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Abstract

The constant evolution of the Web has covered various segments of society
and, as it evolves, its content must be accessible to different users’ profiles.
Older adults (60+) are the fastest growing population of users who face
difficulties in interacting with websites, due to limitations in their abilities
caused by the aging process. Despite the legislation and guidelines estab-
lished for the development of accessible and usable web contents, several
problems of accessibility and usability still must be solved. In particular, most
website designers do not take into account the older adult’s profile. This paper
introduces Sene-check checklist, a support to web accessibility and usability
evaluations for the Brazilian older profile developed according to scientific
procedures, including the following three perspectives: (1) literature review,
(2) point of view of experts and developers and (3) point of view of Brazilian
older adults. The results enabled an investigation into the main problems
encountered by older adults regarding web interaction and reinforced the
relevance of a support for the evaluation of web accessibility and usability.
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1 Introduction

The Web undergoes constant technological innovations, and its adoption in
the different segments of society has been irreversible. Although many pro-
posals and standards have been developed towards improving Web browsing
by users, a major challenge related to web accessibility and usability still
remains [23, 28]. According to Power et al. [41], different users’ profiles
should be addressed in the design of web content, so that all information can
be widely accessed.

In many countries, the Web is a main vehicle through which governments
disseminate information and public services. It is also an important way for
the obtaining and supply of updated news and serves as a means for the
society to interact. Therefore, it must be usable and accessible for providing
equal access and opportunities for individuals with or without disabilities. An
accessible Web can potentially aid people with disabilities and older adults to
participate more actively in the society [11, 13]. Older adults (deemed here as
people aged 60+) are identified as a specific user profile that should be taken
into account in accessibility and usability issues. The aging process affects
the individuals’ sensory, physical, and cognitive abilities and hampers their
interaction with computer systems [19, 26, 42, 47].

In the particular case of Brazil, the country has experienced unprece-
dented growth in the number of older adults. The definition of older adults
in this work is following the definition of Brazilian Law 10,741 sanctioned
on October 1st, 2003, that is also known as the Elderly Statute.1 The older
adults are those above 60 years of age.

Population aging is a global phenomenon that occurs rapidly due to
factors, such as increased life expectancy, lower birth rates and improvements
in the quality of life of older people. According to the United Nations
(UN) [46] and the World Health Organization (WHO) [50], the worldwide
number of older people is expected to double by 2050 and reach nearly 2.1
billion. In Brazil, according to population projections based on the National
Census 2010, conducted by the Brazilian Institute of Geography and Statistics
(IBGE) [10], the number of individuals aged 65 or older will be four times
greater by 2060. Such a change in the Brazilian demographic profile is due to
the lower fertility rates associated with a decrease in mortality rates in recent
decades [12].

1http://www.planalto.gov.br/ccivil 03/leis/2003/l10.741.htm

http://www.planalto.gov.br/ccivil_03/leis/2003/l10.741.htm
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The increasing use of the Web is parallel to population aging. Although
new online web services have been offered in many areas in a sophisticated
way, most websites have not been designed for older users [25]. Despite
accessibility and usability guidelines, such as Web Content Accessibility
Guidelines 2.0 (WCAG 2.0) [52], Making Your Web Site Senior Friendly
[32] and the Brazilian Electronic Government Accessibility Model (e-MAG)
[9], further studies are necessary for a deeper understanding of the difficulties
faced by such users when interacting with the Web.

Studies have reported a lack of significant evolution of accessibility
evaluation methods. While some practices, as use of more than one evaluation
method, seem to provide reliable results, they are not practical in the long
term due to the substantial improvements in web technologies. Further efforts
are required towards enhancing evaluation techniques and facilitating the
accessibility of websites [6].

This article addresses the development of a support that aids developers
and experts to evaluate web accessibility and usability for older adults. The
support, designed as a checklist (called Sene-check), was based on scientific
procedures that involved three different perspectives: (1) literature review, (2)
point of view of experts and developers, and (3) point of view of the target
audience, the Brazilian older adults. The contributions of this study are an
investigation into the main barriers and difficulties faced by Brazilian older
adults with web interaction and development of a support for the evaluation
of web content for Brazilian older adults. This paper is an extension of
previous work (removed for blind review) which presented a literature review
regarding the difficulties reported by older adults when interacting with web-
sites and proposed a first version of the checklist. Therefore, we proceeded
the research to improve our first checklist, from the following procedures:
interviews conducted to investigate the most frequently websites accessed
by the elderly and to obtain a sample for evaluations; conformance review,
automated tests and user testing to verify the accessibility and usability
problems in a sample; and an improved version of the checklist that integrates
the main observed issues from the evaluation results.

The remainder of the paper is organized as follows: Section 2 discusses
the main related work; Section 3 presents a review of older adults and web
interaction; Section 4 describes the method used in this research and the
evaluations performed; Section 5 addresses the development of Sene-check
checklist and its validation; finally, Section 6 is devoted to discussions and
conclusions.
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2 Related Work

Many studies have investigated the main barriers and difficulties faced by
older adults when interacting with the Web, and proposed different guide-
lines, methods and techniques that support evaluations of web accessibility
and usability, and more senior friendly websites. The Web Accessibility.

Initiative (WAI/W3C) is one of the four domains of the World Wide
Web Consortium (W3C), which has developed an international set of acces-
sibility guidelines, called WCAG. The second edition, WCAG 2.0 [52],
comprises 12 guidelines organized under 4 principles, namely perceivable,
operable, understandable, and robust. WCAG 2.0 also includes guidelines
towards making websites more accessible for older users based on WAI-
AGE project [48]. Making Your Website Senior Friendly recommendations,
version 2016, developed by the National Institute on Aging (NIA) [32], is
another important set of guidelines for best practices and assist developers
in the creation of websites that meet the demands of older users. They are
available online and provide an example of a website accessible to older
adults.

In 2003, a checklist composed of 38 questions was developed by Sales
and Cybis [16] for the evaluation of web accessibility for older people. The
process involved activities of observation in senior centers, a literature review
and a recommendations review followed by stages of elaboration, review and
validation until the final version. Its creation was based on recommendations,
as WCAG 1.0 [51], the Portuguese Group for Initiatives in Accessibility
(GUIA) [40], NIA recommendations, version 2002 [31], studies of Czaja
[14] and others. It was a relevant effort towards helping developers to better
understand the needs of older adults and provide a rapid diagnosis for site
analyses regarding usability and accessibility issues for elders. However,
this support was created more than 10 years ago and new demands must be
addressed.

Lara et al. [1, 2] investigated problems of accessibility and usability
of older people and identified resources and mechanisms that might help
interaction with the Web. They also suggested a set of success criteria for
older adults to be inserted into the WCAG 2.0 guidelines and highlighted
the need for other studies with older users, since other difficulties might
be identified. Lynch et al. [29] developed a weighted heuristic measure for
evaluating the websites usability for older adults and created a heuristics
based on the NIA recommendations, version 2002 [31]. This evaluation
technique is composed of a list of 32 characteristics that represent the most
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important senior-friendly recommendations, organized into four categories,
namely Readability, Navigation, Content/Organization, and Accessibility.
Each heuristic evaluated has a weight and a presence score, which com-
poses a formula to provide a grade of complying accessibility and usability
requests; the final score produces a percentage mensuration, called “Usability
Index”, that represents a quantitative measurement for the usability of a
website.

