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Individual Differences in Cognitive Map Accuracy: Investigating the Role

Brescia University College

of Landmark Familiarity

Nicole L. Youngson
Western University

Jennifer E. Sutton
Brescia University College and Western University

Broad individual differences exist in the ability to create a cognitive map of a new environment. The
current studies investigated whether familiarizing participants with to-be-learned target landmarks
(Experiment 1) or target landmarks plus the order they would be encountered along routes (Experiment
2) before exploring the Silcton virtual environment would increase performance on tasks assaying spatial
memory of Silcton. Participants in both experiments were randomly assigned to be pre-exposed either to
information about target landmarks in Silcton or control landmarks on the university campus. In both
experiments, participants explored Silcton via four prescribed routes and then performed a direction
estimation task and a map building task based on memory for the locations of the target landmarks. In
addition, participants completed the Spatial Orientation Test of perspective-taking. Pre-exposure to
Silcton landmarks versus control landmarks did not affect scores on Silcton-based tasks in either
experiment. Some sex differences in direction estimation were observed in Experiment 1 but not
Experiment 2. While facilitating familiarity with landmarks did not improve cognitive map accuracy,
both sex and perspective taking ability were found to contribute to individual differences in the ability

Meghan Vollebregt

to create a cognitive map.

Public Significance Statement

Individual differences in the ability to create a mental map of a novel environment have been
demonstrated in the laboratory, but their origins are not well understood. It is possible that
familiarizing individuals with the buildings and the routes in a new environment before they
experience it may help them form a mental map. Such pretraining did not facilitate the accuracy of
mental representations, and it seems likely that variation in spatial visualization abilities is a larger
contributor to individual differences in mental map accuracy.

Keywords: spatial cognition, navigation, cognitive map

Navigation is a multifaceted skill that involves the coordination
of numerous cognitive processes that rely on a combination of
environmental and self-motion cues, mental transformations of
space, executive processes, and spatial representations that include
“online” information such as current progress along a route and
“offline” representations, such as the layout of landmarks stored in
memory (Wolbers & Hegarty, 2010). The cognitive map is a
particularly powerful type of mental representation because it

enables a navigator to take detours, novel routes, and short-cuts
(O’Keefe & Nadel, 1978; Tolman, 1948). While there is some
controversy about the utility of cognitive maps and whether
they exist (Bennett, 1996; Chrastil & Warren, 2014), recent
evidence suggests that cognitive maps do exist for some indi-
viduals but not for others (Ishikawa & Montello, 2006;
Weisberg & Newcombe, 2016; Weisberg, Schinazi, Newcombe,
Shipley, & Epstein, 2014).
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Two theoretical proposals attempt to describe how humans
create a cognitive map of a novel environment. In the earlier of
these, Siegel and White (1975) suggested that cognitive map
acquisition occurs in steps. They proposed that the first step in the
process was to identify and learn the names of landmarks. Land-
marks can be thought of as distinctive features of an environment
that act as associative cues for the navigator (Montello, 1998;
Siegel & White, 1975; Waller & Lippa, 2007). The second step
involved learning and remembering routes, consisting of remem-
bering the sequence of landmarks, the direction to take after
encountering each landmark, and rough estimates of distance
(Montello, 1998; Siegel & White, 1975; Waller & Lippa, 2007). In
the final step, Siegel and White (1975) proposed that the accumu-
lation of route knowledge formed the foundation for a cognitive
map representation, which was created by integrating separate
routes into a single map. Later, Montello (1998) argued that
cognitive maps were not necessarily formed in steps but instead
both route and map knowledge of the environment could begin
upon first exposure to the novel environment. Furthermore, he
emphasized that knowledge acquisition could occur at different
rates for different individuals, despite having the same amount of
exposure. In particular, he argued that individual differences
would be especially prominent for the ability of an individual to
integrate routes into a cognitive map.

Evidence that supports aspects of both the Siegel and White
(1975) and Montello (1998) proposals comes from studies requir-
ing participants to learn the layout of an environment via specific,
predetermined routes that must be integrated to form a cognitive
map. Support for Montello’s argument against strict stages during
learning and individual differences in cognitive map accuracy was
provided by Ishikawa and Montello (2006). Participants were
driven in an unfamiliar environment once a week for 10 weeks
where they learned the locations of landmarks on two separate
routes, followed later by driving along a connecting route. Partic-
ipants’ ability to integrate the routes into a single mental map was
measured by their accuracy estimating the directions between
landmarks and drawing a map of the entire area. Performance on
these tasks revealed broad individual differences in the ability to
form a mental cognitive map of the environment. In addition, data
showed some people were able to form a cognitive map early in
testing, and those who performed well or poorly at the beginning
of the study tended to perform similarly over the 10 weeks. More
recently, Weisberg et al. (2014) also demonstrated individual
differences in cognitive map accuracy based on travelling along
routes in a virtual environment, Silcton. In this single-session
study, participants attempted to learn the locations of eight land-
marks along two separate main routes and then travelled along two
connector routes that linked the main routes together. Cognitive
map accuracy was assessed via direction estimation between the
landmarks and arranging the landmarks on a blank map of Silcton.
As in Ishikawa and Montello’s study, participants’ performance
ranged from highly accurate to nearly chance performance. Taken
together, the studies provide strong evidence that there are indi-
vidual differences in the ability to create a cognitive map of a new
space by integrating separate routes, and that some people can do
this quite quickly.

