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Abstract
Non-visual information is important for navigation in limited visibility conditions. We designed a haptic-based relocation task to
examine blindfolded adults’ use of geometric cues. Forty-eight participants learned to locate a corner in a parallelogram frame.
Theywere then tested in different transformed frames: (a) a reverse-parallelogram, in which locations predicted by original length
information and angle information conflicted, (b) a rectangle, which retained only length information, and (c) a rhombus, which
retained only angle information. Results show that access to the environment’s geometry through haptic modality is sufficient for
relocation. However, adults’ performances in the current task were different from that in visual tasks in previous findings. First,
compared to previous findings in visual-based tasks, length information lost its priority. Approximately half of the participants
relied on angle information in the conflict test and the other half relied on length. Second, though participants encoded both length
and angle information in the learning phase, only one cue was relied on after the conflict test. Finally, though participants encoded
the target location successfully, they failed to represent the global shape of the environment. We attribute adults' different
performances in haptic-based and visual-based tasks to the high cognitive demands in encoding and using haptic spatial cues,
especially length information.
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Introduction

After disorientation, organisms must reorient themselves and
retrieve remembered locations using spatial cues in the
environment. This process is critical for survival and has
attracted much research attention. In a classic study, Cheng
(1986) trained rats to relocate food in a specific corner of a
rectangular box. This study pioneered in delineating the rela-
tive contributions of various cues in relocation by contrasting
geometric cues with featural cues. The rats made rotational
errors, searching at two geometrically equivalent corners with
the correct wall length relationships even when there were
features that could be used to identify the target corner.
Subsequently, numerous studies have demonstrated that geo-
metric cues serve as effective spatial cues in the return to a

target location and are widely used bymany species, including
both human adults and children (for a review, see Cheng &
Newcombe, 2005).

Length and angle cues are two types of useful geometric
cues that have been extensively investigated. It was found that
1.5- to 2-year-old children could use length cues to locate a
hidden object in a rectangular environment (Hermer & Spelke,
1994, 1996). However, when disoriented in a rhombic envi-
ronment, children could not successfully use angle cues to
relocate until they reached the age of 4 years (Hupbach &
Nadel, 2005). These findings suggest the onset age for using
different types of geometric cues varies and the use of length
information has a priority in development. To explain this
difference in onset ages of using various geometric cues, some
researchers have claimed that the core geometric system for
human navigation captures certain specific types of spatial
cues (e.g., length) but not others (e.g., angle; Spelke, Lee, &
Izard, 2010), while others explained that some cues are more
salient and valid than others (Newcombe & Ratliff, 2007).

Despite the relative developmental delay, adults do use
angle cues proficiently to locate the targets (Bodily,
Eastman, & Sturz, 2011; Reichert & Kelly, 2011), and some-
times even weigh angle cues more than length cues (Lubyk,
Dupuis, Gutiérrez, & Spetch, 2012). In a virtual environment,
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undergraduate participants learned to navigate toward two
geometrically equivalent corners of a parallelogram-shaped
enclosure (Fig. 1a) and were then tested in three novel trans-
formational environments: (1) a rhombic enclosure in which
the angle information of the training enclosure remained, but
all four wall lengths were identical (Fig. 1b); (2) a rectangular
enclosure in which the length information remained, but the
angle amplitudes of the four corners were identical (i.e., 90°,
Fig. 1c); (3) a mirror image of the original parallelogram en-
closure (i.e., a reversed parallelogram) in which both length
and angle information remained but were recombined in a
conflicting way (Fig. 1d). Results showed that the participants
succeeded in both the rectangular and the rhombic enclosures,
suggesting that they encoded both the length and angle cues
during the training phase. Furthermore, they weighed angle
cues more than length cues when two cues were conflicting.

