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Abstract

Providing spatial information by using maps hasnbéeveloped into a widely accepted means for stipjgowayfinding. While most
studies focus on the effects of actual wayfindiregfgrmance, this study investigates how differemiite characteristics affect the
interactions and wayfinding on online maps. Thes&racteristics are assessed by constructing veshted descriptions in three different
conditions: 1) allocentric, 2) egocentric, and&@)dmark-based. In total 22 participants were rafgassigned to navigate using all three
conditions of instructions to find waypoints on tesi with the similar complexity and length. Preliany results reveal that participants
with lower spatial abilities took significantly Iger time to complete the navigation tasks than ehwith higher spatial ability.
Furthermore, using allocentric route instructioparticipants took less time in finding the waypsihan those using landmark-based
instructions. Additionally, interactions such a®ming were found associated with the instructigmetyln particular, these findings are
slightly different from previous studies carriedtan actual environment indicating that landmarlsdx route instructions are most
supportive for actual wayfinding and spatial or&ian. When using and interacting directly with mapowever, instructions provided
through an egocentric or landmark-based frame,iregarticipants to transfer their acquired egogeritame of reference to an allocentric
frame as represented in maps. In other words, \alegniring spatial knowledge in environment for attwayfinding tasks, there is no
change in the frame of reference (egocentric airieark-based). Hence landmarks serve an efficidatimcactual wayfinding. To sum up,
the preliminary results of this study contributectarifying the roles of different route instruat®on wayfinding tasks on web maps.

Keywords: Route characteristics, frame of reference, waljfig, spatial learning.

which are also widely referred to nowadays. Peacple shift
between different levels of spatial knowledge [8]well as
frames of reference. Researchers have investigated
impacts when changing frames of reference on wdyfm
performance in actual environments [9] as well lzes $ex-

1 Introduction

Maps play a crucial role in providing spatial infation for
persons to learn about an environment. Especialgotneone
who is in a new environment, maps have been usegliable

sources to provide support for wayfinding. Nowaddkie use
of maps has been increasingly shifted from papgrsn@aweb
maps either on computers or on mobile phones.

Wayfinding is one of the most common activitiesfpened
by humans on a daily basis. Maps—in various formate
the most commonly used forms of external represientato
plan routes from origins to destinations and thefotlow a
particular route. Maps as a source for spatialrmédion have
long been an approved means for wayfinding [1]. Mafso
serve as a cognitive interface to connect a pessonérnal
spatial representations of the outside world anteraal
environments [2]. Thus, map designs should consitier
characteristics of internal representations, whick often
referred to as cognitive maps [3-5], so that &asy for people
to establish the correspondence between map synaials
real-world entities. The construction of cognitiveps relies
on various types of spatial knowledge.

Based on the way how a person acquires spatial letns|
the acquired spatial knowledge may be constructed
different frames of reference. For example, redeart like
Levinson [6] suggested frames of reference inclgdin
intrinsic, relative, and absolute types. Later Klatzky [7]
suggestedallocentric and egocentric frames of reference

related differences in preference of frame of mfee [10]. It
is of our interests in this study to further clarthe role of
frames of references on wayfinding tasks that ateim the
actual environment but in web environments.
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Cognitive maps refer how spatial knowledge is staaad
structured mentally [3]. A person’s cognitive mapncerns
her location in space, the destination of her mammthe
way she reaches the destination and how she comaiasi
with others about space. To interact with spacepleeneed
to integrate different forms of spatial knowledgetoi a
common cognitive map [11]. In the real world, peoghn
obtain landmark and route knowledge through visamadl
physical exploration, but the primary resources for
configuration knowledge are maps which are regardsd
external artifacts of geographic knowledge acqgoisiand as
icognitive interfaces to external environments [2].

