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Abstract. Though equal access to all digital devices, content and applications 
should be ensured by default in the Digital Age, reality has yet to match this ideal, 
despite the numerous efforts to raise awareness of the problem. 
For the visually impaired, the existence of e-accessibility issues represents a bar-
rier that, in the majority of situations, cannot be overcome. Nevertheless, this 
group of individuals still insists on using digital devices, to carry out tasks from 
their daily lives, such as reading and writing e-mails, reading news and weather 
websites, and using social networks. This assumption has been validated through 
a survey completed by 29 blind or partially sighted individuals. 
Considering that the lack of depth of knowledge in developers constitutes one of 
the most significant constraints to the development of accessibility software and 
digital content, the proposal   for “slide 0” to be included as an educational re-
source, when developers are learning how to engineer software, is discussed later 
in the paper. This contribution, if precisely focused on the various types of soft-
ware projects, would represent a novel addition to the existing scientific litera-
ture, but also a comprehensive aid to the inclusion of e-accessibility when lectur-
ing experts on software engineering. 

Keywords: Software Engineering, Software Accessibility, Web Accessibility, 
Digital Accessibility, Software, Graphical User Interface. 

1 Introduction 

Assuming that a functioning digital society is able to ensure equal access to all inherent 
(digital) devices, content and applications [1, 2], it should be clear that when developing 
software and digital content there must be a continuous effort to make it as accessible 
as possible [3, 4]. However, and despite the various efforts to shed light on the issue of 
digital accessibility - and highlight its importance - [5, 6] much remains to be done [7]. 

The visually impaired are, by default, one of the communities of citizens (digital 
users) that stand to benefit from the use of digital devices and applications to help them 
during their daily tasks [8]. According to e Silva, Gonçalves, Martins and Pereira [7] 



and Okonji, Lhussier, Bailey and Cattan [9], visually impaired citizens are also avid 
users of digital devices, such as computers and smartphones, which they use to perform 
ordinary tasks such as reading online newspapers, reading and writing e-mails, and in-
teracting with others through social networks and online communication services. 

Though various authors [2, 10, 11] deem the aforementioned arguments critical and 
of vital importance, this topic has yet to receive the necessary attention from those who 
are primarily responsible for the development of accessible software: the developers. 
In fact, according to Bohman [10] and Gonçalves, Martins, Pereira, Oliveira and 
Ferreira [12], the majority of software developers demonstrate a serious knowledge gap 
when it comes to understanding the techniques and regulations associated with e-ac-
cessibility. This creates barriers for those with disabilities as they are unable to use the 
inaccessible software products, limiting their ability to become equal members of the 
society. 

With this context in mind, the present research has been conducted in order to present 
a proposal for a set of recommendations to be incorporated into software engineering 
classrooms. In order to achieve this goal, an analysis of both existing scientific literature 
and current international accessibility regulations and best practices has been done. 

In terms of structure, the present article is divided into six sections, the first being 
the introduction. Section 2 outlines an analysis of existing related work. Section 3 pre-
sents a survey, completed by 29 blind or partially sighted citizens, which characterizes 
how the respondents use their digital devices and applications. In section 4, the research 
artifact, the “slide 0” proposal, is presented. Its implications for both theory and practice 
are discussed in section 5. The sixth, and final, section presents the set of identified 
limitations, the future research activities that were considered, and some final consid-
erations of the overall research project. 

2 Background Work 

2.1 Software Accessibility as a Research Topic 

When analysing the existing literature, one can easily perceive that, as a concept, digital 
accessibility is defined in slightly different terms, according to the context in which the 
concept is being characterized [13]. 

As argued by W3C [14] “…the Web is fundamentally designed to work for all peo-
ple, whatever their hardware, software, language, culture, location, or physical or 
mental ability. When the Web meets this goal, it is accessible to people with a diverse 
range of hearing, movement, sight, and cognitive ability...”. Despite distinguishing be-
tween accessibility and usability, W3C states that the terms overlap in several aspects. 
Regarding usability, W3C claims “…usability and user experience design significantly 
overlap with accessibility when "specified users" includes people with a range of disa-
bilities and "specified context of use" includes accessibility considerations such as as-
sistive technologies. However, the needs of people with disabilities are often not suffi-
ciently addressed in usability practice and research. Additionally, accessibility 



includes a technical aspect that is usually not a focus of usability. In practice, basic 
accessibility is a prerequisite for usability…” [15]. 