The privilege of angle cues over length cues does not hold
constant. Huang, Hu, and Shao (2017) manipulated the direct-
ness of the cues based on the design in Lubyk et al.’s (2012)
study. In their experiment, the middle of the walls could be
target locations in addition to corners, as in Lubyk et al.’s
study. When target locations were in the corners, angle cues
could be used directly (i.e., the target location could be
encoded directly as "large/small corner"), whereas length cues
had to be associated with the left/right sense (i.e., the target
location had to be encoded as "the corner has long wall left
and short wall right"). In contrast, when the target locations
were in the middle of the walls, the length cues were direct,
enabling the location to be encoded as "long/short wall,"
whereas angle cues were indirect, having to be associated with
the left/right sense. The researchers speculated that the indirect
use of cues (length cues in corner condition and angle cues in
wall condition) would require more cognitive resource and
thus would be less likely to be prioritized by adults.
Consistent with this prediction, adult participants relied on
angle cues more when angle cues were direct, although length
cues had a priority overall. This effect of cues' directness sug-
gested that adults' use of spatial cues in relocation is influ-
enced by not only the geometrical types of the cues them-
selves, but also cognitive demands that were required to pro-
cess them.

The current study attempted to change the cognitive de-
mands by implementing the reorientation task in a different

sensory modality. By far, most research that addressed the use
of geometric cues in relocation has focused on visual-based
tasks. Visual cues undoubtedly provide the most effective help
for sighted people's navigation. However, the use of non-
visual spatial cues for navigation also exists in our daily lives.
In fact, for our human ancestors as well as other mammals
living in the wild, it has been common and crucial to navigate
at night without artificial lighting. Research on non-visual
relocation will enrich our understanding of navigation ability.

The haptic sense provides a common non-visual perceptual
access to the environment. It relies on cutaneous inputs along
with kinesthetic inputs from sensory receptors (Lederman &
Klatzky, 2009). Unlike visual perception that allows a quick
scan via head and eye movements, haptic perception captures
information through a sequence of relatively slow contact
movements. Therefore, haptic perception of spatial informa-
tion imposes increased memory demands as well as the inte-
gration of fragmentary and sequential information (for a re-
view, see Thinus-Blanc & Gaunet, 1997). It is reasonable to
speculate that encoding a target location in a haptic-based
situation will require more cognitive demands than in a
visual-based situation in most cases. Furthermore, this in-
creased cognitive demand would affect the process of
encoding and using spatial information. In the current study,
we explored how adults use length and angle cues in a haptic-
based relocation task and compared this to the performance of
a comparably homogenous group in visual-based tasks in pre-
vious studies.

Humans’ ability to perceive angle and length properties of
an object through touch has been demonstrated repeatedly
(e.g., Hollins & Goble, 1988; Shimizu & Norimatsu, 2005;
Toderita, Bourgeon, Voisin, & Chapman, 2014; Voisin,
Benoit, & Chapman, 2002). In contrast, only two studies have
reported that blindfolded adults could spontaneously use
length cues to locate using touch (Sturz, Gaskin, & Roberts,
2014; Sturz, Green, et al., 2013a), and no evidence exists on
the role of angles. Thus, the first aim of the present study was
to examine the use of angle cues in haptic-based relocation.

A further aim of the present study was to investigate the
relative weighting of angle and length cues in haptic-based
relocation. The theory of functional equivalence has proposed
that non-visual and visual exploration of the environment can
yield functionally equivalent spatial images (e.g., Bryant,

Fig. 1 Schematic representation of the environments used in Tommasi and Polli’s (2004) study, Lubyk et al.’s (2012) study, and the present study

89Psychon Bull Rev  (2022) 29:88–96

1 3



1997; Giudice, Betty, & Loomis, 2011). As mentioned previ-
ously, however, the cognitive demands required to process
spatial cues affect humans’ use of them. Therefore, the cogni-
tive demands required to use various cuesmight have different
patterns in visual- and haptic-based tasks. Specifically, the
cognitive demands required to use length as well as angle
information increase in a haptic-based situation, but this in-
crease in using length might be greater compared to using
angle. Different from vision, physical contact is required for
haptic modality to encode spatial information. In a room of
medium size, arm movements are enough for humans to per-
ceive angle information. In contrast, body movements and
multiple times of perceiving are necessary to gather length
information. Additionally, because of these multiple move-
ments and perceptions, individuals need to integrate informa-
tion over time and space for obtaining complete wall length
information. Therefore, encoding length information through
touch might be more difficult and exhausting than angle in-
formation. Would this difficulty in encoding process
deprioritize length cues in haptic-based relocation?

