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Abstract. Metaphors of navigation have been widely used to describe
the behaviour of users surfing the World Wide Web. We present the
results of a web-based experiment (N = 85 participants) on route learn-
ing in Wikipedia. As spatial abilities and sense of direction are known to
be important for real-world wayfinding abilities, we examine the extent
to which the participants are able to retrace a learned route on their own
and the time taken to do this can be predicted using these variables. The
tested (G)LMM models, however, show a lower than expected relevance
of spatial abilities and sense of direction. The results suggest that both
personal factors (such as age and gender) and task are important for the
duration of tasks.

1 Introduction

Human spatial abilities and sense of direction are known to be of major impor-
tance for the navigational abilities humans show in real-world environments (see
e.g. [9,20,65]). While this effect has been repeatedly analyzed, both in real-world
(see e.g. [24]) and virtual environments (see e.g. [32] for a very recent study),
it has been of less interest in hypertext environments. Metaphors of navigation
have been used to describe user behaviour in large hypertexts from the beginning
of the concept (see e.g. [16] for a very early account). This metaphor is useful
(see [23] for a discussion) due to, in addition to other reasons, the pervasive-
ness of navigation in everyday life (see e.g. [18, pp. 68–69] and [35, p. 264] for
a review of this argument). To date, however, little is known about how factors
such as sense of direction and spatial abilities impact on navigational abilities on
the web. This is of general interest because of the empirical evidence on users’
preferences for navigation over search in digital filing systems (see e.g. [4]) and
when trying to re-find mails (see e.g. [8]). Empirical findings suggest, moreover,
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that navigation in folder structures and physical environments use similar brain
regions (see [6]). The work presented here, which is exploratory in nature, inves-
tigates this aspect by focusing on a specific task on the web: We analyze whether
self-reported sense of direction and spatial mental abilities can be used to pre-
dict a person’s ability to remember a sequence of links in Wikipedia. Choosing
route learning is reasonable because it is commonly thought of as the first step of
developing a cognitive map (see [49]). Using Wikipedia ensures ecological valid-
ity because it is a real-world hypertext system which has successfully been used
in other navigation studies.

2 Related Work

Given the goal of this study, we examine two bodies of related work. The first
deals with experiments on route learning under different conditions, whereas the
second reviews studies dedicated to navigation involving Wikipedia.

Route learning has recently been studied from diverse perspectives. One
aspect researchers are interested in is how body movement influences route-
learning. Ruddle and colleagues [46,47] provide a strong argument for the impor-
tance of body-based information for both navigation tasks and the development
of cognitive maps. Other studies examine the importance of gestures for memory
recall (see [54,55]) and find evidences that gestures will increase recall across dif-
ferent levels of spatial abilities. A second aspect deals with the influence of age.
O’Malley and colleagues [40] find differences with respects to route knowledge
(older participants acquire less route knowledge). Lingwood et al. [32] compare
the learning and recall capabilities of children of different ages with adults in a
virtual environment. They find that even young children can learn routes very
quickly in a non-repetitive manner. Similarly, Hartmeyer et al. [22] presents find-
ings suggesting that older adults learn routes more slowly than younger adults.
A third aspect of interest is the effect of different environments. Lloyd and col-
leagues [33] report on a pilot study regarding the equivalence of route learning in
real and virtual reality environments. They find evidence indicating that results
in terms of error rates and strategies applied by participants are very similar
across different environments. This fits with the finding that the mode (tread-
mill w/o rotation vs. joystick) of conducting experiments on spatial learning has
a major impact on landmark, route and survey knowledge acquisition [11,12].
More specifically, decision making fosters graph knowledge whereas idiothetic
knowledge increases survey knowledge. Larrue et al. [29] draw the conclusion
that “body-centred informations [sic] are more involved in allocentric (distance
estimates) than egocentric navigational strategies”. This aligns with the find-
ings of van der Ham et al. [21] who compare abilities for learning routes in
diverse real and virtual environments, concluding that a combination of walk-
ing a route, which is displayed on a mobile device, in an open field yields survey
knowledge effects very close to real-world experiments while virtual environment
experiments do not. The second body of research, relevant to our work, relates to
Wikipedia, where interest in hypertext navigation has increased. A large propor-
tion of the research uses a web-based game called Wikispeedia [61] to collect user
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data. In this game participants are required to find the shortest path between
two random articles. The growing dataset collected by means of this online-game
is used for several purposes. West et al. analyze differences from shortest paths
[59], indicating a preference of participants to use hubs and extract missing links
by analyzing the node centrality of pages and find evidence for the usefulness of
these links by human subject ratings [60]. Takes and Kosters [57] try to under-
stand why participants abort a specific navigation task and find evidence that
users prefer landmark nodes, i.e. those with high in- and outdegrees in the net-
work (see also [48]). Researchers, moreover, use the dataset to identify semantic
relatedness of Wikipedia pages from human paths. Singer and colleagues [53]
found evidence that, generally speaking, navigational paths are more useful to
calculate semantic relations than given Wikipedia links are. Beyond the use of
this particular dataset, methodological advancements have been made in recent
years with respect to the comparison of human trails in web interaction in gen-
eral [50,51] and have been successfully applied to Wikipedia: By matching user
traces on Wikipedia with the users’ goals – collected through 30, 000 responses
to a user survey – Singer et al. [52] apply these methods and find different user
behaviour for different interests to be identifiable from server logs (e.g. explorers
tend to have long sequences of pages at a considerably higher speed than others).
Wikipedia server logs are also used to identify presumably useful links which do
not yet exist in [41]. Lamprecht et al. [28] analyze eight different language ver-
sions of Wikipedia and find that navigability is heavily affected by restricted
views on articles (i.e. lead section resp. the first paragraph vs. full article). This
is in line with the findings of Dimitrov et al. [17], which indicate a high corre-
lation between the position of a link and its successfulness (i.e. the more on top
of the page and the more left on the screen the more successful). Moreover, they
find that users prefer links with topical closeness to the current article and links
pointing to the outer bounds of the network.

