International Journal of New Developments in Engineering and Society
ISSN 2522-3488 Vol. 7, Issue 5: 55-60, DOI: 10.25236/IJNDES.2023.070509

Research on barrier-free wayfinding and navigation

Sijin Zhu!, Ze Gao*"

!Graphic Design, Art Center College of Design, Pasadena CA, U.S.A

’Individualized Interdisciplinary Program, Hong Kong University of Science and Technology, Hong
Kong, China

*Corresponding author: zgaoap@connect.ust.hk

Abstract: Up to today, we are living in an environment surrounded by buildings, including shopping
malls, museums, university campuses, and also other types of public and private construction. The
purpose of this paper is to focus on current studies on accessible wayfinding; also, this paper includes
research aimed at people's mental stages during the wayfinding process. There are 38 papers that have
been selected and reviewed in this paper. At the end of this paper, the direction and future investigation
of accessible wayfinding will be discussed.
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1. Introduction

Researchers have studied more accessible route navigation for the elderly, especially
motor-impaired people (MIP), visually impaired people (VIP), hearing-impaired people (HIP), and
older people who may have more than one type of disability. Thus, a considerable amount of literature
has been published on developing time-saving methods for providing directions for accessible
wayfinding systems by several researchers [10-18]. The importance of acknowledging the study of
efficient route navigation is valuable and undoubted. Up to now, at least one study indicates that
pleasure is a high-level need in the hierarchy of walking needs [30]. From the research into 37 papers,
14 of them focused on different types of disabilities, including motor disability, visual disability, and
being elderly; 7 papers focused on indoor wayfinding systems; 2 papers discussed the possibility of
combining augmented reality with navigation; 1 mentioned the possibility of letting volunteers become
involved in the navigation system; 3 articles demonstrated the importance of inclusive design; and 2 of
the papers examined the importance of psychological response as a crucial element of the wayfinding
system. The topic covered in this paper will start from accessible design, then to wayfinding, and the
discussion on the future study will at last.

2. Related Work
2.1. Overview of Research Papers

The motivation for this research started from personal experience: an injury to my foot resulted in
me spending two months walking while wearing a walking boot. Until then, I had never noticed the
“barriers” surrounding us. Disability is a critical issue and might be addressed to solve the problem of
making the reachable environment to be more accessible. Architectural barriers exist, and they will
exist for long. Such as labyrinth-like shopping malls designed for customers to spend considerable time
on each floor to increase sales [1]. These semipermanent architectural difficulties are physical obstacles
to people with disabilities (PWD) and might not be aware by people without disabilities. Achieving a
qualitative change to the PWDs' experience with restructuring these buildings requires time and cannot
solve the urgent need. Although studies are researching accessible wayfinding, to date, only a few
papers focused on the mental stage and mental requirements of wayfinding [2, 30, 34]. Research also
indicates that different types of disabilities require different support for wayfinding [1]. For the analysis
of the selected research papers, please refer to Table.1, every article will be analyzed, and the focus
point of each paper will be listed[19-27].
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Table 1: List of research papers by focus topic.

Author Year of publication Focus topic
Prandi et al. 2021a Accessible wayfinding
Wang et al. 2022 Universal access
Moss et al. 2006 Elder
Fermandes et al. 2019 VIP wayfinding
Sandoval-Bringas et al. 2022 MIP wayfinding
Pomberger et al. 2006 AR wayfinding
Shepherd & Bleasdale-Shepherd 2011 Virtualgeographic
Hoe et al. 2019 Elder
Tang et al. 2021 VIP
Fernandes et al. 2012 VIP
Valipoor & Antonio 2022 VIP
Zeng et al. 2017 VIP
Serrdo et al. 2015 VIP
Engelbrektsson et al. 2004 VIP
Edwards et al. 2001 MIP
Nltakolia et al. 2022 VIP
Park et al. 2022 Elder
Barlott et al. 2016 Information society
Prandi et al. 2021b Indoor wayfinding
Wheeler et al. 2020 Wayfiinding
Gharebaghi et al. 2021 MIP
Fogli et al. 2020 Universal design
Delnevo et al. 2018 Accessible indoor wayfinding
Delnevo et al. 2020 Accessible indoor wayfinding
Kunhoth et al. 2019 VIP
Pugh et al. 2021 Safe & efficient navigation
Constantinescu et al. 2019 VIP
Baldwin 2003 VIP
Passini 1996 Wayfinding and architect
Karimi 2016 MIP
Alfonzo 2016 Walking needs
Persson et al. 2015 Universal access
Farr et al. 2012 Wayfinding
Spiers & A.Maguire 2008 VR wayfinding
Mackett 2021 Mental health and wayfinding
Nuenen 2016 Post-panopticon
Spawforth & Millard 2017 Player interaction
Laor and Galily 2022 User behavior