Given the methodological and empirical references in
existing visual-based studies (e.g., Tommasi & Polli,
2004), we conducted a haptic-based spatial transforma-
tion task. In the present experiment, participants learned
to locate two geometrically equivalent corners in a
parallelogram-shaped frame. Then, they were tested in
three transformed frames: a reversed parallelogram-
shaped frame (conflict test), a rectangular frame
(length-only test), and a rhombic frame (angle-only test).
By using rectangular and rhombic frames, an examina-
tion of the accessibility of length and angle information
was possible. If participants encoded the length/angle
cues during training, they would select the corner of
the rectangular/rhombic frame that corresponded to the
length/angle properties of the learned parallelogram-
shaped frame. For instance, participants who learned lo-
cations in the obtuse corners with longer walls to the
right (Fig. 1a, top-right corner and bottom-left corner)
should choose the obtuse corners in the rhombic frame
(Fig. 1b, top-left corner and bottom-right corner) and the
corners with the longer wall to the right in the rectangu-
lar frame (Fig. 1c, top-right corner and bottom-left cor-
ner). The conflict test involved the reverse parallelogram-
shaped frame and allowed us to examine the preference
between the length information and the angle informa-
tion. If participants relied primarily on length cues, they
would choose the corner corresponding to the length
properties of the learned parallelogram-shaped frame
(Fig. 1d, top-right corner and bottom-left corner).
Conversely, if they relied primarily on angle cues, they
would choose the corner corresponding to the angle
properties of the learned parallelogram-shaped frame
(Fig. 1d, top-left corner and bottom-right corner).

Method

Participants

Initially, 59 university students (Mage = 21.24 years, SD =
2.19, range 18–28; nwomen = 27, 45.8%) participated in this
study and received 20 RMB (Renminbi) for taking part.
Participants were recruited through a campus online forum.
Eleven participants were excluded from the final sample (two
women, nine men). Four of them failed to pass the learning
phase, five of them failed to pass the memory test in the testing
phase, and two of them completed the study but used unex-
pected strategies (maintaining sense of orientation over the
disorientation phase or using a tiny bump on the carpet as a
cue). The final sample consisted of 25 (52.1%) women and 23
(47.9%) men (Mage = 21.00 years, SD = 2.04, range: 18–25).

Environments and stimuli

The experiment took place in a quiet square roommeasuring 3
× 3 × 2.8 m. The floor was covered with a homogeneous gray
carpet. The experimental frames were made of PVC pipes
(1.2 cm in external diameter) and PVC elbow connectors
(60°, 90°, 120°). The frame was placed in the room with four
identical plastic buckets (20 cm in diameter, 40 cm tall) placed
at its corners. An example is shown in Fig. 2.

The learning phase took place in a parallelogram-shaped
frame (2 m length × 1 m width, contained angles of 60° and
120°, Fig. 1a or Fig. 1d). The use of two parallelogram-shaped
frames (mirror images of each other) in the learning phase was
counterbalanced among participants.

The testing phase included four test trials and was conduct-
ed in four frames.

1. Original parallelogram-shaped frame (Fig. 1a or Fig.
1d), which was used for the memory test. It was identical
to the frame presented during the learning phase.

2. Reverse parallelogram-shaped frame (Fig. 1d or Fig. 1a),
which was used for the conflict test. In this frame, the
length and angle information of the learned frame
remained, but each predicted different locations.

3. Rhombic frame (1.5m length, contained angles of 60° and
120°, Fig. 1b), which was used for the angle-only test. In
this frame, the angle information remained the same, but
the length information was removed.

4. Rectangular frame (2 m length × 1 m width, Fig. 1c),
which was used for the length-only test. In this frame,
the length information remained, but the angle informa-
tion was removed.

Since the experimental frame was laying on the floor, par-
ticipants were instructed to squat down to touch them during
the experiment. They were only allowed to explore the
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environment within the space enclosed by pipes and none of
the participants touched the wall.

Procedures

All participants were tested individually. After listening to a
brief explanation about the task, the participant was
blindfolded and led into the experiment room. One female
experimenter accompanied the participant during the entire
procedure to protect the participant and guide the task.

