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Abstract. In general, pre-linguistic deaf bilingual users have difficulty understanding the textual information available
in web pages. Therefore, this paper focuses on the use of dialogs mediating the interaction of pre-linguistic deaf in a
bilingual organizational context, identify possible breakdowns in communication between both user interface and web
page system information, as in the use of mediation dialogues. In that context, we evaluated the interaction of users'
activities navigation and data entry in the organizational system, investigating differences in interactive communication
system with and without the use of mediation dialogues through tool Web Navigation Helper (WNH). The survey
results identified that the development of communication strategies that meet the specific language of deaf pre-linguistic
bilingual improves the quality of metacommunication, promoting accessibility during interaction with the system.
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1 Introduction

Usability by itself does not guarantee plain access to all users [1][2]. It is necessary that systems are also
oriented to accessibility [3][4][5]. This paper aim to investigate the accessibility needs of bilingual pre-
linguistic deaf users, who became deaf before learning to speak and do not have auditory memory skills.
Hence, they do not dominate the Portuguese language and may struggle in executing simple tasks in Web,
due to the predominance of textual information [6].

Several research works highlight the linguistic difficulties of this population as like: difficulty in
understanding Portuguese, due to the process of words signification; “Brazilian Signs Language”
(LIBRAS) does not have an own writing system, hence the deaf uses the writing Portuguese during lecture
and writing, as a second language [7][8]. A previous work [9] pointed the Semiotic Engineering’s
Communicability Evaluation Method (CEM) [10] as one of the most efficient methods of accessibility
evaluation to deaf users.

Semiotic Engineering (SemEng)is a semiotic theory of Human-Computer Interaction whereby the
system’s designer communicates with users during the interaction. The systems’ interface transmits the
designer’s vision about who the users are, what they want or need to do, and their preferred way to do it.
This special message is called metacommunication [11]. SemEng allows exploring new interaction ways
to users with limitations. One of these ways happens through the use of mediation dialogs using the “Web
Navigation Helper” (WNH) tool, that provide the user some help messages needed to interact with the
system. The dialog creator should know the end user’s skills, preferences and language and should be able
to adapt the dialogs writing style to the user’s linguistic competences.

WNH is a user agent that executes tasks automatically scripted by CoScripter. The dialogs are related to
scripts steps that are considered critical to the interaction by the dialog creator. They are displayed during
the script execution simultaneously to user navigation [12].
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This piece of exploratory research has been based on a case study with multiple units of analysis, thus
aiming to verify the use of new communication strategies to minimize the barriers faced by bilingual deaf
during web navigation, through the use of mediation dialogs. It was possible to identify the communication
breakdowns between interface and user in two different situations: firstly without the WNH mediation, later
with the use of mediation dialogs.

The observations were done at the Oswaldo Cruz Foundation (Fiocruz), one of the main research
institutions in the health area in Brazil. This foundation has an agreement with the National Federation of
Education and Integration of the Deaf (FENEIS), employing 150 deaf workers [13].

To perform the interaction observations and the data collect, eight volunteers took part. CEM was used
to identify the communicability breakdowns in the interaction with and without WNH. The analysis
compare (1) the users’ interaction in navigation activities and data input in an organizational system,
investigating comprehension of the designer’s communication by the user, by observing the interaction
with the original interface of the organization’s intranet (without WNH), with (2) the communication of
mediation dialogs towards the user (with WNH).

The dialogs were created by a LIBRAS interpreter, giving direct instructions and providing familiar
examples about how to interact with the system and to inform data. The texts were written in Portuguese,
following a simplified way, as an attempt to translate the LIBRAS signs to written Portuguese.

2 Web Accessibility and Deafness

In the web environment, the resources best used as assistive technologies for deaf aim at removing barriers
of access to information available in audio through the use of subtitles or transcript of all audio content into
textual information or Brazilian Sign Language (Libras) [14].

Deaf generally are individuals with compromised verbal comprehension, who have difficulties acquiring
oral language naturally [15].

Since in Brazil, there are approximately 5.7 million citizens with hearing impediment, representing
3.38% of the population [16], it is crucial to recognize the specificities of these users’ interaction with
information systems in order to minimize barriers that may compromise or prevent the use of information
systems.

