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Abstract

The focus of this study is on wayfinding in large complex build-
ings with different wayfinding devices. The interaction of pedes-
trians of such devices is always also interplay with the surround-
ing environment and its specific features. Furthermore different
wayfinding assistances can elicit different needs for additional
information from the environment to make accurate choices at
decision points. We aim to shed light on how characteristics of
decision points in combination with different wayfinding devic-
es shape wayfinders’ visual attention. 60 participants individual-
ly looked for three destinations in the same order. They navi-
gated with 1) a printed map, 2) a digital map, or 3) without a
map, only using full-coverage numeric signage. To gain first
insights fixation frequencies on maps and signage as well as the
correct and incorrect route options were recorded with a mobile
eyetracker and analyzed for 28 decision points and four decision
point categories. The results indicated that starting points play a
special role in planning the route ahead. Furthermore points that
allow for a floor change lead to a higher attention and infor-
mation search.

Concepts: * Human-centered computing ~ Human computer
interaction (HCI); Empirical studies in HCI; Field studies

Keywords: Wayfinding assistance, navigation, spatial cogni-
tion, mobile eye tracking, pedestrian navigation

1 Introduction

The metaphorical space of a computer becomes usable via
graphical user interfaces (GUI), for the physical space maps and
signs can fulfill the same function of easing navigation [Schnitz-
ler and Holscher 2015]. Classic in-car navigation devices give
the driver route instructions. There are several approaches to
support pedestrians, e.g. with vibro-tactile or auditory interac-
tions but their main navigation devices are still maps —printed or
digital — offering a survey perspective on the surrounds [Ishika-
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wa and Montello 2006; Siegel and White 1975]. Those different
presentation modes each have their specific benefits. While
navigating we have to constantly update our current location,
acquire, store, recall and decode information about our relative
location and goal [Downs and Stea 1973]. While route instruc-
tions allows drivers to keep their main attention on the traffic
[Dingus et al. 1988; Kun et al. 2009], this more passive mode,
where the route is defined by the system, limits acquiring
knowledge about the surrounding environment [Held and Hein
1963]. On the other hand the standard device for pedestrians,
maps offer a survey perspective of the surrounds and thereby
enable wayfinders to improve their environmental knowledge
and have the benefit of controlling the wayfinding process in-
stead of completely externalizing it [Ishikawa et al. 2008;
Thorndyke and Hayes-Roth 1982]. Such maps leave the route
choices with the navigator. The question which kind of instruc-
tions wayfinders prefer is highly dependent on the particular
context. While visiting a museum, navigating on one’s own and
a free, meandering exploration might be desired. In other large
public buildings, like airports and administrative buildings, the
common goal is to reach a target destination as quickly as possi-
ble. Here minimizing search for wayfinding information and
decision-making is appreciated. Navigational devices allow
people to augment and combine their internal cognitive infor-
mation processing with perception and manipulation of an ex-
ternal information representation and thereby enable users to
perform computational offloading [Scaife and Rogers 1996].

The contribution of this work is to provide a first insight on how
much additional environmental and signage information naviga-
tors use when they are equipped with either a classical printed
mobile map or a digital mobile map.

*  First contribution: Understand how classical wayfinding
devices support navigators and understand when they re-
curse to information beyond the one offered by the devices,
such as environmental information.

* Second contribution: Contrast wayfinders’ information
search regarding navigation assistance based on the envi-
ronmental features of decision points.

*  Third contribution: Identify which characteristics of deci-
sion points and wayfinding devices lead to more straight-
forward, satisfying wayfinding and a lower search for visu-
al information and less attention to irrelevant environmental
features, like incorrect route options.

2 Background

Navigating to a destination is a natural act of everyday life and
can be easy and rather automatized [Montello 2005]. For exam-
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ple finding one’s way from the office to home. But such way-
finding tasks can also be difficult and require a lot of cognitive
effort from the navigator. Wayfinding is the stage of planning
and decision-making in navigation [Montello 2005] where navi-
gators can draw inferences from the environment to form correct
route choices. How difficult we find it to navigate from A to B
depends in part on our familiarity with the surrounds [Girling et
al. 1983; Holscher et al. 2006a], but also on the environments
complexity and intelligibility. Research in environmental psy-
chology indicates that pedestrians are able to identify the correct
route choice at intersections by looking at photographs [Emo
2012] or judge a building’s function by looking at its fagade
[Nasar et al. 2005]. But still almost everyone can tell a story of
how they once got lost, even now where navigation assistance is
omnipresent. The question this article tries to shed light on, is
what helps people decide for a route, and which characteristics
of decision points and wayfinding assistance do actually support
navigators in taking the correct decision.

