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Abstract

This research discusses the accessibility of emotional perception assessment methods on digital interfaces. Thus, this
research seeks to include participants with visual impairments in interface evaluation tests. The first step was a
systematic review of literature on human spatial representations. The results suggest that the sense of touch and
hearing can be regarded as the two main ways that people with visual impairment use to create spatial
representations. The spatial representation is important for navigation, for the representation of forms in the nature
and in the learning process. Following the systematic review, this article reports the selection, by the audience of
interest, the onomatopoeias perceived as equivalent to emotion cards. The result of the evaluation was the creation
of an onomatopoeic prototype.
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Resumo

Essa pesquisa discute a percepcao da acessibilidade em métodos de avaliacdes de interfaces digitais. Ela visa
incluir participantes com deficiéncia visual em avaliacGes de interfaces. Iniciou com uma revisao sistematica de
literatura sobre representacdes espaciais humanas. Os resultados sugeriram que o tato e a audi¢édo podem ser 0s
principais sentidos usados para a criagdo da representacdo especial em pessoas com deficiéncia visual. As
representacdes sdo importantes para a navegacgao, para a representacdo das formas da natureza e no processo de
aprendizagem. Seguindo a revisdo sistematica, e considerando o sentido da audicéo, esse artigo relata a escolha de
onomatopeias percebidas como equivalente aos cartbes com emocdes pelo publico de interesse. O resultado dessa

avaliacéo foi a criagdo de um prot6tipo onomtopeico.

1 Introduction

For its capacity of adaptability and possibility to
transmit content in the form of hypermedia,
Internet widens access to this information. That is
why teachers and researchers develop Learning
Management Systems - LMS, in order to offer
learning opportunities to as many people as
possible including people with some type of
disability. As an example of the adaptability of the
Internet it is possible to upload videos with
contents in LIBRAS (Brazilian Portuguese sign
language) or sign language and text, which can be
used by people with hearing impairments. In the
case of people with visual impairment, screen
readers, audio description and reading texts can be
used to navigate and apprehend the content.

All this content is mediated with humans through
interfaces, which are often based on metaphors.
However, such metaphors may not be quite
recognizable and thus present barriers to
understanding and navigation. For those people
with disabilities, metaphors may not make sense at
all as they do not have the same references (visual,
spatial, structural, etc.) as those with normal
vision. Therefore, investigating these barriers is
important to build interfaces with high satisfaction
among people with disabilities.

These investigations might be carried out using
four paradigms of assessment of human computer
interaction: computerized procedures, inspection

by experts, heuristic evaluations and usability tests
[1]. Computerized procedures are automatic
processes that read the environment in search of
accessibility errors and are based on international
standards and recommendation as the WCAG 1.0
[2] and 2.0 [3]. Use of screen readers, applications
that read the page aloud might also be used for
searching for errors.

Experts are used in two paradigms, inspection and
heuristic evaluations. Expert inspection is made by
an expert in the area who navigates the
environment searching for errors. Also used by
specialists, the heuristics are recommendations lists
created from best practices or based on research
with experts. As an example, one can mention the
ten golden rules of Nielsen [4], [5] or the eight
recommendations of Bastien & Scapin [6] to
evaluate the environment.

Usability tests are the only ones of these four
paradigms that evaluate the HCI with the real user.
Usability test collect data about efficiency,
effectiveness and sometimes satisfaction. But
efficiency and effectiveness are numerical data,
like time, quantity of errors, etc., which not reflect
user perceptions. Therefore, some of the content is
lost, not presenting a broad spectrum of evaluation.

Concomitant to these measures, a satisfaction
questionnaire is often applied after the usability
tests. The evaluation of the results of the
questionnaire usually depends on the evaluator and
can present detours caused by the subjectivity of
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the analysis. Therefore, these usability tests might
present limitations because the feelings have to be
translated into language.

To overcome these limitations, many researchers
are investigating different forms to better
understand and measure the aspirations, needs and
desires of the users. Many researchers (ANCKER,
CHAN and KUKAFKA, 2012; KATSIONIS,
VIRVOU, 2005; AGARWAL, MEYER, 2009;
TZVETANOVA, TANG and JUSTICE, 2007; and
SAUER, SONDEREGGER, 2008) [7], [8]. [9],
[10], [11] point out the limitations of these
methods that do not consider user’s emotions, but
are based mainly on scenarios where group
discussions are reviewed informally.

Some of these researchers have demonstrated that
emotion has a significant impact on interaction.
Agarwal and Meyer (2009) claim that humans are
more efficient and creative in solving problems
when they are happy. Sauer and Sonderegger
(2008) add that the concepts of joy, pleasure, fun
and satisfaction about a task should be considered
when evaluating interactions. Tzvetanova, Tang
and Justice (2007) state that positive emotions
affect memory, motivation and a sense of
commitment to what you do.

