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The use of mobile pedestrian wayfinding applications is gaining importance indoors. How-
ever, compared to outdoors, much less research has been conducted with respect to the most
adequate ways to convey indoor wayfinding information to a user. An explorative study was
conducted to compare two pedestrian indoor wayfinding applications, one text-based (Sole-
Way) and one image-based (Eyedog), in terms of mental effort. To do this, eye tracking data
and mental effort ratings were collected from 29 participants during two routes in an indoor
environment. The results show that both textual instructions and photographs can enable a
navigator to find his/her way while experiencing no or very little cognitive effort or diffi-
culties. However, these instructions must be in line with a user’s expectations of the route,
which are based on his/her interpretation of the indoor environment at decision points. In
this case, textual instructions offer the advantage that specific information can be explicitly
and concisely shared with the user. Furthermore, the study drew attention to potential usa-
bility issues of the wayfinding aids (e.g. the incentive to swipe) and, as such, demonstrated
the value of eye tracking and mental effort assessments in usability research.
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the navigator in an user-friendly and adequate way (Méller
etal., 2014).

Maps (with or without a route displayed on top) are fre-
quently used to communicate a path from A to B. The sur-
vey perspective of the environment, that maps offer, ena-
bles a user to build up and improve his/her cognitive map
(i.e. a mental representation of the external environment).
However, the limited screen size decreases the map inter-
action quality in terms of efficiency and effectiveness and
may result in more map reading difficulties
(Giannopoulos, Kiefer, & Raubal, 2013). Moreover, many
visitors of complex buildings, especially non-recurrent
visitors, wish to maximise the ease of wayfinding and have
no interest in acquiring or improving their cognitive map
(Bouwer, Nack, & EI Ali, 2012).

A valuable alternative can be found in (simple) turn-
by-turn route instructions, defined and generated by a sys-
tem. Here, the route is divided into segments. In route in-
structions, these segments should be described by at least
two elements, which form so-called view-action pairs.
Firstly, a description must contain an indication of move-
ment or state-of-being describing a wayfinding action,
such as ‘turn left at’, ‘go down to’, ‘continue along’ and
other basic motor activities. Secondly, a route (segment)
description should also contain unambiguous and concise
references to clearly visible physical features along the
route or at decision points that serve as environmental cues
to correctly pinpoint the location where that wayfinding
action should take place and can act as feedback to the nav-
igator (Burnett, Smith, & May, 2001; Lovelace, Hegarty,
& Montello, 1999; Sorrows & Hirtle, 1999). These salient
physical features are often referred to as landmarks. These
play an important role in natural wayfinding behaviour as
they are central to all forms of spatial reasoning (e.g. ori-
entation, wayfinding) and spatial communication (Richter
& Winter, 2014).

Often, one automatically assumes that these view-ac-
tion pairs are expressed verbally or textually. However, a
symbol (e.g. an arrow) combined with a photograph de-
picting (one or more landmarks at) a location may be
equally as useful. In this explorative study, two mobile
wayfinding aids are compared, in terms of cognitive load;
one provides written route instructions (SoleWay) and the
other photographic-based route instructions (Eyedog).
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This paper is organised as follows. In the next section,
previous work on indoor wayfinding smartphone applica-
tions and their use is described. Section 3 presents the
study design. Following, the results and discussion are pre-
sented in sections 4 and 5 respectively. Finally, section 6
presents the main conclusions and future work on this
topic.

Background

According to Fallah, Apostolopoulos, Bekris and
Folmer (2013), an indoor human wayfinding system
should include at least four functionalities or components:
(1) a (basic) form of localisation, (2) the ability to plan a
path and turn it into easy to follow instructions, (3) the
ability to retrieve and store different types of information
and (4) the ability to interact with a navigator. This paper
only focusses on the last functionality, namely how a sys-
tem can adequately interact with a user to provide the pre-
viously determined directions. More specifically, the user
interaction of two indoor wayfinding smartphone applica-
tions, that are available to the public, will be compared and
form the topic of this paper, namely SoleWay and Eyedog
(Indoor Navigation).
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SoleWay

The first, SoleWay, offers indoor wayfinding support
through textual instructions (see Figure 1, on the left). The
app and related website are based on a crowd-based out-
sourcing platform. As such, a community of (potential)
wayfinders is created. On the one hand, people who are
familiar with a certain route can add written route descrip-
tions to the SoleWay database. Added route descriptions
are purely textual. Each description is geographically lo-
cated by pinpointing the approximate location of the start-
ing point (e.g. main entrance) or the building in which the
described route is situated on a map (i.e. Google Maps).
On the other hand, wayfinders can find these descriptions
by searching for the destination through a search box. The
SoleWay platform will then provide the user with all de-
scriptions of routes that lead to that destination and are in
the vicinity of the user or the building of interest. Conse-
quently, there is no need to spatially model the indoor en-
vironment or to use indoor positioning techniques which
would require the installation of sensors (e.g. RFID tags,
Bluetooth beacons, WLAN), which in turn may require
costly infrastructure or augmentation of the building. A
member of the community only needs a device with net-
work capabilities (e.g. a smartphone). As a result, the cost
and complexity of the application is minimised. SoleWay
was developed by co-author Prof. Nico Van de Weghe
(Department of Geography, UGent - https://sole-
way.ugent.be).

These textual instructions offer the advantage that
(more) abstract concepts can concisely be conveyed to the
user. Navigators have a good understanding of locations
like the main entrance, a reception (desk) and a meeting
room, regardless of their appearance or the extent to which
they can change over time in terms of design. Conse-
quently, these locations can easily be incorporated in an
instruction without lengthy or detailed descriptions
(Tversky & Lee, 1999). Analogously, it can be assumed
that these textual route instructions (only) contain the most
relevant information for the wayfinding task at hand and
are not cluttered with unnecessary elements. In contrast,
photographs may contain a high level of information and
details as these depict everything present at a specific lo-
cation.