There is also recent indirect evidence to support aspects of
Siegel and White’s (1975) theory, however, especially if the stages
of learning they proposed are considered a hierarchy, as their

ordered sequence implies. In such a hierarchy, landmark identities
would be at the bottom, routes would be in the middle, and a full
cognitive map would be at the top. Each level of knowledge would
include all levels below it, so route knowledge would include
landmark identities and cognitive maps would include knowledge
of both routes and landmark identities. Such a hierarchy has been
supported by studies that classified individuals according to the
accuracy of their cognitive map and route knowledge of Silcton in
assessments of direction estimation between landmarks on the
same route (route knowledge) and across different routes (cogni-
tive map knowledge; Weisberg et al., 2014; Weisberg &
Newcombe, 2016). For instance, Weisberg et al. found that par-
ticipants showed either strong map and strong route knowledge,
weak map but strong route knowledge, or both weak map and
weak route knowledge. Critically, and exactly as Siegel and
White’s ordered sequence would predict, virtually no one showed
strong route knowledge with weak map knowledge. Weisberg and
Newcombe replicated this finding and also found that better recall
of the names and appearances of Silcton landmarks was associated
with both better route memory and more accurate cognitive maps.
While these studies were not motivated by a test of the ordered
sequence of knowledge proposed by Siegel and White per se, their
results nonetheless suggest that a pattern of route and map knowl-
edge acquisition exists.

In the studies reported here, we tested the order of spatial
knowledge acquisition suggested by Siegel and White (1975) more
directly using the Silcton virtual environment. Specifically, we
were interested in whether giving some participants a “head start”
on learning the layout of Silcton with information from the first
steps in Siegel and White’s sequence would facilitate the accuracy
of the cognitive maps they created of Silcton. It could be that a
significant portion of participants might eventually form an accu-
rate cognitive map of Silcton but fail to because they do not
quickly acquire the foundational knowledge of landmark identities
and their ordering along routes. Indeed, Weisberg and Newcombe
(2016) suggested that weak nonspatial associative memory could
be impeding some individuals’ ability to form an accurate cogni-
tive map of Silcton. If a failure to progress through the early steps
in Siegel and White’s theory is impeding the ability of some
participants to create a cognitive map, extra information provided
before exploring the environment should result in more accurate
mental map representations.

We provided the “head start” by pre-exposing some participants
to aspects of Silcton before they explored the environment. In
Experiment 1, participants in the experimental group were pre-
exposed to the target building appearances and names from Silcton
(corresponding to the first step in Siegel & White, 1975), and in
Experiment 2, the experimental group was pre-exposed to both the
building names and appearances and their ordering along the two
main routes in Silcton (the first and second step in Siegel &
White). A control group in each study was pre-exposed to unfa-
miliar buildings and routes on the local campus that were unrelated
to Silcton. Our main prediction across both studies was that par-
ticipants in the experimental groups who were pre-exposed to
information about Silcton would show more accurate direction
estimation and map building performance based on memory for
Silcton than those in the control groups. We were also interested in
whether pre-exposure condition would interact with sex, given that
sex differences are sometimes shown in Silcton (Weisberg &
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Newcombe, 2016). In addition to the pre-exposure manipulation,
all participants completed the Spatial Orientation Test (SOT;
Hegarty & Waller, 2004) of spatial perspective-taking, which we
did not predict would be affected by the pre-exposure manipula-
tion, but has been shown in other work to be associated with
cognitive map accuracy (Fields & Shelton, 2006; Kozhevnikov,
Motes, Rasch, & Blajenkova, 2006; Schinazi, Nardi, Newcombe,
Shipley, & Epstein, 2013; Weisberg et al., 2014).

Experiment 1

In Experiment 1, we tested the idea that pre-exposure to Silcton
building/name pairs, corresponding to Siegel and White’s (1975)
first step in spatial knowledge acquisition, would facilitate the
creation of more accurate cognitive maps of Silcton. Participants
were randomly assigned to a Silcton building pre-exposure group
or a control group that was pre-exposed to obscure buildings and
their names on the Western University campus. As in previous
work (Hegarty, Montello, Richardson, Ishikawa, & Lovelace,
2006; Ishikawa & Montello, 2006; Weisberg et al., 2014), cogni-
tive map accuracy was assessed using direction estimation and
map creation. Our main hypothesis was that pre-exposure to
Silcton buildings would help facilitate learning the layout of
Silcton, so that individuals who received the Silcton building
pre-exposure memory association task should perform better on
the cognitive map assessments than those in the control group.

Method

Participants. Participants were 80 undergraduate students (40
male and 40 female) in introduction to psychology at Brescia
University College and Western University. Their ages ranged
from 17 to 31 years old (M = 19.03, SD = 2.08). Participants were
randomly assigned to either the Silcton pre-exposure group or the
control group, with equal numbers of males and females in each
group. All participants received course credit for participating, and
all procedures were approved by the Non-Medical Research Ethics
Board at Western University.

Materials. Participants first provided demographic informa-
tion (age, sex) on a short questionnaire. The virtual environment
and associated tasks were administered on one of two computers:
an Asus Transformer Book laptop with a 15.6* screen and an Intel
Graphics 440 video card, or a Toshiba Satellite Pro laptop with a
15.6” screen and an NVIDIA GeForce video card. Participants
travelled through a web-based virtual environment, Silcton (Weis-
berg et al., 2014). The layout of Silcton is asymmetrical (i.e., not
a city grid) and contains buildings and other features such as trees,
mailboxes, benches, and so forth (see Figure 1 for a map of
Silcton). The accuracy of participants’ cognitive maps was mea-
sured using two tasks included with the Silcton software: direction
estimation (called Offsite Pointing in Silcton software) and map
building (called Model Building in Silcton).