According to Nielsen [35], an evaluation method must help develop-
ers in identifying, count, and classify usability problems found during the
inspection and selecting problems that must be corrected. After identifying
the problems, the project team should redesign the interface to correct the
most significant number of problems. To correct the selected problems, the
designers and evaluators ought to prioritize them according to their severity
and the cost associated with correcting. Rosa and Veras [43] performed a
Nielsen’s heuristic evaluation in two important newspapers’ sites “Estado
de São Paulo”2 and “Folha de São Paulo”3 (Brazilian). The evaluation’s
result shows a concentration of usability violations in heuristics related to
the visibility of system status, consistency and standards, and error preven-
tion. However, the evaluation has not detected accessibility problems like
changing the font size of texts or providing navigability with keyboard,
for example, problems that are detected just by a human. Santos et al.
[18] investigated the effect of eight different types of menus when used by
people aged over 40 that had some experience in using the Internet. The
experiment revealed that in menus commonly found in Web applications,
the task completion time and the number of errors were lower. However,
features were lacking as a distinct presentation of menu options already
visited, and speed reduced to show menus enabled to users who have little
coordination.

The work performed by Freire et al. [21] presented a metric based
approach for evaluating municipalities Web pages using automatic accessibil-
ity evaluation tools. The results show that the use of automatically generated
accessibility metrics is a powerful tool for helping to measure and monitoring
the accessibility of e-gov Web sites. However, a usability evaluation requires
more information, and evidence of that is that not all accessibility checkpoints
could be automatically verified. There are many ways to evaluate usability
and accessibility characteristics separately. However, since the professionals

2www.estadao.com.br
3www.folha.uol.com.br

www.estadao.com.br
www.folha.uol.com.br
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are unaware of how usability and accessibility guidelines could join together,
the evaluators face difficulty in evaluating a web system. In general, web
developers are not users of the web applications they develop, so they have to
prioritize the productivity in terms of correctitude and how much time it takes.
Therefore, instruments for assessing individual items related to accessibility
and usability issues are necessary. Dias et al. [17] proposed the Heuristic
Evaluation with Usability and Accessibility Requirements to Assess Web
Systems (HEUA) to help to close this gap.

During the development of the HEUA, Dias et al. [17] took into account
the primary references of accessibility and usability. HEUA is a questionnaire
to assess the usability and accessibility of existing Web systems. More
specifically, it is a direct instrument to be applied, since it contributes to
the improvements made in the versions of Web systems, indicating a diag-
nosis in terms of accessibility and usability issues. As systems Web have a
development process of perpetual beta, HEUA can be seen as an effortless
record to evolve with the quickly built versions of the sites. The 23 patterns
of [30] were used to measure usability, and all WCAG 2.0 success criteria
[52] were considered for accessibility, as well as the success criteria for
older adults developed by [2] and [1]. The patterns and success criteria were
named as requirements in HEUA; the requirements were organized into the
ten heuristics of [33]. Thus, HEUA presents 93 requirements distributed in
ten questions (Table 1).

Each requirement has an example, motivation and sources. These infor-
mation help to clarify any doubts that the requirement could present when
a heuristics specialist apply HEUA. To use HEUA, the specialist needs to
answer all the questions, deciding if the system satisfies, does not satisfy or
the question is not applicable in each of the requirements classified in the
10 questions. After applying the HEUA, we can calculate a set of measures
to obtain a quantitative result that indicates how much of accessibility and
usability requirements are fulfilled by a Web system. In this sense, HEUA
was proposed as a questionnaire to assess the usability and accessibility
of existing Web systems, allowing a means to compare their usability and
accessibility levels. By this point, applying HEUA serves as a first view but
lacks information to developers and evaluators.

The related works addressed in this section have shown a growing interest
in the development of aid supports for evaluations of web pages for older
people. Moreover, new approaches that take into account difficulties faced by
older users must be updated due to the rapid evolution of web technologies,
and usability and accessibility issues must be considered.
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Table 1 The number of requirements in each HEUA usability question [17]
Questions of the Heuristic Evaluation No. of Requer.
Q1: Does the web app always keep the user informed about what is

happening through feedback in real time?
10

Q2: Does the web app use the language and the mental model of the user
with interface features that are similar to the real world?

8

Q3: Does the web app provide the user control and freedom to get out of
undesirable states?

13

Q4: Is the web app consistent and follows the same pattern in all the
interface to facilitate the recognition of the user?

11

Q5: Does the web app present have a preventive and careful design that
may be able to avoid any problems in the interaction?

19

Q6: Does the web app avoid overloading the user’s memory by providing
contextual information for each action?

6

Q7: Does the web app provide users with flexibility and efficiency,
streamlining the use for experienced users and maintaining the
facility for beginners?

14

Q8: Does the web app provide aesthetic and design minimalist, keeping
only useful information, direct and clear?

5

Q9: Does the system help the user recognize, diagnose and correct errors? 3

Q10: Does the web app provide a help document that can be easily found in
case of necessity?

4

Total of requirements 93

3 Older Adults and Web Interaction

Changes in abilities caused by the aging process must be understood towards
the design of inclusive interfaces, systems and services easy to be learned
and used by older adults [47], identified as having specific characteristics,
such as concerns about health and natural decline of their abilities, and expe-
riencing social isolation and loss of independence. The decline of sensory,
physical and cognitive capacities hampers their interaction with technologies
[26, 42, 47].

Researchers have investigated the usability and accessibility of websites
for older adults. Sayago and Blat [44] studied for three years the daily
interactions of 388 older adults with the Web through in-situ observations and
conversations. The results showed the main difficulties were remembering the
steps of a task, understanding the languages and technical expressions, and
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using the mouse. Other less impacting barriers, as difficulties in perceiving
visual information, understanding icons and using the keyboard were also
observed.

Different ways of presenting information and interacting with elements in
Web applications are often updated by new technological resources. However,
the diversity of developers and designers’ technical knowledge results in
inaccessible web pages. Moreover, Web developers generally do not consider
older users in their projects. Arfaa and Wang [5] conducted a study with
22 older adults (aged 65+) using social networking sites, and the result
showed those sites were difficult for older users to interact with, due to
their computer illiteracy, lack of knowledge of Web 2.0 concepts, navigation
and other accessibility and usability issues. Similarly, Finn and Johnson [19]
developed a usability study in travel sites with nine older users (aged 55–80)
and identified some of the most common problems, as confusing terminology,
text with a small font size, hard-to-operate menus, information overload,
among others. Web applications generally take into account young users,
who are more familiar and experienced with the Web, in contrast to older
adults [19]. Developers have still misunderstood the actual needs of older
adults, and little attention has been devoted to web accessibility for their
digital inclusion [15]. In fact, the concepts of web accessibility extend to
the inclusion of older users. Petrie et al. [37] proposed the following unified
definition of web accessibility: “all people, particularly disabled and older
people, can use websites in a range of contexts of use, including mainstream
and assistive technologies; to achieve this, websites need to be designed and
developed to support usability across these contexts”. Older people have been
encouraged to be more online. They use the Internet to send and receive
e-mail, communicate with family and friends, search for information, play
games, and for other activities, and also want to contribute through blogs and
social networks. The number of users who are at least 65 years old that use
the Web on computers, tablets, and smartphones continues to grow, therefore,
developers must create more accessible sites for them [4, 32].

Hanson [24] highlighted the web applications accessibility may be related
to the current generation of the elderly, which has provoked an important
reflection on whether technological difficulties are inevitable to aging, or
whether some factors will help future generations of older skillful adults
eliminate or reduce such difficulties. The next generation of older adults
probably will not find significant difficulties in terms of technological change,
since they will have already developed a set of technology abilities than
those who grew up without a computer [14, 15]. However, computers can
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also considerably evolve, so that the current web experience does not meet
older users’ demands. The next generation of the elderly may encounter
barriers with new technologies [24], therefore, accessibility issues should be
continuously taken into account and investigated [14, 15].

4 Method

This section describes the methodological procedures used in our research,
detailing the data collection, evaluations and results.

4.1 Design

Scientific procedures conducted included the following three perspectives
for investigations on barriers and difficulties encountered by Brazilian older
adults when interacting with the Web, and accessibility and usability issues
involved: (1) literature review, (2) point of view of experts and developers,
and (3) point of view of the target audience, i.e., older adults, as shown in
Figure 1.