As presented by Baptista, et al. [5], the International Organization for Standardiza-
tion has also presented its interpretation of the accessibility concept. ISO [16], which is 
a multipart standard that covers several aspects of ergonomics of human-computer in-
teraction, and joins usability and accessibility. According to said standard, usability is 
the “extent to which a product can be used by specified users to achieve specified goals 
with effectiveness, efficiency and satisfaction in a specified context of use”. Despite 
focusing its attention on a full range of user characteristics and capabilities, with regard 
to accessibility, the ISO interpretation is not strictly limited to users of a formal disa-
bility. 

The perception and characterization of accessibility has also been the work focus of 
various entities worldwide. Examples of this work are EU [17] standard in the accessi-
bility requirements for public procurement of ICT products and services in Europe 
(en301549), and US-GSA [18] Section 508 that enforces accessibility and usability 
constraints to public ICTs. 

Standard en301549 was developed by the European Telecommunications Standards 
Institute (ETSI), as a result of Mandate 376, which covers accessibility requirements 
for public procurement of products and services in the ICT domain. This regulation is 
intended to join, in a single source, detailed, practical and quantifiable functional ac-
cessibility requirements. It takes into consideration the global initiatives in this field, 
which are applicable to all ICT products and services. Hence, it is supposed to be used 
in public procurement, and as a source of information to make conformity assessments. 

Public procurement can be an important instrument to prompt accessibility. It is crit-
ical that procurers make clear and very well-defined requirements. To make this hap-
pen, en301549 has, in “Chapter 4 - Functional Performance”, and in “annex C - Deter-
mination of Compliance”, respectively, information to help procurers to make a clear 
definition of accessibility requirements, and tools to guide them on their assessment 
and evaluation of compliance levels. 

Standard en301549 is also envisioned to be a critical document to be followed by all 
ICT developers, considering its high level of detail, ease of access, and organized struc-
ture. 

As stated, en301549 takes into account global initiatives in this field. Therefore, 
ISOs and WCAG are assimilated into it. 

2.2 Analysis of the Needs Presented by Impaired Users When Using Software 

Accessible software benefits all users, not only those with disabilities or impairments 
[19]. Although this fact should be enough to make every developer want to produce 
accessible software, and every stakeholder request it, the actual situation is still very 
far from this [6, 12]. Hence, the world does not seem to be going in that direction. 

In order to assess how the scientific community is approaching the digital accessi-
bility issue, a direct analysis has been made of six of the most relevant international 
scientific repositories (Web of Science, Science Direct, IEE Xplore Digital Library, 
SpringerLink, Wiley Inter Science Journal Finder, and IET Digital Library), by 



searching their content using the following keywords as filters: “software accessibil-
ity”, “digital accessibility”, “Web accessibility” and “mobile accessibility”. 

 

Fig. 1. Number of occurrences of "Software Accessibility" (SA), "Web Accessibility" (WA), 
“Digital Accessibility” (DA) and “Mobile Accessibility” (MA) as key words in relevant scientific 
repositories. 

By analysing these indicators, it is evident that the topic of digital accessibility, and 
more specifically the production and delivery of accessible software, has yet to be 
properly considered by the scientific and academic communities. Hence, these facts can 
have a major negative influence in spreading digital accessibility concerns, research, 
and routines. 

As argued by Draffan, Wald, Dickens, Zimmermann, Kelle, Miesenberger and Petz 
[20] and Gonçalves, Martins, Pereira, Santos and Cota [21], digital accessibility is also 
not suitably taught, nor applied, in academic environments, hence the need to change 
mentalities and develop not only the existing theory on the topic, but also to present 
improvements and developments to existing practical approaches when developing 
software. 