Several research approaches have tried to overcome the prob-
lems arising from map-based navigation, such as the visual
attention switches that are necessary in order to obtain the in-
formation provided by the map, directing the attention away
from the surrounding environment, disambiguation problems
that are related to the matching process of the retrieved infor-
mation to the environment and also focusing on hands-free
solutions for navigation. Scholars have [Pfeiffer et al. 2015]
introduced an actuated navigation approach, applying electrical
muscle stimulation in order to steer the wayfinders through the
environment. GazeNav [Giannopoulos et al. 2015] is a gaze-
based pedestrian navigation approach informing wayfinders
through vibro-tactile feedback whenever they are gazing at the
street they have to follow. There are also several other vibro-
tactile feedback approaches that are based on a belt [Van Erp et
al. 2005] or even a shoe-based [Schirmer et al. 2015] directional
vibration method, providing the rough direction to follow. Alt-
hough these approaches are very interesting and provide novel
solutions to the mentioned problems, they eliminate the use of a
map. This can have an impact on spatial knowledge acquisition,
especially survey knowledge. Moreover, they exclude the way-
finder from the navigation process. Wayfinder don’t have to
make any spatial decisions, they only follow a systems feedback.
This can result in a patronizing effect, which might not be de-
sired and accepted by wayfinders. In our work instead of elimi-
nating the map usage, we aim at optimizing it by adapting the
type of instructions given to the user, thus, reducing the time
necessary to interact with the map in order to be able to make a
wayfinding decision.

A review of mobile HCI research methods noted that the current
focus lies on building systems, and less on understanding design
and usage [Kjeldskov and Graham 2003]. And also other re-
searchers emphasized the importance of focusing on the context
of usage when evaluating interactions with mobile systems [Li
and Willis 2006], because in contrast to desktop-based interac-
tions, users are faced with moving in space and therefore chang-
ing surrounds. Beyond the characteristics of the navigational
device, wayfinding is also shaped by architectural properties.
Werner and Long [2003] have looked at the usability of build-
ings and stated that architectural design can have multiple repre-
sentational, aesthetical, and emotional, but also functional pur-
poses. Also other scholars defined the ease of wayfinding as an
essential function of a building’s design, and even formed the
analogy of space as a machine [Corbusier 1931; Passini 1984].
In indoor environments successful navigation can be impeded by
missing signage, restricted visual access, minimal architectural
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differentiation, and complex plan configuration [Weisman
1981]. Several studies have shown that spatial configuration has
an impact on wayfinding behavior [Haq and Zimring 2003;
Holscher et al. 2012; Peponis et al. 1990].

The concept of affordances has extensively been used in human
computer interaction (HCI) and other psychological fields
[Norman 2013]. Originally it was introduced by Gibson, investi-
gating how people perceive their environment, extract infor-
mation from a stimulus and deduce possible actions [Gibson
1979]. A lot of previous research has focused on “knowledge in
the head” [Norman 2002], the presentations that people form of
their surrounds. But it seems equally important to focus on
“knowledge in the world”, that knowledge is distributed and can
be intrinsic to the wayfinder or be residing in the world [Montel-
lo 2007; Raubal and Worboys 1999]. Such “knowledge in the
world” can reside in navigational devices, as well as the envi-
ronment. Navigators’ goal-driven reasoning starts with incom-
plete and imprecise knowledge derived from imperfect observa-
tions of space [Raubal and Worboys 1999]. The environment’s
affordances can influence the usefulness of a navigational device
and vice versa [Baus et al. 2005]. Such devices can convey
additional information and act as a mediator between environ-
ment and navigator, but are not properties of a building as such
[Girling and Golledge 1993; Werner and Long 2003]. Scholars
have tried to classify different kinds of areas navigators are
confronted with during navigation, some of them offering differ-
ent options and holding the necessity to form a decision. Lynch
[Lynch 1960] distinguishes landmarks, nodes, paths and regions
in a city. Here a node is a point with high navigational uncertain-
ty where several directions can be taken. Other scholars call
such areas decision scenes or decision points [Gaisbauer and
Frank 2008]. Nodes are connected by paths that are unidirec-
tional and therefore have a low uncertainty [Lynch 1960; May et
al. 2003].

