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RECHERCHES EMPIRIQUES  
EMPIRICAL STUDIES

Strategies and needs of blind pedestrians 
during urban navigation

STRATÉGIES ET BESOINS DE PIÉTONS 
NON-VOYANTS PENDANT LA NAVIGATION 

URBAINE

By/Par Lucie Brunet1, Françoise Darses2 & Malika Auvray3

abstract

The aim of the exploratory study reported here was to investigate in depth 
the needs and strategies (heuristics and procedures) of blind pedestrians during 
navigation in an unknown urban environment. Blind participants had to prepare 
for and then complete a two-kilometer route. The participants’ requests for infor­
mation and verbalizations were recorded before and during navigation and they 
were further detailed with individual interviews afterwards. The results revealed 
the influence of journey-organization habits on the strategies that were adopted 
and on the required needs. In addition they highlighted those resources (e.g., other 
pedestrians) and constraints (e.g., temporal) that are shared by all participants, 
and those resources (e.g., use of specific navigation tool) and constraints (e.g., 
anxiety) that vary with participants’ journey-organization habits. Based on the 
results of this study, we draw recommendations concerning the design of naviga­
tion aids for blind pedestrians, in order to enhance their acceptability by the target 
population.

Keywords: Navigation, Blindness, Needs, Strategies, Visual impairment, 
Spatial Cognition.

résumé

Alors que la recherche en sciences cognitives s’est focalisée sur l’identification 
de systèmes efficaces pour guider les piétons aveugles, peu d’études ont examiné 
les stratégies de navigation dans leur ensemble, prenant en compte l’articulation 
entre la phase de préparation et la phase d’exécution de l’itinéraire. La présente 
étude a cherché à aborder cette question, en s’appuyant sur la perception spatiale, 
la cognition spatiale et la navigation humaine. L’étude exploratoire présentée ici 
vise à étudier de façon fine les besoins et les stratégies (heuristiques et procédures) 
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que les piétons non-voyants mettent en oeuvre au cours d’une activité de navi­
gation dans un environnement urbain inconnu. Six participants non-voyants 
ont préparé et réalisé un parcours de deux kilomètres en ville. Ce parcours a 
été divisé en segments, correspondant à chaque intervalle entre chaque point de 
réorientation. Les participants ont été divisés en trois groupes, en fonction de la 
manière dont la phase de préparation de l’itinéraire était réalisée : avec des aides 
technologiques uniquement, avec l’assistance d’une tierce personne, ou bien sans 
aucune préparation. Les demandes en information des participants et les ver­
balisations ont été enregistrées avant et pendant la navigation, ainsi qu’au cours 
d’un entretien individuel mené à l’issue du trajet. Le contenu de ces demandes 
d’information a été analysé sous l’angle du degré d’anticipation qu’elles reflétai­
ent. Le degré d’anticipation correspond au nombre de segments qui sépare le point 
où le participant se trouve et l’endroit sur lequel il cherche des informations. Les 
résultats ont révélé l’influence des habitudes de planification du déplacement 
(préparation sans aide humaine, préparation avec aide humaine, ou sans prépa­
ration du tout) sur les stratégies qui ont été adoptées et sur les besoins en informa­
tion nécessaires. En outre, les résultats ont souligné que certaines ressources (par 
exemple, les autres piétons) et certaines contraintes (par exemple, temporelles) 
sont mobilisées et prises en considération par tous les participants. Inversement, 
d’autres ressources (par exemple, l’utilisation de l’outil de navigation spécifique) 
et contraintes (par exemple, l’anxiété) varient en fonction des habitudes de plani­
fication adoptées par les participants. Cette étude nous permet de formuler des 
recommandations concernant la conception des aides à la navigation pour les 
piétons non-voyants, qui permettraient d’améliorer l’acceptabilité de ces outils par 
cette population.

Mots-clés  : Navigation, Non-voyants, Analyse de l’activité, Stratégies, 
Handicap visuel, Cognition Spatiale.

I. INTRODUCTION

According to the World Health Organization (WHO, 2017) around 
253 million people live with visual impairment, with 36 millions of them 
being blind. Enhancing the autonomy of visually impaired or blind indivi-
duals is, therefore, an important goal for society (CERTU, 2008). Although 
most blind individuals are willing to use assistive technology, their needs 
remain unfulfilled (Gold, Simson, & Zuvela, 2005). The limitations of tra-
ditional navigation aids (white cane and guide dogs) and the availability of 
context-sensitive technology have stimulated the development of navigation 
aids for the blind, especially, GPS-based devices. As a result, numerous 
navigation aids for visually impaired individuals are currently available. 
But most of these aids focus on avoiding potential obtacles recognition and 
on recognizing the nature of nearby moving and static obstacles (Mekhalfi 
et al., 2016, p. 129). The extent to which these devices fulfill their goal of 
helping blind individuals navigate in complex environments (e.g., a city) 
remains limited.

One of the main reasons for the lack of acceptance of navigation 
aids relates to users’ lack of control on itinerary preparation, which is 
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performed automatically based, on pre-defined starting and end points. 
The itinerary is described in a segment-wise fashion, making it difficult 
for the user to form a mental representation of the itinerary in its entirety. 
While research in the cognitive sciences has focused on identifying effec-
tive methods for guiding blind pedestrians (for a review, see Gallay, Denis, 
& Auvray, 2013), few studies have examined navigation strategies as a 
whole, taking into account the articulation between the journey-preparation 
phase and the subsequent navigation phase. The present study sought to 
address this issue, drawing on spatial perception, spatial cognition, and 
human navigation.

I.1. Design of urban-navigation aids: from a techno-centric approach 
to an ergonomic approach

Several factors limit the development and the diffusion of navigation 
aids for blind users. For example, issues with the reception of satellite 
signals limit the reliability of GPS-based devices (resulting in inaccurate 
localization information) and they induce constraints on the environments 
in which such devices can be used. The shortcomings of GPS-based navi-
gation aids for pedestrians have been documented in various studies 
(Baudoin et al, 2005; Denham, Leventhal, & McComas, 2004; Kammoun, 
2013; Spérandio & Uzan, 2004; Sanchez & Saenz, 2010). The lack of 
user-friendliness, personalization, and a poor esthetics further contribute 
to limit the wide adoption of these devices (Arnold, Pesnot-Lerousseau, 
& Auvray, 2017). Finally, the combination of complex technologies and a 
relatively small market, results in relatively high costs.

Many studies have been devoted to the design and the evaluation of navi-
gation aids. For example, Klatzky, Giudice, Bennett and Loomis (2014), 
Loomis, Marston, Golledge, and Klatzky (2005), as well as Loomis and 
Philbeck (2008), have evaluated innovative technologies, such as binaural 
sound, in well-controlled laboratory environments and in more ecological 
settings. Mekhalfi et al. (2016) designed a prototype, made of cameras and 
sensors placed on the chest, that allows both recognition and navigation 
functions. This device provides blind people with navigation and obstacle 
avoidance aids. However, this prototype is restricted to indoor environment 
and it does not address the steps of route planning and wayfinding. Cecilio, 
Duarte and Furtado (2015) designed the system BlindeDroid whose aim is 
to guide blind people in large indoor environments, such as shopping cen-
ters or public office buildings. Their system offers an aid for short distance 
wayfinding, but it does not take into account the phases during which 
impaired people must plan and organize their journey.