Unfortunately, this is a double-edged sword as it can
be difficult to determine what the most relevant, essential
or suitable (type of) wayfinding information is. There are
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no unequivocal criteria for selecting salient physical fea-
tures that can be used to describe the location where an
action should take place as part of previously mentioned
view-action pairs. Several studies have shown that land-
marks are the most commonly used cues to enable way-
finding decisions and that route instructions containing
landmarks as descriptive features are rated as highly effec-
tive (Hund & Padgitt, 2010; May, Ross, Bayer, &
Tarkiainen, 2003). The main reason for this is that they al-
low fast reasoning and efficient communication for direct-
ing a person from A to B. Firstly, because they act as points
of correspondence between different forms of spatial
knowledge (e.g. reality, wayfinding tools [such as maps]
and the cognitive model of the environment; Presson &
Montello, 1988). Secondly, landmarks define a place with
reduced representational complexity. While a place may
exhibit a high level of information and details, a landmark
is an anchor point that is abstracted to a node without in-
ternal structure (Richter & Winter, 2014). As Streeter,
Vitello and Wonsiewicz (1985, p. 551) put forward, how-
ever, the landmark selection process is highly individual.
It depends on the perception and individual preferences of
the observer, which are influenced by gender, age, social
and cultural background, experience, familiarity with the
environment and intentions (Raubal, 2001). For example,
women prefer three-dimensional objects over two-dimen-
sional elements (Denis, 1997). In addition to the selection
of the correct wayfinding information, the assessment of
the adequate amount of information may be problematic as
well. An instruction that is too brief may lead to uncer-
tainty, while too much information can result in confusion
and both will lead to higher cognitive load levels
(Mackaness, Bartie, & Espeso, 2014).

Eyedog

The other smartphone application, Eyedog, provides
wayfinding support by means of ‘street-view’ like photo-
graphic imagery (see Figure 1, on the right). The route is
presented as a sequence of photographs wherein the user
can (manually) swipe back and forth. The photographs are
augmented with textual or schematic (e.g. arrows) direc-
tions to clarify the intended wayfinding instruction. Alt-
hough Eyedog can operate in combination with indoor po-
sitioning systems, similar to SoleWay it can function with-
out the use of external hardware. In contrast to SoleWay,
the indoor environment is spatially modelled with the help
of a network of nodes and edges attributed with weights
and photographs. Based on this network, shortest paths are
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generated automatically. Eyedog was developed by co-au-
thor Ralph Michels (PhD researcher and CTO of Eyedog
Indoor Navigation - http://www.eyedog.mabi).

Photographs, as used by Eyedog, represent the indoor
environment at a certain location. This way, the landmark
and wayfinding information selection process is to a large
extent in the hands of the user. Photographs support this
process as the visual sense contributes greatly to the recog-
nition of landmarks and the estimation of distance and ori-
entation during navigation (Fallah et al., 2013). Indoors
this is of great value. Indoor routes are often characterised
by frequent shifts in direction and, therefore, require a
higher density of landmarks to be clearly described. More-
over, the number of object categories from which land-
marks can be selected is usually limited indoors (Ohm,
Ludwig, & Gerstmeier, 2015). Accordingly, several stud-
ies have shown that, in comparison to paper and mobile
maps, participants prefer images to visualise the environ-
ment while executing wayfinding tasks indoors as the use
of photographs leads to improved wayfinding performance
in terms of task duration and success rate (Li, 2017; Ohm
et al., 2015).

Performance measures

The comparison between different modalities to con-
vey route descriptions to a navigator is generally based on
the time needed to complete a wayfinding task and
whether or not a person is able to reach the destination with
the help of a specific modality. In most of these indoor
wayfinding studies, however, it is very rare that a person
does not reach the destination point. Furthermore, the ob-
served task duration differences may be statistically signif-
icant, but in practice these are very small. Other perfor-
mance measures that may be more adequate to reflect the
usability of a description are location and orientation ac-
curacy (e.g. Bouwer et al., 2012), numbers of errors, feel-
ing lost episodes and/or dwell points (e.g. Liu et al., 2008),
smartphone interaction recordings to identify wayfinding
strategies (e.g. Moller, Diewald, Roalter, & Kranz, 2009)
and user ratings with respect to quality and usefulness (e.g.
Mackaness et al., 2014).

Another research tool, which is relatively new in the
domain of indoor wayfinding, is eye tracking. The analysis
of gaze characteristics can provide useful insights regard-
ing a navigator’s use of environmental and wayfinding in-
formation, and the interplay of both (Schnitzler,
Giannopoulos, Holscher, & Barisic, 2016). Consequently,
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in recent years eye tracking has frequently been used in a
wide range of settings within the field of pedestrian navi-
gation (e.g. spatial decision making, map interaction, way-
finding aids) (see Kiefer, Giannopoulos, & Raubal, 2014).
However, the number of studies, specifically within the
context of communication modalities of indoor pedestrian
wayfinding systems, is limited.

Ohm, Miiller and Ludwig (2017) used eye tracking
measures as fixation time, number of fixations and revisits
to the mobile phone screen to demonstrate that participants
preferred a reduced interface displaying landmarks and
simplified route segments instead of an interface using
floor plans. In contrast to the original experimental design,
the smart phone screen was seen as a single area of interest.
The small screen and the limited accuracy of the eye track-
ing device did not allow fixations to be attributed to differ-
ent interface elements. Following, Schnitzler et al. (2016)
investigated what the effect of a wayfinding aid (i.e. no
map, paper map, digital map) was on fixation frequencies
at decision points. The number of fixations was deter-
mined for three areas of interest: signage, correct route op-
tion and incorrect option. Next, Li (2017) used the number
of fixations and their duration to create heat maps and gaze
plots on photographs and maps to investigate the role of
maps in combination with other aids during indoor way-
finding. In these three studies, eye tracking data was col-
lected by a group of test persons that individually com-
pleted an indoor route to a destination with the help of a
wayfinding aid. During this task, participants were
equipped with a mobile eye tracker.