In this paper we address navigators’ decision-making at indoor
decision points from a usability perspective. A decision point is
defined as a location where navigators are faced with more than
one possible option to go further, and their navigational uncer-
tainty requires attention. Such decision points can either directly
follow each other, or they can be connected via longer paths that
don’t require any decision-making and therefore lower attention,
but allow the navigator to perform other actions, like storing and
recalling environmental information and planning the route
ahead. Different presentation modes of navigation devices elicit
different kinds of knowledge, and also have different benefits
when it comes to wayfinding efficiency. Simple turn-by-turn
instructions, like those provided by signs or in-car navigation
assistances, only give information about the current decision-
situation, and therefore only allow navigators to acquire land-
mark- or route-knowledge. Map-like overview presentations that
show the relations between different decision-points enable
survey-knowledge, and thus a more elaborate representation of
the surrounds [Ishikawa et al. 2008; Thorndyke and Hayes-Roth
1982]. While turn-by-turn instructions don’t require any deci-
sion from navigators, overview representations might confront
them with several options, but also allow for obtaining a better
understanding of the environment. Depending on the complexity
of the current situation, navigators might prefer one presentation
format over the other. In analogy to navigation through the
information architecture of websites, this experiment focuses on
evaluating decision points navigators are faced with within
buildings. But beyond merely looking at architectural character-
istics of decision points, also aiming to shed light on the role of
navigation devices. Observing navigators visual fixations can



reveal significant insights [Giannopoulos et al. 2013], especially
regarding their usage of environmental and navigational device
information, and the interplay of both. We aim to thereby get a
more holistic view on peoples’ attentional and behavioral pat-
terns while navigating indoor environments using digital naviga-
tion devices.

Previous studies have clustered pedestrians according to their
goals or focused on wayfinding support design based on cogni-
tive or visual abilities [Jain et al. 2013; Rassmus-Grohn and
Magnusson 2014; Wen et al. 2013]. Our target is to identify how
environmental characteristics provide information that shapes
navigators’ decisions. Furthermore we hope to illuminate how
wayfinding devices can moderate, even improve, navigational
choices and support efficient wayfinding. We focus on the inter-
play of the user, the wayfinding device as well as the environ-
ment, because we believe that looking at those entities in isola-
tion does not sum up to what scrutinizing all three together can
reveal. To be able to develop data-driven recommendations for
future design we start at the fundamental level and do not com-
pare different design options or visualization techniques, but
look at the interplay of navigation devices with navigators’
visual information search at various decision points.

3 Method

60 participants (30 male), between 18 and 78 years old (M=36.8,
SD = 18.9) individually navigated to three destinations in the
same order. The participants were randomly assigned to navigate
with either: 1) a customary printed map (n=20), 2) a digital map
on a smartphone (n = 20), or 3) no map (i.e., using only the
building and its signage for orientation; n=20). Due to the possi-
ble effect of age, individual spatial abilities and educational
background on the outcome variables the sample had to go
beyond a student sample. Participants were recruited via an
advertisement in a local newspaper and reimbursed with 30 $
per hour. All participants were unfamiliar with the building the
testing took place in. Furthermore they all had no motor impair-
ments in their hands/arms, were able to walk up stairs, and had

normal or corrected-to-normal vision. When two raters agreed
that eye-tracking quality was unsatisfying, the participant was
taken out of the analysis. The final dataset included 13 partici-
pants in the first condition (No Map), 11 participants in the
second condition (Paper Map), and 13 participants in the third
condition (Digital Map).

3.1 Experimental design

We used a between-subject experimental design using naviga-
tion device (signage, printed map, digital map) as an independ-
ent variable and fixation frequency on map, signage, the correct
route option and incorrect route options as dependent measures.
3.2 Procedure

Participants were individually tested in a session, where each
participant was asked to individually search for three destina-
tions (rooms in the building) in the same fixed order. Naviga-
tors’ wayfinding behavior and gaze was captured with mobile
eyetracking technology (SensoMotoriclnstruments ETG 2,
binocular mobile eye tracker). A researcher followed each of the
navigators to tell them their new goal destination once they had
arrived at a goal, and to give corrective feedback if they deviated
from the shortest path at decision points. The ideal path (shortest
path connecting start and goal location) was defined beforehand.
When navigators decided to take an incorrect path, the research-
er gave a short feedback and asked the participant to follow the
correct option. There were three points in the building were two
options were equally effective and could therefore both be
counted as a correct path choice (see Figure 1), and those deci-
sion points were taken out of the analysis.