Spatial Learning

1.2

Many research efforts have been made to address the
effectiveness of different map designs on the wtdading of

Map factors
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map information and acquisition of spatial knowled@®ne of asked to identify as fast as possible, if the figisrcontained.
the most prominent examples is the research coeduat Furthermore, both parts needed to be completedratepa
You-Are-Here (YAH) maps. YAH maps represent theolsty for each given a time limit of 3 minutes. Figurestows the
and the location of a certain area from an immawablreference figure (A) and below a selection of sed#ferent
viewpoint (map is attached to a wall or an otheewisoptions (B), which can possibly contain this figutéhas been

permanent structure). For travelers who are vigisirplace for
the first time, the YAH map will be an importantvigational
aid for finding their way. Levine [12] was the firsvho
detailed cognitive aspects of YAH map interpretatiand
clarified the principles of YAH maps in a lateriale [13].
There are two principles of YAH maps in considenatiThe
first one is thealignment aspect, which states that the
alignment of objects on maps should be in the saligpment
on the terrain. The second consideration is fibravard-

equivalence consideration, which describes that in human’s

cognitive manner the up area of the map referedddrward
facing direction. People who learn the environmieoin the

YAH map obeying the two principles are suggesteddive

wayfinding tasks more efficiently and with highescaracy
than those who acquired their knowledge from misda
and/or misaligned YAH map [14, 15]. The orientat&pecific

manner of map viewers played a very crucial partha

wayfinding performance.
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While factors of map design have been widely disedsit is
limited in research addressing the effects of uwitons
supplementing a map for wayfinding. For example,simo
online routing services (e.g. Google Maps, MapQuasBing
Maps) provide driving or walking instructions ineusf street
names and distance in an allocentric or egocefrime of
reference. Research has indicated that frames eferefe
impact on acquisition of spatial knowledge and walihg
performance in actual environments such as charfgamyes
of reference [9] or sex-related preference to &awof
reference [10]. It is of interest to us to extenuese
acknowledged suggestions to different environmsnth as
computer environments as web maps are widely usexli
daily lives. When these web maps present routeuictsbns, it
remains to be investigated, how these route instmng would
affect a person’s acquisition of spatial knowledge learning
of this route in the web maps. Based on the liteeatwe

Route characteristics

essential for this test to also mark the optionsictv do not
contain the figure in order to delimit the caset thparticipant
left out some options. Furthermore, the orientatainthe
reference figure needed to be maintained. Thahéperson
could not mentally rotate or mirror the referenigeiffe.

Figure 1: Sample task of the Hidden Pattern Test.
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The second series of tasks aims to investigaténtheences
of different frames of reference on performance amab
interactions, when the participant is navigatingotlyh an
unfamiliar environment online. The instructions tfree
routes, which share similar complexity and lengitéive been
provided through an allocentric, an egocentric aad
landmark-based frame. In particular, route instomst
provided in an allocentric way concern the spatial
configuration of an environment including cardidalections
and distance information. Egocentric instructiatifferently,
refer to a person’s current location by giving diiens (e.g.
‘left’ or ‘right’) that are directly attached to ¢hviewing
direction. Landmark-based instructions refer tonsigant
objects, which are located either at decision-ngkiaints, or
off route to provide anchoring points along theteof17, 18].
The instructions were given in German. Table 1 jglew a
translated example of three different instructigpes. The
instructions each refer to a path starting from gheviously
found waypoint to the next waypoint that needseddund.

(o) x)

Table 1: Sample instructions describing the sametero
segment in all of the three conditions.

designed three different frames of reference irniyd

allocentric, egocentric, and landmark-based intizos to
describe routes using the same map factors fossissgetheir
influences on the accuracy of performance andaotams on

web maps.

2 Methods

This study consists of two different series of taskhe first
series assesses the spatial abilities of the jpatits, while

Type Instructions
Walk 300 meters in northwest direction
Allocentric until you reach an intersection with a
footpath.
Egocentric Walk 3OQ meters_ to the right until you
reach an intersection with a footpath.
Exit the roundabout between the schools
Landmark- and walk in the direction of the town hall
based until you reach a footpath behind the

railroad crossing.

the second series assesses performance in web asag-b
navigation tasks.

The first task was a hidden figure test that exasiif a
person is able to recognize a figure that is hidaleong other
structures (consisting of an arrangement of lin&ge used
Hidden Pattern Test [16] consists of two parts. Eaart
contains two pages including 100 items. Given aiptesly
specified figure (the same for both parts), pgrtaits were

For testing performance by using these differentteo
instructions on web maps, the “OriGami” (Orientatio
Gaming) application [19] was adapted from an earfiebile
edition to a desktop edition. In the editor viewnew route
can be created by adding waypoints to the map amdding
verbal instructions for reaching each waypoint. Titerface
of the test consists of a simple base map (OpezeSkap)
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and route instructions will display at the bottofrttee screen
once a previously created route is loaded.