Mental effort

Most studies on communication modalities of (indoor)
pedestrian wayfinding applications focus on the usability
of such a modality compared to or in combination with
(mobile) maps. Moreover, no studies take into account the
aspect of mental effort. Mental effort refers to the propor-
tion of working memory capacity that is allocated to the
(instructional) demands of the task and can be used as an
index to assess the cognitive load that the execution of a
task imposes on a person (Paas, 1992; Paas, Tuovinen,
Tabbers, & Van Gerven, 2010). Photographs and textual
descriptions are both external representations of (wayfind-
ing) information that are employed to support memory and
thinking (Tversky & Lee, 1999). A person must translate
such a representation (e.g. of a location), which is briefly
stored in the short-term memory, to reality (e.g. the corre-
sponding actual location in his/her surroundings). This
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translation requires the interaction of the short-term
memory with previously acquired knowledge and skills
(e.g. orientation skills) stored in the long-term memory. In
turn, this interaction (i.e. working memory) and, as such,
this translation demand mental effort (Fu, Bravo, & Ros-
kos, 2015). Central in the cognitive load theory is that the
working memory capacity is limited (Schmeck,
Opfermann, van Gog, Paas, & Leutner, 2015). Visitors of
large-scale spaces, especially first-time visitors, may al-
ready experience high stress levels and a significant work-
ing memory load caused by factors other than the wayfind-
ing task. The wayfinding aid and the method used to pre-
sent wayfinding information (e.g. words or images) can re-
duce the complexity of the decision-making process and
therefore the cognitive load (Giannopoulos, Kiefer, Rau-
bal, Richter, & Thrash, 2014).

In general, there are four ways to assess mental effort:
(1) indirect (performance) measures, (2) subjective
measures, (3) secondary task measures, and (4) physiolog-
ical measures (Schmeck et al., 2015). In this study, subjec-
tive measures (i.e. rating scales) and physiological
measures (i.e. eye tracking) will be used to assess which
communication modality (i.e. written or photographic-
based route instructions) requires less mental effort to un-
derstand and to act in accordance with. A large number of
studies have used a nine-grade rating scale as a subjective
measure to examine the experienced mental effort (e.g.
Hasler, B., Kersten, B., & Sweller, J., 2007; Stark, R.,
Mandl, H., Gruber, H., & Renkl, A., 2002; Paas et al.,
2010). For an extensive overview of these studies, we refer
to van Gog & Paas (2008) and Paas et al. (2010). This fre-
quent use has proven that the numerical values of a (nine-
grade) rating scale enable test persons to veraciously ex-
press the required mental effort. Furthermore, multiple
measurements during an experiment are possible. This
way, a more detailed analysis of mental effort and task
complexity variations can be conducted (Schmeck et al.,
2015; van Gog & Paas, 2008).

Following, eye tracking can also be used as a measure
of the processing demands of a task (van Gog, Kester,
Nievelstein, Giesbers, & Paas, 2009). Especially in prob-
lem solving tasks, longer fixations and shorter saccadic
amplitudes are linked to more effortful cognitive pro-
cessing and indicate that a person has (more) difficulties in
extracting information or relating this information to inter-
nalised representations. In scene perception, features that
are considered more important, interesting or semantically
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informative generate longer fixations and more revisits
compared to those elements that are perceived less im-
portant. Additionally, several studies assume that the num-
ber of fixations and saccadic rate overall is negatively cor-
related with the search efficiency and could be an indica-
tion of the difficulties a person experiences while collect-
ing relevant information (Goldberg & Kotval, 1999;
Holmagvist et al., 2011).

Ooms (2016) emphasizes the importance of using
mixed methods in usability research. Using multiple eye
tracking measures and mental effort ratings makes it pos-
sible to verify the results across datasets. This improves
the reliability and validity of the study. However, some au-
thors have argued that fixation measures and mental effort
ratings measure different aspects of cognitive load
(Schmeck et al., 2015; van Gog et al., 2009). Fixations rep-
resent parts of the task or an individual problem, while an
effort rating represents the mental effort of the overall task
or process (e.g. the total number of problems). As such,
these may result in non-equivalent assessments of the in-
vested mental effort. By asking mental effort ratings at
multiple intermediate points, the authors hope to minimise
such distortion.

Methods

Most user studies in interactive cartography are con-
ducted in controlled, laboratory environments. Roth et al.
(2017) state in their research agenda the need for both la-
boratory and field-based studies. Explorative user studies
in the field are essential to confirm laboratory findings, or
to identify new aspects that need follow-up of laboratory
research. Therefore, in order to assess the experienced
mental effort linked to the textual route instructions of-
fered by SoleWay on the one hand and Eyedog’s photo-
graphic-based instructions on the other hand, both apps are
used in a real environment. Participants are guided by
Eyedog on one route and by SoleWay on another route in
a complex building. During the full extent of both routes
eye fixations are recorded and user ratings on a nine-grade
scale are collected at intermediate points. Four eye track-
ing measures are extracted (the number of revisits, fixation
count, fixation time and average fixation duration) and two
areas of interest are defined (smartphone screen and sign-
age). Although all eye tracking measures are correlated,
they do not measure the same aspect of mental effort. The
number of revisits indicates how many times participants
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needed to switch their gaze from the environment to an aid
(smartphone or signage). The average fixation duration in-
dicates how difficult it is to interpret the information pro-
vided by one fixation on a specific element of the wayfind-
ing aid, while the total fixation time and count indicate
how difficult it is to gain the relevant wayfinding infor-
mation from the wayfinding aid in general and translate
this to the environment. To be able to interpret the eye
tracking results correctly, all measures must be analysed
together (e.g. Holmquvist et al., 2011). Saccadic measures
are not included in the analysis but could be an equally
valid alternative. After completing the two routes, partici-
pants answered a questionnaire to gain insight in their gen-
eral appreciation of the two wayfinding aids.

Participants

In total 14 male and 15 female subjects participated in
the experiment. The questionnaire, wherein participants
were asked to rate a series of statements, revealed the fol-
lowing. Participants were, on average, relatively familiar
with (parts of) the test environment (see materials section).
As such, they are acquainted with the building’s structure
and design. In contrast, the destinations along the route
were not known to them. Furthermore, test persons had
used smartphone applications as wayfinding aid before
outdoors, but rarely in an indoor setting. Their ages ranged
between twenty and sixty years old (M = 34, SD = 9). Dur-
ing the test, they were not distracted by the researcher fol-
lowing them or by the mobile eye tracking device. Five
participants were excluded from the eye tracking results,
because the tracking ratio was too low. The required track-
ing ratio was set to 95%.

Materials

During the completion of both routes, participants
wore a SMI ETG 2.1 mobile eye tracking device (60 Hz /
30 FPS). Fixations were calculated with the help of the
SMI Event Detection (dispersion-based) algorithm and
were transferred manually to four reference images (i.e.
one for each route and application). Each reference image
displayed two categories (i.e. (screen of) smartphone, sign-
age (along the route)), which were attributed with areas of
interest by using the semantic gaze mapping tool of Be-
Gaze 3.6.