3.2.1 The building

The testing took place in a large university office building
(56’000 m?), with 700-750 rooms, eight incongruent floors and
disorienting staircases. In many places visual access is restricted,
architectural differentiation is minimal, and the plan configura-
tion is complex - all of which impedes successful navigation

Third route

Non-walkable space
Stairs or elevator

Decision point
Corridor
 —— Route and direction
------- > Alternative route

Figure 1: The three destinations and connecting routes, and decision points.
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[Weisman 1981]. The building has stringent building-wide
signage and is prototypical of an office building, which people
usually only enter to go to specific rooms.

3.2.2 Signage

The full-coverage numerical signage gives navigators very
precise and reliable direction information. The first letter indi-
cates the floor (from A to H), the following numbers are equiva-
lent on all floors and thereby represent a vertical vector through
the building. Those numbers also successively increase and
decrease and thereby allow navigators to draw inferences not
only on the floor, but also on the direction where a room is
located.

3.2.3 Maps

Paper maps were printed on 200 mm x 190 mm of laminated
paper with a spiral binding. The digital maps were presented on
a Samsung Galaxy Note II with a screen size of 6.85 x 12.18
mm, and a diagonal of 139.7mm. The phone’s screen size fits
current smartphone standards, like the iPhone 6 Plus with a
screen diagonal of 139.4mm. Paper and digital maps had the
same layout and provided the same information (based on the
Google Maps display for Android [Google Inc. 2013]). The
digital maps allow the user to zoom into the map to focus on
specific points within the floorplan or to zoom out to get an
overview of the environment. Each floor can individually be
selected by clicking on the respective number on a vertically
presented list (A to H). Furthermore the digital map allows for
rotating it, so navigators have the option to align it according to
their own heading. The digital maps included a blue dot symbol-
izing the current position of the navigators. Because this dot had
a rather high variability and high error rate, wayfinders largely
ignored it.

3.2.4  Destinations

The destinations were three office rooms with a room number
that were located on different floors in different parts of the
building. Like the start point, the first destination was on the
ground floor. To reach the second destination on the 4th floor
participants had to use an elevator, to reach the third destination
on the -1 floor, they had to take stairs (see Figure 1).

3.2.5 Decision points

Each area that offered several route options was identified.
Overall navigators were each faced with 28 decision points; 6 on
the first route, 7 on the second route, and 8 on the third route.
Because the third route partly covered the same path as the

second route, 4 out of the 7 decision points were seen twice by
the participant, but from a different direction (see Figure 1). As
soon as the navigator had stepped through the doorframe of the
correct route option a new segment started. When people then
entered a corridor, those were treated as individual segments of
the analysis. The corridor segment extended from the doorframe
until the next route options became visible. There were 7 corri-
dors taken into account for the analysis, furthermore we catego-
rized the 21 remaining decision points into t-junctions, turnoffs,
and areas where floor changes are possible (via stairs or lift).

3.2.6 Areas of Interest

To achieve a more fine-grained analysis of the visual attention
patterns of the navigators, their gaze was analyzed. It was cap-
tured and counted whenever they fixated an area of interest
(AOI). Fixation detection was conducted with the standard
algorithm of the SMI software package BeGaze. To understand
wayfinding device usage the fixations on signage and maps was
captured. Furthermore the fixations on the correct route option
as well as the incorrect route options were counted.

4 Results

We first report the results examining the relationship between
navigation device condition and the fixation patterns for the
individual decision points. To condense the findings, we later go
beyond individual segments, and categorize the individual deci-
sion points like mentioned in 3.2.5. We conducted four mixed-
factor ANOVAs, treating fixations at decision points as repeat-
ed-measures allowed to take within-subject variance into ac-
count. The independent variable was the navigation device
navigators used.

