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Abstract. This paper outlines the design, implementation, and evaluation meth-
odology of a location-aware application intended as an aid to blind users who 
navigate urban spaces. The application is used in the context of a soundwalk 
whose purpose is to enable these users to indicate their level of emotional in-
volvement with particular sounds emanating from specific areas of the city and 
provide a backdrop to the users’ generation of place meaning based largely on 
auditory cues. 
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1 Introduction 

As demonstrated in previous work on the subject (e.g. [1, 2]), mobile communication 
devices such as smartphones facilitate the hybridization of urban space via the incor-
poration of digital, intangible information in the rigid spatial structure of the city. In 
addition to a wide variety of entertainment-oriented applications, this technology can 
be used to improve the accessibility of urban space to persons with disabilities, such 
as the visually impaired, who may experience considerable difficulties when it comes 
to autonomously navigating the city. Rendering the urban environment more accessi-
ble would allow such users to experience it in a more active and embodied fashion, 
which may in turn improve spatial learning and reinforce their emotional connection 
to space and its elements. 

In addition to the safety and functional aspects of ordinary city life (i.e. effective 
guidance on how to get from point A to point B in the shortest possible time and at the 
least possible risk), the emotional aspects of normal everyday activity in the city are 
also important. Prolonged activity in a specific environment strengthens an individual’s 
affective bond with that environment, which is the most important parameter of mean-
ing attached to a unit of space. Essentially, space that is endowed with meaning  
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becomes a place, and the absence of such meaning is often viewed negatively (e.g. 
“placelessness” / “non-place”) [3]. In short, the meaning of an environment largely 
depends on its emotional connotations. The process of forming an emotional connec-
tion with a space (“place attachment”) is inherently subjective and involves synthesiz-
ing multisensory information into a coherent whole and endowed with meaning1. In the 
case of blind persons, this information does not include the visual modality. Conse-
quently, the relative importance of the other senses (primarily auditory information) is 
increased. Essentially, the blind individual’s mental representation of the environment 
that may be significantly different from that of sighted persons on account of the for-
mer’s incomplete spatial experience. As a result, environmental meaning can be ex-
pected to vary between blind and sighted individuals to a significant degree. 

This paper describes a mobile application that was developed in light of the afore-
mentioned considerations and aims to facilitate the blind users’ interaction with the 
urban environment while also acting as a tool for ascertaining the ways in which envi-
ronmental meaning differs between sighted and visually impaired individuals. The 
paper focuses on the latter topic and highlights the ways in which emotion-related 
data pertaining to the city can be acquired through this application. 

2 Application Functionality 

The application runs on Android 4.1 or higher and superimposes a layer of informa-
tion on top of a map of the area (i.e. Google Maps or OpenStreetMap). On this layer, 
the users’ trajectory and geo-located information is displayed (see below). Maps re-
quire an Internet connection. If no Internet connection is available, the map layer is 
not displayed; the users’ trajectory and geo-located content are displayed whether or 
not an Internet connection is available. When in offline mode, the content generated 
during each session is uploaded to the server when an Internet connection becomes 
available. Thus, using the application does not necessarily incur any cost on the part 
of the user. 

The initial prototyping for this application was conducted on a Samsung Gallaxy 
SIII and an LG P710 device. 

2.1 Goals and Objectives 

The primary idea behind the design of this application is accessibility by virtue of 
sensory substitution, i.e. the substitution of one sensory modality (in this case vision) 
with another (hearing) [4] – e.g. users are provided with audio or tactile (vibration) 
cues as to how close or far they are from a target location, but are also able to provide 
content using these sensory modalities. It encourages users to navigate and meaning-
fully interact with the city and its elements, and also allows them to indicate their 

                                                           
1  Although the term “attachment” implies a positive affective response, it is worth noting that 

the emotional connotations of a place need not be positive; negatively valenced environ-
ments (e.g. a concentration camp) are still endowed with place meaning and identity. 
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emotional disposition toward specific places either via an audio description (qualita-
tive) or specific values corresponding to the two main dimensions of Russell’s [5, 6] 
circumplex model of affect. In brief, the circumplex model, conceptualizes affective 
response to a stimulus as consisting of two distinct dimensions, arousal (the level of 
activation of the organism) and valence (the evaluation of the emotion-inducing sti-
mulus as beneficial or harmful or, more broadly, as pleasant or unpleasant)2. 