Disorientation and familiarity phase

After entering the experiment room, the participant was asked
to spin in the center of the frame until disoriented, which was
typically about six rotations, half being clockwise and half
counterclockwise. At the same time, the experimenter rotated
around the participant in the opposite direction. Then, the
participant was asked to stop, facing a random direction, and
was guided to touch the frame’s borders and four buckets for
familiarization. The learning phase and test phase were then
consecutively completed.

Learning phase

The learning phase consisted of no more than eight trials.
Participants were asked to put a doll into a predetermined
target bucket. The experimenter did not tell participants which
bucket was the correct one, but gave feedback. Therefore,
participants learned the target location through trial and error.
There were two geometrically equivalent target locations for
each participant due to the central symmetry of the parallelo-
gram. For half of the participants, the target locations were in
the acute corners, and for the remaining half, the target loca-
tions were in the obtuse corners.

In each trial, a disorientation procedure (see the
Disorientation and familiarity phase section, this proce-
dure was omitted in the first trial because the participant

had already disoriented in the familiarity phase) was
carried out first. After disorientation, the participant
placed a doll into one bucket. The experimenter then
provided the participants with feedback (i.e., “correct”
or “incorrect”) as well as the number of consecutive
times the participant had made the correct choice, then
the next trial followed. Once a participant made three
consecutive correct choices, the testing phase began.
Participants who failed to achieve this criterion by the
eighth trial did not proceed further in the task.

Testing phase

The testing phase consisted of four trials. The proce-
dures were identical to the learning trials, except for
two aspects: (1) participants did not receive feedback;
(2) participants had to leave the experiment room for
about 90 s before each trial. While that participant
was out of the experiment room, an experiment assistant
entered the room and changed the frame's shape without
the participant’s knowledge. In order to conceal this true
purpose, the experimenter told participants that the test-
ing phase is a haptic memory test and they needed to
experience a period of memory decay in another room.
Participants were blindfolded throughout this procedure.

The sequence of testing trials was predetermined. The
first trial was always the conflict test (reverse
parallelogram) with the purpose of avoiding bias from
the single-cue tests. The following two testing trials
were the single-cue tests (rectangle and rhombus) with
the two single-cue tests being presented counterbalanced
across participants. The last trial was the memory test
(original parallelogram).

Data analyses

Data were analyzed with the IBM SPSS Statistics 19 software
package.

Fig. 2 Example photo of the experimental environment (a parallelogram-shaped frame is illustrated)
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Results

Preliminary analyses showed no significant gender differ-
ences in any of the following tests (all χ2(1, 48)<0.25, n.s.).
Thus, data were collapsed across gender in subsequent
analyses.

Learning phase

Forty-eight participants passed the learning phase (made three
consecutive correct choices in no more than eight trials) as
well as responded correctly in the memory test. For the last
three trials in the learning phase, participants distributed their
choices equally between the two geometrically correct loca-
tions, t(47) = -0.19, p = .85, indicating that the disorientation
operation was effective and no unexpected cue was used.

When two cues conflict

The conflict test (reverse parallelogram) assessed which of
the two cues was preferred by participants when length and
angle information predicted different locations. In this test, 25
of 48 (52.1%) participants chose the location that was correct
in terms of angle information, and the remaining 23 (47.9%)
chose the location that was correct in terms of length informa-
tion. A chi-square goodness-of-fit test showed no significant
preference between the two choices, χ2(1, 48) = 0.08, p = .77.
There was no significant difference between the acute group
and the obtuse group in their choices, χ2(1, 48) = 2.09, p = .15.
In subsequent analyses, we divided participants into two
groups (length group, angle group) according to their choice
in the conflict test.

When one cue was removed

In the length-only test (rectangle), where length information
remained but angle information was removed, a choice was
considered correct if it corresponded to the length properties
of the learned frame. In this test, the accuracy was 0.96 for
length group and 0.68 for angle group (frequencies of choices
shown in Table 1). A 2 × 2 contingency table analysis showed
that participants in the two groups performed differently in the
length-only test, p = .02 by Fisher’s exact test (to adjust low

expected frequency). Subsequent chi-square goodness-of-fit
tests revealed that participants in the length group chose the
correct location significantly more than chance, χ2(1, 23) =
19.17, p < .001, but the angle group participants chose ran-
domly, χ2(1, 25) = 3.24, p = .07.