We performed a literature review and studied the related works, sum-
marized in Sections 2 and 3. Interviews were conducted with Brazilian
older adults on the websites they most frequently accessed for the obtaining

Figure 1 Stages of the research methodology.



72 S. S. Rodrigues and R. P. de Mattos Fortes

of an actual sample for evaluation; four of such websites were selected.
Accessibility and usability problems were then identified and automated
tests with tools, a conformance review by experts and user testing on
the sample were performed. Based on the results, we have developed a
checklist, called Sene-check, which integrates the main issues observed as
a support for evaluations of web accessibility and usability related to older
adults. The checklist was validated by usability experts for the production of
Sene-check 1.1.

All the data were collected with the consent of the participants, whose
anonymity was assured. The study protocol (875.356/2014) and informed
consent form were approved by the Federal University of São Carlos Ethical
Committee on Human Experimentation. Participation was voluntary and all
participants were asked to read and sign the informed consent form before
starting the tests. The participants were at least 60 years old, since Article 1
of the Brazilian Statute of the Elderly (Law 10.741), states Brazilian older
adults are those aged 60+ [38].

4.2 Interviews

Our interviews inquired about websites mostly accessed by Brazilian older
adults. Such data were relevant, since they composed a representative sam-
ple of websites actually used by Brazilian older people. The following
subsections summarize the data collected.

4.2.1 Participants
Older adults that attended the educational program of the University of the
Third Age in the São Carlos Educational Foundation (UATI/FESC), in São
Carlos city, state of São Paulo, Brazil, were recruited. Thirty-eight partici-
pants aged 60 or older out of 87 invited from UATI/FESC participated in the
study. They were 2 men and 36 women, whose ages ranged from 60 to 80
years, with a mean age of 67 years.

4.2.2 Materials
The interview script was conducted in two steps. First, a preliminary version
was created and two participants were invited to take part of a pilot study. An
improved version was developed according to the main issues pointed out by
the first participants. The interview script was developed in partnership with
the research group of the Gerontology Department of the Federal University
of São Carlos (DGero/UFSCar). The interview was then fully structured and
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composed of six open-ended questions for the obtaining of the main websites
accessed in the following categories: search engines, social networks, video
sites, email services, and news sites. The participants were asked about other
websites that were not in such categories, such as shopping sites, wikipedia,
health sites, food sites, online banking and others.

4.2.3 Procedure
Interviews were first conducted face-to-face and individually at UATI/FESC.
Prior to each interview session, we briefly explained the purpose of the
research and asked the participant to read and sign the consent form. Next,
phone interviews were made with the collaboration of a DGero/UFSCar
researcher and at the laboratory of UFSCar and laboratory of the Institute
of Mathematics and Computer Sciences at the University of São Paulo
(ICMC/USP).

The interview period comprehended approximately four weeks (Novem-
ber to December 2014), which totaled 20.5 hours. The average time spent
in each telephone interview was around 9.7 minutes. Some interviews lasted
approximately 20 minutes, since the older adults interacted, talked, reported
their experiences, difficulties, complaints, suggestions and aspirations regard-
ing the use of the Internet and technologies. All the interviews we registered
in annotations.

4.2.4 Results
By the end of the interview period, answers had been collected from 38 indi-
viduals and were considered valid. The most accessed website per category
and its URL are shown in Table 2.

The participants were asked to comment on their use of the Internet.
Older adults were highly interested in interacting with the Web, however,
they faced problems and barriers that needed to be solved. Below are some of
their remarks:

“Web developers forget about us when they develop a website as a
product. They only think of young users. Products usually have a
large amount of information in small font, and at our age, it is very
difficult to read and interact with the webpages.”

“The Internet is a facilitator because it helps continuous education,
since many Brazilian older adults usually have a low scholar level.
But the fonts are still very small and there are many foreign terms
that hamper our access.”
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Table 2 Most accessed websites per category
Categories Website & (URL) Percentage of Access
1. Social networks Facebook (www.facebook.com) 87%

2. Search engines Google (www.google.com) 88%

3. Email services Hotmail (mail.live.com) 32%

4. Video sites Youtube (www.youtube.com) 42%

5. News sites São Carlos Agora
(www.saocarlosagora.com.br)

31%

6. Shopping sites Magazine Luiza
(www.magazineluiza.com.br)

11%

7. Banking sites Banco do Brasil (www.bb.com.br) 24%

8. Government sites Previdência Social
(www.previdencia.gov.br)

15%

9. Health sites Dieta e Saúde (www.dietaesaude.com.br) 29%

10. Food sites Bem Estar (TV Globo)
(globoplay.globo.com/bem-estar/)

8%

11. Others/Educational FESC (fesc.com.br) 15%

“Initially, I was afraid to use the Internet. But I cannot exclude
myself. So, I try to adapt, and today I think the Internet is a very
important tool. So I think sites should make it easier for us to
access it, because we have difficulties in reading and understanding
contents in small font.”

The set of most frequently accessed websites by Brazilian older adults of
São Carlos/SP city was relevant for the next stages of the research methodol-
ogy. Four of the websites composed the sample used in the evaluations, and
are described in the next sections.

4.3 Evaluated Websites

We selected four websites to compose the sample for the evaluations, due
to the difficulty in counting on experts and users and the time required for
such evaluations. Based on the data provided by the interviews, we applied
two selection criteria to identify the websites to be tested: (a) most frequently
accessed category and governmental sites, according to the Brazilian legisla-
tion on the obligation to comply with accessibility on public administration

www.facebook.com
www.google.com
mail.live.com
www.youtube.com
www.saocarlosagora.com.br
www.magazineluiza.com.br
www.bb.com.br
www.previdencia.gov.br
www.dietaesaude.com.br
globoplay.globo.com/bem-estar/
fesc.com.br
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Table 3 Websites selected to compose the sample
Categories of Websites Area Websites URLs
News Regional [S] São Carlos Agora www.saocarlosagora.com.br

National [U] UOL www.uol.com.br

Government Regional [F] FESC www.fesc.com.br
National [P] Previdência Social www.previdencia.gov.br

portals and sites [39]; and (b) sites from regional and national area for
composing a representative sample to be tested. Table 3 shows the sample of
websites: São Carlos Agora is an online newspaper that provides local news
from São Carlos; UOL (Universe Online) is an online Brazilian newspaper
that provides world news; FESC is a local site of municipal information
related to Education in São Carlos, and Previdência Social is an online
national and governmental service with information on security and legis-
lation for Brazilian citizens (Social Security services for Brazilian people).
Although such sites exhibit a poor design, they are the most frequently
accessed ones by the Brazilian older adults.

After the selection of the sample, the initial pages of the websites were
retrieved by HTTrack version 3.48-21 [53], a copier tool, to guarantee
integrity and consistency among evaluations. HTTrack is a free and open
source web crawler with an offline browser that enables the downloading of
sites from the Internet to a local computer and organizes the original website
into a relative link-structure [53].

We made a few modifications in the source code of the selected sites to
make them similar to the original ones, since the copy did not guarantee their
complete identical appearance. Subsequently, pages were stored on a web
server located at ICMC/USP, and were downloaded on the following dates:

– FESC and São Carlos Agora – May 5th, 2015;
– Previdência Social and UOL – May 6th, 2015.

Next, we performed automated tests, conformance review and user test-
ing, described in the following sections. Such three evaluation methods were
used, since each one complements the other [8]. The automated tests are
limited and alone cannot verify all the details about the accessibility of a
web page. They require manual inspection for the identification of a more
real set of problems. Tests must be conducted with users for the obtaining of
the actual problems faced by the target audience when interacting with the
web [20, 36].

www.saocarlosagora.com.br
www.uol.com.br
www.fesc.com.br
www.previdencia.gov.br
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4.4 Automated Tests

Automated tests aimed at obtaining a technical report evaluating the sample
of websites to be used in the development of Sene-check Checklist (regarding
the recommendation of the WCAG).