All these studies focused mainly on navigation performance. In addi-
tion, most of them focused on the “mobility” phase (Heuten, Henze, Boll, 
& Pielot, 2008). The way blind people go through the “preparation” phase 
has often been neglected (Miele, Landau & Gilden, 2006). Thus, it remains 
a wide range of investigations to be performed on navigation as a whole. 
Device acceptability should take into account the qualitative aspects of 
blind users’ experience, as well as their interactions with the device in real 
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environments. As was noted by Plos, Buisine, Aoussat and Dumas (2007), 
blind users’ needs are rarely analyzed, and when they are, the results of 
these analyses do not allow for useful recommendations directly useable by 
member of the assistive-device design team (see also Benetti & Collignon, 
2014). This limits both the efficiency and the acceptability of current assis-
tive devices.

The French law of Febuary 11, 2005, which requires “equal rights, 
opportunities, participation, and citizenship for persons with a handicap” 
emphasizes the fact that handicap results from an interaction between, 
on the one hand, a disability or health issue that limits people’s acti-
vities and, on the other hand, an environment that includes personal as 
well as contextual factors (such as habits, education, culture, profession). 
Identifying the various factors that underlie impaired people’s navi-
gation activities, and identifying the most important ones, in order to 
design ergonomic navigation aids, is a complex issue. Plos et al. (2007) 
argued in favor of the Canadian approach (such as the one developed 
in Fougeyrollas, Cloutier, Bergeron and Côté, 1998), which considers 
handicap as a whole. This approach emphasizes the fact that handicap 
does not result from a mere disability but rather from its interactions with 
numerous other variables. These variables can be sorted into three cate-
gories: (i) personal factors (e.g., age, gender, capacity, anthropometric 
characteristics, sociocultural identity); (ii) environmental factors (e.g., 
social environment, urban architecture, assistive technology); (iii) way of 
life (e.g., everyday activities and social habits, personal values and socio-
cultural context).
Although researchers agree on the importance of the plurifactoriality 
underlying blind individuals’ activities, so far, most studies have focused 
on the psychological determinants of this activity, such as stress (Wolff, 
Cabon, Uzan, Nelson & Couix, 2006) presentation of information (Gaunet 
& Briffault, 2005), or allocentric versus egocentric spatial reference frame, 
(Arnold, Spence, & Auvray, 2016; Becchio, Del Giudice, Dal Monte, 
Latini-Corazzini, & Pia 2011; Gallay et al., 2013; Kessler & Thomson, 
2010; Kessler & Wang, 2012). Contextual factors, such as urban envi-
ronment constraints, aids and resources, are often neglected. Moreover, 
previous studies have put emphasis either on the phase of preparation of 
the itinerary or on the phase of actual navigation, without investigating how 
these two parts of navigation are linked.

I.2. Psychological dimensions of navigation activities

The psychological and cognitive dimensions of navigation in blind indi-
viduals have been extensively investigated (Afonso et al., 2010; Denis, 2018; 
Deroy, Fasiello, Hayward, & Auvray, 2016; Thinus-Blanc & Gaunet, 1997; 
Nelson, Wolff, Cabon, Uzan, & Couix, 2006). Previous studies underlined 
the important role of the following factors: the cognitive representation of 
space, the age at the onset of blindness, temporal constraints, and the way 
in which information is presented. The main findings of these studies are 
summarized below.
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I.2.1. Blindness and spatial cognition

For blind individuals, orientation and navigation are complex tasks and 
they often induce stress and fatigue (Nelson et al., 2006). Even when they 
are helped with a guide dog or a white cane, navigation is usually more 
difficult when the itinerary is not known in advance. The difficulty varies 
depending on environmental factors such as the density of the population, 
the weather, architectural constraints, the presence or absence of land-
marks. There is important inter-individual variability in the perception of 
these difficulties.

Congenitally blind individuals must rely on sensory modalities other 
than vision to build spatial representations (Schinazi, Thrash, & Chebat, 
2016). The normally functioning visual organ provides multiple sources 
of information (including near and far distances) within a very short time 
frame. Blind individuals must re-create this process by integrating infor-
mation across multiple sensory modalities, including hearing, touch, and 
proprioception. This is a costly and time-consuming cognitive process. 
Since blind individuals do not have access to information concerning 
distant objects (O’Brien & Auvray, 2014; Proulx, Todorov, Taylor Aiken, 
& de Sousa, 2016), they must integrate information sequentially, as this 
information becomes available, during navigation. For instance, a blind 
individual will experience walking on grass, then on a road, then on pave-
ment, whereas a sighted individual can apprehend the succession of ter-
rains all at once and form a global visual scene at a glance.

Because blind individuals acquire and integrate spatial information 
sequentially, they tend to organize this information in an egocentric fash-
ion, remembering the positions of spatial elements in relation to the posi-
tion of their own body (see Arnold, Spence, & Auvray, 2017). By contrast, 
sighted individuals tend to organize their spatial representations allocentri-
cally, meaning that the positions of spatial elements are encoded indepen-
dently from the observer’s position. The distinction, which was introduced 
by O’Keefe and Nadel (1978), between “first-person” vision (egocentric, 
road-like perspective) and “third-person” vision (allocentric, map-like per-
spective), is especially meaningful when applied to the spatial-representation 
abilities of blind and sighted individuals. Noordzij, Zuidhoek, and Postma 
(2007) have investigated the characteristics of mental representations of 
environments, which were described verbally to blind and sighted partici-
pants, either as a map or as a road. The authors used a recognition task 
with priming in which participants were presented with the names of two 
elements. These elements were either present in, or absent from, the initial 
verbal description of the scene. The participant’s task was to indicate as 
quickly as possible whether the second element was present in the previ-
ously described environment. The results showed that, when the two ele-
ments were present in the description, a priming effect was observed in 
both blind and sighted participants, whereby response times were faster 
when the two named elements were spatially proximal than when they 
were far apart. This effect was not observed in either group when the 
words were close in text but far in the initially described space. Therefore, 
the authors concluded that blind individuals can form non-verbal, spatial 
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mental representations of verbally described environments, and that these 
spatial representations contain the same metric information as those of 
sighted individuals.

The second task assigned to participants involved comparing distances 
between elements in the environment. The results showed a similar effect 
in blind and sighted people: the larger the difference between the two to-
be-compared distances, the longer the response times. This suggests that 
blind and sighted individuals have a similar organization of spatial mental 
representations of the environment. However, a study of the influence of 
the type of description revealed that road-like descriptions led to more 
robust mental representations of space in blind participants, whereas sigh-
ted individuals preferred map-like descriptions. Similarly, Rieser, Gum, 
and Hill (1986) found that when a navigation task requires a change 
in perspective or spatial inferences (that relies on allocentric reference 
frames) congenitally blind people do not perform as well as sighted and late 
blind individuals. These finding suggest that the lack of visual input leads 
blind individuals to organize their representations of space egocentrically, 
at the expense of allocentric representations (for similar claims, see also 
Arnold et al., 2017-b; Denis, 2018). It however seems that this difference 
in allocentric versus egocentric representations differs as a function of the 
scale of the environment. In blind persons, egocentric spatial represen-
tations are favored particularly in small-scale space, when the body offers a 
stable anchor point (Iachini, Ruggiero, & Ruotolo, 2014).

