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Geometric orientation by humans: angles weigh in
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Abstract Human participants were trained to navigate to
two geometrically equivalent corners of a parallelogram-
shaped virtual environment. The unique shape of the envi-
ronment combined three distinct types of geometric infor-
mation that could be used in combination or in isolation to
orient and locate the goals: the angular amplitudes of the
corners, the relative wall length relationships, and the prin-
cipal axis of symmetry. In testing, participants were placed
in manipulated versions of the training environment that
tested which types of geometry they had encoded and how
angular information weighed in against the other two geo-
metric properties. The test environments were (a) a rectan-
gular environment that removed the angular information, (b)
a rhombic environment that removed wall length informa-
tion and drastically reduced the principal axis, and (c) a
reverse-parallelogram-shaped environment that placed an-
gular information against both wall length and principal axis
information. Participants chose accurately in the rectangular
and rhombus environments, despite the removal of one of
the cues. In the conflict test, participants preferred corners
with the correct angular amplitudes over corners that were
correct according to both wall length relationships and the
principal axis. These results are comparable to recent find-
ings with pigeons and suggest that angles are a salient
orientation cue for humans.
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Humans and other animals often need to orient in their
environment. One widely used cue for orientation is the
geometry of the environment, which includes angles, wall
lengths, the overall shape or principal axes of the environ-
ment, and the spatial relationships between objects. In
Cheng’s (1986) foundational study, rats located food in
one corner of a rectangular enclosure and were then disori-
ented. Although a visually distinct feature could serve as a
reliable beacon, rats frequently made rotational errors after
disorientation, searching in both the correct corner and its
rotational equivalent. The author called this blind reliance
on the geometry of the enclosure, despite the presence of an
informative feature, a “purely geometric module” (p. 149).
Reliance on geometric information despite the presence of
more informative features has also been demonstrated in
young children (Hermer & Spelke, 1994), although children
can use landmarks for reorientation in larger environments
(Learmonth, Nadel, & Newcombe, 2002; Learmonth,
Newcombe, Sheridan, & Jones, 2008) or after a few training
trials (Twyman, Friedman, & Spetch, 2007).

The use of geometry for orientation has been demonstrated
in several species (for a review, see Cheng & Newcombe,
2005). However, most studies have used rectangular enclo-
sures in which geometry has been provided by wall length
relationships. The angular amplitudes of corners, a type of
local geometry, do not differ in a rectangular enclosure and so
cannot provide an orientation cue. A few recent studies have
investigated the encoding of angles using nonrectangular envi-
ronments. Tommasi and Polli (2004) trained domestic chicks to
locate geometrically equivalent corners of a parallelogram-
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shaped enclosure. Tests in manipulated environments demon-
strated that chicks encoded both the angular amplitudes of the
corners and the relative wall lengths. However, when these
geometric properties were placed in conflict, chicks trained to
choose the smaller (i.e., acute) corners weighted angles more
heavily than wall lengths, whereas chicks trained to locate the
larger (i.e., obtuse) corners weighted the wall lengths more
heavily. In a similar task, Lubyk and Spetch (2011) found no
effect of training angle in pigeons: Pigeons weighted angles
more heavily than relative wall lengths whether they had been
trained to locate acute or obtuse corners. Finally, Jones, Pearce,
Davies, Good, and McGregor (2007) demonstrated that rats
can use angular amplitudes or wall length relationships to orient
in a kite-shaped arena.

A minimal number studies have examined the use of
angles for orientation in humans. Hupbach and Nadel
(2005) found that children could not use the angles in a
rhombic-shaped room to reorient until the age of four. Well
before that age, children can readily use the geometric shape
provided by different wall lengths in a rectangular environ-
ment (Hermer & Spelke, 1994). On the basis of Hupbach
and Nadel’s results, as well as their own unpublished data,
Spelke, Lee, and Izard (2010) suggested that the “geometric
reorientation system . . . fails to capture the Euclidean
geometrical relationship of angle” (p. 869). Newcombe,
Ratliff, Shallcross, and Twyman (2010) also commented
that “overall, the available data on use of geometry suggest
that wall length is a more distinctive feature than size of
angle” (p. 216).