This overview of related work reveals while navigation in Wikipedia is a
popular area of research, route learning and the effect of spatial abilities on
navigation abilities – two aspects shown to be important in real world environ-
ments - have not yet been studied. This is of interest to our community because
this kind of knowledge can help in the design of navigational aids for browsing
behaviour based on personal factors. These can be part of a user profile, i.e.
which is independent from the information repository currently browsed. It can,
furthermore, have an impact on study designs, as large hypertexts are even more
readily available than virtual environment setups.

3 Hypotheses

In their 2010 review article Wolbers and Hegarty [65, p. 141] provide a strong
argument that real-world navigational abilities, which route learning is a part
of, rely on spatial abilities and sense of direction. According to their model,
spatial abilities can be measured by mental rotation ability, embedded figures
and spatial memory span. Based on these insights about the omnipresence of
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navigation metaphors for user behaviour in hypertext and the fact that the
influence of spatial abilities and sense of direction has not yet been analyzed, we
derive the following two hypotheses for this exploratory study:

H1. The better an individual’s spatial abilities and sense of direction the faster
he or she refinds the memorized path.

H2. The poorer an individual’s spatial abilities and sense of direction the more
errors will be made during refinding.

4 Method

Data was collected by means of an online experiment. Participants were pre-
sented with routes (ordered sequences of Wikipedia pages reached by clicks on
links) and then asked to refind these paths. We analyzed different facets of their
ability to do this based on participant characteristics, i.e. dependent on their self-
reported sense of direction and how they performed on spatial ability tests. Thus,
this section has three parts. First, the routes in Wikipedia are described; second
the way spatial abilities were assessed is presented, and, finally, the experimental
setup is described. The experiments were conducted in German.

4.1 Determining Wikipedia Routes

We used the random article function of the German language Wikipedia to find
four lemmas used as starting pages. For each starting lemma the destination
page was found according to the following procedure. If the desired length of
the path was not reached, a page was randomly selected from all content links
the current Wikipedia page had. Table 1 presents the resulting random paths.
Each of these paths comprises seven steps following the oft-cited 7 ± 2 rule
for working memory capacity (see [34]). Path 1, however, comprises four steps
only to familiarize participants with the task, i.e. this data was excluded from
the analysis. By using random walks between start and destination lemma, we
ensure that diverging interests in topics should not have an impact.

4.2 Measuring Spatial Abilities

Inspired by Wolbers and Hegarty [65, p. 141], we utilise measures of sense of
direction, spatial memory and broad visual perception which include mental
rotation and embedded figures tests:

Sense of direction. Participants were required to fill a self-report survey on
their sense of direction. The scale presented by Münzer and Hölscher [37] com-
prises three different subscales: allocentric orientation strategy (7 questions),
egocentric orientation (10), and cardinal direction orientation strategy (2).
This survey is well-established, including norm data on a 4,000 participants
sample published in 2016 [36,38].
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Table 1. The paths participants had to learn by navigating Wikipedia.

