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The World Health Organization (WHO) has estimated that in 2006 almost 37 million people were blind and
124 million had some type of visual disability, a number that is growing year by year. In order to ensure
social inclusion of these people, governments of different countries have been investing heavily in public
policies that allow the development of suitable technological solutions. In this context, computers are the keysolutions with their general and application-specific software that include, among others, educational, office,
e-commerce and e-banking applications. However, despite the advances already made, we are still far from
the ideal situation. An example is the automated teller machine (ATM) that, with captions and images of
reduced size, does not satisfy the needs of the visually disabled or the elderly. For both, as glasses are not
completely useful, the reading of a simple text may be turned into an almost impossible activity. Thus, this
paper presents a proposal for an interactive kiosk with multisensory resources, especially for people with low
vision or the elderly. This solution exploits visual, auditory and tactile feedback and provides an integrated
and accessible service using a totem of self-service.
ACM Classification and Subject Descriptors: K.4.2 Social Issues – Assistive technologies for persons
with disabilities, H.5.2 User Interfaces – Haptic I/O, Input devices and strategies
Keywords: low vision, magnifier, multisensory systems

1. Introduction
The concern of governments, enterprises, and educational services has boosted both trading and
research centres to ensure access to information and the intellectual development of citizens by
developing technological solutions, which can help individuals in their activities and daily needs,
whether for education, work, leisure time or to use services provided by banks, government
agencies and others.
Society is becoming used to some technological solutions, such as interactive kiosks, widely used
by financial institutions such as banks (eg ATM – automated teller machine). Although, these
technologies are already part of the everyday lives of a great number of people, to other groups,
comprising a significant number of citizens, such solutions are not available.
People with visual disabilities, for example, cannot be considered as beneficiaries of such facilities
or services. According to the World Health Organization’s (WHO’s) estimation, in 2006, almost 37
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million people were blind, 124 million had some kind of visual disability and these numbers are
growing year after year. The figures of the Brazilian Institute of Geography and Statistics (IBGE)
(IBGE, 2011) show that, in Brazil, 14.5% of the population is affected by some disability and more
than 60% has some visual impairment, which can vary from blindness to low vision. Such figures
demand special attention.
Based on this scenario, we point out that the development of assistive technologies for the care of
people with visual disabilities, mainly those with low vision, is urgently needed, thus, the
important social and digital process of inclusion, recommended by several countries and also by
the Brazilian government, will happen. Consequently, in this paper we present a prototype of an
interactive kiosk, with accessibility and usability features, which has been developed by our
research team. Through a combination of software and hardware, this prototype aims to allow
individuals with low vision to enjoy the advantages and benefits provided by this resource.
Although this study was originally designed for educational use, mainly as a tool to help students
with low vision and their teachers, our intention was to develop a solution that can be sufficiently
generic to be used in other environments.
With this in mind, this paper is organized as follows. In Section 2 there is a discussion of the
related work. In Section 3, the solution suggested by our research, detailing visual, audio and
tactile features is described. In Section 4, the tests are described and Section 5 presents the
conclusions and recommendations for future work.