A few recent studies have suggested that adult humans
can sometimes use angular information to reorient. Reichert
and Kelly (2011) presented participants with a rectangular
array created by four L-shaped objects. One pair of diago-
nally opposite objects had 50° angles, and the other pair had
75° angles. Participants were trained to locate geometrically
equivalent objects defined by both the rectangular shape of
the array and the angles. Males, but not females, used the
angular amplitudes of the objects for orientation. In a simple
choice discrimination that did not require orientation, Reichert
and Kelly (2012) showed that adults readily discriminated
between 50° and 75° angles, although generalization tests
suggested that smaller angles are more salient, consistent with
the suggestions by Tommasi and Polli (2004) for chicks.

Recently, Bodily, Eastman, and Sturz (2011) trained
adults in a virtual environment to locate one corner of a
trapezoid-shaped enclosure. For all participants, the correct
corner intersected equal-length walls and had an obtuse
angle. For some participants, the correct corner was also
defined by the principal axis of the room, whereas for
others, the principal axis did not provide a reliable cue. On
subsequent parallelogram tests, the angles were either con-
sistent or conflicted with the principal axis. Participants
trained with a reliable principal axis chose accurately when

angles were consistent with the principal axis, but randomly
when they were not. Participants trained with an unreliable
principal axis chose the correct angles on both tests. These
results show that adults can encode angular information for
reorientation, but that reliable principal axis cues appear to
override the use of angles.

Thus, the existing literature suggests that the use of
angles for reorientation by adult humans is at best secondary
to the use of other geometric cues. Children seem less able
to use angular information than wall length information, and
adults may use angles only when other geometric cues are
unavailable or unreliable. The conflicting findings on how
humans and animals encode angular and configural geome-
try, along with the theoretical importance of encoding angles
for reorientation (Spelke, Lee, & Izard, 2010), suggest the
need for further research. Our experiment was designed after
the procedure that has been used with chicks and pigeons to
test whether angles are encoded, and how they are weighted
when placed in conflict with both wall lengths and a prin-
cipal axis. In the present experiment, adult humans were
tested in a first-person navigable virtual environment similar
to that used in many other studies of orientation strategies
(e.g., Kelly & Gibson, 2007; Sturz & Bodily, 2011; Sturz,
Gurley, & Bodily, 2011). Participants were trained to locate
two geometrically equivalent corners in a parallelogram-
shaped room. The task could be solved on the basis of any
of three types of geometric cues: angular amplitude, relative
wall lengths, or a principal axis. The participants were then
tested in three novel environments: (1) a rhombic-shaped
room, which removed the wall length information and dras-
tically reduced the salience of the principal axis; (2) a
rectangular-shaped room, which removed the angular infor-
mation; and (3) a reverse-parallelogram-shaped room,
which placed angular information in direct conflict with
both the wall length information and the principal axis.

Method

Participants

The participants were 99 University of Alberta undergraduate
students who received class credit for participating.

Apparatus

Platform The 3-D virtual environment ran on the Open
Simulator online server (an open source version of the
virtual world Second Life). The server allowed multiple
participants to be tested simultaneously on individual com-
puters by saving the collected data in an online database in
real time. Hippo Open Sim, an open source virtual-world
viewer, was used to set the parameters for each participant
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(e.g., which corners were correct). Communication between
the virtual worlds and Hippo Open Sim was accomplished
via HTTP using the XML-RPC method.

Stimuli In training, participants experienced a featureless gray
parallelogram-shaped room (17.2 × 8.6 m; see Fig. 1, top left).
Their initial orientation direction was randomized across tri-
als. In testing, participants experienced three manipulated
environments: (1) rhombic (12.9-m wall lengths; Fig. 1, top
right); (2) rectangular (17.2 × 8.6 m; Fig. 1, bottom left); and
(3) reverse-parallelogram (17.2 × 8.6 m; Fig. 1, bottom right).
In all environments, the tops of the walls were not visible to
the participants, as they were not able to look up.

General procedures

Participants were instructed on how to navigate using the
arrow keys and were told that they could choose only one
corner per trial by walking into the corner. Participants
could look and walk around so that they could view the
entire environment before making a choice. They were
informed that they would sometimes receive feedback about
the accuracy of their choice, but sometimes the display
would say “no feedback,” regardless of whether they had
chosen the correct corner. To encourage the participants to
maintain a consistent strategy based on training, they were
told that they would continue to accumulate points for
correct choices, even on no-feedback trials.