Path 1 Path 2 Path 3 Path 4

Start Feiburger
Beschwerdenliste

Kreis Samter Subnetz Kavadh I.

Step 1 Albert-Ludwigs-
Universität
Freiburg

Herzogtum
Warschau

Supernetting Belagerung

Step 2 Franz-Joseph-Bob Erste Polnische
Teilung

Netzklassen Magister offociorum

Step 3 Volkswirtschaft Weichsel Netzmaske Odoaker

Step 4 n/a Nieszawa Oktette Noricum

Step 5 n/a Estland Digitaltechnik Otto Helmut Urban

Step 6 n/a Einheitssteuer Datenbus Hainburg

Destin. n/a Beitragsbe-
messungsgrenze

Omnibus Retz

Spatial memory. The spatial memory span of participants was assessed by a
regular 4 × 4 field without any labeling variant of the corsi-block test [13],
implemented in javascript. Participants have to repeat the order of colored
highlighted fields starting with two fields. After a correct trail a new order
with one more field was presented. After two mistakes the test ended. The
measured value was number of field of the last correct trail. As Berch et al.
[7, p. 330] pointed out, Corsi developed the block task as alternative to
measure memory for verbal sequences, thereby noting “that the mental rep-
resentations of verbal and spatial information in serial short-term memory
are functionally equivalent”.

Spatial abilities. Participants worked on a computer adapted version of three
subtests of a general test of cognitive abilities (LPS-2, see [25]): No. 6: mental
rotation, No. 7: visualization of 3D geometric bodies, No. 8: identify forms
in line-pattern. These tests were constructed to represent space defined by
Thurstone [58], which was the base for the broad visual perception of Carroll’s
Three-Stratum-Theory [10].

4.3 Experimental Setup

We developed a web application (see Fig. 2) as a Wikipedia-based data acquisi-
tion tool using Python 2.7 [1] and its framework called Django [2] to allow for a
maximum of flexibility in the experimental design. The application captured the
clicks on links and input of tests and questionnaires in a database. To restrict the
number of potential participants, Internet Explorer, Chrome and Firefox were
supported as browsers. The web application was not usable in mobile browsers
in order to avoid confounding effects (e.g. differences in task time stemming from
different rendering of Wikipedia pages on mobile devices).
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A cookie ensured that an experiment was taken once and only once from
within the same browser. All navigational meta elements (e.g. the navigation on
the left-hand side and the search bar) were rendered non-clickable even though
they were still part of the page. This means, category pages or description pages
of pictures were not reachable to participants. Moreover, the change of color
for clicked links from blue to purple was disabled. There was no way for the
participants to leave Wikipedia from within the application.

Figure 1 shows the way experiments were conducted. Participants were first
asked to provide their informed consent about the goals and the data analysis
associated with this study. Next, the participants entered the learning phase of
path 1, i.e. the start page was opened and participants were informed about the
names of the start and destination page. On the instruction part of the page
(see Fig. 2) participants were asked to remember the sequence of links they were
guided. They were further instructed not to use CTRL+F or other shortcuts,
but asked to find their way to the current decision point link (see Table 1) on
their own. This had been repeated until they reached the destination page.

Fig. 1. A flowchart explaining the experimental setup. Every participant was subjected
to k = 4 tasks, consisting of a route learning task, a test of spatial abilities, and a
refinding phase. Having finished all tasks they were subject to a self-report sense of
direction questionnaire and asked to provide demographic data.

Except for the first path, the paths were randomly assigned to each learning
phase for every participant. Having finished a learning phase participants were
asked to do one of the psychological tests (see above) to test their spatial abilities
(see Fig. 1). Having finished the current test, participants entered the refinding
phase. They were instructed to retrace the route they learned. During refinding
the names of the start and the landing page were displayed on top of the page.
In case of a mistake (i.e. when participants clicked on a wrong link) participants
were instructed to return to the previous page via browser’s back button. If
participants did not reach the destination page within fifteen links, they were
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given the opportunity to stop the current task and continue with the remaining
part of the experiment. On completion of each refinding phase, participants
answered two questions, one about the perceived difficulty finding the links in
the learning phase, the other about the difficulty of the refinding task. Having
finished all tasks, participants were asked to provide demographic data as well
as to fill in the sense of direction questionnaire (see [37]).

