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ABSTRACT

Governments have been investing considerable resources into making their services to citizens
available through the Internet. However, people face barriers when accessing these e-services.
Barriers affect people with disabilities to a greater extent. Taking into account the accessibility-in-
use in addition to the required standards while designing these services would mitigate some of
these issues. In this work, five e-services from the Spanish government were selected from among
the most used ones and tested with fifteen participants, of whom ten participants belong to the
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group of people with low vision. Different qualitative and quantitative measures were analyzed to
determine whether participants with low vision had more difficulties performing the tasks and to
identify the design issues required to achieve improvement. The results highlighted some issues
to be incorporated into the complexity and cognitive accessibility evaluations of e-services to
anticipate difficulties (e.g., error prompting/prevention mechanisms). In addition, contributions to
existing accessibility standards are proposed to be considered in the design of the e-services.

1. Introduction

All around the globe, the use of information and communi-
cation technology (ICT) on public administration websites,
more commonly known as e-government, has been steadily
increasing in recent years. E-participation indicates using
ICTs to facilitate citizen participation in government-related
processes, encompassing administration, service delivery,
and policy formulation. E-participation shares close ties with
e-government and e-government participation and enables
citizens to connect with each other through ICTs
(Jafarkarimi et al.,, 2014; Macintosh, 2004). Compared with
their previous analysis, the United Nations identified signifi-
cantly increased electronic participation (e-participation) in
2022 (United Nations, 2022). E-government encourages citi-
zens to participate in administrative processes to a greater
degree and provides them with a way to complete adminis-
trative tasks via e-services more easily, thus increasing citi-
zens' independence. Unfortunately, carrying out many
routine administrative tasks in person has not been possible
during the last couple of years because of the COVID-19
pandemic, forcing people to change how they interact with
the public administration.

According to the United Nations Convention on the
Rights of Persons with Disabilities (UNCRPD), access to
ICT, including the Internet, is considered a basic human
right (UNCRPD, 2006). Thus, many countries have pro-
posed a range of guidelines and laws to address Web acces-
sibility. Over the last few years, directives and laws have

been implemented in numerous countries to address web
accessibility issues, which are normally mandatory for gov-
ernment websites. Moreover, the European Parliament
approved the European Directive on Web Accessibility for
Public Sector Websites in October 2016 (European
Parliament, 2016). Nevertheless, people with disabilities con-
tinue to face accessibility barriers on some e-government
websites even though progress has been made recently
(ELMER, 2011; OECD, 2015). Several studies prove that
most e-government websites do not fully comply with the
current laws in force (Olsen, 2010; Paterno & Schiavone,
2015). Said studies evaluated public websites’ compliance
with, for example, the WCAG standard accessibility guide-
lines (W3C, 2018) through both manual and automated
evaluation methods.

E-services can be used to carry out a wide range of tasks,
such as employment searches, seeking out social care serv-
ices, making appointments with various public administra-
tions, etc. Completing web forms is one of the basic ways in
which citizens interact with government e-services (Money
et al., 2011; Winckler et al., 2010). A report issued by the
Organisation for Economic Co-operation and Development
(OECD) found that administrative forms have been filled
out electronically by a significant number of individuals and
businesses, 33 and 78%, respectively (OECD, 2015).
However, unless these e-services are completely accessible,
certain users may experience difficulties when accessing
them (Jaeger, 2006). These difficulties are more pronounced
with regard to government e-service websites since they
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often require more interaction from citizens, and they have
to face complex interaction elements not included in infor-
mational web pages, such as calendars, controls, captcha,
etc. Most public websites continue to present accessibility
barriers that may exclude many individuals with disabilities
(Gambino et al., 2016; Shi, 2006a). This is why accessibility-
in-use evaluations are crucial for e-services, as they enable
the detection of accessibility barriers that may not be
detected with any other evaluation method (Vigo & Harper,
2013a, 2013b).

One of the collectives that would potentially benefit most
from the use of e-services is people with low vision.
However, due to the fact that web experiences are primarily
based on interacting with visual elements, people with low
vision are also the collective who may be most likely to suf-
fer from the accessibility barriers found on these websites.

The number of individuals living with some manner of
disability has been steadily increasing all around the world.
According to the World Health Organization (WHO), it is
estimated that the percentage of the world’s over 60 year-old
population will nearly double between 2015 and 2050 from
12 to 22% (WHO, 2022). A significant increase in disabil-
ities due to the rise of chronic diseases caused by age-related
issues in all areas of the globe has been predicted in the
Global Burden of Disease study (IHME, 2017) carried out
by the WHO and the World Bank. According to WHO esti-
mates, around 246 million people worldwide are considered
to have “low vision” (WHO, 2014). This impairment is
found in individuals with a visual acuity of 20/70 in the eye
with the healthiest vision and is one that cannot be cor-
rected with glasses, contact lenses, medication, or surgery
(Whittaker et al., 2016). Furthermore, the vision of a portion
of this population is not stable and may degenerate even
further over time.

In light of this situation, this article has evaluated five e-
service websites with regard to their accessibility.
Additionally, these government e-services have been tested
by fifteen participants. Ten of these fifteen participants are
people with low vision. With this evaluation, we hope to
make headway with two research questions: (1) Whether
participants with low vision have more difficulties than non-
disabled participants in completing tasks in the e-services,
(2) which steps in the process of filling in online forms of
the e-services is particularly difficult for participants with
low vision to shed light on some ways to develop more
accessible e-services.

After this introduction, background and related work are
included in Section 2. In the following Sections, the experi-
mental study with users is presented: Section 3 describes the
method used, followed by the results of the experimentation
in Section 4. Section 5 provides a discussion of the results.
Finally, conclusions and future and ongoing work are
presented.

2. Related work

Web accessibility continues to be a global issue, as evidenced
by the legislation that has been passed in numerous

countries around the world (Moreno & Martinez, 2019a).
Accessibility barriers can be found on many public organiza-
tion websites despite legislative efforts having been made
(Paterno & Schiavone, 2015). Providing individuals with dis-
abilities equal e-participation in digital services allows them
to access the enormous potential job market, information,
and other services in general, while, at the same time, pro-
moting their social inclusion in the digital society. For this
reason, equal access to all government e-services must be
made a priority (Bonacin et al., 2010; Carter & Markel,
2001; Moreno et al, 2018). This section presents related
work, such as evaluation studies of accessibility in govern-
ment websites and web forms, an existing interactive elem-
ent in e-services processes. In addition, work on how people
with low vision interact with the contents of government
websites is presented.

2.1. Web accessibility assessment studies

According to the current regulatory framework in force,
government e-services are required to comply with Section
508 (Access-Board, 1998), the European EN 301 549 (ETSI,
2021), and the WCAG 2.1 (W3C, 2018) standards, among
others (Moreno & Martinez, 2019b). To assess the accessibil-
ity of government e-services, numerous studies, based on
the previously mentioned standards, have been carried out
over the last ten years. The results of these studies have
shown that many government websites do not comply with
the current laws. Some of the most relevant studies with
regard to this issue are the Government Website
Accessibility in Slovenia (Kous et al., 2021), Australia and
China (Shi, 2006b), Alabama (King & Youngblood, 2016;
Potter, 2002), Italy (Gambino et al, 2016), and Africa
(Verkijika & De Wet, 2017). The results of a study on the
accessibility issues found on government websites in the UK
showed that said websites do not fully comply with the
guidelines established by accessibility laws (Kuzma, 2010).
Even though the Section 508 law has been in effect for
nearly a decade, some articles have reported that compliance
with this law by federal government websites in the United
States continues to be low (Jaeger, 2006; Lazar & Olalere,
2011). While evaluation technology was used in all these
works, most of these studies limited themselves to evaluating
only with automatic testing methods, and only the home-
page compliance with the WCAG guidelines is evaluated
(Potter, 2002; Shi, 2006a; Youngblood, 2014). Some of them
follow better testing methodologies based on a combination
of automated and manual testing (Kuzma, 2010).