2. Related Work
Nowadays, techniques are available to help the elderly and people with low vision. It is
interesting to observe that, despite this, our research on ATMs has shown that the majority of
available solutions have mainly focused on the care of blind people. As a result, a significant
group of people with low vision has been set aside, as the techniques are not available in those
devices. For blind individuals, the ATMs with Braille and a screen reader meet their needs; on the
other hand, for those with visual disability, in most cases, the best solution is the screen magnifier.
Thus, in order to meet their needs, many screen magnifiers have been developed and several of
them are available for use on many platforms. Some of the most important features of the main
screen magnifiers, such as ZoomText (2011), MAGic (2011), Lunar (2011) and Gnopernicus (2011),
will be described.
ZoomText (2011) is a screen magnifier with optimization functions, and it is available for the
Microsoft Windows operating systems 2000, XP, Vista and Windows 7. The magnification can
range from one to 36 times the original image size and the part of the screen to be enlarged can
be specified. It also allows the choice of colour, contrast and brightness, thus avoiding eye strain.
The customization of size, colour and shape of the mouse pointer facilitates the focus and allows
the user to better ascertain the information on screen.
MAGic Screen Magnification software (2011), as with ZoomText (2011), was designed to run in the
Windows environment. It allows display customization of the brightness and colours and colour
switching of the text and background, thus, the user will have a more comfortable working
environment. It also allows control of the mouse pointer according to the individual’s choice. It is
fully compatible with the JAWS screen reader and uses many of the same reading commands as
JAWS. MAGic facilitates use for those who already use JAWS for screen reading and adds visual
enhancements when used in conjunction with JAWS.
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Lunar (2011) Screen Magnifier works with Windows and Windows applications, including word
processing, spreadsheets, Internet and email. Lunar Screen Magnifier includes graphical processing features that even on high magnification, text and images remains smooth, clear and easily
readable. The LunarPlus Enhanced Screen Magnifier version offers people with visual disability
the same invaluable features as Lunar Screen Magnifier, but with the extra advantage of speech
output.
While there are several magnifiers available to run on Windows operating systems, for Linux the
number of solutions is greatly reduced. Gnopernicus (2011) is one of the most well-known
magnifiers for Linux, a part of the GNOME Accessibility Project. Gnopernicus is a screen reader
and magnifier that allows visually impaired or blind users to use GNOME 2 desktop and
GNOME/GTK+2 applications efficiently. By the automated tracking of the focus feature and magnification of the desktop, Gnopernicus helps GNOME users with special needs. The features that
the screen reader Gnopernicus offers also allow users to use (based on the information received
via voice synthesis and Braille) the applications whose graphical user interface standard is based
on Java and GTK 2. By the accessibility that is built into GNOME 2, Gnopernicus interacts more
efficiently with the applications for those users and allows the use of GNOME 2 desktop for some
users who would otherwise have no access to GNOME. Besides tracking the focus, there is much
more functionality that will help the users, for instance, many functions mapped on the keys are
organized by levels. There are levels for navigation, mouse, magnifier, voice synthesis and Braille
devices. In order to use these mapped features, the NumLock key must be activated in such a way
that a user can change different settings, depending on the chosen level.
When interactive kiosks with accessible devices are taken into account for the elderly and people
with visual disability, most implemented works, despite their advanced stages of development,
are published as patents. They also focus on developing methods and systems to obtain: (i) audio
feedback (Brewster, 1994; Corrine and Kimberly, 2010), usually exploring sound (eg, screen
readers or audible signs according to an action or keystroke); (ii) tactile feedback (Suzuki, 2002;
Barber and Selker, 1999) in which the most common is cursor tracking so that when located on
any area of the monitor with relevant information, a tactile information generator is activated (in
general, vibration), with immediate feedback to the user; or (iii) a combination of the two features.
In this context, the concept of haptics (Miller and Zeleznik, 1998; Lee, Wiker and Vanderheiden,
1993) has been recently explored. However, there are still few or almost no products which use
screen magnifiers.
This study focuses on the elderly and people with low vision and suggests a more efficient and
accessible solution, which can either be applied to computers or to interactive kiosks. Based on
the integration of visual, audio and tactile devices, our main idea is to allow these users to enjoy
the same advantages already granted to others that do not require special devices, so that they can
access available information in information systems.

3. Background, Architecture and Implementation
The solution presented in this paper uses three areas of interaction: visual, audio and tactile,
which are integrated into a single solution making it possible to provide users with better
experiences in using computers, as well as in interactive kiosks. One of this project’s requirements
is its low cost to allow access to a great number of people. So, in order to achieve it, a study was
undertaken of the components that comprise the architecture, both hardware and software. With
regard to hardware, the use of the x86 platform was defined, as it is widely used in desktop
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computers. In addition to its popularity, this project enables computers that are often thrown
away by enterprises and people, due to constant updating, to be reused.
In order to reduce the costs, all components are based on free software. Thus, Ubuntu (2012) is the
operating system used in this project; the windows manager is GNOME and the graphics server,
Xorg (2012). For accessibility features, the AT-SPI library (2012) is used. In this project, all the
developed applications are free.
The architecture of our solution was based on three interaction servers, identified in Figure 1 by
the xLupa: screen magnifier, screen reader and feedback mouse. Each of them is responsible for
processing the senses of sight, hearing and touch, respectively. This kind of modular organization
facilitates system maintenance. In the next sections (3.1, 3.2 and 3.3), we will detail each of these
modules. In Section 3.4, an ongoing prototype will be presented and some partial results will be
shown since they have already been obtained (Section 4).