4.1 Effect of navigation device on fixation fre-

quencies at decision points

Participants walked a route that was divided into 28 segments;
they either navigated with the signage, a paper map, or a digital
map. We captured their fixation frequencies. Analyses aimed to
compare the effect of navigation device (No Map, Paper Map,
Digital Map) on fixation frequency (signage, the correct route
option, and the incorrect route option) and a two-way, 3 giion.
between-subjects) X 28(decision points within subjects) MANOVA was COHduCth.
Mauchly’s test was conducted which revealed that the assump-
tion of sphericity had been violated for signage (x’s;7, =
163221, p = .00), and the correct route option (X7, = 952.13,
p = .00). To address this violation a Greenhouse Geisser cor-

Table 1: Results of two-way 3x28 MANOVA and 2x28 ANOVA, comparing effect of decision point and navigation device
on the fixation frequency on signage, the correct route choice, and incorrect route choices.

Decision Point Influence
(Tests of Within-Subjects Effects)

Navigation Device Influence
(Tests of Between-Subjects Effects)

AOIs: Fixations on: F df Sig. AOIs: Fixations on: F df Sig.
Decision points Map 244 49 00 F* Intercept Map 165.1 1 00 **
Decision points * Navigation
Navigation device 1.6 49 17 device 6.2 1 02 *
Error
(Decision points) 82.8 Error 17
Decision points Signage 16.2 3.1 00 ** Intercept Signage 1454 1 00 F*
Correct route choice 352 6.7 00 ** Correct route choice 247.1 1 00 F*
Incorrect route choice 230 2 00 F* Incorrect route choice 132.7 1 00 F*
Decision points * Signage 3.7 6.2 00 F* Navigation Signage 20.3 2 00 F*
Navigation device  Correct route choice 33 134 00 F* device Correct route choice 6.7 2 00 F*
Incorrect route choice 6.4 4.0 00 F* Incorrect route choice 19.7 2 00 **
Error Signage 86.8 Error Signage 28
(Decision points) Correct route choice 187.6 Correct route choice 28
Incorrect route choice 56 Incorrect route choice 28
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Figure 2: Mean fixations on each AOI, per condition and decision point. *NM= No Nap; PM= Paper Map; DM = Digital Map

rection for degrees of freedom was applied (¢ = ./2 and ¢ = .25).
Such a correction makes the test more conservative to avoid
spuriously significant results. Mauchly’s test could not be com-
puted for the incorrect route option due to insufficient residual
degrees of freedom. Because the assumption of sphericity has
been violated in the other part dataset, we corrected the degrees
of freedom using Greenhouse Geisser estimates of sphericity (e

= .07).

4.1.1  Fixations on signage

Results of the MANOVA indicated that fixation frequency did
differ between the decision points regarding signage fixations
(F,. 868 = 16.23, p =.00), and also between navigators using
only signage, Digital Maps, or printed maps (F, s, = 20.31,p =
.00). There was also a significant decision point x navigation
device interaction for fixations on the signage (F, 465 = 3.69, p
= .00). These observations were confirmed by planned contrasts,
which indicated that navigators only using signage did signifi-
cantly differ from the ones using the Paper Map (t,, =5.0,p =
.00), and the Digital Map group (t,, = 5.7 p < .001), while the
two map groups did not differ regarding the number of signage
fixations (Figure 2). The No Map group had the most fixations
on signage and signage fixations showed large differences be-
tween the different decision points (see Table 1).

4.1.2  Fixations on the correct route option

Fixations differed between decision point types regarding fixa-
tions on the correct route option (Fg;,46= 35.25, p < .001).
Here fixation frequency differences were lower between the
different navigation devices than between the different decision
points (F, ., = 6.72, p < .001). There was also a significant
decision point x navigation device interaction for fixations on
the correct route option (F ;3547 = 3.85, p = .00), indicating
higher fixation frequency for some decision points depending on
the used navigation device (Table 1). These observations were
confirmed by planned contrasts, which indicated that the No
Map group did significantly differ from the Paper Map group
(tp) = 3.66, p < .001) and the Digital Map group (t,) = 1.8, p =

n.s..). Again the two map groups did not significantly difter
from each other (t, = 1.6, p = n.s.). The No Map group had the
most fixations on the correct route option; furthermore the deci-
sion points differed in the number of fixations for all groups
(Figure 2).

4.1.3 Fixations on the incorrect route option

For the incorrect route options the fixation frequencies signifi-
cantly differed depending on whether navigators used signage
alone, the Digital Map, or Paper Map (F,, = 19.73, p < .001)
and the fixations frequency also differed between different
decision points (F, 5, = 22.98, p < .001). Furthermore there was
a significant decision point x navigation device interaction
(Fys6=6.39,p < .001). Planned contrasts could substantiate this
pattern, while the No Map group significantly differed from the
Paper Map (t, = 5.2, p < .00I) and Digital Map group (t,, =
5.5, p < .001), the two map groups did nor significantly differ
from each other (t,, = 4, p = n.s.). This replicates the finding
described before, the No Map group has the most fixations, and
the map groups do not differ from each other, while the decision
points do substantially differ in the fixation frequency over all
navigation devices (Figure 2 & Table 1).