Fig. 2. A screenshot of the app used for data acquisition. The upper third of the
application’s website was used to provide instructions to the participants. The rest of
the page contained the modified version of the Wikipedia.

4.4 Statistical Modeling

We use GNU R [42] and its packages dplyr [64], stringr [63], lavaan [45], psych
[43], lme4 [5], lmerTest [26], xtable [14], ggplot2 [62] and texreg [31] to conduct
our analysis. To explore if the Wikipedia-path-refind-paradigma is suitable for
examination navigational abilities, we use duration (dur), i.e. the time needed
to refind the right path, and the number of errors (errors) participants make as
dependent variables. The independent variable we use to predict dur and errors
are, first, the composite score of visual perception built with the three LPS-2
subtests (LPS ); second, the composite overall score of the sense of direction
questionnaire (frs), and third the spatial memory operationalized by the best
level in the corsi task (corsi). To model the effects of spatial abilities, memory and
sense of direction on working time we use a linear mixed model (LMM) in order
to take individual working speed (id) and task specific attributes into account
[19]. Additionally, we include the number of errors to control time consumption
by mistakes. We also control for age and gender to take the ongoing discussion
about different wayfinding strategies (see e.g. [22] resp. [30,56]) into account.
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It would have been inappropriate to model errors with this approach due to
the distribution of the error counts: 155 of 231 tasks (67%) were faultless. On
average we find 1.6 errors (SD = 3.5, skewness = 3.5 and kurtosis = 15.4,
see Fig. 3 and Table 2). To handle this floor effect, we modeled the probability
of an error occurring as dependent variable by means of a logistic regression
with random intercept within the Generalized Linear Mixed Model (GLMM)
framework [15].

157

17 9 4
24

10 5 1 1 1 2 1 1 1 1 1 1
0

50

100

150

0 10 20
errors

co
un

t

Fig. 3. Distribution of errors in all tasks (frequency of zero mistakes: 157)

5 Result

5.1 Descriptive Statistics

The data was collected from the August 25th to September 15th 2017. The appli-
cation’s disclaimer was viewed by approx. 300 different potential participants. 99
of the visitors completed the experiment. Of these, 13 participants were removed
because they interrupted the experiment for more than 15 min. Furthermore, one
record was not usable due to technical issues with storing the answers given to
questionnaires. Therefore, 85 participants remain in the sample (46 female, 52
students, xage = 27.34 years, see Table 2). 78 out of 85 people participated from
home, 6 from their office and one from a university building.

Due to the within groups design the 85 participants yield 255 trails. Of these,
18 trails were excluded from the analysis. 17 because the participants found a
shorter path to the same target destination (1 for task 2, 11 trails for task
3, and 5 in task 4) and one trail because it took the participant longer than
40 min to finish. All statistical results reported below are based on the result-
ing Ntrails = 237 usable trails. The figures presented in Table 2 reveal that
task 3 is solved faster on average and with less variability compared to task 2
and 4 (see also Fig. 4). For all tasks the mean duration when solving it as first
(position 1) is approximately 80 s longer than on position 2 and 3 (Mp1 = 280.37
(SD = 180.37), Mp2 = 197.9 (SD = 156.85), Mp3 = 199.89 (SD = 157.4)). A
3 × 3 ANOVA shows main effects for task (F (2, 228) = 8.22, p < .001) and posi-
tion (F (2, 228) = 6.75, p < .01), but not for their interaction (F (4, 228) =
0.24, p = .92). Neglecting the assumption for ANOVAs and apply it in the
same way for errors, there are no effects for task or position (all F -values <1).
The dependent variables are right-skewed, which is expected for time-based and