In the angle-only test (rhombus), where angle information
remained but length information was removed, a choice was
considered correct if it corresponded to the angle properties of
the learned frame. The accuracy of this test was 1.00 for the
angle group and 0.48 for the length group (Table 1). A 2 × 2
contingency table analysis showed that participants in the two
groups perform differently in the angle-only test, χ2(1, 48)
=17.39, p < .001. All participants in the angle group chose
the correct locations. In contrast, a chi-square goodness-of-fit
test revealed that length group participants chose randomly, χ2

(1, 25) = 0.04, p = .84.
Additionally, there was no significant effect of test order

for either length-only test (for length group, p = .57 by
Fisher’s exact test; for angle group, χ2(1, 25) =0.17, p = .68)
or angle-only test (for length group, χ2(1, 23) = 0.03, p = .86;
for angle group, all participants chose consistently), suggest-
ing that the first conducted test did not influence participants'
choices in the second test.

Discussion

The current study investigated how adults relocate using hap-
tic information in the environment. In our experiment,
blindfolded and disoriented participants learned the target lo-
cations in a parallelogram-shaped frame, which provided both
length and angle information. After being disoriented, partic-
ipants were tested in a series of transformed frames: (1) a
reverse parallelogram-shaped frame in which the locations
predicted by length and angle information conflicted (conflict
test); (2) a rectangular frame in which only length information
was maintained (length-only test); and (3) a rhombic frame in
which only the angle information was maintained (angle-only
test). Finally, a memory test was conducted using the original
parallelogram-shaped frame.

Most participants successfully passed the learning phase as
well as the memory test, showing that the experimental design
and learning procedures were effective. Participants could
learn spatial information using their sense of touch during
the learning phase and retain that information throughout the
testing phase. It provides evidence that access to
environmental information through the haptic modality is
sufficient to guide relocation in sighted, blindfolded adults.
Additionally, though participants were tested in a series of
transformed environments, none of them questioned whether
the frame was changed during the testing phase.

In the learning phase, both length and angle information
were available for relocation. However, length and angle

Table 1 Frequencies of choices for the length group and the angle
group (N = 48)

Angle-only test Length-only test

Correct Incorrect Correct Incorrect

Length group 11 12 22 1

Angle group 25 0 17 8
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information were conflicting in the subsequent conflict test. In
this context, approximately half of the participants relied on
angle information, and half relied on length information, dif-
ferent from previous findings in the visual situation.
Previously, Huang et al. (2017) reported that length cues were
prioritized during adults’ visual-based relocation. Compared
to their findings, relatively more participants in our current
haptic-based task relied on angle cues. Huang et al.’s (2017)
experiment (the condition with target location in the corner)
was nearly identical to ours except that our task used a haptic
modality. Furthermore, both studies were conducted among
comparably homogenous samples (i.e., undergraduate and
graduate students). Therefore, sense modality appears to be
the only identifiable factor contributing to the discrepant
results.

In the past, researchers have had two main interpretations
on the priority of length cue. Some focused on the evolution-
ary function, claiming the core geometric system for naviga-
tion captures length but not angle cues (Spelke et al., 2010).
Others believed that length information is more salient and
valid than angle and therefore more heavily weighted
(Hupbach & Nadel, 2005; Newcombe, Ratliff, Shallcross, &
Twyman, 2010). The theory of core geometric systems may
still be valid in explaining the developmental priority of
length. It cannot reasonably explain human adults' inclinations
on using length and angle in the current findings, because
adults weight these same two cues differently in visual- and
haptic-based tasks. The theory of Newcombe and her col-
leagues (2010) seems fit the current results. The salience of
length and angle cues may vary in relocation based on the two
sense modalities. In their statements, Newcombe et al. did not
specify the exact meaning and the determining factors of sa-
lience. The current study takes this approach further, suggest-
ing that how a specific cue can be used is an important deter-
minant of how this cue will weight and then whether it will be
used. In our experiment, wall-length information spread over a
greater spatial extent than angle information. Participants had
to spend more physical movement in perceiving length for-
mation, compared to that in capturing angle information.
Moreover, they needed to integrate the information from dif-
ferent time and space points to obtain complete information
about the length. All these call for increased cognitive de-
mands, making length information more challenging to use
than it was in visual-based tasks. Therefore, more participants
rely on angle cues during the haptic-based task compared to
the visual-based tasks (e.g., Huang et al., 2017).