It has to be mentioned here that in some spatial tasks, the use of an 
egocentric perspective is sufficient to succeed. When it is the case, sighted 
and blind individuals can obtain comparable performance. For instance 
Loomis et al. (1993) compared spatial memory performance in blind 
and blindfolded sighted participants. The participants in this study were 
accompanied along a straight or curved path, and they were requested to 
reproduce it. There was no significant difference in performance between 
blind and sighted people. This suggests that visual impairment does not 
entail the estimation of directions and the estimation of distances between 
elements of an environment that has been physically explored. This result 
can be due to the fact that reproducing a physically experienced itiner-
ary is based on kinaesthetic and vestibular memory, corresponding to an 
egocentric frame of reference. On the other hand, when the task involves 
encoding spatial information that has not been physically explored, or 
when it involves spatial inferences or changes in perspective, then differ-
ences are more likely to appear between blind and sighted people (Rieser 
et al., 1986).

It should be mentioned that some studies linked spatial cognition with 
blindness aetiology. For instance Eardley, Edwards, Malouin and Kennedy 
(2016) found in a task assessing allocentric capacities that blind people with 
retinopathy of prematurity performed lower than sighted and early blind 
participants, who obtained similar result. According to the authors, it’s 
not visual impairment alone that induces impaired allocentric spatial per-
formance but visual impairment together with retinopathy of prematurity. 
The existing literature reports sometimes a negative and sometimes a lack 
of influence of blindness on performance in allocentric spatial processing. 
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This result allows highlighting this apparent contradiction in that, to give a 
fine-grained account on the differences in spatial cognition between blind 
and sighted people, blindness should not be considered alone, but taken 
with its aetiology.

I.2.2. Information-presentation modes

Various approaches can be used to assist navigation in visually 
impaired individuals: tactile maps, satellite-based guiding technologies, 
verbal guiding, binaural sound (or 3D sound, made possible by the 
use of stereo headphones and an electronic compass), spatialized verbal 
information, and systems combining tactile and auditory information. 
Verbal information has been identified as the best way of guiding navi-
gation in blind individuals, for various reasons. Firstly, according to 
Gaunet and Briffault (2005), verbal instructions make it possible to 
describe an unknown itinerary in the most adapted way. A study by 
Denis and Zimmer (1992) showed that it is indeed possible, using solely 
verbal information, to induce in blind individuals spatial mental repre-
sentations that can be used to guide actions. Secondly, verbal guiding 
makes it possible to describe complex environments more precisely than 
when using tactile maps (Avraamides, Galati, Pazzaglia, Meneghetti, & 
Denis, 2013; Richard, Vaz-Cemiglia & Portalier, 2004). For example, 
maps of a train station, an urban plaza, or a large roundabout contain 
a wealth of information, and a substantial cognitive effort is required 
in order to apprehend and memorize this information via tactile explo-
ration. Thirdly, using the auditory channel makes it possible to deliver 
information progressively during the course of navigation, thus limiting 
memory load.

II. AIM OF THE STUDY

Most of previous studies, as those described in the above section, 
seek to identify the cognitive competences of blind individuals. In these 
studies, contextual factors, which are crucial in real-life navigation acti-
vities, receive little attention. In our study, we chose to adopt an ergonomic 
approach, which emphasizes the situated dimension of human cognitive 
activities (Leplat, 1990; Arnold & Auvray, 2017). The aim is not merely 
to reveal individual’s cognitive abilities to perform a particular navigation 
task, but to emphasize how individual’s performance is shaped by external 
constraints. Moreover, this performance also depends on the expertise 
acquired through repeated practice.

The goal of our study is to shed light on some of the contextual deter-
minants of a navigation activity, and to highlight some of the strategies 
used by blind individuals during this activity. Thus, our exploratory study 
aims at highlighting the contextual factors that influence this expertise, 
and at comparing individual navigation strategies of blind individuals. 
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Finally, given that analyzing blind individuals’ needs during navigation 
is an important pre-requisite to formulating design recommendations for 
user-centered navigation-aid devices, an output of this study was to pro-
mote the development of such devices.

A pre-requisite of our study was to collect data from visually impai-
red volunteers, used to perform pedestrian urban journeys on their own. 
Reaching such a population is not easy, cutting down our sample size. This is 
why our study must be seen as an exploratory one. Rather than conducting 
a case study, and following Sanchez and Saenz (2010), as well as Almeida, 
Martins and Lima (2015), we built a “quasi-experimental” design, so as to 
examine the effect of this “preparation mode” factor.

III. METHOD

III.1. Participants

Six blind individuals (4 females and 2 males), aged 34-64 years 
(M = 50), participated in the study. As presented in Table 1, these volun-
teers were used to navigate on a daily basis. Therefore, they can be consi-
dered as navigation experts. All of them use a white cane; only two have 
a guide dog. Four of them (participants A, B, C, D) used navigation aids, 
especially the Kapten system, which is a GPS navigator for blind people. 
Participant C was used to prepare her journeys by recording all the infor-
mation collected from google.maps and from someone helping her. During 
the mobility phase, she listened to these recorded information, to find her 
way.

Table 1. Demographic data and participants’ profil.

Tableau 1. Données démographiques et profil des participants.

Participant
Deficiency 
Early or late 

blind
Sex Age Usual travel 

assistance

Usual  
navigation 

aids

Travel 
frequency

A Early F 64 White cane Kapten Everyday

B Late M 49 White cane Kapten Everyday

C Late F 62 White cane 
Guide dog

Recorder Everyday

D Late F 58 White cane 
Guide dog

Kapten Everyday

E Late F 25 White cane None Everyday

F Early M 43 White cane None Everyday
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III.2. Design setting

Blind pedestrian navigation begins with the preparation of the itinerary 
(in this paper, preparation phase). It continues with the journey itself (in 
this paper, mobility phase), and it ends when the destination is reached.

We hypothesized that some strategies used to prepare the itinerary 
(during the preparation phase) promote higher navigation performance 
(during the mobility phase) than others. Multiple criteria, relating to dif-
ferent dimensions of navigation activities, can be used to evaluate navi-
gation performance. For example, one can consider the total duration of 
the journey (including the preparation phase and the mobility phase) or 
the number of times that the participant requested information (as an indi-
cator of the participant’s degree of autonomy).

During the very first step of the study, it was found that blind pedestrians 
organize their navigation in an unknown environment according to three dif-
ferent manners – which we hereafter refer to as preparation mode:  either 
without human assistance; or with human assistance; or with no preparation 
at all. Participants in our study differed in their habits in route planning:

– 	 Participants A and B were used to rely on technological aids, such as 
GPS, to plan their route and to execute their journey;

– 	 Participants C and D were used to plan their route with human assis-
tance, and had a dog to help them in the execution of the journey;

– 	 Participants E and F did not plan their route and manage by them-
selves the execution of the journey.

According to their habits in route planning, participants were divided 
into three groups. Depending on their group, participants were requested 
to behave differently during the preparation phase of the experiment:

– 	 Group without hum-aid: participants A and B had to proceed the pre-
paration phase without human assistance ;

– 	 Group with hum-aid: participants C and D had to proceed the prepa-
ration phase with human assistance;

– 	 Group no-prepa: participants E and F did not go through any prepa-
ration phase.

