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Abstract. Assistive technology enables people to achieve independence
in the accomplishment of their daily tasks and enhance their quality of
life. However, the development os assistive technology does not always
follow user needs and expectations, comprising their usability and effec-
tiveness. This paper discusses the design and evaluation strategies for
assistive technologies applied to a blind navigation system case study.
The research carried out focused on the gathering of user requirements
for ensuring enhanced autonomy of blind people in their daily life. The
picked requirements were used in an architecture that unifies the bene-
fits of a redundant blind navigation system with a set of services that
are provided by daily used information and communication technologies.
The system combines guidance, navigation and information gathering,
extending traditional aids with realtime knowledge of the surrounding
environment to provide an enhanced assistive tool for autonomy of the
blinds. Moreover, the developed solution fills the gap of existing solutions
that require the users to carry a wide range of devices and, mostly, do
not include mechanisms to ensure the autonomy of users in the event of
system failure.

Keywords: usability evaluation, interviews, blindness, assistive tech-
nology, navigation, autonomy.

1 Introduction

“Assistive Technology is any object or system that increases or maintains the
capabilities of people with disabilities” [7]1. However, little proof exists to sup-
port the real benefits of assistive technology both for the researchers and the
users, and the contention that users are satisfied with relevant aspects of these
assistive technologies [21]. Moreover, there are well known problems associated
with the design and development of assistive technologies that have been widely
discussed by the community. Authors explore the agenda, development and value
of assistive technology from different perspectives, from its development to the
users’ satisfaction [7,21,16].
1 According to the Assistive Technology Act of 1998, S.2432.
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Following the development of a core blind navigation system in the SmartVi-
sion project, the evaluation of the prototype revealed that further requirement
analysis was needed [9]. Some of those requirements were introduced in the nav4b
prototype that preceded the Blavigator project [10]. However, the technological
solutions introduced required a shift in the research strategy and the usage of
new methodologies to enhance the gathering of user requirement and their real
needs. The major research questions that arise at those stages concern: (1) the
context where blind or visual impaired users need to use a navigation system; (2)
how the users interact with the system; (3) the availability of the system; and
(4) how and why the application helps the users to enhance their autonomy. In
order to address these questions a study with visually impaired users was devel-
oped, which sought the evaluation of their daily habits in order to examine how
assistive technology might be an aid in their autonomy. This approach follows
the principles of User-Centred Design [22], where “technology related policies and
services need to emphasise consumer involvement and their long-term needs to
reduce device abandonment and enhance their satisfaction” [16].

This paper presents the exploratory study of user requirements in the Blaviga-
tor project for blind navigation. The methodology used for the study is analyzed
and discussed, followed by an explanation of the work developed. The core of the
study is a semi-structured interview that was conducted with users with different
levels of blindness. The analysis methodology used to gather data from the inter-
views [23,2,25] allowed reevaluating the system requirements and weaving new
directives on the real needs of users for a blind navigation system. The process
of analysis and development of accessible applications is discussed taking into
account the experience gained from this use case and the analysis of reference
bibliography in the domain. The discussion follows with the lessons learned and
the needs to be addressed. The presented study reveals that, as in similar studies
[4], users’ input is an important component to help guide designers in produc-
ing assistive technologies. Moreover, the choice of the evaluation methodology
follows the HCI research patterns and “must arise from and be appropriate for
the actual problem or research question under consideration” [11]. A final lesson
regards the presence of the users in every phase of the development of assistive
technologies, in order to ensure that the system actually behaves as we expect
and meets their requirements [6].

The structure of the remaining paper is as follows: Section 2 describes back-
ground and related work. In section 3, the Blavigator project is presented high-
lighting its features and major requirements. The fourth section focuses on the
research methods applied in this study. Section 5 gives an overview of the empir-
ical findings gathered from the field work. A discussion of the empirical results
is presented in Section 6. The last section provides some final remarks.

2 Background

Assistive technologies play an important role in the lives of many people by
providing the means to perform their daily living activities and helping people
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with disabilities to achieve greater independence and enhance their quality of
life. From the various assistive technologies available nowadays, a special focus
was put on those related with mobility. Mobility is a fundamental part of life
for every human and heavily depends on sight for orientation and navigation.
However, blind and visually impaired people need to rely on other senses, such
as touch and hearing, to ensure their mobility [17].

