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Abstract 
 
After the last few decades, we are observing social changes in the Western population that are leading to an 
ageing workforce, especially in European countries such as Spain and Italy. This translates into a higher 
percentage of active workers over the age of 50. It is therefore clear that there is a need to pay greater 
attention to accessibility and usability in all digital products, as this is essential to integrate anyone into their 
use. 
 
Currently there are organizations, standards, and agreements about the correct application of accessibility in 
interfaces. However, such content may be too scattered in different sources, or written too abstractly, which 
makes companies unmotivated and not paying enough attention to accessibility aspects in their products, 
except when it is required by law. 
 
That is why this work tries to compile accessibility guides that affect user experience designs in relation to 
digital interfaces. The priority objective is to create a reference guide, analysing the different types of 
disabilities and illnesses that affect users when they interact with interfaces, explaining how they affect and 
what barriers they cause to these users, as well as procedures to solve them. In addition, to promote the 
motivation of the inclusion of accessibility levels, a set of experiments related to the design decisions of 
micro-interactions, web forms and techniques of content structure previewing are proposed to give 
quantitative data to validate the good practices developed previously. 
 
To carry out these experiments, the A/B testing methodology [45] has been followed, comparing different 
models that are distinguished in the points to be studied. For the measurement of results, the User Experience 
Questionnaire (UEQ) [42] will be used and the observation of errors, interactions, time, mistakes, and 
personal comments. 
 
The experiments manage to meet the objective of demonstrating the validity of the proposed techniques in 
terms of efficiency and user satisfaction. All this, together with a set of observations and analyses in relation 
to the attributes of accessibility and usability, provide arguments in favour of the application of these best 
practices in user interfaces. 
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Chapter 1, Introduction 
 

1.1 Motivation 
 

The reasons that led me to write this master's thesis mainly come from my university career, my master's 
specialisation and my own work and personal experience in dealing with and observing interactions with 
user interfaces. 
 
This work is carried out within the European Institute of Innovation and Technology (EIT Digital) master's 
degree, in the specialisation branch of Human-Computer Interaction & Design (HCID). In this master's 
degree, I have been able to learn the design and interaction techniques in which the user is the key point of 
the process, analysing and studying his or her needs, environments, tastes, discomforts, etc. In the first year 
of my master's degree, which I studied at the Universidad Politécnica de Madrid (UPM), we had accessibility 
as the speciality we study there , which analyses how people with different characteristics experience added 
difficulties when navigating and interacting with user interfaces, both for leisure activities and for their daily 
work. In addition, we were fortunate to be able to make a series of visits to hospitals and disability centres, 
such as the University Hospital of Getafe, The State Reference Centre for Personal Autonomy and Technical 
Aids (CEAPAT), where alternative improvements were designed to alleviate these negative effects on 
elderly and/or disabled people. 
 
This drives me to why I decided to take this master's degree. I studied Computer Engineering at the same 
university as the first year of the master's degree (UPM). There, in addition to software development, there is 
an introduction subject about usability and accessibility. I was very impressed by it, but it is not a subject that 
is studied deeply during the degree. Later on, in my work experience in the world of software engineering, I 
was able to see how a certain number of companies and public institutions were neglecting the use of good 
practices to improve usability and accessibility in exchange for being able to achieve greater production. 
Basically, if it is not specified by law that a certain level of accessibility acceptance must be met, it is a 
matter that is completely ignored. 
 
This situation led me to ask myself what good software development work would be if potential users and 
their different circumstances were not taken into account, which could mean that they would not be able to 
understand and interact correctly with the developed tool. There is no point in creating a complex algorithm 
that solves the needs of the contract specifications with solvency if, when the different users who are going 
to work with the tool do not fully understand it, it does not fit their mental model, or they have general or 
own difficulties in being efficient with it. All the work effort carried out and the economic investment made 
obtains a much lower return than expected. In addition, it generates frustration in the end users, who are 
usually customers of the company that developed the tool. 
 
Furthermore, on a personal level, I have seen on a daily basis how tasks with interfaces that people of my 
generation normally find trivial, while others from previous generations had to make a terrible effort. I was 
amazed at how poorly managed interactions could cause older people (and not so older people) to become 
blocked, even to have to give up or suffer from anxiety, frustration and panic attacks, because they felt they 
were not in control of the situation. 
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I would therefore like to focus this work on older people, especially those in the workforce, who may be 
affected by different types of illness and disability but who still have to continue their work, with 
technological changes advancing faster than they are usually able to cope with. The purpose that I follow is 
to make a study that analyses the difficulties and barriers that are usually found, elaborating a compilation or 
compendium of good practices for each case study. Likewise, it is my intention to carry out a series of 
experiments that confirm provide statistical data on how micro-interaction design choices can positively and 
negatively affect the way these users interact with interfaces.  

By doing so, I hope to pave the way for accessibility in user interfaces in future projects, since the 
information on this subject, gathered in accessibility guidelines, is often very technical (and in other cases, 
very abstract) and is often left aside by a significant number of development teams. 

 

1.2 Thesis Roadmap 
 

This section explains the organization and structure of this work, how it is distributed, what content is in 
each section and how each section is subdivided. 
 
1.- Motivation: this section presents the work carried out, providing an overview of the approach followed 
during development. 
 
2.- Thesis guide route: this section shows the content of each of the sections found in this work. 
 
3.- Contribution of the Thesis: the exact terms in which this work provides knowledge and quantifiable data 
are detailed. 
 
4.- Background: this section details the study and review of literature that has been carried out prior to the 
writing of this thesis. It includes analyses of how the ageing of the active population is affecting the 
accessibility barriers that older people may encounter in work and leisure environments. It also compiles a 
series of good practices to be followed in order to avoid the implementation of these barriers. 
 
5.- Approach: the experiments to be carried out, the methodology to be followed and the state of the art in 
this aspect are specified. 
 
6.- Testing & Evaluation: the testing process is detailed, and the results obtained are analysed, drawing the 
appropriate conclusions for each experiment. 
 
7.- Conclusion and future work: a final evaluation of the work carried out and the conclusions obtained is 
made. 
 
Appendix: this thesis has different appendices. In the first, appendix A, the data obtained from the 
experiments are compiled, as well as the questionnaires and surveys that have been necessary to carry them 
out. On the other hand, appendix B contains the designs that have been used to carry out the experiments. 
 
Bibliography: compilation of all the relevant bibliographical references used for the thesis. 
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1.3 Thesis Contribution 
 
 
This thesis is framed in the scope of Usability, User Experience (UX), accessibility and Human-Computer 
Interaction. The objectives that have been set as the aim of this work are: 

 
 Study and analysis of the different disabilities and illnesses that affect people when interacting with 

user interfaces, both in work environments and in leisure time. A list of the different barriers that 
these users normally encounter is also included.  
 

 Compendium of good practices related to each disability and illness in the previous section. 
Likewise, a list of tools is provided to help engineers and interaction designers to comply with these 
good practices or, failing that, to be able to put themselves in the shoes of the affected users. 
 

 Conducting experiments to obtain metric results with which to provide statistical data on how design 
decisions and micro-interactions affect the way users interact with interfaces. 
 

 Conduct experiments to encourage the use of good practices in relation to web forms with respect to 
micro-interactions, in order to reduce the cognitive burden they entail. 
 

 Conducting experiments with the purpose of validating the techniques of using content structure 
preview techniques such as skeleton preview with which it is intended to reduce the complexity of 
decoding user interfaces. 
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Chapter 2, Background 
 

 

In the last decade, the most important social changes that we can highlight can be categorised into two; 
structural changes and social movements [1], [2]. Within the structural changes in society, we have the 
richest and most aged Western human race. This leads to an ageing population. The average age of people of 
working age, or active population, is increasing, so the percentage of people over 55 in the world of work is 
also increasing. In addition, the number of people over 65 is also growing, so their weight in society is 
increasing and has a direct influence on the development of products, especially technological products. 
 
 
 

2.1 Aging of the active population 
 

The population of the EU-28 as of 1 January 2018 was estimated [3] at 512.4 million. Of these, older persons 
(aged 65 and over) accounted for 19.7% (an increase of 0.3 percentage points compared with the previous 
year and an increase of 2.6 percentage points compared with the previous 10 years). 
 
Even for those countries with a lower percentage of people over 65, such as Iceland, Ireland, Turkey or 
Albania, the ageing trend is also visible. Another fact which confirms the ageing of the population is the 
average age of the EU-28, which is increasing in all countries individually and in the European group, 
reaching 43.1 years on 1 January 2018. 
 
Specifically, in Spain, where this study is being carried out, the lengthening of life expectancy and the drop 
in the birth rate that has occurred since the 1970s has meant that the active population is ageing at a very 
high rate. In Italy, we obtain similar data. The number of people over 55 has increased in Spain by 19.8% 
while the number of young people between 16 and 29 has decreased by 20.7% in the last decade.  This trend 
will continue and it is expected that the group of people over 55 will have grown another 20.5% by 2028 and 
the number of young people will be reduced by 15.3% by that date, which in turn will affect the demographic 
profile of companies in the Spanish territory [4] [5].  
 
As far as the active population is concerned, the impact is greater, with the active population over 55 years of 
age increasing by 48.2%. The increase in women within this segment has been especially relevant, with an 
increase of 86%, because of the incorporation of women into the labour market in previous generations, 
especially after the 1960s, known as the baby-boom generation. 
 
These data place Spain as one of the countries with one of the highest ageing populations in the world. 
According to United Nations forecasts, by 2050 Spain will be the country with the highest ratio of people 
over 65 in Europe, and the second in the world, just below Japan. 
 
This ageing of the active population will have a major impact on consumer habits and on dependency, work 
and health policies. Now that retirement in Spain is voluntary since the labour reform of 2012, it can be 
predicted that Spaniards will work increasingly into old age, especially if pension benefits are not sufficient. 
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As regards the qualifications of this active sector, 30.82% of the working population over 55 years of age 
currently has higher education. This percentage rises to 42.38% among those between 30 and 54 years of age 
(the next in age), which means that this higher level of training will favour their activity in the future, but 
that the current active population is less qualified than future generations, so they will need greater support to 
be able to make use of new technologies. The ageing population is changing the social and demographic 
structure of European society. The way in which IT products are designed needs to be analysed and studied, 
as the potential users of such products are in turn changing. 
 
On the one hand, in consumer-oriented products, a design and interaction strategy must be followed that 
attracts both the new generations, who are more demanding and accustomed to the use of technology, and the 
older groups, helping to facilitate their use and understanding. This may obviously vary for certain products, 
whose potential users may be concentrated in younger demographic groups. However, most of the products 
are aimed at wider population groups that are home to different generations. 
 
But it is not only consumer-oriented technology products that are involved. Also, as we have seen in the 
People Matters analysis [4], the number of active workers over 55 is increasing year by year. This means that 
consulting companies must adapt the tools they develop for other companies where a high number of their 
workers will be over 55. This particularly affects management positions, where workers are generally older 
than the average of the rest of the company, and the actions they take are more critical [6].  
 