4.4.1 Procedure
We used TAW tool [22] to evaluate the sample of websites. It is a free
and online service that produces web reports and tests web pages against
WCAG 2.0.

The automated tests were applied in the homepages of the sample web-
sites downloaded on a web server on Mar 11th, 2016 to guarantee integrity
and consistency. The tests ran on TAW tool and were setup with level AAA
in WCAG 2.0, on Firefox 45.0 and notebook with Microsoft Windows 10
Operating System. Only homepages were evaluated, since they are the entry
points and the first impression for users. If homepages are inaccessible,
users generally assume they will face the same difficulties on the following
pages [3, 6].

4.4.2 Results and discussion
We used the detailed report provided by TAW, which shows the violated
success criteria and the source code with the problems, warnings and
non-verified points. The WCAG 2.0 success criteria were classified into:

– Problems that require corrections;
– Warnings that require a human review; and
– Non reviewed points that require a deep human review.

All websites evaluated showed the violated success criteria (see Table 4).
We observed all (100% of the pages) of them had WCAG 2.0 viola-
tions at level A, and none of the analyzed pages were in conformance
with WCAG 2.0, as shown in Table 5. Although TAW did not indicate
WCAG 2.0 violations at level AA, it classified some success criteria into
such a conformance level, as warnings and non-reviewed (Figure 2). The
success criteria require a human review, so that the evaluations can be
complemented.

The results were also analyzed for the identification of the success criteria
violated in the websites. Such criteria and related problems were mapped. The
mapping comprised the evaluation of the technical report from the automated
tests conducted in the sample of websites (Table 6).
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Table 4 WCAG 2.0 success criteria violated in each homepage of the 4 websites, according
to automated tests
WCAG 2.0 Success Criteria
Violated FESC Previdência Social São Carlos Agora UOL
1.1.1 X X X

1.3.1 X X X X

2.1.3 X

2.2.1 X

2.2.2 X

2.2.4 X

2.4.4 X X X

2.4.9 X X X X

2.4.10 X X X X

3.1.1 X X X

3.2.2 X

3.2.5 X

3.3.2 X X

4.1.1 X X X X

4.1.2 X X X X

Total 10 6 8 13

Table 5 Results of the automatic tests for the homepages of the 4 websites
Number of Instances of

Violations of WCAG 2.0 Success
Criteria

Number of WCAG 2.0 Success
Criteria Violated by
Conformance Level

Homepages A AA AAA Total A AA AAA Total
FESC 72 0 89 161 7 0 3 10

Previdência Social 50 0 111 161 4 0 2 6

São Carlos Agora 25 0 28 53 6 0 2 8

UOL 217 0 62 279 9 0 4 13

4.5 Conformance Review

A conformance review conducted obtained a more actual set of accessibility
and usability problems in the homepage of the sample of websites and
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Figure 2 Number of violated success criteria in the analyses of Previdência Social website.

Table 6 List of WCAG 2.0 success criteria violated in the sample of websites
Success Criteria Violated

Guidelines Violated A AAA Problems in the Homepages

1.1. Text alternatives 1.1.1 Images without alt attribute,
forms without label

1.3. Adaptable 1.3.1 Headers on the same level
with no content between
them

2.1. Accessible keyboard 2.1.3 Some features not operable
by the keyboard

2.2. Enough time 2.2.1; 2.2.2 2.2.4 Automatic page refresh

2.4. Navigable 2.4.4 2.4.9; 2.4.10 Links with same text and
different destinations

3.1. Readable 3.1.1 Undeclared page language

3.2. Predictable 3.2.2 Forms with unpredictable
behaviors

3.3. Input assistance 3.3.2 3.2.5 No explanations or labels
on the data format;
existence of an auto-refresh

4.1. Compatible 4.1.1; 4.1.2 Incorrect language syntax
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complemented the automated tests. The conformance review method detects
problems in websites that cannot be verified automatically [20].

4.5.1 Participants
We invited experts based on their experience and knowledge of web acces-
sibility and usability. First, a list of possible candidates was created and a
selection followed two criteria, namely academic education and experience
with web accessibility and usability. Twelve experts were invited to partici-
pate, however only 11 accepted. Such a number was enough for the evaluation
of the websites.

Three master’s students and five Ph.D students from the ICMC/USP,
three lecturers of Human-Computer Interaction (HCI) and specialists in web
accessibility and usability with more than 5-year-experience in the area
participated in the study.

4.5.2 Materials
Participants were asked to apply the HEUA. We chose this method due to
its development based on the main references of accessibility and usability,
such as patterns of [30], WCAG 2.0 success criteria [52], and success criteria
for older adults proposed by [2] and [1]. Moreover, HEUA was developed by
our research group [17]. Two examples of the HEUA requirements format are
presented as showed in Table 7.

4.5.3 Procedure
We created a preliminary version of the evaluating protocol and invited two
experts to participate in a pilot study. The answers obtained from the study
were not considered in the final analysis. However, important suggestions
were pointed out towards improving the protocol, and grammar errors were
corrected at HEUA. An improved version of the evaluation protocol was then
developed.

After the pilot study, we sent an email to the 11 experts to invite them
to perform the conformance review on a website defined in the email using
HEUA as support. Each expert evaluated the homepage of one website, since
conformance review demands time for a complete evaluation. We also tried to
guarantee consistency with the automated tests. We asked the experts to use
Firefox browser, and the evaluation period comprehended 11 days in April
2016.
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Table 7 Examples of HEUA requirements
(Q5) Does the web application have a preventive and careful design that may be able to avoid
any problems in the interaction?
Requirement 5.13 – Does the Web application present differentiation for visited and
unvisited links?

For example: change the color of the link that has already been visited.

Motivation: some users tend to forget the links they have already visited.

References: Lara 2.4.15 [1, 2]

Answer: ( ) It complies ( ) It partially complies ( ) It does not comply ( ) Not applicable

Observations:

(Q6) Does the web application avoid overloading the user’s memory by providing contextual
information for each action?
Requirement 6.5 – Does the web application provide contextual help to the user?

For example: presence of contextualized help

Motivation: this functionality can help users operate without losing what they are doing,
avoiding possible errors

References: WCAG 3.3.5 [52]

Answer: ( ) It complies ( ) It partially complies ( ) It does not comply ( ) Not applicable

Observations:

Table 8 Average time spent (hours) on the evaluation of each website
Websites Average Time Spent on the Evaluation
FESC 01:02:20

São Carlos Agora 01:33:00

Previdência Social 01:15:30

UOL 01:39:30

Total average time spent 01:21:36

4.5.4 Results and discussion
The evaluations conducted by the experts took, on average, 1 hour and 21
minutes. Most time was spent on the evaluation of São Carlos Agora and UOL
websites, as shown in Table 8. The time was supposed to be longer because
the two news sites had information overload, links and advertisements. FESC,
Previdência Social and São Carlos Agora sites were evaluated three times and
UOL was evaluated twice.

According to the results, 55 (65.5%) requirements (out of 84 of HEUA)
were violated. Only 29 (34.5%) were not, as shown Table 9. The violated
requirements showed “No” and “Partially” answers, whereas “Yes” and
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Table 9 Summary of the conformance review conducted by experts
Issues of HEUA Violated Requirements Non-violated Requirements

Q1 1.1; 1.3; 1.5; 1.6; 1.7; 1.8 1,2; 1.4

Q2 2.1; 2.2; 2.3; 2.4; 2.5; 2.6; 2.7

Q3 3.1; 3.2; 3.9; 3.11; 3.13

Q4 4.2; 4.4; 4.7; 4.8; 4.9; 4.10; 4.11 4.1; 4.3; 4.5; 4.6

Q5 5.1; 5.3; 5.4; 5.5; 5.6; 5.8; 5.10; 5.11;
5.12; 5.13; 5.15

5.2; 5.7; 5.9; 5.14; 5.16

Q6 6.4; 6.5 6.1; 6.2; 6.3

Q7 7.3; 7.4; 7.6; 7.7; 7.8; 7.11; 7.13; 7.14 7.1; 7.2; 7.5; 7.9; 7.10; 7.12

Q8 8.2; 8.1; 8.3; 8.4

Q9 9.1; 9.2; 9.3

Q10 10.3 10.1; 10.2

Total 55 (65.5%) 29 (34.5%)

“Does not apply” were given to non-violated requirements. Just for exem-
plify, below, there are transcriptions of a few comments from experts during
evaluations.

