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Abstract. In this paper, we describe a study examining navigation practices of 
individuals with disabilities––including people with visual, mobility, and cogni-
tive disabilities, as well as older adults––towards identifying and classifying the 
common features they utilize in unfamiliar environments. Analysis of initial da-
ta reveals previously-undocumented commonalities and departures amongst us-
ers from different populations. For example, we found that natural light sources 
are an important navigation cues for not only blind and low vision individuals, 
but also for older adults and mobility-impaired individuals. This suggests novel 
design features for assistive apps to better support navigating indoors in absence 
of windows. Our work aims to inform design of more universally-usable navi-
gation solutions that address collective needs of a wide range of users.  

Keywords. Navigation, Older Adults, Orientation, Physical Disabilities, Visual 
Disabilities. 

1 Introduction 

The ability to orient position and navigate successfully are skills which are often tak-
en for granted. However, in unfamiliar environments, particularly indoor venues, 
challenges when orienting one’s position and navigating can be faced by a range of 
users, particularly those with disabilities. A unique and further set of hurdles are en-
countered by individuals with disabilities if the building or structure does not comply 
with standards denoted in the Americans with Disabilities Act. Currently, the majority 
of studies examining navigation solutions for disabled users focus on ways to better 
match designs to the needs of the blind community (e.g., [1-3]).  While these naviga-
tional solutions are valuable, less consideration has been given to the needs of other 
groups who may also benefit from support with the process of orientation and naviga-
tion, as well as the intersections of the needs of these groups.  Furthermore, solutions 
have often focused on outdoor navigation, rather than issues which may be faced 
within indoor venues where users may want to visit (e.g., hospitals and medical offic-
es, federal/state buildings, shopping malls, banks etc.).   Our research aims to identify 
factors to aid with the process of orientating position and navigation, and examine the 
common factors which different groups use to navigate.  Although our focus is mainly 
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on indoor environments, we are also interested in transitions between indoor and out-
door venues, so we have questioned users on both aspects.  Findings can be applied to 
the design of a universally-usable solution, rather than a solution focused on matching 
the needs of one group. 

In this paper, we describe the design of a study to investigate the ways in which in-
dividuals with a wide range of abilities orient and navigate within unfamiliar envi-
ronments.  More specifically, we have focused on three communities: individuals with 
visual impairments (including individuals who classify themselves as fully blind or 
low vision), individuals with physical disabilities or those who identify conditions 
which impact mobility, and older adults (aged 60 and over).  We have aimed to ex-
plore the needs of users from all ends of the spectrum, ranging from those who navi-
gate independently to those who rely on others for support.  Similarly, we are also 
focusing on those who rely on newer methods of technology and those who favor 
tried and trusted methods.  The study is currently in progress, so only a subset of find-
ings are reported in this paper.  Early findings from our work offer an interesting per-
spective on the ways in which certain features, if integrated with the design of a navi-
gational tool, can be used to support multiple communities. 

2 Related Work 

The need for assistance in the processes of orientation and navigation has been well 
documented by researchers [1-7].  Many of these studies focus on supporting people 
with visual impairments [1-5], informed in part using techniques inspired by those 
learned in orientation and mobility (O&M) training [4].  Examples include using audi-
tory cues from the environment, landmarks, and elements of the environment to re-
orient themselves, etc. [5]. Research has shown that those who are visually impaired 
rely on landmarks to navigate, (e.g. position of buildings, changes in the texture of the 
terrain) [4,6]. Studies have also found that some individuals with visual impairments 
rely on sighted guides or auditory cues for obstacle avoidance [3,4,7], due to the un-
predictable nature of obstacles which may block routes.  

The majority of technologies developed have focused on outdoor navigation, often 
using GPS.  Although indoor navigation devices such as the NavCog3 [3], OurWay 
[8], and VizMap [9] are in development, these are not widely available to the public. 
OurWay focuses on the accessibility of people with physical impairments [8], where-
as the others mentioned, and most other devices, focus on those with visual impair-
ments. Furthermore, research shows that users with visual impairments have to use 
multiple applications for different aspects of the navigation [4] which can pose chal-
lenges when attempting to navigate in a hurry or when distracted. However, key in-
sights can be gleaned from these papers about proposed indoor navigation devices in 
order to aid in our research. For example, Montague suggests that an indoor naviga-
tion system should be customizable as to fulfill the needs of users with a range of 
abilities [10], while Cassidy proposes that such a system should focus on providing 
cues (e.g. location of bathroom, location of vending machines) to aid in orientation, 
rather than provide turn-by-turn directions [11]. Along the same lines, VizMap utiliz-
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es computer vision and crowdsourcing to collect information about an indoor envi-
ronment (e.g. signage, exits) and makes it available non-visually [9]. 

