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Abstract. Having as premises the user-centered design and the necessity for a 
greater knowledge about the real context of teaching and learning a second lan-
guage to Deaf children, this study makes use of action research to get require-
ments for the conceptual model of a computational environment supporting  
bilingual literacy of Deaf children. This paper describes the activities of a par-
ticular action research process, together with its stages, performed with four 
Deaf children within a Brazilian public bilingual school. The process lasted 
three months and achieved the following results: a significant improvement in 
the interest of participating children in written Portuguese – qualitative, meas-
ured by their motivation in not stopping their learning process - and a set  
of functional and non functional requirements for the conceptual model to be 
developed.  
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1 Introduction 

New contexts and paradigms about accessibility and design artifacts to support social 
inclusion require investigations, which in an inter- and transdisciplinary perspective, 
contribute significantly in building knowledge for Deaf children users of sign lan-
guage. “The design should make use of the inherent characteristics of people and the 
natural world, to explore the natural relationships and natural constraints [...]” 
[14:222]. And Human-Computer Interaction (HCI) should be held accountable to 
better understand the needs of the Deaf to inform design [19].  

This study is founded in the User- Centered Design Principles (UCD) since it seeks 
the effective participation of Deaf children during the whole process of a technologi-
cal artifact developing.  

Additionally, the Deaf are situated and are part of an oral culture – one that uses an 
oral language. So, this study agrees that is very important to Deaf  learn reading and 
writing the oral language of their country, but it is known that there isn’t use of the writ-
ten text for the Deaf child, if words have no meaning and are not interesting to her.  
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Nobody cares to read something that does not understand [6:296]. The genuine path for 
reading and writing by Deaf is through bilingual literacy.  

Literacy is understood in this study as a product of social participation in practices 
that use writing as a symbolic system and technology. Discursive practices are in need 
of writing to make them significant, although sometimes do not involve the specific 
activities of reading or writing. And “writing brings social consequences, cultural, 
political, economic, cognitive, linguistic, for the social group in which it is intro-
duced, and also, for the individual to learn to use it” [16:17]. “Therefore, literacy as 
effective appropriation is pleasurable, is leisure, is access to information, is communi-
cation, is a way to exercise citizenship in different social practices” [2:131].   

Bilingual literacy consists in the use of, at least, two languages: SL, as a first lan-
guage (so called L1), and a second language (L2). In our case, the L1 is the “Brazilian 
Sign Language” (Libras) and L2 is Portuguese, the official oral language of Brazil.  

Unfortunately, there is a lack of research not only on effective tools for literacy of 
the Deaf audience, but on effective methodological strategies for Deaf teachers as 
well. Guimarães et al. [7] surveyed some related work on existing tools for literacy: 
existing technologies are inadequate to the Deaf specificities (e.g. they are not in SL); 
they lack usability for the target audience; they do not allow for multiple and full 
collaboration; they are not designed for literacy as per the needs of the Deaf.  

The challenge is: how to produce a computational environment supporting the bi-
lingual literacy of Deaf children, if the designer is not aware of the social practices 
and interactions that occur in a real classroom? 

Searching for answers, this study took advantage of the Action Research that 
emerged from the need to fill-in the gap between theory and practice [10, 11]. It is an 
empirically based type of social research, designed and carried out in close associa-
tion with an action or problem solving within an activity  in which researchers and 
participants are involved in cooperative or participatory way [18: 14]. The central idea 
was to take advantage of Action Research results to design a conceptual model of a 
computational environment supporting bilingual literacy of Deaf children. 

The practice activity resulting from Action Research had qualitative results, caus-
ing an increase of interest of Deaf children on written Portuguese together with a 
more consistent process of learning observed by the teacher. As for the researcher, the 
practice activity resulted in a set of computational requirements for interaction to feed 
the desired environment's conceptual model creation. 

2 Theoretical Background 

This section explores some considerations that will provide scientific basis to the 
study in question. 

Literacy is the resulting process of social practices using the written form of the 
oral language as a symbolic system in specific contexts, for specific goals where the 
language assumes a character of real meaning. An interactive system to support read-
ing ability acquisition of the oral language by the Deaf should present verbal and non-
verbal elements, leading to encourage the association of SL and the oral language to 
form a single concept [4]. 
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The proposed study started from User-Centered Design (UCD), which is “[…] 
concerned with the incorporation of user perspective in the software development 
process in order to achieve a usable system” [12:1].  

The UCD entails: think about what people want to do instead of what technology 
can do; designing new ways to connect people, engage people in the design process, 
designing for diversity [1: 28]. The same author also emphasizes that to ensure a usa-
ble system it is necessary to adopt an approach in which the evaluation is critical. 

UCD approach facilitates requirements elicitation. A requirement is something that 
a product must do or a quality he must have [15]. Requirements can be divided into 
functional and non-functional. Functional requirements refer to those capacities that 
the system should offer and non-functional ones are associated to features or qualities 
that the system should have [1]. 