In order to capture which emotion is perceived by
the users when interacting with the system, it was
developed a tool named Emocard (DESMET,
2003), the figure 1.
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pleasantness

Figure 1 — Emocard
Font: Desmet, 2003

This tool has been tested with non-disabled people
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and people with hearing and visual disabilities
(BERG et al, 2012; BERG, 2013) demonstrating
success both in use by research subjects, as in the
evaluation of the virtual accessible learning
environment WebGD.

However, this method, as well as similar ones that
use images, offers a natural barrier for people with
visual impairment. This model prevents its use by
blind people and curtails the possibility for them to
evaluate the environments or products which they
use. In order to understand how these people could
express an opinion on environments and products,
a systematic literature review (BERG, FLORES,
ULBRICHT e FADEL, 2016) which sought the
main ways that people with visual impairment use
to build spatial representations was made.

People with visual impairment, according to the
review, build spatial representations mainly using
touch and also sounds and descriptions of objects.
Haptic sensations have also been cited as a way of
building spatial representations.

In the case of the blind, touch is the most used
sense because by touching objects they can locate
themselves in space and using Braille writing helps
them to compose a repertoire of pictures and
mental maps. Hearing also composes a large
channel for creation of spatial representations
because blind people can hear the narratives and
explanations of other people, as well as allowing
them to use screen readers in computers.

In addition, some researchers (RODER, B. e
ROSLER, 2003) show evidence of a cross-modal
plasticity in blind subjects, in which the occipital
areas are recruited by non-visual stimuli, which
may be organised in modular form. Due to loss of
a sensory system, performance of this ability
changes the functions of long-term memory,
demonstrating a high adaptive capacity for the
human cognitive system. Studies on brain imaging
showed activation patterns in blind people, which
compared with sighted individuals suggest
reorganization in multisensory areas and brain
regions, initially associated with the process of
vision, and can help to improve the skills of the
blind (RODER, B. e ROSLER, 2003). Roder and
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Rdsler (2003) state that studies gave evidence
about compensatory abilities of memory for
auditory stimuli, which are activated soon after the
loss of vision. Thus, this paper seeks the
equivalence of onomatopoeia compared to images
in emotion perception tests. In this experiment, 34
participants were asked to choose one
onomatopoeia for each group of emotion recorded
with male and female voices.

2 Method

This study is a qualitative research which explores
possibilities of blind people to participate in
emotions perception tests. Thus the experiment
was designed using the DECIDE method proposed
by Preece, Rogers and Sharp (2002) for planning
evaluations with users of products, systems or
interfaces.

As part of the methodology, a statistical method
was used without a control group for an evaluation
of attitudes, after exposing the subject to
experiment (MATTAR, 1999).

The onomatopoeias were based on the Emocard’s
emotions (DESMET, 2003) and were evaluated by

the research subjects. Results are presented by the
use of tables and images, followed by the analysis.

3. DECIDE FRAMEWORK

The DECIDE framework allows to detect interface
problems prior to launch and allows a valid
structure for future versions (TOGNAZZINI ,
1992). DECIDE (PREECE, ROGERS and SHARP,
2002) is an acronym for:

Determine the goals

Explore the questions

Choose the evaluation paradigm and techniques
Identify the practical issues

Decide how to deal with the ethical issues

Evaluate, interpret, and present the data
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3.1. Determine the goals

There are various techniques and methods used in
usability tests which use emotion (All About UX -
http://www.allaboutux.org/). However, they are
mainly visual, which prevents its use by blind or
visually impaired people. Based on this
consideration, the goal to be achieved is to check if
the illustrations of emotions contained in these
methods can have their equivalence with other
non-visual tools.

3.2. Explore the questions

According to the literature review, blind or visually
impaired people formed space representations,
primarily using touch and then sounds and
descriptions of objects. Haptic sensations have also
been cited as a way of building the spatial
representations. Based on this knowledge about
ways to construct the spatial representations, the
authors conjectured on the possibility of using
onomatopoeia instead of emotion cards. Therefore,
the question of research focuses on finding the best
onomatopoeia equivalent to Emocard’s emotions.

3.3. Choose the evaluation paradigm and
techniques

Desmet (2003) developed a self-report tool that
uses images of emotions to evaluate products and
environments. The Emocard tool shows eight
images with expressions of human emotions in a
cardboard within the parameters of excitement and
enchantment.

The technique chosen to evaluate the environment
commonly uses two steps. On the first one, the
user was asked to look freely at the Emocard. After
this initial period of experimentation, the
researchers asked the users to use an onomatopoeia
according to the emotion in the Emocard.

