, the sign in button gets 

activated which is shown with changing of color and applied shade. This is a guidance 

in that things are required to be done before pressing the button. Similar there is a 

blue marking on the information field that has not been filled yet. There is a 

possibility to show and hide the password, as a facility if needed. 
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Figure 18: Sign in. 

  

First page when signed in is an overview for the route that the user is planned to 

conduct (Figure 19). The user can sort the list of customers in the order that he or she 

is planning to make the stops. To begin register information, the user clicks on start 

rout (“påbörja rutt”), and chooses the first customer. There is a message confirming 

that the rout has been started. When a customer stop is finished, it appears in the 

bottom as a finished stop. The overview could also be expanded in order to see more 

information that helps in planning (Figure 20). 
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Figure 19: Start page and overview. 

 

 

 

 

 

 

 

                                                                                                                                        Figure 20: expanded  

     mode of the overview. 

 

When entering a customer, it leads to a tabbed menu with a waybill and customer 

information as first tab (Figure 21). There is a function (the button “Karta) to see the 

address on a map. There is also an information box where information about the 

delivery is shown. This information could be changed if something new should be 
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added. There is a possibility to change the delivery (press the button “Korrigera”, if an 

article is incorrect, if anything is broken or if a number is incorrect (Figure 22). Press 
the article, or add an article with the button “Lägg till artikel” (add article). Changes 

can be seen in the overview. 

 

Figure 21: waybill 
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Figure 22: changes in the waybill. 

 

Packaging that are taken in return is registered in the next tab, and can be changed 

when pressing the button “Ändra” (Figure 23). If an unusual value is reported, a 

warning with a yellow field and a title describing the warning is presented. A message 

confirming the saving appear. 

 

Figure 23: packaging return 
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Finally, the signing tab (Figure 24) makes the receiver able to sign the delivery and 

the stop complete. When signed, the page is sending the user to the overview with the 
stop moved down to complete. As before, a blue marker highlights the content that is 

missing. The user (driver) has a pre-signing that he or she has pre-filled for the whole 

route or for the in-log session. To fill the signing-box, press it and start typing when a 

bigger box in landscape (could be done in portrait as well) appears (Figure 25). As a 

guide, the buttons are colored when activated. However, the colors are not crucial for 

understanding the content since there are text as well. 

  

Figure 24: Signing tab. 

 

 

 

Figure 25: the receiver signs in this field. 
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The content can be changed regarding different colors (Figure 26), where the left 

prototype visualizes the WCAG conformance level AAA in contrast. The right one 
visualizes a night and low-vision friendly version. Changes are done through the “?” 

function. Content could also be changed into bigger text, directly changed in the 

application through the “?” alternatively with gestures (Figure 27). 

      

Figure 26: Different colors; options for the user. 

 

Figure 27: Bigger font size on content. 
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5 Discussion 
Inclusive design is not an easy thing to work with. There are so many aspects to 

consider when trying to include any user with any need. Is there a “one-size-fits-all”? 

I agree with Whitenton (2019), Hoehl (2016) and Stephanidis (n.d.) that there is not. 

Both WCAG and Nielsen’s heuristics (1994a) recommends that design needs to be 

flexible and adjustable. Colors, size and such need to be possible to change, and there 

is no design that could possibly choose one setting that works for any user and any 

device. I, again, agree on Stephanidis (n.d.) that “knowing the diversity of users” is 

more accurate than “knowing the user”, since it may give people a more inclusive 

mindset. These arguments can be applied to WCAG as well, where the guidelines are 

made to be adjustable. WCAG is aimed to include many different users, however, is 

not quite correct if we consider the limitations of the human mind and the attentional 

resources. It is good that WCAG and other guidelines exist, and that authorities do try 

to design inclusively. However, I argue that there is a need to complement WCAG 

with additional guidelines considering limited attentional resources along with other 

cognitive limitations. A guideline as such would speak for a symmetric design that is 

holistically easy to process, and the most important features are the ones that is 

highlighted with color, size and placement. Such a guideline would highlight the 

importance of an adaptable design. From the design process, it was noted that WCAG 

is not easy to apply. It does not quite seem to be written for UX-designers focusing on 

interfaces either, but to developers that are programming the structure. From this 

study it is found that the guidelines in WCAG is not only ambiguous, but it could also 

create a false belief that a system is WCAG-adapted when attempted to apply these. 