Both wayfinding apps (i.e. Eyedog Indoor Navigation
1.0.0 and SoleWay v15) were installed and presented on
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the same smartphone, namely an LG Nexus 4. As men-
tioned in section 2, Eyedog automatically provided the
shortest routes between the selected destinations based on
a network model of the building. The SoleWay routes were
formulated and entered manually. A SoleWay route is a
text depicted on a single screen. Each line in the text con-
sisted of one view-action pair specifying the location and
the required wayfinding action as simple as possible (see
Figure 1). For each route, the number of lines was compa-
rable to the number of photographs.

The star shaped building (see Figure 2) was considered
to be fairly complex by most participants. It was built in
1976 and has a traditional interior (see Figure 1 and 4).
Within this building two routes were selected. Both routes
had had a total length of approximately 360 meters and
consisted of three connected route segments leading to a
destination. All participants completed the same routes
(see Figure 2). The first route went from the starting point
on the second floor level to the men’s toilet (destination A)
on the ground floor. From there, participants were asked to
go to the secretariat of the Marine Biology Research Group
(B). Finally, they were asked to find the Geophysics Pro-
cessing Lab (C) on the first floor level. The second route
started at the same starting point. The first intermediate
destination was the small garage (D) in the curved outer
corridor on the ground floor level. The following destina-
tion was the office of prof. V. Cnhudde on the first floor
level (E). The final destination of the second route was lec-
ture room 3.065 on the third floor (F). Route 1 includes 22
decision points and route 2 counts 24 decision points.

Route 1: Start > A>B > C
Route2: Stat > D> E=> F
B
A' .
E
c.
2
*START °F
‘mo 25 50 75 mnml

Figure 2 Illustration of the building and routes.
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Finally, the following statements (subdivided in four cat-
egories) are rated on a seven-grade scale in the conclud-
ing questionnaire:

Evaluation of the route
(1) “The route was complex.”

Evaluation of the wayfinding instructions

(2) “I often had doubts about the further course of the
route.”

(3) “The wayfinding instructions were clear.’
(4) “The wayfinding instructions were easy to follow.’
(5) “The wayfinding instructions were detailed enough.”
(6) “The wayfinding instructions were adequate to con-
vey the route.”

1l

>

Memory of the route

(7) “After the experiment, I am able to complete the same
route without help of a wayfinding aid.”

(8) “After the experiment, I am able to verbalise route in-
structions to a person who is not familiar with the route.”
(9) “After the experiment, I am able to draw the route on

a floor plan.”

Application recommendation
(10) “I would recommend the application for other build-
ings.”

Procedure

At the beginning of the experiment, the participants
were instructed as follows. “After the calibration of the eye
tracking device, you will be asked to complete two routes
while wearing the eye tracking device. This device will
register your eye movements. | will follow while complet-
ing these routes. One route will be explained with the help
of SoleWay. During the other route, you will be guided by
Eyedog. Each route starts in this office and at the end of
each route we will check if the eye tracking device is still
correctly calibrated. Each route consists of a number of
destinations or intermediate stops. At each stop, | will ask
you to rate the mental effort that was needed to reach this
destination with the help of the wayfinding application.
You can rate this effort on a nine-grade scale: zero being
very, very low and nine being very, very high. Then I will
give you the next destination. After the completion of both
routes, you will be asked to fill in a small questionnaire.
During the experiment, you may always ask for help or
clarification. | will intervene if you would get lost.”
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The experiment proceeded as described. Five point tar-
gets placed at approximately 1.5 meters were used to cali-
brate the eye tracking device. For all five points, the gaze
error is corrected, making the calibration more accurate
for every additional point. Participants always completed
the routes in the same order. However, the wayfinding
app used to guide a participant along a route was random-
ised in order to assess the potential influence of familiar-
ity with the experimental setup. As such, half of the par-
ticipants completed the first route with SoleWay and the
second with Eyedog, while the other half first used
Eyedog and then SoleWay. The guidelines as expressed
by Holmqvist et al. (2011) were taken into account during
calibration, instruction giving and route completion. After
completing the two routes, participants filled in the final
questionnaire.

Data analysis

The significance of potential differences in eye track-
ing measures between both groups (i.e. SoleWay users and
Eyedog users) was determined by a parametric test (see
Table 2). As there is disagreement about whether (ordinal)
rating scale data should be analysed with parametric sta-
tistics or nonparametric statistics (see de Winter & Dodou,
2010), the normality of the mental effort and questionnaire
data was tested with the Shapiro-Wilk Test. Because not
all data samples are normally distributed, both the para-
metric t-test and the non-parametric Mann-Whitney test
are conducted to determine the significance of potential
differences between both SoleWay users and Eyedog users
regarding mental effort. Both tests showed the same result
and are listed in Table 1. The significance of potential dif-
ferences between Soleway and Eyedog in the general ques-
tionnaire is also analysed with both a parametric and a hon-
parametric test, for the same reason. In this case, a Wil-
coxon signed-rank test and a dependent t-test is executed,
because all participants used both Soleway and Eyedog and
are therefore in both groups. The results of both tests are
indicated in Table 3.