None of the participants knew the route nor the area, beforehand. None 
of them lived in the area where the experiment has been conducted.

III.3. Scenario and procedure

We developed an experimental protocol based on a navigation scenario 
to be played in a real urban environment. An important feature of the sce-
nario is that it includes the two phases typically involved in a pedestrian 
navigation activity: the preparation phase and the mobility phase.

The navigation environment for the experiment was the Paris neighbor-
hood “Convention.” This is a typical urban, residential environment, with 
moderate automotive traffic. An itinerary was chosen, which involved all 
facets of pedestrian navigation in complex urban environments. It included 
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multiple street crossings, curved streets, a square and four “obligatory cross-
ing points” through which the participant had to pass: (1) a metro station (as 
the starting point); (2) a friend’s house (3); a Tax Office; (4) and another metro 
station, which was used as the endpoint. This approximately 2-kilometers  
journey took between 15 and 20 minutes for sighted individuals (the exper-
imenters), and between 45 and 60 minutes for the blind participants.

The experiment was tested with two visually impaired people (not 
included in the main study). Improvements were made on different points 
of the procedure. Scenario elements were provided verbally to each parti-
cipant at the beginning of the experiment, that is before the preparation 
phase for without hum-aid and with hum-aid groups, and before the mobi-
lity phase for the no-prepa group.

III.4. Data collection

The experiment involved two data collection methods: (a) audio-video 
recording throughout preparation and journey and (b) individual inter-
views before and after the journey.

III.4.1. Journey preparation and realization

Participants were first given the itinerary-scenario. The experi-
menter transmitted verbally the following keypoints: point of departure 
(Convention subway station), two intermediary destinations to go through 
(two addresses: 14 rue Bausset and 41 rue Violet) and the point of arrival 
(La Motte Piquet subway station). Then, participants were asked to get 
prepared for the journey: 

– 	 The participants in group without hum-aid prepared on their own 
using the web-based tools for itinerary preparation that they were fami-
liar with (e.g., Google Map, Mappy). They were asked to think aloud 
during this preparation. The experimenter was in charge of recording 
these verbalizations.

– 	 The participants in group with hum-aid received help from the experi-
menter in preparing for their journey. The experimenter was in charge 
of recording these verbalizations.

– 	 The participants in group no-prepa did not prepare for the journey; 
they relied on directions provided in real-time during the journey.

The experimenter answered verbally to all questions, using a list of 
standardized responses. This list was built on the basis of the six main func-
tions of navigation guiding, identified by Gaunet and Briffault (2005) : 

– 	 Localization. – 	 For instance, “You are in front the subway”
– 	 Orientation. – 	 For instance, “You turn right into Lyon Street”
– 	 Crossing. – 		  For instance, “You cross Daumesnil BD”
– 	 Progression. – 	 For instance, “Walk forward”
– 	 Intersection. – 	 For instance, “You arrive at an intersection”
– 	 Route ending. – 	 For instance, “You stop”
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The data that were recorded during the preparation phase differed 
according to the group: 

– 	 For the group without hum-aid, data consisted of the participants’ ver-
balizations during their own information research; 

– 	 For the group with hum-aid, data consisted of the participants’ ques-
tions to the experimenter.

During the mobility phase, the participants could obtain information 
using the “on-demand information” method. As described in Bisseret, 
Sébillotte and Falzon (1991), the rationale of this method is to provide 
participants with information if, and only if, it is asked for. Thus, the expe-
rimenter will not give any information on its own initiative. This allows to 
identify the key information which is needed by a participant.

During mobility, participants used their usual aids (either dog or cane, 
or technological tools), as they were used to do in their daily life. If needed, 
participants could request more information from the experimenter. The 
experimenter constantly followed the participants along the journey, and 
recorded verbalizations, which were subsequently converted into written 
text.

III.4.2. Pre- and post-activity interviews

Before the experiment, each participant took part in a semi-structured 
interview, lasting 20 to 30 minutes. Interview questions were based on a 
questionnaire. The goal of the interview was to identify the participants’ 
navigation habits, including both journey-preparation habits (e.g., the 
tools that were used by participants for preparing their journey together 
with the difficulties that they encountered while doing so), and navigation 
habits per se. The verbal corpuses were analyzed according to the scheme 
described below.

A second semi-structured interview, lasting 30 to 40 minutes, took 
place just after the experiment, so as to identify the constraints and the 
resources taken into consideration during the journey.

III.5. Data analysis

III.5.1. Journey preparation and realization

Phase. – Navigation was divided into two phases: preparation and 
mobility. The preparation phase is dedicated to the preparation of the itine-
rary, including some investigations on Web sites. For blind individuals, this 
phase often takes place in a familiar place, for example at home or at the 
office. The mobility phase is dedicated to the journey execution.

Segment. – A pedestrian itinerary can be divided into segments deli-
mited by two points, at which the traveler must reorient herself/himself. 
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The information gathered during the preparation phase or the mobi-
lity phase relates to such segments. For example, the following sentence 
corresponds to a sole segment: “Take Brossolette street and walk straight 
on for 30 meters, then turn onto the 1st street on your right.” A degree of 
anticipation is associated to each segment. For a particular individual, 
this degree of anticipation (denoted Tn in Table 2) corresponds to the 
number of segments between the point where he/she is actually located 
(T0) and the point for which he/she is seeking information (see Figure 1 
and Table 2.). Five degrees of anticipation were identified, as illustrated 
in Table 2.

Figure. 1. Schematic example of itinerary segmentation. A new segment is created as soon 
as the pedestrian reorients herself. The number of reorientation between segment T0 and 
the location for which a question is asked defines the degree of anticipation of the request.

Figure. 1. Exemple de segmentation d’un itinéraire. Un nouveau segment est créé dès que le piéton se 
réoriente. Le nombre de réorientations entre le segment T0 et le lieu à propos duquel la question a été 

posée determine le degree d’anticipation de la requête.

Information request. – Participants’ verbalizations were recorded 
during the whole journey (preparation and mobility phase), and transcri-
bed. This formed a set of data from which “information requests” (IRs) 
were extracted. An IR is the piece of information which is requested by 
a participant during the preparation phase and the mobility phase, either 
from the experimenter or from the navigation aids that were used. If diffe-
rent pieces of information were contained into one sentence, different IRs 
were identified. For the mobility phase, each question asked to the experi-
menter was counted as one IR, regardless of the group. For the preparation 
phase, each piece of information retrieved by participants of group 1 using 
web-based tools was counted as one IR. For the participants of group 2, 
each piece of information retrieved by asking “human aid” was counted as 
one IR.

Degree of anticipation. – In a second step, each IR was categorized 
according to the degree of anticipation to which it refers. The degree of 
anticipation is determined on the basis of the segment which is referred to 
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in the IR. Coding the degree of anticipation in each IR was unequivocal 
and unambiguous and could thus be performed by a single coder.

Table 2. Categories of information requests (IRs), according to their 
associated degree of anticipation. The degree of anticipation corresponds 
to the number of reorientations needed between the participant’s current 
location and the location corresponding to the question.