2.2 Universal Design in Wayfinding

Although it is necessary for assessing the implications of mental activities in wayfinding in this
literature review, the importance of inclusivity in the wayfinding system should be considered as the
priority. Investigators compared and drew distinctions between inclusive design, universal design,
accessible design, and design for all [31]. All four of these terms have slightly different approaches.
Until today, the concept of design for all is much more applied and related to other concepts [31], refer
to Table 1. The current indoor and outdoor wayfinding systems ordinarily only focused on one type of
people, such as MIP, VIP, HIP, or people without disabilities. Although providing services to
mainstream users would bring benefit to the service provider, it is still beneficial to expand the
diversity of users [31]. Connecting users as many as possible is the key to the road to universal design
for wayfinding design. To assess this aim, one study examined an inclusive design approach in the
communities of universities in indoor wayfinding [1-4]. Through this study, researchers developed an
application for students and visitors in the university for navigation, and the results included students
with disabilities; this application is especially useful in unknown places. Even though this investigation
evaluated the system with only 18 users, its methods are inspirational for further research projects.
Understanding users’ demands through the same scenario but testing with different types of users is
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indispensable for the project which aims to design solutions for all[28-36].
2.3 Wayfinding

Researchers are looking for an efficient and accessible wayfinding system that can be used both
indoors and outdoors [5-9], but the time comes where psychological feelings should be considered as
well. The hierarchy of walking needs a mention of pleasure as a higher-level need [30], and this theory
provides inspiration for further studies which can be referred to in Section 4. The user experience when
they are lost in an indoor but complicated environment or facing unexpected obstacles could result in a
change in the mental stage [33]. The unknowns and out of expectations are issues to both indoor and
the outdoor wayfinding system. Although it is far from the usual innate character of wayfinding, which
is that wayfinding is the process of finding your way to a destination in a familiar or unfamiliar setting
using any cues given by the environment [32]. Spiers and Maguire (2008) suggested that anxious and
angry thoughts dominated the emotional state in wayfinding from their investigation; and in their study,
by getting to the destination, the subjects’ emotional states will transform to being happy. From the
investigation, Mackett (2021) indicates that one of the reasons that wayfinding causes anxiety is time
pressure. Then to reconsider this point, it is not difficult to get the answer: if the time pressure no
longer exists, does the obstacle still creates anxiety? One word to conclude this opposite opinion will
be exploration. Exploration takes time and conflicts with the time pressure in traditional wayfinding. It
seems impossible to balance these two in wayfinding, however, users’ mental stage changes to negative
emotions happen when there are unexpected scenes, such as rocks blocking the road [34]. Architecture
barriers can be identified and install a beacon at these barriers for application to determine [22], but the
temporary obstacles appear without expectation and would result anxiety or anger. Refer to the study
researched by Mackett (2021); there are 59% of people felt anxious when they felt disorientated, 65%
felt anxious when getting lost, “having to make decisions about where to go” making 62% of people
feel anxious, and “remembering where they are going to” result in 65% of people getting anxiety. As
ordinary wayfinding addresses the efficiencies in route planning [25], a research gap is shown that by
lowering expectations on the efficiency of wayfinding to study if the mental stages of users become
more stable than using regular wayfinding applications and at the same time, as “design for all” is one
of the requirements needs to be considered for the accessible wayfinding system. Ideally, the overall
wayfinding experience might be transformed into a more expectational journey than traditional
wayfinding.

3. Discussion

Wayfinding as a commonly used technology has been become important to people’s quality of life
[1]. Accessible wayfinding should learn from the traditional wayfinding application, for example,
GPS-based navigation for cars. The interaction between users plays a massive part in the navigation
application called Waze. A recent study by Laor and Galily (2022) d emonstrated users’ behavior in a
GPS-based navigation application for smartphones called Waze. They suggested that if users were
encouraged to report accidents, traffic jams, road work, and hazards, then other users would be able to
judge whether the report is helpful. Figure 1 shows the interface of Waze. They also indicated that
Waze has become popular not only because its user friendliness made it simple to employ, but also
because the interface is similar to a gaming interface that highlights consumers’ engagement.