Do Spatial Abilities Have an Impact on Route Learning in Hypertexts? 219

●

●

●

●

●

●
●●

●
●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

● ●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●●

●

● ●

●

●

●
●

●

●

●
●

●●
●

●
● ●

●

●

●

●

●

●

●●
●

●●
●

●

●

●

●

●

●
●

●

●
●

●

●
●

●

●

●
●

●

●

●
●

●

●

●
●

● ●

●
●

●

●

●

●

●

●

●

●

●
●

●●
●

●

●●

●

●

●
●

●

●

●

●

● ●
● ●

●

●

● ●
●●
●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

● ●

●
●

●

●

●

●● ●
● ●

●

● ●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●
●

1 2 3

r2
r3

r4

−1 0 −1 0 −1 0

0

250

500

750

0

250

500

750

0

250

500

750

LPS

du
r

(a) LPS x duration

●

●

●

●

●● ●
●

●●
●

●

●

●

●

●

● ●●

●

●
●

●

●● ●

●
●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●● ●
● ●●●

●

●

●

●

●

● ●●

●

●
●

●

●● ●

●
●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●● ●

●

●

● ●● ● ●● ● ● ●

●

● ●

●●
●

●

●

●

●

●● ●

●

●

● ●● ● ●● ● ● ●

●

● ●

●●

● ●●●

●

●●●
●

●

● ●

●

●

●

● ● ●●●

●

●●●●

●

● ●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●
●

●
● ●●●

●

● ●● ●● ●

●

●● ●● ●●

●

●
●

●

●

●

●

●

●
●

●
● ●●●

●

● ●● ●● ●

●

●● ●

●● ●
●●

●

●

●

●

●

●

●

●

●● ●● ● ●

●

●

●

●
●

●

●● ●
●●

●

●

●

●

●
●

●
●

●● ●● ● ●

●

●

●

●
●

●

●●● ●

●

●● ●● ●

●

●

● ● ●●● ●●

●

● ●

●●

●●● ●

●
●● ●● ●

●

●

● ● ●●● ●●

●

● ●

●●

●

●

●
●● ● ●● ●● ●● ●●

●

●

●

●
●● ● ●● ●● ●● ●●

●

●
●

●●

●

●●● ●● ●● ● ● ●
●

● ●

●

●

●

●

●

●
●

●
●

●●

●

●●● ●● ●● ● ● ●
●

● ●

●

●

●

●

●

●
●

● ● ●● ●

●

●

●

●

●

●

● ●
●●●● ●● ●

●

● ●●● ●● ●

●

● ●● ●

●

● ●●●

●

● ● ●● ●

●

●

●

●

●

●

● ●
●●●● ●● ●

●

● ●●● ●● ●

●

● ●● ●

●

● ●●●

●

1 2 3

r2
r3

r4

−1 0 −1 0 −1 0

0

5

10

15

20

25

0

5

10

15

20

25

0

5

10

15

20

25

LPS

er
ro
rs

(b) LPS x errors

●

●

●

●

●

●
●●

●
●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●●

●
●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

● ●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●
●

●

●

●
●

●

●

●
●

●

●

●

●

● ●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●●

●

●●

●

●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●●

●

●●

●

●

●
●

●

●

●
●

● ●
●

●
● ●

●

●

●

●

●

●

● ●
●

● ●
●

●

●

●

●

●

●
●

● ●
●

●
● ●

●

●

●

●

●

●

● ●
●

● ●
●

●

●

●

●

●

●
●

●

●
●

●

●
●

●

●

●
●

●

●

●
●

●

●

●
●

●●

●
●

●

●

●

●
●

●

●
●

●

●

●
●

●

●

●
●

●

●

●
●

●●

●
●

●

●

●

●

●

●

●

●

●
●

● ●
●

●

● ●

●

●

●

●

●

●

●

●
●

● ●
●

●

● ●

●

●

●
●

●

●

●

●

● ●
● ●

●

●

●●
● ●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

● ●
● ●

●

●

●●
● ●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●●

●
●

●

●

●

●● ●
●●

●

●●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●●

●
●

●

●

●

● ● ●
●●

●

●●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●
●

1 2 3

r2
r3

r4

6 9 12 6 9 12 6 9 12

0

250

500

750

0

250

500

750

0

250

500

750

corsi

du
r

(c) corsi x duration

●

●

●

●

●● ●
●

● ●
●

●

●

●

●

●

● ●●

●

●
●

●

●●●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●● ●
●

● ●
●

●

●

●

●

●

● ●●

●

●●
●

●●●

●
●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

● ● ●

●

●

●● ●●● ●●● ●

●

● ●

●● ●

●

●

●

●

● ● ●

●
●

●● ●●● ●●● ●

●