With this older population, different factors that interact with their daily work, such as illness and disability, 
must be considered. 
 

2.2 Diseases and Disabilities: accessibility barriers 
 
The following section aims to collect a series of best practices and tools to help interaction designers achieve 
better accessibility, classifying them according to the type of illness or disability affected, namely: visual, 
motor, auditory or cognitive. The disabilities and illnesses that are of most interest to this study are: 
  

- Sensory disability: people who have limitations in any of the senses of sight or hearing. 
- Motor disability that limits the upper extremities: causes a lack of precision and coordination for the 

correct handling of the interfaces. 
- Intellectual disability: includes those people who have learning and memory problems [7]. 

 
 
 

2.2.1 Accessibility guidelines 
 
Just because a system is usable does not mean that it is accessible.  According to the International 
Organization for Standardization, usability is the effectiveness, efficiency and satisfaction with which a 
product allows specific objectives to be achieved by specific users in a specific context of use (ISO, 9241-
11,1998), while accessibility (for web environments) is the ease of use of a product, environment or 
instrument in an effective and satisfactory manner by people with different abilities. (ISO,9241-9,2005). We 
can see that its maximum difference lies in the fact that accessibility supports all kinds of users, with all its 
characteristics. For that reason, we must know the norms and standards that defend accessibility. 
 
The importance of a good web design, which is understandable, easy to use, clear and easy to learn, does not 
depend only on the empathic attitude of the designer at the time of creating a web page, but it is fundamental 
and essential to adopt techniques, methods, tools and procedures that guarantee and adapt the design to the 
objectives in order to satisfy their needs [47]. 
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Firstly, we are going to analyse the existing accessibility guidelines and the places where they can be 
consulted. The priority of these guidelines is to avoid creating barriers in user interfaces. A barrier, in the 
field of accessibility, is a condition that makes it difficult for a person with a disability (PWD) to access an 
element or perform a task, occurring when the user cannot access or interact with specific content 
information [8]. 
 
On the one hand, we have the most well-known; the Web Content Accessibility Guidelines (WCAG) [9]. 
These refer to how to make the information contained on a web page accessible: text, images, forms, videos, 
sound, etc. The first version of these guidelines was created in 1999 (WCAG 1.0). These were a 
compendium of recommendations to be followed and applied by developers to create accessible content. 
 Later, these guidelines were adapted as legislation in different countries and became a web content 
validation tool for government managers. A second version (WCAG 2.0) was published in 2008, updating it 
to the most contemporary needs.  
 
These guidelines distinguish between three levels of acceptance or conformity: A, AA, and AAA. Level A 
(the minimum) is achieved if the website meets all Level A Conformity Criteria or provides an alternative 
conforming version. For level AA: the website must satisfy all Level A and AA Conformity Criteria or 
provide an alternative conforming version to Level AA. Also, to achieve Level AAA compliance, the 
website must meet all Level A, AA, and AAA Compliance Criteria, or provide an alternative version that 
meets Level AAA. In Spain, on September 19, 2018, the Royal Decree RD1112/2018 establishes that public 
administrations and private companies with more than one hundred workers and more than 6 million Euros 
in turnover must comply with the WACAG AA criteria [10]. 
 
The guidelines are organized into four principles that web content must meet: perceptible, operable, 
understandable, and robust. 

- Perceptible: to produce content that is easy to understand, the following steps must be fulfilled: E 
the use of buttons, images and others must enter an alternative text. In programming, through the 
ALT tag we can enter text in the case that the image is not displayed for some reason, either because 
the image does not load or because the presentation of images is deactivated. This will help the 
person not to get lost in the page and even if there is no image, know the information that is being 
offered with that element. The content must be adaptable without losing information.  

- Operable: it has to do with offering mechanical alternatives, such as the use of the keyboard, to be 
able to navigate the web pages. Time is an important factor since sometimes the information goes 
too fast and cannot be assimilated by the person. 

- Understandable: the content of the page must be legible and easy to understand by the user. In fact, 
the page must be predictable by the user, easy to understand and easy to remember. 

- Robustness: the content must be displayed on any device and must be clear, differentiating each 
point so that there is no confusion between different users [9]. 

Note: there is a fifth principle, conformity, which explains what must be done to comply with the 
requirements of the guidelines. 

These attributes may have a direct relationship with the seven Principles of Universal Design [46]. This is a 
framework created by a group of architects, product designers, engineers, and environmental design 
researchers, with the intention of establishing seven universal design principles to provide guidance in the 
design of products and environments. It should be noted that they are not intended only for web interfaces. 
They are as follows: 
 

- 1, Equitable use. Design is useful and marketable to people with diverse capabilities. It is inherently 
related to Perceptible, Operable and Understandable. 

 
- 2, Flexibility of use. The design fits a wide range of individual preferences and capabilities. It is 

linked to the attribute of Operable. 
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- 3, Simple and intuitive. The use of the design is easy to understand, regardless of the user's current 

experience, knowledge, language skills or level of concentration. We can relate it mainly to 
Understandable. 

 
- 4, Perceptible information. The design communicates the necessary information effectively to the 

user, regardless of environmental conditions or the user's sensory capabilities. Clearly associated to 
Perceptible. 

 
- 5, Error Tolerance. The design minimises the hazards and adverse consequences of accidental or 

unintended actions. Related to Robust. From my own point of view, it is one of the most important 
points, to make designs that allow users to escape, avoiding unnecessary blockages. 

 
- 6, Low physical effort. The design can be used efficiently, comfortably and with a minimum of 

fatigue.  It can be related to Perceptible and Operable. 
 

- 7, Size and space for approach and use. Appropriate size and space are provided for approach, reach, 
manipulation, and use, regardless of the user's body size, posture, or mobility.  Linked to Operable 
and Perceptibility. 

 
Another set of guidelines that we can consider are the Accessibility Guidelines for Authoring Tools (ATAG) 
[11], which aim to ensure that authoring tools, such as CMS systems, generate accessible web content. On 
the other hand, we have the Accessibility Guidelines for User Applications (UAAG) [12], which explain how 
to make browsers, multimedia players and other support products accessible. 
 
Although at first it seems that making a web page accessible is expensive, in the future it will benefit 
everyone, not only people with a disability. With an accessible page we will reach many users who we would 
not reach if the page is limited to a part of the population. Over time we will realise that the range of people 
we will reach will be greater and will give us greater benefits. 
 
Other social groups that also benefit from following good accessibility practices are: 

- people with multiple disabilities, such as deaf-mutes. 
- people who work in spaces with low lighting, noisy environments, etc. 
- foreign users who do not know the language in which they have to interact. 
- users with a low cultural level. 
- users with low technological skills. 
- users with different combinations of the above. 

 
 

2.2.2 Visual disabilities and illnesses 
 
According to the World Health Organization (WHO), it is estimated that approximately 1.3 billion people 
worldwide are living with some form of visual impairment [13]. More specifically, in Spain, there are about 
1 million people with a visual disability, [14] but not all of them have the same circumstances or need the 
same adaptations. 
 
 
2.2.2.1 How it affects 
 
We get 80% of the information we need every day for our daily lives is obtained through the eyes. This 
means that most of the knowledge we acquire, skills we develop and activities we carry out are based on the 
use of sight and visual information. Therefore, the main difficulties encountered by visually impaired people 
are difficulties in perceiving and identifying objects, people, spaces or shapes visually, in detecting and 
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interpreting texts that do not have adequate typography, contrast and size, as well as the detection of 
obstacles and orientation in unknown places. 
 
It is for all these reasons that visual illnesses and disabilities are the ones that most affect the way in which 
users interact with interfaces, and it is in this type that we will lengthen and go into more detail. 
 
 
2.2.2.2 Types 
 
We can categorise visual disabilities into two; visual impairments and those affecting visual acuity: 
 
Visual impairments: these are those that present a significant decrease, but with sufficient vision to see light, 
orient themselves in it and use it for functional purposes. These people present a functional field of vision, 
but reduced, normally diffuse, without defined contours, with a predominance of shadows, therefore, the 
visual information they perceive is not complete.  
 
Within this type, in turn, we can find one of the most well-known visual diseases, Colour blindness. It is a 
genetic alteration that affects people's ability to distinguish colours. It can be considered a separate category. 
The degree of affectation varies greatly, from a lack of ability to discern any colour, or Achromatopsia, to a 
slight difficulty in distinguishing between red, green, and occasionally blue shades. Although it can be an 
alteration that goes unnoticed in everyday life, it poses a problem for those affected in areas as diverse as 
assessing conditions, identifying colour codes of planes, or choosing certain professions. There are the 
following types of visual impairment related to colour perception: 
 

- Achromatic: Achromatic colour blindness is that in which the individual sees in black and white 
(grey scale). The individual does not perceive any colour. It occurs in one case per 100,000 people. 

- Tritanopia: This is a very rare condition in which blue retinal photoreceptors are absent. 
- Protanopia: This is the total absence of red retinal photoreceptors. 
- Monochromatic: The vision of light and colour is reduced to one dimension. 
- Dichromatic: this is a moderately serious defect in which there are three different types: 
- Deuteranopia: the absence of green retinal photoreceptors. 
- Abnormal trichromatic: the affected person confuses colours with others. It is the most abundant and 

common group of colour-blind people. They tend to have similar perceptions to dichromatic colour-
blind people, but somewhat less noticeable.  

 
The following image [Figure 1] shows how people affected by these visual impairments perceive the colour 
spectrum [15]. 

 
 

Figure 1 How colour blindness people perceive colours 
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Diseases affecting visual acuity: visual acuity is subdivided into four levels: normal vision, moderate visual 
impairment, severe visual impairment, and blindness. 
 
Persons with low visual acuity perceive shapes less clearly.  There are multiple causes for this problem, such 
as astigmatism or brain damage. It is an irreversible process (not a disease as such) in which the visual 
capacity is reduced, as well as the angle of vision. It makes those affected unable to carry out everyday tasks 
correctly, such as cooking, reading, writing, sewing, watching TV, walking, etc. It affects an estimated 20 
million people in Europe. [16]. There is no cure, although there are rehabilitation sessions to improve the 
quality of life of those affected.  
 
Regarding cloudy or obstructed vision, this problem is generally associated with a loss in the field of vision 
due to pathologies such as macular degeneration, glaucoma, floaters, or cataracts.  
 
People with blindness are those who have a total absence or minimal perception of light that prevents its 
functional use. Instead, these people need to obtain information mainly through hearing and touch. People 
with complete blindness cannot see anything, not even light. This disability is the one that requires the most 
adaptations in web design, but it is possible to solve it thanks to adaptations such as screen readers. 
 
 
2.2.2.3 Best Practices 
 
The barriers often faced by those affected are complex images (graphs or tables) that are not adequately 
described, tables that make no sense when a screen reader reads the content because it is not correctly 
linearized (i.e. it has to be read in the same order as the design is displayed). To carry out an inclusive design 
for colour-blind people, we must consider the following series of concepts. 
 