Tableau 2.Catégories de requêtes d’information (IRs), définies en fonction 
du degré d’anticipation associé. Le degré d’anticipation correspond au nombre 
de réorientations nécessaires entre la position du participant et le lieu vise 
par la requête d’information.

Segment 
number

Degree of 
anticipation

Information-request (IR)  
categories

Example of simultaneous 
verbalization

T-1 - 1 segment IR in relation to the pre-
ceding segment

Did we went through the 
big square?

T0 Current 
segment

IR for the current 
localization

Where are we right now? 
What street are we in?

T1 1 segment IR taking into account the 
next segment

In which direction should 
we leave?

T2 2 segments IR taking into account the 
next 2 segments

When in Gerbert street, on 
which side should I turn?

T3 3 segments IR taking into account the 
next 3 segments As above

T4 4 segments IR taking into account the 
next 4 segments As above

T5 >4 segments

IR related to more than 
4 segments in advance and 
to the global planning of 
the journey (overall view of 
the journey, as opposed to 
detailed instructions).

Is the destination still far 
away?
I have to take how many 
more streets to get there?

III.5.2. Pre- and post-activity interviews

The semi-structured interviews were transcribed. The resulting corpus 
was subjected to protocol analysis. Verbal reports were segmented into 
semantic units that were identified according to a coding scheme. The 
coding scheme reflects the various components of knowledge. A semantic 
unit usually corresponds to a sentence. When a given sentence accounts 
for several distinct types of knowledge, it is segmented into several semantic 
units.
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Considering the aim of the study, this coding scheme was made of 
seven categories: Motive; Heuristic; Goal; Procedure; Prerequisite; Internal 
Resource or Constraint; External resource or Constraint. These coding scheme 
categories are described and illustrated in Table  3. The categories are 
mutually exclusive.

For example, we considered that the following sentence accounts for 
the use of a knowledge defined as an external constraint : “What bothers 
me the most is the noise, street traffic and people who do not walk carefully.” By 
contrast, the following sentence describes a heuristic: “People on the street 
are not always reliable, thus, I like to ask the same information to several per­
sons”, and it was used by all six participants.

The participants’ use of each semantic-unit category was tallied. 
Depending on which group he/she belongs to, one participant uses and 
articulates these knowledge components differently from the others. These 
various combinations form what we call strategies. Our aim was to bring 
into light these strategies and compare them.

Table 3 .Coding scheme used for protocol analysis.

Tableau 3. Schème de codage utilisé pour l’analyse de protocole.

Semantic 
unit

Definition Example

Motive Rational or emotional reason that 
prompts an activity

“I like to perform a physical acti­
vity and to discover new places”

Heuristic Rule used to organize the activity, 
that promotes a favorable outcome, 
but however does not necessarily 
guarantee a successful outcome

“People on the street are not 
always reliable, thus, I like to 
ask the same information to 
several persons.”

Goal What the individual seeks to achieve 
with the activity

Go from one place to another

Procedure The elaboration of an action plan, 
including sub-goals

“I will enter, on Google Map, 
first, the starting point, then, the 
destination point”

Prerequisite Conditions that are required for the 
implementation of the procedure

“If I can access the internet, I 
will look up the itinerary”

Internal 
Resource or 
Constraint

Knowledge that enables/limits the 
goal completion

“When I am tired, I am less 
focused and attentive”

External 
resource or 
Constraint

Characteristic of the environment 
(e.g., urban infrastructure, density 
of the population or traffic), of the 
technological aids (e.g. GPS), or of 
the temporal conditions (e.g. bus 
timetable) which enables/limits the 
goal completion

“What bothers me the most 
is the noise, street traffic, 
people who do not walk 
carefully”
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IV. WHAT INFORMATION DO BLIND INDIVIDUALS NEED 
TO COMPLETE AN UNKNOWN ITINERARY?

IV.1. Overall performance

In this section, we focus on overall navigation performance. The recor-
ded data are the time and the number of IRs that were needed to complete 
each phase.

For each group, we counted and averaged the numbers of IRs made 
during the course of the exercise. IRs made during the preparation phase 
were treated separately from the IRs made during the mobility phase. In 
addition, we compared these numbers with the average duration of these 
two phases, separately for each group. The results are shown in Figure 2.

Figure 2. Average duration (in minutes) of the preparation and mobility phases for the three 
groups, and average number of information requests (IRs).

Figure 2.Durée moyenne (en minutes) des phases de préparation et de mobilité  
pour les trois groupes et nombre moyen de requêtes d’information (IRs).

preparation phase. – The average number of IRs was approxima-
tely two times larger for group 2 (M=38.5; SD=23.3) than for group 1 
(M=17; SD=0). The average duration in minutes of the preparation phase 
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was approximately two times longer for group 1 (M=32; SD=2.8) than 
for group 2 (M=15; D=4.2). Thus, for group 1, approximately one third 
(36.3 %) of the total activity duration was spent preparing for the journey, 
whereas for group 2, only a quarter of the total activity duration (23 %) 
was devoted to preparation. To obtain a quantitative summary of perfor-
mance within each group, we computed the average number of IRs per 
minute (number of IRs/duration). The result was equal to 0.53 (17/32) for 
group 1, and to 2.57 (38.5/15) for group 2.

One possible interpretation for such a difference is as follows. The par-
ticipants in group 1, who were used to preparing for pedestrian journeys 
on their own using web-based resources, had access to precise information 
(e.g., exact distances and estimated durations for the different segments, 
and street names). However, they had access to a relatively small number 
of such pieces of information, because most of the information provided 
on Internet sites is not accessible to blind users. For example, most sites 
provide a visual map, but they lack a vocal synthesis system for describing 
the map to visually impaired users. The situation was quite different for 
the participants of group 2. In preparing for the journey, these participants 
benefited from a human assistance, capable of providing detailed verbal 
explanations concerning various aspects of the map. Thus, the participants 
in this group could obtain detailed information, including street names 
and numbers, and descriptions of street crossings. This may explain why 
better performance was observed for group 2 than for group 1: the parti-
cipants in the former group could obtain all or most of the information 
needed to prepare for their journey in a relatively short time period.

mobility phase. – For the mobility phase, the average number of IRs 
was higher for group 3 (M=99; SD=18.4) than for groups 1 and 2. For 
group 1, 80.3 % (69/86) of the IRs were made during the mobility phase, 
versus 66.7 % (77/115.5) for group 2. The overall duration of the journey 
was similar for the three groups, being comprised between 50 (SD=9.9)
and 58 (SD=18.4)minutes.

Performance during the mobility phase was quantified for each group by 
dividing the number of IRs made during the journey by the overall journey 
duration; low scores thus indicate high performance. The score is equal to 
1.23 (69/56) for group 1, to 1.54 (77/50) for group 2, and to 1.71 (99/58) for 
group 3. This tends to indicate slightly better performance for group 1 (whose 
participants prepared for the journey without any human assistance) followed 
by group 2 (preparation alone) and then, group 3 (no preparation).

Thus, the duration of the mobility phase is similar for the three groups 
but the number of IRs is higher for group 3. A possible interpretation of 
this result is that the preparation phase allowed the participants of groups 
1 and 2 to form a global understanding of the journey to perform, thereby 
increasing their autonomy.