Santa Barbara Sense of Direction Scale (SBSOD; Hegarty,
Richardson, Montello, Lovelace, & Subbiah, 2002). The SB-
SOD scale is a self-report measure of navigation ability. The
questionnaire was administered on the computer and consists of 15
items on a 7-point Likert scale with 1 indicating strong agreement
with the item and 7 indicating low agreement with the item.
Sample items include “I am very good at judging directions” and

“I am very good at reading maps”. For our analysis, we reversed
the scale for all items such so that higher scores would correspond
to better self-reported navigation ability.

Spatial Orientation Task (SOT; Hegarty & Waller, 2004; Ko-
zhevnikov & Hegarty, 2001). The version of the SOT used in
this study was developed by Hegarty and Waller (2004). In this
pencil-and-paper task, participants viewed an arrangement of ob-
jects on the top half of the page and were asked to imagine that
they were standing at one of those objects facing a second object
and to imagine the direction of a third object. The direction of the
third object was indicated by drawing a line in a circle located on
the bottom half of the page. Participants were allowed 5 min to
complete as many of the 12 items as possible. An error score for
each participant was calculated by first determining the absolute
difference between the correct angle and the participant’s drawn
angle for each completed item and the averaging over items to
calculate an overall error score.

Pre-exposure memory tasks. Participants were randomly as-
signed to either the Silcton pre-exposure group or the control
group. In the Silcton pre-exposure group, 40 participants (20
females) viewed a sequence of slides in Microsoft PowerPoint
with each slide showing an image of one of the eight target
buildings in Silcton along with its name. Participants were in-
structed to look at each slide and try to become familiar with the
building and its name and were given as much time as they needed.
At the end of the slide show, participants were given a matching
task where they were presented with the eight building images and
the eight building names and were instructed to drag and drop the
correct name under each building image. If any of the eight
matches were incorrect, participants were asked to view the slide
show again and attempt the memory task again. This study—test
sequence was repeated until the subject was successful at matching
all eight names to the correct building images.

The 40 participants (20 females) in the control group completed
the same tasks as the Silcton pre-exposure group, however the
building images were obscure buildings from the local campus that
the participants were unlikely to be familiar with. As with the
Silcton pre-exposure task, the study—test phases were completed
until all buildings were successfully matched with their names.

Silcton Route Exploration Task. Prior to exploring the routes
in Silcton, participants practiced moving in the virtual environment
by using the computer arrow keys and mouse pad to walk around
a central statue in Silcton. Once comfortable with the controls,
participants were instructed that they would travel along four
different routes in Silcton by following red arrows on the ground
(see Figure 1 for a map of Silcton and the four routes) and to try
to remember the locations of four target buildings on each route
marked with a distinct floating diamond. First, participants trav-
elled from the start of route A until the end and then back to the
start and were given as much time as needed. Next, they travelled
along Route B the same way. After routes A and B, which did not
overlap at any point, had been explored, participants travelled
along routes C and D, each of which connected different points of
routes A and B. Participants were given the same unlimited time to
travel each connecting route from start to finish and then back to
start.

Direction Estimation Practice Task. Immediately after ex-
ploring the Silcton routes, participants were familiarized with the
direction estimation task using six familiar buildings from the
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Route
B

Tobler Museum

Sauer Center

Figure 1.

Overhead view of the Silcton environment including the two main routes A (in red or lighter gray

that connects Batty House, Lynch Station, Harris Hall, and Harvey House) and B (in red or lighter gray that
connects Tobler Museum, Sauer Center, Snow Church, and Golledge Hall) and the two connector routes (in blue
or darker gray). From “Variations in Cognitive Maps: Understanding Individual Differences in Navigation,” by
S. M. Weisberg, V. R. Schinazi, N. S. Newcombe, T. F. Shipley, and R. A. Epstein, 2014, Journal of
Experimental Psychology: Learning, Memory, and Cognition, 40, 671. Copyright 2013 by the American
Psychological Association. Adapted with permission. See the online article for the color version of this figure.

Western University campus (all different from the buildings stud-
ied by the Control group) presented in PowerPoint. On each of the
four trials, participants were instructed to imagine they were stand-
ing at one building, shown in the center of a blank circle, facing
another campus building shown at the top of the circle. They then
dragged pictures of the four remaining buildings into their correct
locations on the circle relative to the assumed heading. Participants
completed this task 4 times with different buildings in the center and
at the top of the circle and were encouraged to talk aloud, point with
their arms, and look out the window to complete the task. At the end
of every trial, the experimenter showed and discussed with the par-
ticipant the correct placement by dragging and dropping the buildings
to their correct location on the circle’s edge if not already placed there.

Silcton Direction Estimation Task. After the direction esti-
mation practice task, the Silcton direction estimation task con-
tained in the software package of Silcton applications began and
was also administered on the laptop. On each trial, participants
were presented with the outline of a circle on the screen with one
Silcton building name in the center and a second Silcton building
name at the top of the circle. They were first instructed to imagine
they were standing at the center building facing the top building.
Next, they were instructed to place the names of the remaining 6

target buildings along the circle at the correct angle relative to the
imagined heading. They completed 8§ trials, 4 with a starting
building and a facing building on Route A and 4 with starting and
facing buildings on Route B. Participants were instructed to move
the remaining buildings into position on the circle at the correct
locations relative to the established heading. They estimated the
directions to buildings both on the same route as those forming the
heading and on a different route, resulting in measures of mean
error within routes and mean error between routes for each par-
ticipant. We chose to use this “offsite pointing” task from Silcton
instead of the more commonly used “onsite pointing” task (e.g.,
Weisberg et al., 2014). In onsite pointing, participants are placed
back in the environment to estimate directions. This onsite version
contains some trials where the target building (i.e., the to-be-
pointed-to building) was visible from the location where the par-
ticipant was standing. Therefore, the onsite task does not strictly
depend on the representation of Silcton held in memory and
potentially provides additional information about Silcton after the
exploration period. For these reasons, we used the offsite version
of the task in the experiments reported here.