Results

The results for the mental effort ratings can be found in
Table 1. Participants experienced a significantly lower
mental effort when using SoleWay while completing the
second route.
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Table 1.
Overview of mental effort ratings at intermediate destinations for both routes”
SoleWay Eyedog
Route 1¢ N Mean SD N Mean SD Sig2  Sig.P
Start - A 15 1.93 1.58 14 2.21 1.85 771 .665
A-B 15 2.13 151 14 1.64 1.28 .369 .352
B-C 15 3.07 1.67 14 2.86 1.96 .532 .760
Route 2¢
Start - D 14 2.29 173 | 15 593 212 .000 .000
D-E 14 157 1.02 15 4.73 2.25 .000 .000
E-F 14 1.50 1.40 15 4.40 2.67 .004 .001
Notes.
* based on scores on a nine-grade scale
a two-tailed significance value at the 95 % confidence level resulting from a
Mann-Whitney test
b two-tailed significance value at the 95 % confidence level resulting from an
independent samples t-test with tested equal variances
¢ more information on route segmentation can be found in Materials section
Table 2.
Overview of eye fixation measures during route completion
2 Smartphone AOI Signage AOI
e SoleWay Eyedog SoleWay Eyedog
M SD M SD Sig.* M SD M SD Sig.*
Revisit 1 21.20 10.69 71.93 25.32 .000 8.11 6.31 4.43 2.68 .003
eviIsIts
2 32.50 8.33 66.70 23.99 .000 10.07 4.25 13.40 4.79 .096
Fixation 1. 26270 146.23 464.43 146.08 .003 21.80 14.97 1121 6.86 .029
Count 2 29171 64.57 490.60 197.46 .002 29.93 13.08 39.70 16.44 .138
Fixation 1 653837  39,161.14 123,871.1 49,979.70 © .004 : 51709  3,08499 @ 25729 186447 | .033
Time[ms] 2 764940 1871771 | 1223911  52,893.86 = .006 = 10,4612 449502 120102 4289.12 = .403
Fixation 1 24.91 9.75 37.939 11.04 .006 1.77 1.02 0.82 0.58 .020
Time[%] 2 2444 5.37 30.052 10.49 146 3.27 1.19 3.07 1.16 677
AVEfgge fixa- 1 24365 32.97 260.62 31.98 223 21457 107.55 211.15 61.57 .929
tion duration
[ms] 2 262.92 36.73 248.12 17.35 251 351.05 79.87 311.37 62.32 .186
Notes.

* two-tailed significance value at the 95 % confidence level resulting from an independent samples t-test with tested equal vari-

ances

Following, Table 2 shows the results for the eye
fixation measures. Based on the number of revisits,
fixations and fixation time, it can be said that SoleWay
users spent more attention on the available signs along
route 1, while Eyedog users focussed more (frequent) on
the smartphone screen. With respect to the second route,

Eyedog users still fixated more on the application, but
there was no significant difference with respect to signage
use. There are no significant differences between the
average fixation duration on smartphone and signage.
Finally, the results of the questionnaire were analysed
analogously to the mental effort ratings (see Table 3).
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Table 3.
Overview of statement ratings in questionnaire for both applications™
SoleWay Eyedog

Statement® N Mean SD N Mean SD Sig.2 Sig.P
1) 29 -1.76 157 29 -1.14 1.68 107 .065
2) 29 -1.76 1.33 29 0.07 2.10 .000 .000
(3) 29 2.07 0.80 29 0.48 1.98 .001 .000
4) 29 2.03 0.82 29 0.66 1.95 .002 .002
(5) 29 2.14 0.92 29 0.55 1.88 .001 .000
(6) 29 2.43 0.67 29 0.86 1.64 .000 .000
(7) 29 0.10 1.74 29 0.21 1.86 .586 .621
(8) 29 -0.21 1.78 29 -0.28 1.89 747 .805
9) 29 -0.41 1.76 29 -0.14 1.68 437 318
(10) 29 1.34 1.26 29 0.55 1.35 .019 .018

Notes.

*based on scores on a seven-grade scale

a two-tailed significance value at the 95 % confidence level resulting from a Wilcoxon signed-rank test
b two-tailed significance value at the 95 % confidence level resulting from a dependent t-test

¢ Overview of statements in the research design

Discussion

An explorative study was conducted to examine differ-
ent modalities to share wayfinding information by compar-
ing two pedestrian indoor wayfinding applications, namely
Sole-Way and Eyedog, in terms of mental effort. To do this,
eye tracking data and mental effort ratings were collected
from participants during a series of wayfinding tasks in an
indoor environment.

No significant differences between the two applica-
tions were found with respect to the mental effort ratings
collected during the first route and the experienced mental
effort was relatively low (mostly less than 3 on the nine-
grade scale). In contrast, participants had significantly
more difficulties to understand, interpret and act in accord-
ance with the view-action pairs displayed by photographs
(i.e. Eyedog) during the second route. An explanation for
this finding might be found in the eye tracking results.

The average fixation duration does not differ signifi-
cantly. Therefore, the difficulty lies not in the interpreta-
tion of the information provided by one fixation on the
wayfinding aids (smartphone and signage). The total fixa-
tion count and overall fixation time, however, show that
Eyedog users looked significantly more to different ele-
ments of the smartphone screen during both routes. This
seems logical as more information is displayed by the

Eyedog interface. Users needed to interpret this infor-
mation and relate the (selected) depicted features to reality.
The number of revisits indicates that Eyedog users
switched their gaze back to the smartphone more often,
which indicates that information translation to the environ-
ment was more difficult compared to the text-instructions.
More striking is the use of signage during the wayfinding
tasks. During the first route, SoleWay users gave signifi-
cantly more attention to signs along the route compared to
Eyedog users. Although not statistically significant, this
observation was turned around during the second route as
a result of an increase in fixations on signs by Eyedog us-
ers. Nevertheless, also in this case the average fixation du-
ration was not found to be significantly different.

The extent to which signage is fixated on can be related
to (1) the availability of signage, to (2) the wayfinding task
complexity and (3) whether or not the smartphone appli-
cation provides sufficient information to ensure a comfort-
able wayfinding experience. Firstly, although the entire
building has a similar design, a slightly larger amount of
signs was visible along route two. This may have ac-
counted for the increased use of signage for both applica-
tions during the second route compared to the traversal of
the first route. However, the signage was the same for both
wayfinding applications and, therefore, this cannot explain
the substantial increase of attention to signs when using
Eyedog. Secondly, the results of the questionnaire show
that no significant difference was found in terms of expe-
rienced route complexity. As such, it is not expected that
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this factor influenced sign usage. Therefore, the finding
with respect to signage is most likely to be explained by
the third factor: a lack of (an) adequate (amount of) infor-
mation offered by the application. For example, the con-
ciseness of the written route instructions might have
prompted wayfinders to collect additional information
(through signs) in the first route. As mentioned in the in-
troduction, the selection of the adequate amount of infor-
mation can be challenging. With respect to SoleWay, this
assessment has to be made by the author each time he/she
describes a route. Turning back to Eyedog, if Eyedog did
not provide sufficient or adequate wayfinding information
during the second route, then this will have forced Eyedog
users to rely more on signage while completing this second
route. In turn, having to interpret both detailed photo-
graphs and a large number of signs could have led to the
increased mental effort ratings as mentioned earlier.