3 WNH — The Web Navigation Helper

Is a web navigation wizard that facilitates and helps users to perform tasks, especially users with limitations
through previously created dialogs that mediate user interaction with the interface [12]. Implemented as
an extension to Mozilla’s Firefox browser, and the tasks are prior automated by CoScripter, macro recorder
developed by IBM [12]. Dialogs are created from scripts and are used in end-user interaction with the site's
original page [12].

4 Interface Evaluation under the perspective of Semiotic Engineering

In Semiotic Engineering (SemEng) a system interface is seen as a way of communication. The user
understands the message in the process of interacting with the interface. This communication is referred as
metacommunication and its message is the metamessage [11]. The Communicability Evaluation Method
(CEM) is executed sequentially in three steps: tagging, interpretation and creation of the semiotic profile,
starting on previous observations (tests) of the users’ interaction [17-18-19].

The creation of the semiotic profile, the analysis process is completed with a characterization of the
receipt of the metacommunication messages, which consists of the interpretation of the data identified in
the previous step, by trying to reconstruct the metamessage that the designer wished to transmit through the
interface [11 p.126],[18-19]. In order to reconstruct the metamessage, the interpretations done in the tagging
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stage allowed the evaluator to assume the designer’s role and to answer the following questions: “Who are
the users of the systems?”; “What do the users need or have to do?””; “How do they like to do it, and why?”’;
“How can or should they use it?”’; “What’s my vision of design?”. The Construction of the designer’s
metamessage for the user should be done through the standard template [11 p.23].

5 Methodology

This exploratory research has been based on a case study with multiple units of analysis. Two sessions of
observation of interactions were carried out, considering each session as a unit of analysis, which allowed
a comparison between the results. The research was conducted at Fiocruz and had eight pre-linguistic
bilingual deaf participants, requiring two Libras interpreters. To facilitate the identification of the
performance of each interpreter during the different stages of the research, they will be identified as
interpreter_Feneis and interpreter_Fiocruz.

The research comprised three (3) stages: (5.1) Preparation of the test environment; (5.2) observation of
the users’ interaction; (5.3) analysis of results through the Communicability Evaluation Method (CEM)

5.1  Preparation of the test environment

Users participants were selected with the following characteristics: deep pre-linguistic deaf, bilingual
literacy, having Libras as a first language and Portuguese as a second, frequency of computer use of over
three years and level of education from elementary school (in order to make the knowledge of the
Portuguese language homogeneous).

The research involved the participation of eight individuals identified as U-1, U-2, U-3, U-4, U-5, U-6,
U-7, U-8. Five participants had completed high school, only one was in elementary school, another was in
high school, and another was in college.

It was determined that testing would take place at Fiocruz, in a controlled environment, created
specifically for the research. The scenario was developed so that users could carry out the actions
sequentially, allowing the identification of breakdowns in the interpretation of the information system. The
task defined was to open a request to technical support staff informing problems with the mouse. Table 1
shows the shortest path users could take to complete the task.

Table 1. Shortest path to task completion.

Navigation steps

access the Intranet page;

log in with CPF and password;

select the work unit in which the professional is institutionally linked,;

On the left side menu, select option "Support and Systems";

In the submenu, select option "IT Support";

In the new window, click "New Request";

select option "Replace Mouse and/or Keyboard" from option "Type of Request";
In field "Description” type in that something is wrong with the mouse;

Click "Send".

©ooND O WN PR,

Selection of voluntary interpreter for the creation of mediation dialogs. The participant
interpreter_Feneis helped conduct the tests concerning the first unit of analysis of the case study where deaf
participants interacted with the original interface of the system, i.e., without the help of the WNH. The
invitation was due to the fact that her has professional experience, with four years of work dedicated to
social assistance oriented to the deaf, proficiency certified PROLIBRAS.

Creation of Mediation Dialogs by the Volunteer Interpreter. This task was based on five dialogs,
two special, welcome and closing dialogs, and three mediation dialogs. The entire process, including the
reception and interviews lasted 68 minutes.
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5.2  Observation of the users’ interaction

Observations and analysis of the results were performed by two evaluators, beginners in the application of
the CEM. The synergy between experience and expertise of the evaluators, allowed to identify
communication breakdowns. One with experience in accessibility and usability and another with
knowledge of deaf culture and Libras, here identified as interpreter_Fiocruz.