3 Blind Users and Software 

There have been several assessments of digital accessibility. One example, the Study 
on Assessing and Promoting E-Accessibility, endorsed by the European Union and pub-
lished on November 2013 [22], tested e-accessibility compliance in 27 European coun-
tries and, not surprisingly, indicated that much work needs to be done in this area. 

In July 2015, WebAIM conducted a survey of screen reader software from all-over 
the world [23], where a total of 2515 responses were validated. This survey included 
questions on both the screen reader software – e.g. what screen reader was being used, 
what operating system was being used – and the user’s opinion about the evolution of 
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Web accessibility. Also, the survey enquired about some more specific e-accessibility 
problems – e.g. accessibility in PDF files. However, this survey seems to assume, as its 
baseline, a number of unclear arguments and certainties which are in fact also ignored 
by many stakeholders. Namely, the survey asked about Web accessibility on news web-
sites. This may lead to the conclusion that those who work with disabled people, know, 
empirically, that this section of the population are consumers of this type of content. 
Although this is a strong belief, some background work seems to be missing in order to 
validate this same belief, since e-accessibility is clearly not well addressed. 

Digital accessibility has the potential to change the life of several groups of people 
with disabilities. It means that people with disabilities may have the chance to partici-
pate more meaningfully in society. However, not everybody can use the resource 
equally [24]. For example, visually impaired people can now, perhaps for the first time 
in history, read a book, outside, using mainstream equipment such as a smartphone, or 
a tablet. Also, this group of people now has the possibility to have a portable dictionary. 
Continuing with the same example of visually impaired people, it is now possible to 
read a newspaper, accessing news at the same time as a sighted person. And, if they are 
using a mobile device, it is now possible to use the time in a waiting room, or seated at 
a cafe, to read. Simple things, like consulting the information of a product, are now 
reasonably easy activities, or even making a purchase using an accessible device with 
accessible software. Through the Internet, in an accessible manner, a blind person can 
manage to listen to a specific radio, or TV channel, overcoming the inaccessible devices 
such as set-top boxes. Several groups of people are now able to communicate, using 
social media, either because it is accessible by screen reader, or it is possible to use 
written communication, or it is simply convenient if, for some reason, the person cannot 
leave the house. For a visually impaired person, it is now possible to be independent in 
written communication, in an accessible manner, providing him another level of inde-
pendence and privacy, just because they can have access to mobile service and e-mails. 
The facility to have a video call is simply astonishing for a deaf person, who can now 
use his lip reading abilities or a gestural idiom. The possibilities are so extensive that 
now, a blind person can use a mobile application to call a volunteer, who, through a 
video call, can help the blind person, using their vision instead of the blind person. Also, 
it is possible to have an optical character recognition application in a smartphone, that 
can be used, by a blind person, to check a bill, or the mail. Another possibility is to use 
a mobile application to overcome closed functionality equipment, such as a ticket ma-
chine, or a printer with just a tactile screen, without speech output [8, 25]. Naturally, 
for all of this to come to fruition the software has to be accessible. 

3.1 Analysis of the Needs Presented by Impaired Users When Using Software 

With the goal of creating a better understanding that could sustain a stronger approach 
to e-accessibility, a survey, directed at blind and partially sighted citizens, has been 
conducted. The execution of the survey was supported by the Portuguese Association 
of Blind and Partially Sighted People (ACAPO) which invited 29 of its associates to 
answer a number of questions. This survey’s initial results (sample of 15 complete an-
swers), was presented to the public in [7]. 



 

Fig. 2. Target group age dispersion. 

From a conceptual perspective, it was important to characterize the sample of citi-
zens who answered our survey. As is clear from Figure 2, the majority of the respond-
ents were between 30 and 59 years of age, which, from our perspective, indicates some 
maturity and life experience. 

 

Fig. 3. Devices used by the survey respondents. 

A more incisive analysis of the respondents’ answers (Figure 3) indicates that despite 
the inherent limitations, the majority of the questioned participants do use the computer 
and the smartphone in their day-to-day lives. 

3.2 Results Presentation and Analysis 

The survey intended to highlight the importance of digital interaction and the inherent 
need for all software (regardless of its nature) to be accessible to all users. In order to 
reach the aforementioned goal, the survey questioned its respondents on the extent to 
which they incorporated digital devices and activities into their daily lives. 