● ●

●●

● ●● ●

●

●●●
●

●

●●

●

●

●

● ● ●● ●

●
●●●

●

●

●●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●
●

●
●● ●●

●

●● ●●● ●

●

●●● ● ●●

●

●

●

●

●

●

●

●

●
●

●
●● ●●

●

●● ●●● ●
●

●●●

● ● ●
●●

●

●

●

●

●

●

●

●

● ●● ●●●

●

●

●

●
●

●

● ● ● ●●
●

●

●

●

●

●

●

●

● ●● ●●●

●

●

●

●
●

●

●● ●●

●

● ●●● ●

●

●

● ●● ●● ●●

●

●●

●●

●● ●●

●

● ●●● ●

●

●

● ●● ●● ●●

●

●●

●●

●

●

●
●● ●●●● ●●● ● ●

●

●

●

●
●● ●●●● ●●● ● ●

●

●
●

●●

●

●●● ●● ●● ● ●●
●

●●

●

●

●

●

●

●
●

●● ●●

●

●●● ●● ● ● ● ●●
●

●●

●

●

●

●

●

●●

● ●● ● ●

●

●

●

●

●

●

●●
● ●●● ●●●

●

●● ●●● ●●

●

● ● ● ●

●

●● ●●

●

● ●● ● ●

●

●

●

●

●

●

●●
● ●●● ●●●

●

●● ●●● ●●

●

● ● ● ●

●

●● ●●

●

1 2 3

r2
r3

r4

6 9 12 6 9 12 6 9 12

0

5

10

15

20

25

0

5

10

15

20

25

0

5

10

15

20

25

corsi

er
ro
rs

(d) corsi x errors

●

●

●

●

●

●
●●

●
●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●●

●
●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●
●

●

●

●
●

●

●

●
●

●

●

●

●

● ●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●●

●

● ●

●

●

●
●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●●

●

● ●

●

●

●
●

●

●

●
●

● ●
●

●
● ●

●

●

●

●

●

●

●●
●

●●
●

●

●

●

●

●

●
●

● ●
●

●
● ●

●

●

●

●

●

●

●●
●

●●
●

●

●

●

●

●

●
●

●

●
●

●

●
●

●

●

●
●

●

●

●
●

●

●

●
●

●●

●
●

●

●

●

●
●

●

●
●

●

●

●
●

●

●

●
●

●

●

●
●

●●

●
●

●

●

●

●

●

●

●

●

●
●

● ●
●

●

●●

●

●

●

●

●

●

●

●
●

● ●
●

●

●●

●

●

●
●

●

●

●

●

● ●
● ●

●

●

● ●
●●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

● ●
● ●

●

●

● ●
●●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

● ●

●
●

●

●

●

●●●
●●

●

● ●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

● ●

●
●

●

●

●

●●●
●●

●

● ●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●
●

1 2 3

r2
r3

r4

−2 −1 0 1 −2 −1 0 1 −2 −1 0 1

0

250

500

750

0

250

500

750

0

250

500

750

frs

du
r

(e) frs x duration

●

●

●

●

● ● ●
●

● ●
●

●

●

●

●

●

● ●●

●

●
●

●

●● ●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

● ● ●
●

● ●
●

●

●

●

●

●

●
●●

●

● ●
●

●● ●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●●

●

●

●● ● ●●● ●●●

●

●●

● ●
●

●

●

●

●

●●●

●

●

●● ● ●●● ●
●●

●

●●

● ●

●● ●●

●

●●●
●

●

●●

●

●

●

●●● ●●

●

●●●
●

●

●●

●

●

●

●

●● ●

●

●

●

●

●

●

●

●

●
●

●
●● ●●

●

● ●●● ●●

●

●●●●● ●

●

●
●

●
●

●

●

●

●
●

●
●● ●●

●

● ●●● ●●

●
●●●

● ● ●
●●

●

●

●

●

●

●

●

●

●● ●● ●●

●

●

●

●
●

●

● ● ●
●●

●

●

●

●

●

●

●

●

●● ●● ●●

●

●

●

●
●

●

●●● ●

●

●● ●● ●

●

●

● ●●● ● ●●

●

● ●

● ●

●●● ●

●

●● ●● ●

●

●

● ●●● ● ●●

●

● ●

● ●

●

●

●
●● ●●● ● ●● ●●●

●

●

●

●
●● ●●● ● ●● ●●●

●

●
●

● ●

●

● ●● ●● ●● ● ● ●
●

● ●

●

●

●

●

●

●
●

●
●

● ●

●

● ●● ●● ●● ● ● ●
●● ●

●

●

●

●

●

●
●

● ● ●● ●

●

●

●

●

●

●

●●
●● ●●● ●●

●

● ● ●● ●● ●

●

●● ● ●

●

● ● ●●

●

● ● ●● ●

●

●

●

●

●

●

●●●● ●●● ●●

●

● ● ●● ●● ●

●

●● ● ●

●

● ● ●●

●

1 2 3

r2
r3

r4

−2 −1 0 1 −2 −1 0 1 −2 −1 0 1

0

5

10

15

20

25

0

5

10

15

20

25

0

5

10

15

20

25

frs

er
ro
rs

(f) frs x errors

Fig. 4. Scatterplots of the independent variables against the time needed to find the
path (duration) for each task (r2, r3, r4) at the particular position of the task (1, 2, 3).