In single-cue tests, participants who relied on length infor-
mation in the conflict test (the length group) located the cor-
rect corner only in the length-only test. When the angle infor-
mation was presented alone (angle-only test), their perfor-
mance was not different from chance. Similarly, participants
who relied on angle information in the conflict test (the angle
group) identified the correct corner only in the angle-only test

but had an at-chance performance in the length-only test.
These results contrasted with previous findings in visual-
based studies that showed participants performed well when
only one cue was available after transformation, regardless of
their preference in the conflict test (Huang et al., 2017; Lubyk
et al., 2012). There are two possible explanations. One is that
participants encoded only one type of geometric cues in the
learning phase. The alternative is that they did encode both
cues, but discarded one before the single-cue tests. To distin-
guish these two possibilities, we conducted a supplemental
experiment in which participants were asked to draw the lay-
out of the environment and mark the target location right after
the learning phase (see Appendix). Results showed that most
participants (17/21) were able to draw a corner that was ap-
propriate in both angle and length information as the target
location. This success suggested that participants encoded
both angle and length information of the target location in
the haptic-based task, as human adults and chicks did in
visual-based tasks (Huang et al., 2017; Lubyk et al., 2012;
Tommasi & Polli, 2004). Compared with visual-based tasks,
keeping these two types of information might be more cogni-
tively demanding in the haptic-based task, leading participants
to discard one of them in or after the conflict test.

Thus, a series of questions emerged. When was one cue
discarded? And why was this one, and not the other one,
discarded? Do our findings reflect the real pattern of human
adults' inclination of using geometric cues in haptic-based
relocation, or just a random or temporary result of experimen-
tal manipulation? First, we believe that participants discarded
one of the cues during the conflict test, before they confronted
the specific cue in a single-cue test. This speculation was
supported by the result that no significant order effect was
found for single-cue tests. If participants retained both cues
at the beginning of the first single-cue test and decided to
discard one (e.g., length) when they found only the other
one (e.g., angle cues in rhombus) was available, then they
would perform better in their first single-cue test than the
second single-cue test. However, the results were the opposite.
Participants who relied on angle in the conflict test performed
perfectly in the angle-only test, regardless of the test order.
They performed randomly in the length-only test, again re-
gardless of the test order. Participants who relied on length
in the conflict test performed in the same pattern. The absence
of order effect provided strong evidence that the decision of
retaining only one of the two cues was made when both cues
were available. Second, we speculate that most participants
weighted one cue over the other during the learning phase,
rather than randomly chose one when the environment was
transformed. In our supplemental experiment, most partici-
pants (18/21) drew a target corner that was appropriate in both
length and angle information. However, only two of them
reported that they used both of the cues equally. Some partic-
ipants reported that they used only one cue (4 for length and 4
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for angle) and most reported that they mainly used one al-
though they noticed both (4 for length and 7 for angle). This
distribution approximated to the proportion of participants
who relied on length or angle in the conflict test. Therefore,
we believe that in the learning phase, before any transforma-
tion, participants already had a reliance on one of the two cues.
Their choices in the conflict test reflected and then reinforced
this reliance, leading them to discard the cue that did not
weigh in. From what has been discussed above, the current
study found that adult participants noticed both length and
angle cues and relied on one of them in a haptic-based relo-
cation. Then, when the two cues conflicted, these participants
continued to use the cue they had relied on. These procedures
are similar to visual-based relocation except for higher cogni-
tive loads in haptic situations. However, the next step is dif-
ferent. Because of the high cognitive consumption, partici-
pants discarded the cue they had not relied on. This difference
can be attributed to the weaker memory trace of haptic infor-
mation, or to participants' lower confidence for their encoding
in a haptic situation. As a result, in single-cue tests, partici-
pants used the cue that they had relied on before perfectly, but
failed to use the cue that they had weighted less before.