Examples of the inclusion of people with disabilities in
assessing government services websites in the literature are
scarce. In Jaeger (2006), data was collected and accessibility
was evaluated in this study by a range of methods: policy
analysis, expert testing, user testing, automated testing, and
webmaster questionnaires. Combining these methods pro-
vided a unique perspective regarding the accessibility issues
detected. Based on Section 508 guidelines, this study
assessed the main sites used by citizens to interact with gov-
ernment e-services and those in which persons with



disabilities are most interested. A total of ten individuals
with either visual or mobility impairments participated in
the user testing. Through user testing, issues that were not
detected through other methods were revealed in the results.
Additional studies that assessed websites not associated with
government e-services showed similar results. For example,
in the study described by Power et al. (2012), blind users
evaluated 16 websites, and the results showed that 49.6% of
the accessibility problems encountered were not related to
any of the checkpoints established in the WCAG 2.0. For
this reason, assessing websites with the participation of users
capable of detecting accessibility barriers while interacting
with webpages is fundamental.

2.2. Web forms accessibility assessment studies

As stated by Moreno et al. (2018), special care must be
taken when evaluating forms. Very few studies evaluate
the flow processes found in web forms. The manner in
which web form design influences accessibility and usabil-
ity on the part of users with cognitive impairments has
been examined by certain studies. Certain research, such
as Lines et al. (2007) focused on improving the online
forms found on public websites for the elderly. This work
offered general recommendations for the design of online
forms, such as providing spacing between questions and
answers, simplifying the structure of questions, customizing
forms, etc. Nevertheless, techniques for implementing these
requirements were not suggested. As regards measuring
the complexity of online forms, Money et al. (2011) devel-
oped a set of metrics (Bespoke Online Form Selection-
BOES) to assess the complexity of these forms for older
adults, which were subsequently evaluated in a study with
80 participants (Elliman et al., 2008). However, qualitative
data obtained by applying think-aloud methods were used
to carry out the evaluation, and real user interaction data
were not analyzed. Currently, no international standards
for accessible design patterns exist, and official national
patterns must be relied upon, such as those found in the
United Kingdom (UK Government, 2022). Norway is
another country where this complementary pattern is used
(ELMER, 2011). Furthermore, an initiative in the United
States encourages the creation of common guidelines for
the user interfaces of public forms found in all govern-
ment agencies, which will facilitate access to all the federal
government’s e-services for all citizens (Standards.usa.gov
US, 2022). These initiatives aim to simplify e-services and
improve communication between users and the public
sector.

2.3. Web interaction studies of people with low vision

With regards to how individuals with low vision interact
with the Internet, certain works specifically focus on how
users with low vision interact with screen magnification
technology (Gowases et al., 2011; Legge et al., 2001; Moreno
et al,, 2021; Xiao et al., 2010). According to all these sources,
difficulties are experienced by users when interacting with
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screen magnification tools. One of the most common issues
these users have is that they can only see a portion of the
web page they are interacting with. Additionally, users
may lose context due to the fact that, when using this
software, users must move their field of vision frequently.
Furthermore, many magnification methods require the user
to perform horizontal scrolling tasks. The use of specific
screen magnifiers with a responsive web design that
requires fewer horizontal scrolling tasks is compared in
the study (Hallett et al., 2015). Rather than using the ori-
ginal web design and screen magnifiers, responsive designs
were more user-friendly. Some efforts toward evaluation
have been made to order and group the WCAG’s success
criteria by user profiles. The Barrier Walkthrough Method
proposed by Brajnik (2011) is one example of an attempt
to group the success criteria by user categories. This
method adapts the heuristic walkthrough method used for
usability investigations where barriers replace the princi-
ples. The basic primary idea is that it is better to start
from known types of problems rather than using general
design guidelines for testing and assessment purposes. This
has made it possible to perform accessibility evaluations
based on certain user groups’ specific needs or categories
(blind people, people with low vision, motor-impaired peo-
ple, etc.), enabling the identification of specific barriers for
said groups. As with the WCAG guidelines, the success
criteria that can be applied to forms are also included in
each user category and other criteria types. The
Accessibility Requirements for People with Low Vision
(W3C, 2023), in which the needs people with low vision
have when accessing electronic content are described, has
been launched by the World Wide Web Consortium
(W3C). This working draft contains general guidelines on
how to present information (font, text size, style, etc.).
However, it does not make reference to the common
interaction elements found on online forms (ie., input
fields, field labels, action buttons, feedback, etc.).

2.4. Conclusions

Fundamentally, the studies found reflect accessibility barriers
to access to government e-services. This situation entails a
loss of opportunities for people with disabilities in domains,
such as employment, education, and social. This loss of
rights must be avoided by governments. Given the signifi-
cant increase in digitally offered services, governments must
work to guarantee the accessibility of government e-services
to people with disabilities.

The clear conclusion is that research regarding the acces-
sibility of the forms found on government e-services is lack-
ing. This is especially true for users with low vision, where
the study has been limited to using mostly automatic testing
evaluation technology. Therefore, as shown in this work, the
interaction between users with low vision and web forms of
e-services must be more diligently and thoroughly
researched.
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Table 1. Information about the participants in the study.

User ID Sex Age Web experience Vision issues Assistive technology
P1 M 59 High - -

P2 M 28 High - -

P3 W 35 High - -

P4 M 33 High - -

P5 w 24 High - -

P6 M 57 High Legally blind Browser zoom and Windows Magnifier (400%)
P7 M 23 High Legally blind Browser zoom
P8 w 28 High Low Vision Browser zoom
P9 M 19 High Legally blind Browser zoom
P10 W 31 High Low Vision Browser zoom
P11 w 37 High Low Vision Browser zoom
P12 w 71 Low Low Vision Browser zoom
P13 W 62 Low Low Vision Browser zoom
P14 W 33 High Low Vision Browser zoom
P15 w 21 High Low Vision Browser zoom

3. Experimental study

To study the interaction between users with low vision and
government e-services, we carried out a web-based experi-
ment including people with low vision and people without
disabilities. The main task was to follow the procedure for
making an appointment with e-services. Interaction data was
recorded during the experimental sessions for later analysis.
In addition, participants were interviewed to gather subject-
ive measures regarding their experience. This study was
approved by the Ethics Committee for Research Involving
Human Beings from the University of the Basque Country
(CEISH-UPV/EHU, M10_2019_037).

3.1. Participants

The participants were recruited according to the following
inclusion criteria:

e Adult users without visual impairment with experience
browsing the web.

e Adult users with visual disabilities (low vision or legally
blind') who are users of screen magnifiers and with
experience browsing the web.

A total of fifteen participants took part in this study (P1-
P15). Ten participants (P6-P15) belonged to the group of
people with low vision (mean = 38.2 years, SD =17.5), three
of them men (P6, P7, and P9) and seven women. Three par-
ticipants (P6, P7, and P9) were legally blind, whereas the
others had low vision. The experiment consisted of a sole
session of ~1hr. Participants with low vision performed the
experiment using their usual assistive technology, which was
the browser zoom for all of them except P6, who also used
the Windows Magnifier. The other five participants (P1-P5)
had no visual disability. The mean age of the participants
was 35.8years (SD=12.2), and four of them were women
(P3, P5, P8, and P10). All participants reported having high
experience with computers and Web browsing except P12
and P13, the two eldest in the sample. All participants
reported having high experience browsing the web (they
browse more than twice a week) except P12 and P13, whose
browsing frequency is once a month.

The experimental sessions were carried out in two loca-
tions: a laboratory at the Informatics Faculty of the
University of the Basque Country (P1-P10) and a laboratory
at the University Carlos III of Madrid (P11-P15). Table 1
shows information about the participants in the study.

3.2. Apparatus

The same computer was utilized in all sessions: a Dell
Precision M6700 laptop with these characteristics: intel core
i7-3740M 2.70Gh processor with 8 RAM and 512GB of disk
storage. The operating system was 64bits version of
Windows 7 Enterprise. A virtual machine of Windows 7
Enterprise was specifically created for the experimental ses-
sions to ensure consistency between experimental sessions
and the correct running of the assistive technology required
by each participant. It included Mozilla Firefox 44.0.1,
ZoomText 2019, Jaws 2019, and Windows Magnifier. The
virtual machine was played by VMPlayer version 15.0.2. An
additional widescreen LCD monitor (aspect ratio 16:10) with
a diagonal size of 24 inches and a display resolution set to
1920 x 1200 pixels was used to present stimuli to
participants.