Figure 1: Screenshot of Waze application, screenshot credit to CNN.
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Figure 2: Traffic track on Waze application, screenshot credit to CNBC.
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The gaming-like experience in Waze is user-based, and the entire process is kept anonymous, which
is identical to a series of games called Dark Souls produced by From Software. Nuenen (2016) reported
experience with Dark Souls’ elaborate multiplayer mechanics in which players will mainly have a
single-player experience throughout the entire game, but they can occasionally see half-visible traces
left by others, as shown in Figure 2. Moreover, players can communicate with other players indirectly
by leaving anonymous tips and clues for other online players. Figure 3 shows the messages left by the
other players in the Dark Souls 3, and from Figure 4, half-visible players and messages left by
anonymous players can be referred. Spawforth and Millard (2017) suggested that the indirect
multiplayer experiences in Dark Souls add detail and richness to the world, which creates deeper
narrative storytelling. Considering Waze and Dark Souls together, both programs use the anonymous
indirect communication system between users, and this system establishes a community where users
help each other with dynamic clues, hints, and their own left-behind traces. The reason behind the
success of this two software in different fields brings space for the theory and concept for future study
to discover as its basement. As technology develops fast today, the design for accessible wayfinding
should be more inclusive. To bring a gaming-like element into the design might also show respect for a
person’s dignity, letting each user participate in the system. To combine this gaming-like element with
the aim of an accessible wayfinding system, that is “designed for all”, there should be multiple
manifestations of the wayfinding information, thus people with different types of disabilities could
have the same experience to help their exploration[37-39].

Figure 4: Screenshots of Dark Souls messages left by anonymous players and half-visible player.

4. Conclusion

Unlike the ordinary wayfinding navigation systems, the accessible wayfinding system aims to have
different types of users, get the chance to explore indoor and outdoor locations they are unfamiliar or
familiar with through the supports provided by the system. Like traditional wayfinding systems, the
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anxiety and anger created by unexpected events should be considered during the development. The
possible solution to this problem is to remove the time pressure, and this can be achieved by redefining
and providing a different perspective of the wayfinding system by changing the ultimate goal of
navigation to a trip of exploration from getting to the destination to exploring place. Although it
conflicts with the purpose of wayfinding which is to get to the destination efficiently, it is still valuable
to investigate the possibility of the balance between efficiency and entertainment.

Acknowledgements

The author gratefully acknowledges the advice from Hanxin Zhang on psychology research for this
paper.

References

[1] Prandi, C., Barricelli, B.R., Mirri, S. et al. Accessible wayfinding and navigation: a systematic

mapping study. Univ Access Inf Soc (2021). https://doi.org/10.1007/s10209-021-00843-x

[2] Wang, X., Crookes, D., Harding, SA. et al. Stories, journeys and smart maps: an approach to

universal access. Univ Access Inf Soc 21, 419-435 (2022). https: // doi. org/ 10. 1007/ s10209 -021

-00832-0

[3] Fernandes, H., Costa, P., Filipe, V. et al. A review of assistive spatial orientation and navigation

technologies for the visually impaired. Univ Access Inf Soc 18, 155-168 (2019).

https://doi.org/10.1007/s10209-017-0570-8

[4] Sandoval-Bringas, J.A., Carrefio-Leon, M.A., Sandoval-Carreio, M.A. et al. Electronic device

adaptable to motorized wheelchair as smart navigation system. Univ Access Inf Soc (2022).

https://doi.org/10.1007/s10209-022-00889-5

[5] Narzt, W., Pomberger, G., Ferscha, A. et al. Augmented reality navigation systems. Univ Access Inf
Soc 4, 177-187 (2006). https://doi.org/10.1007/s10209-005-0017-5

[6] Shepherd, 1.D.H., Bleasdale-Shepherd, I.D. The design-by-adaptation approach to universal access:
learning from videogame technology. Univ Access Inf Soc 10, 319-336 (2011). https: // doi. org/ 10.

1007/ s10209-010-0204-x

[7] Hoe, ZY, Lee, 1J. Chen, CH. et al. Using an augmented reality-based training system to promote
spatial visualization ability for the elderly. Univ Access Inf Soc 18, 327-342 (2019). https: // doi. org/
10. 1007/s10209-017-0597-x

[8] Tang, W., Liu, De., Zhao, X. et al. A dataset for the recognition of obstacles on blind sidewalk.