Silcton Map Building Task (Weisberg et al., 2014). In the
map building task, participants were presented with a blank rect-
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angle on the screen and overhead views of the eight Silcton
buildings outside the rectangle along the bottom of the screen.
They were instructed to place the eight buildings in the box to
create an accurate aerial view of Silcton. Accuracy was calculated
by the Silcton software using bidimensional regression that com-
pared the accuracy of the participant’s map to the actual map and
produced an R* value.

Route Ordering Task. In the pencil-and-paper route task, par-
ticipants were asked to place the buildings of the two main routes,
A and B, in the correct order. For each route, the first and last
building was shown, and the participants’ task was to indicate the
other two target buildings in order along the route. Participants
were provided with a list of all eight buildings and their names
when completing each route. The order of presentation of the two
routes was counterbalanced across participants. Accuracy was
calculated as a correlation between the participant’s ordering and
the correct route ordering using Kendall’s tau.

Procedure. After obtaining written informed consent, partic-
ipants completed the demographic questionnaire, the SBSOD
scale, and the SOT. After the SOT, participants completed their
assigned pre-exposure task (either Silcton buildings or control
buildings). Once in the Silcton virtual environment, participants
practiced using the computer controls and then explored Silcton
via routes A, B, C, and D. The remaining tasks were completed
outside the Silcton virtual environment. Participants were first
given the direction estimation practice task before being asked to
complete the Silcton direction estimation task. Next, they com-
pleted the Silcton map building task and finally the route ordering
task. The entire testing session took approximately 60 min.

Results

Tests of the pre-exposure effect. We first investigated
whether performance on the four Silcton dependent measures (map
building, different-route direction estimation, same-route direction
estimation, and route ordering) was influenced by pre-exposure
group (2: Silcton buildings, campus buildings) and/or sex (2: male,
female) using a multivariate analysis of variance (MANOVA).
Means and standard deviations for all measures are presented in
Table 1. In the initial multivariate analysis using Pillai’s trace,
there was no main effect of group, V = .08, F(4, 73) = 1.50, p =

Table 1

21, n% = .08, nor a Group X Sex interaction, V = .03, F(4, 73) =
0.48, p = .75, n,% = .03, but there was a significant main effect of
sex, V. = .22, F(4, 73) = 5.08, p = .001, n} = .22. Follow-up
univariate analyses of the significant sex main effect for each
dependent measure revealed a significant main effect of sex for the
map building measure, F(1, 76) = 10.80, p = .002, 3 = .12, and
different-route direction estimation, F(1, 76) = 13.30, p < .001,
Mz = .15, indicating better performance by men on both tasks.
There was no main effect of sex on the route ordering task, F(1,
76) = 2.29,p = .13, n% = .03, and no main effect for same-route
direction estimation, F(1, 76) = 2.24,p = .14, ng = .03, indicating
no evidence for a difference between men and women on those
tasks.

In addition, a Bayesian Group X Sex ANOVA for each Silcton
dependent measure was conducted in JASP (JASP Team, 2018)
using default priors in order to allow a fuller interpretation of the
effects (and lack thereof) seen in the MANOV A by comparing the
likelihood of the data under the null and alternative hypotheses for
each effect. For different-route direction estimation, the Bayes
factor (null/alternative, BF,,;) showed the data were 1.01:1 in favor
of the null hypothesis of no effect of group, or 1.01 times more
likely to occur in a model with no group differences than one with
group differences, BF,; = 1.01. For the effect of sex, data were
0.02:1 in favor of the alternative hypothesis, or 50 times more
likely to occur in a model with sex differences, BF,,, = .02. For the
interaction effect, the data were 3.15:1 in favor of the null hypoth-
esis of no interaction, BF,, = 3.15. For the other measure of
cognitive map accuracy, model building, the data were 1.37:1 in
favor of the null hypothesis of no differences based on group,
BF,, = 1.37, but .054:1 in favor of the alternative hypothesis of
sex differences (18 times more likely under a model with sex
differences than no sex differences), BF,, = .054. For the
Group X Sex interaction, data were 1.78:1 in favor of the null
hypothesis versus a model with the interaction, BF,,, = 1.78. For
the same-route direction estimation measure, the observed data
were 2.81:1 in favor of the null versus a model with group
differences, BF,, = 1.78, 1.61:1 in favor of the null versus a
model with sex differences, BF,; = 1.61, and 3.32:1 in favor of
the null versus a model with a Group X Sex interaction, BF,, =
3.32. Finally, the route ordering data were 4.02:1 in favor of the

Means and Standard Deviations on Silcton Measures for Both Pre-Exposure Groups in

Experiment 1

Pre-exposure

Direction estimation®:

Direction estimation®:

group Map building® different routes same routes Route ordering®

Silcton buildings

Males 45 (.29) 81.54 (12.07) 61.81 (7.56) .87 (.18)

Females 34.(.19) 91.34 (10.24) 64.94 (9.82) 7 (31)

Total .39 (.25) 86.44 (12.11) 63.38 (8.79) .82 (.26)
Control buildings

Males .61 (.23) 77.01 (14.15) 60.29 (7.19) .89 (.23)

Females 36 (.24) 85.83 (8.42) 62.76 (8.60) .81 (.30)

Total 49 (.26) 81.42 (12.33) 61.53 (7.92) .85 (.27)
All males 53(.27) 79.27 (13.18) 61.05 (7.31) .88 (.20)
All females 35(.22) 88.58 (9.67) 63.85(9.17) 79 (31)

Note. Standard deviations are in parentheses.