Recommendations are to design for a diverse group of users with a design that can be 

adjustable. It is also recommended to follow several UX-design principles, such as 

Nielsen’s (1994a) heuristics. Following several guidelines from several sources might 

cover a wider user group. Authorities that are committed to follow WCAG for their 

websites (since their users are the general population) should also be committed to 

follow additional guidelines on cognitive limitation.  

 

5.1 Result discussion 
The purpose with this study was to evaluate the sufficiency of WCAG. Through the 
comparative analysis, there was six discovered insights. These imply that WCAG is 

not sufficient as a guideline for inclusive design. If we solely follow WCAG, a few 

aspects will violate the needs that literature on attention suggests. The biggest issue is 

the 1st finding that there is a demand for contrast in WCAG (distinguishable content) 

that makes all content highly contrasted and highlighted. If considering minimizing 

visual perception (as indicated by Wickens et al, 2013, Girotti et al., 2018, and 

Sternberg 2009), and making the holistic scanning quicker (as indicated by Wickens 

et al. 2013, and Sternberg, 2009), only high-level functionality should be highlighted, 

and less important content should not be equally highlighted. According to this, the 

recommendation is to design not all content but important functions and titles with 

high contrast as literature on attentional resources suggests. WCAG does not consider 

the potential effect of a user’s interest in a specific object (finding 2, as indicated by 

Sternberg, 2009 and Wickens et al., 2013), of multi-tasking (finding 3, as indicated 
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by Sternberg, 2009 and Girotti et al., 2018) or of using the same sensory modality 

(finding 5, as indicated by Sternberg, 2009). The recommendations for this are to 
understand that it is not included in WCAG, and that it could be considered as a 

positive effect in navigating and scanning content. If these recommendations would 

be applied in the WCAG adapted prototype, some changes would not be made from 

the UX-designed prototype. For example, the contrast of the content for a finished 

stop should not have changed. Such thing is not as important as an upcoming stop, 

and should not be equally contrasted. The other findings are difficult to adapt in the 

prototype since they are depending on the user’s context. Literature on attention in 

general and WCAG could also be interpreted as being incomparable but co-exist on 

different levels. The design process with the WCAG prototype confirmed how difficult 

it can be to follow guidelines and even more difficult to know if the application of it 

was done correctly. The prototype was not drastically changed when applying WCAG 

principles. It showed that even if a prototype is developed in an iterative UX-design 

process, adjustments could still be necessarily made. This speaks again for the 

severity with applying general rules to an individual context and specific application. 

It also speaks for the value of WCAG and guidelines in general. If looking at what 

literature on attentional resources say though, there may be contradictions in how 

you should design, according to the result of this study. What guideline that is most 
important should be discussed further. It could be argued that guidelines for 

designing for people with disabilities can benefit all users. This is partly true. 

However, there is a missing perspective where those guidelines do not fully concern 

that all users have limited attentional resources.  

 

5.2 Method discussion 
Designing a prototype from scratch and applying WCAG on it generated knowledge 

regarding how difficult the guidelines are to interpret. This knowledge might have 

been missed if it would not have been conducted this way. The difficulty with such 

method is the reliability and the generalizability. It could have been possible to use a 

current system to apply WCAG too. However, studying approaches in their right 
environment makes valuable insights. The usability test with think-aloud and SUS-

questionnaire are judged to be suitable for measuring the usability. This is because it 

generates a measurable number that can be compared. The comparative analysis was 

found to be a little tricky to conduct due to mixing half-practical guidelines against 

theoretical expressions. However, it is judged to be a suitable way for an investigation 

like the one conducted in this study. A comparative analysis is good for comparing 