An initial analysis of the provided answers showed that more than 90% of all re-
spondents use digital devices on a daily basis for tasks as simple as reading, working 
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or interacting with others.  From a more technological perspective, it was also possible 
to see that about 80% of the respondents access the Internet from their device using the 
provided Internet browsers. Figure 4 shows what the respondents use the Internet for. 

 

Fig. 4. How Target Group Members Use the Internet. 

A proper analysis of Figure 4 clearly reveals the importance of advocating for ac-
cessible software. If we extrapolate the current survey sample to a national, or even 
international, level, one can perceive that mundane tasks such as reading and sending 
e-mail messages, using social media, using search engines or even using news websites, 
are on the list of the most recurrent activities of those who are blind or partially sighted.  

Despite the importance of digital public services in order to ensure equality in the 
ability to reach all types of public services (social security services, tax services, etc.) 
[26], only a small minority of survey participants admitted to having used digital public 
services to take advantage of the immense possibilities associated with it. 

4 Liking Accessibility and Software Projects During Expert 
Training States – Slide 0 

In order to spread e-accessibility awareness among developers, the topic should be 
taught in the academic environment. As shown, this topic – e-accessibility – is ex-
tremely under-addressed. The topic is so poorly taught that it requires a baseline to even 
start the learning process. Due to this lack of discussion, in combination with the over-
whelming number of documents regarding e-accessibility, a good starting point would 
be to relate each type of document to its appropriate type of user interface. We believe 
that this would save a lot of research and useless reading. Therefore, below, a table is 
presented as a proposal for an e-accessibility slide 0: 

Table 1. Relationship between each type of document and its appropriate type of user interface. 

Type of User Interface Documents to Consult 
Web UI Web Content Accessibility Guidelines (WCAG) or 
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Native Application with standard controls 
from the host operating system 

Human Interface Guidelines from the host operating 
system; Accessibility programming guide of the 
host operating system 

Native Application with UI controls made 
from scratch 

Host operating system accessibility APIs; chap. 11 
of EN301549 

UI for a big software system, such as an op-
erating system, and machines with closed 
functionality, such as ticket machines 

ISO 9241-171:2008 - Ergonomics of human-system 
interaction or EN301549 

4.1 Web-based Software Development 

As for Web User Interfaces, Web Content Accessibility Guidelines from the World 
Wide Web Consortium are the recommended accessibility standards from many organ-
izations – including governmental organizations – for the establishment of an accessible 
Web for people with disabilities [27]. It is comprised of guidelines, and checkpoints, to 
ensure a certain level of accessibility addressed to specific disability-related problems. 
These guidelines are included in en301549, therefore, if a person follows chapter 9 of 
that standard, the outcome will be WCAG compliant. Also, if the user of en301549 
wants to consult the WCAG, a copy of it can be found in annex A of en301549. In case 
the desired product has a Web user interface, the correct use of the WCAG, or chapter 
9 of en301549, will ensure that the user interface is as good as the level and quality of 
the implementation of these guidelines. It is important to understand that following the 
WCAG, or chapter 9 of en301549, may not be enough. Web projects can be huge, and 
include several different types of content. For example, if the Web project has a video 
asset, the developers might need to follow chapter 7 of en301549, which covers ICT 
with video capabilities. Furthermore, if the Web project will have an area to distribute 
documents, those documents have to be under the recommendations depicted in chapter 
10 of en301549, which has the information about non-web documents. 

It is important to keep in mind that Web accessibility is a very complex and broad 
topic. This means that not everybody has to know it fully. Following these guidelines 
can be seen as a shortcut to achieving Web accessibility, using the knowledge of a group 
of specialists that have spent their effort and expertise to develop these guidelines. 