2 R? values. " Absolute error in degrees. © Kendall’s Tau.
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null model versus a model with an effect of group, BF,, = 4.02,
1.56:1 in favor of the null model versus a model with an effect of
sex, BF,, = 1.56, and 2.99:1 in favor of a null model versus a
model with a Group X Sex interaction, BF,, = 2.99. Therefore,
the Bayesian statistics suggest strong support for a model with a
main effect of sex differences on the cognitive map measures and
anecdotal to substantial support for the null model for all other
effects.

Correlations between dependent measures. Next, we con-
ducted two-tailed Pearson correlations to assess the interrelated-
ness of the four Silcton dependent measures in our sample, plus
scores on the SBSOD and SOT, and sex. As can be seen in Table
2, the Silcton measures that are believed to rely on map-like
knowledge, map building, and different-route direction estimation
were significantly correlated such that better map building accu-
racy was associated with lower direction estimation error between
landmarks on different routes. The two Silcton measures that are
presumed to rely on route knowledge, route ordering, and same-
route direction estimation were not correlated, however. In addi-
tion, same-route direction estimation was not significantly related
to any other dependent measure in the study. The route-ordering
measure was positively correlated with map building, indicating
that better memory for the order of items along each route was
associated with building a more accurate map. The Silcton mea-
sure that was significantly associated with participants’ self-
reported navigation abilities on the SBSOD was map building.
Finally, we confirmed that the overall mean error values for
same-route direction estimation and different-route direction esti-
mation were significantly different from chance (90°), same route:
1(79) = 29.45, p < .001, different route: #(79) = 4.38, p < .001.

Table 2 also shows that better performance on the SOT measure
of perspective-taking ability was significantly associated with bet-
ter map building accuracy and better route ordering accuracy
(since SOT produces a measure of error, both of these correlations
are negative). The SOT was also significantly and positively
correlated with sex, indicating that better performance on the SOT
(i.e., lower error) was associated with being male (males were
coded as 1 and females as 2 in this analysis).

Sex versus perspective taking for map building performance.
The significant correlations between SOT and sex and between
SOT and Silcton map building raise the possibility that the sex
differences seen in the MANOVA for map building may instead be
wholly or partially due to perspective-taking differences instead. In
order to discern the relative importance of perspective taking and
sex, we conducted a hierarchical regression analysis using sex and

Table 2

SOT performance as predictors and map building as the outcome.
Sex was entered into the model in the first step and was a
significant predictor, 3 = —.34, p = .002, with the model after this
step accounting for a significant proportion of variance in map
building, R> = .12, F(1, 78) = 10.47, p = .002. SOT score was
added as a predictor in the second step and was also a significant
predictor, B = —.25, p = .03, although the predictive value of sex
was reduced to being marginally significant once SOT was added
to the model, B = —.24, p = .045. The second and final model
accounted for a significant proportion of the variance in map
building, R*> = .17, F(2, 77) = 7.90, p = .001, and was a
significant improvement over the first model, AR*> = .05, AF(1,
77) = 4.82, p = .03. Therefore, for map building, perspective
taking was a slightly better predictor of performance than sex.

Discussion

Pre-exposing participants to landmarks found in the Silcton
virtual environment did not significantly affect performance on
any of the tasks used to measure the accuracy of cognitive maps or
routes of Silcton. There were some sex differences in performance,
however, in that males outperformed females on the SOT and one
of the Silcton cognitive map tasks but not on tasks that assayed
knowledge of Silcton routes. These results suggest that there is no
evidence that pre-exposure to landmark identities facilitates build-
ing a cognitive map of a novel virtual environment.

There are some important limitations to the interpretation of
these data, however. With a total sample of 80, power to detect a
medium between-subjects effect in the univariate ANOVAs was
only about .59 as calculated post hoc using G*Power 3.1 (Faul,
Erdfelder, Lang, & Buchner, 2007). Furthermore, any facilitative
effect of Silcton pre-exposure may have helped only a small
number of people and therefore be undetectable with the current
sample size, and/or it may not have been robust enough to affect
performance in the virtual environment. In Experiment 2, we
addressed these issues by increasing both the sample size and the
amount of information during pre-exposure.

Experiment 2

In Experiment 2, we addressed two shortcomings of Experiment
1. First, we recruited and tested a larger sample (N = 122). Next,
we increased the pre-exposure information experienced by the
experimental group so that it consisted not only of Silcton building
names and appearances but also the order of the buildings along

Means, Standard Deviations, and Pearson Correlations for Silcton and Non-Silcton Measures in Experiment 1

Map Route Direction estimation:
Measure Sex SBSOD SOT building ordering different routes M SD
SBSOD —.15 — — — — — 4.05 1.02
SOT 437 —.13 — — — — 39.68 25.96
Map building —.34™ 27" —.35" — — — A4 .26
Route ordering —.17 .05 —.28" 23" — — .83 .26
Direction estimation: different routes 39" -.16 .18 -39 —-.16 — 83.93 12.40
Direction estimation: same route 17 18 11 —.18 —.16 .05 62.45 8.37

Note.

p<.05 Tp<.0l. "p<.001

N = 80. SBSOD = Santa Barbara Sense of Direction Scale; SOT = Spatial Orientation Test.
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each main route. Therefore, participants in the experimental group
were pre-exposed to aspects of the first two steps of Siegel and
White’s (1975) sequence of spatial knowledge acquisition. Put in
terms of a hierarchy of spatial knowledge, the experimental con-
dition in Experiment 2 was exposed to even more information that
forms the foundation upon which a cognitive map representation
can be built. Participants in the control condition again participated
in an identical pre-exposure task except the buildings used were
obscure campus buildings and routes between them.