elements or themes, and in this case, it was a suitable way to compare if the 

guidelines from WCAG was matching literature on attention or if there were 

something from the literature that was not found in the guidelines. It makes 

similarities and differences clear, however it does not speak for the result especially 

well itself. It needs additional explanation and interpretation of the findings. An 

alternative method could have been to statistically compare a handful of different 

existing WCAG websites in order to find issues. It would require a fully implemented 

page, so it would more or less eliminate the opportunity to adjust the website 
according to different principles. An alternative method could have been to conduct 

interviews with a wide range of people regarding the ease of use of applications or test 
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how much information that a user can progress during an experiment with a limited 

time or during a multi-task. However, it would not answer the same research 
questions as this study. It would also be more difficult to conduct. The sources used 

in this research have been chosen carefully. The sources used for the literature of 

attention could be contradictory to other studies which could affect the results. 

Furthermore, there could be a difference if the theories would be applied in a real-

world context. However, these references are not outdated and should be seen as 

trusted in this matter where attention is described overall. 

 

5.3 Future research 
The findings from this study are important for anyone developing a mobile device 

application and could probably work for systems on stationary devices as well. The 

result could benefit the general population if future systems are designed more 

inclusive due to these results. However, further research is needed. The WCAG 
adapted prototype could be tested on users to explore if there is another perspective 

not or indeed included in the guidelines, such as cultural differences. It is also 

important that given advices are noticed by guideline-generators, developers and UX-

designers who design for a general population. Perhaps there could be additions in 

principles of UX-design as well. Additional studies on inclusive design from a 

cognitive perspective is wanted. Individual differences could be further investigated, 

and perhaps also simulator studies where user could use an application as part of 

multi-tasking. Additional idea is to study the findings in an applied context. With 

these findings, developing guidelines further for true inclusive design are requested.  
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6 Conclusion 
Findings within this study reveal that Web Content Accessibility Guidelines are not 

sufficient for using as a mean to gain an inclusive design. Additional guidelines are 

needed that has a perspective on common limitations that everyone have. In this 

study, limited attentional resources were found to not be satisfied by WCAG. WCAG 

covers a large group of people with disabilities and is great to adapt, however, it does 

not cover all aspects that inclusive design embraces. There is no such thing as “one-

size-fits-all”, but there is something that we could call an “available-settings-fits-all”. 

There is a requirement to include everyone as a potential user in order to not 

discriminate anyone, but there is no possibility to fulfill that requirement with one 

single design. In order to improve guidelines for an inclusive design, it is necessary to 

design with limited attentional resources in mind. It is also necessary that the 

guidelines are implemented correctly. These findings are in favor for anyone using a 

mobile device and could probably work for stationary devices as well. However, 

further research in this matter is needed. Firstly, the WCAG adapted prototype could 

be tested on users to explore if there is another perspective not or indeed included in 

the guidelines, such as cultural differences. Secondly, it is important that these 

advices reach guideline-generators and developers and designers who design for a 

general population. With these findings, developing guidelines further for true 

inclusive design are requested. 
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Appendix A – Concept phase 1 
Presentation of images from the designing concept phase 1. At this step there was an 

exploration of annotated menu suggestions, where pros and cons were commented. A 

combination of the suggestions was picked out for a comprehensive flow. Thereafter, 

there was exploration of idea on how a digital waybill could look like, how to fill in a 

return blanket, signing a waybill and thereafter nine suggestions were created. A 

combination and best solutions emerged from the nine suggestions into four. After 

the workshop where insights were gained, the design developed into three potential 

design solutions that were presented and discussed with the stakeholder. 
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Design phase 1 - suggestion 1 

This suggestion is built on having an overview as starter page, and when a customer is 

chosen, it leads to a tabbed page. The tabs are divided into a waybill/customer 

overview, a packaging return ta and a tab for signing the waybill. 
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Design phase 1 - suggestion 2 

This suggestion is built similar as suggestion 1, however the tab menu is placed more 

integrated in the top of the white content box. The customer information follows 

every step an is able to minimize. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Design phase 1 - suggestion 3 

The third suggestion is built more similar a traditional waybill, where there is a 

floating menu where it is possible to change information that later is updated in the 

waybill. To navigate, simply swipe left and right. This is made in order to simulate the 

way that papers are handled. 
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Appendix B - Concepts phase 2 
This phase presents a single, further developed prototype. This prototype was used for the usability 

test. This prototype is not that much different than the final UX designed prototype. 
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Appendix C - Prototype (UX design result) 
This prototype was the final result of the UX driven design process. There is no explanation of the 

content since the WCAG prototype is the final result of the design process. 
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Appendix D - SUS Questionnaire 
 

The questionnaire used after the usability test, translated from the original form. 