Based on the recordings, it is clear that all Eyedog users
that ostensibly experienced wayfinding difficulties (e.g.
errors, doubt), encountered them at two specific decision
points along route two.

Van UG_Pepijn Viaene
naar UG Kleine Garage

< Links aanhouden — 5/8 >

Figure 3 Screenshot Eyedog at start curved hallway.

Firstly, when participants arrived on the ground floor
on their way to destination D, they came across a covered
passageway that is part of the curved hallway where the
destination is situated. At this passageway, however, par-
ticipants were not aware that this hallway is curved. The
SoleWay instruction, which was generated by a person
based on his/her wayfinding experience, says “continue
straight ahead through the glass double doors in front of
you”. In contrast, the Eyedog platform took this curve into
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account when automatically generating wayfinding in-
structions as it starts from the spatial network of the build-
ing, which in turn is based on the floor plan of the building.
As a result, the Eyedog instruction displays an arrow that
is in line with the curve and mentions to “keep left” (see
Figure 4). Although this is not incorrect, it was not in line
with the expectations of the user. Consequently, there was
much doubt whether to continue through the glass doors or
to take a left turn to the inner courtyard.

Secondly, to pinpoint destination E as (intermediate)
destination, SoleWay (see Figure 1) and Eyedog (see Fig-
ure 2) both refer to a display cabinet, which is situated right
in front of the office. However, SoleWay specifies that this
cabinet is located “halfway through the hallway”. This ad-
dition turned out to be of great value as a nearly identical
cabinet is located at the beginning of the hallway. As a re-
sult, Eyedog users expected the destination to be (near the
display cabinet) at the beginning of the corridor. In this
case, the cabinet functioned as a ‘false landmark’, namely
an identical or very similar object that can mislead the nav-
igator as it is wrongfully associated with specific wayfind-
ing actions (Elias, 2003). Although several details on the
photograph allow a differentiation between both cabinets,
most participants only focus on the cabinet itself. As they
are not familiar with the route, it is difficult for them to
assess to what level of detail the depicted information
needs to be interpreted.

At these two problematic decision points, SoleWay of-
fered the advantage that the information had been inter-
preted in advance by the author of the instructions who is
highly familiar with the route(s). As such, the author for-
mulated route instructions that were (likely to be) in line
with the user’s expectations and (unwittingly) differenti-
ated between the cabinets by providing information re-
garding location in the hallway. This explains why Eyedog
users experienced more mental effort compared to Sole-
Way users during the second route, as mentioned earlier.
Analogously, the results of the questionnaire (see Table 3)
show that they had less doubts about the further course of
the route and found the SoleWay instructions significantly
clearer, easier to follow, more detailed and more adequate
to convey the route. Consequently, participants were more
inclined to recommend SoleWay for other buildings than
Eyedog.

Additionally, the recordings reveal a point of particular
interest in terms of the usability and interface of Eyedog,
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namely the (lack of) incentive to swipe from one photo-
graph to another. The apparent difference between Eyedog
users that experienced little or no difficulties on the one
hand and those that expressed high mental effort ratings on
the other hand was that the first swiped freely between
photographs. For example, these participants started by
viewing the first three photographs or even the entire route
before commencing the route itself and returning to the
first photograph. That way they gained route knowledge,
enabling them to connect different landmarks into a route.
In contrast, the latter strictly focussed on a single photo-
graph and only swiped to the following once they were ab-
solutely sure that they had encountered the location de-
picted on that photograph. This group could therefore only
rely on landmark knowledge for orientation in the build-
ing. Navigators are more successful in finding destinations
inside a building when using multiple types of spatial
knowledge, such as landmark knowledge and route
knowledge (Holscher, Meilinger, Vrachliotis, Brosamle,
& Knauff, 2006). As a result, the participants with solely
landmark knowledge were not able to anticipate certain
wayfinding actions and/or adapt their expectations with re-
spect to the continuation of the route. In the current design,
the app itself gives no clear incentive to swipe. At present,
the user interface of Eyedog is being redesigned whereby
the app will indicate within which distance a user is ex-
pected to swipe to the next picture. The discovery of these
usability issues is an important advantage of qualitative,
field-based research (Roth et al., 2017).

Limitations

An explorative study was conducted to compare two
pedestrian indoor wayfinding applications. Although ex-
plorative studies have many strengths, they also impose a
few limitations. One of them is the difficulty to generalize
findings as two existing systems were used in a realistic
setting with possible end-users. This means that the con-
figuration of the wayfinding aids, the architecture of the
building and the familiarity of the participants with the
building had an influence on the results. However, because
the participants were not familiar with the destinations,
both routes were equally new to them. Therefore, the order
of the routes was not randomized. Another factor that
caused some restrictions is the use of a mobile eye tracker.
Extraction of saccadic measures can be difficult as both the
eye and the head are moving. Therefore, this research used
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fixation measures and revisits as a measure for cognitive
load.

Conclusions and Future Research

This explorative study made an effort to gain more
insight into the use of textual and photo-based route
instructions by comparing two wayfinding aids in terms of
mental effort. A combination of eye fixation measures and
subjective user ratings showed that both textual
instructions and (augmented) photographs can enable a
navigator to find his/her way while experiencing no or
very little cognitive effort or difficulties. However, certain
decision points during a given wayfinding task require a
specific interpretation of the situation or location to
facilitate a comfortable wayfinding experience. In this
case, textual instructions offer the advantage that this
specific information can be explicitly and concisely shared
with the user, providing that the author is able to deduce
this information based on his/her wayfinding experience.
Furthermore, the study drew attention to potential usability
issues of the wayfinding aids and, as such, demonstrated
the value of eye tracking and mental effort assessments to
facilitate a user-centered design.

Future research will examine whether a new design,
whereby incentives to swipe are given, can avoid the type
of problems that were encountered in this study. This may
also require an analysis of the swiping behavior of Eyedog
users to examine when and where wayfinders need new
information to get from A to B. This need for new
information, hence a wayfinding instruction, can differ
when using a Location Based System (LBS) instead of
swiping. As already mentioned in the background section,
Eyedog can operate with an LBS which facilitates this
research topic. Another possibility for future research is
linking different types of route instructions (e.g. text,
image, video) to building architecture. To reduce the
cognitive load during wayfinding, the right amount of
information has to be provided in the most suitable
manner. In other words, the right type of route instruction
must be given at a certain type of decision points.