Method

Participants. An a priori power analysis in G"Power 3.1 (Faul
etal., 2007) suggested that 128 participants were required to detect
a medium effect with a power value of .80. We tested 122 mem-
bers of the campus community who were recruited via advertise-
ments and the introduction to psychology research participation
pool. There were 62 males and 60 females with ages ranging from
17 to 64 years old (M = 23.20, SD = 7.74). Participants were
randomly assigned to either the Silcton pre-exposure group (30
males and 31 females) or the control group (32 males and 29
females).

Materials and procedure. All materials and the procedure
were the same as in Experiment 1 except a new task to train
participants on the order of landmarks along two routes was added
to the pre-exposure phase for both groups. Once participants had
correctly answered all the items on the pre-exposure building
identity matching task (the same task as in Experiment 1), they
moved on to the landmark ordering task using another set of
PowerPoint slides. Participants in the Silcton pre-exposure group
were told that now the buildings would be divided into two routes
and they would need to learn the order of the buildings on each
route. The first slide showed pictures of the Route A buildings with
their names in the order they would be encountered on the initial
journey along the route (1 Batty House, 2 Lynch Station, 3 Harris
Hall, 4 Harvey House), then each building picture and name was
shown on its own slide in order of appearance on the route. The
final training slide for route A was the same as the first, with all
four buildings shown in order. Next, participants saw similar slides
for the buildings along route B (Golledge Hall, Snow Church,
Sauer Centre, and Tobler Museum). Finally, they were presented

Table 3

with a slide that showed all eight buildings, and their task was to
pick the four buildings from route A and drag and drop them onto
a line with first, second, third, and fourth position indicated along
the route at the bottom of the slide. The final slide was identical to
the previous slide except the task was to pick and order the
buildings for route B. If the buildings for both routes A and B were
correctly ordered, participants moved on to the Silcton exploration
task. For any incorrect responses, the experimenter showed the
participant the correct response and the participant started again
from the beginning of the route ordering slideshow and again
completed the ordering task at the end. This continued until the
buildings on both routes were placed in their correct position in
order, and then the participant moved on to Silcton exploration.
The control group completed the same tasks as the Silcton group
and met the same criterion (error-free ordering of both routes)
before moving on to the Silcton exploration task, except the
buildings and routes were made up of the eight campus buildings.

Results

As in Experiment 1, we first conducted tests to determine
whether the pre-exposure manipulation had an effect on dependent
measures based on memory for Silcton. Next, we investigated the
intercorrelations of the dependent measures.

Tests of the pre-exposure effect. Using MANOVA, we in-
vestigated whether performance on the four Silcton dependent
measures (map building, different-route direction estimation,
same-route direction estimation, and route ordering) was influ-
enced by pre-exposure group (2: Silcton buildings, campus build-
ings) and/or sex (2: male, female). Means and standard deviations
for all measures are presented in Table 3. In the initial multivariate
analysis using Pillai’s trace, there was no main effect of group,
V=.01,F#4,115) = .35,p = .84, 'r]f) = .01, no main effect of sex,
V=.02,F4,115) =0.54,p = .71, nﬁ = .02, and no Group X Sex
interaction, V = .03, F(4, 115) = 1.02, p = .40, n; = .03. Given
the lack of significant multivariate effects of pre-exposure group,
sex, or the Group X Sex interaction, follow-up univariate analyses
were not conducted. In summary, neither the expanded pre-
exposure treatment nor sex were associated with a significant
change in performance on the Silcton tasks.

Means and Standard Deviations on Silcton Measures for Both Pre-Exposure Groups in

Experiment 2

Pre-exposure

Direction estimation®:

Direction estimation®:

group Map building® different routes same routes Route ordering®

Silcton buildings

Males A8 (.27) 84.18 (14.96) 62.46 (10.82) 93 (.18)

Females 38 (.27) 87.17 (14.18) 61.35 (12.78) .86 (.25)

Total A3(.27) 85.70 (14.53) 61.90 (11.77) 89 (.22)
Control buildings

Males .39 (.26) 84.85 (12.63) 63.54 (12.77) .85(.29)

Females AT (24) 88.45 (12.81) 64.13 (13.18) .85(.22)

Total A3 (.25) 86.56 (12.74) 63.82 (12.86) .85 (.26)
All males A3(.28) 84.53 (13.70) 63.02 (11.78) .89 (.24)
All females 42 (.26) 86.13 (13.61) 62.70 (12.94) .86 (.24)

Note. Standard deviations are in parentheses.