Current technology enabled the creation of systems that assist people with
special needs to navigate, eliminating many of their mobility restrictions [14,24].
The development of such systems has been discussed by several authors [26].
Most of these studies evaluate the needs and requirements of electronic travel
aids. Sanchez ’[19] argues that this systems should not focus on the replace-
ment of traditional assistive tools, as the white cane, since it is “very unlikely
to redesign such a device that is cheap, portable and useful”. According to the
author, efforts should be made in order to detect and inform users about obsta-
cles and provide more accurate information about the environment. In a user
centric perspective, Pressl and Wieser [18] worked in a project with the collab-
oration of blind people in order to develop “a prototype of a navigation system
which covers the overall spectrum of navigational components”. Polacek et al.
[17] follow the same perspective, conducting an in-depth evaluation with blind
users in order to evaluate the relevant aspects of navigation for the blind. In
their study, the authors also focus the integration of “sensors for position and
rotation acquisition, algorithm for route computation and an interface allowing
the user to control the navigation system”.

In the last decade several projects have emerged aiming to enhance indoor
navigation [8]. The BIGS System, proposed Na[15], includes an infrastructure,
the smart floor, and a portable terminal unit. A more complex system was pre-
sented by Ding [5] consisting of RFID tags, a portable reader which can be
integrated into the white cane, a mobile phone, a Call Center and a central in-
formation server. Jacquet et al. [13] developed a system based on a white cane
with a laser telemeter and GPS, that provides guidance information as well as
descriptive details about places based on semantic descriptions. Recently, Chen
[3] proposed the inclusion of pre-built RFID tags in blind pathways. Moreover,
the SmartVision project aims to develop a system for assisting the blind navigate
autonomously, integrating GPS, Wi-Fi, RFID and computer vision technology
[1]. In a complementary perspective, the TANIA system, which was originally
developed to provide the blind with a navigation device, was extended with an
RFID reader or the recognition of tagged objects [20]. The integration of navi-
gation and object recognition was previously explored by Hub et. al[12].

3 The Blavigator Project

The navigation for the blind has been shown as an area of interest in the scien-
tific community across the last few decades. Some of the issues associated with
these systems are generic assistive technologies, and other related to the specific
context of the case study. For the last years, our team has developed prototypes
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of navigation systems for the blind in order to solve some of the problems as-
sociated with these systems. On the genesis of the current Blavigator project,
which integrates the study presented herein, is the Smartvision project.

The main goal of the SmartVision project was to develop and integrate tech-
nology for aiding blind users and those with severe visual impairments into a
small portable device that is cheap and easy to assemble using off-the-shelf com-
ponents. This device should be extremely easy to carry and use, yet providing
all necessary help for autonomous navigation. It should be stressed out that the
device was designed to be an extension of the white cane, not a replacement,
and to be “non-invasive”, issuing warning signals when approaching a possible
obstacle, a point-of-interest or when the footpath in front is curved and the
heading direction should be adapted. In this sense, the SmartVision prototype
addressed three main applications: (1) local navigation for centring on footpaths
etc. and obstacle avoidance, in the immediate surroundings, but just beyond
the reach of the white cane; (2) global navigation for finding one’s way; and (3)
object/obstacle recognition, not only on the shelves in a pantry or supermarket,
but also outdoor: bus stops, taxi stands, cash machines (ATM) and telephone
booths.

Based on one of the technologies of the infrastructure of the SmartVIsion,
the Radio Frequency IDentification (RFID), used to create electronic trails and
tags, the Nav4B system [10] , proposed the integration of blind navigation with
day-to-day life supporting information systems, as traffic lights and public trans-
portations. Moreover, the system focus on the ergonomics and ubiquity go the
solution, using typical blind aids: a white cane; a smartphone; and bone- con-
duction headphones.

The Blavigator project extends the main goals of the SmartVision project with
the concept of the Nav4B architecture. In other words, the Blavigator prototype
intends to be an integrated navigation system which increases the autonomy of
daily life significantly while being, at the same time, cheap, reliable, small and
easy to use. Therefore the hardware platform chosen for the Blavigator proto-
type was a smartphone. This platform embeds all the sensors required, like stereo
vision, digital compass and a GPS antenna, and also provides all the data con-
nections needed, like Internet connection and Bluetooth for interfacing with the
instrumented white cane. Moreover, in the development of the Blavigator project
an extensive study of user requirements was performed as detailed described in
the next sections.

4 Research Methods

The experience acquired in the development of navigation systems for the blind
demonstrated the importance of assessing user needs. However, as in the bulk
of computer systems, users do not know their needs accurately, the study and
requirements gathering goes through the analysis of their habits and how the
technology shall be embedded in their everyday life. Research methodologies for
conducting such studies are diverse, using, among others, ethnographic tech-
niques, interviews and surveys.
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In this sense, the research method used was a semi-structured interview that
provides a closer interaction with the existing sample. This methodology ensures
greater richness and quality of information collected, to allow direct contact and
interaction with the sample during the interview, contrasting with other method-
ologies based on surveys. Moreover, the use of ethnographic techniques required
special conditions which could hardly be guaranteed (such as the ethnographer
be blind so be able to experience the same experiments and thus report).