The content of the testing scenario and consent form were translated into Libras for further reading and
signing. The tests took place in the Public Health Library of Fiocruz, in a controlled environment. Two
interviews were conducted: one before the tests which aimed to collect information about users' experiences
in using computers and Internet access, and another after the test, which aimed to clarify doubts that could
influence the tagging stage and elucidate the participant's general impressions on the system. An interview
with deaf consists of four stages: reading, by the interpreter, of questionnaire questions that are in
Portuguese; translation of questions to Libras, also performed by the interpreter; answers of respondents,
in Libras, writing and translation into Portuguese of responses of the deaf, a task performed by the
interpreter.

5.3  Analysis

The Communicability Evaluation Method (CEM) of EngSem was used, and consisted of the following
phases: tagging, interpretation and creation of the semiotic profile. Detailed in the next section.

6  Analysis of Results Through the CEM

This phase aims to present the results of each of the units of analysis of the case study conducted based on
the Communicability Evaluation Method (CEM).

6.1  Analysis of the results of users' interaction without the use of WNH

Tagging. This phase consisted of identifying the breakdowns in the communication of the system's
original interface with the user, chosen from a set of thirteen possible communicability expressions (tags)
proposed by the CEM. Initially, the evaluators analyzed 106 minutes of video of interaction between system
and users along with the notes taken by the researcher. Then they were compared with the responses
provided by participants when questions were conducted online, through the task of updating the
registration data.

Figurel shows the frequency of the tags present in the task as well as the total tags per user. During the
tagging phase, no user behaviors were observed that would lead to the assignment of tags: “What's this?”,
“Where am 1?7, “Looks fine to me.”, “I can do otherwise”, “Thanks, but no, thanks.”, proposed by the
CEM, therefore, these were not presented in Figure 1 .
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Fig. 1. Support request task tagging (Source: data collection)

Interpretation. Tag "I give up." was identified as the most prominent, with seven occurrences. It is
classified in the category of complete failures, pointing out questions concerning the interpretation of
interface language expressions. During navigation, before giving up, a higher incidence was identified for
tag "Where is it?", then tag "Help!", respectively with nineteen and eighteen occurrences, classified as
temporary failures, which together account for 60% of occurrences.

Creation of the semiotic profile. The metamessage of the organizational system is: "In my
interpretation, you are a user employee of Fiocruz who has experience in interacting with computers and is
fluent in Portuguese. | understand that you would like to use the Intranet to solve specific problems like
making requests to the IT technical support team in a practical and fast manner. | also realized that the
designer sought to reach only the listeners group, excluding the deaf who are potential users of the system. ”

Evaluation Results. It's concluded that the deaf - even with experience in using computers - have
difficulty in understanding the linguistic terms present on the interface of organizational systems that
prevent them from performing simple tasks. Only one participant reached the conclusion of the task
correctly.

6.2  Analysis of the results of users' interaction with the use of WNH

Tagging. This stage consisted of identifying the communicability breakdowns focusing on mediation
dialogs, considering only mediation dialogs created, by dividing the same sub-stages performed in the
tagging of stage 6.1. A total of 118 minutes of video of interaction between users and the system were
analyzed as well as notes taken by the researcher, comparing the answers provided by users through
mediation dialogs, with those provided by the users when questions were made by interpreter_Feneis. Some
important observations are emphasize, organized by mediation dialogs, extracted during task analysis. It's
observed that, to present signals in Libras verbatim, by convention, words in Portuguese are used in capital
letters [8].

After reading the welcome dialog, participants U-3 and U-6 requested help from the interpreter
("Help!), not knowing how to proceed with completion, because they didn't know the word "Continue",
as illustrated in Figure 2. After clarification of the meaning of the word, participants continued the task.

Tarefa: Intranet Fiocruz - Chamado suporte e
bem-vindo

programa computador vai ajudar resolver problema. Se demorar precisa esperar aparecer
outra cana branca.

Continuar Cancelar |
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Fig. 2. Welcome dialog of task to request support in WNH (Source: data collection)

User U-1 found the execution of CoScripter slow, noting: "SLOW AS A TURTLE." It was necessary to
explain to the user the reason for the delay, resulting from the execution of six steps of CoScripter.