All sessions were video-recorded and the interaction data
(page load, start and end of tasks, links visited, scroll, clicks,
etc.) was collected by the RemoTest platform previously
implemented by some of the authors (Valencia et al., 2015;
Arrue et al, 2019).

3.3. Stimuli

Five Spanish government e-services were selected as stimuli
for the experiment. The selection was made taking into con-
sideration the results of the study described in (EDAD2020,
2022). In this study, 93% of people with disabilities in Spain
reported using health services and 14% social services in the
last 12 months. The selected services were: DNI,” the public
website of the Ministry of Home Affairs; SPE,” the public
website of the Public Service of State Employment; SGS,*
the public website of Social Security; DON,’ the public web-
site of social services in the Donostia-San Sebastian Town
Hall; and OSA.° the public website of the public health ser-
vice in the Basque Country.



All the selected e-services included information about
accessibility on a dedicated web page (through a link labeled
“Accessibility”). WCAG guidelines were mentioned in every
case and the conformance level to these guidelines was speci-
fied: DNI and SPE Double-A of WCAG 1.0, SGS and OSA
level AA of WCAG 2.0, DON level AAA of WCAG 2.0.
However, we performed an accessibility evaluation based on
the Barrier Walkthrough Method (Brajnik, 2011) for the cat-
egory of people with low vision to detect the presence and
severity of any accessibility barriers in the web pages of the e-
services. The results summary of this evaluation can be found
in Table 2. The barriers can be critical, significant, or minor
depending on their importance and consequences (Brajnik,
2011). It can be seen that all the e-services contain barriers.

The online-forms with more barriers detected were in the
DNI and OSA services, with a total of five barriers in both
of them (four significant and one critical in DNI, and four
significant and one minor in OSA), followed by SGS with
four (one critical, one significant and two minor), SPE with
three (one significant and two minor), and DON with two
minor barriers. Insufficient visual contrast was a common
barrier in all the e-services. In two of them (DNI and SGS)
the severity of the barrier was critical, in one (OSA) it was
significant, and in the other two (SPE and DON) it was
minor. Inflexible page layout was a significant barrier in
three e-services (OSA, DNI, and SPE), and minor in one
(SGS). Missing layout clues were identified as a significant
barrier in two (DNI and OSA) and as a minor in another
two (SPE and DON). Significant barriers were detected con-
cerning rich images badly positioned, as well as image maps
in DNI, widely formatted forms in OSA, and images used as
titles in SGS. We also detected minor barriers concerning
too long lines of text in two online-forms (OSA and SGS).

3.4. Web forms filling in process

The filling in of the online-forms in e-services usually fol-
lows a process including several steps. All the selected

Table 2. Summary of the results obtained in the evaluation of the e-services
based on WCAG conformance and barrier walkthrough method (BWM).

BWM
WCAG
Conformance  Total barriers detected  Minor  Significant  Critical
SPE AA (1.0) 3 2 1 -
DON AAA (2.0) 2 2 - -
OSA AA (2.0) 5 1 4 -
DNI AA (1.0) 5 - 4 1
SGS AA (2.0) 4 2 1
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e-services followed this kind of process for “making an
appointment.” We identified common steps in all of them,
including the following: providing personal information
(Userld, “User Identification”), selecting the service (ServSel,
“Service Selection”), selecting the location (LocSel, “Location
Selection”), selecting the date and time (DateSel, “Date
Selection”), answering security questions (SecQue “Security
Question”) and the date and time confirming step where the
selected date and time are presented and the user has to
confirm (Confirm, “Confirmation step”). However, the
information required from users in each step varies in the e-
services. In addition, the number of web pages is also differ-
ent for the same step in the e-services, spreading out the
content of the same step across several web pages in some
cases and joining contents of different steps in the same web
page in other cases. For example, regarding the Userld step,
the zip code and the identification (ID) card number are
required on the first page of the SPE service whereas the
name and surname of the user are requested on the second
page. On the other hand, the DNI service joins the UserID
step with the SecQue step as it presents different elements
for user information introduction as well as the CAPTCHA
element on the same web page (on page 2). Table 3 shows
the total number of pages for each e-service as well as the
pages where different steps of the process are presented. It
should be mentioned that the first page of DNI is only an
introductory page with textual information containing only
one button at the bottom of the page, so this was not con-
sidered as a step in the process. The ServSel step is the one
that is divided into more web pages in the OSA e-service (a
total number of 3 web pages, specifically web pages 2, 3,
and 4). The first page of SPE and SGS e-services are the one
combining components of further different steps of the fill-
ing in process (UserID, ServSel, and SecQue steps in SPE
and UserID, LocSel, and SecQue in SGS).

An evaluation of the cognitive accessibility of the e-serv-
ices was performed based on the design patterns proposed
in the “Making Content Usable for People with Cognitive
and Learning Disabilities (COGA)” documentation of W3C
to measure the cognitive load of the filling in process in the
different e-services (W3C, 2021). For this, the concrete
design patterns concerning sets of pages and step processes
were selected:

e “Plain Process,” which corresponds to the 4.2.4 design
pattern (Make Each Step Clear). It evaluates if a clear
step-by-step process is followed, that is, if users are

Table 3. Information about the selected e-services (TNP: total number of pages in the e-service; Page N.: page number in the e-service). The shading represents

the relation of steps of the process presented in each e-service web page.

DON OSA

DNI SGS SPE

TNP

7 5 3

Page N. 1 2 3 4 1 2 3 4 5 6

1 2 3 4 5 6 7 1 2 3 4 5 1 2 3

UserlD
ServSel

LocSel
DateSel
SecQue
Confirm

Process steps
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informed at which step they are in the process, the num-
ber of steps remaining before finishing the task, and if
controls are provided for moving to previous and follow-
ing steps.

e “Plain and Descriptive title,” which corresponds to 4.2.1
Pattern (Make the Purpose of Your Page Clear). It evalu-
ates if each page has a clear title that summarizes the
purpose of the page.

e “Consistent and Recognized Design,” which corresponds
to patterns 4.2.2 (Use a Design that the User is Likely to
Recognize and Understand) and 4.2.3 (Use a Consistent
Visual Design). It evaluates if all pages in the service are
based on a consistent design pattern.

e “Logical Structure,” which corresponds to the design pat-
terns 4.2.6 (Make the Relationship Clear Between
Controls and What They Affect), 4.3.3 (Use a Clear and
Understandable Page Structure) and 4.4.10 (Use White
Spacing). It evaluates the use of presentation features to
group the different content blocks: using controls for
clearly recognizing regions, headings, graphic elements,
or white spacing used to group and highlight
information.

e “Help,” which corresponds to design patterns 4.8.1
(Provide Human Help) and 4.8.2 (Provide Help and
Alternative Content for Complex Information and
Tasks). It evaluates if there are mechanisms for providing
help to the users during the process.

Table 4 shows the results of the evaluation of these five
criteria. OSA is the one e-service conforming to all the eval-
uated design patterns. DON and SGS e-services only fail the
“Help” design pattern. SPE and DNI are the ones obtaining
worse evaluations. They do not even conform to “Plain and
Descriptive title” (SPE does not provide titles whereas DNI
provides an inadequate title “Login to the system”). The
“Help” pattern is the one with the worst results in this
evaluation. The OSA service provides documentation with
frequently asked questions and an explanatory image. All
the selected e-services accomplish the “Consistent and
Recognized Design” pattern as templates are applied in all
cases to achieve consistency of web page design.

3.5. E-services components and complexity

There is a lack of uniformity between the design of the
selected e-services which are composed of different form ele-
ments as well as having a different form structure. However,
the information required of the user is similar in many
steps.

Table 4. Cognitive accessibility evaluation based on  W3C-COGA
documentation.

SPE DON OSA DNI SGS
Plain process No Yes Yes No Yes
Plain and descriptive title No Yes Yes No Yes
Consistent and recognized design Yes Yes Yes Yes Yes
Logical structure No Yes Yes No Yes
Help No No Yes No No

Table 5 shows a summary of the interaction elements in
each e-service step. In addition, it specifies the number of
compulsory elements and the number of web pages for each
step. The number of options displayed to the users for some
of the interaction elements, such as radio button, select,
image maps, and set of hyperlinks is shown in brackets.
There are alternative paths for completing some steps which
are identified in the table showing the number of options
for each path separated by the character “/.” In some cases,
the number of options displayed to the users depends on
the previously inserted data. These cases are identified in the
table as “var.”