Journal of Eye Movement Research
12(1):1

Ethics and Conflict of Interest

The author(s) declare(s) that the contents of the article
are in agreement with the ethics described in http://bib-
lio.unibe.ch/portale/elibrary/BOP/jemr/ethics.html  and
that there is no conflict of interest regarding the publica-
tion of this paper.

Acknowledgements

This research was supported and funded by the Re-
search Foundation Flanders (FWQO) (http://www.fwo.be)
by a PhD fellowship grant (FWO17/ASP/242).

References

Bouwer, A., Nack, F., & El Ali, A. (2012). Lost in naviga-
tion. Proceedings of the 14th ACM International Con-
ference on Multimodal Interaction - ICMI 12, (Octo-
ber), 173. http://doi.org/10.1145/2388676.2388712

Burnett, G., Smith, D., & May, A. (2001). Supporting the
navigation task: Characteristics of “good” landmarks.
Contemporary Ergonomics, 1, 441-446. Retrieved
from http://web.science.mq.edu.au/~coral/Pa-
pers/Baus/Erg soc-2001-paper-np.pdf

de Winter, J. C. F., & Dodou, D. (2010). Five-Point Likert
Items : t test versus Mann-Whitney-Wilcoxon. Practi-
cal Assessment, Research & Evaluation, 15(11), 1-16.
http://doi.org/citeulike-article-id:10781922

Denis, M. (1997). The description of routes A cognitive
approach to the production of spatial discourse. Cur-
rent Psychology of Cognition, 16(4), 409-458.

Elias, B. (2003). Determination of Landmarks and Relia-
bility Criteria for Landmarks. In Fifth workshop on
progress in Automated Map Generalization Paris (pp.
1-12). Paris. Retrieved from http://www.ikg.uni-han-
nover.de/fileadmin/ikg/staff/publications/son-
stige_Beitraege/Elias_ICA2003.pdf

Fallah, N., Apostolopoulos, 1., Bekris, K., & Folmer, E.
(2013). Indoor human navigation systems: A survey.
Interacting  with  Computers,  25(1), 21-33.
http://doi.org/10.1093/iwc/iws010

12

De Cock, L., Viaene, P., Ooms, K., Van de Weghe, N., Michels, R., De Wulf, A., Vanhaeren, N.
& De Maeyer, P. (2019). Comparing written and photo-based indoor wayfinding instructions

Fu, E., Bravo, M., & Roskos, B. (2015). Single-destination
navigation in a multiple-destination envi-ronment: a
new “later-destination attractor” bias in route choice.
Memory and Cognition, 43(7), 1043-1055.
http://doi.org/10.3758/s13421-015-0521-7

Giannopoulos, 1., Kiefer, P., & Raubal, M. (2013). The in-
fluence of gaze history visualization on map interaction
sequences and cognitive maps. Proceedings of the 1st
ACM SIGSPATIAL International Workshop on Mapln-
teraction, (November), 1-6.
http://doi.org/10.1145/2534931.2534940

Giannopoulos, 1., Kiefer, P., Raubal, M., Richter, K. F., &
Thrash, T. (2014). Wayfinding decision situations: A
conceptual model and evaluation. International Con-
ference on Geographic Information Science proceed-
ings, (September), 221-234.
https://doi.org/10.1007/978-3-319-11593-1_15.

Goldberg, J. H., & Kotval, X. P. (1999). Computer inter-
face evaluation using eye movements: Methods and
constructs. International Journal of Industrial Ergo-
nomics, 24(6), 631-645. http://doi.org/10.1016/S0169-
8141(98)00068-7

Hasler, B., Kersten, B., & Sweller, J. (2007). Learner con-
trol, cognitive load and instructional animation. Ap-
plied cognitive  psychology, 21, 713-729.
https://doi.org/10.
1002/acp.1345

Holmgvist, K., Nystrom, M., Andersson, R., Dewhurst, R.,
Halszka, J., & Van De Weijer, J. (2011). Eye Tracking
A Comprehensive Guide to Methods and Measures.
New York, New York, USA: Oxford University Press.

Holscher, C., Meilinger, T., Vrachliotis, G., Brosamle, M.,
& Knauff, M. (2006). Up the down staircase: wayfind-
ing strategies in multi-level buildings. Journal of Envi-
ronmental Psychology, 26(4), 284-299.
https://doi.org/10.1016/j.jenvp.2006.09.002.

Hund, A. M., & Padgitt, A. J. (2010). Direction giving and
following in the service of wayfinding in a complex in-
door environment. Journal of Environmental Psychol-
ogy, 30(4), 553-564.
http://doi.org/10.1016/j.jenvp.2010.01.002

Kiefer, P., Giannopoulos, |., & Raubal, M. (2014). Where
am i? Investigating map matching during self-localiza-
tion with mobile eye tracking in an urban environment.
Transactions in GIS, 18(5), 660-686.
http://doi.org/10.1111/tgis.12067


http://biblio.unibe.ch/portale/elibrary/BOP/jemr/ethics.html
http://biblio.unibe.ch/portale/elibrary/BOP/jemr/ethics.html
http://www.fwo.be/

Journal of Eye Movement Research
12(1):1

Li, Q. (2017). Use of maps in indoor wayfinding. Univer-
sity of Twente.

Liu, A. L., Hile, H., Kautz, H., Borriello, G., Brown, P. A.,
Harniss, M., & Johnson, K. (2008). Indoor wayfinding:
Developing a functional interface for individuals with
cognitive impairments. Disability and Rehabilitation:
Assistive Technology, 3(1-2), 69-81.
http://doi.org/10.1080/17483100701500173

Lovelace, K. L., Hegarty, M., & Montello, D. R. (1999).
Elements of Good Route Directions in Familiar and
Unfamiliar Environments. In C. Freksa & D. Mark
(Eds.), Spatial information theory. Cognitive and Com-
putional Foundations of Geographic Information Sci-
ence (pp. 65-82). Berlin, Germany: Springer-Verlag.