 

 

Användbarhetsenkät 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Jag tror att jag skulle vilja använda detta system ofta. 
 

2. Jag finner systemet vara onödigt komplicerat. 
 

3. Jag tycker att systemet var lätt att använda. 
 

4. Jag tror att jag kommer behöva hjälp av en teknisk 
person för att kunna använda detta system. 
 

5. Jag fann de olika funktionerna i systemet vara väl 
samordnade. 
 

6. Jag tyckte det fanns för mycket inkonsekvens  
(skiljaktigheter) i systemet. 
 

7. Jag kan tänka mig att de flesta skulle lära sig att 
använda systemet väldigt snabbt. 
 

8. Jag fanns systemet väldigt besvärligt att använda. 
 

9. Jag kände mig väldigt självsäker när jag använde detta 
system. 
 

10. Jag behövde lära mig mycket innan jag kunde komma 
igång med systemet. 

     

 
     

 
     

 

     

 

     
 

     

 

     

 

     

 

     
 

     

 

Instämmer inte alls                              Instämmer helt 

       1              2             3              4              5 

Denna enkät är översatt från SUS (system usability scale), vilket är framtaget av John Brooke på Digital 

Equipment Corporation, 1986. © Digital Equipment Corporation, 1986. 
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Appendix E - Consent form 
 

Medgivande 

Syftet med denna användbarhetsundersökning är utvärdera en potentiell designlösning för digitala 

följesedlar. Studiens syfte är att undersöka huruvida man kan designa för alla kognitiva begränsningar, 

utvärdera tillgänglighetsriktlinjer från WCAG och testa WCAG på ett system, i detta fall för denna 

app. Din medverkan i denna undersökning kan bidra till förbättring av den tänkta applikation för 

digitala följesedlar som senare kan införas. Det är dina åsikter, din kunskap och din förståelse för de 

uppgifter som du kommer att genomföra som är av intresse för datainsamlingen.  

 

Du kommer att få utföra några uppgifter där du navigerar i denna applikationsprototyp och därefter 

svara på en kort enkät. Den förväntade tiden för undersökningen är ca 30 minuter. Interaktionen filmas 

(där enbart mobil och händer syns på bild), för att säkerställa att inga viktiga detaljer missas. Du 

medverkar frivilligt samt anonymt och kan när som helst ställa frågor kring studien samt avbryta 

deltagandet och begära att intervjudata raderas. 

 

Detta arbete sker enligt de forskningsetiska riktlinjer som finns inom human- och 

samhällsvetenskapliga området. De som är involverade i följande punkter utöver deltagaren är XLENT 

ÖST och Josefin Carlbring. Följande gäller: 

- Du är anonym (dokumentation och lagring av information). 

- Ingen utomstående person har tillgång till den insamlade informationen. 

- Informationen får användas endast inom ramarna av denna studie. 

- Inga avslöjande uppgifter från enskild person kan identifieras eller förekomma i presentation. 

 

............................................................................................................................. ...................... 

Jag har tagit del av ovanstående information och valt att godkänna följande: 

□ JA    □ NEJ |   Medverka i undersökningen 

□ JA    □ NEJ |   Videoinspelning av applikationsuppgifterna 

□ JA    □ NEJ |   Dela resultat vid presentation & i rapport 

  

Signatur          Datum 

________________________________           ________________________________ 

Namnförtydligande 

________________________________  

 

Vid frågor eller för att radera information, kontakta: 

***** *******  

 