Thirty-four graduate students without disabilities
participated in the experiment to suggest one or
more onomatopoeias for each emotion. The
suggestions were grouped by similarity, as shown
in Figure 2.
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Figure 2 - Grouping of onomatopoeias
Font: Berg, Fadel and Ulbricht, 2014

After the grouping was concluded, it was necessary
to record in a studio using male and female voices

to verify if the blind could establish the
equivalence between the onomatopoeia and
emotions.

3. 4. Identify the practical issues

Practical issues to be addressed are related to
selection of subjects, process and scheduling.

3.4.1. Selection of subjects

For selection of the subject, an intentional non-

probability sample was presented. The subject has

balanced characteristics between genders in order
to enable comparisons and offer reliable results.
The size of the sample followed the
recommendations of various authors, which

consider costs, to avoid the repetition of the results

(NIELSEN and LORANGER, 2007), so as short
implementation time line (MATTAR, 1999).

Therefore, for this experiment 12 blind subjects
were invited. To enable a broad representation of
the subjects, they were chosen among three age
groups of the Brazilian population, from 18 to 75
years. The first group is 18 to 30 years old; the
second is 31 to 52 years and 53 years or more.

These users were found in two NGOs, the

Association for the Integration of the Blind of
Santa Catarina, in Floriandpolis, and the
Association for the Integration of the Visually
Impaired People in Joinville, both in the State of
Santa Catarina, Brazil. Table 1 presents the subject
according to organization, gender and age group.

Age
Organization Gender
16-31 31-52 53 or +

Female 1 1 1
ACIC

Male 1 1 1

Female 1 1 1
AJIDEVI

Male 1 1 1
TOTAL 12

Table 1 — Subject characteristics
Font: from the authors, 2016

3.4.2. Procedure
The procedure for data collecting was as follows:

b) Presentation of the researcher and main
topics of the research

C) Information about ethical issues
d) A familiarization period was given to the
subject to have an idea about the eight

onomatopoeias

e) The research question was presented
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f) One of the 8 emotions is randomly chosen
Q) For the emotion chosen:
1. The researcher plays the record of all the

onomatopoeias about that emotion

2. The subject may ask to repeat any
onomatopoeia

h) The subject is asked about what
onomatopoeia represents that emotion.

i) The researcher writes down the result

)i Steps 5 to 7 are conducted sequentially for
all the emotions

K) The researcher concludes the issue
thanking everybody.

3.3.4. Scheduling

The interviews were scheduled according to the
possibilities of the organizations, at their place to
avoid the need to adapt the atmosphere for the
users. Interviews take place in four occasions: two
mornings in Floriandpolis and two mornings in
Joinville.

3.5. Decide how to deal with the ethical issues

All the information provided by the subjects is kept
confidential and are not disclosed in order to
preserve the identity of all those involved. Personal
data such as name, numbers of documents or
signatures were not requirements. The survey did
not involve questions of bioethics. It was short
lived and in places chosen by the subjects, either at
home, at work or in other place of convenience,
following a scheduled timetable.

The research was approved by the Ethics Council
of the State of Santa Catarina (Conselho de Etica
do Estado de Santa Catarina), Brazil, under the
number 39499114.2.0000.0115, on 06/05/2015.
3.6. Evaluate, interpret, and present the data

The survey was done in May 2015 in Santa
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Catarina, Brazil, at ACIC in Florian6polis and
AJIDEVI in Joinville. The mentioned survey was
applied following the methodology described, with
people with visual disability, predominantly with
congenital blindness or developed before the age
of five, also divided into gender, and divided into
three age groups from 18-75 year old.

The experiment focused on the identification of
onomatopoeias which best fitted the selected
emotion. The researcher began playing all
onomatopoeias of the chosen emotion and repeated
them all, or one by one when asked. Then the
participant chose one of the onomatopoeia that
he/she found more suitable for the specific
emotion.

In the first section of the research some
onomatopoeias did not reach a consensus, then, the
onomatopoeias less mentioned were re tested with
new subjects until one onomatopoeia reached the
consensus. At the total, it was asked 20 blind
people until the consensus is reached.