The heterogeneity of the forms is tangible based on the
information presented in Table 5. This heterogeneity can
make some steps more complex for users. For example,
there are a few steps where all the fields of the form have to
be filled in (e.g., Userld in OSA, Userld in DON, ServSel in
SPE, and SecQue in SGS). In these cases, users are not
meant to decide which fields to fill in. The behavior of the
users will vary in those cases where not all the fields are
required as some users may notice that introducing some
information is optional while others may not. These could
affect their behavior, as some users will have to decide for
each optional field whether to fill it in or leave it blank.
Accordingly, the form elements showing different options to
choose from may also add some difficulty when the number
of options is high. Table 5 shows that the number of options
varies between 2 and 52 (LocSel in SGS). This could also
affect the user experience, as it is more difficult to select the
correct one from 52 options than between two different
options. DateSel step is a special case as the options pre-
sented by services depend on the appointment possibilities
for the selected date (these cases are noted as “var”).
Another special case is LocSel in DNI. There are alternative
ways for choosing the province: the user could directly click
on the image map displayed in the form to select a province
or could first select the autonomous community from a list
of links (the name of each autonomous community is a
link) and then the province from a list of provinces for the
selected autonomous community (list of links where each
link is the name of a province). Users can choose between
these two options that are displayed together in the form.
This increases the complexity of the form since more items
are shown together but at the same time, it does make alter-
native options available to the users.

The complexity of the selected e-services was measured
based on BOFS metrics proposed by Elliman et al. (2008).
These metrics consider the number of interaction elements
and the number of options displayed to the user in a form.
More interaction elements and more options increase the
complexity of the form.

According to the obtained values, the ranking of eval-
uated e-services is, from less to more complex, as follows:
SPE (58), DON (75), OSA (187), DNI (390), and SGS (459).
In addition, BOFS metrics were calculated for each web
page in e-services (Sala et al., 2020). Table 6 shows this
information.
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Table 5. Summary of the number of interaction elements in each process step (BUT: button; TXT: input text; CHK: checkbox; RAD: radio button; MAP: image
map; SEL: select; HYP: hyperlink; CAL: calendar), the total number of interaction elements, the number of compulsory elements (required) and the number of

pages of each step in the selected e-services.

User identification

BUT TXT CHK RAD MAP SEL HYP CAL Total Required Num. pages
SPE 2 5 - - - - - - 7 6 2
DON 1 2 - - - - - 1 4 4 1
0SA 1 2 - - - - - 1 4 4 1
DNI 2 5 - - - - 2 - 9 6 1
SGS 1 4 - - - 13) - - 5413 3+1(3) 1
Service selection
SPE 1 - - 109 - - - - 14+1(9) 1+1(9) 1
DON - - - - - - - - - - -
0SA 7 - - 2(2) - - - - 7+2(2) 3+2(2) 1
DNI - - - - - - 3 - 3 1 1
SGS 2 - - 1(10) - - - - 2+1(10) 1+1(10) 1
Location selection
SPE - - - - - - - - - - -
DON - - - - - - - - - -
0SA - - - - - - - - - - -
DNI - - - - 1 (50) - 28 - 1 (50)/28 2/3 2
SGS 2 - - 1(8)+1 (3) - 2 (52) - - 241 (8) 2 2
Date selection
SPE - - - - - - - - - - -
DON 6 1 - var - - - 1 8 +var 3 2
0SA 8 1 - 1 (2)+var - - - 1 9+1 (2)+var 3+1(2) 2
DNI - - - - - - var - Var 1 1
SGS 4 - - var - - - - 4+ var 4 2
Security question
SPE 1 1 - - . - 2 -
DON - - - - - - - - - - -
0SA - - - - - - - - - - -
DNI 1 1 - - - - 1 - 3 2 1
SGS 1 1 - - - - - - 2 2 1
Confirmation
SPE 2 - - - - - - 2 1 1
DON 2 2 - - - - - 4 2 1
0SA - - - - - - - - - - -
DNI 2 3 1 - - - - - 6 2 1
SGS - - - - - - - - - -

Table 6. BOFS metrics for the selected services: NP-page identification, PM-BOFS metric value for the web page, GM-BOFS metric value for the service.

DON OSA

DNI SGS SPE

NP 1 2 3 4 1 2 3 4 5 6 1 2
PM 0 6 4 10 10 6 9 12 13 129 22 10
187

145 8 10 70 86

3 4 5 6 7 1 2 3 4 5 1 2
202 45 21 185 13 33 14 4
459 58

w

390

The web pages obtaining the highest values are page 6 in
OSA (129), page 3 in DNI (145), and pages 1 and 4 in SGS
(202 and 185, respectively). Page 6 in OSA corresponds to
DateSel step where eight buttons are displayed as well as an
option for appointments variable showing each one as a
radiobutton. Page 3 in DNI is the one for LocSel step con-
taining the image map and the alternative list of options.
Page 1 in SGS groups together fields for Userld, LocSel, and
SecQue.

Based on the analysis performed on the forms of the
selected services, grouping different steps in one page as in
the case of SGS may increase the complexity of the form as
users are required to introduce information regarding differ-
ent aspects. However, in the case of OSA, where some of
the fields on page 6 are optional and may vary depending
on the date of appointment it is not clear whether there is
an increase in complexity. In the DNI service, the complex-
ity computed by BOFS is high due to the alternative selec-
tion method adding more elements to the form although

this could be beneficial for some users, making this step eas-
ier in many cases. Therefore, we found some limitations of
the BOFS metrics which could be summarized as follows:
they do not distinguish between required and optional fields,
they do not deal with variable numbers of options in a
selection type element, or alternative ways displayed by the
form for selecting from different options.

3.6. Tasks and materials

During this study, participants had to follow the procedure
for making an appointment with each website. This task was
divided into two parts: searching for the e-service and using
the e-service (filling in the online forms in the e-service for
making an appointment). The first part consisted of a
browsing task starting on the homepage of each public web-
site and searching for the first step of the online-form. The
results presented in this article focus on the second part of
the task, the analysis of the interaction of participants with
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the online forms. More information about the results of the
first part of the task can be found in (Sala et al., 2019).

To avoid any concerns about providing their own data,
participants were provided with detailed personal data to be
inserted. This data was printed in large format and before
starting the task it was explained to the participant. It was
not necessary to provide braille material for these
participants.

The following is an example of the explanation given for
the task in DNI: “Please access the Ministry of Home
Affairs website and ask for an appointment to renew your
ID card. The appointment should be in the office at
Donostia-San Sebastian and on the first possible date before
10 am.” An ID card printed in large format was provided to
participants as they were asked to type in data from the
card into the forms.

3.7. Procedure

First, participants were briefed on the purpose of the experi-
ment and they then signed a consent form. Information on
demographics and expertise was collected through a brief
pre-session interview and the system was adjusted according
to the participants’ preferences. These preferences had been
previously agreed with the participants. Experimenters con-
tacted each participant to make an appointment for the
study and asked about the assistive technology they use
(browser zoom, windows magnifier, augmented mouse cur-
sor, etc.). Therefore, experimenters configured the assistive
technology for each participant before the appointment and
it was verified with participants at the beginning of the
session.

Then, participants were asked to perform a set of tasks,
one on each public website; these tasks were presented in a
counterbalanced order. The time for completing the task
was limited to 10 min. This limit is based on previous stud-
ies involving participants with low vision (Sala et al., 2020).
The initial web page for the task was the homepage of the
service so the participants had to browse and find the online
form. The experimenters followed the actions of the partici-
pants on a secondary screen. If the participant was having
too much trouble finding the online form (e.g., they were
browsing in a circular way, they did not see the link to the
form even if they were on the correct path, etc.) the experi-
menters helped them to locate it (approximately after 4 min
of browsing) so that they were able to continue with the
second part of the task. The objective was also to determine
the difficulties participants had in finding the online forms
in the different public services. The results obtained in the
first part of the task were published in (Sala et al., 2020). If
participants required assistance in finding the online form
the first part of the task would be annotated as a failure but
not the second part devoted to filling in the online form.
Both parts of the task were independently analyzed.