error variables. Similarly, the corsi task results show a leptokurtic distribution
because of high distribution around the mean of seven memorized steps and
some outliers (see Fig. 4(c). The correlations between duration and number of
errors for tasks 2 and 3 are rather high, whereas this is not the case for task 4.
frs shows, furthermore, a similar pattern with lower coefficients. The remaining
independent variables do not show any significant bivariate correlations neither
with duration nor error.
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Table 2. The correlations and descriptive statistics of the independent and dependent
variables. Significant correlations (α = .05) are bold-faced. rX dur is the duration of
refinding task X, rX err the number of errors made during refinding for task X. LPS
denotes the composite score of the three LPS-2 subtests indicating spatial abilities,
frs the composite score of the sense of direction survey; corsi means the highest level
achieved in the corsi-block-test. Level 0 of variable gender denotes females, 1 denotes
males. Please note: The composite scores are centered.

r2 dur r3 dur r4 dur r2 err r3 err r4 err LPS frs corsi gender age

r2 dur 1.00

r3 dur .11 1.00

r4 dur .13 .05 1.00

r2 err .61 .02 .04 1.00

r3 err .03 .73 −.01 .00 1.00

r4 err .14 .08 .42 .30 .09 1.00

LPS −.20 .00 −.09 .09 −.06 .06 1.00

frs −.25 −.26 .02 −.12 −.21 .03 .23 1.00

corsi −.05 −.21 −.15 .03 .01 −.09 .00 .11 1.00

gender −.10 −.02 −.20 .11 .04 −.15 .02 .14 .13 1.00

age .14 .21 .12 −.07 −.09 −.03 .17 .16 −.30 −.11 1.00

n 85 85 84 84 74 80 85 85 85 85 85

mean 241.07 164.03 260.28 2.11 1.36 1.31 0.00 0.00 7.12 0.46 27.34

sd 181.49 107.09 182.07 4.13 2.69 3.37 0.65 0.98 1.55 0.50 11.34

min 34.83 32.99 53.07 0.00 0.00 0.00 −1.67 −1.94 4.00 0.00 14.00

max 846.67 554.29 856.98 20.00 15.00 25.00 0.86 1.69 14.00 1.00 57.00

skew 1.30 1.39 1.46 2.64 2.85 4.73 −0.73 −0.25 0.77 0.16 1.59

kurtosis 1.23 1.68 1.63 7.01 9.78 28.41 −0.46 −1.00 3.08 −2.00 1.10

5.2 Modeling Errors and Duration – (G)LMM Results

Duration. Model 3 (see Table 3), i.e. including all variables, yields the best
LMM fit with respect to Akaike’s information criterion (ΔAICModel1−Model3 =
92.39) and the LR-test (Δχ2

Model1−Model3(df = 7) = 106.39, p < .001). Com-
paring the conditional R2 (cR2, i.e. the variance explained by both fixed and
random factors [39]) reveals a significant increase when the number of errors,
gender and age are used as control variables. The marginal R2 (mR2, vari-
ance explained by solely fixed factors) does not change for Model 3, but the
coefficients of LPS, as well as age are now rendered significant. All coeffi-
cients, however, show the expected sign. The random effects task and errors
are highly negatively correlated (r = −.999), a fact also evident from level 1
coefficients (br2 = −190.60 + 27.29 ∗ errors, br3 = −241.89 + 34.63 ∗ errors and
br4 = −140.26 + 20.08 ∗ errors).
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Table 3. The fit of the LMM (model 1–3, left) to predict the time spent for a single
task (dur) and the GLMM (model 4–6, right) results used to predict the probability
of the occurrance of errors during a refinding task (errordich). Model 1 and 4 include
only random factors (id and task); model 2 and 5 adds the fixed effects LPS, frs and
corsi ; model 3 includes gender, age and errors and model 6 just gender and age.