One handicap that we usually do not notice is that we are very used to communicate with colours. For 
example, red is used as a warning and green to imply that something is right. But these are precisely the most 
difficult shades to distinguish for most people who are colour-blind, so the message we want to convey could 
be lost completely. To encourage inclusive design, it is best to get used to using a variety of resources, such 
as symbols, text, shapes, or textures. When you have finished designing a page on a website, it is a good 
practice to pass it on to a grey scale to see how this affects readability. 
 
It is preferable to use textures in addition to colour. Colour-blind users find it difficult to distinguish between 
certain colours. For example, green, red, and brown can appear very similar. Therefore, when using colours 
in charts and graphs, it can be useful to apply pattern overlays to the solid colours so that users can more 
clearly distinguish the elements. This not only helps those who are colour blind, but also makes it easier for 
everyone.  
 
Another good practice is to use monochrome colour schemes. Monochromatic colour schemes use only 
single-tone colours. A single colour is selected, and the colour is applied in different shades. People who are 
colour-blind can still appreciate the difference in tone on the scale they perceive, for example, in the grey 
scale. Critical elements of our interface should not be coded with just one colour. Monochromatic scales are 
well suited to representing a single variable, with the darker shades representing the higher values and the 
lighter shades representing the lower values. 
 
The WCAG guideline 1.4.1 [17] recommends that colour should not be used as the sole means of 
transmitting information. To do this, it is always necessary to have complementary textual information, and 
to add the use of form and/or texture, as we have mentioned before. 
 
Sufficient contrast should be provided between the text and its background so that it can be read by people 
with moderately low vision (who do not use contrast-enhancing assistive technology). Contrast is calculated 
in such a way that colour is not a key factor, so that people who have a colour vision deficit will also have 
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adequate contrast between text and background [18]. To improve the contrast, a simple background should 
be used, which does not dirty the content to be displayed. 
 
In addition, text that is larger and has wider character strokes is easier to read with less contrast. Therefore, 
the contrast requirement for larger text is lower. Text of 18-point size or 14-point bold text is considered 
large enough to require a lower contrast ratio. Typographies such as Sans-Serif, Arial, Verdana, Roboto or 
the Swiss one, having a simpler font design, are easier to read and their characters are more quickly 
recognizable. The use of bold words helps to improve contrast, but their use should be limited to key words 
or sets of information. In turn, it is preferable to avoid the use of italic typefaces, as it makes it more difficult 
to distinguish individual characters and therefore makes reading more difficult. Shading of words and 
characters should be avoided, as it makes them difficult to read and recognize. Although there are design 
tendencies to use greys for textual information, this should be avoided, as it generates less contrast. 
 
It is recommended to use wider spaces between letters and words to make reading easier. This applies to 
different settings, such as tracking (space between words), leader (space between lines of text), kerning 
(space between individual letters) or line width. Although the specific measurement will depend on the type 
of interface and device for which it is being developed, in general it is recommended that there are between 
30 and 40 characters per line (for web). 
 
To improve the experience of users with dyslexia, the option can be given to change the typeface of the 
system to any specialised font to improve their understanding and reading of information. There are different 
fonts for this such as Lexia Readable, Tiresias, Sasoon or Read Regular. 
 
Separate the content from the structure. It is important to ensure that the content of the website is 
independent of its underlying structure. When changes to the presentation may include the size of elements 
(such as text and images), the space between elements, or whether the elements can be viewed at all (blind 
users may not see images), it becomes apparent that the developer cannot determine how the content will 
look at any given time [19].  
 
Alternative text must be provided. As explained above, certain structural elements, especially images, cannot 
be perceived by some users. For example, blind people who use assistive technologies (such as screen 
readers) to interpret websites will hear the alternative text attributed to the image read aloud, rather than 
seeing the image. If that text is not present, or is not sufficiently descriptive, they will not be able to perceive 
the information as intended. 
 
If the UX engineer is in charge of coding the web interface, the following aspects should be considered: 
 

- Each <img> attribute must have a corresponding "alt="" attribute in it, the information must be 
described, not the image given as such. 
 

- Active images require an alternative descriptive text. 
 

- Images containing information require a descriptive alternative text. 
 

- Decorative images should have an empty alternative text, so that they can be ignored by adaptive 
technologies. 

 
 
As far as data visualisation is concerned, a field wide enough to start a separate work, we can briefly 
summarise the following guidelines: 
 

- For the distinction between categories, avoid the use of the same colour and its gradients. It is better 
to apply different saturations so that users can more easily distinguish these categories. Furthermore, 
it is essential to provide a legend of the data and its assigned colour. 
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- Likewise, for the same category, the same colour can be used, changing the tonality (for example, 
maps). Lighter shades are recommended for the lower value range and darker shades for the higher 
value range. 

 
- Do not include more than 7 colours in the same graph. If they are needed equally, some other type of 

representation should be considered. An excessive amount of colours forces users to consult the 
information legend a high number of times, so they easily lose the references.  

 
- Within the colour wheel, if it is necessary to choose a variety of shades, it is better to choose a series 

of colours that are equidistant from each other. It facilitates the interpretation of graphics. 
 

- Add textures and/or shapes to the colours, avoiding relying only on the use of colour to identify 
information. 

 
- The choice of colours should be made in such a way that its relationship with the data it quantifies is 

intuitive. For example, something good or positive with green, the opposite with red, etc. If there are 
no pre-set colours for this, use neutral colours [20].  

 
 
2.2.2.4 Tools 
 
Below, a series of tools is proposed that may be useful for interaction design teams to be able to implement 
the good practices we are seeing, since design and prototyping tools are usually limited in this respect: 
 

- Colour Contrast Analyzer [21] is a Sketch plug-in that allows us to test the accessibility of the 
prototypes for users who are colour blind. It can calculate the colour contrast ratio of two layers (or a 
single layer against the design area) and evaluate it against WCAG standards. After completion of 
the test, this tool issues positive or negative rating results based on WCAG AAA and AA colour 
contrast requirements. 

 
- For Adobe users we have Adobe Proof SetUp [22]. Like the above tool, it includes accessibility tests 

for colour-blind people within its Photoshop and Illustrator software. Proof Setup filters allow you to 
see how the design will look for users with different types of colour blindness, protanopia and 
specifically deuteranopia.  

 
- Accessibility Color Wheel [23] is a web tool that can help you choose the colours to use in user 

interfaces. This tool tries to help in this task by analysing the contrast between a pair of colours and 
showing how colour-blind people will see it. If the contrast between the colours is good, a check 
mark will appear. On the other hand, you can also analyse if the colours are good for each specific 
type of colour-blindness. 

 
- Another plugin with which we can measure the contrast between primary colours and background 

colours is Stark [24]. It is available for both Adobe XD and Sketch. Its main advantage is that it 
directly shows the acceptance level of WACAG 2.1, giving values of Not compliant, A, AA, or 
AAA. It is very useful for projects that need to validate a high level of accessibility and save time. 

 
- Colorblind WebPage Filter [25] is another web tool that allows us to directly pass our own web page 

and see how a user with colour blindness would see it. I have always thought that the key to UX is to 
put ourselves in the shoes of our users, and this application makes that possible. 

 
- In addition to this, we have the Examinator [26]. It is a web tool that assesses the accessibility of a 

web page on a scale of 1 to 10, passed by URL. Its criteria are based on the guidelines given by 
WCAG 2.0. It also provides a report with the errors and mistakes made, which helps to improve the 
accessibility of our website. 
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- Returning to the perception simulators for colour-blind people, Chrome Daltonizel is an extension of 

the Google Chrome browser [27].  
 

- Finally, another application that can help us choose colours for our inclusive designs is Paletton [28]. 
Its use can be complemented with Accessibility Color Wheel to obtain the primary and secondary 
colour combinations that best suit our users while respecting the company or project brand. 

 
 

2.2.3 Motor Disabilities and Diseases 
 
In Spain, 6% of the population suffers from disease or motor disability [29]. Diseases such as cerebral palsy, 
muscular dystrophy, Friedreich's ataxia and disorders of the spine cause spasticity, spasms, poor 
coordination, restricted movements and reduced muscular strength [30]. 
 
 
2.2.3.1 How it affects 
 
Those affected by motor diseases or disabilities have the possibility of acquiring specialized support devices. 
However, these have three shortcomings: their high cost, the complexity of its use and excessive high 
demand for maintenance. This means that people have begun to abandon their use [31]. Those affected by 
these diseases have the difficulty or inability to use their hands, whether this includes trembling, slowness of 
the muscles, loss of control of fine muscles, etc. Therefore, people suffering from these diseases lack the 
necessary mobility or the ability to operate computer peripherals, such as the keyboard or mouse, for a long 
time. These diseases also generate performance errors in the use of the keyboard, such as pressing the keys 
for too long, which generates repeated actions or involuntary pressing of keys adjacent to the desired one 
[32]. 
 
 
2.2.3.2 Types 
 
A variety of types can be considered for diseases and disabilities affecting the upper extremities, such as 
people with congenital and/or acquired anomalies of the shoulder, arms, hands (absences, longitudinal, 
transverse bone defects), joint defects (ankylosis, function defects, etc.). 

We can find the following types: 

- Monoplegia: is the paralysis of a single limb.  

- Paraplegia: this involves paralysis of the lower half of the body (not covered by this section). 

- Tetraplegia: loss of mobility in all limbs and hemiplegia, paralysis of one side of the body. 

- Hemiplegia: paralysis of the opposite or opposite side of the damaged part. It is usually due to 
cerebrovascular accidents or head trauma. 

- Muscular dystrophy: causes the presence of weak muscle tone that loses tissue over time. 

- Cerebral palsy: involves effects that can range from difficulties and slowness of movement, stiffness, 
agitation, convulsions or even a complete paralysis of voluntary muscles. 
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2.2.3.3 Best Practices 
 
The barriers that make it difficult for people with these diseases and disabilities to interact with interfaces are 
web pages that update automatically; browsers or authoring tools without adequate alternative support for 
keyboard or mouse commands; forms that cannot be navigated in a logical order for typing data; small areas 
of interaction, etc. 
 
To alleviate this, we can follow the following recommendations: 
 

- Enlarge all the elements with which you can interact, such as buttons, links, images, etc. 
 

- According to the Operable criterion of the WCAG2.0 [33] all the content functionality must be 
operable through a keyboard interface without requiring specific times for each keystroke, except 
when the underlying function requires an input that depends on the user's movement path and not 
only on the end points. If the keyboard focus can be moved to a component on the page using a 
keyboard interface, then the focus can be moved away from that component using only a keyboard 
interface and, if it requires more than unmodified arrow or tab keys or other standard output 
methods, the user is informed of the method for moving the focus away. 

 
- The order in which the information is displayed must be logical, favouring predictive movements 

and avoiding costly errors in navigation. 
 

- In desktop tools, it is advisable to locate the navigation accesses at the top of the structure, since it 
will take them less time to change from one screen to another, facilitating their work and saving 
time. 

 
- When passing the focus of the pointer (usually the mouse), the current context should not be 

changed. This will avoid unnecessary scrolling to close the modal or return to the previous context. 
A high level of accessibility can be achieved by providing a mechanism that allows the user to 
disable context changes. 