Univ Access Inf Soc (2021). https://doi.org/10.1007/s10209-021-00837-9

[9] Fernandes, H., Conceig¢do, N., Paredes, H. et al. Providing accessibility to blind people using GIS.

Univ Access Inf Soc 11, 399-407 (2012). https://doi.org/10.1007/s10209-011-0255-7

[10] Valipoor, M.M., de Antonio, A. Recent trends in computer vision-driven scene understanding for
VI/blind users: a systematic mapping. Univ Access Inf Soc (2022). https: // doi. org/ 10. 1007/
$s10209-022-00868-w

[11] Zeng, L., Kiihn, R. & Weber, G. Improvement in environmental accessibility via volunteered
geographic information. a case study. Univ Access Inf Soc 16, 939-949 (2017). https: // doi. org/ 10.

1007/ s10209-016-0505-9

[12] Serrdao, M., Shahrabadi, S., Moreno, M. et al. Computer vision and GIS for the navigation of blind
persons in buildings. Univ Access Inf Soc 14, 67-80 (2015). https: // doi. org/ 10. 1007/
s10209-013-0338-8

[13] Engelbrektsson, P., Karlsson, 1.C.M., Gallagher, B. et al. Developing a navigation aid for the frail
and visually impaired. Univ Access Inf Soc 3, 194-201 (2004). https: // doi. org/ 10. 1007/
s10209-003-0088-0

[14] Edwards, S., Walsh, S., Blythe, P. et al. Accessibility in the built and transport environment the
wheelchair user perspective. UAIS 1, 91-98 (2001). https://doi.org/10.1007/s102090100013

[15] Ntakolia, C., Dimas, G. & lakovidis, D.K. User-centered system design for assisted navigation of
visually impaired individuals in outdoor cultural environments. Univ Access Inf Soc 21, 249-274
(2022). hitps://doi.org/10.1007/s10209-020-00764-1

[16] Park, S., Lee, H, Kwon, M. et al. Understanding experiences of older adults in virtual reality
environments with a subway fire disaster scenario. Univ Access Inf Soc (2022).

https://doi.org/10.1007/s10209-022-00878-8

[17] Barlott, T., Adams, K. & Cook, A. Increasing participation in the information society by people
with disabilities and their families in lower-income countries using mainstream technologies. Univ
Access Inf'Soc 15, 189—198 (2016). https.//doi.org/10.1007/s10209-015-0418-z

[18] Prandi, Catia et al. “On Supporting University Communities in Indoor Wayfinding: An Inclusive
Design Approach.” Sensors (Basel, Switzerland) 21 (2021): n. pag.

Published by Francis Academic Press, UK
-59-


https://doi.org/10.1007/s10209-021-00843-x

International Journal of New Developments in Engineering and Society

ISSN 2522-3488 Vol. 7, Issue 5: 55-60, DOI: 10.25236/IJNDES.2023.070509

[19] Wheeler, B., Syzdykbayev, M., Karimi, H.A. et al. Personalized accessible wayfinding for people
with disabilities through standards and open geospatial platforms in smart cities. Open geospatial data,
softw. stand. 5, 2 (2020). https://doi.org/10.1186/s40965-020-00075-5

[20] Gharebaghi, Amin et al. “User-Specific Route Planning for People with Motor Disabilities: A
Fuzzy Approach.” ISPRS Int. J. Geo Inf. 10 (2021): 65.

[21] Fogli, D., Arenghi, A. & Gentilin, F. A universal design approach to wayfinding and navigation.
Multimed Tools Appl 79, 33577-33601 (2020). https.//doi.org/10.1007/s11042-019-08492-2

[22] G. Delnevo, L. Monti, F. Vignola, P. Salomoni and S. Mirri, "AlmaWhere: A prototype of
accessible indoor wayfinding and navigation system," 2018 15th IEEE Annual Consumer
Communications & Networking Conference (CCNC), 2018, pp. 1-6, doi: 10. 1109/ CCNC. 2018.
8319242

[23] G. Delnevo, G. Mambelli, V. Rubano, C. Prandi and S. Mirri, "Almawhere 2.0: a pervasive system
to facilitate indoor wayfinding," 2020 IEEE 17th Annual Consumer Communications & Networking
Conference (CCNC), 2020, pp. 1-4, doi: 10.1109/CCNC46108.2020.9045209.