Participants were pseudorandomly assigned to a goal
corner group (acute or obtuse), while balancing gender
across groups. For the acute group, the correct corners were
60° angles formed by the intersection of a long wall on the
left and a short wall on the right. For the obtuse group, 120°
corners formed by the intersection of a long wall on the right
and a short wall on the left were correct.

Training

Participants were trained in a parallelogram-shaped environ-
ment (Fig. 2, top left). Training was presented in blocks of 10
trials, and each stage of training continued until participants
achieved an accuracy of 80% to one of the two correct corners

within a block. In the first stage, each corner choice was
followed by feedback indicating “correct” or “incorrect,” fol-
lowed by transport into the next trial. In the second stage,
participants received feedback on only half of the trials; the
remaining trials featured a “no feedback” message. This was
done to prepare participants for testing, which never included
feedback. If participants did not complete training within
30 min, they were told that the experiment was over.

Testing

Participants received five test trials in each of the three testing
environments: rhombic (Fig. 2, top right), rectangular (Fig. 2,
bottom left), and reverse-parallelogram (Fig. 2, bottom right).
The test trials were presented in random order. Participants
made only one corner choice per trial, and they never received
informative feedback so that choices would continue to be
based on what they had learned during training.

Control

Following testing, participants received 10 no-feedback trials
in the original parallelogram-shaped training environment.
Only participants who achieved 70% correct or higher were
included in the analysis, to ensure that the test results did not
reflect forgetting or confusion.

Results

A total of 5 men and 7 women from the acute group and 1man
and 9 women from the obtuse group were excluded because
they did not complete training within 30 min or scored lower
than 70% on the control block. Therefore, the final data
analysis included 36 acute participants (9 men and 27 women)
and 41 obtuse participants (15 men and 26 women).

A Shapiro–Wilk test revealed a nonnormal distribution and
unequal variances in the test data. We therefore used random-
ization analyses (a subtype of resampling techniques), which
imposed no assumptions of normality or equal variances (see
Eddington, 1995). Confidence intervals (CIs) on Cohen’sd
were obtained through bootstrapping techniques (see Efron

Fig. 1 Schematic
representations of the four
virtual environments used in the
present experiment. (Top left)
Parallelogram-shaped training
environment. (Top right)
Rhombic-shaped testing envi-
ronment. (Bottom left) Rectan-
gular testing environment.
(Bottom right) Reverse-
parallelogram-shaped (conflict)
testing environment
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& Tibshirani, 1993). Although below we report only the
results of randomization analyses, all reported conclu-
sions were also consistent with the results of conventional
ANOVA.

The analyses revealed no significant differences between
the groups in the number of blocks to complete training
(acute,M 0 1.38, SD 0 0.80; obtuse,M 0 1.58, SD 0 1.44; d 0
0.17, 95% CI [–0.5, 0.3], p 0 .53) or choice accuracy by the
last block of training (acute, M 0 .96, SD 0 .08; obtuse, M 0

.94, SD 0 .09; d 0 0.15, 95% CI [–0.3, 0.5], p 0 .47). There
was also no significant sex effect on accuracy in the last block
of training (male, M 0 .95, SD 0 .07; female, M 0 .95, SD 0

.09; d 0 0.04, 95% CI [–0.4, 0.5], p 0 .12) or on the number of
blocks required to complete training (male, M 0 1.15, SD 0

0.47; female, M 0 1.64, SD 0 1.37; d 0 0.35, 95% CI [–0.8,
0.06], p 0 .85).

There were no significant effects of group or sex on
accuracy for either the rhombic test environment (acute, M 0

.80, SD 0 .24; obtuse, M 0 .75, SD 0 .28; d 0 0.17, 95%
CI [–0.25, 0.62], p 0 .57; male,M 0 .78, SD 0 .25; female,M 0

.77, SD 0 .27; d 0 0.017, 95% CI [–0.43, 0.50], p 0 .96) or the
rectangular test environment (acute, M 0 .76, SD 0 .26;
obtuse, M 0 .66, SD 0 .34; d 0 0.30, 95% CI [–0.12, 0.74],
p 0 .82; male, M 0 .70, SD 0 .29; female, M 0 .71, SD 0
.31; d 0 0.031, 95% CI [–0.52, 0.46], p 0 .88).