At the beginning of the test, the origin of a roné=ds to be
located, which is visualized by a small green flafierwards
a participant is asked to locate the next waypadatording
to the provided route instructions, until the destion is
reached.

A participant locates a waypoint at a specific t@ra by
clicking on the map. Immediately after doing sogiecle
appears around this location, which indicates debed zone
of acceptance. If the actual waypoint is locatethiwi this
buffer, the waypoint is indicated as “found” ance thest
continues with the next instruction of the routesa@tion.
Otherwise the participant needs to try again. Furtiore, the
buffer around the estimated location of waypoirgtssiatic.
This means that it does not grow when zooming duhe
map, but rather keeps the absolute measure @fdiss.

In addition to the use of texts to indicate theuaacy of
locating waypoints, a smiley was also used in test to
provide visual feedbacks. A smiling green facehn tipper
right corner of the map indicates that the waypbias been
successfully found, together with a remark annaundhis
success. In case a waypoint has not been foundictime
shows a red unhappy expression. In this case, dheipant
again needs to estimate the location until the watphas
been found, which results into a learning effecttfrermore,
the shades of red indicate the distance betweerotzted
waypoint and its actual location. The darker thadshof red
is, the further away the located waypoint is frots ieal
location.

Participants can decide freely for a suitable zdewel to
navigate along the route, using the provided insivns. For
each click on the map to indicate a waypoint, therent
zoom level is recorded. This information can hedpfind out
if the choice of the zoom level is related to theracteristics
of the route instruction. A zoom level of 19, foxaenple,
indicates that a participant zooms in to the maximzoom
level displaying the smallest area with the mostaitke
Adjusting zoom levels is useful in most cases, ames
objects, which are part of the instructions, arly eisible at
higher zoom levels.

Figure 2 illustrates a screenshot of the OriGarsi e the
browser version. In the middle of the screen theeme
waypoint is visible within the circle. Together titthe
smiley, this indicates that a waypoint has beemdourhe
instructions displayed at the bottom of the mapagwefer to
the next waypoint, which needs to be found.

21

In total 22 participants have been recruited sadamke part
in the experiment (18 men and 4 women; Ades 27.61,5D
= 4.77 for men and = 26.25,5D = 4.92 for women). The
majority of the participants were students at thghar's
university.

Participants

Figure 2: Screenshot of a route following task g<riGami.
Instruction in German indicates a route described i
landmark-based fram@b your right you see the sacred heart
church, to your left the old post office. Walk to the next
intersection.

St O e o e Vg getundon,

Zu Ihrer Rechten sehen Sie die glelz Jesu Kirche, zu ﬁhrer Linken die Alte Posthalterei. Gehen Sie
1S Zur Rachsien st enkreuzung.

2.2

Participants were asked to complete the Hidderefaifest
first, and then navigate in the OriGami tests. Tiveye asked
to navigate along three different routes accordingthe

provided route instructions. All participants coetgld these
tasks in all of the three instruction conditiondlo@entric,

egocentric and landmark-based). The order of th&uation

conditions was counter balanced among participante

experiment took about 30 minutes per participant.

Procedure

3 Results

The collected data contain the following items relgay each
of the instruction types: 1) the time (sec) thapaaticipant
used to complete the OriGami test, 2) accuracyicisbased
on the total number of clicks and false clicks, &@)dthe
maximum zoom level used for completing the task.