[24] Kunhoth, J., Karkar, A., Al-Maadeed, S. et al. Comparative analysis of computer-vision and BLE
technology based indoor navigation systems for people with visual impairments. Int J Health Geogr 18,
29 (2019). https://doi.org/10.1186/s12942-019-0193-9

[25] Pugh, Nigel et al. “Deep adaptive learning for safe and efficient navigation of pedestrian
dynamics.” IET Intelligent Transport Systems (2021): n. pag.

[26] Constantinescu, Angela et al. “Towards a Standardized Grammar for Navigation Systems for
Persons with Visual Impairments.” Proceedings of the 21st International ACM SIGACCESS
Conference on Computers and Accessibility (2019): n. pag.

[27] Baldwin, D. (2003). Wayfinding Technology: A Road Map to the Future. Journal of Visual
Impairment & Blindness, 97(10), 612—620. https://doi.org/10.1177/0145482X0309701006

[28] Romedi Passini, Wayfinding design: logic, application and some thoughts on universality, Design
Studies, Volume 17, Issue 3,1996, Pages 319-331, ISSN 0142-694X, https: // doi. org/ 10. 1016/
0142-694X(96)00001-4.

[29] Karimi, Hassan A. "An accessible and personalized navigation service for wheelchair users."
Rehabilitation Engineering and Assistive Technology Society of North America (2016): 1-4.

[30] Alfonzo, M. A. (2005). To Walk or Not to Walk? The Hierarchy of Walking Needs. Environment
and Behavior, 37(6), 808-836. https://doi.org/10.1177/0013916504274016

[31] Persson, H., Ahman, H,, Yngling, A.A. et al. Universal design, inclusive design, accessible design,
design for all: different concepts—one goal? On the concept of accessibility—historical,
methodological and philosophical aspects. Univ Access Inf Soc 14, 505-526 (2015). https: // doi. org/
10. 1007/s10209-014-0358-z

[32] Anna Charisse Farr, Tristan Kleinschmidt, Prasad Yarlagadda & Kerrie Mengersen (2012)
Wayfinding: A simple concept, a complex process, Transport Reviews, 32:6, 715-743, DOI:
10.1080/01441647.2012.712555

[33] Hugo J. Spiers, Eleanor A. Maguire, The dynamic nature of cognition during wayfinding, Journal
of Environmental Psychology, Volume 28, Issue 3, 2008, Pages 232-249, ISSN 0272-4944,
https://doi.org/10.1016/j.jenvp.2008.02.006.

[34] Roger L Mackett, Mental health and wayfinding, Transportation Research Part F: Traffic
Psychology and Behaviour, Volume 81, 2021, Pages 342-354, ISSN 1369-8478, https: // doi. org/ 10.
1016/j. trf.2021.06.014.

[35] Van Nuenen, T. (2016). Playing the Panopticon: Procedural Surveillance in Dark Souls. Games
and Culture, 11(5), 510-527. https://doi.org/10.1177/1555412015570967

[36] Spawforth, Callum and Millard, David (2017) Multiplayer games as a template for multiplayer
narratives: a case study with Dark Souls. In, Rubart, Jessica and Yesilada, Yeliz (eds.) Workshops
Proceedings and Tutorials of the 28th ACM Conference of Hypertext and Social Media (HT 2017),
Prague, Czech Republic, July 4-7, 2017. (CEUR Workshop Proceedings, 1914) CEUR-WS.org.

[37] Laor T, Galily Y (2022) In WAZE we trust? GPS-based navigation application users’ behavior
and patterns of dependency. PLoS ONE 17(11): e0276449. https: //d oi. org/ 10. 1371/ journal. pone.
0276449

[38] Valle, L. del. (2019, February 7). OK Waze, NYPD wants you to stop reporting locations of DUI
checkpoints. CNN. Retrieved February 9, 2023, from https: // edition. cnn. com/ 2019/ 02/ 07/ us/
nypd-tells-google-stop-waze-checkpoint-data/index. html!

[39] Collins, B. (2022, December 1). How google's Waze has changed from its early days as car travel
is remade. CNBC. Retrieved February 9, 2023, from https: // www. cnbc. com/ 2022/ 12/01/
how-googles-waze-changed-from-its-early-days-as-car-travel-is-remade.html

Published by Francis Academic Press, UK
-60-



	1. Introduction
	2. Related Work
	2.1. Overview of Research Papers
	2.2 Universal Design in Wayfinding
	2.3 Wayfinding
	3. Discussion
	4. Conclusion
	Acknowledgements
	References

