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Abstract:

Wayfinding can be challenging in indoor environments, especially in large-scale public buildings such as museums,
universities, hospitals, shopping malls, and transportation hubs, due to the segregated nature of indoor spaces (Richter,
2017). To offload cognition and ease indoor wayfinding, external representations of the environment, such as existing
navigational aids (signs and floor plans), are designed and placed in almost all public buildings (Arthur & Passini, 1992).
With technological development, public service sectors have also begun to offer indoor mobile navigation services.
Currently, existing navigational aids and mobile navigation services operate independently.

Studies showed that conventional mobile navigation services negatively influenced spatial learning in short-term spatial
knowledge acquisition (Briigger et al., 2019; Gardony et al., 2013; Ishikawa et al., 2008; Miinzer et al., 2006; Parush et
al., 2007; Ruginski et al., 2019), as well as long-term spatial ability (Dahmani & Bohbot, 2020; Ishikawa, 2019).
Outdoors, researchers demonstrated that integrating landmarks in route instructions could support spatial learning
(Gramann et al., 2017; Wunderlich & Gramann, 2018; Wunderlich & Gramann, 2021). Indoors, signs are semantic
landmarks by their designed nature. Therefore, we hypothesised that integrating signs into indoor navigation systems
could support spatial learning.

In this study, we propose a fully automated computational framework named ISIGNS (Indoor Sign InteGrated Navigation
System), which integrates signs and their semantics into indoor navigation services. It starts by modeling signs and their
semantics into an indoor navigation model. Then, routes considering sign semantics are generated and communicated to
navigators as route instructions (Figure 1).
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Figure 1. The overall workflow of constructing the ISIGNS.

An in-situ experiment with human participants was conducted, to evaluate the performance of the proposed ISIGNS in
the real world, and test whether using ISIGNS prompts spatial learning. As a benchmark, we compared ISIGNS with the
conventional navigation system using metric-based turn-by-turn instructions.
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The results revealed a tendency for faster speed and fewer stops using ISIGNS, but the difference was not significant. As
expected, assessments for spatial knowledge acquisition, either recognition or recall, concurred to indicate enhanced
spatial learning. Regarding user experience, participants felt more confident with and favoured ISIGNS, but not to a
significant extent.

Overall, the proposed Indoor Sign InteGrated Navigation System encourages attention allocation to the environment and
leverages the semantic nature of signs, leading to improved spatial knowledge acquisition.

References
Arthur, P., & Passini, R. (1992). Wayfinding: People, Signs, and Architecture. McGraw-Hill Education.

Briigger, A., Richter, K., & Fabrikant, S. I. (2019). How does navigation system behavior influence human behavior?
Cognitive Research: Principles and Implications, 4(1). https://doi.org/10.1186/s41235-019-0156-5

Dahmani, L., & Bohbot, V. D. (2020). Habitual use of GPS negatively impacts spatial memory during self-guided
navigation. Scientific Reports, 10(1). https://doi.org/10.1038/s41598-020-62877-0

Gardony, A. L., Bruny¢, T. T., Mahoney, C. R., & Taylor, H. A. (2013). How Navigational Aids Impair Spatial Memory:
Evidence  for  Divided  Attention.  Spatial = Cognition = and  Computation, 13(4), 319-350.
https://doi.org/10.1080/13875868.2013.792821

Gramann, K., Hoepner, P., & Karrer-Gauss, K. (2017). Modified Navigation Instructions for Spatial Navigation
Assistance  Systems  Lead to  Incidental  Spatial  Learning.  Fronmtiers in  Psychology, 8.
https://doi.org/10.3389/fpsyg.2017.00193

Ishikawa, T. (2019). Satellite Navigation and Geospatial Awareness: Long-Term Effects of Using Navigation Tools on
Wayfinding and Spatial Orientation. Professional Geographer, 71 (2), 197-209. doi: 10.1080/00330124.2018.1479970

Ishikawa, T., Fujiwara, H., Imai, O., & Okabe, A. (2008). Wayfinding with a GPS-based mobile navigation system: A
comparison with maps and direct experience. Journal of Environmental Psychology, 28 (1), 74-82. doi:
10.1016/j.jenvp.2007.09.002

Miinzer, S., Zimmer, H. D., Schwalm, M., Baus, J., & Aslan, L. (2006). Computer assisted navigation and the acquisition
of route and survey knowledge. Journal of Environmental Psychology, 26 (4), 300-308.
https://doi.org/10.1016/j.jenvp.2006.08.001

Parush, A., Ahuvia, S., & Erev, 1. (2007). Degradation in Spatial Knowledge Acquisition When Using Automatic
Navigation Systems. In S. Winter, M. Duckham, L. Kulik, & B. Kuipers (Eds.), Spatial information theory. cosit 2007.
lecture notes in computer science (Vol. 4736, pp. 238-254). Springer, Berlin, Heidelberg. doi: 10.1007/978-3-540-
74788-8 15

Richter, K. F. (2017). Indoor Wayfinding Tools. Encyclopedia of GIS, 1035-1042. https://doi.org/10.1007/978-3-319-
17885-1 1622

Ruginski, I. T., Creem-Regehr, S. H., Stefanucci, J. K., & Cashdan, E. (2019). GPS use negatively affects environmental
learning through spatial transformation abilities. Journal of Environmental Psychology, 64, 12-20.
https://doi.org/10.1016/j.jenvp.2019.05.001

Wunderlich, A., & Gramann, K. (2018). Electrocortical Evidence for Long-Term Incidental Spatial Learning Through
Modified Navigation Instructions. Springer EBooks, 261-278. https://doi.org/10.1007/978-3-319-96385-3 18

Wunderlich, A., & Gramann, K. (2021). Landmark-based navigation instructions improve incidental spatial knowledge
acquisition in  real-world environments. Journal of  Environmental  Psychology, 77, 101677.
https://doi.org/10.1016/j.jenvp.2021.101677

Abstracts of the International Cartographic Association, 7, 183, 2024.
European Cartographic Conference — EuroCarto 2024, 9—11 September 2024, TU Wien, Vienna, Austria.
https://doi.org/10.5194/ica-abs-7-183-2024 | © Author(s) 2024. CC BY 4.0 License.


https://doi.org/10.1186/s41235-019-0156-5
https://doi.org/10.1038/s41598-020-62877-0
https://doi.org/10.1080/13875868.2013.792821
https://doi.org/10.1007/978-3-319-17885-1_1622
https://doi.org/10.1007/978-3-319-17885-1_1622
https://doi.org/10.1016/j.jenvp.2019.05.001

	Supporting Spatial Learning with the Indoor Sign InteGrated Navigation System
	Abstract:
	References