In the second dialog, illustrated in Figure 3, participant U-6 initially reported that the monitor presented
problems, typing the word "MONITOR". They reread the test scenario, and added the words "PROBLEM
WITH MOUSE!" Completing the field with the information: "MONITOR HAS PROBLEM WITH
MOUSE!" It was observed that users understood the question correctly and tags were not assigned to these
behaviors.

Fig. 3. Mediation dialog of field "error description"(Source: data collection)

Participants U-1, U-4, U-5 and U-7 successfully completed the task and had no doubts on other dialogs,
presented in Figure 4.

Fig. 4. Mediation dialogs that presented no doubts (Source: data collection)

Upon completion of the task, participant U-8 spontaneously observed that, with the use of WNH, the task
was completed more quickly and with greater ease.

Table 3 presents the frequency of tags in a consolidated manner. During the tagging phase, no behaviors
were observed that would lead to the assignment of tags: “T give up.”, “What's this?”, “I can do otherwise”,
“Where is it?”, “Now what?”, “Oops!”, “I can’t do it this way.” , “Why doesn't it work?”, “Looks fine to
me”, “Where am 17”,“What happened?”. Not being presented in Figure 5.

ST e T T T



Accepted for publication in the Proceedings of HCI International 2013

Fig. 5. Tags present in the task using mediation dialogs (Source: data collection)

Interpretation. It was observed that users approved the interaction with the tool, as a consequence, fewer
communication breakdowns of communication, highlighting: some participants did not read the welcome
dialog, others did not know the meaning of the word "Continue" considered key to perform the task and the
difficulty of the deaf in expressing themselves in Portuguese.

Creation of the semiotic profile. The metamessage of the mediation designer is: “In my interpretation,
you are a user employee of Fiocruz who has experience in interacting with computers and is not fluent in
Portuguese, having Libras as a first language and Portuguese as a second language. | understand that you
would like to use the Intranet to solve specific problems like making requests to the IT technical support
team in a practical and fast manner. Thus, | used features that seek to optimize the task of navigating
between different pages in the system, through the task automation feature, and as you have difficulties in
reading and interpreting Portuguese, | used mediation dialogs that respected your language skills.”

Analysis of Results. From the characterization of metamessage, it was realized that the use of mediation
dialogs followed a design oriented towards the accessibility of pre-linguistic bilingual deaf users without
excluding listeners users that use the system.

The participants understood and interpreted most mediation dialogs, but have had limitations when
writing. In such cases, communicability tags were not assigned. The use of mediation dialogs can be
considered as a tool to encourage reading, allowing the interpretation of texts, making them more
autonomous and participative.

The constancy of similar results obtained during the analysis indicates that many of the communicability
breakdowns present in the mediation dialogs could have been minimized with the implementation of a
pretest to evaluate the quality of the dialogs created by the volunteer interpreter.

7 CONCLUSIONS

This exploratory research has been based on a case study with multiple units of analysis, aiming to evaluate
the use of mediation dialogs in the interaction of pre-linguistic bilingual, profound deaf users within an
organizational context, in order to identify communication breakdowns in communication between
interface and user without the use of mediation dialogs.

Concepts related to hearing impairment were discussed, particularly, the difficulty deaf people have in
learning Portuguese as a second language, web accessibility and interaction difficulties and a brief
introduction about the Theory of Semiotic Engineering.

The stage of data collection and observation involved the participation of eight volunteers. The CEM of
SemEng was used to compare the interaction of users in navigation activities and input of data, investigating
the qualities and breakdowns in the communication.

The interaction without WNH was challenging to all users: only one of them achieved the proposed
tasks. Using WNH, in spite of few difficulties, all users completed the tasks successfully. The interaction
with WNH revealed interesting issues related to communication between dialog creators and users. For
example, as the interpreter knew well all users she was able to give real and contextualized examples, so
really helping them during the data input. It was also observed the impact of the WNH mediation in the
process of communication. The text inside dialogs was a way of the interpreter represents herself through
software. It was collected several evidences of her self-expression and self-representation, by observing
how users directly communicated with her, as if she was “there”. Another study with WNH is dedicated to
deeply discuss this issue [20].

The results of research allowed identifying that the developing of communicative strategies that respect
the linguistic specificities of deaf users, could improve the quality of metacommunication, promoting the
accessibility during the interaction with the system.
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