Figure 1: General architecture of the solution with the three servers: visual, audio and tactile

3.1 xLupa: Visual Axis
In order to develop a better solution for people with low vision, in 2003 we started a project to
produce a screen magnifier, called xLupa (Bidarra, Boscarioli and Rizzi, 2009), a free software
application to run on Linux. This software is in its fourth version (v. 4.1). New features have been
added to it, and the software and hardware-integration has allowed users to better use and work
with it. Since the release of the first version, xLupa has been tested by different users, especially
by students and teachers in state schools in the Paraná region (southern Brazil). The reports have
allowed us to identify problems and their solutions.
Thus, xLupa now has improvements, such as full screen magnification (in earlier versions, the
extensions were only to some parts of the screen), as well as a screen reader and the ability to
adapt to each user’s profile. Later, we will discuss each of the design issues mentioned above, the
first being the main features of our xLupa screen magnifier.
120
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A person with low vision, according to the international medical classification, suffers from a
significant loss to the visual system and adequate glasses are no longer available for his/her needs.
The typical symptoms of such pathology vary significantly and may range from blackouts to
abnormal sensitivity to light or brightness, through to blurred vision, visual field restriction
regarding the distance at and position in which an object should be seen, peripheral vision (the
individual sees only the image’s edges) or tubular vision (the individual can see only the central
portion of the image as if it was seen through a tube), night blindness and problems in identifying
colours (contrast) (Vanderheiden and Vanderheiden, 1992).
Due to this wide range of symptoms, in principle, it is not an easy task to find a unique solution
to meet different users’ needs. In order to seek a more comprehensive solution, our research
group started to specify and implement some features that, based on the literature, are essential.
We will comment on the most relevant.
xLupa provides magnification of text and images, with the resources to allow users to calibrate
the display according to their particular needs. These features include the selection of background
and foreground colours, the application of computer graphics algorithms for image processing
and provision of smooth contour lines, as well as contrast and brightness settings, which we will
discuss below, beginning with the tool activation process. It is worth noting that, in order to
facilitate the understanding of the system as it is designed, a description will be given not only of
the implementation aspects, but also the proper functioning of such a solution.
Thus, whenever xLupa is activated, two home screens will be shown in sequence to the user. The
first shows the word xLupa, reproduced line by line, in different sizes, so that the user can select
the best one. The selected option determines the value of the magnification factor to be applied to
the following extensions. The second screen displays a set of five colours from which the user
must choose one. The selected colour will determine the background colour applied to the screen
(Figure 2).
The magnification factor and colour, respectively, correspond to the font size and background
colour that best fit the user’s needs. Such colours are associated with one another to highlight the
image edges and magnified text. An algorithm was implemented, both for calculating the magnification factor and colour treatment, to handle the attributes that correspond to the internal
structures of each pixel.

Figure 2: Screen capture of magnification factor and background colour
Journal of Research and Practice in Information Technology, Vol. 45, No. 2, May 2013
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After the initial step of choosing the setting, at any moment, through an internal configuration
screen provided by the tool, the user can not only change the values of these two parameters, but
can also set values for other configuration attributes.
The distortion of magnified images is very common in any process involving magnification. In
order to smooth the images, four kinds of computer graphics algorithms were implemented: core
rebuilding by Haar (1910) (nearest neighbour sampling), the hyperbolic-filter interpolated
method (Frei, 1977), Barlett core reconstruction or bilinear interpolation (GdkPixBuf, 2012) and
interpolation tiles (GdkPixBuf, 2012). These four options are displayed to the user in a vertical
scroll bar (Figure 3) with the label ‘Interpolação’ (Interpolation). It is worth mentioning that the
illustrations shown in the figures below are in Portuguese, since the tool was developed for use
by Brazilians.