As a strategy for a better understanding of stakeholders and of the teaching-
learning process within a real bilingual school context, this study used as a basis the 
Action Research principles. AR is a type of research participant engaged, in  opposed 
to traditional research, which is considered "independent", "non-reactive" and "objec-
tive". It is not necessary a method but instead “a series of commitments to observe 
and problematize through practice a series of principles for conducting social  
enquiry” [13:248].  

“AR is explicitly democratic, collaborative and interdisciplinary” [8:3]. It can be 
used in many general fields of inquiry such as bilingual education, clinical psycholo-
gy, sociology, and information systems [9]. AR has the features stated in the follow-
ing six paragraphs [3:184]. 

The research process must become a learning process for all participants and the 
separation between subject and object of research must be overcome. 

The strategies and products will be useful for those involved if they are able to 
grasp your situation and modify it. The researcher looks in this context to a practition-
er involved in a social situation in order to check whether a new procedure is effective 
or not. 

In education, action research has as its research object human actions in situations 
that are perceived by the teacher as being unacceptable in certain ways, which are 
susceptible to change and therefore require a practice response. Problematic situations 
are interpreted from the point of view of the people involved, thus relying on the re-
presentations that different stakeholders (teachers, students, directors, etc.) have in the 
particular situation. 

Action Research is situational: the investigation diagnoses a specific problem in a 
specific situation too, in order to achieve practice relevance of the results. It is not 
therefore, primarily interested in obtaining generalizable scientific statements (global 
relevance). There are, however, situations in which one can claim some degree or 
generality of the results of action research. Provided that several studies in different 
situations lead to similar results, they can determine some general statement. 

Action research is self-evaluative, in that the changes in practice are constantly 
evaluated during the intervention process and the feedback obtained from monitoring 
practice is transformed into modifications, changes of direction and resets as needed, 
bringing benefits to the process itself. 
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Action Research is cyclical: the final stages are used to enhance the results of pre-
vious ones. 

According to Kock [9], “one of the key characteristics that distinguishes Action 
Research from most other research approaches, is that “AR aims at both improving 
the subject of the study (often called the research "client"), and generating knowledge, 
achieving both at the same time”. The most widely referred version of the "Action 
Research cycle" has been proposed by Gerald Susman and Roger Evered (Figure 1). It 
comprises five stages [17]:  

• The diagnosing stage is where the cycle begins, involves the identification of an 
improvement opportunity or a general problem to be solved at the client organization; 

• The  action planning stage involves the consideration of alternative courses of 
action to reach the improvement or to solve the identified problem; 

• The action taking stage involves the selection and the implementation of one of 
the courses of action considered in the previous stage; 

• The evaluating stage involves the study of the outcomes of the selected course of 
action; 

• The learning specifying stage involves reviewing the outcomes of the evaluating 
stage and, based on this, the knowledge building in the form of a model describing 
the situation under study.  

 

Fig. 1. Action Research cycle based in Susman and Evered's (1978) 

3 Applying Action Research 

This study is part of a thesis situated in the area of Human Computer Interaction in 
which the researcher felt herself at a crucial moment when the theoretical basis did 
not supply her needs of understanding of how the pedagogical practices of bilingual 
literacy of Deaf children occurred in a real and practice context.  
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This moment lead naturally to action research, which could bring substantial con-
tributions to the thesis in question, together with a testified improvement in the teach-
ing-learning process within the target school. The AR cycle followed (Gerald Susman 
and Roger Evered, 1978) is described below. 

3.1 The Diagnosing Stage  

The researcher choose an elementary bilingual Deaf school  located in the metropoli-
tan region of Curitiba (south of Brazil) where she had easy entrance and she accom-
panied and observed weekly bilingual literacy classes to Deaf children during the 
years of  2011, 2012 and 2013. 

The external perspective provided a better understanding of the problems found 
apart from a contraposition between what the literature indicates as effective strate-
gies for bilingual literacy of Deaf children and the way in which the school applies 
them, sometimes with unnecessary actions and sometimes in wrong ones. The teach-
ers claims were also heard. 

The exposure of children to Libras always associated with images as a teaching re-
source creates in the Deaf the hypothesis that written Portuguese is unnecessary for 
their learning. The written code did not instigate the pupils and become meaningless 
during class, leading to their irritation when they were asked to write. This merged as 
one critical research result. 

3.2 The Action Planning Stage 

In early 2013, there was an opportunity for dialogue with one of the teachers about 
the problems observed during the classes. The researcher and the teacher proposed 
jointly a practice activity of bilingual literacy with focus on the context and the mean-
ing of written Portuguese. Such practice activity was systematized and well-founded 
mainly on contributions from Foucambert [5], on practice experiences of the French 
Association for Reading, and on the assumption that literacy by direct route works 
independently of the child's mother tongue. The several guidelines extracted from 
literature for the practice activity were the following: 

• Recall previous knowledge of the subject; 
• First show the text and then the illustration (the smaller the child, the more it does 

not focus on detail at all); 
• Stimulate the collective learning; 
• See how the writing is organized (title, paragraphs, paragraphs), in other words, 

explore the graphical reason of the text; 
• Explore the linguistic construction of the text; 
• Build various kinds of texts from a central text; 
• Knowledge of writing and World knowledge. Not the way in which they are  

combined. 