4.2 Development of Native Applications with Standard Controls 

For Native Application with standard controls, the human interface guidelines from the 
host operating system are mandatory, in case developers want to create a GUI akin to 
the operating system style. It is relevant to mention that when a developer keeps the 
same graphic style from the host operating system on his application, he is already in-
creasing the level of accessibility, since the interaction will be similar to the rest of the 
system. Therefore, there is probably no need for a specific learning curve. Using stand-
ard graphical components, the developer would not have to make them particularly ac-
cessible, since they are already built with the accessibility features provided by the ac-
cessibility APIs. Consequently, using the standard components, developers would just 
have to consult the accessibility programming guide of the host operating system in 
order to use those components accurately. 



4.3 Development of Native Application with New UI Components 

When developing native Applications with UI components made from scratch, devel-
opers may follow the same approach as in the previous paragraph, and in addition, study 
the documentation regarding the Host operating system accessibility APIs in order to 
implement them in the right way on their new and personalized graphical components. 
Only after this will the UI be accessible. In a situation like this one, it is strongly rec-
ommended that the developer read chapter 11 of en301549. This chapter covers non-
Web software. There, it is possible to find a lot of information that will allow the de-
veloper to better understand and correctly implement what he has read regarding acces-
sibility for his chosen platform. It is important to emphasize that software accessibility 
is a very important, complex, and broad topic. To make accessible software, a lot of 
work and testing is required. Choosing to build graphical components from scratch, 
means that a lot of accessibility research and projection will be wasted. Operating sys-
tems like some versions of Windows, iOS, Android, MacOS, etc. already have a lot of 
work done regarding accessibility. When choosing not to use standard graphical com-
ponents, the developer must be aware that he is wasting a lot of work that someone else 
has already done, during the platform’s UI development. In a situation like this, devel-
opers might find chapters 4 and 5 of en301549 helpful. These chapters talk about func-
tional performance and generic requirements. They will be mentioned in more detail in 
section 4.5. 

4.4 Development of Complex Software Systems 

For the creation of a bigger UI for a larger software system, such as an operating system, 
the recommendation is to use the ISO 9241-171:2008 - Ergonomics of human-system 
interaction – Part. Prepared by Technical Committee ISO/TC 159, Ergonomics, Sub-
committee SC 4, Ergonomics of human-system interaction, this ISO “provides ergo-
nomics guidance and specifications for the design of accessible software for use at work 
[18], in the home, in education and in public places”, as stated in its abstract. This 
should be the guidance for a big, new UI, built from scratch. 

4.5 Development of Complex Software Systems 

In addition to this guidance, there are some specific governmental rules, such as Section 
508 from the United States of America [19], which may be consulted. However, the 
above recommendations overlap with these governmental guidelines. Actually, these 
national recommendations, such as the Brazilian eMAG - Modelo de Acessibilidade 
em Governo Eletrônico [28], are in line with the international recommendations men-
tioned above. Although ISO 9241-171 can be used, en301549 can be used instead of it. 
As mentioned, it includes global accessibility initiatives, including ISO 9241-171. 
Standard en301549 has the advantage of being free of charge. 

In chapter 4 of en301549, developers, or procurers, can find the functional perfor-
mance statement. This means that it will be possible to read what functionality is re-
quired to satisfy a particular user need. This chapter explains how to enable users to 



locate, identify, and use functions, regardless of their abilities. This is very important 
to have in mind before looking for the technical requirements that are depicted in the 
later chapters of en301549. Annex B of en301549 is a very good tool to make the rela-
tionship between the technical requirements and the user needs as it is intrinsically con-
nected with chapter 4. It is intended to help to map the technical requirements to the 
user needs, and consequently, to meet the functional performance statements. This 
chapter is a very good and very important starting point. After knowing the relevant 
information presented in chapter 4, developers should go through chapter 5.  Chapter 5 
of en301549 covers generic requirements. This means that it has information about ac-
cessibility requirements, regardless of technology. So, it has requirements that can be 
used across different types of ICT projects and services – e.g. vending machines; ticket 
machines; white technology user interfaces; and graphical user interfaces of operating 
systems. It is important to emphasize that not all the requirements have to be used at 
the same time. Instead, just the relevant requirements for the project should be taken 
into account. Picking the example of a vending machine that sells drinks and snacks, 
the developers should pay attention to chapter 4, and, for example the first part of chap-
ter 5, 5.1, which talks about closed functionality. Closed functionality means that a user 
cannot adjust the setting, and cannot install or connect personal assistive technology. 
This is very common in this type of machine. Therefore, the developer has to know 
how to overcome the obstacle, and make it operable for all users. 