2 R? values. " Absolute error in degrees. © Kendall’s Tau.
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As in Experiment 1, we also analyzed the Group X Sex data
using Bayesian methods. For the dependent measure of different-
route direction estimation, the Bayes factor (BF,,,) showed the data
were 3.68:1 in favor of the null hypothesis of no effect of group,
BF,, = 3.68, or over three times more likely to occur in a model
with no group differences than one with group differences. For the
effect of sex, data were 3.52:1 in favor of the null hypothesis,
BF,, = 3.52, and for the interaction effect, the data were 3.58:1 in
favor of the null hypothesis, BF,, = 3.58. For the other dependent
measure of cognitive map accuracy, model building, the data were
5.18:1 in favor of the null hypothesis of no differences based on
group, BF,, = 5.18, and 5.06:1 in favor of the null hypothesis
versus the alternative hypothesis of sex differences, BF,, = 5.06.
For the Group X Sex interaction, data were 1.45:1 in favor of a
null model rather than a model with the interaction, BF,, = 1.45.
For the same-route direction estimation measure, the observed data
were 3.72:1 in favor of the null versus a model with group
differences, BF,; = 3.72, 5.14:1 in favor of the null versus a
model with sex differences, BF,, = 5.14, and 3.45:1 in favor of
the null model versus a model with a Group X Sex interaction,
BF,, = 3.45. Finally, the route ordering data were 3.55:1 in favor
of the null model versus a model with an effect of group, BF,, =
3.55, 4.09:1 in favor of the null model versus a model with an
effect of sex, BF,, = 4.09, and 2.83:1 in favor of a null model
versus a model with a Group X Sex interaction, BF,, = 2.83.
Overall then, and most importantly with respect to the pre-
exposure group main effect, the Bayesian analysis reveals the data
provide substantial support for the null hypothesis.

Correlations between dependent measures. Next, we con-
ducted two-tailed Pearson correlations to assess the interrelatedness
of the four Silcton dependent measures in the entire sample, plus
scores on the SBSOD and SOT, and sex (see Table 4). Unlike
Experiment 1, the Silcton measures that are believed to rely on
map-like knowledge, map building, and different-route direction es-
timation were not significantly correlated in this study. Instead, the
two Silcton measures that are presumed to rely on route knowledge,
route ordering, and same-route direction estimation showed a mod-
erate and significant correlation. As in Experiment 1, perspective
taking measured by the SOT was correlated with performance on
Silcton map building and route ordering, and while it was also
significantly correlated with sex, that correlation was much weaker
than in Experiment 1. Also similar to Experiment 1, the route-
ordering measure showed a positive, although weaker, correlation
with map building, indicating that better memory for the order of
items along each route was associated with building a more accurate
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map. Finally, we confirmed that the mean error values for same-route
direction estimation and different-route direction estimation were
significantly different from chance (90°), same route: #(121) = 24.34,
p < .001, different route: #(121) = 3.14, p = .002.

Discussion

In Experiment 2, we again found no effect of pre-exposure
condition on cognitive map accuracy of Silcton, even though (1)
the pre-exposure treatment was expanded to include training on
both landmark identities and the order of landmarks along each
main route, and 2) more participants were tested resulting in more
power to detect an effect. Sex differences observed in Experiment
1 for different route direction estimation and map building were
not replicated here, but the importance of perspective-taking for
recalling the order of landmarks along the routes and building a
map of Silcton was replicated.

General Discussion

Contrary to our predictions, we found no evidence over two
experiments that pre-exposing participants to the knowledge ac-
quired in the first two steps of Siegel and White’s (1975) theory of
spatial knowledge acquisition facilitated the accuracy of the cog-
nitive maps they created of the Silcton virtual environment. In-
stead, findings confirmed the importance of spatial perspective
taking, as measured by the SOT, for cognitive map accuracy and
showed some evidence of sex differences in performance.

The failure of our pre-exposure intervention to improve perfor-
mance suggests it is unlikely that weak associative memory alone is
a substantial contributor to weak cognitive mapping ability. That is, a
failure to encode building identities and their order along routes,
separate from the spatial visualization abilities necessary to combine
those routes into a cognitive map, is likely not the primary reason
people show weak cognitive map accuracy in Silcton-based studies. If
it were, we should see better performance in the experimental groups
versus the control groups in the current studies. It seems logical that
familiarizing participants with landmark buildings and the order the
buildings would be encountered along routes lightened some of the
mental workload involved in creating a mental representation of
Silcton, but it did not drive a noticeable improvement specifically in
the accuracy of the cognitive maps participants created. Therefore, our
data are consistent with the idea that landmark identity and route
knowledge may be necessary for an accurate cognitive map, but they
are not sufficient.

Means, Standard Deviations, and Pearson Correlations for Silcton and Non-Silcton Measures in Experiment 2

Map Route Direction estimation:
Measure Sex SBSOD SOT building ordering different routes M SD
SBSOD -.22" — — — — — 4.49 1.01
SOT 19" —.14 — — — — 31.85 27.68
Map building —.02 .14 =27 — — — 43 .26
Route Ordering —.07 —.02 -.30™ 20" — — .87 24
Direction estimation: different routes 12 —.14 13 —.09 —.11 — 86.13 13.61
Direction estimation: same route —.01 15 .16 —.15 =31 —.08 62.86 12.31

Note.

*p< .05 *p< .0l

N = 122. SBSOD = Santa Barbara Sense of Direction Scale; SOT = Spatial Orientation Test.
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Returning to the theories of spatial knowledge acquisition, the
current results are more consistent with the proposal by Montello
(1998) than Siegel and White (1975). Siegel and White proposed
landmarks and routes as specific, isolated steps in knowledge
acquisition, while Montello countered that information about land-
marks and routes does not exist in isolation from knowledge of the
configuration of the landmarks. The failure of our intervention to
facilitate cognitive map accuracy via targeted training of landmark
identities and routes is consistent with the idea that those aspects
of spatial knowledge acquisition cannot be isolated from config-
ural, or map-like, knowledge. As pointed out by Montello, both
theories suggest that the progression from knowing separate routes
to integrating them in a mental map is a qualitative change, and it
seems that individual differences in the processing involved in that
integration is a greater contributor to cognitive map accuracy than
differences in encoding landmark identities and route sequences.