Using a human-centered approach, our research aims to better understand the needs 
of multiple groups of users with disabilities, with the long term goal of identifying 
themes which can be used to support the design of universally usable navigational 
tools.  

3  Method 

Semi-structured interviews were selected as a method of gathering data. Questions 
were based upon findings from initial conversations with individuals recruited, 
through personal and professional networks, who self-identified as older adults (i.e., 
aged 60 and over), having visual impairments, and/or having physical impairments. 
Interview questions were divided into thematic sections, including: experiences in 
planning routes, route preferences, navigating indoor and outdoor environments, and 
the participant’s trust in their own orientation and navigational abilities and the cur-
rent technologies they utilize. The remainder of recruitment was conducted with assis-
tance from professional organizations and snowballing from participants. Interviews 
lasted for 60-90 minutes in total, and were transcribed in their entirety. Transcripts 
were reviewed and coded independently by members of our research team. Themes 
were then discussed.  

In this paper, we report a subset of early findings from eleven participants, includ-
ing: one individual with a visual impairment (B1), two older adults with visual im-
pairments (OB1, OB2), three participants with mobility impairments (M1, M2, M3), 
one older adult with a mobility impairment (OM1), one older adult with a cognitive 
disability (OC1), and three older adults (O1, O2, O3) who do not identify as having 
any of the above impairments. 

4 Common Themes Identified & Current Project Status  

Three high level themes were identified from the subset of the data analyzed. 
 
Obstacle Avoidance: Six participants described physical obstacles (e.g. chairs, 

other fixtures or furniture, pedestrians both in motion and those who may stop mid-
route, cordoned off areas where repairs may be taking place (OB1, M3, OM1))  im-
peding their ability to navigate successfully within an indoor environment. As the 
position of these obstacles could vary considerably, vigilance would need to be main-
tained to ensure that, if encountered, participants would be able to side-step or find an 
alternative accessible route. The latter was found to be more challenging, as, depend-
ing on the environment, there may be few alternatives available. Pre-steps may be 
needed (i.e. planning routes prior to getting to the destination) just to be able to feel 
confident when navigating. Others (OB1 and OB2) indicated that they would like 
their personal navigation tool, be it a companion or technological device, to alert them 
when an unexpected obstacle appears. 
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Searching for cues to determine position: Four participants (B1, OB1, OB2, and 
O3) highlighted a reliance on using physical landmarks (e.g. position of distinctive 
buildings, large features within a building, a change in level of light perceived) as a 
method of orienting themselves. To offer more perspective on different uses of these 
cues, B1 and OB1 described using sunlight to determine shifts in locations, while M1 
and M3 highlighted the use of sunlight to help locate the position of windows and 
doors.  In contrast, OB2 and O2 described using sunlight to determine direction. OB2, 
OM1, M3, O1, O2, and O3 indicated that they use signage as a tool to orient them-
selves in unfamiliar locations. However, the quality and utility of signage was thought 
to vary considerably from environment to environment.  OM1 and M3 further expect 
signage to indicate accessible paths. However, presence of accessible routes could not 
be taken for granted in all indoor environments. 

Inhospitable conditions: Three participants (OM1, M3, and OB1) described the 
impact of inclement weather on navigation when moving from outdoor to indoor en-
vironments. Examples include: plowed snow blocking curb cuts, thereby creating a 
barrier to access (OM1 and M3). O2 and OB1, both of whom have hearing impair-
ments and use hearing aids, avoid paths with overwhelming noise (e.g. from traffic, 
construction, indoor environments with loud music blaring) as it disrupts their ability 
to hear other signals. B1, OB1, and O3 described avoiding paths that are dimly lit 
because the lack of light impedes their navigation ability. This may encourage them to 
modify their behavior by planning journeys at times when light would be present, 
rather than at times that would be convenient. 