Global navigation activity [preparation + mobility]. – In this section, 
we consider overall performance, including both phases (preparation and 
mobility). The number of IRs appears close for the three groups: 86 for group 
1 (SD=1.4); 115.5 for group 2 (SD=19.1); and 99 for group 3 (SD=18.4). 
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The overall duration (in minutes) of the activity was longer for group 1 (M=88; 
SD=15.6) than for the other two groups (for group 2, M=65, SD=14.1; for 
group 3, M=58, SD=18.4). When these numbers were converted into per-
formance scores as described above (number of IRs/duration), group 1 was 
found to have the lowest performance with 0.97 (86/88). Groups 2 and 3 were 
in a tie: group 2 obtained 1.78 (115.5/65); group 3 obtained 1.71 (99/58).

Thus, group 2, in which the participants prepared for the journey, 
obtained the same performance as group 3, in which the participants did 
not prepare for the trip. These results suggest that using navigation aids 
during the preparation phase, which can take a considerable amount of 
time for acquiring information, does not result in improving the time to 
complete the journey nor navigation performance.

However, it is important to note that these conclusions are based on 
a relatively narrow definition of the notion of “navigation performance.” 
This performance was quantified by dividing the number of information 
requests (made by the participant before or during the journey) by the 
duration of the journey. Other performance criteria, such as the parti-
cipant’s degree of autonomy and stress management, should also be taken 
into account. In this context, it is worth pointing out that groups 1 and 2 
were probably better equipped than group 3, as indicated by the fact that 
the participants of these groups made a relatively small number of IRs 
while not needing more time to complete their journey.

IV.2. Degree of anticipation

In this section, we consider the degree of anticipation for each IR 
during the preparation and mobility phases. To this aim, we computed 
the percentage of IRs for each category (as described in Table 2) and each 
group. The results are presented in Figure 3.
preparation phase. – During this phase, the highest percentage of IRs 
measured in groups 1 and 2 corresponds to the category T5. The IRs in 
this category relate to a global, wide and long-term (as opposed to local, 
piece-wise, and short-term) mental representation of the itinerary. This 
observation suggests that the participants in these two groups were enga-
ged in intense planning. This appears to be the case, especially, for the par-
ticipants in group 2 (who benefited from human assistance): they devoted 
approximately ¼ of their IRs to building a global, long-term representation 
of the itinerary. Note that participants of the group 3 did not plan their 
journey and thus did not have any IRs measured during this phase.

mobility phase. – During this phase, the most frequent IRs are those 
concerning the next first segment (T1): for all three groups, more than a 
third of IRs belonged to this category. IRs concerning the participants’ current 
location (T0) are also quite frequent, especially for groups 1 et 3, for 
which this IR category corresponds approximately to ¼ of the IRs’ total 
number. Together, these two categories correspond approximately to 2/3 of 
the IRs’ total number. The remaining IRs are related to future segments 
of the journey (T2, T3, T4, and T5). Groups 1 and 2 differed markedly 
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from group 3 in their use of these IR categories. The former two groups 
made moderate use of IRs in the T2 category, very little use of IRs in the 
T3 and T4 categories, and almost no use of IRs in the T5 category. By 
contrast, participants of group 3 made a substantially larger percentage 
of IRs concerning segments T2 and T3. Moreover, the participants of this 
group tried to anticipate their journey up to the T4 and T5 segments.

These results may be indicative of two different “cognitive styles” in 
the formation of spatial representations: some participants (group 3) favor 
“local” representations of the environment, while others (groups 1 and 2) 
favor “global” representations of the navigation space.

Figure 3. Mean percentage of IR category (from T-1 to T5),  
as a function of the navigation phase for the different groups.

Figure 3.Pour chaque groupe, proportion moyenne des catégories d’IRs (de T-1 à T5),  
en fonction de la phase de navigation.
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V. WHAT STRATEGIES DO BLIND INDIVIDUALS USE WHEN 
WALKING IN AN UNKNOWN ENVIRONMENT?

V.1. Objective and method

The second part of our study aims at shedding light on the diversity 
of strategies used by blind individuals during a pedestrian journey in an 
unknown environment. Considering that these strategies depend on the 
expert knowledge acquired during their daily navigation activities, we 
sought to identify the nature and content of this knowledge (exter-
nal constraints, internal resources, procedures and heuristics), and to 
determine how it is involved in the formation of navigation strategies. We 
hypothesized that these strategies would differ depending on how partici-
pants organize their journey: on their own, with the help of another indi-
vidual, or without preparation.

The results presented in the subsequent sections are extracted from 
the analysis of the participants’ verbalizations, as described in sec-
tion III.5.B. These verbal data reflect the participants’ knowledge about 
their expertise in navigation. These data were categorized according to 
three classes of semantic units: resources, constraints, heuristics. In 
our analysis, we included only the semantic units that were used by a 
least 4 out of the 6 participants. Subsequently, the ways in which dif-
ferent elements of this knowledge are articulated to form strategies are 
described.

V.2. External constraints and resources influencing navigation

The external Resources and external constraints that were unani-
mously mentioned by the participants are reported in Table 4.

It can be seen that other pedestrians (or bystanders) appear as an essen-
tial External resource: all participants said that it is easier for them to find 
help in environments in which many other pedestrians (or bystanders) are 
present, such as a large city or a popular neighborhood with many shops. 
Moreover, the presence of other pedestrians is reassuring for blind indi-
viduals, even when they do not need to obtain information. Some other 
External resources were also mentioned, although not by all participants, 
as for instance having the opportunity to use Web sites for public trans-
portation. Other External resources, which were accessible to all parti-
cipants, included public transportation and metro maps in Braille. During 
the interviews, the participants indicated that the unreliability of navigation 
tools (e.g., GPS) and the lack of information concerning available offers 
stifled their adoption of new technologies.

The External constraints are not merely a “mirror image” of the 
resources. We report in Table 4 those that were unanimously mentioned by 
the participants.

It can be seen that the participants were unanimous in indicating that 
other pedestrians are one of the main external constraints because they 
sometimes provide incorrect information, speak a foreign language, or 
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simply, refuse to help. Other pedestrians are also the main element of the 
“time” constraint because, depending on the time at which the journey 
takes place, one is more or less likely to meet other pedestrians. The parti-
cipants also underscored the unreliability of GPS devices, and the fact that 
these devices do not provide all of the information needed to complete the 
journey (e.g., directions upon an existing metro station, confirmation that 
the user arrived at the correct destination). External constraints refer, 
either to a “waste of time,” or to the necessity of arriving at the destination 
at a specific time. For instance, when the time allotted for the journey is 
short, the preparation of the journey must be thorough, so that the indi-
vidual can rapidly adapt to unexpected situations.

Table 4. External resources and external constraints unanimously 
mentioned by the participants during the individual interviews. 

Tableau 4. Ressources externes et contraintes externes qui ont été unanimement 
mentionnées par les participants au cours des entretiens individuels. 

External resources (environmental, assistance, temporal)
Other pedestrians or bystanders
Parisian neighborhood with many shops and people
White cane /guide-dog
Public transportation
Metro map in Braille

External constraints (environmental, assistance, temporal)
Environment with no other pedestrians (suburb/small town/ rural environment)
Other pedestrians are not reliable (they do not always answer questions or they pro-
vide incorrect information)
To arrive on time (have a precise idea of the duration of the journey)
Bad or unreliable GPS reception
GPS does not provide all of the necessary information (what direction to take when 
getting out of a metro station, confirmation that this is the correct place)

V.3. Constraints and internal resources influencing navigation

A single internal resource is accessible to all six participants: the 
knowledge acquired during a previous execution of the same journeys. Having 
a mental representation of an itinerary is, therefore, an important 
advantage.

