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Abstract Route planning algorithms in indoor navigation systems are currently
limited to shortest path algorithms or derivatives. The development of a cognitive
route planning algorithm, providing cognitive more comfortable paths to naviga-
tors, could improve these systems. The first phase of the development of such an
algorithm entails the identification of relevant path characteristics of the indoor
environment. Therefore, a user study is enrolled: an in-depth discussion with a
focus group of experts is followed by an international online survey.
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1 Background

As long as people need to decide where to go and how to reach a destination,
navigation will remain one of the fundamental problems in human cognition,
wayfinding and geospatial research. Wayfinding is the goal-directed part of navi-
gation based on decision making and planning, and influenced by both personal and
environmental factors (Montello 2005). The improvement of indoor navigation
systems could ease the wayfinding task in the indoor environment.

Route planning is a key element of navigation guidance applications as it aims at
computing an optimal route between a starting and a destination point (Montello
2005). Route planning algorithms in existing (indoor) navigation applications are
limited to the shortest or fastest path (Vanclooster et al. 2014a). However, studies
have proven that people do not always prefer the shortest or fastest route to reach
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their destination (Golledge 1999). More intuitive and easier-to-follow routes reduce
the risk of getting lost, require a smaller wayfinding effort, guide in recalling routes
and are overall perceived as more comfortable (Vanclooster et al. 2014a).

This research focuses on developing a cognitive route planning algorithm to
support indoor navigation systems. The development of such an algorithm will
improve indoor navigation systems by guiding people along cognitive more com-
fortable paths. Since these paths are in line with the user’s mental structure and thus
adhere better to natural human wayfinding behaviour, the cognitive load for the
wayfinder will be reduced to the minimum (Vanclooster et al. 2013).

2 Research Question

Until now, little research has been devoted to the definition of indoor path char-
acteristics that differentiate a more intuitive path from the common indoor shortest
or fastest path. In order to create this cognitive indoor routing algorithm, it is crucial
to understand the determining characteristics of path selection and to interpret how
wayfinders make route choices in indoor environments. In other words, this
research wants to focus on identifying the path characteristics people use during
indoor wayfinding. The outcome of this research provides essential insights into
users’ natural route planning behaviour in indoor environments.

3 Approach

To determine path characteristics of cognitive routes in indoor environments, a
research design was developed in line with previous studies about outdoor navi-
gation, route choice criteria and their accompanying path characteristics (such as
intersection complexity, visibility, turning points) (e.g. Dalton 2003; Golledge
1995; Hillier and Iida 2005; Hochmair 2005). Furthermore, the research design was
based on existing research on indoor wayfinding behaviour (Hölscher et al. 2006),
usability engineering and user-centred design (UCD) (e.g. Haklay and Nivala 2010;
Nielsen 1994; van Elzakker and Wealands 2007).

To obtain a well-founded and coherent selection of relevant cognitive path
characteristics and to incorporate the definition of the user requirements into the
design process, a focus group and an online survey are employed.

The focus group is composed of diverse academic researchers and experts
experienced with indoor environments, navigation and human behaviour studies.
This focus group helps to define and formulate, through multiple discussions,
possible cognitive path characteristics in indoor environments. Hereafter, the results
of the focus group discussions are scrutinised through an online survey, in which a
large group and diverse range of participants can be reached.
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In the online survey, different routes in various indoor environments are recor-
ded and displayed to the participants. Subsequently, in a questionnaire participants
are asked to answer questions about these routes, their characteristics and
preferences.

Integrating the results of the focus group and the online survey leads to a
coherent selection of relevant cognitive path characteristics and provides comple-
mentary information on the main path characteristics in the indoor environment.
Through this combination of qualitative and quantitative research, the path char-
acteristics that differentiate a more intuitive path from the currently used indoor
shortest or fastest paths (e.g. Kwan and Lee 2005; Thill et al. 2011) are defined.