Figure 3: Options for smoothing methods (interpolation)

The experience users have shown with the tests is that only the zoom-in operation and the
manipulation of the contrast were insufficient to meet the needs of people with low vision.
Among other operational needs, the user can adjust the brightness, contrast and intensity of the
edge enhancement, options also presented in the setup screen. These operations are characterized
as changes in intensity (Gonzalez and Woods, 2001). So, in this project, linear transformations of
intensity were implemented, since they are able to adjust brightness and contrast simultaneously
according to Equation 1.
(1)
In Equation 1, g is the new intensity or pixel colour; c is the contrast correction factor; f is the
current intensity or pixel colour and b is the brightness correction factor. Excessive and reduced
brightness are also important requirements to ensure some visual comfort for those with low
vision. Many people with low vision do not feel comfortable in very bright or glaring environments (those with photophobia). Thus, to enable this setting, pixel processing acted on both
brightness and contrast. For the user, two graduated bars are displayed on the configuration
screen, one to adjust the brightness (brilho in Portuguese) and the other to adjust the contrast
(contraste in Portuguese), as shown in Figure 4.
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Figure 4: Menu to change brightness and contrast

(a) Cross Mouse

(b) Classic Pointer Mouse
Figure 5: Two kinds of mouse pointer

Two kinds of mouse pointers were implemented to meet the users’ different needs: a cross (Figure
5(a)) and a traditional mouse pointer (Figure 5(b)).

3.1.1 On-profile save/restore
One of the main complaints of those with low vision is related to fatigue, especially when exposed
to reading text. Depending on the task to be performed and the degree of visual acuity impairment, such activity is tiring and tends to cause some discomfort, and, as a consequence, nausea,
dizziness and headache, so, such a person will spend significantly reduced time working on a
computer. This problem was solved by implementing the case-based reasoning artificial
Journal of Research and Practice in Information Technology, Vol. 45, No. 2, May 2013
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intelligence technique (Kolodner, 1992), whose general operation is summarized below. Once
xLupa is connected, the system monitors all the user’s actions in relation to the workplace
settings. Based on the captured information, when the user determines the magnification factor
and background colour, past solutions will be analysed and compared to those that were
adequate for other users’ needs since other users presented similar symptoms to the current user
and the system has already recorded them.
If a case that fits with this profile is on the database (achieved by applying the formula of
similarity), the magnifications are displayed to the user according to the determined parameters
of configuration. On the other hand, if the user disagrees with the result (detected by the system
when he begins to modify the current configuration parameters), new searches are carried out on
the database, applying the same principle of similarity. If another case cannot be found, then, a
new one is created with these settings. All this decision-making occurs automatically, but the user
can save his profile before leaving xLupa. For this purpose, there is an area on the internal
configuration screen which the user must complete with his login (usuário in Portuguese) and
personal password (senha in Portuguese), as shown in Figure 6. Thus, with this feature, the system
provides the user with faster and easier configuration and prevents the execution of repetitive and
boring tasks.

Figure 6: Screen for saving profile

3.2 Screen Reader: Audio Axis
Besides the visual features, there is also a screen reader to read texts as well as menu items,
buttons, windows and so on, based on the events reported by Accessibility API / AT-SPI (2012). In
addition, our reader was designed to warn the user about his actions, such as removal or insertion
of characters in a text. The reader was implemented in Python due to its ease of integration with
other programming languages (C/C++, Java) and with COM and NET objects as well as by the
availability of the AT-SPI interface, through the PyATSPI library (Parente, 2012).
The overall diagram of the AT-SPI architecture with the reader’s location is shown in Figure 7. The
way AT-SPI ‘gets in touch’ with different libraries of visual development allows the application to
create accessibility events without any change in the code. For instance, the use of the GTK+
button allows the application to automatically generate accessibility events when the user presses
the button.
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Figure 7: Global diagram of AT-SPI, adapted from Lee (2008)