Regarding Internal constraints, stress and anxiety were only observed 
(4/6) for groups 1 and 2. Individual interviews with the participants allowed 
us to understand that preparing for the journey was the way in which these 
individuals managed their anxiety and their stress during the journey. The 
participants from group 3, who did not prepare for the journey, were not 
subject to anxiety caused by the need to make a journey without knowing 
the itinerary in advance because, according to them, “they would always find 
someone to whom they could ask for directions.”
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V.4. Heuristics

The heuristics used by blind individuals to support the elaboration of 
navigation strategies are summarized in Table 6. The results, presented in 
Table 5, reveal that some heuristics were used by all participants, while 
others depended strongly on which group the participant belonged to and, 
therefore, on the way in which participants prepared for their journey.

Regarding the common heuristics, they relate to public transportation, 
and they can be summarized as follows: 

–	 take public transportation to arrive as close as possible to the desti-
nation, and thus reduce walking distance; 

–	 prepare for the public-transportation journey in advance is mandatory (even 
for those blind individuals who do not prepare their pedestrian itinerary); 

–	 when lost, ask other pedestrians for directions;
–	 one must know that the information provided by other pedestrians is 

not always reliable.

Other heuristics, which were used specifically by participants who pre-
pared for their itinerary (groups 1 and 2), were as follows: 

–	 the participants in group 1 prepared for their journey on their own 
in order to be as autonomous as possible, both, in the preparation 
phase and in the mobility phase. For these individuals, the prepara-
tion phase  was important in order to avoid having to rely on other 
pedestrians—who might not be there;

–	 the participants in groups 1 and 2 prepared for their journey one to 
eight days in advance, so that they would have enough time to memo-
rize the directions.

The analysis of the constraints, resources, and heuristics revealed that 
the goal of preparation is not solely to gather information for the journey, 
but also, to more efficiently utilize the gathered information.

Table.5. Heuristics identified by the participants for the preparation 
and mobility phases.

Tableau.5.Heuristiques identifiées par les participants pour les phases  
de préparation et de mobilité.

Heuristics pertaining to the preparation phase Total
– Preparing for a journey via public transportation is mandatory 6/6
– Use public transportation to arrive as close as possible to the destination 5/6
– Preparing for a journey alleviates stress 4/6
– Preparing an itinerary in advance allows one to form a good representation 
of the route prior to the start of the journey 4/6

– Long instructions must be recorded in order to ensure that they are not 
forgotten during the journey 4/6

– Know the names of streets is useful to locate one’s position during the 
journey (by asking other pedestrians or using a GPS device) 4/6

– Form a cartographic mental representation of the itinerary makes it possible 
to find back one’s way when lost 4/6
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Heuristics pertaining to the mobility phase Total
– When lost, ask pedestrians for directions 6/6
– The information provided by other pedestrians is reassuring but not always 
reliable 6/6

– Although it may take time, one always ends up finding another pedestrian 
whom to ask for directions 6/6

– Always remain on the side of the walkway where one must turn next 5/6
– GPS is an additional element of reassurance, but is not reliable 4/6

V.5. Schematic representations of navigation activities

In this section, we describe the navigation strategies adopted by each 
group of participants. These strategies are outlined on the basis of the par-
ticipants’ verbalizations analysis (as described in the preceding section). 
They are illustrated in the form of decision trees, which combine the heu-
ristics and the resources, as presented in Figures 4 to 6. The aim of these 
decision trees is to facilitate comparisons of strategies across the different 
groups and to highlight general trends.

Figure 4. Decision treeof group 1. Each box is called a “navigation component”,  
the content of whichis identified in terms of heuristics (H) and /or resources (R).

Figure 4. Arbre de decision du groupe 1. Chaque rectangle est appelé “élément de navigation”, 
dont le contenu peut être décrit en termes d’heuristiques (H)  

et / ou de ressources (R).
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Figure 5. Decision tree of group 2. Each box is called a “navigation component”,  
the content of which is identified in terms of heuristics (H) and /or resources (R).

Figure 5. Arbre de decision du groupe 2. Chaque rectangleest appelé “élément de navigation”, 
dont le contenu peut être décrit en termes d’heuristiques (H) et / ou de ressources (R).

Figure 6. Decision tree of group 3. Each box is called a “navigation component”,  
the content of which is identified in terms of heuristics (H) and /or resources (R).

Figure 6. Arbre de decision du groupe 3. Chaque rectangle est appelé “élément de navigation”, 
dont le contenu peut être décrit en termes d’heuristiques (H) et / ou de ressources (R).
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The analysis revealed the following similarities and differences between 
the navigation strategies of the different groups, as shown in Table 6 and 
Table 7:

Table 6. Number of components and number of levels of refinement 
forming the navigation strategy, as a function of the group (Group 1: 
preparation without human assistance, Group 2: preparation with human 
assistance, Group 3: no preparation).

Tableau 6. Nombre de composants et nombre de niveaux de raffinement qui 
composent la stratégie de navigation, en fonction du groupe (Groupe 1: prépa­
ration sans assistance humaine, Groupe 2: préparation avec assistance humaine, 
Group 3: sans préparation).

Group 1 Group 2 Group 3

Number of levels 8 8 6

Number of components 16 15 8

Table 7. Heuristics and resources identified through the analysis of 
participants’ verbalizations, as a function of the group.

Tableau 7. Heuristiques and ressources identifiées par l’analyse des verbali­
sations des participants, en fonction du groupe.

Group 1 Group 2 Group 3

Heuristic 15 14 7

Resource 6 7 5

The strategies developed by the participants in group 1 and group 2 
were considerably more sophisticated than the strategies of the partici-
pants in group 3, in terms of complexity as well as in terms of knowledge 
content: 

–	 the decision trees of groups 1 and 2 involved twice as many components 
as that of group 3 (Table 7);

–	 the depth of the decision tree is less for group 3 than for the other 
groups, though not markedly (Table 7);

–	 the number of heuristics for groups 1 and 2 was the double than for 
group 3 (Table 8);

–	 the number of resources was approximately equal for the different 
groups: about three fourths of the resources were related to navigation 
aids (either tools such as the internet or a GPS, or human resources, 
such as other pedestrians); 

–	 while group 3 relied almost exclusively on other pedestrians, groups 1 
and 2 used a wider range of resources.
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We suggest that the strategies of groups 1 and 2, which involved a larger 
number of heuristics and a wider array of resources, were based on cogni-
tive representations of the urban space stored in long-term memory. In 
addition, one might assume that the participants in groups 1 and 2 become 
more autonomous than those in group 3, regarding navigation tasks.