The research tab by gender, age of the users and
the emotion named. Each column represents one of
the emotions labelled 0 to 7, where 0 is Affliction,
1 is Discontent, 2 is Depression, 3 is Sleepiness, 4
is Awakening, 5 is Relaxation, 6 is Pleasure and 7
is Excitement. Table 2 shows the citations of the
female users.
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NGO AGE @ 1 2 3 4 5 6 7
ACIC
1830 5 7 6 1 6 5 6 7
3152 3 3 3 1 6 4 6 4
530r+ 1 3 6 0 1 1 2 4
530r+ 2 4 2 1 1 5 6 5
AJIDEV
1830 1 3 2 1 6 4 6 3
3152 5 3 3 1 4 4 6 4
530r+ 7 7 1 1 7 1 7 4
18-30 1 2 3 5
31-52 3 5
530r+ 1 3 6 6
Most cited 1 3 3 1 6 5 6 4

Table 2 — Citations per Onomatopoeias by Female Users
Font: from the authors, 2016

Table 3 shows the citations of the male users.

s £S5 825 o %
£ 835 E£: €5 ¢
MALE 2 5 &8 2 £ £ 2 g
E g2 g8 <S5 z2 ¢
<A A v g & o
NGO AGE @ 1 2 3 4 5 6 17
ACIC
18-:30 1 1 2 1 1 1 1 1
31-52 7 6 4 3 6 1 7 7
530or+ 3 6 1 5 5 1 7 2
18-30 2 6 1 3 1 5 3 0
AJIDEV
18-:30 2 7 0O 3 1 5 2 6
31-52 2
53or+ 3 6 4 3 4 1 1 2
18-30 2 2 1 1 2
31-52 2 4 7
53o0r+ 3 4 2 7 2
Most cited 2 6 4 3 1 1 7 2

Table 3 — Citations per Onomatopoeias by Male Users
Font: from the authors, 2016

As the tables shown, it was possible to identify one
onomatopoeia for each one emotion of the
Emocard. This definition will lead to the creation
of a prototype of a self-report tool that uses
onomatopoeia to evaluate digital interfaces.

4. ANALYSIS OF THE RESULTS
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This section presents the analysis of the results of
the onomatopoeia survey. The analysis of
onomatopoeias collected was divided by gender
because the onomatopoeia and its perception are
different for men and women. The results were
grouped in two categories:

1st consensus: when four or more people choose
the same onomatopoeia;

2nd consensus: when less than four people choose
the onomatopoeia.

When no one chooses onomatopoeia, it is
discarded.

The onomatopoeias with one, two or three citations
were asked again involving new users, until a
consensus was achieved.

Analysing women's results, discontent, sleepiness,
pleasure and excitement reached a consensus at the
first session. Depression and relaxation reached
consensus only in the last session. The others,
affliction and awakening reached consensus during
intermediate sessions.

On the other hand, male survey results reached a
consensus at the first session about discontent,
sleepiness and relaxation. Depression only reached
consensus in the last session. The others, affliction,
awakening, relaxation and excitement reached
consensus during intermediate sessions.

Based on this analysis, regarding the
onomatopoeias expressing discontent and
sleepiness, both genders showed consensus in the
first session, thus being considered easily
identified onomatopoeias. On the other hand, both
genders only reached consensus regarding
depression during the last session.

Regardless of the initial result and amount of
sessions required, it was possible to identify the
onomatopoeia of all Emocard 's emotion
expressions. Selected emotions were saved in a
repository and afterwards assembled in an audio
recording studio, creating an onomatopoeic
prototype.
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The both prototypes are available at
https://www.youtube.com/watch?v=PGd1Yy0257Zk
(female) and
https://www.youtube.com/watch?v=al_aUMDJ-TI
(male) and are free for use.

S. FINAL CONSIDERATIONS

The research described in this paper aims to
identify onomatopoeia that may be similar to
human emotions. Our planning used the structure
DECIDE (PREECE, ROGERS and SHARP, 2002)
and defined the issues about a qualitative research.
It was based on Emocard (DESMET, 2003) a self-
report tool that uses a card with eight human
emotions illustrations.

The process began by asking graduate students to
write onomatopoeia according to Emocard's. The
homophones onomatopoeia were grouped together
and sent to an audio recording studio. Recorded
onomatopoeia were tested by 20 research subjects,
all blind, between 18 and 75 years of age, of both
genders.

Each analysed subject listened to the onomatopoeia
of every emotion, and then informed the
onomatopoeia which best matched the emotion in
question. Data were recorded and tabulated,
allowing their analysis. All onomatopoeia emotions
reached consensus.

According to the analysis, for both genders,
discontent and sleepiness were cited reaching
consensus at the first session; depression only
reached consensus in the last session. The others
needed two or three sessions to reach consensus.

Thus the survey defined two issues. The first made
it possible to choose an onomatopoeia for each
Emocard illustration, which were stored in a
repository and forwarded for final editing in an
audio studio. Second, the main research question,
i.e. if onomatopoeia may be similar to emotions,
the answer at the moment is affirmative. It is
possible that onomatopoeia may represent human
emotions. The research has done a quantitative
research with a transcultural validation of
onomatopoeia used in the created prototype.
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There’s still no quantitative results, but the subjects
qualify the prototype positively.
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