“The visited options are not highlighted.”

“It does not offer help.”

“The web application shows the breadcrumb from the shortest
route to the current page, which is not necessarily the path taken
by the user.”

Another analysis of the results identified violated requirements of HEUA
and WCAG 2.0 success criteria, which were then mapped in such crite-
ria in each website evaluated. The mapping, shown in Tables 16 and ??
(Appendix A), composes the evaluation technical report from the confor-
mance review, conducted by experts in the sample of websites.

4.6 User Testing

User testing identified the main barriers and actual problems faced by older
adults when interacting with the sites and followed the stages recommended
by [7, 27], namely: preparation and planning, tests and data collection,
analysis, consolidation and reporting of results.
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4.6.1 Preparation and planning
This stage involved the definition of the tasks to be performed, definition and
recruitment of users, preparation of the material (questionnaires), equipment
for recording and applying the tests, and execution of the pilot study, as
described below (next Subsection). Prior to the user testing with the older
adults, the defined tasks were tested with ten young undergraduates, for ver-
ifying if they would report problems to perform them. They argued although
the tasks were simple, they did not access sites were not often, since the
information was not familiar or even of their interest.

4.6.1.1 Evaluated criteria
A set of criteria was elaborated with two other researchers – one from
HCI group and a gerontologist from DGero/UFSCar – for investigation,
observation and reporting of the problems faced by older adults during the
tests.

1. Difficulties in locating the requested information;
2. Difficulties in finding and using the site map and returning to the

homepage;
3. Forgetfulness and inattention;
4. Presentation of links very near each other and links with activation

problems;
5. Use of scrollbars;
6. Information overload, many links and advertisements;
7. Problems with language, abbreviations and confusing terminology;
8. Difficulties in finding menu options and links already visited;
9. Perception of feedbacks;

10. Difficulties in finding a specific place on the screen or places that users
search less frequently;

11. Lack of help resources;
12. Presentation of subtitles in videos;
13. Other problems verified through users’ comments during the tests.

4.6.1.2 Tasks undertaken
The task list was defined with the help of two researchers – one from the HCI
area and a gerontologist from the DGero/UFSCar group. The tasks for each
website were planned to represent typical activities that older adults would
do when visiting websites on their own. They were organized in a scenario
that involved searching specific news and finding important information for
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older adults on government sites. Attention was devoted to the writing of
the tasks, so that they would not have specific terms, or require much time
for their accomplishment. Below are the 4 sites selected with their tasks for
user testing. The participants were instructed to not use any external search
engines.

– FESC website

1. Find the class schedules of the courses offered in the first semester of
2015 at the University of the Third Age (UATI/FESC) at Vila Nery.

2. Find information about the operating hours of FESC at Vila Prado.
3. Find information on the “Educational Program of University of the

Third Age (UATI)”.

– Previdência Social website

1. Find information on the “Benefits for the Elderly”.
2. Find the link to the “Benefit Payment Statement” issued by the

Internet.
3. Find information contained in video about “Know the retirement by

age of Social Security Services”.

– São Carlos Agora website

1. Find news about “São Paulo aims to vaccinate 11.8 million people
against the flu”, April 2015.

2. Find news in video about “Motorcyclist gets seriously injured in
dangerous crossing at Santa Marta”, May 2015.

3. Find information about contact and operating hours of São Carlos
Agora.

– UOL website

1. Find the name of the dermatologist alerted to the use of repellents in
children, in the health news about “Does sweating attract mosquito?
Does taking vitamin B push you away? See myths and truths”,
February 2015.

2. Find dollar quotation and its variation.
3. Find today’s weather forecast for São Carlos/SP.

4.6.1.3 Materials
Two questionnaires with the closed and open-ended questions were applied
to the users for verifying the usability of the evaluated websites. A pre-
test questionnaire obtained demographic and Internet-experience information
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and a post-test questionnaire detected difficulties in the users’ perform-
ing tasks, suggestions and comments on the sites. A paper version was
created, and questions were written in a readable text size with 13-point
Arial font. Each paper questionnaire consisted of two pages and addi-
tional two pages of informed consent form. Each page was single-sided
printed.

4.6.1.4 Location equipment and software
The user testing sessions were held at the laboratories of UATI/FESC and
UATI/USP senior activity centers, where the older adults attend Internet
courses.

All tests were conducted on an HP Pavilion laptop with Microsoft Win-
dows 7 Operating System and an AMD Dual-Core 2.30 GHz processor, 4 GB
RAM, equipped with speakers, keyboard, a 14” LCD screen, a webcam and a
2-button mouse. The participants accessed the sites using Firefox 40.0.3 web
browser. The computer also ran Morae version 3.2.1 [45], a screen capture
program, that recorded the participants and researchers screens and voices.
Morae was also set to record keystrokes and mouse events.

4.6.1.5 Participants
The users were older adults (people aged 60+) with some experience with
the Internet and use of sites. They were recruited at UATI/FESC and UATI
at the University of São Paulo (USP), in São Carlos city, São Paulo state,
Brazil.

Fifty-three older adults were invited to participate, however, due to dif-
ficulties, such as time and rejection by some of them, only 20 accepted the
invitation. They were 5 men and 15 women, whose ages ranged from 61 to
84 years, with a mean age of 67.5 years. Most participants were women,
of whom 60% had graduated. Over half of the participants (55%) reported
they had less than 10 years’ experience with the Internet and 70% indicated
their frequency of use varied from once a day to three times a day. We
observed most of them used the Internet every day and did not have significant
experience, since they had been using it for less than 10 years, as shown in
Table 10.

4.6.2 Procedure
The tests were conducted from May to June 2015 and the study sessions
were held at the laboratories of UATI/FESC and UATI/USP senior activity
centers. The participants were briefed on the purpose of the study and
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Table 10 Number of participants according to their characteristics
Characteristics Total

Gender Female 15
Male 5

Age 60-69 16
70–79 2
80–89 2

Education Level Elementary school 2
High School 4
University 12

Internet experience 10− years 11
10+ years 9

Frequency of Internet use More than 3 times a day 7
At least once a day, but not always more than
3 times a day (every day) 7
More than twice a week, but not every day 5
At least once a month, but not every week 1

Total of participants 20

evaluation protocol. They were asked to read and sign the consent form
and complete the pre-test questionnaire about their gender, age, educational
competencies, profession, and time of Internet use, and frequency of visits to
websites.

After all the settings on the computer had been made, the researcher
opened the browser with the link of the downloaded pages stored on a web
server located at ICMC/USP and began the recording session with Morae.
For each website, the task was described to the participant and the use of the
think-aloud protocol was explained. The researcher observed and registered
all the comments and questions of the participants during the sessions.

After the evaluations of all websites, the participants answered the
posttest questionnaire, reported the tasks of higher difficulties and sugges-
tions for improvements, and commented on important aspects of the websites
evaluated. The four sites were evaluated by 17 participants, and three par-
ticipants evaluated two sites each. Due to equipment failure, data of two
participants were lost and a participant gave up the test. The sites were
evaluated in different cycles for each participant, and the order was reshuffled
at each cycle for avoiding fatigue effects, as shown in Table 11. After the 8
cycles had been attributed to the first 8 participants, another round of 8 cycles
was started.
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Table 11 Cycles of evaluation of websites followed by users for avoid order effect. The sites
are labeled by their first letters: [F] FESC, [P] Previdência Social, [S] São Carlos Agora, and
[U] UOL.