The diagram shown in Figure 7 is a structure composed of four layers. The first, the Application
layer, is where the applications are stored, since they run on the operating system with their
respective libraries. These libraries are used as bridges of communication (CORBA – Common
Object Request Broker Architecture) with AT-SPI, and they are responsible for transmitting
information from the graphical interface of applications to the AT-SPI. The AT platform and the
AT API layers are used to allow the use of AT-SPI in heterogeneous environments since the AT
Platform layer is implemented in CORBA, and the AT API layer can be implemented with
different technologies, such as C/C++, Python and Java languages. The screen reader implementation uses a Python language in the AT API layer. The accessibility applications are in the AT
layer and they use the events generated by the upper layers, as does the reader in our case (the
‘Leitor’ in Figure 7). In relation to the reader itself, the eSpeak (2012) speech synthesizer was used
and adapted for our needs. The main reason for this choice was that it is free and open software,
but also taken into account was the fact that it runs on Ubuntu, Linux distribution, as does xlupa.
The context diagram of the screen reader is shown in Figure 8 (on the following page).
The first step for events processing is to register them (stage 1 of Figure 8). The records are made
by calling the library PyATSPI. Once registered, they are sent to the Screen Reader module.
Through the registerEventListener PyATSPI method, the reader role according to the occurred
event is called a parameter (Event). The reader roles are responsible for collecting the texts
associated with events from the computer screen. Once the text is available, the reader activates
the eSpeak voice synthesizer (Figure 8 – stage 6) that reads the text.
The main events handled by the reader are: Focus (responsible for monitoring all graphics components of the screen that can be focused); Object: text-changed: insert (event generated when
entering or inserting characters in text); Object: text-changed: delete (similar to the previous
event); Object: text-caret-moved (event that is also related to text editing); Window: activate and
Window: create (two events associated with the handling of windows). A corresponding section
to the method registerEventListener will be shown as an example, since it is used in the
processing of the focus event.
Journal of Research and Practice in Information Technology, Vol. 45, No. 2, May 2013
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Figure 8: Context diagram of the screen reader

import pyatspi
reg = pyatspi.Registry
def foco (event):
print event
reg.registerEventListener (foco, ‘focus’)
reg.start ()
This code starts with the introduction of the PyATSPI library, followed by the command to create
an object Registry. In this code, the start method is responsible for monitoring the event. The
events will be recorded and processed by the focus function only after its execution. So, the
registerEventListener method aims to register the monitoring of the focus event. By the time the
event occurs, the focus function will be called by PyATSPI, whose parameter is the Event object
that contains information, regarding focus, which occurred during system execution.

3.3 Feedback Mouse: Tactile Axis
An increasing number of applications use tactile features for interaction, among them video game
controls and cell phones. This feature was added to the interactive kiosk to call the user’s attention
to the occurrence of important events. The feature is especially useful when a large magnification
factor is used, and when the volume of information that can be displayed is small. An adapted
mouse is used to implement tactile feedback. The mouse vibrates when placed on any relevant
information on the screen (menu item, icon or Internet page link), alerting the user to the occurrence.
The feedback circuit in the mouse is constructed at low cost and for ease of implementation. To
vibrate, the mouse uses the same principle as cell phones, which means, that there is an engine
with unbalanced weights on the axis. In order to activate the vibration engine a five volts source
is necessary, which can be obtained using a parallel or USB port. So, the adapted mouse is
connected to the PS/2 port (for normal operation) and to the parallel or USB port to receive
126
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Vibration motor

Figure 9: Adapted mouse with vibration

vibration commands. Figure 9 shows a mouse that was built in this project. The vibration engine
is glued to the mouse to allow tactile feedback.
The tactile server is implemented according to the same principle as the screen reader and uses
the events generated by AT-SPI. It also stands in the AT layer (as shown in Figure 7). The tactile
server is implemented in a module separate from the screen reader due to its modularity and
maintenance. Another difference with the screen reader is that it uses the C language in its
implementation. This design decision was made in order to transmit mouse vibration commands
easily through the parallel or USB ports.
The events that currently produce vibration in the mouse are focused on menu and windows
items. They were considered the main items for tactile feedback, as tactile feedback indicates that
the user is using the mouse with respect to an item that can be selected or that an important
feature of an application is in use.
In addition to the focus event on the menu, another important event was to report that the mouse
was over a link in a webpage. Initially, Mozilla Firefox was chosen, because it is free software,
widely used in Linux and has support for AT-SPI. However, the accessibility events, generated by
Firefox, are restricted to focusing on menu items and the events in page content are not reported.
In this project, a plug-in for Firefox has been implemented so that this functionality could be
supported, thus, the mouse vibrates when a user places it over links and images. The plug-in
implementation follows a pattern set by Firefox and it is implemented in JavaScript. The Firefox
plug-in communication with the tactile server is performed by exchanging messages using a file.