 
- For tactile interfaces, if gestures are included, an alternative should be provided that allows the 

action to be performed without the relevant gesture. The most common example is zooming in on a 
map, a gesture usually related to a pinch, but it usually includes a series of buttons that allow the user 
to control the zoom in or out. 

 
 
2.2.3.4 Tools 
 
The following set of software tools support those affected and can be used to carry out usability and 
accessibility tests: 
 

- Plaphoons: a software tool that helps to communicate 
 

- Magic keyboard: also, in the field of user communication, it predicts the words to be written, 
speeding up processes and boosting efficiency. 

 
- Keys-u-see: is a keyboard with a larger key size that increases precision and decreases the number of 

errors made, which in turn reduces the number of times the keys must be pressed. 
 

- Microsoft's Mouse keys improve the way the mouse is used. 
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2.2.4 Hearing Disabilities and Diseases 
 
According to the World Health Organization, 66 million people worldwide suffer from disabling hearing 
loss, and it is estimated that by 2050, more than 900 million people will suffer from disabling hearing loss 
[34]. According to the same organisation, a person suffers from hearing loss when he or she is not able to 
hear as well as another person whose sense of hearing is normal, i.e. whose hearing threshold in both ears is 
25 dB (decibels) or more. In Spain, 33% of the population suffers from some type of hearing loss [35]. 
 
 
2.2.4.1 How it affects 
 
People affected by some form of hearing loss experience difficulties in being able to detect and identify 
sounds emitted by devices running the user interfaces. So-called hearing barriers make it impossible for these 
users to complete their interaction correctly if it includes unique auditory information channels. 
 
 
2.2.4.2 Types 
 
The level of hearing loss varies depending on each person and the disease or disability they suffer, from a 
slight reduction to complete deafness. There is also temporary hearing loss, so the number of people affected 
by this type of disability varies easily. It cannot be ruled out that related good practices may affect users 
without any hearing impairment or disease but who work in high noise environments. Hearing loss can affect 
one ear (unilateral) or both ears (bilateral). 
 
 
2.2.4.3 Best Practices 
 
People with hearing problems do not usually require special attention in design, beyond the need to provide 
textual alternatives to any video or audio information displayed on our interface, as mentioned in the WCAG 
[36]. The guidelines remind us of the importance of the synchrony of the alternative text with respect to the 
auditory information displayed. This ties in with the first characteristic we mentioned that all interfaces are 
required to make the information perceptible to users. 
 
If the tool we are developing needs to use notifications that are emitted in an acoustic way, it is also 
advisable, if the device allows it, to include the possibility of providing an alternative (or complementary) 
vibration warning that helps people with hearing impairment to recognise the execution of an important 
event. 
 
With respect to the inclusion of subtitles, these can be open (they are embedded in the video itself and are 
always activated) or closed (associated with an external file that can be activated/deactivated by means of a 
CC button, Closed Caption, in the video player). 
If it is necessary to program the web interface, in HTML5 it can be used < track > with the attribute kind= 
"captions". Most browsers provide basic support. 
 
The following concepts must be considered when creating subtitles: 
 

- The transcription of the dialogues must be faithful and equivalent to the dialogue and in the same 
order of reproduction. Therefore, they must be transcribed in an appropriate manner and 
synchronized with the video to avoid loss of coherence. 
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- The time of exposure. Blank spaces, punctuation marks and emoticons also count as characters. 
Between 12 and 19 characters per second (about 150 words per minute) should be displayed.  

 
- The chosen typography should be legible, with a medium font size recommended between 18 and 22 

pt to optimize its reading, with a simple interline, and occupying a maximum of two lines of 35 or 37 
characters each. Helvetica or Lucida are good examples of typography to use. The words should not 
be separated, while the lines should preferably be separated when they coincide with commas, full 
stops, conjunctions or with the pauses that the character marks when speaking. 

 
- Location: centred and at the bottom of the video. If the video already has some content in this 

location, the subtitles will be placed in the upper part of the video. 
 

- Contrast: they should have sufficient contrast with the video, so that they are perfectly legible. We 
recommend white or yellow on a black background. 

 
- If there are two interlocutors, characters, narrators, or voice-over: each of them will have a different 

and identifying colour, and the text of each of them will have to occupy one line. 
 

- If there are sound effects: they should be described and shown in brackets where appropriate. 
 

- Flashes and flickering: it must be taken into account that content with flashes or flickering can cause 
photosensitive epilepsy attacks in certain users, therefore they cannot be caused more than 3 per 
second unless the area of the flash is less than 25% of the central area of the eye's vision (10 degrees 
of the visual field). The maximum blink time is 5 seconds [37]. 

 
 
In combination with the section on visual disabilities, for deafblind people, we must provide transcripts, as 
this is the only way they can access the information if they cannot access the video playback. They are 
simply the text version of the video content (or audio description if you have it). Deaf-blind users use them 
to get all the information by accessing the document through a device with Braille output, which will allow 
them to read the whole content. The transcript must be provided by means of an accessible link, for example, 
under the video, or on a new page. It is advisable to announce the end of the video playback. 
 
 
2.2.4.4 Tools 
 
To be able to add subtitles to the multimedia content that we want to display in our interfaces, you can use 
one of the following programs: 
 

- SubtitleCreator. 
- Subtitle Workshop. 
- POP Subtitle Editor. 
- Aegisub Advanced Subtitle Editor. 
- WinSubMux. 
- Subtitle Editor. 
- Subtitle Edit. 
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2.2.5 Cognitive Disabilities and Diseases 
 
This is not as widespread a disability as the previous ones, affecting 1% of the population. In Spain, for the 
range of people between 35 and 65 years old, the band that is closest to the group we want to study, the 
number of affected people is 122,967 [38]. 
 
 
2.2.5.1 How it affects 
 
Affected users may be confused by unclear designs or inconsistent navigation systems. In addition, they may 
have difficulty concentrating or understanding with long paragraphs. These should also be considered:  
 

- people with attention disorders and deficits who have difficulty understanding and concentrating 
when performing a specific task. For them, distracting images or sounds that cannot be easily 
deactivated are barriers. 

 
- people with memory impairments who have difficulty remembering recent or past events. 

 
- people with compulsive disorders, who may have some form of epilepsy. 

 
 
2.2.5.2 Types 
 
A distinction can be made according to the Intellectual Quotient (IQ), a score that values a person's 
intelligence. The values usually range from 20 to 140. 
 

- Mild Intellectual Disability: this is the majority percentage in this group. They usually have between 
50 and 70 IQ. They are cognitively delayed and slightly affected in the sensory-motor field, but can 
remain in the education system, training and even being professionally active, although their learning 
takes longer. 

 
- Moderate intellectual disability: this level is below 50 in IQ. Those affected have a constant need for 

supervision, both in education and at work, although, with a lot of therapy, they may have a certain 
degree of autonomy. 

 
- Severe intellectual disability: this is the group of people with IQ between 20 and 35, making those 

who suffer from it in need of very continuous supervision, as it almost always presents with damage 
at a neurological level. This causes the individual to have reduced abilities, little or no reading and 
numerical comprehension. Here, people normally communicate with holophrases. And legally they 
are considered incapable of making their own decisions, so this group and the subsequent ones are 
not targets that we can apply to the active working class over 55 years old. 

 
Other types of associated disabilities are developmental disabilities, learning disabilities (dyslexia, 
dyscalculia, etc.), and cognitive disabilities of various origins, which affect memory, attention, 
developmental "maturity". They have their impact on problem solving and logic, etc. 
 
 
2.2.5.3 Best Practices 
 
A set of good practices to consider would be the simplification of the information and the elaboration of 
some map or guide which could help you in the understanding. The design of the information architecture 
should make navigation predictable. We must say that this often helps not only people with a disability, but 
all users of a page. 
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Keep the users informed of where they are: 

- Where appropriate, group information under logical headings. 
- Include descriptive titles on each screen. 
- Add breadcrumb sections. These should not be a history, but a representation of the path to follow to 

reach a section. 
 

Facilitate the understanding of the system structure: 
- Simplify the design as much as possible. 
- Keep the navigation systems as consistent as possible. 
- Organize the information in small manageable sections. 

 
 
Facilitate the understanding of the interactive elements of the interface: 

- Where necessary, add illustrations or other means to the text, and vice versa. 
- Provide clear, captioned images and alternative text.  
- Each input should also have a clear purpose or description. 
- Incorporate images that complement the textual information (useful for other types of disabilities as 

well). 
- Provide descriptions and aids for interpreting the controls on a form. 

 
Prevent the user from being distracted from the main information of the interface: 

- To have a mechanism that allows to turn off all the animations. 
- Avoid the use of long and complex texts. 
- When passing the focus of the pointer, do not change context unless the user clicks. It will prevent 

users from getting lost due to an unexpected extreme change. 
- Complete error handling: indicate where the error was made, describe it and suggest corrections 

(unless it is private information, financial information, etc). 
- Text of the information: it must be possible to know the language in which it is written, to clarify 

ambiguities of meaning that depend on pronunciation and to provide alternatives if the text requires a 
high level of understanding. This is a section usually handled by the programming team.  

 
 
Web forms are the main cause of user abandonment in web processes. This causes companies to stop earning 
considerable amounts of money. Some good practices for web forms are: 
 

- Distribute the form fields in a vertical format, easier to identify and read. 
 

- A header should be provided for each form section that clearly describes the nature of the 
information being requested from the user. 

 
- Each input should have a label describing the type of information being requested, and not place this 

label as a placeholder (unless it becomes a label, as in Material Design). 
 

- Relevant information should not be hidden in tooltips. 
- Instructions and examples should be visually close to the field or input to which they refer. 

 
- Instructions and aids should be set in a reading order prior to the field or input to which they refer. 

Thus, visually impaired readers receive the necessary information before entering any information, 
avoiding errors, and improving efficiency. 

 
- Do not ask for information that is not strictly necessary for the process. 

 
- Ambiguities must be avoided; it will cause users to be blocked and abandon the process. 
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- Sorting must follow a logic; it must be structured as a conversation between client and user. 
 

- Although it is better to have a nice design, any decoration that interferes with the decoding of the 
form elements should be avoided. 

 
- Technicalities should be avoided, especially if it is not a working tool. 

 
- The form should be given a name that clearly describes its purpose. 

 
- Information should not be requested in a fragmented way (e.g. addresses). 

 
- It is advisable to add the option "others" and/or "none". 

 
- Avoid marking a default option on the form. 

 
- In case of an input text, the size of the container should be appropriate to the length of the expected 

response in case it can be estimated. 
 

- Avoid the use of dropdown, since they hide information from the user, increase the cognitive load 
and require more clicks, which makes interaction difficult. An alternative to them is segmented 
choice, where users can visualize all the options at the same time. However, this technique is not 
interesting for more than five or six options. 
 
 

2.2.5.4 Tools 
 
The following tools help to put themselves in the shoes of people affected by intellectual disabilities: 

- Distractibility Simulation is a tool that allows the developer to experience a frustration like that of a 
person with cognitive disabilities when accessing the internet. 