In addition, we found the majority of participants (16/21) in
the supplemental experiment failed to draw the appropriate
parallelogram for the environment shape, although most of
them drew a target location appropriately. Furthermore, only
seven of them drew two sets of parallel lines, indicating that
most responses to the target location were identified by local
geometric information and participants failed to represent the
global environmental shape. This finding contrasts with re-
sults from visual-based relocation that the global shape of
the environment provided the most important support for
returning to a location (Lee, Nathan, & Spelke, 2012a; Lee,
Sovrano, & Spelke, 2012b; Yousif & Lourenco, 2017), or
both global and local geometric cues were utilized (Bodily
et al., 2011). We noted one exception in visual-based studies.
The study decreased participants' field of vision (50°) and thus
undermined the advantages of visual modality (Sturz, Kilday,
& Bodily, 2013b). Adult participants failed to use global geo-
metric cues to determine the target location in this condition.
Therefore, we speculated that the low efficiency of encoding
spatial information, not the input modalities themselves, led to
the failure to represent global environment shape. That is,
cognitive load played a role again, leading adults to abandon
encoding the global information that spread over a large area,
and was remarkably difficult to use in haptic situations.

The current findings together illustrate the important role of
cognitive demands required in using spatial cues in human
navigational behaviors. This might shed some new insights
into the effect of environmental parameters during relocation
in extant visual studies. For example, previous research has
shown that angle cues or local featural cues (landmarks)
exerted greater influence when the enclosure was larger

(e.g., Ratliff & Newcombe, 2007; Sturz, Bell, & Bodily,
2018; Sturz, Forloines, & Bodily, 2012). This could be attrib-
uted to the increased cognitive demands on processing length
information in large enclosures. As the length information of
two adjacent walls may require a longer glance when in a
larger enclosure, increased cognitive resources might be need-
ed. In contrast, assessing the angle of a corner or landmarks
was relatively uninfluenced by enclosure size. As a result,
length information became relatively difficult and less likely
to be used in larger enclosures.

Several issues arise from our findings. First, in this haptic-
based task, we found that the dependence of human adults on
length and angle cues was different from that in visual-based
tasks. We propose that cognitive demands required in visual
and haptic environments are a source of this difference.
However, we do not believe that this is the only source of
the difference in visual- and haptic-based tasks, nor do we
think cognitive demands only vary in different sensory mo-
dalities. Therefore, further endeavors are needed to provide
evidence on whether high cognitive demands in encoding
and using a spatial cue would reduce the dependence on this
cue in the same modality. For example, in visual tasks, a
participant’s field of view can be narrowed, and then they will
need to integrate information from different time and space
points as participants in our study did.

Second, we did not dissociate the cues of length and dis-
tance in the present task. Previous studies found that both
distance between facing walls and wall length are recruited
for distinct functions when participants relocated the target
(Lee, Nathan, et al., 2012a; Lee, Sovrano, et al., 2012b; Lee
& Spelke, 2010), although distance and length share the same
measure in an unbroken rectangular enclosure. In our study,
which used parallelogram, rhombic, and rectangular shapes,
length and distance are always covariant. Therefore, like other
studies that used a similar design (Huang et al., 2017; Lubyk
et al., 2012; Tommasi & Polli, 2004), we did not analyze
length and distance as separate cues. Future studies can use
other shapes or fragmented arrays to differentiate the roles of
these two cues in a haptic-based relocation task.

Third, as with the two previous studies that explored the
human ability to relocate using touch (Sturz, Green, et al.,
2013a; Sturz et al., 2014), we did not use wall surfaces to
construct shapes, which were usually used in visual-based
studies. This was a reasonable choice, given the difficulty of
obtaining length and angle information by touch. But this
possibly made the relative difficulties of processing these
two types of information in the present task nonequivalent
with those in the visual-based tasks. Future studies can use
enclosures made by a standing wall surface to test this
possibility.

To conclude, our study provides novel evidence that access
to the environment’s geometry through haptic modality is suf-
ficient for location representation. However, high cognitive
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demands on processing spatial cues make adults perform dif-
ferently in haptic-based relocation than in visual-based relo-
cation. Combining existing visual research, we propose that
cognitive demands impact adults’ navigational behaviors. The
weight of a spatial cue not only depends on what the cue is but
also on how it is processed.

Supplementary Information The online version contains supplementary
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