The activity planning was conducted jointly by the researcher and the teacher, as 
well as the search for materials and other resources to carry out the literacy classes. 
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3.3 The Action Taking Stage 

The activity occurred with a group of the 3rd year of elementary school and had four 
Deaf and proficient in Libras participant children (two boys and two girls) aged 8-9 
years. It is worth mentioning that none of the children had oral capacity, or practiced 
lip reading. 

For three months, this activity was duly recorded by report, images and videos. It is 
also relevant mentioning that such documentary material was elaborated with the 
permission of the school and the participating children parents. 

At the beginning, the teacher started with a fable, which was told in Libras. Then, the 
teacher made a series of questions about the story to instigate the children imagination. 
Afterwards the children were asked to draw the sequence of the fable (Figure 2). 

From the fable, the activity moved to other genres (magazines, brochures, travel 
booklets, etc.) that had related vocabulary and/or subjects. 

 

Fig. 2. Illustration made by one of the children from the fable narrated in Libras 

Always from the genre worked, in the following class the teacher asked the child-
ren to give her keywords in sign language, which were written on the blackboard by 
her. From these keywords, the teacher wrote a collective text, which was copied by 
the children in their notebooks. Then, they highlighted the keywords with crayons, 
each word in a different color. The copy in the notebook served as support. 

After that, the children received the paragraphs of the text in different pieces and were 
asked to rearrange them, sometimes on their own and others collectively (Figure 3).  
Once the children had organized the original text several times, a few parts of the text 
were modified purposely.   

Several textual genres (correlated with the thematic vocabulary) were treated dur-
ing this activity, up to the stage where the children could recognize various words in 
written Portuguese (which, at that time, had meaning for them) and had reached au-
tonomy trying to read a written text themselves, without the support of imaging re-
sources or sign language. To reinforce the content learned, the text was read in Libras 
and the children were asked to dramatize it (Figure 4). 
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Fig. 3. A child trying to organize paragraphs of text and a finished collective organization on 
the blackboard 

 

Fig. 4. A child reading and doing the dramatization of the text read 

3.4 The Evaluating Stage 

For the class teacher, it was satisfactory for the children autonomy them reading the 
text, showing that, from the information signified through keywords, they had gained 
the ability to make connections between the pieces of information. Thereby, they 
acquired an effective experience of reading, without requiring any imaging resources 
and demonstrated interest in Portuguese written language, which had not happened 
before the reading learning by the direct route. 

Due to the positive feedback of the activity, the school also gained prominence 
within the city and even internationally. As an additional result one can quote the 
teacher's engagement to continue the research with other teachers and develop similar 
activities in other school levels.  

For the researcher, the activity was very important for her gaining a better under-
standing of the way in which such activity occurred in the classroom and in getting 
insights related to the manners in which it could be transformed into a process, who 
would be the stakeholders and the way in which computing artifacts could mediate 
effectively bilingual teaching and learning of Deaf children. 
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3.5 The Learning Specifying Stage  

This stage seeked the transposition of the literacy activities such as the one developed 
in this research action instance to a computational environment to enable the teacher 
to plan her lessons and the Deaf children to do their tasks making use of computer. 
Some requirements were raised to make this possible: 

Main General Requirements (Functional).  

• The system must take into account two profiles of users, the teacher and the stu-
dent (the child); 

• The instructions for activities for the child profile should be all in sign language; 
• The interface should be arranged to associate text, sign language and images; 
• The system should allow the children to see other literacy activities they had pre-

viously held (notebook metaphor); 
• The system should allow for the division and reorganization of paragraphs and 

sentences of the text; 
• The system should allow both the teacher and the child to mark-up words and 

phrases within the text through color, shape and size; 
• The system should ensure that the activities can be printed. 

Main Specific Requirements (Non Functional).  

• The system should allow for importation of texts, images and videos; 
• The system should allow for access to storaged photos; 
• The system should allow for access to storaged videos; 
• There must be a tool for editing text; 
• There must be a tool for video editing; 
• There must be a tool for scanning files; 
• There must be a tool for drawing. 

4 Conclusions and Future Work 

The Deaf demand further investigation of pedagogical strategies and studies in the 
field of HCI that support their plain bilingual literacy. In this context, the present 
work research was based in UCD and used the principles of Action Research as a way 
to generate requirements to a conceptual model for an environment supporting bilin-
gual literacy of Deaf children. 

After two and a half previous years of systematic observations, action research was 
carried on naturally; practice activity was developed collaboratively by the researcher 
and the target school teacher and was applied for three months within the classroom 
with four Deaf children of a public school with bilingual learning purposes. 

The Action Research followed the five stages proposed in the basic cycle (the di-
agnosing stage, the following action stage, the action taking stage, the evaluating 
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stage and the specifying the learning one). The process brought qualitative positive 
results for both the target school and the researcher, who generated as the end product 
the primary set of requirements that will feed substantially the application conceptual 
model under construction. 
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