The themes identified offer a perspective on the factors which individuals with dis-
abilities take into account when navigating and orienting position.  Our findings sug-
gest that there are common themes gathered from individuals with different disabili-
ties, although the reasons behind using specific strategies may vary. We surmise that 
by providing further customization within navigational tools (e.g. mobile apps) which 
allow specific features to be presented (e.g. specific landmarks, presence of specific 
obstacles etc.), it would aid multiple groups of users. 

Interviews are currently ongoing.  We aim to develop a set of persona-like profiles 
that encompass the shared and distinct navigation needs of people with diverse disa-
bilities. We anticipate these findings will support design of future technologies that 
are more useful and inclusive navigation aids. 

 

5 Acknowledgements  

The authors thank Ali Abdolrahmani, Marc Lazaga, Yasmin Majali, Antony Rishin 
Mukkath Roy and Shivani Sinnarkar (UMBC) for their input to this work. 

 



5 

References 

1. Rituerto, A., Fusco, G., Coughlan, J.M.: Towards a sign-based indoor navigation system 
for people with visual impairments. In: Proceedings of the 18th International ACM 
SIGACCESS Conference on Computers and Accessibility, pp. 287-288. ACM, (2016).  

2. Martinez-Sala, A.S., Losilla, F., Sánchez-Aarnoutse, J.C., García-Haro, J.: Design, imple-
mentation and evaluation of an indoor navigation system for visually impaired people. 
Sensors 15(12), pp.32168-32187.  

3. Sato, D., Oh, U., Naito, K., Takagi, H., Kitani, K., Asawawa, C.: NavCog3: An evaluation 
of a smartphone-based blind indoor navigation assistant with semantic features in a large-
scale environment. In: Proceedings of the 19th International ACM SIGACCESS Confer-
ence on Computers and Accessibility, pp. 270-290. ACM, (2017) 

4. Williams, M.A., Hurst, A., Kane, S.K.: “Pray before you step out”: describing personal 
and situational blind navigation behaviors. In: Proceedings of the 15th International ACM 
SIGACCESS Conference on Computers and Accessibility, Article No. 28. ACM, (2013) 

5. Long, R.G., Giudice, N.A.: Establishing and maintaining orientation for mobility. In: 
Foundations of Orientation and Mobility, pp. 45-62. AFB (2010) 

6. Kammoun, S., Florian, D., Oriolaand, B., Jouffrais, C.: Route Selection algorithm for blind 
pedestrian. In: International Conference on Control, Automation, and Systems. IEEE, 
(2010) 

7. Easley, W., Williams, M.A., Abdolrahmani, A., Galbraith, C., Branham, S.M., Hurst, A., 
Kane, S.K.: Let’s get lost: exploring social norms in predominately blind environments. In: 
Extended Abstracts of Human Factors in Computing Systems, pp. 2034-2040. ACM, 
(2016)  

8. Holone, H., Misund, G., Holmstedt, H.: Users are doing it for themselves: pedestrian navi-
gation with user generated content. In: Proceedings of the International Conference on 
Next Generation Mobile Applications, Services and Technologies, pp 91-99. IEEE, (2007) 

9. Gleason, C., Guo, A., Laput, G., Kitani, K., Bigham, J: VizMap: Accessible visual infor-
mation through crowdsourced map reconstruction. In: Proceedings of the 18th Internation-
al ACM SIGACCESS Conference on Computers and Accessibility, pp. 273-274. ACM, 
(2016) 

10. Montague, K.: Accessible indoor navigation. In: Proceedings of the 12th International 
ACM SIGACCESS Conference on Computers and Accessibility, pp. 305-306. ACM, 
(2010) 

11. Cassidy, C.T.: Identifying visual cues to improve independent indoor navigation for blind 
individuals. In: Proceedings of the 19th International ACM SIGACCESS Conference on 
Computers and Accessibility, pp. 413-414. ACM, (2017) 


	ScholarWorksCoverSheetNoLicense
	Gupta_Kuber_Branham_Poster
	1 Introduction
	The ability to orient position and navigate successfully are skills which are often taken for granted. However, in unfamiliar environments, particularly indoor venues, challenges when orienting one’s position and navigating can be faced by a range of ...
	In this paper, we describe the design of a study to investigate the ways in which individuals with a wide range of abilities orient and navigate within unfamiliar environments.  More specifically, we have focused on three communities: individuals with...

	2 Related Work
	3  Method
	4 Common Themes Identified & Current Project Status
	5 Acknowledgements
	References