Mackaness, W., Bartie, P., & Espeso, C. S.-R. (2014). Un-
derstanding Information Requirements in “Text Only”
Pedestrian Wayfinding Systems. In M. Duckham, E.
Pebesma, K. Stewart, & A. U. Frank (Eds.), GIScience
Conference (pp. 235-252). Vienna, Austria.

May, A. J., Ross, T., Bayer, S. H., & Tarkiainen, M. J.
(2003). Pedestrian navigation aids: information re-
quirements and design implications. Personal and
Ubiquitous Computing, 7(6), 331-338.
http://doi.org/10.1007/s00779-003-0248-5

Moller, A., Diewald, S., Roalter, L., & Kranz, M. (2009).
Computer Aided Systems Theory - EUROCAST 2009.
Eurocast 2009, (February), 53-62.
http://doi.org/10.1007/978-3-642-04772-5_8

Moller, A., Kranz, M., Diewald, S., Roalter, L., Huitl, R.,
Stockinger, T., Koelle, M., & Lindemann, P. A. (2014).
Experimental evaluation of user interfaces for visual
indoor navigation. Proceedings of the 32nd Annual
ACM Conference on Human Factors in Computing
Systems - CHI ’I4, (May), 3607-3616.
http://doi.org/10.1145/2556288.2557003

Ohm, C., Ludwig, B., & Gerstmeier, S. (2015). Photo-
graphs or Mobile Maps? - Displaying Landmarks in
Pedestrian Navigation Systems. In Reinventing Infor-
mation Science in the Networked Society. Proceedings
of the 14th International Symposium on Information
Science (Vol. 66, pp. 302-312). Zadar, Croatia.

Ohm, C., Miller, M., & Ludwig, B. (2017). Evaluating in-
door pedestrian navigation interfaces using mobile eye
tracking. Spatial Cognition and Computation, 17(1-2),
89-120.
http://doi.org/10.1080/13875868.2016.1219913

13

De Cock, L., Viaene, P., Ooms, K., Van de Weghe, N., Michels, R., De Wulf, A., Vanhaeren, N.
& De Maeyer, P. (2019). Comparing written and photo-based indoor wayfinding instructions

Ooms, K. (2016). Cartographic user research in the 21
century: mixing and interacting. Proceedings of the 6™
International Conference on Cartography and GIS,
(June), 367-377.

Paas, F. (1992). Training strategies for attaining transfer of
problem-solving skill in statistics: A cognitive-load ap-
proach. Journal of Educational Psychology, 84(4),
429-434. http://doi.org/10.1037/0022-0663.84.4.429

Paas, F., Tuovinen, J., Tabbers, H., & Van Gerven, P. W.
M. (2010). Cognitive Load Measurement as a Means
to Advance Cognitive Load Theory. Educational Psy-
chologist, 38(38), 43-52,
http://doi.org/10.1207/S15326985EP3801

Presson, C. C., & Montello, D. R. (1988). Points of refer-
ence in spatial cognition Stalking the elusive landmark.
British Journal of Developmental Psychology, 6, 378-
381.

Raubal, M. (2001). Human wayfinding in unfamiliar
buildings: A simulation with a cognizing agent. Cogni-
tive Processing, 2(2-3), 363—-388.

Richter, K., & Winter, S. (2014). Landmarks. Springer
Cham Heidelberg New York Dordrecht London.
http://doi.org/10.1007/978-3-319-05732-3

Roth, R. E., Cdltekin, A., Delazari, L., Filho, H. F., Griffin,
A., Hall, A., Korpi, J., Lokka, I., Mendonga, A., Ooms,
K., van Elzakker, C. P.J.M. (2017). User studies in car-
tography: opportunities for empirical research on inter-
active maps and visualisations. International Journal
of Cartography, 3(S1), 61-809.
https://doi.org/10.1080/23729333.2017.1288534

Schmeck, A., Opfermann, M., van Gog, T., Paas, F., &
Leutner, D. (2015). Measuring cognitive load with sub-
jective rating scales during problem solving: differ-
ences between immediate and delayed ratings. Instruc-
tional Science, 43(1), 93-114.
http://doi.org/10.1007/s11251-014-9328-3

Schnitzler, V., Giannopoulos, 1., Hélscher, C., & Barisic,
I. (2016). The interplay of pedestrian navigation, way-
finding devices, and environmental features in indoor
settings. Proceedings of the Ninth Biennial ACM Sym-
posium on Eye Tracking Research & Applications -
ETRA 16, 85-93.
http://doi.org/10.1145/2857491.2857533



Journal of Eye Movement Research De Cock, L., Viaene, P., Ooms, K., Van de Weghe, N., Michels, R., De Wulf, A., Vanhaeren, N.
12(1):1 & De Maeyer, P. (2019). Comparing written and photo-based indoor wayfinding instructions

Sorrows, M., & Hirtle, S. (1999). The nature of landmarks
for real and electronic spaces. In C. Freska & D. M.
Mark (Eds.), Spatial information theory. Cognitive and
Computional Foundations of Geographic Information
Science (Vol. 1661, pp. 37-50). Berlin, Germany:

Springer-Verlag. Retrieved from
http://link.springer.com/chapter/10.1007/3-540-
48384-5_3

Stark, R., Mandl, H., Gruber, H., & Renkl, A. (2002). Con-
ditions and effects of example elaboration. Learning
and instruction, 12, 39-60.
https://doi.org/10.1016/S0959-4752(01)00015-9

Streeter, L., Vitello, D., & Wonsiewicz, S. A. (1985). How
to tell people where to go: comparing navigational
aids. International Journal Man-Machine Studies,
(22), 549-562.

Tversky, B., & Lee, P. U. (1999). Pictorial and Verbal
Tools for Conveying Routes. Spatial Information The-
ory. Cognitive and Computional Foundations of Geo-
graphic Information Science, 1661, 51-64.

van Gog, T., Kester, L., Nievelstein, F., Giesbers, B., &
Paas, F. (2009). Uncovering cognitive processes: Dif-
ferent techniques that can contribute to cognitive load
research and instruction. Computers in Human Behav-
ior, 25(2), 325-331.
http://doi.org/10.1016/j.chb.2008.12.021

van Gog, T., & Paas, F. (2008). Instructional efficiency:
Revisiting the original construct in educational re-
search. Educational Psychologist, 43(1), 16-26.
http://doi.org/10.1080/00461520701756248

14