 Continuing with the same example, developers should use the recommendations of 
chapter 8 of en301549, which deal with hardware. There it is possible to find recom-
mendations regarding mechanically operable parts - chapter 8.4 - and physical access 
to the hardware - chapter 8.3- so that, for example, a person using a wheelchair can get 
close enough to use it properly. In a project like this, it is very important to keep in 
mind that accessibility is not something that can be planned in an inattentive manner; 
it will probably require specialists in several accessibility areas. 

5 Discussion 

5.1 Theoretical Implications 

The clarification of the reason and contents of the previously mentioned documentation 
may also encourage many professors who, after this, may feel confident enough to in-
corporate digital accessibility into their classroom topics and spread awareness of the 
issue. 

This paper has the potential to break several myths regarding digital accessibility – 
e.g., If a blind person has screen reader software, everything is already ok; If a website 
has passed through an automatic accessibility validator, it means that it is ok; If the OS 
for which an application is being developed is accessible, further effort regarding ac-
cessibility does not have to be made. 

If a teacher gets in touch with digital accessibility, he may do his work while includ-
ing digital accessibility – e.g. slide presentations; supporting documents; supporting 
programming code assets; scientific research. After a student who has been exposed to 



this knowledge goes to the job market, his concerns may also include digital accessi-
bility. 

After some generations of students have been exposed to this knowledge, digital 
accessibility may be, finally, part of the mainstream. Everybody that is exposed to this 
knowledge, may become more aware of the difficulties of several groups of people with 
disabilities, thereby increasing the awareness of how to interact with a person with im-
pairments, becoming able to make more informed judgments about these individuals. 

5.2 Practical Implications 

Slide 0 introduces a clarification of the reason and contents of the aforementioned doc-
umentation. This contribution leads to a simplification of presenting the means to im-
plement digital accessibility. The immediate access to this knowledge, instead of being 
a finding, reduces the attention, work capacity, and time to what really matters, thus, to 
the learning and implementation of digital accessibility. The access to this relation be-
tween type of projects and its appropriate documentation, avoids mistakes that cause 
problems in the accessibility of a project - e.g. using an OS accessibility paradigm in 
another OS; trying to make creative solutions instead of using the existing, proper, and 
studied solutions. 

6 Conclusion 

6.1 6.1. Limitations and Future Work 

This research was constrained by the lack of research focused on the topic of digital 
accessibility, as shown in Section 2. Also, the groups of people which have an interest 
in this type of work are not easily reachable, to respond to questionnaires, and are also 
relatively small in number. Lastly, their impairments make it harder for them to meet 
researchers, and limit their independence in answering the surveys. 

An important part of the process is to set accessibility steps in how software is de-
veloped. This work is already in progress. To motivate developers to implement acces-
sibility in software, promotional work to make evident the different benefits of acces-
sibility is envisioned for the future. This work could range from automated software 
testing or, to the best of our knowledge, a totally new area of study concerning system 
integration through accessibility. This research is intended to help in mitigating first 
and foremost the lack of research in the area of digital accessibility, which is a stated 
constraint. Establishing connections between organizations of impaired people is also 
envisioned, with the goal of reaching a bigger universe to respond to the questionnaire, 
thereby strengthening the impact of the collected results. 

6.2 Final Considerations 

Digital accessibility is a very under-implemented feature. Those with decision-making 
power are not likely to actually care or even know enough about it. Since software 



accessibility is not being fulfilled, and its power is under-evaluated, a possible and rea-
sonable solution would be to address it in the academic environment. Since the topic is 
under-addressed in the academic environment, and it seems that there is a lack of infor-
mation regarding the topic, the information presented in the previous section was de-
signed to be an easy and informative first approach for its implementation. It was de-
signed to relate the right documentation to each type of UI, thereby removing a com-
plexity barrier in its implementation by filtering the enormous amount of documenta-
tion regarding the topic. 
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