We can speculate that spatial visualization ability, specifically
spatial perspective taking, is a key point of individual differences
in spatial knowledge acquisition. Our results add to a growing
body of evidence that perspective taking plays a significant role in
cognitive map creation (Allen, Kirasic, Dobson, Long, & Beck,
1996; Fields & Shelton, 2006; Kozhevnikov et al., 2006; Schinazi
et al., 2013; Weisberg et al., 2014). Precisely how perspective
taking is involved in creating a cognitive map is not clear, although
we conjecture that it could be important at multiple steps in the
process. For instance, when travelling in the environment, partic-
ipants must gradually build up a map, either as routes first as
proposed by Siegel and White (1975) or possibly as a map from
the beginning as proposed by Montello (1998). Perspective taking
is likely involved in the online updating of position during travel
by enabling a navigator to compare the perspective from remem-
bered locations to the current perspective. Identifying where per-
spectives overlap would help to integrate individual sections of the
map into a larger representation. It is also likely involved when
retrieving the layout of the environment from a given perspective
in a direction estimation or map building task. In our studies,
perspective taking measured by the SOT predicted Silcton map
building performance but not direction estimation, even though
direction estimation test items and SOT items are of a similar
“Imagine you are at X facing Y, point to Z” construction. We
hypothesize that the lack of a predictive relationship between
perspective taking and direction estimation is due to the difficult
challenge of imagining perspectives based only on memory in the
direction estimation task used here. Comparing across studies,
performance on this type of task is worse than on direction esti-
mation tasks that place the participant in the environment, such as
in Weisberg et al. (2014), although it should be noted that partic-
ipants in the current study produced direction estimations that were
significantly better than chance.

Our results also show a pattern of sex differences in one exper-
iment where men outperformed women specifically on tasks as-
sessing the accuracy of their cognitive maps of Silcton, consistent
with other data (reviewed by Coluccia & Louse, 2004). For ex-
ample, men tend to outperform women on tasks such as direction
estimation between landmarks (Lawton & Morrin, 1999; Weisberg
& Newcombe, 2016; Zancada-Menendez, Sampedro-Piquero,
Lopez, & McNamara, 2016), wayfinding (Coluccia, losue, &
Brandimonte, 2007; Lawton, 1994; Saucier et al., 2002), and map
making (Coluccia et al., losue, & Brandimonte, 2007; Weisberg &

Newcombe, 2016). Men also have been shown to outperform
women on small-scale spatial ability tasks that have implications
for creating cognitive maps, such as mental rotation tasks (Cook &
Saucier, 2010; Lawton, 1994; Vandenberg & Kuse, 1978). On the
other hand, women outperform men on tasks involving landmark
location memory and learning from a map rather than direct
experience (James & Kimura, 1997; McGuiness & Sparks, 1983;
Montello, 1998; Silverman & Eals, 1992). In the current study,
while males outperformed females on some map-based measures,
there was no sex difference on same-route direction estimation that
relies on accurate route-based representations. Furthermore, it ap-
pears that part of the predictive value of sex for performance on
map-based tasks is better explained by perspective taking, as could
be the case in some other studies, as well.

In conclusion, the current study found no evidence that famil-
iarizing participants with the landmarks and the order of those
landmarks along routes in a new environment prior to exploring
the environment enhanced their ability to create a cognitive map.
Therefore, it is unlikely that the greatest contributor to variation in
cognitive map accuracy in the laboratory is a lack of familiarity
with the to-be-remembered landmarks. Instead, our study points to
perspective-taking ability and, to some extent, sex as important
contributors to cognitive map-making ability. More research is
needed to further our knowledge of what underlies the individual
differences seen in cognitive map accuracy and the mechanisms by
which these and other factors underlie them.

Résumé

On releve d’importantes différences individuelles dans la capacité
a créer une carte cognitive d’un nouvel environnement. Les études
en cours ont examiné si le fait de familiariser les participants avec
des points de repere cibles a apprendre (Expérience 1) ou avec des
points de repere cibles en spécifiant 1’ordre dans lequel ils seraient
rencontrés le long des routes (Expérience 2) avant d’explorer
I’environnement virtuel de Silcton pouvait améliorer les perfor-
mances relativement a des tiches de mémoire spatiale de Silcton.
Les participants des deux expériences ont été choisis au hasard
pour étre préexposés soit a I’information sur les points de repere
cibles de Silcton ou a celle des points de repere de contrdle sur le
campus de I'université. Dans les deux expériences, les participants
ont exploré Silcton selon quatre routes imposées, puis effectué une
tache d’estimation de la direction et une tiche de production d’une
carte en se basant sur leur mémoire des emplacements des points
de repere cibles. Les participants ont également suivi le test
d’orientation spatiale en matieére de prise de perspective. Une
préexposition aux points de repere de Silcton par rapport a des
points de repere de contrdle n’a pas affecté les résultats des taches
basées sur Silcton dans ni I'une ni 1’autre des expériences. Cer-
taines des différences au niveau du sexe dans I’estimation de la
direction ont été notées dans I’Expérience 1 mais pas dans
I’expérience 2. Alors que le fait de faciliter la familiarité avec des
points de repere n’a pas amélioré la précision des cartes cognitives,
le sexe et la capacité a prendre une perspective ont tous les deux
contribué¢ aux différences individuelles en termes de capacité a
créer une carte cognitive.

Mots-clés : cognition spatiale, navigation, carte cognitive.
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