VI. DISCUSSION AND RECOMMENDATIONS FOR THE DESIGN 
OF NAVIGATION AIDS

The exploratory study reported here had two main aims. The first one 
was to investigate how, and according to what temporal sequence, blind 
individuals gather information when preparing for an unfamiliar itinerary 
through a real, urban environment. The second aim was to investigate blind 
individuals’ navigation strategies. We examined the determinants of the 
navigation activity in order to infer the participants’ strategies. The results 
revealed, accordingly to our hypothesis, that the way in which blind indi-
viduals prepare for a journey — without human assistance, with human 
assistance, or no preparation — influences how they gather information 
before, and during, the journey. Based on the results of this study, we draw 
some recommendations concerning the design of navigation aids for blind 
pedestrians.

VI.1. Evaluating the performance of blind pedestrians navigation

When evaluating blind individuals’ navigation performance, it is typi-
cal to consider the distance traveled and the duration of the journey. The 
results of the current study indicate that other factors should be taken into 
account: the level of stress and anxiety experienced by the individual before 
and during the journey, and the extent to which the individual manages to 
cope with them, the ability to form an operational mental representation of 
the itinerary prior to the journey, and the individual’s degree of autonomy. 
These factors depend on people’s personality, which has an influence on 
the strategies that are used. These strategies thus have to be identified and 
taken into account when designing a new navigation aid, so that it is well 
accepted by users (Arnold et al., 2017-a).

VI.2. Importance of the temporal constraint on navigation

The results of this study first revealed the importance of the temporal 
constraint (i.e., the time allocated to the different phases of the journey) 
on blind people’s navigation. Although this constraint has been consid-
ered in some studies investigating how sighted people plan their automo-
bile activities (Chalmé, Visser, & Denis, 2004; Ho & Spence, 2008), it has 
received little attention in the context of pedestrian-navigation. In our 
study, although this temporal constraint was observed in all participants, 
it manifested itself in different ways: while some participants paid special 
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attention to the preparation phase in order to save time for later (i.e., opti-
mization of the mobility phase), other participants skipped the prepara-
tion phase to save time now. One way to take into account the temporal 
constraint in navigation aids for blind users is to adapt the information that 
is provided to the user depending on the time allotted for the journey and 
its preparation.

In accordance with previous work (Gaunet & Briffault, 2005), the 
results of the current study suggest that important information, which 
should be provided to blind users in order to favour an efficient and effec-
tive preparation of a pedestrian journey, include: the estimated duration of 
the journey, the overall direction, the number of streets that will be used or 
crossed, and the length of each segment. Users who are prepared for their 
journey and have these various pieces of information at hand will need 
fewer indications during the journey. Moreover, since they will already 
have a global mental representation of the journey, these indications could 
be limited to the current segment and the next segment. One may hypo-
thesize that the mental representations of these participants are operative 
(Ochanine, 1978), ie the representations allow participants to achieve their 
goal and reach their destination efficiently. Users who have not prepared 
for the journey will need to obtain more information during the journey, 
in particular, information that allows them to anticipate on subsequent 
segments.

VI.3. Taking into account stress management

The results of this study emphasize the need to take into consideration 
the anxiety experienced by blind pedestrians during the preparation and 
execution of a journey involving an unfamiliar itinerary, when designing 
navigation-aid devices. This psychological constraint was underscored in 
previous studies (e.g., Nelson et al., 2006). We found that the two groups 
of participants who prepared for their journey found it comforting to have 
a mental representation of the itinerary prior to the journey.

Therefore, navigation aids should make easier for the user to relate 
pieces of information gathered during the journey to the preliminary 
representation of the itinerary. Providing users with detailed information 
concerning the itinerary allows them to form a clearer mental represen-
tation of the itinerary and to better anticipate difficulties. Such functiona-
lities would help to lower the stress generated by the necessity to perform 
a journey in an unfamiliar environment.

VI.4. Freeing blind users from the need to rely on other pedestrians

Several authors have emphasized the shortcomings and underuse of 
GPS devices for pedestrian navigation (Baudoin et al., 2005; Denham 
et al., 2004; Spérandio & Uzan, 2004). Consistent with this, while all of 
the participants in the present study have mentioned GPS-based aids (in 
particular, the Kapten, which is currently the most accessible and well-
known device) as a potential resource, they also mentioned that, due to 
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reliability issues, they rarely used it. This explains, in part, why blind indi-
viduals often rely critically on other pedestrians to manage anxiety when 
following an unfamiliar itinerary. This resource allows blind pedestrians 
who do not have navigation aids — or whose navigation aid does not work 
— to confirm that they are on the right track. The fact that all participants, 
regardless of whether or not they use navigation aids, mentioned other 
pedestrians as a key resource underscores the insufficiency of existing navi-
gation aid devices. A device that would be more reliable than currently 
existing ones, and that would offer a more user-friendly interface, could 
allow blind pedestrians to free themselves from the need to rely on other 
pedestrians.

Our study also raises the question of the involvement of blind indivi-
duals in the design of assistive devices. Unlike other products for which the 
need is not clear a priori, blind individuals’ expectations concerning these 
devices are high because they can greatly enhance their autonomy (Katz et 
al., 2012-a; 2012-b). As Bastien and Scapin (1993) pointed out, the cha-
racteristics of the users of a device change over time. Therefore, ideally, the 
device should be adaptive and adjustable, depending on the users’ level of 
experience (Arnold et al, 2017-b). The increasing use of navigation aids by 
blind individuals will alter the habits of this population, and will lead to the 
emergence of new models of the navigation activity.

VI.5. Navigation aids and spatial mental representations

The involvement of disabled users in the design of assistive devices is 
necessary to ensure that these devices are well adapted to the target popu-
lation (Katz et al., 2012-a; 2012-b). However, it can also play a key role in 
investigating the long-term impact of these devices. Too much reliance on 
a guiding system can lead their users to “passively” follow an itinerary, and 
to do not encode the spatial relationships that link different elements in a 
scene. To avoid that users of assistive devices become too dependent upon 
these devices, it is imperative to actively involve them in the design of the 
technology.

CONCLUSION

The results of our study underscore the key role of the preparation 
phase in the construction of mental representations of the itinerary, which 
allow the individual to anticipate subsequent segments. Our analyses of 
participants’ verbalizations revealed the existence of common determi-
nants of the activity, which were shared by all participants (the temporal 
constraint and the “other pedestrians” resource), and of other resources, 
which were specific to certain groups (such as anxiety).

Based on these results, we draw some recommendations concerning the 
provision of information to blind pedestrians. Moreover, the results under-
lined the importance of an in-depth analysis of the needs and strategies of 
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blind individuals when designing a navigation-aid device that is likely to be 
widely adopted by the target population.

In this context, an important goal for future studies is to further inves-
tigate the influence of interindividual differences on navigation perfor-
mance. The participants in our study described themselves as individuals 
who were not afraid of walking in the street, to take risks, and to make 
trips without assistance. It would be interesting to examine whether, and 
to what extent, navigation aids benefit individuals who are less confident in 
their ability to navigate on their own.

We conjecture that age differences are an important factor of naviga-
tion strategies. Visual impairments are more prevalent among the elderly, 
a population characterized by marked inter-individual differences in phy-
sical, intellectual, sensory, and cognitive abilities. Thus, the needs of the 
elderly with respect to assistive devices may differ among them. This is 
another reason for developing flexible devices, which can adapt to the 
needs and abilities of each individual user.

This work was supported by the French National Research Agency 
(project NAVIG ANR-08-TECS-011).
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