- Dyslexia simulation: displays the content of a web page modified to be read just as a person with 
dyslexia would. 

- PEAT (Photosensitive epilepsy analysis tool) is a tool that can be used to detect the components of 
a web page that might trigger attacks in certain users. 

- Flicker frequency test for GIF images allows the developer to check the images on a web page for 
flicker, flicker frequency and colour contrast. 

 

 



30 

 



31 

 

 

 
 
Chapter 3 Approach 
 
 
The purpose of this section is to find good practices and obtain relevant data on how micro-interaction design 
choices affect the making of more inclusive user interface designs, targeting primarily active people over 55 
for the reasons explained above. 
 
 

3.1 Micro-interactions 
 
Firstly, we must define what micro-interactions are. Micro-interactions are the functional and interactive 
details of a product [39]. They can increase the commitment to the product and make its use more pleasant 
for the user. While macro-interactions focus on user needs, system functionalities, external coherence and 
navigation patterns, micro-interactions focus on aesthetic aspects, the look & feel, internal coherence and 
interaction patterns. It can be said that macro-interactions seek the global view of the product or the 
interface, while micro-interactions focus on the small details of each navigable element. Micro-interactions 
can be divided into three main types, of navigation, action or organisation. 
 
 
3.1.1 Navigation Micro-interactions 
 
Regarding the micro-interactions of navigation, we have the following: 
 
Excise: everything that does not contribute to the main purpose of the product or interface. It does not have 
to be a negative element, but it tends to hinder the interaction. The design principle in this respect is to 
eliminate as much excise as possible. Within excise, we can highlight: 
 

- Skeuomorphic excise: an inappropriate metaphor for the real world While design metaphors have a 
functional and intentional purpose, skeuomorphic excise only adds unnecessary elements. 

 
- Modal excise: interruptions that are not avoidable, but that equally break the flow of interaction. The 

recommendation is to include as few of these elements as possible. 
 

- Stylistic excise: users are forced to decode visual elements to understand which represent controls 
and critical information and which are merely ornamental. 

 
 
Knossos palace's effect: it happens when all the elements or categories have the same importance in the 
internal hierarchy. For example, having the favourites section in the same division as other non-favourite 
elements. It also happens when any section can be accessible from any other section, which can make the 
user become disoriented in the navigation. 
 
Alice's effect: it is related to coherence problems with the navigation (for example, when the user goes three 
steps forward and then only one step back and is again in the same place of origin). 
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Dorothy's Syndrome occurs when the Home screen is added, leading to all possible actions, when in fact this 
is not necessary. A good design practice is for the first screen to be the one where the main action of the tool 
is executed. 
 
One Step Beyond Syndrome: when the feedback produces additional excitement (the feedback must be 
shown on the same screen, see below). 
 
Some good practices regarding excise [39]: 
 

- Avoid forcing users to go to another window to perform a function that affects the 
current window. 

 
- Avoid forcing users to remember where they put things in the hierarchical file system. 

 
- Avoid forcing users to fill in fields to satisfy some arbitrary measure of completeness. If 

the users want to omit some details from the transaction entry screen, do not force them 
to enter them. Assume that they have a good reason for not doing so. In most instances, 
the completeness of the database is not worth badgering users over. 
 

- Avoid forcing users to resize windows unnecessarily. When a child window pops up on 
the screen, the application should size it appropriately for its contents. Do not make it 
big and empty or so small that it requires constant scrolling. 

 
- Avoid forcing users to move windows. If there is open space on the desktop, put the 

application there instead of directly over some other already open application. 
 

- Avoid forcing users to re-enter their personal settings. If the user has ever set a font, colour, 
indentation, or sound, make sure that she does not have to do so again unless she wants a change. 

 
- Avoid forcing users to ask permission. This is frequently a symptom of not allowing input in the 

same place as output. 
 

- Avoid asking users to confirm their actions. This requires a robust Undo facility. Instead, detect 
critical points were the Undo action is required. 

 
- Do not let the user’s actions result in an error. 

 
 
3.1.2 Action Micro-interactions 
 
On the other hand, we have the following types of action-related micro-interactions 
 

- Feedback: these are based on communicating to the user the result of an action he has just executed. 
It should not be confused with the outcome of that action. In other words, it is about making it clear 
that the state has changed (not to be confused with navigation). An example of this would be the 
slight change in colour of a button when it is pressed. It must be immediate, priority, informative, 
being able to capture the user's attention without obstructing the rest of the information displayed. 

 
- Feedforward: it informs the user of the future result of the action it intends to execute, in other 

words, it advances the purpose of said action. Examples are the button labels, the hints that appear 
on an element when doing on mouse over or simply the labels that function as buttons. 

 
- Affordances: these refer to any visual element that tells the user that he can work with that part of the 

interface. Whenever there is the possibility of doing an action, it is an affordance. They can see 
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visible or not (hidden) [Gibson]. A signifier is a visual element that makes it possible to see an 
affordance, making it a visible affordance. To give an example, the shadow that appears when you 
mouse over a Google card is an example of affordance, because it is a signifier. A label that can be 
clicked on is not an affordance, but if you click on mouse over and, for example, it is underlined, 
then it has a signifier and is therefore an affordance (it was already a hidden affordance, but when 
the mouse over is underlined (signifier) it becomes a visible affordance) [41]. There are four 
parameters to ensure the quality of the affordances: 

 visibility: the most relevant elements must always be visible. 
 feedback: the user must know what has happened at each moment. 
 natural mapping: refers to the natural or expected correlation between an action and its 

consequence. 
 restrictions: limiting the possible actions for the user limits errors (Norman, 1998). 

 
 
3.1.3 Organization Micro-interactions 
 
Finally, the micro-interactions related to organization are those with which the structure of the information 
displayed is determined. We will not go into detail since they depend more on the context of each interface 
than on the users, but we can say that they are divided into Location, Alphabet, Time, Category and 
Hierarchy, according to the way the information is structured.  
 
This organization can affect people with cognitive and motor disabilities and diseases. As mentioned before, 
if the organisation is not clear and simple, users with attention deficit and/or cognitive delay may find 
themselves lost. 
 
 
3.1.4 Errors with Micro-interactions 
 
There are two types of errors when it comes to interaction with micro-interactions: 
 

- Mistake: the error is an intentional, conscious action. It is an error because it does not fit the user's 
mental model.  

 
- Slips: these are unconscious errors, also called miss-clicks. They are based on the strong-but-wrong 

concept: the user performs the action with conviction (from his experience or habits) but leads him 
to an error anyway. 

 
Below, a set of strategies are specified that allow us to reduce the amount of these errors with micro-
interactions: 
 

- Issuing warnings and cautions appropriate to the context of the interaction. They should prevent 
users from making mistakes. There are a variety of examples. On the one hand, we have the date 
inputs, in which the user can be warned of the expected format, for example DD/MM/YYYY or 
MM/DD/YYYY. Another example is the specification of mandatory fields when filling in forms. 

- User research: although this is a key point in any UX project, by doing successive iterations of tests 
it is possible to detect in which parts of the interaction flow more failures are being caused and why. 
This can lead to design alternatives that avoid these conflict areas. 

- Provide clear signifiers, which allow the user to know in advance that actions can be performed with 
these interface elements. 

- Provide appropriate default values. 
- Likewise, a series of strategies are now listed to avoid mistakes: 
- Create appropriate limitations. The aim is to limit the paths that lead to errors in the flow. 
- Provide appropriate warnings that prevent the appearance of errors. This must be combined with the 

study of the users to detect the critical areas, where they must be established. 
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- Provide the user with the possibility of undoing an action (undo). When this is not possible, (critical 
moment) a double confirmation check should be provided. This is a strategy that should not be 
abused, because it breaks the flow of interaction. 

- Increase situational awareness: make the user aware of the situation and the possible outcomes of his 
actions. 

- Give consistency to the interface design. 
 
 

3.2 Experiments 
 
This section will detail the experiments that have been carried out during the development of this thesis. For 
each of them, the methodology used in each case will be specified, what the experiment itself consists of, the 
documents and materials needed for its execution, what related aspects are dealt with and the results 
expected. 
 
 

3.2.1 Experiment A, study of the impact of micro-interaction design 
decisions 
 
The aim of this experiment is to test the impact that the correct definition of micro-interactions of action has 
on the process of designing a project. The key elements of this experiment will be affordances, both visible 
and invisible, feedfoward and feedback.  
 
 
3.2.1.1 Methodology 
 
The tests will consist of a series of screens to be completed in which each user will be asked to complete a 
certain task. On each screen, affordances, feedforward, and feedback will be available and implemented 
differently in each model. A/B testing methodology will be followed [45]. Two models will be available, 
differing in the version implemented from the micro-interactions designed according to the good practices 
we have seen throughout the research work. [Appendix B, experiment A]. 
 
Each model has the same minimum amount of interactions to be carried out to complete its assigned task 
correctly, and the distance between interacting elements is the same. Each user will be randomly assigned a 
model to complete, in order to achieve maximum randomness in the execution of the experiments, with the 
intention that the order received does not influence the results obtained, keeping the data received away from 
any casuistry. 
 
Firstly, a pilot test will be carried out to detect errors in the approach and execution of the experiment, as 
well as in the tools to be used. The results obtained from this test will not be considered for the results 
analysis. Once the possible errors have been corrected thanks to the pilot test, the tests will be certified. Each 
user, after completing the demographic data form [Annex A, A.1], will be assigned the two models to be 
completed at random, as specified above. 
 
For the measurement of results, the User Experience Questionnaire (UEQ) system will be used, which allows 
a quick evaluation of the user experience of interactive products. The format of the questionnaire helps users 
to immediately express feelings, impressions and attitudes that arise when using a product [42]. All the 
attributes that the UEQ assesses (Attractiveness, Perspicuity, Efficiency, Dependability, Stimulation, 
Novelty) will be assessed, but greater importance will be given to Perspicuity, Dependability and, to a 
greater extent, Efficiency.  
 



35 

 

On the other hand, in each experiment there will be an observer who will take note of the number of clicks 
carried out, counting time and errors made. Later, these data obtained will be analysed with the average time 
estimated to perform each task, as well as the minimum number of clicks required to finish each task 
correctly. The associated template where this data will be collected is [Annex A, A.3]. 
 
After completing all the assigned tasks, each user will be asked to answer the questionnaire [Annex A, A.2]. 
This is a survey to collect the user's opinion on the two models tested based on efficiency and convenience. 
 
3.2.1.2 Approach 
 
The basis of the experiment is the monitoring of good practices regarding micro-interactions. We will mainly 
focus on the categorised "action" micro-interactions, which, as we have seen above, are feedforward, 
(visible) affordances and feedback. In addition, we want to study the negative influence of guidelines to be 
followed such as the inclusion of skeuomorphic excise. 
 
With a view to the experiment, we want to validate the monitoring of these guidelines by testing their 
operation and understanding by users, analysing the results we obtain. Therefore, the experiments are 
designed on this basis. Users will find a series of tasks to follow in both designs in which they will be asked 
to follow a fictitious process of making a shopping list online. 
 