4.1.4  Fixations on the map

We compared the effect of map type (digital, printed) on fixa-
tions on the map over all decision points. Therefore we conduct-
ed a two—way, 2(belween = condition) X 28(Wilhin = decision points) ANOVA.
Multivariate tests and the Mauchly’s test could not be computed
due to insufficient residual degrees of freedom. Because the
assumption of sphericity has been violated in the other analyses,
degrees of freedom were corrected using Greenhouse Geisser
correction (¢ = .18). The results indicate a significant difference
between the map conditions on the number of map fixations
(F .7 = 6.18, p < .05), and differences were even higher be-
tween the decision points (F 95,5 = 24.45, p < .001). Further-
more there was no significant decision point X navigation device
interaction (F 9 g,5 = 1.6, p = n.s. 2).

Table 2: Results of the 2x4 MANOVA and 1x4 ANOVA comparing effect of navigation device on fixation frequency on signage, the cor-
rect route choice, incorrect route choices, and maps over decision point types. * RO = route option

Decision Point Influence

Navigation Device * Decision Point

Navigation Device Influence

(Within Subjects Effect) (Interaction) (Between Subjects Effect)
F df errdf p F df err df p F df errdf p
Signs 11.9 1.9 69.1 000  ** 2.9 1.9 69.1 03 * 2.4 2 35 1
Correct RO 43.9 22 458 .000  ** 43 2.2 45.8 .01 wk 12.5 2 35 .000 x
_Incorrect RO 04 - 3o 105 000 = 26 . 3. s 02 33 z 3B 05T
Map 5.7 1.8 41.4 .08 1.2 1.8 41.4 3 2.4 1 23 135
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4.2 Effect of navigation device on fixation pat-

terns over decision points types

To condense the analysis we decided to cluster the different
decision points based on their features. 1) corridors, 2) t-
Junctions — navigators are only able to go left or right, 3) turnoffs
— navigators can either go straight or take a turn to one side, and
4) floor changes — navigators are faced the option to switch the
floor via lift or stairs [Passini 1984; O’Neill 1991]. To assess the
effect of navigation device and the difference between the deci-
sion point types on fixation patterns we conducted a 3

(between =

condition: No Map, Paper Map, Digital Map) X 4'(within = decision point types: corridors, t-junctions,

turnoffs, intersections) MANOVA with three dependent variables (fixation on
signage, the correct route option, and the incorrect route options)* MaUChly, s test indicat-
ed that the assumption of sphericity had been violated and there-
fore degrees of freedom were corrected using Greenhouse
Geisser correction for signage (s, = 174, p < .05, ¢ = .77, and
the correct route option (x5, = 28,2, p < .00, ¢ = .72). Such a
correction makes the test more conservative to avoid spuriously
significant results.

4.2.1  Fixations on signage

Results of these analyses indicated that fixations did differ be-
tween the decision point types regarding signage fixations
(Fogon.= 11.9, p < .001.). The number of fixations on signage
did not significantly differed between the navigation device
conditions (F,;5,= 2.4, p = n.s.). Planned contrasts revealed that
the No Map group significantly differed from the two Map
groups (t, = 2.1, p < .05), while the two Map groups did not
differ from each other (t,, = 4, p < .05). The navigation device
x decision point type interaction was also significant (F, 49, =
2.79 p < .05) (Table 2). There was an influence of decision point
type and navigation device on the frequency of signage fixa-
tions. Signage was most frequently used at turnoffs and least at
decision points that allowed for floor changes.