3.4 Prototype
An interactive kiosk prototype was set up aiming to integrate the hardware and software and the
proposed solution evaluation. The hardware platform uses a desktop computer, although to
follow the requirement of low cost, a desktop was used with the following configuration:
processor Celeron 2Ghz, 1GByte RAM, 40Gbyte hard drive. This configuration uses restricted
Journal of Research and Practice in Information Technology, Vol. 45, No. 2, May 2013
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hardware resources with outdated processors which can also
be obtained by donations from organizations. In order to
assemble the kiosk structure, carcasses of slot machines were
used as shown in Figure 10. It is important to highlight that
slot machines are prohibited in Brazil, so, the ones used in this
project were donated by the Brazilian courts. Thus, this project
fulfils two social roles: facilitating the digital inclusion of
people with low vision and providing an acceptable means of
disposal of goods seized by the courts. The software platform
uses the Linux operating system and Ubuntu distribution
version 10.10. The graphical environment used is GNOME that
enables the use of AT-SPI. The visual (magnifier xLupa), audio
(screen reader) and tactile servers (mouse vibration) are all
installed as packages and configured to start when using the
interactive kiosk.

4. Tests and Results:
Test Environment and Participants’ Profiles
This work is in progress. The validation of our solution is
being developed with four Brazilian state schools. In this first
step, only the magnifier was evaluated, but the uses of the
other interaction features are ongoing. The results are shown
Figure 10: Multisensory
following a test session with 12 students of different grades
interactive kiosk prototype
from the Brazilian educational system: ten students are
enrolled in elementary school and two are in high school. A teacher, with low vision, from the
elementary school also attended this session. The students were from 6 to 20 years of age. The
group was selected with the teachers’ participation and all the studied teachers had expertise in
special needs education, specifically with regard to visual disability/low vision.
The selected students took part in regular classes and also attended extra sessions (an activity that
did not affect regular classes). During the term, they were stimulated to undertake visual
exercises and the syllabus was checked. For a significant number of students their ages did not
correspond to their supposed level of education: according to the parameters set by the Brazilian
educational system, the students are old for the school level. The majority of the students belong
to families that are financially disadvantaged, so they do not have computers in their homes.
Overall, the students showed few computing skills, so often required extra activities/exercises
from the teachers before their attempts were submitted.
Regarding visual disability, each student presented a set of specific features, motivated by the
nature and origin of their problems, requiring more individualized work from the teachers.
Among the studied students, two of them have multiple disabilities: low vision and deafness.
All tasks for the students had and still have, first, motivation as the main goal and second, the
(re)establishment of self-confidence. Thus, the performed activities of word processing, text
reading, browsing the Internet and educational games are free, but include instructions. It is
worth remembering that a significant number of people with low vision tend to develop a strong
bias against visual stimulation exercises. Consequently and as a rule, if they are misguided,
students prefer the use of a screen reader due to their visual capacity, even though it is reduced.
128
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So, that is precisely why we suggested that the teachers should choose exercises that would draw
the students’ attention and attract and motivate them to implement their tasks and always be
aware that the study goal is mainly educational.
All the students answered two questionnaires to record their evaluations. They were required to
characterize the tool used, explaining the activity chosen in terms of performance and configuration values applied to the extensions that each one judged to be adequate. In order to minimize
the adverse effects from the student’s inexperience in using computing resources or even to
escape from the strategies created by them and acquired with a certain intimacy with the tool, two
questionnaires were applied at two different points: one at the beginning of the student’s first
interaction with the tool and the other during a second working session.
The main goal of the first questionnaire was to obtain information regarding the students’ abilities
and their most pressing needs. Therefore, the information from the first questionnaire follows this
schedule: identifying the students with regard to their educational background, experience using
computers and the proposal for their use (if there is one), and mapping each student’s behaviour
on the work performed with the magnifier. By behaviour we meant the configuration chosen by
the student, such as the preferred font for displaying the characters on the monitor, the desired
magnification, the preference for colours (contrast) and other features that could be considered
relevant to the student during the displaying of text/images. In addition to these goals, it was
further hoped that the information from the questionnaire would be used to group the students
to implement a second evaluation session. On the other hand, the obtained information showed
that each student had such peculiar needs that any attempt to group them, based on shared
characteristics, would not be feasible.
The questionnaires applied in the second session included some variants to the questions from the
first questionnaire in which the goal was to confirm the answers given and also to evaluate the
degree of influence of the testing environment.
It is important to highlight that, although the whole process of tool evaluation has been observed
by members of the development team, the teachers were mostly responsible for class attendance
and participatory work, so, our research team observed everything without interfering. This
decision proved to be wise and very successful in every sense, thus, the students were more open
and able to develop the tasks they were asked to undertake.
Two evaluative techniques were used in our observations – think aloud and talk aloud (Ericsson
and Simon, 1993; Van Someren, Barnard and Sanderberg, 1994), based on which, the subjects were
encouraged to think about and verbally express their points of view, facilities and difficulties in
relation to the performed tasks. Although audio and video instruments were not used to record
their aptitudes, as suggested by some techniques, the most relevant aspects were carefully noted.
As far as possible, all the students executed their tasks with relative ease, but each student’s
performance was observed. Some students, especially those who had no access to computers,
needed more time for the training and to become acquainted with them. However, once they had
adapted to the environment, they could proceed without much problem. Of the results shown in
this paper, the first three items relate to the students’ profiles and the others to their performance
according to each tool.
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The students’ profiles:
• All the students have been using computers for over two years; however, this term does not
exceed five years;
• Most of them only have computer access in their schools;
• Most of them are familiar with assistive technologies (electronic magnifiers, speech synthesizers, special keyboards).
For the patterns of tool use:
• The students chose different kinds of activities, which were distributed according to certain
features. The tool was mainly used for the reading and editing of texts by the group with
students above 18 years of age. The games were preferred by those ranging from 15 to 17 years
of age. For students under 15 years of age, games and other entertainment prevailed;
• The most used font size was 16 (points) or above, with the highest font size being 20;
• In relation to the contrast, most of them preferred the black and white combination. However,
there were cases in which other colour patterns were required;
• Some students activated the screen reader;
• The majority endorsed the use of saving profiles;
• The tactile sensor has proven to be a very useful feature, since it improves the students’ performances in their activities, particularly regarding the placing of icons and menu topics, among
others.
Based on these results, there were some adjustments in the solution, which included aspects
related to ergonomics.