Errors. When modeling the probability of an error using GLMM, the fixed
effects do not show any significant relevance. Taking just the random effects
task and the personal factor into account (model 4, Table 3) results in the best
fit looking at AIC. It shows, furthermore, a Δχ2 which is not statistically sig-
nificantly worse than comparing the two other models χ2 with more variables
(Δχ2

Model1−Model2(df = 3) = 4.65, p = .20), but it explains just cR2 = .49 vari-
ance. If fixed effects were, nevertheless, taken into account, they could explain
mR2 = 8% variance.

6 Discussion

A reasonable model fit for predicting duration can be achieved only by including
the control variables age and gender (cR2 = .73, model 3) – a finding in line
with the controversy about the impact of gender and age mentioned above (see
Sect. 4.4). In particular, considering the number of errors of each task shows
an impact on duration. The variance of the task intercept increases heavily in
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model 3 compared to model 2 (see Table 3); similarly, with each error dura-
tion increases on average by 27, 34 or 20 s for task r2, r3 and r4, respectively.
In model 3, however, LPS shows a statistically significant negative effect on
duration, i.e. participants with lower abilities need more time. Spatial memory
(corsi) has a lower impact for duration – presumably due to the floor effect.
The weight of sense of direction (frs) shows a large standard error and is conse-
quently not rendered statistically significant. The sign of the weight, however, is
in line with prior expectations, i.e. better orientation skills yield shorter refind-
ing time. Men seem to be a slightly faster than women, but high variability was
again observed. Furthermore, age shows a statistically significant effect, with
older participants taking on average 3 s longer for every year of age difference.
These results are generally in line with the findings of studies in non-hypertext
navigation contexts (see e.g. [22,40]), which consistently report weaker route
learning abilities in older persons. In the logistic GLMM (models 4 to 6), how-
ever, the impact of LPS, frs and corsi on error probability is much weaker. All
independent variables show weights signed as expected (i.e. the higher the score
the lower the error probability), but the large standard errors render them sta-
tistically insignificant. Based on the informational criterion (AIC ) model 4 is
to be preferred. Even in a model with no personal factors at all, however, nei-
ther of the independent variables shows a significant effect. Taken together, these
results indicate that personal factors beyond the measured abilities have a major
impact. The subjects’ ability to memorize words may be one of those aspects
(see [3, p. 833ff.] for pointers to this idea). To test whether the low predictive
power of all models in this study is in general caused by a differential effect on
the different tasks, we calculate a model where the fixed effects for each task are
taken into account. Compared with model 3 no statistically significant increase
in likelihood (Δχ2(df = 25) = 4.04, p > .99) is found. The mean task duration
is different and there is an influence if participants do the task for the first time
(it took longer), but there is no interaction. There must be traits beside those
measured interacting with tasks attributes, e.g. topical interest in the Wikipedia
article.

From a methodological perspective there are two main conclusions from these
results: First, longer paths need to be used in order to avoid the floor effect
by inducing greater variance with respect to the number of errors. While the
average length of seven in the corsi block test reinforces the finding by Miller
[34], a path length of seven steps does not yield the theoretically and statistically
desirable spread of error counts. Second, participants should be made aware
of the importance of speed in refinding – either via the instructions given or
through a visualization on the refinding pages. This will help to reduce biases
which might, for example, be introduced by topical interest, i.e. participants who
are interested in a topic might start reading the Wikipedia article during the
refinding phase but ought to reach the current link as quickly as possible.
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7 Conclusion and Future Work

Based on the importance of sense of direction and spatial abilities for real-world
wayfinding performance we analyze the importance of these factors for route
learning performance in hypertexts. We report on an online user study based on
Wikipedia to research this question and fitted several models to predict refinding
duration and whether errors are made by subjects using a LMM and a GLMM
approach, respectively. The analysis yields a weak fit for all models discussed.
These results suggest that personal factors other than spatial abilities and sense
of direction and, in particular, task related aspects play an important role. We
have also seen that these results leave room for methodological improvements.
There are four lines of future work we would like to explore. First, we want to
assess the influence landmarks have on route learning in hypertexts. Existing
evidence suggests that landmarks are of high importance in gaining location
knowledge (see [44, pp. 41–108] for an overview of cognitive aspects that make
landmarks important). Second, we plan experiments to further investigate the
role of other personal traits (e.g. Big five traits, in particular conscientiousness,
[27]) in both, route learning and path finding. Third, we will conduct experiments
based on different page structures presented to users, thereby analyzing if e.g.
location of contents has an effect on the usefulness of spatial abilities. Finally,
we plan to compare real-world wayfinding abilities of participants with their
abilities in hypertexts in further within-subjects design studies.
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