Cycle First website Second website Third website Fourth website
1 F P S U

2 S F P U

3 F S P U

4 U P S F

5 P U F S

6 S F U P

7 P S U F

8 U P F S

4.6.3 Results and discussion
The total recorded video footage of the evaluation sessions lasted more than
15 hours. Each test session lasted 45 min on average, depending on the
number of sites each participant chose to evaluate. The standard deviation
was 15 minutes (SD = 15), since it took some participants approximately 1
hour and 19 minutes to complete the test, while the others spent 28 minutes.
The total time spent refers to only the time of execution of tasks.

The results showed all participants faced difficulties in interacting with
the sites. They were not satisfied with the evaluated websites and failed
to complete the tasks. The problems and difficulties detected were then
discussed. Some of the difficulties identified, as forgetfulness and inattention,
could not be classified as usability problem or accessibility barriers, since
they are subjective and cannot be controllable. Such characteristics are very
common to older adults, since people’s aging affects their cognitive abilities.
Two participants did not show any type of forgetfulness or inattention. The
highest incidence of forgetfulness was related to the activity to be performed
in the task. Participants lost attention browsing the website and asked the
researcher to remind them of what should be done. Another occurrence refers
to the participants’ not remembering they had already completed a task and
beginning to do it again.

The following other 13 usability problems, difficulties and accessibility
barriers were detected:

– Confusing terminology: some terms of the websites were unclear or
confusing for the participants, e.g. “The Institution” in the FESC site,
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Figure 3 Screen capture of “The Institution” term on FESC website.

indicating the different campi of the FESC, as shown in Figure 3. Below
are the transcriptions of some comments about the sites:

“In the FESC website, term institution is very formal. I
cannot understand it represents the different campi of FESC.”
“The information in the FESC site should be easier for us,
since it discourages me to understand it. There are some
words that I do not know, as Institution. It should be units
of FESC or campi of FESC. I think that would be better.”

– Understanding abbreviations: another problem faced by was the use
of abbreviations without definitions. FESC homepage provided a menu
with abbreviations with no meanings, which confused users, who asked
the researcher for help. Below are some of the problems reported:

“The information on the FESC site is difficult to understand.
I did not understand this colored bar of acronyms (referring
to the menu), what does it mean?”
“The FESC site has some abbreviations with no definitions.
I got lost.”

– Small font size: the font size was a problem reported by users during
the tests. Although some sites have already solved it, FESC and Sao
Carlos Agora sites still have texts in a small font. Below are some of the
participants’ comments:

“I think the font size on the FESC site is still small for me.”
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“There are texts in very small font on the São Carlos Agora
site.”

– Information overload, links and advertisements: they were some of
the most frequent problems on the evaluated sites, since they provided
plenty of information, links and advertisements on the screen, which
caused an overload of information for the older adults (see Figures 4–6.
Another problem reported was the need for a better organization of the
content of the websites for facilitating reading and making them more
intuitive. In particular, FESC and Social Security sites have older adults
as their target audience.

– Important information not centralized: the important information
was not provided in the center of the page and the older adults did not
observe the lateral spaces of the pages. Therefore, the information not
concentrated in the center of the page was not perceived.

– Problems of contrast between text and background colors: the older
adults reported the contrast used by one of the sites was bad for them.
The colors were not attractive and confused users during browsing and
information-search. Below are some comments of the participants:

“The colors of Previdencia and FESC sites are good, but São
Carlos Now and UOL have bad colors.”

Figure 4 Screen capture of the facebook link jumping on the homepage of FESC website.
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Figure 5 Screen capture of Sao Carlos Agora homepage.

Figure 6 Screen capture of UOL homepage.

“The colors of São Carlos Agora site are very strong and
hamper the reading.”

– Presentation of links very near each other and with activation prob-
lems: the participants reported difficulty understanding what were links
on the site were. Some older adults understood they were only texts and
could not be clicked on. Another problem was the proximity of the links
on the UOL site:

“I have a lot of difficulty with the Internet. This link “Leia
Mais” (read more) on the FESC site, I do not understand
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that I have to click on it (it seems that it is just part of the
text).”
“There is a lot of information very near on these sites. Better
organization must be done.”

– Lack of contextualized help: the sites evaluated did not offer contextu-
alized help, which caused problems for older adults to search or perform
specific tasks.

– Difficulties in returning to the homepage: the way to return to the
homepage was frequently by clicking on the logo of the site or on the
“Go back” button of the browser. Participants were lost, since they did
not know how to return to the homepage, and asked the researcher for
help.

– Lack of a site map feature: only FESC and Previdência Social websites
provided a site map. São Carlos Agora had this feature only in the footer,
which was not clear to the participants. Some older adults searched for
the resource and did not find it.

– Locating the requested information: participants faced many difficul-
ties in completing some tasks that required locating abilities, e.g. Tasks
1 and 2 of FESC site, 1 and 3 of Previdência Social, 1 and 3 of São
Carlos Agora and 1 and 3 of UOL, as can be verified by the following
comments:

“The videos of Previdência Social site had no subtitles; it
was difficult to find their names.”
“It is not very easy to find the schedule of the courses FESC
offers. I prefer to make a call to FESC and ask the secretary.”

– Lack of feedback about links and menu options: links are very near
each other and have the activation problems previously addressed. Link
“Leia Mais” (Read More) on FESC site does not change its appearance
when the mouse is placed over it; only the cursor symbol changes and it
is not intuitive to participants.

– Main information available after the use of scrollbars: sites provided
extensive content in the vertical format, which requires the use of
scrollbars. FESC and São Carlos Agora sites had this problem, which
hampered the participants’ navigation.

Such 13 main problems composed the report to be taken into account in
the development of the checklist proposed.
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5 Development of Sene-check Checklist

Sene-check checklist was based on the analyses of the results of the three
evaluations and literature review (Figure 1), described in the next subsections.

5.1 First Version of Sene-check

Sene-check was elaborated to support developers and experts in their evalua-
tions of web accessibility and usability for older users. It is an instrument to
be applied objectively by experts, since it enables a more accurate and even-
handed diagnosis of likely problems on websites, contains a minimum set of
directly applicable recommendations, and supports a quick and inexpensive
evaluation [49]. It was called Sene-check, since “sene” refers to the root of
the Latin word senescentia, which means aging, and “check” refers to the
well-known English term “inspection”.

The first version of Sene-check was composed of a set of questions
defined from the following results of our evaluations:

– Technical report of a conformance review;
– Technical report of automated tests; and
– Report of actual problems faced by users.

At first, it was developed from the users’ testing results, followed by
the automated tests results and conformance review, and according to the
main accessibility and usability references. Ten usability heuristics pro-
posed by [34] supported the usability evaluation. WCAG 2.0 success criteria
[52], the success criteria for older adults proposed by [1, 2], and the NIA
recommendations [32] supported the accessibility evaluation.