4 Outcome

In general, the results of this research will provide essential knowledge on which
characteristics are determinative in human path selection in indoor environments
and how humans interpret these path characteristics. It will not only provide
information on how to make navigation aid more comfortable, but it will also
contribute to the overall understanding of indoor wayfinding and navigation.

5 Further Work

The obtained path characteristics will be incorporated in the cognitive route plan-
ning algorithm. The development of such an algorithm requires a theoretical con-
ceptualisation of the underlying spatial concepts of each of those path
characteristics, which have to model the users’ perception on these path charac-
teristics. The underlying indoor spatial model has to be taken into account in this
process, as this determines the structure of the algorithm and could influence the
results and accuracy of the algorithmic implementation (Vanclooster et al. 2014b).

References

Dalton RC (2003) The secret is to follow your nose. Environ Behav 35(1):107–131
Golledge RG (1995) Path selection and route preference in human navigation: a progress report.

In: Frank AU, Kuhn W (ed) Spatial information theory a theoretical basis for GIS, vol 988,
pp 207–222. Springer, Berlin

Golledge RG (ed) (1999) Wayfinding behavior: cognitive mapping and other spatial processes.
Johns Hopkins University Press, Baltimore and London

Haklay, MM, Nivala, AM (2010). User-centred design. In: MM. Haklay (ed), Interacting with
geospatial technologies, pp 89–106. Wiley

Guiding People Along More Intuitive Indoor Paths 135



Hillier B, Iida S (2005) Network and psychological effects: a theory of urban movement. In:
Cohn AG, Mark DM (eds) Spatial information theory. Springer, Berlin, pp 475–490

Hochmair H (2005) Towards a classification of route selection criteria for route planning tools. In:
Fisher PF (ed) developments in spatial data handling. Springer, Berlin, pp 481–492

Hölscher C, Vrachliotis G, Meilinger, T (2006). The floor strategy: wayfinding cognition in a
multi-level building. In: Proceedings of 5th international space syntax symposium. Delft, The
Netherlands: Techne Press

Kwan MP, Lee J (2005) Emergency response after 9/11: the potential of real-time 3D GIS for
quick emergency response in micro-spatial environments. Comput Environ Urban Syst 29
(2):93–113

Montello DR (2005) Navigation. In: Shah P, Miyake A (eds) The cambridge handbook of
visuospatial thinking. Cambridge University Press, Cambridge, pp 257–294

Nielsen J (1994) Usability engineering. Morgan Kaufmann Publishers Inc, San Francisco, CA,
USA

Thill JC, Dao THD, Zhou Y (2011) Traveling in the three-dimensional city: applications in route
planning, accessibility assessment, location analysis and beyond. J Transp Geogr 19(3):405–
421

van Elzakker CPJM, Wealands K (2007) Use and users of multimedia cartography. In:
Cartwright W, Peterson MP, Gartner DG (eds) multimedia cartography. Springer, Berlin
Heidelberg, pp 487–504

Vanclooster A, Viaene P, Van de Weghe N, Fack V, De Maeyer P (2013). Analyzing the
applicability of the least risk path algorithm in indoor space. In: ISPRS Annals of
photogrammetry, remote sensing and spatial information sciences II-4/W1, pp 19–26,
December

Vanclooster A, Ooms K, Viaene P, Fack V, Van De Weghe N, De Maeyer P (2014a) Evaluating
suitability of the least risk path algorithm to support cognitive wayfinding in indoor spaces: an
empirical evaluating suitab. Appl Geogr 53:128–140

Vanclooster A, Van de Weghe N, Fack V, De Maeyer P (2014b) Comparing indoor and outdoor
network models for automatically calculating turns. J Loc Based Serv 8(3):1–18

136 N. Vanhaeren et al.


	26 Guiding People Along More Intuitive Indoor Paths
	Abstract
	1 Background
	2 Research Question
	3 Approach
	4 Outcome
	5 Further Work
	References