Regarding the second part of the task, participants had to
deal with some official documents in two services (DNI and
OSA). These documents were provided by experimenters
and some information was required in the online forms to

correctly make an appointment (the document issuing
authority identification in DNI and the social security num-
ber in OSA). Some participants had difficulties locating this
information and so the experimenters gave verbal assistance
but this would not count as a failure in the second part of
the task. We considered that these problems were not dir-
ectly related to the interaction with the online form.
Experimenters did not provide any other assistance during
the online form completion process but observed the inter-
action on the secondary screen. Errors made when introduc-
ing information into the online forms, such as failure to
provide the required information or using erroneous val-
ues/formats of inserted information, were annotated. If the
participants did not complete the online form the task
would automatically finish after 10min and the task was
registered as uncompleted.

Participants were interviewed at the end of each task for
a particular website. The After-Scenario Questionnaire
(ASQ) (Lewis, 1991) was applied to rate their satisfaction
with the system. It consisted of three closed-ended questions
with Likert-scale (1-7) type responses relating to the partici-
pants’ satisfaction with the ease of completing the task, the
amount of time it took to complete the task, and with the
support information provided by the system. Any comments
arising from participants about the experience and the bar-
riers detected in the public websites and e-services were also
annotated by the experimenter during the sessions. The
comments were annotated in two different groups: com-
ments relating to the first part of the task and comments
relating to the second part of the task. Focusing on the com-
ments relating to the second part of the task, experimenters
would annotate in different subgroups to facilitate the later
analysis: comments on the difficulties in filling in the fields,
comments about the form buttons, comments about error
prompting, general comments about the process of filling in
the form and comments about the information to provide
for the form.

3.8. Research questions and measures

In this study, the accessibility barriers issues faced by people
with low vision when accessing e-services, as well as a meas-
ure of their complexity, are covered. Two research questions
have been defined for the study, as summarized below:

e RQI: Do participants with low vision have more difficul-
ties than non-disabled participants in completing tasks in
e-services?

e RQ2: Do participants find any step in the process of fill-
ing in online-forms particularly difficult?

To respond to Research Question 1 (RQ1), aspects, such
as disorientation, and exploring whether the participants
repeatedly access the same pages were analyzed. In addition,
success in the completion of the tasks, the amount of time
needed, and the number of errors made by participants with
or without disabilities were also analyzed. To this end, the
following measurements were calculated and analyzed from



the data gathered in experimental sessions: task completion
ratio, time for completing the task, error events, and lost
index. Data collected in the ASQ questionnaire is also ana-
lyzed so user satisfaction with the ease of use and the time
employed for the tasks as well as their perception of the
information provided by the system are measured.

The objective of Research Question 2 (RQ2) was to
explore how the participants carried out the different steps
in the process of the e-services, and thus detect which steps
of the process entail greater difficulty. For this, the following
measurements were calculated and analyzed from the data
gathered in experimental sessions: time for completing each
step in the process and errors-trials for completing each step
in the process. In addition, annotations made by experi-
menters and participants’ comments are also provided to
detect the specific challenges faced during the tasks.

4. Results

In this section, we analyse the data collected from partici-
pants during experimental sessions.

4.1. Task completion ratio

Figure 1 shows the task completion ratios. The uncompleted
tasks belonged to participants with low vision. All the par-
ticipants without disabilities finished the tasks. Four of the
ten participants with low vision completed the tasks in all
the e-services. Participants with low vision obtained signifi-
cantly worse values for the task completion ratio
(Wilcoxon-Mann-Whitney W=762.5, Z=2.52, r=0.29
with p <0.02). OSA is the only e-service where all the par-
ticipants with low vision were able to complete the task.
SGS and DNI e-services had the lowest ratio of task comple-
tion for participants with low vision (five participants, 50%
of participants with low vision, completed the task in SGS,
and six participants, 60% of participants with low vision, in
DNI). Regarding the assistance when completing the online-
forms, participants without visual disabilities required it
once (P4 in SGS) whereas people with low vision needed
assistance six times (P7 in SGS and DNI, P9 in DON, P12
in OSA, P14 in DNI and P15 in DNI). Therefore, DNI and
SGS were the e-services requiring more assistance.

Task completion ratio (by user group)
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4.2. Time for completing tasks

The time needed for completing tasks was calculated for the
finished tasks. The task completion time was computed
from when the first web page of the online form was loaded
on the browser until the appointment was made. Figure 2
shows the mean time for completing tasks for both partici-
pant groups in each e-service. Participants with low vision
obtained significantly higher values (Wilcoxon-Mann-
Whitney W=285, Z=—-2.55, r=0.32 with p <0.02). DNI
and SGS e-services are the ones obtaining the worst values
for both groups. DNI is the one with the highest average
value for participants with low vision (the average time for
completing the task is 6'41”) whereas SGS is the one for
participants without disabilities (the average time for com-
pleting the task is 4’11”). The e-services with the lowest
average value are DON for participants with low vision (the
average time for completing the task is 3/38”) and SPE for
participants without disabilities (the average time for com-
pleting the task is 1'46”). The e-service with the most differ-
ence between the two groups is DNI (more than 50%
increment for participants with low vision, 3'03” for partici-
pants without disabilities, and 6'41” for participants with
low vision).

4.3. Error events

The errors that occurred during the process of filling in the
forms were computed. Two types of errors were identified:
not providing the required information and the erroneous
value/format of inserted information. Figure 3 presents the

07:12
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05:46
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04:19
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03:36

02:53 Low Vision
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01:26
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Figure 2. Mean task completion time for both participant groups (control-par-
ticipants without disabilities and low vision-participants with low vision).
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Figure 1. Task completion ratio (left) by user group, and (right) by participant with low vision.
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Figure 3. Error events caused by required fields.
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Figure 4. Error events caused by invalid value or format in the fields.

error events due to required fields not being filled in.
Participants with low vision had more errors of this type (a
total number of eight error events whereas there were only
two events for participants without disabilities). Significantly
more error events occurred during the interaction of partici-
pants with low vision (Wilcoxon-Mann-Whitney W =467.5,
Z=—-2.24, r=0.26 with p <0.03). DON e-service is the one
with more error events of this type (three errors for partici-
pants with low vision and one error for participants without
disabilities). OSA and SGS e-services produced this type of
error only for participants with low vision (one error event
and two error events, respectively). Errors in both user
groups were recorded in SPE (two errors for participants
with low vision and one error for participants without dis-
abilities). It has to be highlighted that the two error events
for participants with low vision in SPE were triggered after
correcting errors in another field as users were not aware
that the required field needed to be refilled in the following
trials (the system did not record and present the data previ-
ously introduced by users).

In addition, errors occurred when introducing an invalid
value or format in the fields. These error events were more
numerous. Figure 4 presents the results obtained for these
error events. Participants with low vision obtained worse
values for these events, a total number of 32 events whereas
participants without disabilities registered only 10 events.
The DNI e-service registered the highest number of events
for participants with low vision (24 events), whereas SGS
registered the highest number of events for participants
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Figure 5. Lost index, ratio of visited pages over the total for each service and
user group. Error bars represent +1 standard error.

without disabilities (four events). Some of these events
occurred when the system detected an error, but the partici-
pants were not able to correctly detect the introduced erro-
neous data so the error was triggered again. This occurred
in the DNI e-service for participants with low vision (15 of
the 24 events were of this type).

4.4. Lost index

Figure 5 shows the ratio of visited pages and the total num-
ber of web pages for each e-service for participants complet-
ing the task (a value of 1 means the participant could
complete the task without repeating any step of the process
whereas a greater value means more difficulties finishing the
task). In general, participants obtained mean values close to
1. Participants with low vision appeared to repeat more
steps in SPE, DON, and mainly in DNI (1.25, 1.33, and 1.5,
respectively). However, we did not find statistical signifi-
cance for this measure. Participants without disabilities
obtained a high value in OSA (1.3), whereas participants
with low vision obtained a value close to 1 for this e-service
(1.02). The closest values between both groups were
obtained in SGS (1.25 for participants with low vision and
1.39 for participants without disabilities).