Sene-check questions were called checkpoints and organized into five of
the seven difficulties identified by [1, 2]. Such difficulties were characterized
as the main problems reported by Brazilian older adults when interacting
with the Web. We disregarded two difficulties specifically related to shopping
sites [1, 2] that did not apply to the general perspective of the require-
ments aimed at. Therefore, the checkpoints were organized according to the
following five difficulties [1, 2]:

1. Difficulty in reading and text comprehension (“L”): readability is still
a problem faced by older adults in most web applications regardless of
their visual quality, and can occur with available texts, system messages
and menu options. Users prefer to read the content without much effort.
Texts in small or blurred fonts are a recurring problem;
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2. Difficulty in recognizing and accessing links (“RL”): users face dif-
ficulties in distinguishing a common text from a link. Such a problem
is more specific to novice users, who cannot notice the difference in the
format of the mouse cursor when scanning the link area. In other words,
the mouse cursor in the shape of a little hand is an insignificant symbol.
Another important feature is the forgetfulness or distraction of the users
about links they have already visited;

3. Difficulty in navigating (“N”): the most efficient websites meet users’
expectations and take them to the right places. Once users cannot achieve
their goals using navigation elements from the website, they usually
believe the information is not there and change to another website. The
creation of a solid and proper navigational structure provides higher
reliability for users to navigate on the website, since they realize the ease
of returning to the previously visited page, without barriers that hamper
navigation;

4. Difficulty in performing specific tasks (“RT”): such difficulties are
faced when users are unable to perform tasks that would make their daily
lives easier in web interaction;

5. Difficulty in searching for and locating information (“B”): the dis-
play of a search engine on a website facilities access to the content
and helps users know what they really want. One of the main problems
reported by older adult is the location of the desired information among
excessive information and links, which are usually presented as search
results in a list or menu format.

Each Sene-check checkpoint was classified as one of the five difficulties,
and is structured as follows (Table 12):

– Difficulty: indicates the difficulty to which the checkpoint belongs;
– Checkpoint identified by the acronym of difficulty: describes what

should be checked in the web application. If the answers are affir-
mative, the web application complies; otherwise, it disagrees with the
checkpoint;

– Example: shows a detailed contextualization to assist the comprehen-
sion of the checkpoint;

– Motivation: describes the reason and relevance of complying with the
checkpoint;

– References: are show a set of references that justify and found the
checkpoint;
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Table 12 Example of a structure of a checkpoint in checklist
Difficulty and checkpoint

Difficulty in reading and understanding texts (“L”)

L2 – Is the font size used in the Web application suitable for reading and understanding the
textual content?

Level AA

Example: The font size of the textual content should have at least 16 pixels.

Motivation: To assist older adults of low vision and those who have lost some of the vision
capabilities due to the aging process.

References:
(a) Success criteria 1.4.4, WCAG 2.0. World Wide Web Consortium, 2008.

Available at: www.w3.org/TR/WCAG20

(b) Making Your Website Senior Friendly. National Institute on Aging, 2016.

Available at: https://www.nia.nih.gov

Answer: ( ) Yes ( ) Partially ( ) No ( ) Not applicable

Observations:

– Answer: indicates the evaluator can choose among options: “Yes”,
“Partially”, “No” or “Not applicable”;

– Observations: indicates additional space for annotations by evaluator.

Sene-check version 1.0 is composed of 51 checkpoints (a summary
of their numbers is shown in Table 13). Based on WCAG 2.0 [52], the
Senecheck 1.0 checkpoints were organized into three conformance levels,
namely A (lowest), AA, and AAA (highest). The adequacy to the checkpoints
will promote better accessibility and usability of the web content for the
older profile. Their verification and validation procedures are described in
the following section.

5.2 Validation of the First Version

Sene-check 1.0 was validated by experts in web accessibility and usability
who investigated the comprehension, understanding and relevance of each
checkpoint.

www.w3.org/TR/WCAG20
https://www.nia.nih.gov
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Table 13 Summary of Sene-check version 1.0
Difficulties of Sene-check Number of Checkpoints
Difficulty in reading and understanding texts (“L”) 15

Difficulty in recognizing and accessing links (“RL”) 2

Difficulty in navigating (“N”) 17

Difficulty in performing specific tasks (“RT”) 11

Difficulty in searching for and locating information (“B”) 6

Total of checkpoints 51

5.2.1 Materials
The validation was based on an online questionnaire that included one
question for each checkpoint of each of the 5 difficulties (R, RL, N, RT
and B). The questionnaire was comprised of 51 questions that asked the
experts to rate the checkpoint regarding easy understanding, supply of clear
examples and relevance. The options were provided on a Likert scale from 1
(I totally disagree) to 5 (I totally agree). An additional 1 open-ended ques-
tion at the end of each difficulty asked the participant to comment on the
checkpoint and another open-ended question at the end of the questionnaire
asked the participant to submit more general comments, suggestions and
criticisms.

5.2.2 Participants
Eight experts (3 women and 5 men) participated in this study. The selection
took into account their academic formation, web accessibility and usability
experience, and web development experience. Three master’s students and
four Ph.D students from ICMC/USP and one professor, all specialists in web
accessibility and usability over 5-years experience in the area were selected.

5.2.3 Procedure
After the publication of our questionnaire on the Web, an invitation email
with a link to Sene-check (and attached file) was sent to the participants.
Each participant validated it responding to the questionnaire and providing
comments about it. The questionnaire was available to be filled in from
August 28 to September 1, 2016.

5.2.4 Results
Six experts answered the whole questionnaire and two others reviewed
each checkpoint. They provided comments and suggestions for reviews. All
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answers and comments were analyzed through measurements of the mean
tendency. The average response value was selected as the result for the
corresponding checkpoint. The comprehension, understanding and relevance
of each checkpoint were checked.

The participants’ qualitative responses were also examined, and a set of
modifications was suggested by the experts, who identified comprehension
problems and ambiguities, and recommended joining similar checkpoints
and adding new ones. The participants provided relevant comments, which
were analyzed towards improving Sene-check. Below are some interesting
comments made by the experts during the validation:

“The example in RT6 could be better described for avoiding
confusion with RT8.”

“Checkpoint RL1 does not provide examples of errors to be men-
tioned in the description of the question. How confusing to users
could this be?”

5.3 Sene-check Version 1.1

Each checkpoint of Sene-check 1.0 was reviewed from the validation data
and the understanding and writing problems were tackled. Checkpoints of
similar content were grouped. Those to be allocated in another difficulty level,
as suggested by the participants, were rearranged and the ones reported as
irrelevant were excluded. An expert suggested the inclusion of checkpoint
R14, which was appropriately addressed according to the structure previously
defined (illustrated in Table 12).

All WCAG 2.0 success criteria of conformance level A were covered in
Sene-check to address the minimum level of compliance. Therefore, a web
application accomplishes the minimum level of conformance with WCAG
2.0 if all Sene-check checkpoints are complied. In other words, it should
be the minimum necessary for a user to be able to interact and reach
his/her objectives during the interaction. In contrast to Sene-check 1.0, and
since the new version includes the more basic criteria of WCAG 2.0, the
checkpoints are not it does not have the organized in those three levels of
compliance.

The modifications in Sene-check 1.0 are shown in Table 14: number
of rewritten, excluded and added checkpoints in the new version. A new
version, i.e. Sene-check 1.1 containing 52 checkpoints distributed in the
5 difficulties (Table 15) was developed and included another checkpoint,
although some checkpoints were rearranged among difficulties, others were



96 S. S. Rodrigues and R. P. de Mattos Fortes

Table 14 Number of Sene-check 1.0 changes
Number of Checkpoints Modifications
13 Ls were rewritten

2 RLs

15 Ns

8 RTs

3 Bs

2 Ls were excluded
2 Ns

2 Bs

1 L were added

1 RL

1 Ns

3 RTs

Table 15 Summary of Sene-check version 1.1
Difficulties of Sene-check Number of Checkpoints
Difficulty in reading and understanding texts (“L”) 14

Difficulty in recognizing and access links (“RL”) 3

Difficulty in navigation (“N”) 17

Difficulty in performing specific tasks (“RT”) 14

Difficulty in searching for and locating information (“B”) 4

Total of checkpoints 52

joined for avoiding ambiguities, and one was added according to an expert’s
suggestion. Checkpoints were also included towards satisfying all level A
WCAG 2.0 success criteria.