The models will differ from each other in the inclusion of micro-interactions that help to perceive the content 
with which they can interact, as well as foresee the outcome of the actions. The intention is that these micro-
interactions will go mostly unnoticed by users.  
 
With regard to feedback micro-interactions, perhaps those that are less unconsciously perceived by the user 
but which most certainly report to them that they have performed an action or executed an interaction, in the 
model that follows the good practices, a slight colour transition will be created in the interface elements 
when the user interacts with them.  
 
In relation to the feedforwards, hints will be provided by on mouse over the elements that trigger actions, 
providing the user with a description of what such interaction will do. In addition, these elements will have 
light animations that will allow the user to know that the element is executable. That is, we will provide 
signifiers to all the hidden affordances, making them visible affordances, improving the perception, and 
understanding of the users. 
 
Taking advantage of the fact that the experiment is set in shopping lists, we will include a model in which the 
shopping list itself resembles a real notebook paper, which is a case of skeuomorphic excise, since it does not 
contribute anything to the interaction and "when users learn these fundamentals, managing the metaphor 
becomes an exercise in excise" [40]. Furthermore, for further integration of skeuomorphic excise, the font 
will be modified to make it more like handwriting, while maintaining decent legibility for users. 
 
 
3.2.1.3 Expected results 
 
It is estimated that the model that has best practices implemented in relation to micro-interactions will prove 
to be a particularly effective interface in terms of time and errors made. The absence of skeuomorphic excise 
should increase the gap between the two models, as users do not waste time decoding the unnecessary 
elements provided by this design style. 
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3.2.2 Experiment B, design of forms adapted to current social needs 
 
This experiment aims to quantify the validity of the good practice guide on forms developed in previous 
chapters, having as focus the reduction of the cognitive load they produce. Forms are a style of interaction 
that uses the metaphor of classic paper forms [48]. They are a very predominant kind of interaction in the 
current web sector. However, they are the focus of numerous frustrations on the part of users due to 
inadequate design. It directly affects users' cognitive reasoning. 
 
 
3.2.2.1 Methodology 
 
A/B testing methodology will be followed [45]. Two different models of forms will be designed, both with 
the same number of actions to be carried out. To avoid asking users for personal data, two fictitious character 
files will be developed (Annex B, B.2 figures B.4 and B.5) whose data will be those to be entered on each 
form. The assignment of each form (order) and each character will be completely random to avoid this 
having a significant influence on the results obtained. The information on both cards (in Spanish) follows the 
same order to avoid it influencing the results obtained. 
 
With respect to the design of both forms, (Annex B, B2), they will differ from each other in the following 
points: 

- vertical distribution vs. horizontal distribution. 
- provide section headings (personnel, address, preferences, etc). 
- logical sorting vs scroll reduction. 
- provide instructions before inputs vs. provide instructions in the hints, which disappear once clicked. 
- requesting information in a fragmented way. 
- options marked by default. 
- none or other option. 
- use of dropdown vs. use of segmented 

 
To improve user interaction, all the good practices regarding micro-interactions for action (feedforward, 
affordances, and feedback) seen in previous chapters will be applied. These techniques will be applied to 
both models, so that they do not negatively affect either of them. 
 
The measurement of results will be based on three variables: time, errors, and personal satisfaction. In this 
way, there will be both quantitative and qualitative variables. Therefore, while the tests are being carried out, 
they will be noted on the observation template (Annex A, A.3) and then, after each test, the satisfaction 
survey (Annex A, A.2) will be passed on to each user. 
 
 
3.2.2.2 Approach 
 
It is intended to validate the assumption that the application of best practices in the design of forms leads to a 
better understanding of the interface, as well as a significant improvement in terms of efficiency and user 
satisfaction.   
 
 
3.2.2.3 Expected results 
 
It is hoped that data will be obtained to support the good practices explained above, in relation to form 
design. The results should show a substantial improvement in terms of efficiency and understanding. 
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Therefore, it is expected that both the number of errors and the time spent will be lower, as well as that they 
will be perceived by users as easier to fill in, even if users do not have to understand why. 
 
 
 
3.2.3 Experiment C, previewing the structure of a content using 
skeletons 
 
The following experiment aims to test the technique of previewing content structures known as skeletons 
preview.  Skeleton preview is a single-colour structure that covers the outline of a content that is waiting to 
be loaded. It is a version of the user interface that does not represent the actual content but imitates the page 
layout by showing its elements in a similar way to the actual content as it loads and becomes available [43]. 
The skeletons are displayed briefly while the content is loading. Their optimal use is for content that requires 
a certain amount of time to load, for example, due to calls to the server requesting large amounts of data. An 
example of the Linkedin skeleton is shown below: 
 

 
Figure 2, Linkedin skeleton  

 
 

The colour of the skeletons is usually a light grey. In addition, to prevent the user from thinking that this is 
the real content of the website, a slight change of tone is provided with a transition animation, which leads to 
the interpretation that a content is being loaded. 
 
 
3.2.3.1 Methodology 
 
A/B testing methodology will be followed [45]. There will be two models (C.A, C.B) of forms to be filled in 
by the user. Each model will have a version with and without skeleton preview. [Appendix B, B.4]. These 
models have the same minimum number of clicks to be executed to complete their assigned task correctly, 
and the distance between clickable elements is the same. The difference between both is that the model 
without skeleton will have a load spinner that will last an estimated time (2800 milliseconds), while in the 
model with skeleton, during this time the skeleton of the structure will be displayed. Each user will be 
randomly assigned a model (C.A or C.B) to complete. In addition, the model without skeleton preview 
(C.A.1 or C.B.1) or with skeleton preview (C.A.2 or C.B.2) will be randomly assigned. 
 
In this way, a user who has been assigned model A without preview (C.A.1) will be asked to complete the 
tasks of the opposite model. (C.B.2). In turn, a user who has been assigned model B without preview (C.B.1) 
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as his first choice, will be assigned (C.A.2) as his second task. The same applies, but in reverse, to users who 
received the model with a skeleton preview in the first iteration. 
 
In this way, the maximum randomness in the execution of the experiments is achieved, with the intention 
that the order received does not influence the results obtained, keeping the data received away from any 
casuistry.  
 
Firstly, a pilot test will be carried out to detect errors in the approach and execution of the experiment, as 
well as in the tools to be used. The results obtained from this test will not be considered for the results 
analysis. 
 
Once the possible failures have been corrected thanks to the pilot test, the tests will be checked. Each user, 
after completing the demographic data form [Annex A, A.1], will be assigned the two models to be 
completed at random, as specified above. 
 
For the measurement of results, the User Experience Questionnaire (UEQ) system will be used, which allows 
a quick evaluation of the user experience of interactive products. The format of the questionnaire helps users 
to immediately express feelings, impressions and attitudes that arise when using a product [42]. All the 
attributes that the UEQ assesses will be evaluated, but greater emphasis will be placed on Perspicuity, 
Dependability and, to an even greater extent, Efficiency.  
 
Upon completion of all assigned tasks, each user will be asked to complete the questionnaire [Annex A, 
A.2]. This is a survey to gather the user's opinion on the two models tested based on efficiency and 
convenience.  
 
On the other hand, in each experiment there will be an observer who will take note of the number of clicks 
carried out, counting time and errors made. Later, these data obtained will be analysed with the average time 
estimated to perform each task, as well as the minimum number of clicks required to finish each task 
correctly. The associated template where this data will be collected is [Annex A, A.3]. 
 
As no audio or video recording will be made, nor will any set of personal data be collected.  
 
 
3.2.3.2 Approach 
 
The aim is to measure the extent to which the effectiveness of users is improved by having this type of 
preview. It can be assumed that the preview of the structure of a content should help users to have a previous 
approach of how the information structure of that element will be approached. Since we recognise objects 
partly through their shape and contour, users can guess the placement of key elements they need to interact 
with before they are displayed on screen. 
 
This is expected to reduce the number of errors the user makes in the execution of tasks, thus requiring less 
time for the development of tasks. The results obtained should show an improvement in the efficiency of the 
users. 
 
In terms of accessibility, this approach aims to allow users with cognitive needs to have a little help with the 
preview of the elements with which they will have to interact. 
 
 
 
 
 



39 

 

3.2.3.3 Expected results 
 
The results are expected to show whether the use of the skeleton preview technique improves the user's 
cognitive perception, thus boosting efficiency and significantly reducing the number of errors made in each 
task. 
 
 
 
3.3 Discussion topic: design vs. accessibility 
 
The biggest dilemma a UX and Design team may face then is "do we give more priority to design or to 
accessibility" If more attention is given to design, we lose accessibility, even if we may not reach the 
required level (AA in WACAG guidelines for example). On the other hand, if we focus only on accessibility, 
design will be unattractive to most users. This is a dangerous dilemma because of the conflicting interests of 
different departments within a company and their customers. 
 
Accessibility does not have to be at odds with beautiful design that is attractive to users. On the one hand, the 
current trend towards minimalist design is very much in favour of accessibility for people with attention 
deficits and for those who need clear information structures, with as few distractions as possible. 
Furthermore, this type of design drastically reduces the number of colours used. This makes the choice of 
colours easier to generate contrasts that allow clear distinction of information for people with visual 
impairments. 
 
Another trend that I have been able to observe in some web pages is to add the option to easily modify the 
characteristics of the web, such as contrast, font size, removal of images and animations, etc. We can 
highlight as an example SNCF [44] where these adjustments can easily be touched up. This allows design 
and accessibility to coexist in the same initial framework. It must be considered that these adjustments must 
be quickly accessible. In the example website, these settings are in a sub-menu at the top of the page. 
 

 
 

Figure 3 SNCF accessibility module example 
 

If the usability team works for a brand that has a defined company colour, and that colour must be the main 
colour to be used in the interface, it must be evaluated if that colour complies with the accessibility standards 
(contrast, colour, etc) for the different elements of the interface, such as small and big texts, buttons, links, 
etc, or if, on the contrary, it is necessary to look for a nearby colour in the colour palette, lighter or darker, 
that does. 
 
Therefore, we can conclude that the conjunction between design and accessibility is possible and the 
inclusion of a level of acceptance does not have to negatively influence a design that can attract a wide range 
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of users. Maintaining elegant design should not be an excuse for keeping the inclusion of accessibility 
elements in user interfaces separate. 
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Chapter 4, Testing & Evaluation 

 
In this section we will review and analyse the results obtained in each experiment after its execution. The 
testing process will be detailed, and the results of the different proposals will be compared, discussing, and 
observing the possible consequences and meanings of the data obtained. 
 
 
4.1 Experiment A 
 
Experiment A, related to micro-interaction design decisions, was carried out in such a way that the random 
assignment of the order of the two models and the character whose data were to be used reduced as much as 
possible the influence that these factors could have on the data obtained. 
 
Firstly, a pilot test was carried out, to avoid failures in the execution of future real tests. A series of 
annotations were made to improve the introduction of the experiment to the users as well as a guide to the 
order in which the steps of the experiment were carried out. It was not necessary to modify the designs. 
 