4.5. Step completion time

The average time needed to complete each step of the process
in the e-services was computed. The time was obtained by
calculating the interaction time for each participant with the
components included in each step (the time introducing
information in the fields for each step, see Table 5). Figure 6
shows the results obtained for each step in e-services.
Participants with low vision obtained significantly higher
values for step completion times (Wilcoxon-Mann-Whitney
W=4308, Z=—4.1, r=0.27 with p <0.01). They obtained
the highest values for all steps except in DateSel step in
DON and SGS (an average of 29.70s for participants with-
out disabilities and 18.70s for participants with low vision
in DON e-service; 14.30s for participants without disabilities
and 13.50s for participants with low vision in SGS service),
Confirm step in SPE e-service (an average of 8.60s for
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Figure 6. Completion time (in seconds) for each step in the process of tested e-services by user group.

participants without disabilities and 7.20s for participants
with low vision) and LocSel step in SGS e-service (an aver-
age of 64.74 s for participants without disabilities and 57.61's
for participants with low vision). The Userld step registered
the highest values of completion time for all e-services and
for both participant groups. In this sense, the DON e-service
obtained the highest results and SGS was the one with the
highest difference in values for UserID between the two
groups (39.9s for participants without disabilities and
133.4 s for participants with low vision).

4.6. Errors-trials for completing steps

Failed attempts for each step were also computed, referring
to the average number of erroneous trials by user group
(due to any type of error). This data is shown in Figure 7
(only steps with failed attempts are included in the figure).
Participants with low vision obtained significantly higher
values for error-trials in general (Wilcoxon-Mann-Whitney
W=4171.5, Z=—2.23, r=0.15 with p <0.03). Focusing on
each step, participants with low vision took significantly
longer for all steps except for DateSel, the results of the
Wilcoxon-Mann-Whitney test were the following: W= 315,
Z=-293, r=0.35 with p<0.01 for Userld, W=186.5,
Z=-241, r=0.33 with p<0.02 for ServSel, W=106.5,
Z=-212, r=0.34 with p<0.04 for SecQue, W=125,
Z=-3.07, r=0.65 with p<0.01 for LocSel. The results
show that 78% of failed attempts corresponded to partici-
pants with low vision (a total number of 13 failed attempts
were computed for participants without disabilities, whereas
47 were failed attempts for participants with low vision).
The SecQue step registered the worst values for this

parameter. Participants with low vision had difficulties with
this step in DNI and SPE e-services. DNI returned greater
differences in values obtained by both groups (an average of
0.2 failed attempts for participants without disabilities and
1.6 for participants with low vision). This step in the SGS e-
service presented difficulties only to participants without
disabilities (an average of 0.8 failed attempts).

4.7. Results of the ASQ questionnaire

The After-Scenario Questionnaire (ASQ) consisted of the
following three questions asked to participants at the end of
each task: “I am satisfied with the ease of completing the
task” (ASQ1), “I am satisfied with the amount of time it
took to complete the task” (ASQ2) and “I am satisfied with
the support information provided by the system” (ASQ3).
Each question was rated on a Likert-scale between 1 and 7
points, 1 corresponded to completely dissatisfied and 7 to
completely satisfied. Table 7 shows the mean results
obtained by each service and user group.

For ASQ1 the service obtaining the best result is SPE for
participants without disabilities (5.4) whereas OSA is the
one with the best result for participants with low vision
(5.8). It is remarkable that OSA obtains good results for par-
ticipants without disabilities as well (5.2). Both groups gave
similar values to DNI (3.8 for participants without disabil-
ities and 3.3 for participants with low vision). DNI is the
service rated worst for participants without disabilities
whereas SGS is rated worst for participants with low vision
(2.9). SGS is the second service with the lowest rates for par-
ticipants without disabilities.
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Figure 7. Average failed attempts for each step in the process of tested e-services by user group.

Table 7. Summary of the results obtained in the ASQ post-session question-
naire for each service and user group (Ctrl: participants without low vision; LV:
participants with low vision; mean: mean values considering all participants in
both groups).

ASQ1 ASQ2 ASQ3

Ctrl LV Mean Ctrl LV Mean Ctrl LV

SPE 5.4 4.1 45 54 44 47 4.6 3.6 3.9
DON 4.8 5.2 5.1 5 53 5.2 44 4.8 4.6
OSA 5.2 5.8 5.6 5 5.8 55 44 57 5.2
DNI 3.8 33 35 34 2.8 3 4.2 2.8 33
SGS 4 29 33 3.6 3 3.2 34 3.2 33

For ASQ2 SPE is the service with best results for partici-
pants without disabilities (5.4) and OSA for participants
with low vision (5.8). OSA is also well-rated by participants
without disabilities (5). Regarding the service obtaining the
worst results, DNI is the one for both groups (3.4 for partic-
ipants without disabilities and 2.8 for participants with low
vision). It is noticeable that there are slight differences
between SGS and DNI services for both groups.

For ASQ3 SPE obtains the best results for participants
without disabilities (4.6) whereas OSA returns better results
for participants with low vision (5.7). SGS is the service with
the lowest mean value for participants without disabilities
(3.4) whereas DNI is for participants with low vision (2.8).

In short, SPE is the most highly rated service by partici-
pants without disabilities for all aspects of the questionnaire
whereas OSA has the best results for participants with low
vision. DNI and SGS register the lowest ratings for both
groups.

4.8. Annotations and participants’ comments

This section summarizes the annotations made by experi-
menters during the sessions as well as the comments made
by participants during the interview.

Participants of both groups complained about the fields to
fill in for SecQue step. Comments about the difficulty to
complete this step were annotated for the three services con-
taining this step: SGS, DNI, and SPE. In the group of partici-
pants without disabilities P2 and P3 complained about this
step in SGS, P3, and P5 complained about this step in DNI,
and P3 about SPE. The SecQue step which raised more com-
plaints in the group of participants with low vision was the
one in SPE (P6, P9, P10, P13, P15). In addition, four com-
plaints were annotated for DNI (P9, P10, P11, P13) and two
for SGS (P6 and P10). Some participants with low vision
pointed out the lack of contrast and small size of the textbox
type fields (P8 in SGS, P13 in OSA, and P14 in DON).

Participants without disabilities were critical of the form
buttons. Experimenters annotated seven complaints about
the buttons in every service except SPE (P1, P2, P4 in OSA;
P4, P3 in DON; P1 in SGS and P2 in DNI). Comments
were related to the location of the button (e.g., “Navigation
button at the bottom of the screen, difficult to see,” P1 in
SGS; “The button was at the corner,” P4 in DON; “The but-
ton was located too far to the left,” P4 in OSA), the size of
the buttons (e.g., “Small buttons,” P2 in OSA; “Small con-
trols,” P2 in DNI). Only two comments were raised by P8
and P12 in OSA (“Low contrast in the button” and “The
button to submit was on the right side and I could not see



it,” respectively) and one comment in DON (“The starting
button is not well located,” P15).

Difficulties with the error prompting mechanism were
annotated for the group of participants with low vision.
Most of the comments are related to DNI. P8 and P9 did
not notice the error messages prompted by the system so
they were confused and had to make several attempts.

Regarding the process of filling in the form, there are dif-
ficulties annotated for participants with low vision: P9
arrived back at the initial page of the form in DON due to
confusion during the process as did P11 in DNI. P14 com-
mented that there were too many options to select from in
SPE, and P11 commented that the information was in too
many columns in SGS.

Finally, some comments were annotated relating to the
information required by services for performing the task.
Participants from both groups agreed that the technical lan-
guage used by some services made the task difficult and
complained about the amount of information needed in the
form (P1, P5, P9, P10, P14). Following are some of the com-
ments: “I did not understand the term NIF” P9 in SGS, “I
did not understand the issuing authority term,” P10 and
P14 in DNI, “Technical language difficult to understand” P5
in SPE, “They have to think more about the user and use
less technical language” P1, “They require more information
than they really needed for making an appointment” P10 in
SGS, “I did not know about some of the information they
were asking” P14 in DNL

5. Discussion
5.1. Difficulties in completing the tasks

The Research Question RQ1, which posits “Do participants
with low vision have more difficulties than non-disabled
participants in completing tasks relating to e-services?” was
supported by the results obtained in Sections 4.1 (Task com-
pletion ratio), 4.2 (Time for completing tasks), 4.3 (Error
events), and 4.4 (Lost index).