In the reverse-parallelogram test, there were no “correct”
responses because participants had to choose either the
corners that provided the correct angle from training or the
corners that provided the correct wall length relationships
and principal axis from training. Analyses on choice of the
angle-consistent corners revealed no effect of group or sex
in the conflict test (acute, M 0 .61, SD 0 .40; obtuse, M 0

.62, SD 0 .39; d 0 0.02, 95% CI [–0.48, 0.43], p 0 .09; male,
M 0 .70, SD 0 .34; female,M 0 .58, SD 0 .41; d 0 0.31, 95%
CI [–0.13, 0.81], p 0 .77).

All test data were collapsed across group and sex for the
remaining analyses. First, accuracy in choosing the correct
corners did not differ between the rhombus and the rectan-
gular tests (rhombus, M 0 .77, SD 0 .26; rectangle, M 0 .71,
SD 0 .31; d 0 0.23, 95% CI [–0.08, 0.5], p 0 .85). As is
evident in Fig. 3, accuracy in choosing the correct angle
(60° for the acute group and 120° for the obtuse group) was
significantly above chance (50%) in the rhombus (95% CI
[.71, .83], p < .001), and accuracy in choosing the correct
wall length relationship (long wall on the left and short wall
on the right for the acute group, and the opposite for the
obtuse group) was also significantly above chance (50%) in
the rectangle (95% CI [.64, .77], p < .001).

In the reverse-parallelogram-shaped environment, both
groups primarily chose the correct angles from training
(i.e., 60° for acute and 120° for obtuse), despite them
being paired with incorrect relative wall lengths and
principal-axis cues (M 0 .62, SD 0 .39; d 0 0.62, 95% CIs
[0.5, 0.7], p < .05; for acute, see Fig. 3, bottom left; for obtuse,
Fig. 3, bottom right).

Discussion

Our results show that adult humans easily learned to locate the
two geometrically equivalent goal corners in a parallelogram-
shaped virtual environment that provided angular amplitude
(e.g., 60°), relative wall length relationships (e.g., long wall on
the left and short wall on the right), and a principal axis as
geometric cues for orientation. Most participants learned the
task within two 10-trial training blocks, as well as achieved an
average accuracy of over 90% correct by the end of training.
Moreover, the angle to which they were trained (either 60° or
120°) had no significant effect on either the speed of learning
or their final accuracy.

Fig. 2 Example first-person
views of the training (top left)
and testing (top right, rhombic;
bottom left, rectangular; bottom
right, reverse-parallelogram-
shaped) virtual environments.
Participants were able to freely
navigate throughout the envi-
ronments in both training and
testing, and therefore experi-
enced several viewpoints in
addition to the ones shown
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The results in the rhombus and rectangle tests indicated
that not only were participants able to locate their goal
corners in both test environments at a rate significantly
higher than chance, but that there was also no difference in
the participants’ mean accuracy between the two tests. This
suggests that participants were able to orient equally well in
the absence of either local geometric cue. The accurate
orientation when angular information was removed is not
surprising, given the numerous previous demonstrations of
orientation in rectangular environments (Cheng, 1986; Kelly
& Spetch, 2004a, b; Sturz & Kelly, 2009). However, the
equally high accuracy on the rhombus test is interesting, for
a couple reasons. First, the use of angles for orientation
seems to develop at a later age in children than does the
use of relative wall lengths (Hupbach & Nadel, 2005).
Second, the results of Bodily et al. (2011) suggested that
the use of angles might be subject to overshadowing by a
principal axis. Although one might argue that participants
used the principal axis rather than angles in the rhombus
environment, the salience of the principal axis was drasti-
cally reduced in the rhombus as compared to the rectangle,
and therefore the use of a principal axis strategy should have
led to a difference in accuracy between these tests. However,
the present results showing that humans performed equally
well in the rhombus and rectangle test environments are
consistent with those found in similar tests with both
pigeons (Lubyk & Spetch, 2011) and domestic chicks
(Tommasi & Polli, 2004). This finding is interesting and
suggests considerable cross-species generality.