A semi-structured interview is characterised by the existence of a previously
prepared script that serves shaft guiding the development of the interview, en-
suring that the various participants answer the same questions without following
a strict order to adapt the interview development to the interviewee.

The selection of the users for the sample group should ensure that they rep-
resent a subset of the study universe, to guarantee the scope of the study, the
search universe and the data sources in conjunction with the time and funds
available. Thus, a sample set of five individuals male and female, from different
age ranges and visual impaired or legally blind were selected.

In order to characterise the sample group in detail, the interview guide began
by gathering the age, sex, origin of visual impairment or legally blind inter-
viewee. The script also contained indications to the interviewer to ask for the
permission of the interviewee to perform the audio recording of the interview
for later analysis of more reliable data collection ensuring his/her privacy rights.
Following the set of objectives for the study, the interview guidelines included
questions about the use of devices and assistive technologies for enhancing the
mobility and independence of blind users, as other everyday use objects. To
measure the degree of autonomy of the individual, the interview also focused on
urban obstacles and barriers, whether fixed or mobile. Additionally, and when
possible, individuals were questioned in relation to the degree of nuisance caused
by those barriers to their daily lives and the environments in which they arose
(known / unknown, interior / exterior). Therefore it was ensured that a per-
spective of the wider difficulties experienced by each individual was gathered.
For a better characterisation of the individuals’ knowledge about the assistive
technologies for describing the environment, stakeholders were asked about their
experience in usage of tactile flooring, traffic lights with sound and subtitles in
braille (for example at bus stops). This nuclear base of information helps to un-
derstand the level of independence, autonomy and knowledge of each individual
in this domain. Finally, the script contained questions guidelines that aim to find
the ideal solution to provide autonomy to users. However, the questions should
not be directly asked to the user, but presented with various types of answers
and without limitation. That strategy allows the individual the opportunity to
express themselves by using situations they experienced.

5 Empirical Findings

The interviews were conducted in an informal and familiar environment to the
interviewee. This methodology promotes the interview to arise as an informal
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conversation, having some points on which the interviewer should conduct the
interview, but always ensuring freedom of the interviewee to express their opin-
ions. Consequently, and depending on the individual interviewed, the duration
of the interviews ranged between 105 and 15 minutes.

The characterisation of the interviewed individuals revealed that two inter-
venients were legally blind and the remaining three were visual impaired. The
legally blind individuals lost their vision during their life, one at 24 and the other
at 20 years of age, and are currently 32 and 38 years old respectively. As the
blind individuals were not born blind, they had to adapt to a new reality. In the
general context, they seem well adapted to this reality and are very independent
individuals without any shame to ask and answer any question about any sub-
ject. Moreover they pursue an active life, personal and professionally, and are
very curious about new technologies which can increase their autonomy, saying
that “I really like being autonomous and I am volunteer for new experiences.”
Meanwhile, visual impaired individuals have been losing their vision gradually
throughout their life. All individuals consider living in quiet towns. Some of them
often use public urban transportation. One of the individuals reported that she
only uses public transport when travelling to large cities, because she needs to.

The usage of mobile phone is transversal to all the surveyed users. The choice
of all of them fell on the same brand as it was one of the first to provide a screen
reader for these devices. Among the various functions available the interviewees
make calls, store phone numbers and events on the agenda. In everyday life all
of the interviewed blind individuals use the white cane, although one of them
was waiting for a seeing eye dog to ensure increased mobility and autonomy. The
usage of white cane was not as common among the partially sighted surveyed,
thus their mobility was more conditioned. The clock is also an object of everyday
use, in its various versions: audio, tactile, etc..

The opinion of respondents is unanimous concerning the amount of existing
barriers, as there are numerous urban barriers, particularly poles, dustbins, let-
terbox, public telephones, terraces and products displayed on the sidewalk in
traditional stores. The barriers are not only found in external areas, but also
inside buildings, where often information is scarce, particularly regarding the
location of services and identification of stairs and elevators. Despite the barri-
ers faced, individuals are also unanimous in considering that in already known
paths of their daily life, obstacles and their liable locations are easily detected,
even if they are just temporary obstacles.