Participants with low vision obtained the worst values for
the Task Completion Ratio, indicating that it was more diffi-
cult for them to complete some tasks. All the participants
without disabilities, on the other hand, were able to finish
all the tasks. A similar situation was found with regard to
the assistance needed by participants when filling in the
online forms. Those without visual disabilities only needed
assistance once, while those with low vision required assist-
ance six times. The worst task completion ratio was seen for
the DNI and the SGS e-services, for which participants
needed the most assistance. With regards to Time for
Completing Tasks, the DNI and the SGS e-services regis-
tered the worst values for both groups of participants. As
the results show, participants with low vision obtained sig-
nificantly higher values. The mean task completion time was
higher in participants with low vision for all e-services.

Two different types of Error Events were assessed: error
events in which required fields were not completed and
errors that occurred when invalid information or formats
were entered. Participants with low vision obtained worse
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results for both types of error events. All the e-services
showed similar results based on the type of error event. One
notable result was that the DNI e-service website obtained
the best results with regard to avoiding error events when
entering information in the required fields.

Participants with low vision experienced higher levels of
disorientation, as evidenced by the higher number of pages
visited. The Lost Ratio percentage values calculated for par-
ticipants with low vision were, in general, worse than for
those without disabilities. The only exception was the OSA
e-service as participants with low vision obtained better
values.

These findings indicate the existence of accessibility bar-
riers for all participants when performing tasks, being
greater and more critical for participants with low vision
compared to participants without disabilities. Regarding
which e-services present the greatest difficulties, all of them,
as indicated, present barriers, with the public DNI e-service
obtaining the worst results. This e-service obtained low rates
in the ASQ questionnaire (mean values lower than 3.5 out
of 7 for all questions), especially for ASQ2 relating to par-
ticipant satisfaction with the time required to perform the
task, and ASQ3 relating to the information provided by the
system (mean value 2.8 out of 7 in both cases). In Martin
(2013), a study was performed for estimating the time
required to fill in the fields in a form. 80 participants took
part in the study in which a form consisting of different
interaction elements (text input, radiobutton, checkbox, etc.)
was displayed and the time required to fill in each of the
elements was automatically computed.

Based on the findings in our study estimating the time
required to fill in a form is complex since the time for com-
pleting one field could depend on the other fields displayed
in the same web page. For example, participants complained
about the error prompting mechanism and alerts applied in
DNI as sometimes they did not notice which field was
prompting the error alert or did not understand what the
required fields were or the format of the data to be intro-
duced. These events increase the time needed for filling in
the form. With this in mind, the combination of COGA and
BOEFS evaluation methods would appear to be valuable to
anticipate difficulties and to increase time required for the
filling in process. However, the error prompting mecha-
nisms should be taken into consideration to avoid difficul-
ties. As stated by Pauwels et al. (2009), “Knowing what
input a process needs to proceed and how exactly to enter
data in the correct format are the two main problems form
design needs to address from the information worker’s
perspective.” In our study, there were many error events due
to these two main problems. The conclusion of the study by
Pauwels et al. is that colored required field marking is better
than asterisk based marking. In another study (Sayago et al.,
2012) a simple binary classification of fields (required or
optional) turned out to be the best method between using
large asterisks or adding text labels in a study involving 88
elderly people. In the case of the e-services selected for this
study, all of them except the DNI mark the required fields
with asterisks. In the case of DNI, at the top of the page a
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message says that all the fields are required but they are not
marked. This information should be considered in the com-
plexity evaluation of e-services so no marked required fields
would increase the complexity. Moreover, investigating into
different methods for distinguishing required and optional
fields in forms is necessary to improve the user experience
of people with low vision.

5.2, Difficulties with steps of the filling in process

The Research Question RQ2, which posits “Do participants
find any step in the process of filling in online-forms par-
ticularly difficult?” was supported by the results obtained for
Step Completion Time and Error-Trials presented in
Sections 4.5 and 4.6, respectively.

The Step Completion Time gathered in the experimental
sessions clearly shows higher values for participants with
low vision. The step requiring the most time for both
groups in all e-services was UserID, where participants had
to introduce their personal information. Comparing all the
e-services times, the DNI and SPE are the ones with the
best values, whereas DON and SGS have higher values. Both
the latter services (DON and SGS) present the UserID step
as the first step in the filling in process.

With regard to the amount of data required of the users
in the UserID step, DNI and SPE are the ones requiring
more data as the step is composed of more interaction com-
ponents (DNI presents nine components, six of which are
required and SPE presents seven components, of which six
are required). DON and SGS present four interaction com-
ponents to the users, all of which are required. Therefore, it
should be noticed that the time computed in DON and SGS
is not affected by the number of interaction components.
Existing systems for automatically filling in forms with per-
sonal data would benefit users of e-services as most of the
information required is repeated in these forms. Some dif-
ferent approaches have been developed (Winckler et al,
2011; Wang et al, 2013) some of them are client-side sys-
tems that store information to share with web forms others
are server-side systems storing the information in remote
computers. In both cases, there are privacy issues to con-
sider when using those systems (Lin et al., 2020). Designers
should also consider including citizen digital identification
mechanisms instead of those systems to facilitate the UserID
step. All these mechanisms require different e-services of the
government making an effort toward uniformity in relation
to the information required as well as the terminology used
and it would alleviate some of the concerns raised by partic-
ipants about the technical language used in some of them.

Another parameter to be considered is the Error-Trial
measure as the Step Completion Time might be made worse
by the errors occurring in the filling in process. However,
the Error-Trial values obtained in the experiments showed
that DON and SGS do not have the most failed attempts
(0.2 failed attempts on average for participants with low
vision in DON and 0.1 trials for participants with low vision
SGS, 0 failed attempts for participants without disabilities).

In the case of the SGS e-service, this presents UserID,
LocSel, and SecQue steps together on the same web page.
The combination of these steps adds some interaction com-
ponents to the web page: three radio buttons-RAD, one
input text-TXT and two select SEL for LocSel, and one input
text-TXT component for SecQue. The three steps share the
same submit button-BUT component. It turned out to be
the most complex web page according to BOFS (with a
value of 202). The completion time for each step was inde-
pendently computed considering only the interaction time
with components directly involved in the step. Based on the
results obtained, it seemed that the combination of different
steps on the same web page affected not only the complexity
score but the completion time of the step. Dividing the steps
into more pages should be considered in the design of
online-forms so the complexity value for each step is kept
low and users are not confused with interaction components
related to other steps in the process.

In the case of the DON service, the UserID step is a stand-
alone step not combined with any other. This service obtained
the second-best value for complexity as well as good COGA
evaluation results, conforming to four out of five COGA prin-
ciples. However, during the experimental sessions, some diffi-
culties were noticed when introducing the date of birth of the
users with the CAL (Calendar) component. These types of
interaction components are not included in complexity met-
rics (as they were not used when the metrics were defined).
Therefore, there is a need to update the metrics to accommo-
date new features and interaction components currently dis-
played in e-services. The Calendar components are very
common in online-forms (the OSA service also integrates one
Calendar in UserID step and it obtained high time completion
values for participants with low vision). In Martin (2013) the
participants of the study using the calendar element instead of
typing the date in an input text were more efficient. However,
only five out 78 participants used this alternative. In our
study, five participants directly typed the date instead of using
the calendar (P1, P3, P4, P11, P14). Thus, most of the partici-
pants tried to use the calendar. However, some participants
could not correctly insert the date and carried out manual cor-
rections (P5, P7, P10, P13). In addition, there were some com-
ments complaining about the use of this element: “Too many
options to click in the element” P4, “It is not easy to use” P6,
“I don’t like calendars” P11, “I would prefer not to have the
option of calendar” P13, “I thought I had to use it because I
did not see any other option. I don’t like calendars” P15.
Based on these results, designers should provide alternative
options to facilitate the introduction of dates in online forms
and avoid barriers for people with disabilities and users in
general.

The second step requiring more completion time on
average for both groups of participants was SecQue in SGS
(44.80s average time for participants with low vision and
25.10s for participants without disabilities) than in the other
e-services (27.50 and 16.30s in SPE, 15.50 and 9.90s in
DNI). This step in SGS had no errors for participants with
low vision, but it had the highest values of errors for partici-
pants without disabilities (0.8 failed attempts on average for



participants without disabilities). It shows that this step itself
was not difficult for participants with low vision but com-
bining different steps in one web page could affect the com-
pletion time of the steps for both groups (it is combined
with the UserID step). This combination also makes it more
difficult to solve errors when they are prompted. This is
reflected in the amount of Error-Trials in this step. Based
on the ELMER 2.2.1 guideline (included in the guidelines
for designing governmental e-services in Norway):
“Questions which concern one and the same logical topic
should be presented on one and the same form page”
(ELMER, 2011). This guideline should be considered by
designers so unrelated information is not required on the
same page of an online-form.