We applied repeated ANOVA in our assessments afethe
data. Recorded data such as time used by a paricipa
accuracy, and interactions such as zooming wereresht
respectively as the dependent variable, while tis¢ruction
type was entered as a within-subject variable apatia
abilities using a median split on participants’ ded pattern
test score was entered as a between-subject \ariabl

When entering time of completing tasks in eachrirtston
condition as the dependent variable, we found fogmit
main effect of the instruction type on the timettparticipants
took to complete task§;(2, 40) = 6.26 p < .01, partialy2 =
.24, indicating that specific instruction type résin different
cost of time to complete task. In particular, Tukegyost-hoc
test revealed that participants using allocentnistructions
took least time NI = 214.59,9D = 110.78) and participants
using landmark-based instructions took the moset{m =
319.41, SO = 117.36). Participants using egocentric
instructions stayed in middlé/(= 230.27,SD = 100.85). We
also found significant between-subject effect ofatia
abilities, F(1, 20) = 12.12,p < .01, partialy2 = .38. In
particular as shown in Figure 3, participants ie fower
spatial ability group took significantly longer tm(sec) to
complete a navigation task(= 296. 73,3D = 56.52) than
participants in a higher spatial ability groud € 212.79,5D
=56.52).
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Figure 3: Time required to complete the map taskaoh efficient in route instructions compared to instioigs using

instruction type. street names and distances in navigation tasksvinomments
) [20]. Here we found that participants using landkvaased

Time to complete map task (sec) instructions actually took longer time to learn amdceed the

500 designed routes on web map. This is due to thegeham

Wlow Spatial WHigh Spatial  frame of reference from an egocentric one to aocalitric

400 one in task. As a map is the great resource to igeov
configurational knowledge using the allocentric nfe of

300 reference, it facilitates users to acquire the iapat
configuration more efficiently than through landksar In

200 contrast, when a person is in a physical envirotmen
landmarks in environments are stored in an egoicefnme

100 of reference. So when egocentric or landmark-based
instructions are given, it does not require thisspe’s change

0 of frame of reference to perform navigational tasks

Allocentric Egocentric Landmark Similarly, when navigating on web maps, which martrly
have been aligned with north to the top, it is mefifecient to
. ) o . i follow instructions that contain information abocardinal
We did not find significant effects of instructidgpe or  gjrections, such as in the allocentric instructicendition.
spatial ability on the accuracy of performanceliase tasks However, this does not always apply to navigatingaireal
based on the total clicks and false clicks= .51. These gnvironment.
results indicate that participants did not perfatifferently in When participants browse web maps, participantshi
our deSIQHGQ tasks. ) landmark-based instruction group have to zoom ia goeater
After entering other measures as the dependeréblariwe  |evel in order to locate those described objecturtely.
found significant difference among participants a®ling  This is also due to the fact that street networkspaesented
their interactions with the web maps. In particulaere is a o1 predominantly on maps. Particularly at a small
signifi_cant main effect of_instruction type on usenaximum cartographic scale, no landmarks would be showril unt
zooming level on the online mags(2, 40) = 4.82p < .05. AS  participants zoomed in to larger cartographic scale
shown in Figure 4, Tukey's post-hoc tests revedledt  Resylts from the current study support the challeafie
participants in the allocentric instruction groupomed the presenting spatial information on maps for effitien
least M = 18.27,5D = .79), those in the landmark-based,yayfinding [21]. It is important to note that depkimy on the
group zoomed the mosit(= 18.68,SD = .66), while those in  ,ymose of using maps, different types of spatif@rmation

the egocentric instruction group stayed in the meid =  ghould be designed and selected. When spatial tasks
18.41,9D = .67). We did not find that spatial ability had performed at the same map space, the acquiredalspati
significant effect on zooming interactions, p =..76 knowledge through allocentric instructions led toomer

] ) o duration, as there is no transition needed fromalotentric
Figure 4: Average maximum zoom level of particigaim  frame to another. But when those instructions amviged
each instruction type. through egocentric and landmark-based frames, cizatits
need to transfer their acquired frames of referetocean

Zooming range of participants allocentric frame as represented in maps. Furtherpibit is

19 only for acquiring spatial configuration, maps dne most
efficient way. But when the acquired spatial knowgleaheeds

185 transferring to perform tasks like wayfinding in actual
environment, landmarks serve a more efficient rdleere are
also some issues in our study that need to be sgitteas part

18 of future work on this topic. For example, there tie
imbalanced number of men and women in this study we

17,5 will address in our follow-up study. We aim to exteour

analyses to a more comprehensive level that wilp hes
identify those differences among instruction typesd spatial

Allocentric Egocentric Landmark abilities more thoroughly and inform efficient dgsiof web
maps for different wayfinding purposes.

17
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