2.2 Interaction Techniques 

The application uses text-to-speech in order to make text-based information accessi-
ble to visually impaired users, but can also be used by sighted individuals. In the case 
of visually impaired users, auditory and tactile feedback is utilized. Users may at any 
time enter recording mode, during which they record an oral description of their cur-
rent affective state or any additional information that may be relevant to their disposi-
tion toward a particular place. The recording is subsequently stored as geo-located 
content. 

Regarding tactile input, users may double-tap on the screen, and slide to the appro-
priate direction. More specifically, sliding along the horizontal axis corresponds to 
setting the value of “valence”, whereas sliding along the vertical axis corresponds to 
setting the value of “arousal”. Both these quantities have five gradations (highly nega-
tive, slightly negative, neutral, slightly positive, and highly positive), represented on-
screen by a 5×5 grid, the neutral point for both axes being the central part of that grid. 
Although five-point continua may potentially be more complicated to a visually im-
paired user, they provide a much more detailed snapshot of a person’s emotional dis-
position when compared to the undoubtedly simpler three-point “scales” which offer 
no meaningful differentiation between degrees of “positive” or “negative”. 

An example of providing information on the affective state of a user using tactile 
input is the following: having started at a neutral position on both axes, users swipe 
the screen a number of times in the appropriate axis so as to select the desired emo-
tional description in terms of arousal and valence. Each swiping gesture changes one 
of the two components of that description – e.g. one upward swipe results in selecting 
the value “slightly aroused”. An additional upward swipe would set the value to 
“highly aroused”. A subsequent leftward swipe would shift the valence component 
from the neutral value to that of “slightly negative”. The two axes combined in this 
case describe an emotional disposition that is negative but not overly so, while at the 
same time being highly arousing – possibly corresponding to anger, tension, or fear. 

Visually impaired users receive auditory feedback on the currently selected arousal 
and valence descriptions, both during the actual selection process (i.e. immediately 
after having made a swiping gesture) and prior to the final confirmation, which is 
signaled by a double tap on the screen. An additional double tap is required for fina-
lizing the selected description. 

                                                           
2  There is some correspondence between Russell’s dimensional conception of affect and cate-

gorical approaches (such as Ekman’s [7] for example), as evident by the descriptors (such as 
“sad”, “upset”, “happy”, “frightening”, etc.) provided by Russell at specific points or at spe-
cific zones along the circumplex. 
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The environment in which the soundwalk will take place encompasses various key 
locations of the city center of Limassol. The sites are sufficiently varied so as to pro-
vide a multitude of auditory stimuli from various parts of urban settings (see Fig. 2). 

 

Fig. 2. The soundwalk route through the centre of Limassol 

The application itself will be evaluated using a mixed methods approach. The ap-
plication’s usability will be ascertained my means of questionnaires, such as the  
System Usability Questionnaire [8], the simplicity of which compensates for the fact 
that it treats usability as a unidimensional construct. Additionally, short interviews 
will be conducted with the participants. In the case of visually impaired users, the 
questionnaire items will be integrated in these interviews. Data are to be analyzed 
both quantitatively and qualitatively in an attempt to capture a more holistic view of 
the application’s functionality and the city’s affective impact. 

This application is expected to contribute to the documentation of the affective 
“image” of the city of Limassol: the map will be divided into a grid, and the affective 
response values provided by the participants will be aggregated for each cell of that 
grid and given an effective visualization aid, such as color. Thus, an “affective map” 
of Limassol that consists of zones colored according to the predominant affective 
response recorded by the users will result. 

4 Future Work 

A way of improving the application described in this paper is to extend its functionali-
ty and methods of communication with the surroundings so that it may be used in 
interior spaces, which pose a variety of additional problems for visually impaired 
users [9]. One potential way of achieving this is through the use of Near Field Com-
munications (NFC) [9-11]. The use of NFC is expected to add to the perceived physi-
cality of the interaction, since it forces the user to move very close to the intended 
area, practically at touching distance. Such a capability may be perceived as an alter-
nate, digitally augmented form of distal perception on the part of visually impaired 
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users. As a consequence, the detail of emotion mapping will potentially increase so as 
to encompass the interiors of public buildings in a city. Additionally, similar activities 
such as the one described herein may be repeated for other parts of Limassol or other 
cities in Cyprus. Furthermore, the unstructured use of this application by individual 
users can be expected to complement the data obtained through the soundwalk and 
highlight non-predetermined places of personal significance. 
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