4.2.2 Fixations on the correct route option

Fixations differed between decision point types regarding fixa-
tions on the correct route option (Fyy sz = 439, p < .001)),
Again fixation frequency differences were higher between the
decision points than between navigation devices (F, ;5 = 12.5, p
< .000.). There was also a significant decision point X navigation
device interaction for fixations on the correct route option
(Fn4s8) = 4.3, p < .0I) indicating higher fixation frequency for
some decision points depending on the navigation device condi-
tion (Table 2). Planned contrasts indicate that navigators without
a map significantly differ from those using a map (t, =5, p <

100%
90% |
80% " Map
70%
60% Incorrect
50% Route Option
40% " Correct Route
30% Option
20% Signage
—_
10% u C N u N .
0%
NM PM DM‘NM PM DM‘NM PM DM‘NM PM DM‘
Corridor ‘ T-Junctions ‘ Turnoff ‘ Floorchange ‘

.001). The two map types did not show a significant difference
(tp) = .3, p = n.s.) (Table 2). Turnoffs led to a higher amount of
fixations in all groups than the other decision point types, while
corridors had the fewest. Navigators without a map differed
from navigators in both Map groups, but the Map groups did not
significantly differ from each other (Figure 3).

4.2.3 Fixations on the incorrect route options
Fixation frequency on the incorrect route options differed sig-
nificantly between the decision point types (F; 05, = 504, p <
.001) and also between the navigation devices (F,;5,=3.3,p <
05). Furthermore there was a significant decision point x navi-
gation device interaction for fixations on the incorrect route
option (F3,05y = 2.6, p < .01). Planned contrasts indicate that
navigators without a map significantly differ from those using a
Paper Map (t,, = 3.2, p < .01.) and a Digital Map (t,,=1.8,p =
n.s.). The two map types did not show a significant difference
(tpy = 1.6, p = n.s.) (Table 2). While corridors had the least
amount of fixations on the incorrect route option in all groups, t-
junctions and turnoffs had more, and intersections again led to
the most fixations in all groups (Figure 3).

4.2.4  Fixations on the map
We conducted a 2(belween = condition: Paper Map, Digital Map) X 4'(wilhin = decision
point types: corridors, t-junctions, turnoffs, intersections) ANOVA Wlth one dependent
variable (fixation on the map). Mauchly’s test indicated  that
the assumption of sphericity had been violated (s, =222, p <
.001), therefore degrees of freedom were corrected using
Greenhouse Geisser estimates of sphericity (¢ = .6). The results
indicate that there was no significant difference between the map
types on the number of map fixations (F, ;) = 2.4 p = n.s.), nor
between the decision point types (F, 44,4 = 5.7, p = n.s.). Fur-
thermore there was no significant decision point x navigation
device interaction (F; 44,4 = 1.2 , p = n.s.) (see Table 2). Paper
map and Digital Map users did not significantly differ in the
amount of map fixations; this result was consistent for each of
the individual decision point types (Figure 3). The fewest map
fixations happened while travelling through corridors, most
fixations happened at turnoffss.

5 Discussion

In this study participants individually navigated to three destina-
tions either without a map, with a Paper Map, or a Digital Map.
They each were faced with 28 decision points. Their visual
attentions pattern was captured and analyzed.
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Figure 3: Mean fixations on each AOI, per navigation device and decision point type. On the left transferred into 100%.
*NM= No Map; PM= Paper Map; DM = Digital Map
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5.1 Effect of navigation device on fixation pat-
terns over decision points types

The different decision points were clustered based on their
features. 1) corridors, 2) t-junctions — navigators are only able to
go left or right, 3) turnoffs — navigators can either go straight or
take a turn to one side, and 4) floor changes — navigators are
faced with the option to change the floor.

5.1.1  Fixations on signage, the correct route op-

tion and the incorrect route options

Wayfinders that used a map (digital or printed) had fewer fixa-
tions on the signage than those who did not have access to a
map. Furthermore there was an influence of the decision point
types on the frequency of signage fixations. The two map types
did not show any significant differences in their visual attention
on signage (see Figure 2). A similar picture emerged for fixa-
tions on the correct route option. Here navigation device type
did have an effect on fixation frequency, and fixations did differ
regarding the different decision point types. Corridors led to
much fewer fixations compared to the other decision point types.
Navigators without a map differed from navigators in both map
groups, but the map groups did not significantly differ from each
other (see Figure 2). Similarly for the visual attention on the
incorrect route option, the fixation frequency did differ between
the groups, and between the decision points. While corridors had
the least amount of fixations on the incorrect route option in all
groups, t-junctions and turnoffs had more, and floor changes
again led to the most fixations in all groups (see 3).