As discussed, all the steps in filling in online-forms in all
e-services present difficulties in their interaction, leading to
longer completion times and lower success rates when users
perform the task, these barriers being more pronounced for
people with low vision. These results should encourage
more research into design patterns, accessibility evaluation
methods, and complexity measuring metrics to improve
accessibility and interaction in e-service based on a step-by-
step online-form filling process.

5.3. Limitations of the study

Although the results of this study provided relevant infor-
mation, there are some limitations. The first limitation is
the small number of e-services analyzed. In addition, the
study is focused on “make an appointment” e-services which
are a specific type of electronic service provided by public
administrations. However, the selected e-services provided a
wide range of user interaction components and different
web page compositions. We believe that the accessibility bar-
riers specifically detected in these e-services could be repre-
sentative of the barriers people with low vision have when
interacting with most of the current e-services.

The second limitation is that the study did not consider
the heterogeneity of the group of people with low vision.
Ten participants with low vision took part in the study and
plenty of accessibility barriers were detected in the inter-
action with the e-services. Moreover, some of the problems
were detected by almost all participants. However, all of
them had similar interaction behavior and used their
residual vision to interact aided by the browser zoom (only
one participant, P6, also used a Windows Magnifier). Some
people with low vision usually need text-to-speech function-
alities to browse parts of web pages. We did not include any
participant with this characteristic in this study but they will
be considered in future studies. In this sense, tools, such as
the one described in (Ferdous et al., 2022) which facilitates
the use of screen readers for accessing the fields in online
forms will be considered.

5.4. Standard accessibility guides and evaluation
methods for online-forms

Developers have to deal with different documents when
designing accessible online-forms for e-services. The most
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well-known and most used accessibility guidelines are the
WCAG. They provide accessibility guidelines for creating
accessible form controls. However, there is no specific sec-
tion for online-forms in which developers have to analyze
the guidelines included in the four principles (perceivable,
operable, understandable, and robust) and decide on their
applicability to the form controls included. For example, if
there is a need to include a CAPTCHA component, it would
be necessary to apply success criteria from different princi-
ples, such as Success Criterion (SC) 1.1.1 (Non-text
Content), SC 1.4.3 (Contrast), SC 1.4.5 (Images of Text), SC
1.47 (Low or No Background Audio), SC 2.4.3 (Focus
Order), SC 2.4.4 (Link Purpose), SC 2.4.7 (Focus Visible),
SC 2.5.4 (Motion Actuation), SC 3.2.1 (On Focus), SC 3.3.1
(Error Identification), SC 3.3.2 (Labels or Instructions), SC
3.3.5 (Help), SC 3.3.6 (Error Prevention), SC 4.1.2 (Name,
Role, Value). Therefore, developers have to analyze the suc-
cess criteria one by one and apply them if they are applic-
able to the component.

Recently, the WAI launched a complementary tutorial on
how to create accessible online-forms (W3C, 2019), which
lays out seven main concepts, structuring within them the
success criteria according to WCAG guidelines: Labelling
Controls, Grouping Controls, Form Instructions, Validating
Input, User Notifications, Multi-page Forms and Custom
Controls. This resource is very helpful for developers and
facilitates the task of developing accessible online-forms and
complements the WCAG guidelines. Unfortunately, this
resource is not particularly well-known among web
developers.

The results of this study show that User Notifications
and Validating Input were two critical aspects for partici-
pants with low vision. These are not specifically addressed
in WCAG but are analyzed in the tutorial. Participants had
difficulties when introducing data in specific formats and
getting prompted with error notifications. Both aspects are
not covered by automated accessibility evaluation tools,
which only analyze the interaction components in the
online-form but not the possible errors or user notifications
prompted. Neither do other methods, such as The Barrier
Walkthrough Method (Brajnik, 2011) consider the accessibil-
ity of recovery methods when users with disabilities intro-
duce erroneous input.

In this respect, some recommendations to be considered
for people with low vision can be highlighted from the
results of this study:

e “Labelling Controls.” It was clearly demonstrated that
using label elements to associate text labels with inter-
action components, such as radio buttons or checkboxes
is required for people with low vision and not only for
users with impaired motor control (Success Criterion
3.3.2, technique H4) as it makes the clickable area for the
control larger.

e “Grouping Controls.” Grouping the controls from a vis-
ual or from a semantic point of view as well as from a
code point of view, as indicated is essential to improve
the success of the task. Adhering to this guideline is
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essential for people with low vision because, if the con-
trols are not grouped and contextualized, due to loss of
context derived from the use of magnifiers, some of the
controls are not detected and the task is not performed
successfully.

e “Form Instructions.” In individual web pages as well as
in-step processes it is essential to provide instructions to
help users understand how to use the controls and com-
plete the task. It is important to highlight that these
instructions must be simple to understand.

e “Validating Input.” Validating user-provided input and
providing options to undo changes and confirm data
entry is another critical guideline that has been brought
to light in this study.

e “Marking Required Fields.” Making required-fields
clearly visible at first sight is essential to facilitate, speed
up and prevent errors in the form filling in process.
Different options have been proposed based on the litera-
ture but further research is needed to determine the best
method for people with low vision. “User Notifications.”
Providing user notifications to users about the successful
completion of the task, as well as any errors, and also
providing instructions to help them fix the errors is
important for them to complete the task successfully.

o “Multi-page Forms.” It has been confirmed that dividing
long forms into logical steps or stages and informing
users about their progress is beneficial for users, espe-
cially for users with low vision, since dividing pages into
more compact steps with less content helps users avoid
context changes provoked by the use of magnifiers.

e “Custom Controls.” Using styles for custom form ele-
ments for different user groups, such as people with low
vision, is important. This can be done using progressive
enhancement techniques to provide custom controls.

The results of this study highlight the significance of
improving some of these concepts so that online-forms are
developed to be more accessible and easier to fill in for peo-
ple with low vision.

6. Conclusions

E-government services are of benefit to both governments
and citizens as they are efficient channels of communication.
However, they often present barriers, especially for people
with disabilities. Consequently, there is a subsequent loss of
rights for people with disabilities due to the inaccessibility of
these e-services.

The study presented in this article identified accessibility
barriers and critical design issues in five widely used Spanish
government e-services. The structure and design of these e-
services have been analyzed and the online-forms were eval-
uated to measure their accessibility, complexity, and cognitive
load. Further, user testing was carried out with five partici-
pants without disabilities and ten participants with low vision.
Participants with low vision had more difficulties to finish the
tasks. Several design issues requiring improvement were
detected during the experimental sessions as well as following

the analysis of the collected interaction data. The results
obtained in this study confirmed that people with low vision
face more barriers when using e-services. In addition, the
most difficult steps were detected and the design of some web
form elements which caused barriers was also discussed. As a
conclusion of the study, essential guidelines are given to be
followed by developers to create more accessible e-services.
For example, unifying the information required by e-services,
adequately designing error prompting and preventing mecha-
nisms, simplifying form steps, marking required fields, paying
special attention to complex elements, such as calendars, etc.
Recommendations to be included in accessibility standards
and guidelines are proposed based on the findings.

Future work will focus on continuing to analyze the col-
lected interaction data to explore problematic navigation
behavior with components of the e-services. For example,
different designs for selecting dates will be thoroughly ana-
lyzed; mechanisms for including security questions in the e-
services will be studied; mechanisms for error alerts will be
investigated. In addition, we plan to extend the study to
include other groups of people with disabilities.

Notes

1. http://ophthalmology.pitt.edu/vision-impairment/what-
vision-impairment

http://www.interior.gob.es/

https://www.sepe.es/
http://www.seg-social.es/wps/portal/wss/internet/Inicio
https://www.donostia.eus/taxo.nsf/fwHome?ReadForm&
idioma=cas

6. https://www.osakidetza.euskadi.eus/r85-ghhome00/es
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