In the reverse-parallelogram test, participants primarily
chose the correct angle from training. This result clearly
shows that angular amplitude was weighted most heavily.
Moreover, preference for the correct angular information
was similar, whether participants were trained to find an
acute corner (60°) or an obtuse corner (120°). These results

are also consistent with those reported for pigeons (Lubyk &
Spetch, 2011), but not for chicks (Tommasi & Polli, 2004);
chicks trained to locate acute angles chose the correct angles,
whereas chicks trained to locate obtuse angles chose the
correct relative wall lengths. Tommasi and Polli suggested
that acute angles may be more visually salient than obtuse
angles, and therefore, in a conflict situation, chicks would rate
the acute angle higher than relative wall length but would rate
the obtuse angle lower than the wall length information.
Although the suggestion that smaller angles are more salient
is consistent with the generalization results of Reichert and
Kelly (2012) with humans, we did not see a difference be-
tween acute and obtuse angles in our experiment.

A further interesting finding from the reverse-parallelogram
test is that the results were inconsistent with a principal axis
strategy (see Cheng, 2005), which several studies have pro-
posed (e.g., Cheng & Gallistel, 2005; Gallistel, 1990; Sturz et
al., 2011). In our parallelogram training environment, the use of
such a strategy would have meant that participants would
follow the principal axis and turn left (acute condition) or right
(obtuse condition). In the conflict test, this would bring obtuse-
trained participants to choose the acute corner and acute-trained
participants to choose the obtuse corner, which is the opposite
of our results. Recent results with pigeons (Kelly, Chiandetti, &
Vallortigara, 2011; Lubyk & Spetch, 2011) and domestic
chicks (Kelly et al., 2011) have also been inconsistent with a
principal axis strategy. Newcombe et al. (2010) also found that
two-year-old children were able to orient in an octagon-shaped
room that contained only obtuse angles and had no single
principal axis of symmetry.

The present results are consistent with those of Bodily et
al. (2011) in suggesting that people use more than one type
of geometric cue for orientation. However, our results differ
from theirs in that people in our study not only encoded
angular information but also weighted angles more heavily

Fig. 3 Proportions of acute
(n 0 36, left) and obtuse (n 0 41,
right) choices for each of the
four corners in the rhombic
(top), rectangular (middle),
and reverse-parallelogram
(bottom) test enclosures. The
figures are not drawn exactly to
scale, and proportions are
rounded to two decimal places
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than other geometric cues, even though wall lengths and a
principal axis had provided reliable cues in training. One
interesting possible reason for the discrepant results is that
distinctive features were present in the positive corners in
the Bodily et al. study, and these features may have reduced
or overshadowed the salience of the angular information.
We are currently exploring this possibility in studies with
both pigeons and humans. Additionally, the finding that
angles were weighted more heavily than relative wall
lengths is especially interesting in light of recent findings
by Sturz, Forloines, and Bodily (2012), which have sug-
gested that angles, like features, may be more salient in large
enclosures. The training environment in our study was in-
termediate in size to those used in the Sturz et al. (2012)
study, but was considerably closer in size to their small than
to their large enclosure. Thus, although weighting of angles
and wall length may change as a function of room size, our
finding of strong weighting of angular geometry was not a
result of using an extremely large environment.

Our study addressed the question of how adult humans
represent and weight different types of geometric informa-
tion to orient and navigate to a goal. We conclude that
humans are able to encode and subsequently navigate using
angular amplitude, but also encode relative wall length or a
principal axis, because they continued to orient well when
angular information was removed. The results from the
conflict test show that participants reliably weight the angu-
lar information from training more heavily than either the
relative wall length information or the principal axis. This
strategy of preferentially weighting angles is shared by
pigeons, but interestingly, not by domestic chicks. The
preference for angular information when it is placed in
conflict with both relative wall length and a principal axis
suggests that for both pigeons and adult humans, angles are
a salient part of the geometric orientation system.

Author note This study was funded by a Natural Sciences and
Engineering Research Council of Canada Discovery grant awarded to
M.L.S. All research was conducted in accordance with Canadian
Council on Animal Care guidelines and with approval from the Uni-
versity of Alberta Animal Welfare Policy Committee.
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