The steps to follow in the development of the tests were the following: 
 

- Introduction: users are thanked for their participation. They are informed about the final goal of the 
test, as well as the instructions to be followed, and it is made clear to them that they are not being 
evaluated, but the design. It is clarified that no personal data, beyond the purest demographic, will be 
collected in this test. 

- Random assignment of model and character (previously established to save time during the 
execution of the experiment). 

- Realization of the first model. 
- UEQ for the first model. 
- Realization of the second model. 
- UEQ for the second model. 
- A.1 Demographic data 
- A.2 Satisfaction Survey 
- Closing: thank the user for his time and completion of the test. 

 
A total of 18 user tests were conducted including both models. All users were able to correctly complete their 
tasks. The analysis of the three different variables we measured in the experiment is as follows: 
 
In relation to the time spent by the users, we have an arithmetic mean of 104 seconds (1 minute 44 seconds) 
for the realization of model 1 (where the designs of the micro-interactions follow the good practices). From 
model 2 we obtain an average of 123 seconds (2 min 03 seconds) to be able to complete this variant. This 
means that model 2, which does not follow the good practice guides for choosing the design of micro-
interactions, is 18.26% slower than the model that does follow the guides. 
 
On the other hand, the UEQs produced a larger than expected result. As can be seen in the following graph, 
the Perspicuity, Efficiency and Dependability scores are significantly higher for model 1 than for model 2. In 
addition, Attractiveness and Stimulation values are also better for the first model, which leads to an implicit 
preference of users for the interactions of model 1. 
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Figure 4, Experiment A, models Comparision 
 
 
The personal ratings of each user have been estimated in two ways, by noting down the comments made by 
users and by collecting the data from the satisfaction surveys. After a short card-sorting session, the 
following notes could be grouped together: 
 

- Model 1 is more intuitive, generating less confusion. 
- Model 1 generates a greater sense of security. 
- Feedback from model 2 creates doubts for some users 
- Model 1 is simpler and clearer; it is better understood at "first sight". 
- Users claim to feel more efficient in model 1 because it is not so overloaded. This is intrinsically 

related to the skeuomorphic excise, something that users were not expected to realise, although very 
few have mentioned something about it so clearly. These users have youth (under 30 years) as a 
common parameter. 

- Model 1 is faster. 
 

The conclusions we can draw from this experiment are quite clear and categorical. The monitoring of best 
practices in relation to micro-interactions has a great impact on the efficiency of users, facilitating 
interaction, allowing them to predict the consequences of their actions before they are implemented. These 
results are greater than initially expected. 
 
We can observe that the comparison of the results obtained is connected to the WACAG attributes of 
Operable, Understandable and Perceptible and the Universal Design Principles of Equitable use, Simple and 
intuitive, and Perceptible information. This reaffirms compliance with these standards. The design of the 
affordances, following the four parameters for ensuring the quality of affordances, which we have seen in 
section 3.1.2, has allowed users to establish more agile mental connections about the possibilities of each 
element of the interface and the possible results when triggering each action. 
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4.2 Experiment B 
 
Experiment B, related to best practices in web form design, was carried out in such a way that the random 
assignment of the order of the two models and the character whose data were to be used for filling in would 
reduce as much as possible the influence that these factors could have on the data obtained. 
 
Firstly, a pilot test was carried out, to correct future errors in the real tests. A series of notes were made to 
improve the contextualisation of the experiment to the users, as well as a guide to the order of the steps of the 
experiment. No changes were needed to the designs. 
 
The steps to follow in the development of the tests were the following: 

- Introduction: The user is thanked for his or her participation. They are informed of the objective of 
the test, as well as the instructions to be followed, and it is made clear to them that they are not being 
evaluated, but the design. It is clarified that no personal data, beyond the purest demographic, will be 
collected in this test. 

- Random assignment of model and character (previously established to save time during the 
execution of the experiment). 

- Realization of the first model. 
- Realization of the second model. 
- A.1 Demographic data 
- A.2 Satisfaction Survey 
- Closing: thank the user for his time and completion of the test. 

 
A total of 18 user tests were conducted including both models. All users were able to correctly complete their 
tasks.  
 
Regarding the time spent by the users, we have an arithmetic mean of 133 seconds (2 minutes 13 seconds) 
for the realization of model 1 (where the web form designs follow the best practices seen before). From 
model 2 we obtain an average of 159 seconds (2 min 39 seconds) to be able to complete this variant. This 
means that model 2, which does not follow the best practice guides for the correct design of web forms, is 
19.54% slower than the model that does follow the guides. 
 
As regards the users' personal assessments, they have been collected thanks to the observation and annotation 
of comments out loud during the tests as well as the comments left by the users when filling in the 
satisfaction survey. Around 45% of users have no preference, while 30% prefer the first model and the 
remaining 25% prefer the second. However, it is model 1 that receives the most positive comments, about 
the speed and simplicity. 
 
Other notes made through user observation were: 

- Interaction with dropdown means more processing time for users (easily appreciated by observers). 
- Segmented information (as in model 2, date) is the focus of errors. Besides, it is a type of error 

considered critical, since it affects other fields, having to modify the information already entered.  
 
To conclude with this experiment, we can state that users are not able to detect the differences between both 
models, but there are significant differences in terms of efficiency and errors. That is why the use and 
monitoring of best practice guides in the design of forms is recommended, although it is stressed that users 
should not be expected to detect the differences between one and the other. This may be since web forms are 
preconceived as a negative interaction, which leads to annoyance for the user. 
 
Having followed the best practice guidelines for form design makes us comply with the Universal Design 
Principles of Equitable use, Flexibility of use, Simple and intuitive, Perceptible information and Low 
physical effort, as well as the Operable, Understandable and Perceptible attributes of the WACAG. We can 
translate the difference between both models into having achieved a version that manages to reduce the 
cognitive charge for users to understand the interface. 
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4.3 Experiment C 
 
After the conduct of experiment C, related to how it affects the use of skeleton previews so that users can 
have a preview of the information structure of the interface before it is loaded, a series of results have been 
obtained with which a series of deductions can be extracted.  
 
It should be taken into account that in the design of the experiments [Appendix B, experiment C], two 
alternative models were designed in which both, for the skeleton version and the loading spinner version, a 
minimum number of 16 clicks was required to complete the task, 15 to activate the interface elements and 1 
to confirm completion. 
 
In addition, for all four possibilities, the average time needed to complete each task was estimated to be 
approximately 25 seconds. This is achieved by maintaining a homogeneous distance between the groups of 
elements with which the user could interact on the interface. 
 
After the pilot test, a series of changes were made with the intention of improving the users' understanding of 
the test, both at the level of structuring the experiment and designing the prototypes. For example, it was 
decided to separate more clearly the two columns of activable elements of model A, and it was decided to 
change the moment in which the user was asked to fill in the UEQ. 
 
Finally, the structure of the experiments was as follows: 

- Introduction: the user is thanked for his or her participation. They are informed of the objective of 
the test, as well as the instructions to be followed, and it is made clear to them that they are not being 
evaluated, but the design. It is clarified that no personal data, beyond the purest demographic, will be 
collected in this test. 

- Random assignment of the models to be completed, 
- Realization of the first model. 
- UEQ for the first model. 
- Realization of the second model. 
- UEQ for the second model. 
- A.1 Demographic data 
- A.2 Satisfaction Survey 
- Closing: thank the user for his time and completion of the test. 

 
A set of 16 tests were carried out on 8 different users. This resulted in four tests of each model, allowing two 
comparisons: model A1 vs. model A2 and model B1 vs. model B2.  
 
For the comparisons of models A and B, we have the following comparative chart of the UEQ, where in blue 
the model with skeletons (A1 or B1) is represented first and then, in orange, the model without skeleton 
preview (A2 or B2). 
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Figure 5, Experiment C, A models Comparision 
 

 
 

 
 

Figure 6, Experiment C, B models Comparision 
 

As mentioned above, we are most interested in the values of Perspicuity, Dependability and Efficiency, the 
latter being the most important value to consider.  
 
Perspicuity refers to how easy it is to become familiar with the product and learn how to use it. While for 
model A the values of both versions are very similar, in model B the difference is greater with respect to the 
skeleton interface than its alternative. 
Dependability is a value that interests us because it measures, among other things, how predictable and 
secure the system is. And it is precisely one of the strong points of the inclusion of the skeleton preview. It 
can be seen that in both models this value is better valued for the versions with skeletons. 
 
Finally, and being the most important attribute, we have Efficiency. This is the point in which there is more 
difference between models with and without skeleton previews, assuming the importance of these 
components.  
 
In addition, apart from the UEQ questionnaires, two more types of measurements were made to complement 
the data extracted and to strengthen the final conclusions. 
 
On the one hand, the execution time of each test was measured. For the A1 model, an average of 27.75 
seconds was needed to complete the tasks. For the A2 model, on the other hand, the average execution time 
was 26.50 seconds. For model B, version B1 took an average of 24.75 seconds, while version B2 took 32 
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seconds. A slight improvement can be seen with regard to the average execution time of interfaces with 
skeleton preview (26.25 seconds) in relation to versions without previews (29.25 seconds). However, I 
believe that a greater number of tests would be needed to be able to give a higher value to these 
measurements, due to the great influence of outliers as they are tests of short duration, whose values can alter 
the results obtained too much. 
 
Finally, the opinion of users was asked in the satisfaction survey [Annex A, A.2]. The survey asked for each 
user's personal opinion on which design they liked best and which they thought was most efficient. 75% of 
users liked the model with a skeleton best, while 12.5% preferred the model without a skeleton and the 
remaining 12.5% preferred neither. Regarding which model they think they have been more efficient, 50% 
think that the model with skeleton has been more efficient, while 25% think that it has been more efficient in 
the model without skeleton and the remaining 25% have no preference. 
 
Taking into consideration the previous results and that at no time has the existence and/or operation of 
skeleton previews been mentioned to users, we can deduce that the inclusion of this technique is beneficial to 
users in terms of efficiency and prediction of the organisational structure of the interface.  
 
Furthermore, thanks to the results of the satisfaction survey, we can deduce that few or very few users are 
aware of the inclusion of skeleton previews, since, although most of them showed a preference for the model 
with skeleton preview, very few of them knew how to say exactly why they made this decision (only 12.5%). 
It is therefore assumed that it unconsciously affects the interpretation that users make on the interface.  
 
Finally, we can conclude that the inclusion of this technique helps any type of user, but even more so can 
benefit those who suffer from cognitive disabilities related to attention and to the understanding and 
decoding of the internal structures of user interfaces. We therefore can associate it with the Equitable use, 
Flexibility of use, Simple and intuitive and, mainly, Perceptible information of the Universal Design 
Principles. 
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Chapter 5, Conclusions and Future work 
 
The impact of the design decisions that follow the good practice guides significantly improves the user 
experience. By following the given guidelines, a higher level of acceptance of the accessibility attributes of 
the WACAG and the Universal Design Principles is achieved. The improvement in the data observed in 
terms of efficiency, perceptibility and user satisfaction has been demonstrated. The correct monitoring and 
application of the techniques we have seen produce a notable reduction in the time users spend on tasks, 
providing greater security when carrying out actions, as well as a reduction in the cognitive load of users 
when decoding the interface. 
 