5. Conclusion and Future Work
In this paper we present a proposal of an interactive kiosk for people with low vision, with visual,
audio and tactile features that are fully integrated. The use of multisensory features allows a more
appropriate and more efficient solution than simply screen magnification that is usually offered
in current solutions. Through their different ways of interaction, users have the opportunity to use
computing resources in an easier way, avoiding fatigue and rejection during use. As designed,
this solution can be easily adapted and used in personal computers and laptops, in order to allow
access to computational resources for a larger number of people.
The aspects regarding the design of several components and their functional characteristics were
discussed in the paper, together with the whole process from conception until now. Based on the
evaluations that were carried out in both the laboratory and the field, especially with the
magnifier, it is clear that the tool, as a resource to support special needs education and the
promotion of inclusion, has satisfactorily served the major special needs of users with low vision.
The observed results (positive), as well as some spontaneously obtained statements from students
and teachers, reinforce this finding. Therefore, the most emblematic moment and that which best
summed up the feelings occurred when the students revealed their fascination when they realised
that a tool can allow them to ‘see’ things that, otherwise, they would have been unable to come
into contact with.
Today, our research group is maintaining the testing program with the users. We are investing in
improving its functionality as well as in the implementation of other new features. In order to
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further expand the users’ universe and provide better working conditions for them, some
important partnerships have been established among our research team, schools and other
centres of technological development, such as the Renato Archer Technological Information
Center (CTI – Campinas), the Brazilian Association of Information Technology (ABINFO –
Campinas/SP) and the Free Software Program (PSL – Curitiba/PR), which have been working on
implementing the so-called Digital Portfolio, a solution that, when aggregated to xLupa, presents
more attractive and comfortable ergonomics.
As to future work, three other totems will be assembled to be evaluated in this project’s partner
schools. In the second phase of testing, the interaction servers (visual, audio and tactile) will be
improved. We are quite interested in verifying the extent to which different tactile stimuli are able
to deliver a better experience. Among other decisions, we have been planning to use two
vibrators, instead of just one as in the current solution, one on each side of the mouse. We believe
that in this way, the vibration as well as the spatial stimuli can be carried out at different
frequencies, which can facilitate the indication of the event position on the screen.
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