5.1.2  Fixations on the map

Mobile map users showed as many fixations on the map than the
ones using a printed version for each of the decision point types.
From all AOIs maps were the ones were most of the visual
attention was focused on, which indicate that a high amount of
their attention was paid to the device. Potentially this division of
attention was not only caused by the presentation format of the
map, but by the potential interactions with the device. For both
map types least fixations on the map happened while travelling
through corridors, the most fixations happened at turnoffs. This
finding suggests that travelling along a corridor requires less
attention and processing, and that the required cognitive effort
increases with the number of possible route options.

When it comes to the deductive theory-driven categorization of
the decision points into corridors, t-junctions, turnoffs, and floor
changes, one could argue that it is too arbitrary, although based
on previous research. It might be an interesting insight if further
analyses would be based on a data-driven categorisation by
clustering decision points based on gaze data, sheding light on
similarities in visual attention and information seacrch patterns.

5.2 Effect of navigation device on fixation pat-
terns over decision points
5.2.1  Fixations on signage, the correct route op-

tion and the incorrect route options
The 28 different decision points largely varied regarding their
numbers of fixations. Signage fixations revealed substantial
differences between the decision points regarding the attention
paid to signage, the No Map group had the most fixations on
signage. The correct route option had most fixations from the No
Map group and the decision points differed in the number of
fixations for all groups. For the incorrect route options, the
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fixation pattern repeats the ones described before, the No Map
group has the most fixations, and the map groups do not differ
from each other, however the decision points do substantially
differ in the fixation frequency over all navigation device condi-
tions. Looking at the fixation frequencies, it becomes very obvi-
ous that map users (of both types) mostly fixate the map and
much less on the environment or the signage (see Figure 2). The
No Map group on the other hand had more fixations on those
environmental elements than the map groups. Future analyses
could normalize the fixations for each decision point by dividing
the number of all fixations by the time spend on the decision
point. We decided against such normalization, because more
complex decision points might lead to navigators spending more
time on decision making, and therefore being slower to move on
and to fixate more, which is relevant information that would be
taken out of the data with normalizing.

5.2.2 Fixations on the map

The analysis for the individual decision point indicated a slightly
different pattern than the analysis of the decision point catego-
ries. Digital map users had significantly more fixations on the
map than Paper Map users. Furthermore the number of fixations
significantly differed between the decision points over the two
conditions (Figure 2).

Although the authors had not predicted such a finding, the anal-
ysis revealed an interesting pattern regarding the amount of
fixations at the starting points of each of the three destinations.
Each of those starting points (decision point 1, 8, 18) shows
much higher fixations on all areas of interest in all groups. This
is in line with observations by [Downs & Stea, 1973; Holscher
et al., 2006] who claim that at this point of the navigation pro-
cess wayfinders orient themselves in the environment, identify
their goal destination and choose the route ahead as much as
possible, while later they might primarily be involved in updat-
ing their current location and monitoring the route and cognizing
that the destination has been reached.

5.3 Conclusions

One main goal of this study was to shed light on which charac-
teristics of decision points and wayfinding devices lead to a
lower search for visual information and less attention to irrele-
vant environmental features, like incorrect route options. Fur-
thermore this paper aimed to identify data driven recommenda-
tions for designing effective and satisfying wayfinding assis-
tances. We can address this goal from two perspectives. First of
all it became obvious that navigators have the highest amount of
fixations on each kind of information - the environment, as well
as maps and signage - when they are initially planning their
route. Another interesting finding is that decision points along
the route that would allow for a floor change again lead to a
higher attention on visual information (decision points 11, 19,
27). One approach would therefore be to offer navigators a
survey view of the surrounds while at the start point and to then
offer them a different wayfinding assistance during the rest of
the route that carries less information and offers more of a reas-
surance function as well as local turn-by-turn directions. This is
in line with other recently published research findings regarding
pedestrian navigation support [Giannopoulos et al. 2015;
Pfeiffer et al. 2015]. Designing satisfying feedback at those
decision points that allow for a floor change, is a challenge for
future design. The device could either also reassure wayfinders
that they are still on the correct route and give them simple route
instructions. Alternatively at such points wayfinding assistance
could give travelers the option to apply one of three strategies;



1) change the floor now and then go further, 2) go into the right
direction until the final floor change, or 3) change the floor at a
central point [Holscher et al. 2006b]. Such design choices could
be inspired by the study at hand and following studies systemat-
ically varying the characteristics of decision points. Future
analysis could go into further depth by taking into account fixa-
tion durations, as well as saccadic movements including scan-
path information to provide a more fine-grained and processed-
based picture of the data.
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