From my point of view, the application of these techniques is fundamental for the integration of any type of 
user in digital systems. Not only users with disability or illness (or combination of these) are affected. Any 
type of user will see an improved user experience thanks to the implementation of these techniques. 
 
As we have seen, accessibility and usability are intrinsically linked. Compliance with accessibility guidelines 
improves usability indirectly. For example, for the ten Nielsen heuristics [49], Experiment A, the Visibility 
of the System Status, Flexibility and efficiency of use and Aesthetic and minimalist design heuristics are 
clearly driven by the best performing model. For experiment B, the same is true for Visibility of system 
status, Consistency and standards, Help users recognize, diagnose, and recover from errors and Error 
prevention mainly. Finally, for experiment C, Visibility of system status, Help users recognize, diagnose, and 
recover from errors and Recognition rather than recall mostly are improved. 
 
For a company that launches its digital product, this translates into greater acceptance of its product. 
Expanding the range of users who can feel comfortable with the use of such a product has an obvious 
positive financial impact in the early stages of launch, which can provide a significant competitive advantage 
with which to differentiate from the competition. 
 
For all these reasons, I believe that the main objective of this work, the motivation of third parties to apply 
techniques that improve the accessibility of their technological products, is fulfilled, having collected the 
compendium of good practices and having demonstrated the validity of a percentage of these with 
quantitative data. 
 
However, this work can be extended in different directions. Mainly, the same type of tests can be carried out 
in the different experiments by biasing users to observe different patterns of improvement according to 
demographic data, types of disabilities suffered, etc. The health emergency due to COVID-19 during which 
this work was carried out greatly limited access to different types of users for the tests. To a large extent, 
users presented diseases and disabilities related to sight, the most common type and which affects in a more 
varied way. Experiments based on specific disabilities can be carried out to measure the improvement that 
occurs. For example, variants of the forms experiment can be tested with reading software. 
 
Of course, any of the other techniques mentioned can be tested. With the support of observers, the study of 
people's reactions during their interaction with interfaces where the techniques related to the reduction of 
cognitive load are applied can be carried out. In addition, with the appropriate devices it could be evaluated 
the amount of stress that people suffer due to the absence or incorrect application of good accessibility and 
usability practices. 
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Another alternative that I think could be interesting, is to test the techniques in different contexts, such as 
indoor versus outdoor performance, exposure to different levels of external noise or any other external aspect 
to the interface that could alter the normal interaction of users. 
 
 



49 

 

Appendix A 
 
This annex compiles the forms created to enable the experiments to be carried out, as well as the entire 
compendium of data extracted from them. 
 
 
A.1 Demographic Data Form 
 
The following form is requested to be completed before the realization of each experiment. It has been 
developed in Spanish, using the Google Forms tool. The questions asked and their expected answers are 
described below. Here is provided a translated version in English. 
 

 
Demographic data form 

 
1.- Please indicate the experiment you have carried out. 
Possible answers: A/B/C 
 
2.- Please write down the participant number you have been assigned 
Expected response: an integer number. 
 
3.- Are you over 55 years old? 
Possible answers: Yes/No 
 
4.- Are you currently active? 
Possible answers: Yes/No 
 
5.- Do you work with any electronic device? 
Possible answers: Yes, with a computer / Yes, with a tablet / Yes, with a smartphone / Yes, with 
any combination of the above / No 
 
6.- Do you suffer from any visual disease? Examples: myopia, astigmatism, tunnel vision, etc. 
Possible answers: Yes/No 
 
7.- Do you suffer from any kind of colour blindness? Examples: colour blindness, deuteranopia, etc. 
Possible answers: Yes/No 
 
8.- Do you suffer from any disability or motor disease in the upper extremities? 
Possible answers: Yes/No 
 
9.- Do you suffer from any intellectual or cognitive disabilities or diseases? 
Possible answers: Yes/No 
 
10.- Do you suffer from any hearing disability or disease?  
Possible answers: Yes/No 
 

 
Table 1 Anex A, A.1 Demographic Data Form 
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A.2 Satisfaction Survey 
 
The following form is requested to be completed after all the exemptions have been made. Its purpose is to 
collect the opinion of each user about the test model he or she has tested. It has been developed in Spanish, 
using the Google Forms tool. The questions asked and their expected answers are described below. A 
translated English version is provided. 
 

 
Satisfaction Survey 

 
1.- Please indicate the experiment you have carried out. 
Possible answers: A/B/C 
 
2.- Please write down the participant number you have been assigned 
Expected response: an integer number. 
 
3.- Which of the two models did you like best? Why? 
A justified answer is expected. 
 
4.- Which model do you think has been more efficient? 
A justified response is expected. 
 
 

Table 2 Anex A, A.2 Satisfaction Survey 
 
 
 

A.3 Experiment observation template 
 
The following template is used for the annotation of clicks, errors, and time to perform the experiments. Its 
objective is to quantify data to make comparisons between different proposed solutions. It has been 
developed in Spanish and printed on paper. The fields and the type of value expected in each one is shown 
below. An English translation is provided. 
 

Experiment:__  
 

Observation template 
 
 
Participant number: 
 

Participant ID 

Number of clicks: 
 

Integer number 

Number of errors:  
 

Integer number 

Number of misscliks: 
 

Integer number 

Time spent (sec): 
 

Time anotation 

 
Table 3 Anex A, A.3 Observation template 
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A.4 Data from Experiment A 
 
 

 
 

Table 4 Results of UEQ Experiment Model A, Dataset of Model 1 
 
 
 
 

 
 

Table 5 Results of UEQ Experiment A Dataset of Model 2 
 
 

 
User Model 1 Model 2 
1 1’ 37’’ / 97 secs 1’ 25’’ / 85 secs 
2 2’ 06’’ / 126 secs 2’ 42’’ / 162 secs 
3 1’ 35’’ / 95 secs 1’ 32’’ / 92 secs 
4 1’ 15’’ / 75 secs 1’ 55’’ / 115 secs 
5 1’ 40’’ / 100 secs 1’ 56’’ / 116 secs 
6 1’ 46’’ / 106 secs 2’ 10’’ / 130 secs 
7 1’ 38’’ / 98 secs 1’ 49’’ / 109 secs 
8 2’15’’ / 135 secs 2’ 53’’ / 173 secs 
9 1’ 51’’ / 111 secs 2’ 06’’ / 126 secs 
Average 1’ 44’’ / 104 secs 2’03’’ / 123 secs 

 
Table 6 Result Running Times for Experiment A 
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A.5 Data from Experiment B 
 
User Model 1 Model 2 
1 1’ 37’’ / 97 secs 2’ 03’’ / 123 secs 
2 2’ 31’’ / 151 secs 3’ 31’’ / 218 secs 
3 2’ 48’’ / 168 secs 2’ 28’’ / 148 secs 
4 2’ 23’’ / 143 secs 2’ 16’’ / 136 secs 
5 2’ 32’’ / 152 secs 3’ 26’’ / 216 secs 
6 2’ 05’’ / 125 secs 2’ 26’’ / 146 secs 
7 1’ 43’’ / 103 secs 2’ 58’’ / 178 secs 
8 2’ 40’’ / 160 secs 3’ 34’’ / 214 secs 
9 1’ 40’’ / 100 secs 2’ 09’’ / 129 secs 
Average 2’ 13’’ / 133 secs 2’39’’ / 159 secs 

 
Table 7 Result Running Times for Experiment B 

 
 
 
 
 

A.6 Data from Experiment C 
 
 

 
 

Table 8 Results of UEQ Experiment Model A, Dataset of Model 1 
 
 
 

 
 

Table 9 Results of UEQ Experiment Model A, Dataset of Model 2 
 
 
 

 
 

Table 10 Results of UEQ Experiment Model B, Dataset of Model 1 
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Table 11 Results of UEQ Experiment Model B, Dataset of Model 2 
 
 
 

User Model A1 Model A2 Model B1 Model B2 
1 34 secs / / 46 secs 
2 / 29 secs 31 secs / 
3 22 secs / / 28 secs 
4 / 27 secs 29 secs / 
5 38 secs / / 33 secs 
6 / 18 secs 21 secs / 
7 17 secs / /  24 secs 
8 / 21 secs 19 secs / 
Average 27 secs 24 secs 25 secs 33 secs 
 

Table 12 Result Running Times for Experiment C 
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Appendix B 
 
This appendix collects the mock-ups of the designs developed to carry out the experiments. 

 

B.1 Designs of Experiment A 

 
Figure 7 A.1, Experiment A, indication generator and model selector 

 

 
Figure 8 A.2.1, Experiment A, model 1, part 1 
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Figure 9 A.2.2, Experiment A, model 1, part 2 

 
 

 
Figure 10 A.2.3, Experiment A, model 1, part 3 
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Figure 11 A.2.4, Experiment A, model 1, part 4 modal confirmation 

 

 
 

Figure 12 A.3, Experiment A, model 1, supermarket selection 
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Figure 13 A.4.1, Experiment A, model 2, part 1 
 

 
 

Figure 14 A.4.2, Experiment A, model 2, part 2 
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Figure 15 A.5, Experiment A, model 2, supermarket selection 
 
 
 

Data of the characters: 
 
Lidia's shopping list: 
 
Go to Mercadona supermarket. 
 

- 2 ounces of chocolate 
- 8-piece sushi tray 
- Half a dozen eggs 
- 24 cherry cans 
- 1 kg of strawberries 
- A whole pineapple 
- 6 blocks 
- 6 tomatoes 
- 4 carrots 

 

Juan's shopping list: 
 
Go to Alcampo supermarket. 
 

- 12 cans of beer 
- 12-piece sushi tray 
- 1 package of biscuits 
- Half a kilo of prawns 
- 5 bananas 
- Half a pineapple 
- 6 blocks 
- 1 kg of potatoes 
- 3 aubergines 
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B.2 Designs of Experiment B 

 
Figure 16 B.1, Experiment B, indication generator and model selector 

 
 
 

 
 

Figure 17 B.2.1, Experiment B, model 1, part 1 
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Figure 18 B.2.2, Experiment B, model 1, part 2 
 
 

 
 

Figure 19 B.2.3, Experiment B, model 1, part 3 
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Figure 20 B.3, Experiment B, model 2 
 
 
 
 
 

 
 

Figure 21 B.4, Character 1 Card 
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Figure 22 B.5, Character 2 Card 
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B.3 Designs of Experiment C 
 
 
This section of Annex B is a compendium of the designs made for the conduct and testing of experiment D. 

 
Figure 23 C.1, Experiment C, indication generator and model selector 

 

 
Figure 24 C.2, Experiment C, skeleton visualization model A 
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Figure 25 C.3, Experiment C, loading spinner visualization model A 

 
 

 
Figure 26 C.4, Experiment C, content visualization model A 
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Figure 27 C.5, Experiment C, skeleton visualization model B 
 

 
Figure 28 C.6, Experiment C, loading spinner visualization model B 
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Figure 29 C.7, Experiment C, content visualization model B 
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