Regarding the existing aid individuals are skeptical and rely more on their
senses than on the information provided by electronic devices. For example, in
the case of traffic lights with audio information one of the users stated: “who
can assure me that the traffic lights are working well and when I cross the street
I will not be hit by a vehicle?” However there are situations in which Assistive
technology may be useful as one of the users remarked by saying: “I like the
automatic doors more because the recognise us when we arrive”. The nonexistence
of information is another problem mentioned: “public transports lack indications
about the destinations, I often have to ask the driver”.
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As for navigation in familiar surroundings blind individuals report that since
reference points are not changed, they feel completely free to walk without a
cane. The situation turns out to be not much different on the outside, showing
that they rediscovered the cities where they live just with the help of their
white cane. One adds: “I travel alone on buses, usually recognize the path by
the movement of the bus and easily know my location”. Still on his autonomy
the other individual states: “I can go anywhere, I quite manage my autonomy
and mobility”. The independence / autonomy of partially sighted individuals
is different, having been noted that, for example, one of the individuals has a
higher dependence mainly from her mother who carries and accompanies her
everywhere. A revealing fact was to find that in unknown areas, outside her
hometown, she does not have any problem in using her white cane. However in
her hometown she is a bit more retracted “when I go into another town, like
Oporto, I use a cane but here I do not use it. I am ashamed.”

6 Discussion

In general, all individuals surveyed are accompanied by the same objects, just
like any other person without any special need. The objects are the personal
mobile phone, laptop computer, watch, keys, and obviously in the case of the
blind, the white cane. Therefore, mobility and autonomy assistive technologies
must be integrated in objects that are common in the everyday life of their users.

User requirements also include information about architectural barriers and
movable obstacles that should be communicated to users so that they can choose
alternative paths / routes. The lack of information about the surrounding en-
vironment is a key problem described by users, also requiring information on
specific locations, particularly inside the buildings. The needs are extensible to
services, one of the key problems identified being the lack of information in the
public transports.

It is also worth mentioning that the study carried out is not conclusive about
how the indications and information can be delivered to the users. None of the
respondents were explicit in their preferences, and the results were conditioned
by the hypotheses they were given during the interview. The interviewees are
nonetheless broadly in agreement on this point: the indications should be clear
and concise and more ancillary information should be available optionally, al-
though it would relay more security to the individual if the path was done along
a wall in order to always have feedback for orientation, instead of traversing the
space without reference points.

Finally, one of the most prominent aspects of the study relates to the need for
usage of a system to support mobility and navigation for the blind. In everyday
life users use the same pathways, the same schedules, knowing the environment
that surrounds them very well, so there is no need for any information other
than that relating to urban temporary barriers and obstacles that may arise.
Consequently, the usage of a navigation system for the blind will be equal to
their usage for a normal person, that is, when moving to an unknown location.
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Some of the problems highlighted in this study are common to previous stud-
ies, in which we studied the habits and daily life of users [19,17]. Despite the
variety and richness of the information gathered, the need to perform functional
tests with prototypes is clear, in order to evaluate the adaptation of the system
used and its usage.

7 Final Remarks

The improvement of the functional capabilities of people with special needs is of-
ten achieved through the use of assistive technologies. These technologies ensure
an improvement of the general welfare of the people, enhancing their capabilities.
However, their design is sometimes limited. Some of the solutions are too spe-
cific and therefore have very high costs. Other solutions are designed to ensure
universal access, with features that allow its usage by a broad population. Nev-
ertheless, and particularly in this last case, some of the solutions are designed
in the laboratory without examining the real needs of individuals.

In the work presented in this paper we highlight the need for interaction with
users to gather the system requirements for assistive technologies. In order to
illustrate this need a navigation system for the blind is presented as a case study.
The system has evolved in order to narrow down its requirements according to
the users needs.

In the last iteration of the system development semi-structured interviews
were conducted with potential users in order to understand their daily habits
and thereby assess the requirements of a system that supports them in their
mobility. The research methodology used proved suitable to the study, particu-
larly by creating an informal atmosphere with the interviewees and not target
their responses to the objective of the ongoing work. Therefore the problems and
the real needs of users in their day to day life were perceived and the require-
ments for the enhancement of the system were gauged, in order to increase their
autonomy and mobility.

The work carried out showed some limitations, namely at the level of obtaining
information from users concerning what they would expect in a system to support
their mobility.

Furthermore, the need for the evaluation of the development process as a
whole, ie, a complete development cycle, from the requirements elicitation until
the prototype testing, is also evident,. Therefore the main purpose of future work
is to understand if the whole process of development was actually adjusted to
the user needs, performing applicational tests with the same sample group using
a prototype navigation system that reflects the needs evidenced in the study.
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