Finally, the experts identified a significant number of problems in Sene-
check 1.0 and evidenced the need for regular improvements and adaptations.
The changes resulted in Sene-check 1.1 to be subjected to a new evaluation
cycle for guaranteeing improvements according to technological advances
and society demands. The new version (1.1) is available for researchers
and interested people, and addresses the expectation to serve as a fair
and objective instrument for websites evaluation, regarding Brazilian older
users.
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6 Discussion and Conclusions

A number of studies has investigated the main barriers and difficulties
faced by older adults when interacting with the Web, however, much more
work must be done due to the rapid evolution of web technologies. Many
approaches (methods, recommendations, guidelines, etc.) have been devel-
oped for evaluations of web content for older adults [1, 2, 16, 29, 32, 48].
However, there is a lack of significant evolution in accessibility evaluation
methods [6] and a growing need for more studies on issues of accessibility
for older users [14, 15]. Older adults are a heterogeneous group of users who
generally do not have a specific limitation, but a set of limitations caused by
the aging process. Failures in complying with the web accessibility guidelines
and lack of knowledge by developers on the difficulties encountered by older
people when interacting with the web are a bottleneck for the development of
web applications more accessible to the elderly.

We have followed a set of scientific procedures to find out the main
perspectives a checklist support should address in a broad view of the works
and approaches designed from the evolution of technological and human
behaviors. We argue each procedure should be reviewed towards attending
the technological advances and keeping our checklist version evolving.

This research is a starting point for the design of checklists for a specific
user profile, and the following activities have been developed:

(a) investigation into websites most frequently accessed by Brazilian older
adults;

(b) three evaluations of a sample of websites conducted by three different
methods, namely: automated tests, conformance review and user testing
for verifying accessibility and usability problems, and

(c) creation of a support for an objective evaluation of web accessibility and
usability related to Brazilian older users.

The results from the first activity (a) indicated a high preference for social
media sites by the elderly in the city of São Carlos, as verified in the inter-
views performed. Such virtual environments promote more interaction and
communication among people, since the elderly usually live the experience
of social isolation.

The first results from activity (b) are limited, since they did not identify
all accessibility problems of the sites. For instance, in the automated tests,
FESC website violated 10 success criteria, where as in the conformance
review, it violated 37 WCAG 2.0 success criteria, which indicates automated
tests always require complementary evaluations. The conformance review
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complemented the automatic tests, however, it requires more time and shows
mainly technical problems. Finally, user testing complemented the two other
methods and detected the actual problems faced by users when interacting
with the Web.

The results of the three evaluations showed the sites were not accessible
and did not take into account the difficulties of older adults. Even sites such
as FESC and Previdência Social, whose target audience is those users, have
many barriers that hamper the access by the Brazilian elder users. The users’
demographics size reaches huge proportions, which requires an adaptation of
the web content, so that this profile can be taken into account. Therefore, a
more appropriate use must be provided for the older adults for avoiding their
frustrations.

During activity (c), we have created an aid in the form of a checklist
(Sene-check) for an objective evaluation of web accessibility and usability
for Brazilian older adults. We have reviewed each checkpoint of Sene-check
to attend the experts’ advice and improvements. The changes on Sene-
check 1.0 resulted in a new version, Sene-check 1.1, that must undergo new
cycles of evaluation and studies for guaranteeing improvements according to
continuous technological advances and society demands.

Even with this validation that culminated in the new version of Sene-
check, we recognize that it has been a limited validation, and it is still
necessary to perform a more controlled and complete validation to the check-
list. To conduct this evaluation, we intend to make the checklist available and
disseminate it to developers for collect feedback and to know the acceptance
of such aid. We pursuit to obtain the impression from the developers about
how much the Sene-check could speed up the comprehension of the acces-
sibility and usability problems faced by the older adults, as well as how the
convincement of the web accessibility techniques is under evaluators view. In
the next future, we intend to overcome the initial limits of our validation.
We plan to conduct experiments, with different experts and developers,
having various levels of knowledge about accessibility barriers for older adult
interactions. The experimental scenario aims to observe the efforts that Sene-
check requires from evaluators, as well as the weaknesses Sene-check 1.1
presents, in comparison with other user’s tests.

Studies on the interaction by older users must be conducted; it is a
relevant topic in the area of HCI, which aims to contribute with research
and develop a diversity of approaches and technologies that minimize the
characteristic problems and losses caused by aging. As increasing use of
the Web has accompanied the population aging, therefore, developers must
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use approaches that help them create more accessible sites to older users.
This study aims at contributing to future research projects in this trend, e.g.,
enhancement of our validity procedures to be adapted to younger users or
even children.

Sene-check was conceived to help a rapid and objective diagnosis of
accessibility and usability problems of a site as a whole. It can be easily
adapted to check only specific elements of an interface, as videos of a web
page. Similar research can also be developed in other contexts, as different
platforms from the Web for older adults. The use of mobile devices, as
smartphones and tablets, has increased and become more popular and acces-
sible to the general population. Therefore, future investigations should apply
similar stages of our research, regarding evaluation of websites, but verifying
if they can help the evaluation of products in other platforms towards a better
diagnosis of their accessibility and usability and an objective dissemination
of its knowledge.

Appendix

We described here the results of conformance review by experts, using HEUA
and the sample of the websites. Table 16 shows the relation between violated
requirements on each site and success criteria to which they report.

Table 16 List of requirements violated in HEUA
Requirements Previdência São Carlos Correspondenting WCAG
Violated in HEUA FESC Social Agora UOL 2.0 Success Criteria
1.1 x x x x 2.4.8

1.3 x x 3.1.1

1.5 x x x x

1.6 x x x x 1.2.3; 1.2.5; 1.2.7

1.7 x x x x 1.2.8

1.8 x x x 1.2.9

2.1 x x 3.1.3

2.2 x x x 2.4.4; 2.4.9

2.3 x 3.1.4

2.4 x x x 2.4.6
(Continued)
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Table 16 Continued
Requirements Previdência São Carlos Correspondenting WCAG
Violated in HEUA FESC Social Agora UOL 2.0 Success Criteria
2.5 x x

2.6 x x x x 3.1.5

2.7 x x 1.2.6

3.1 x x x

3.3 x x 2.1.2

3.4 x x 2.1.3

3.5 x x x x 2.4.1

3.6 x 1.3.2

3.7 x x 2.4.3

3.8 x x x x 3.1.2

3.10 x 1.4.2

3.12 x x 2.2.2

4.2 x x

4.4 x x 2.4.7

4.7 x x x x 3.1.6

4.8 x 3.2.5

4.9 x 4.1.1

4.10 x x x 1.2.2

4.11 x x 1.2.4

5.1 x x x 3.3.2

5.3 x 3.2.2

5.4 x 3.3.4; 3.3.6

5.5 x x x x

5.6 x x x 1.4.5; 1.4.9

5.8 x x x
(Continued)
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Table 16 Continued
Requirements Previdência São Carlos Correspondenting WCAG
Violated in HEUA FESC Social Agora UOL 2.0 Success Criteria
5.10 x x

5.11 x

5.12 x

5.13 x x x x

5.15 x x x

6.4 x x x

6.5 x x x 3.3.5

7.3 x x x 1.1.1

7.4 x x 1.4.3

7.6 x x 1.4.4

7.7 x x 4.1.2

7.8 x x x 1.3.1

7.11 x x x

7.13 x x x x 2.2.1

7.14 x x x 1.2.1

8.2 x x

9.1 x x

9.2 x x 3.3.1

9.3 x x 3.3.3

10.3 x x
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Lindgaard, Janet Wesson, and Marco Winckler, editors, Human-
Computer Interaction – INTERACT 2013, volume 8117 of Lecture Notes
in Computer Science, pages 331–338. Springer Berlin Heidelberg, USA,
2013.

[14] Sara J. Czaja. Computer technology and the older adult. Handbook of
Human-computer Interaction, pages 791–824, 1997.

[15] Silvana Maria Affonso de Lara, Renata Pontin de Mattos Fortes, Cibele
Maria Russo, and Andre Pimenta Freire. A study on the acceptance
of website interaction aids by older adults. Universal Access in the
Information Society, 15(3):445–460, 2016.
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